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introduction

Between August 1974 and April 1975, the staff of this center conduct-
ed a program review. About 40 senior staff members comprised a panel
which examined the research plots in the second cycie of 1974. Field
visits required 4 days. Seminars were then held in the conference room
to discuss questions of research method. When significant differences
cf opinion were found, a smaller staff group was designated to produce
a staff study.

Out of this 8-month process came a summary of activities presented
in this booklet. Seven topics which received extra study by small groups
are summarized in the back as special reports.

This publications serves as a record of CIMMYT's accountability to
its donors, for the year under review.

The report understates CIMMYT's indebtedness to its collaborators
including:

First, the world-wide network of maize and wheat scientists who
conduct the international trials.

Second, about 80 governments of Asia, Africa, and Latin America
whose search for better foodcrop technology is the driving force in our
work.

Finally, the constant support of the Mexican Ministry of Agriculture,
the Mexican faculties of agriculture, and Mexican farm groups who share
with us their seeds, their research facilities, their grivate farmlands, and
their production experience —all to benefit food producers outside of
Mexico.

Haldore Hanson, Director Genera/
El Batan, Mexico, April 1975
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MAIZE SUMMARY

Changes in orgaimcauun. In 1974 the maize program completed its first
full year under a new organization and set of procedures introduced
in 1973. The new system stresses an interdisciplinary team. It provides
better descriptions and use of the germ plasm at each stage of develop-
ment, improvement, and testing. It enables muiti-location testing to
guide the selection process for wider adaptation. The new procedures
will move elite varieties more rapidly to national programs.

Germ plasm bank. The 12,000 entries in the maize bank are being evaluated
systematically to select useful materials for improving the gene pools.

The supervisor of the bank completed more crosses between maize
and tripsacum, a wild relative of maize that may contribute desirable
traits,

Backup and advanced units for developing superior families. Breeders, agron-
omists, and protection staff are now integrated in the procass of evaluaticn
and recombination. )

Disease and insects. The plant protection staff is making disease-insect readings
at every step of breeding and selection.

In studies of storage insects, hardness of the kernel was closely related
to resistance to the maize weevil, In another study, maize weevils did
less damage in the field to ears *:at had tight husks extending paJt
the tip.

Physiology. Four series of studies were continued in 1974 to learn what limits
the present tropical maize yields, and to provide guidance to th~ breeders
on how to break the ', ield barriers.

Protein improvement. Research rontinued on how te improve the quality of
protein in maize (by doubling quantities of two amino acids, lysine and
tryptophan) with the opaque-2 gene introduced into most of the advanced
populations. Littl2 opaque-2 maize is yet grown commercially {only
in the USA, Brazil, and Colombia, and in tl:ase countries only as hybrids).
But CIMMYT is cooperating with nine national programs in Asia, Africa,
and Latin America where open-pollinated varieties are under development.

International testing. Elite maize materials were sent to 39 countries for 238
trials during 1974.

Training. Forty-seven trainees from 23 countries received in-service training
in Mexico, Thase courses last 6 to 7 months. Courses are offered for
researchers, production agronomists, and-laboratory technicians.

Many other categories of personnel visited for training or experience
during 1974 including 12 master’s degree candidatas, 8 Ph.D. candidates
in the USA, 2 Ph.D. candidates doina thesis research at CIMMY T, 11
postdoctoral fellows, 15 visiting scientists for 1 month or longer, and
25 short-term visiting scientists {1 to 4 weeks each).

Outreach activities. The staff devoted almost 900 man-days of consultation
to governments in Asia, Africa, and Latin America. Ten staff members
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were resident in five national programs during the year (Egypt, Nepal,
Pakistan, Tanzania, and Zaire).

Sorghum. Waork on cold-tolerant sorghum continued. This wark is intended

to serve cool climatic areas. New breeding materials arrived from Ethiopia
and USA. Breeding progress was reported for wider adaptation, genetic
resistance tc disease and insects, and protein improvement. An interng-
tional trial was grown in 13 countries outside Mexico.

NEW ORGANIZATION AND PROCEDURES

At harvest,
the critical
decision: which
ears to save.

In 1974 CIMMYT completed its first full year under a reorganized
maize program. The purpose of changes made in 1973 was to achieve
completely interdisciplinary staff work at headquarters and to employ
agronomic trials, disease-insect ratings, and other testing more systemati-
cally in selecting sunerior materials (Fig. 1). The streamlined process
was expected to produce elite experimental varieties fitted to the needs
of national prograins in the shortest time, the first by 1976. The flow
of improved materials thereafter should be continuous.

The changes involve: {1) Greater flow of new germ plasm from the
bank and of introductions from other countries to the germ plasm pcols
in Mexico. (2) More multi-location testing within Mexico and outside
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s

Based on trials in farmers fields and on international trials in competition
with their best local varieties, national agencies releass new va-igties.

In the advanced unit, all families in all populations (250 families per
population) are grown in the Internationat Progeny Testing Trials in
Mexico and five other locations. Ter superior families from each
ponulation become experimental varieties. About 100 best performing
families in each population are intercrossed and regenerated to form
the 250 families in each population in the next IPTT. In addition, any
families 2dvanced from the back-up paols are integrated at this time.
The experimental varieties are tested at 25 to 30 locations and the best
one or two varieties in each population become elite experimental
varieties. Elite experimental varieties are tested at 100 to 125 locations.
The best performing elites in each country are moved intc national
demonstration trials and considered far possible national rejease.

In the back-up unit materials are classified into 34 pools: There are 14
pools for the highland tropics, 12 pools for the lowland tropics and 8
pools for the temperate zone. Two cycles are grown a year, Superior
families move to the advanced unit.

The germ plasm bank contains 12,000 accessions {varieties, lines, wild
types) which are being classified according to economic characteristics.
The best accessions are integrated into the appropriate back-up pools.

Introductions from other countries move directly to the back-:p pools.

Fig. 1. Stages in the development of maize varieties at CIMMY'T.



Mexico, thus moving new materials from the research station to the
national programs as soon as supporting information can be generated.
(3) Yield trials and disease-insect readings every second season in Mexico
fcr all pools and populations undergoing improvement. (4) Integration
of geneticists, agronomists, and plant protection staff in every step of
plant improvement, from the testing of raw germ plasm in the bank

up to the trials of elite experimental varieties at 100 or mare sites outside
Mexico.

To futher these purposes, the staff activities are organized into five

units:

—Bank unit {maintains and tests unproven germ plasm).

—Back-up unit {(handles the basic pools undergoing improvement).

—Advanced unit (tests iniproved populations, superior progeny, assembles experimen-
tal varieties).

—{international testing unit {distributes advanced materials outside Mexico and
analyzes the results of trials).

—Training unit.

Of the two seasons for tropical lowland and temperate maize in
Mexico, the summer season is devoted to evaluation (testing for yield,
disease-insect tolerance, and plant characters) and the winter seas: n
devoted to recombination (crossing). 1n this way, no year can g by
without evidence whether each pool, each population, each projeny
has improved in those characters or which it is being measured. Because
highland maizes can be grown only once a year, they must be 2valuated
in one year and recombined in the next.

The new system calls for wider testing of germ plasm outside Mexico,
and increased travel by CIMMYT senior staff in order to observe the
international trials and to participate in planning workshops of nationai
and regional programs.

GERM PLASM BANK AND MAIZE—-TRIPSACUM CROSSES

Propagation

The Mexico collection of 12,000 acccssions of maize is the largest in
the world. it was assembled by the government of Mexico during the
1940's and 1950's. The germ plasm bank filis many requests each

year from institutions outside Mexico. In 1974 the bank made 45
shipments of seed to 22 countries. Since CIMMYT was created in 1966,
the bank has shipped seed to 80 countries.

The privicipal service function of the bank unit is to provide breeders
with a continuous flow of selected and classified germ plasm. To fulfill
this function, the bank unit gathers new accessions, repropagates sced
to maintain viability, conducts trials to classify the bank en:ries, and
makes crosses between maize and its relatives to generate new germ
plasm,

In 1974 the bank added 288 new accessions, and propagated 983 acces-

sions to obtain additional viable seed. Thus about 8 percent of the
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world collection was re-grown and cbserved during the year. Seed of
284 aciessions which was repropagated in Peru in 1973 was received
and incorporated in the inventory.

Tripsacum  Since 1972 the maize bank has maintained & tripsacum garden at Tlaltiza-
darden  pan. Tripsacum is a wild relative of maize found widely in Mexico,
Guatemala, Honduras, and the southwestern USA. Tripsacum possesses
a reservoir of potentially useful genes for breeding maize. The Mexico
tripsacum garden contains all known species of this member of the grass
family, and is open for experimental use by scientists outside CIMMYT.

Table 1. The backup unit: Classification of gene pools.

Grain  Grain

Type @ Maturity Color  Texture Pool No.
Tropical highland  early white flint 1
Tropical highland  early wh'te dent 2
Tropical highland  early white floury 3
Tropical highland  early yellow  flint 4
Tropical highland  early yellow  dent 5
Tropical highland  intermediate  white flint 6b
Tropical highland  intermediate  white dent 7
Tropical highland  intermediate  whi'e floury 8
Tropical highland  intermediate yellow  fiint 2]
Tropical highland  intermediate yellow  dent 10
Tropical hightand  iate white flint 11
Tropical highland late white dent 12
Tropical highland  lzte yellow  flint 13
Tropical highland  late yellow  dent 14
Tropical lowland  early white flint 15
Tropical lowland  early white dent 16
Tropical lowland  early yellow  flint 37
Tropical lowland  early yellow  dent 18
Tropical lowland  intermediate  white flint 19
Tropical lowland  intermediate  white dent 20
Tropical lowland  interm~diate yallow  flint 21
Tropical lowland  intermediate yellow  dent 22
Tropical lowland  late white flint 23
Tropical lowland  late white dent 24
Tropical lowland  late yellow  flint 25
Tropical lowland  tate yellow dent 2¢€
Temperate early white flint 27
Temperate early white dent 280
Temperate early yellow  flint 2006
Temperate early yellow  dent 30b
Temperate intermediate  white  flint 31b
Temperate intermediate  white dent 32
Temperate intermediate  yellow  flint 33
Temperate intermediate  yellow dent 34

a/ Average temper%ture minimum in highland locationso is
generally less than 18 C; in lowland locations, more than 18 C.

b/ Pools not yat formed.
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Table 2. Agro-climatic characteristics considered in classifying maize gene pools.

Duration of

Maturity Altitude Days to crop growth
range meters Latitude Temperature 2 silking days

0Tropic:,sl-\S‘ubtropi::al Ioow/and
early 0-1600 0-30°N ~S 25-28°C Up to 50 90-100
medium 0-1600 O-SOON -S 25-2800 50-60 100-110
late 0-1600 0-30°N-S 25-28°C 60 + 110-120

o Tropical highlang
early 1600 + 0-30 N~S 16-17 C Upto 70 Less than 130
medium 1600 + 0-300N -S 15’1700 7085 130-190
late 1600 + 0-30 N-S 15-17°C 95-120 190-240

o Temperate o
early 0-1600 30-40°N—-S 20-22°C Up to 60 100-120
medium 0-1600 30-40°N-S 20-22°C 60-75 120-150
late 0-1600 3040 N-S 20.22°C 75+ 150 +

a/ Mean of main growing season,

Maize x
tripsacum

In 1974 the supervisor of the maize bank made additional crosses between
maize and tripsacum, as part of a long-range program to transfer desirable
oenes from tripsacum to maize. Some resulting hybrids have been replant-
ed in the El Batan greenhouse. This breeding work cannot be evaluated
on a year-to-year basis, but should be viewed as a continuing experiment
for 5 years or more.

BREEDING AND SELECTION: THE NEW BACKUP AND ADVANCED UNITS

Classification of pools

Twenty-nine pools of germ ptasm were defined in 1973 as the framework
for work of the back-up unit. The classification of these pools was
based upon climate, length of growing season, and grain type (Table 1).
The characteristics of the various climates and growing seasons which

are used to classify pools are shown in Table 2. This ciassification of
pools should permit a systematic flow oi materials undergoing improve-
ment into the more advanced steps of selection.

Development of back-up pools

In 1974, tropica! and temperate pools were planted twice in Mexico at
research stations appropriate for each climatic grouping. Highland pools
can be planted only once a year because highland stations have several
months of cold waather.

‘In cach planting, the families making up each back-up pool are both
recombined (crossed) in isolation and evaluated. For recombination,
one row of each family is grown and the plants are detasseled so they
are in effect female plants. The seed planted in the rcw next to each
family is a even mixture of seed from all the families. This is the

MAIZE IMPROVEMENT



Statin of cavelopment of back-up pools and advanced populations at end of 1974, J Pool formed.
JJPool generating families. OFamilies with normal protein. ®F amilies with quality protein
but soft endosperm. ® amilies with quality protein and hard endosperm. Each pool formed

and each population represented in the International Progeny Testing Trials (IPTT} has a
quality protein “‘sidecar’” \which is being improved simultaneously.

EARLY INTERMEDIATE LATE
Back -Advaneed og E’iiu Back Advanced 2 pé‘ii—l—l—' Back Advapced o pE‘;lu
pool | 1PTT 5;[‘}:;9 o [iprr] car | var | | poot [ 17T Var v’
TROPICAL LOWLAND .
Yellow flint | JJ| oo JJ|o |oe
Yellowden: | JJ|] oo JJ{o o
White flint | JJ} oo JJ|jo [oe
White dent | JJ| o jo JJ|oa [os
TROPICAL HIGHLAND
Yellow flint | O J 0O J
Yetowdent | J o J OD J
White flint | J o J
Whitedent | J o J oD J
White floury | G v o
TEMPERATE
Yellow flint J o|o
Yellow dent €] o} J (O3 RO
White flint |
White dent J o |0

pollinator row and the pollen that it produces is representative of the
pollen of all the famities in the pool. Thus all the resulting ears within a
pool are half-sibs.

New germ plasm is introduced to the pools from the germ plasm
bank and the introduction nursery. The introduction nursery consists
of newly arrived materials gathered from national programs outside
Mexico. The materials selected for incorporation should have desirable
characters such as insect resistance or disease resistance. Plants grown
from seed introduced from the bank or the introduction nursery are
detasseled and handled like the pool families. Thus their characteristics
can be evaluated without Hanger that pollen from a undesirable introduc-
tion might contaminate the pool. In 1974 few families were introduced
from the bank, but more than 1000 families were selected from the
introduction nursery and added to the pools.

At the end of each season, the best half-sib families are identified
based upon a weighted criteria for all characters under evaluation. The
characters are yield and yield components, disease and insect r2action,
and desirable agronomic characteristics.
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Fast maturing
Mmaize varieties
are a critical
need for farmers
in many areas of
the world.

Two or three ears are chosen from each selected family to make
up the seed for the next cycle. The content of each pool changes in
each season since recombinations involves selection for quality within
the powl and the addition of new germ plasm from outside the poal.

Seed frorn the best ears (superior families) is also tested in yicld
t:ials and companion nurseries {high density, insect, and disease) and
the hest perfarming familics {pethaps 10%) will be transferred to the
advanced populations. The movement of superior families from the
back-up unit to the advanced unit constitutes the bridge between the
two units. The germ plasm moved to the advanced unit is not, howey.::,
removed from the back-up unit. Thus the quality of the pools is not
depleted.

The pools at the start of 1974 contained 500 to 6000 families each
or a total of about 30,000 families. This was far too many. The staff
believes that after proper recombination, no more than 500 families
will be enough to represent the genetic variability in each pool.

The advanced vnit
The improvement process continues in the advanced unit (Fig. 1) with




several significant differences from the backup unit: (1) Family structure
is now full-sib rather than half-sib; (2) crosses with unproved germ
plasm are no longer made; evaluation takes place in one season and
recombination in the next; (3) selection for the desired characteristics
is more intense, half the 250 families are selected in each evaluation
phase; (4) testing each season is at more sites, with cooperating national
programs; (5) about 10 superior families are finally identified to make
an experimental variety and these families are recombined and the

seed increased, to be tested as variety in at least 25 sites world-wide;
{6) outstanding experimental varieties are d :signated, after trial, to be
“elite’” experimental varieties and these are tested at 100 or more

sites. Each national program is encouraged tc use the varieties in their

Advanced populations 1974.

Name Maturity Grain color Grain texture
[}
Tropical lowland
Tuxpeiio 1 late white dent
Mezcla tropi :al blanco late white dent
Braqufticns late white dent
Tuxpeiio Caribe - 1 late white dent
Tuxpefio x La Posta 02 fate white soft dent
La posta late white dent
AED x Tuxp. P.B. late white dent
Tuxpefio Caribe - 2 late white dent
{Ant. 2 D x AED}Kitale Il late white dent
Amarillo Dentado - 2 late yellow dent
Cogollero late yellow dent
Amarillo Crisialing - 1 late yellow flint
Mix. 1 x Col. Gpo. 1 ETO intermediate white dent
Blanco Cristalino - 1 intermediate white flint
White H.E. o2 intermediate  white flint
Ant, x Ver. 181 intermediate yellow dent
IDRN intermediate yellow dent
Mezcla Amarilla intermediate yellow flint
{Ver. 181 x Ant, Gpo. 2)x{Venz. 1)o2 intermediate yellow flint
Compuesto K (H.E.} ag intermediate yellow flint
Yellow H.E. 02 intermediate yellow flint
Temperate

Blancos Pakistan intermediate white dent
Amarilio Subtropical intermediate yellow deuit
Blanco Subtropical intermediate yeliow dent
ETO x lllinois intermediate yellow dent
Amarillos Pakistan intermediate yellow dent
Compuesto de Hungria intermedsate yellow dent
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breeding program, to organize on-farm testing and, finally, to recommend
for commercial use those varieties which it finds suitable.

1974 work of the advanced unit

During 1974 advanced populations were planted two seasons in
Mexico. Observations in these trials caused the staff to merge five
populations with other similar materiais; and three new populations were
created from superior fami'ies moving up from the backup pools.

Superior progeny were selected in 1974 to develop the new set of
250 full-sib families to be tested in 23 international progeny trials in
1975.

Ninety-three experimental varieties were assembled in 1974 for
international testing in 1975, and the required seed for the international
trials was increased during the winter season of 1374/75.

The 1974 yield trials showed ample variability in populations of
the advanced unit. One yield trial within a single population (Tuxpefio 1)
produced yields ranging from 2.5 to 7.5 tons per hectare in the lowland
tropics. This population could show a rapid rise in average yields through
additional selection.

PLANT PROTECTION

Mass rearing
of ins~cts

Storage insects

The pathologists and entomologists have now integrated their services
into the bank unit, backup unit, advanced unit, and training unit.
Disease and insects are now considered at all levels of maize population
improvement.

One special assignment of the entomologist is the mass rearing of insects
for deliberately infesting CIMMYT’s experimental fields with harmful
pests. CIMMYT produces 10 generations a year of two insects harmful
to the corn plant in Mexico, including two species of stem borers, and
one species of fall armyworm. CIMMYT's mass rearing of insects in
1974 was hindered by the problem of sterility among the pests, but
this factor is expected to be eliminated in 1975 by starting with freshly
introduced egg masses.

Evidence is accumulating that as the advanced maize populations are
subjected to greater pressure from insects, the surviving plants are showing
greater genetic resistance to insect damage.

Whether the farmer produces high yields or low yields, much of the
maize he harvests never reaches his table or the market because storage
insects consume a significant proportion of the crop. For this reason,
CIMMYT ento:nologists are searching for ways to make maize less vulnera-
ble to storage insects.

In one study, the susceptibility of grain from 15 advanced unit

MAIZE IMPROVEMENT 1



In the search
for maize with
better drought

tolerance,
piivsiologists
measure water
loss through
stomates during
drought stress.

12

populations was compared. The populations differed widely in susceptibili-
ty to storage insects. Also, some evidence was found that quality protein
lines that are being bred for hard endosperm are less damaged by storage
insects than opaque-2 lines that have soft endosperm.

Another study refated chemical and physical factors of maize kernels
to infestation by the maize weevil, Sitophilus zeamais. Hardness of
the kernel was most closely related to resistance to the insect. But
low levels of reducing sugars, high fat content, and high protein content
also increased resistance of the kernels.

The relation of kerne! characteristics to egg laying (oviposition) by
the maize weevil was examined by confining individual adult weevils
with individual kernels of a variety and then counting the oviposition
holes in each kernel. More kernels had no eggs laid in them than would
have been expected by chance. These kernels may have characters that
make them resistant to oviposition. They have been planted in a prelimi-
nary attempt to see if resistant lines can be obtained.

In addition to kernel characteristics, the husk that covers the ear can
influence damage by storage insects. CIMMYT entomologists rated maize
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ears in the field on a 1 to 5 scale at the time of kernel filling. Ears that
had a tight-fitting husk extending beyond the tip of the ear and that had
no bird or stem borer damage were rated “1”’. Then 20 adult maize
weevils were confined in a bag placed over each ear. At harvest, ears
that had been rated **1”’ or 2" had no damage at all. Grain that is not
infested before harvest should have less insect damage in storage than
grain that is infested. Moreover, in areas where maize ears are stored in
the husk, good husks may continue to protect the grain in storage.

COMPANION NURSERIES

Developing
countries (FAQ
class 1) in which
maize is an
important crop.

The vield nurseries of the back-up pools and the advanced populations
are used to evaluate such characteristics as height, maturity, incidence
of foliar diseases and yield under good management. Companion nurseries
are used to evaluate resistance under uniform and severe attacks of
insects and disease pathogens. {n addition, a companion nursery is used
to test the performance of advanced Populations in thick plantings. Each
nursery is unreplicated.

For the insect-resistance nursery, budworms and stem borers are
multiplied in the laboratory. Half of each row in the field is infested,
first with budworms and then with stem borers. The other half of
the row is treated with insecticide. Each row represents one of ti.e
250 families making up each advanced population. During the growing
season each row is rated several times for insect damage.

In the disease-resistance nursery one-half of each row is inoculated
with stalk rot pathogens and the entire row is inoculated with ear rot
pathogens. The families are evaluated at the end of the season for
stalk rots and ear rots. To geta high incidence of stunt disease under
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Maize trainees
learn how to
place irrigation
siphons in
experiment
fields.

natural conditions, insect and disease nurseries are planted before the
yield trials and the high density nursery. These early plantings tend to
attract large numbers of insects that are vectors of stunt.

The high-density nursery is planted at 80,000 plants per hectare
compared with the 53,300 plants per hectare used in the yield trials.
Families with shorter plants have a higher optimum planting density
than tall plants because short plants are less affected by lodging and
barrenness at high densities than ta'l plants. Thus the high-density
nurseries provide added information about the vield potential of short
families.

For the back-up puols, insr.ct and disease companion nurseries are
grown about every third searon. Results from the companions nurseries
of the back-up pools are use.d along with results from yield trials, in
deciding which families should move to the advanced populations.
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For the advanced populations, all families are included in companion
nurseries in one crop season in every year. Thus data on the performance
of every family in each advanced population is available each year from
the insect, disease, and high-density nurseries.

AGRONOMY — PHYSIOLOGY

Maize agronomists service trials by the germ plasm bank, the back-up
unit, and the advanced unit. Agronomy trials in Mexico are conducted
jointly with the training program, These include variety trials and
comparisons of the response of improved and unimproved varieties to
high and low levels of management.

The physiologists are continuing their studies of maize plant growth
to help define for the breeders t-.e selection criteria for improved plants
of the future,

Factors limiting  Studies on plant growth indicate that in bcth highland varieties and
vield  jowiand (tropical) varieties, the sink size (capacity to store dry matter
in the grain) currently limits yield. The incidence of barren plants
when tropical maize is grown under higher plant density was identified
as an important limitation of the storage capacity of the crop.

The breeders are now crossing the U.S. corn belt material to tropical
germ plasm to determine whether the growth pattern of U.S. temperate
zone maize is transferable genetically.

Families that show the lowest frequency of barren plants under high
populations are being selected in trials in Mexico. The first of these
selections made in 1974 have been included in the subsequent winter
nurseries.

Incressing grain I addition to factors limiting yields, the physiologists are studying ways
::':‘:?:ni"; to manipulate grain storage in the plant.

To investigate the effect of plant population density at various plant
developmental stages on the components of grain yield, two varieties
were planted at 33,000, 66,000, and 133,000 plants per hectare and
later thinned at three growth stages. As the density of plants rose from
33,000 to 133,000, the ears per plant decreased from 1.5 to 0,87 and
the grains per plant from 68( to 303. The thinning treatments indicated
that populations density had little influence up to 62 days after sowing,
but grain yield was greatly influenced by density from 62 days up to
anthesis. The evidence from this and other related studies suggests that
there are variety differences which could be exploited. Consequently
this investigation is being pursued, but with shading treatments instead
of varying plant densities, to give better experimental control of the
light environment.

Complementary studies include observations of the development of
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Weather and the
advanced-unit
populations

Drought stress
and crop water
requirements

A short break in
the field work is
a good time for
the staff and
trainees to trade
ideas about
maize improve-
ment.

the lateral inflorescences and of the number of spikelets that are initiated
and the number that survive to anthesis, in five experimental varieties.

To study the adaptation to climate of improved populations cf maize,
they are planted monthly at two sites in Mexico so that their response

to weather factors can be measured. The etfectiveness of this information
in aiding the identification of the most suitable materials for national
programs relies on the collection and the standardizing of weather data

at all test sites. Characterization of regional environments in terms of
moisture available for crop growth from weather data will also be useful
in drought studies.

The physiologists are attempting to identify materials that are adapted
to environments of limiting water by analyzing yield data from interna-
tional varietal trials. If contrasting materials are identified, the probable
plant processes invalved can be examined.

In anticipation of these studies a trial was conducted during the 1973
summer season at El Batan to establish probable procedures. Five maize
genotypes were used in the experiment to measure differences betweer
genotypes in drought response. A genotype in which stomata (pores
in the leaves) remain open in periods of low moisture, thus allowing

r— g. e ,@w‘.
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diffusion of carbon dioxide for photosynthesis and of water vapor for
cooling the leaf, will consume more water, but may be a superior
genotype (in terms of dry matter accumulation) in a short period of
drought. By contrast, a genotype that closes its stomata during a period
of low moisture will lose iess moisture through transpiration, and may
come out of a Jrolongec period of drought with less damage, and
resume its growth move readily.

The resistance to water movement from the soil to the atmosphere
and their relationships to the status of water in the plant were also
investigated.

These studies are being conducted at Tlaltizapan. Total water use by
the crop is being measured and related to weather data. Such data
should also permit prediction of drought stress-days from meteorological
data. The effects of drought stress-days and the status of water in the
plant, at various developmentsl stages, on the growth and yield of
the crop is also being examined.

Genotypes which show themselves superior in drought tolerance by
these studies will require further examination for the kind of root
structure, as well as the behavior of the stomata under moisture stress.

PROTEIN IMPROVEMENT

Most maize protein is inferior to animal protein. A commercial maize
crop may contain 9 to 11 percent total protein. The limiting amino
acids are lysine {typically 2% of protein) and tryptophan (typicaily 0.5%
of protein). Idealiy, the amounts of both these amino acids should
be doubled to support normal bedy giowth and maintenance.

The quality of maize protein can be improved by the use of the
opaque-2 riutant gene (the name comes from the odd appearance of
the kernel). Opagque-2 maize contains approximately 4 percent lysine
and 1 percent tryptophan and thus might solve the problem of inferior
quality of protein in maize. But ordinary opagque-2 maize has serious

Quality protein experimental maize varisties: Yields at six locations and average of 14 lucations. 1974.

Yield, t/ha
Avg.14  Tocumen, Nepalgunj, Quevedo Suwan, Tlaltizapar, Legon,
Experimental variety locations Panama Nepal Ecuador Thailand Mexico Ghana
WHE.o0p8 3.2 26 3.3 38 5.2 4.6 34
Tuxpefio x La Posta 02 3.2 3.0 26 3.7 5.0 48 4.1
Compuesto K (H.E.) 02 ¢ 3.1 24 26 3.8 6.0 4.4 39
YHE. 098 3.1 35 26 3.6 6.2 4.0 24
{Ver. 181 x Ant. Gpo. 2)
Ven 109 27 2.6 25 3.2 4.6 3.7 44
Avg. six checks 39 ‘3.4 29 5.1 5.9 6.0 4.0

a/ Hard endosperm.
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defects: (1) Yield drops slightly because the opaque-2 maize contains
a soft endosperm which weighs less than the endosperm of normal
maize, (2) most consumers of maize are reluctant to accept opaque-2
maize as food because of its apperance, (3) Fusarium, ear rots, and
insects cause greater damage to the soft endosperm both in the field
and in storage.

Since the later 1960's, the breeders have been szlecting opaque-2
populations for hard endosperm, normal appearance, resistance to
ear rots, and higher tolerance to stored grain insects. In 1972 the first
maize population combining opague-2 gene with hard endosperm (at that
time 85% of the kernels were hard) was distributed for testing. In
1974 work continued on conversion  of all the advanced populations
to opaque-2 and their testing internationally.

Trials in 1974 indicated that some opaque-2 populations now equal

Visitors to the
Poza Rica
station get a
look at new
experimental
varieties.

MAIZE IMPROVEMENT 19



normal maize in yields in each climatic zone (that is, in the tropics, in
the temperate zone, and at high altitudes).

In 1974 little opaque-2 corn was grown commercially anywhere in
the world. U.S.A., Brazil, and Colombia have released opaque-2 hybrid
varieties to farmers,

CIMMYT is cooperating with national programs interested in deveiop-
ing open-pollinated varieties with the opaque-2 gene for their nutritional
value. These developments involve Argentina, Ecuador, and Guatemala,
in Latin America; Ghana, Tanzania, and Zaire, in Africa; and Nepal,
Pakistan, and Philippines, in Asia.

None of these national efforts has reached the pcint where the govern-
ments can promote opaque-2 as a change of crop and food, but that
time is approaching.

Maize international trials 1974 and 1975.

1974 1974 1975 1975

Progeny trials Exp. variety Progeny trials Exp. variety

(actual number  trials {actual {prepared number  trials (prepared
Region & country of trials) number of trialsj  of trials) number of trials)

Central Amcrica
and Caribbean

Barbados

Belize

Costa Rica

Dominican Rep.

El Salvador

Guatemala

Haiti

Honduras

Jamaica

Nicaragua

Panama

South America

Argentina

Bolivia

Brazil

Chile

Colocmbia

Ecuador

Peru

Venezuela

Asia

Bangladesh

India

Indonesia

Khmer

Malaysia

Nepal
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INTERNATIONAL TRIALS

During 1974 CIMMYT conducted two series of international trials, one
for superior progenies developed for advanced unit populations and
grown in 1564 separate trials in 22 countries; the other for experimental
varieties, grown in 84 separate trials in 35 countries.

Progenies tested internationally in 1974 were those identified in Mexico
in the 1973/74 winter season,

Only one experimental variety trial was grown in 1974. This was a
pooling of 30 lowland tropical materials from CIMMYT's Poza Rica
station, tested against six local check varieties.

CIMMYT maize staff increased its international travel by 25 percen:
to 875 man-days in 1974 compared with 700 man-days a year earlier.
The observations they brought back included the following:

Maize international trials, continued

1974 1974 1975 1975

Progeny trials Exp. variety Progeny trials Exp. variety

(actual number  trials (actual (prepared number trials {prepared
Region & country of trials) number of trials)  of trials) number of trials)

Pakistan 1
Philippines

S. Vietnam

Thailand

Yemen
Mediterrancan/Near East
Algeria

Egypt

lran

Turkey

Tropical East Africa
Ethiopia

Kenya

Malawi

Mozambique
Tanzania

Zambia

Tropical West Africa
Central African Republic
Cape Verde

Ghana

lvory Coast

Nigeria

Zaire

Other

Hungary

Yugoslavia

USA.

Mexico

South Africa
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—~CIMMYT's international testing strategy is sound. But many international trials
are not useful unless the quality of planting and “'reading’’ of the crop can be
improved, Visits by CIMMYT staff on a regular schedule will nelp to improve
the quality of trials,

—Airmail shipments of seed from Mexico are arriving too late for the planting
season in many countries, This explains most non-return of data,

—Some CIMMYT maize is too late in maturity for the areas where sent, often by
2 weeks. CIMMYT is developing 8 maturity index for its international trials.
From the index, a breeder should be able to tell how many days a variety
requiring 55 days from planting to flowering at Poza Rica, Mexico, would have
at New Delhi, india.

On the basis of data submitted by collaborators on the International
Progeny Testing Trials, 1974 (IPTT), a series of experimental varieties,
and the next cycle of progenies are being developed during the 1974/76
winter season at Poza Rica. The experimental varieties will be tested

at 180 sites in 45 countries and the IPTT at 138 sites in 21 countries.

MAIZE TRAINING

CIMMYT offers several kinds of training or experience to scientists
from Asia, Africa, and Latin America:

~In-service training: generally 6 to 7 months residence in Mexico for those men
holding a first degree in agriculture, and under age 35.

—Master’s degree program.

—Predoctoral fellows: generally 1 year in Mexico to do their thesis research under
CIMMYT supervision,

Maize in-service trainees 1971-74.

Region and country 1974 1971-1974  Region and country 1974 1971-1974

Latin America 18 85 Japan 0 3
Argentina e 1 Nepai 2 5
Belize 2 2 Pakistan 4 8
Bolivia 2 4 Philippines ( 8
Brazil 1 3 Thailand 0 3
Colombia 2 5 North Africa and
Costa Rica 0 1 Near East 4 11
Chile 0 2 Algeria 0 1
Dominican Republic 1 4 Egypt 3 6
Ecuador 3 6 Tunisia 0 1
E! Salvador 1 10 Turkey 1 3
Guatemala 0 7 Tropical
Guyana 0 1 Africa 17 46
Haiti 0 3 Cameroon 0 1
Honduras 2 9 Ethiopia 1 1
Mexico 2 4 Ghana 3 3
Nicaragua 0 3 Ivory Coast 1 2
Panama 0 3 Nigeria 4 8
Peru 1 3 Tanzania 4 15
Venezuela 1 4 Uganda (V] 1

South and East Asia R 29 Zaire 4 14
India 1 2 Other 0 1
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—Postdoctoral fellows: two years' service as an associate on CIMMYT staff,
—Visiting .cientists or short-term residents: mature scientists invited to spend a
period of ebservation at CIMMYT: the term "'visiting scientist” indicates those
who remain from 1 month to 1 year; “short-term visitors’* stay 1 to 4 weeks.

Inservice  The in-service maize program is only 4 years old, but has given training
training 14 179 young scientists from developing countries, 47 of them in 1974.

In-service training in maize is designed to develop the skills in field
and laboratory techniques needed for genetic improvement, give experi-
ence on an interdisciplinary team, and increase the pafticipant's under-
standing of agricultural development.

One feature of maize training is the layout of agronomic trials on
private farmer’s fields. This work is performed by the trainees in
Veracruz State during the spring season, under supervision ot the maize
training officer, in cooperation with agronomists of the Mexican extension
service. The trainees manage the field days at which private farmers are
invited to observe the measurament of yields.

The group of maize production trainees who began work at CIMMYT
in Novembe: 1074 was reported by the training officers to be the strong-
est group ever recruited.

Other training  During 1974 the maize Program was also involved in the training of
degree candidates from 12 countries, two predoctoral fellows {Egypt
and Ivory Coast), and 11 postdoctoral fellows from eight countries,
Ten of the degree candidates were doing their coursework at the Escuela
Nacional de Agricultura {Mexico), four at Kansas State University {USA),
and five at Cornell University (USA). There were also 15 senior visiting
scientists from nine countries and 25 short-term residents from 20
countries.

An unusual feature of academic training is the interdisciplinary Ph.D.,
program. Such proyrams ars now under way between CIMMYT and
Kansas State University and Cornell University. In each university four
or five degree candidates from Asia, Africa, or Latin America are working
on related topics for a Ph.D. thesis. For example, a breeder, a pathologist,
an agronomist, and an ecor'\orr'list may be studying closely related topics,
sharing each other’s research, but taking their academic studies in different
departments. These teams of candidates will do their thesis research
together in Mexico, but receive their degrees from Kansas State or
Cornell.

OUTREACH ACTIVITIES FOR MAIZE

CIMMYT continued to help national maize programs strengthen their
research and production activities. The maize staff spent about 875
man-days in 1974 consulting with governments of maize-producing
countries in Asia, Africa, and Latin America. Consultation ingludes
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E.W. Sprague,
director of the
maize program,
underscores a
point while
sharing his
experience with
trainees.

participation in research workshops, where plans are made for the
following year; observation of CIMMYT nursery materials grown by
national programs; visits to commercial crops in farmers fields to analyze
what is holding back production; meetings with national policymakers
to discuss fertilizer supplies, maize prices, storage facilities, and other
policy questions.

Experiment.. aurseries provided advanced populations for aimost every
maize-producing country in the developing world.

In-service training was provided for 47 trainees from 23 countries,
and contacts were continued with more than 100 previous trainees who
have returned to nationa! programs.

Ten members of the maize staff were stationed in five national
production pregrams during 1974; Egypt, Nepal, Pakistan, Tanzania,
and Zaire,

The most important new development in outreach during 1974 was
the beginning of regional services which are discussed in a special report
elsewhere in this publication.

BREEDING SORGHUM FOR COLD TOLERANCE

24

Sorghum is the world’s fifth ranking cereal grain, grown on all continents,
and covering 41 million hectares.

CIMMYT's sorghum improvement program {in collaboration with the
International Crops Research Institute for the Semi-Arid Tropics) stems
from work begun in the late 1950’s. Breeders thought sorghum would
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prove more drought resistant than maize at elevations above 2000 meters
in Mexico and other Latin American countries, but no sorghum previously
tested in Mexico had set seed above 2000 meters apparently because of
low nighttime temperatures.

CIMMYT's predecessor agency obtained sorghum seed from the high-
lands of East Africa (Ethiopia, Kenya) which set seed on the central
plateau of Mexico but was excessively late in maturity. By crossing the
East African lines with short duration materials from Texas, new lines
were created which were satisfactory in Mexico above 2000 meters,

In 1973 CIMMYT recruited a postdoctoral fellow to work full time
on cold-tolerant sorghum with the follovring objectives:

—~Higher yield

—Field resistance to important diseases and insects
—Early maturity

~Wide adaptation and stability of production
—Higher protein quantity and quality
—Resistance to bird damage

—Diversity of agronomic types and kernel types

Over 2300 crosses were made in 1974, employing CIMMYT's working
collection of 3500 families of sorghum,

By selecting the best progeny at six different sites in Mexico, under
differing temperatures, moisture conditions, and disease-insect environ-
ments, it is expected that sorghum genotypes will be developed with
wider adaptation,

Forty-four new sorghum families were introduced from the highlands
of Ethiopia in 1974. These are being dwarfed to fit the shorter grow-
ing season in Mexico, and will then be used as donors in the breeding
program if they provide new sources of cold-temperature tolerance.

Good sources of resistance to the three principal sorghum diseases
under Mexican conditions (leaf blight, leaf rust, gray leaf spot) are
now being incorporated into the CIMMYT breeding lines. Work is
progressing on genetic resistance to three of the principal insect pests:
fall armyworm, sorghum midge, and greenbug. Resistant materials fro\m
the USA have been obtained for the latter two insects,

An international sorghum trial, consisting of 37 selections, was grown
at 13 locations around the world in 1974. Returns are not yet available.

For protein improvement, six lines of high lysine sorghum were obtain-
ed from Purdue University in 1974 and crosses were made between these
and CIMMYT's best dwarf lines. High protein content, 15 to 18 percent
in normal kernels, has been verified in the laboratory, but so far no
cross has combined both high percentage of protein and high lysine.
Results of protein work must be judged over a period of years.

One trainee from El Salvador completed his sorghum training course at
El Batan in 1974. He made 200 crosses between sorghum lines from El
Salvador and CIMMYT's advanced lines, and carried home a wide range
of breeding materials.
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WHEAT SUMMARY

Spring bread wheats. By combining high yield potential with stability, CIMMYT
is striving for spring wheats that yield well year after year in diverse environ-
ments. Wheats, such as Yaqui 50, which have been resistant to rusts for
decades are being used as sources of stability in CIMMYT’s massive spring
wheat crossing program. To evaluate the stability and yield potential of
new materials, tests are conducted in dozens of locations around the world.
In 1974, out of 1700 advanced lines grown at the Ciudad Obregon station,
the 400 best were selected for inclusion in the 8th International Bread
Wheat Screening Nursery.

A second approach to yield stability, in addition to using stable varieties
as parents, is the development of multiline varieties, A multiline variety
is a mixture of seeds from lines that are almost genetically identical except
that they have different genes for rust resistance. In 1974, 250 lines
based on cross 8156 (Siete Cerros, Mexipak, etc.) were sent to 30 locations
to enable breeders to determine which lines would be best for incorporation
in a multiline variety at each location. At Ciudad Obregon, eight experiment-
al multitine mixtures were planted in the first multiline yield trial in 1974,

Especially to help nations that do not have large crossing programs,
CIMMYT distributes segregating F2 crosses. In 1974 over 3000 F1 crosses
were grown and over haif were discarded for undesirable characteristics,
The remainder were classified for potential disease resistance based on the
resistance of the parents, and the F2 seed was sent to 75 locations.

About 400 varieties and lines selected for one or two special characteristics
from the world’s spring wheat germ plasm were sent to breeders in 40
focations in 1974, This ““crossing block” is a mini-bank of germ plasm,

Several countries in the humid tropics are interested in growing wheat
in their dry winter season. As a first step in selecting suitable parents, in
1974 CIMMYT began growing the crossing block and the bread wheat
screening nursery at Poza Rica, Mexico, a hot, humid location.

Three new varieties derived from CiMMYT materials were released in
Tunisia. Nine varieties selected from crosses with CIMMY T materials were
released in India for different parts of the country.

Spring wheat x winter wheat. Crosses of spring wheat with winter wheats are
made to transfer such characters as septoria resistance and cold tolerance
from winter wheats into spring wheats and to transfer such characters
as rust resistance and better bread-making quality from spring wheats into
winter wheats. Large-scale crossing between these two types of wheat is
possible at CIMMYT’s Toluca station {2600 m. elevation). Nearly 3500
winter wheats were grown for crossing in 1974 at Toluca. So that the
program can advance two crops a year, about 400 of the best winter
wheats were artificially vernalized and grown at the Ciudad Obregon Station.,

Seed of about 300 segregating F2 spring x winter populations was sent
to 75 locations for evaiuation and selection in 1974.
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The most advanced lines from spring x winter crosses reached the Fg
generation in 1974, Within 2 years yield testing will begin, however, two
lines already show such good performance that they are being multiplied.

Durum wheats. Although short height is desirable in durums to reduce lodging
which lowers yields, genes for shortness are linked with sterility, Cocorit
71, a one-gene dwarf durum, showed that the linkage could be broken.

The linkage has also been broken in advanced generation two-gene and three-
gene dwarf durums still under test. These dwarfs yield 15 to 20 percent
more than Cocorit.

Seed from 3000 crosses of spring and winter durums was sent to breeders
in major durum-growing countries. These crosses are made to increase the
cold tolerance of durums.

As protection against drought or excessive heat late in the growing
season, CIMMYT is attempting to develop strains with a rapid grain-filling
period. Seed from early generation crosses involving germ plasm having
such characteristics has been sent to breeders in North Africa and the
Middle East for screening.

Triticale. Laboratory techniques necessary to produce fertile triticales were
perfected during the last 2 years and as a result 84 new primary triticales
(wheat x rye crosses) were created in 1974, CIMMYT now has 185 primary
triticales.

The cold tolerance of spring triticale is being improved by crossing
with winter wheat, winter rye, and winter triticale. Winter triticales resulting
from this program are being developed at Oregon State University and
the University of Guelph.

Based on an improved staining technique developed at Cl MMYT, cytolo-
gists were able to show that wheat x rye crosses are resulting in plants
with one to seven rye chromosomes. Knowledge of the:number of rye
chromosomes a triticale strain has is valuable in deciding which strains
can be successfully crossed,

For several years breeders have been making selections to eliminate
shrivelled grains in triticale, As a result, the test weight of triticales has
improved rapidly. In 1974, 70 percent of the 600 lines in advanced yield
trials had a test weight of 70 kg/hl. Four years ago the six best lines in
the triticale program had a test weight of only 68 ka/hl.

Triticales continued to show good protein content. In 5500 lines analyzed
by CIMMYT chemists during 1974, the average protein content was 13.5
percent and the average lysine content in the protein was 3.7 percent,

Forage trials in 1974 suggested that triticale could be grazed or cut
for forage and then allowed to regrow to be harvested for grain with only
a modest sacrifice in grain yield.

Tests of CIMMYT triticale lines at Purdue University revealed that over
100 are resistant to three races of Hessian fly, an important enemy of cereals.

The first triticale variety from CIMMYT material was released in MexfEE')
under the name Yorene for planting in 1975.
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Barley. Since CIMMYT’s barley breeding program began in 1972, developing
disease resistance has received high priority. In 1974, the first group of
CIMMY T-bred barley lines were sent for international testing for disease
resistance. '

To reduce lodging, breeders are using barleys from Japan and USA to
strengthen stems, and varieties from Mexico todimprove root crowns. For
the first time in 1974, Indian mutant barleys that have strong crown roots
and rather stiff stems were used in the breeding program.

The first barley yield trials were planted in 1974.

Crosses made with Riso mutant 1508 to raise the quality and quantity
of barley protein reached their third selection cycle in 1974,

Physiology. Grain yields of individual plants are often used as selection criteria
in early generations. Tests by physiologists in 1974 showed, however,
that the harvest index (ratio of grain yield to dry weight of the plant) is
a better indicator of crop yield than grain yield per plant,

Shading studies identified two periods when low sunlight is especially
harmful to wheat yields. Studies of lodgin j in short wheats showed that
even when plants are able to right themselves after partial lodging, yields
may be severely lowered. Studies of drought resistance revealed that modern
semi-dwarf Mexican wheats suffer no more under severe drought stress than
varieties developed in areas where drought is severe hazard. In one drought
experiment, two barley varieties yielded twice as much under stress as
several bread wheats, durums, and triticales, Tests continued with erect-
leaved plants which may be photosynthetically more efficient than the
usual droopy leaved plants. Studies of wheat genotypes in hot and cool
climates showed that a few consistently yield well in bosh climates.

Milling and baking laboratory. About 27,000 samples of bread wheat were
tested for gluten strength and the pigment content of grain from 6000
durum plants was evaluated.

Wheat training. Thirty-four wheat researchers and production agronomists from 14
countries were trained in 1974,

International nursery trials. Over 1200 trials, more than ever before, were distribut-
ed to cereal researchers in §3 nations in 1974,

Outreach activities. CIMMYT wheat staff members consult each year with most
wheat-growing countries in Asia, Africa, and Latin America. In 1973 the
staff spend over 1200 man-days on consulting trips. In addition to travel
from headquarters, CIMMYT had 11 wheat staff members in Turkey,

Lebanon, Tunisia, Algeria, and Morocco.

BREAD WHEAT

The goal of the bread wheat program is to develop varieties that
produce stable high yields in a wide range of environments. Stability
is largely related to resistance to diseases and:insensitivity to daylength,
A wheat variety usually lasts at most 5 or 10 years before a new rust
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race develops that can overcome its resistance. A few varieties, however,
have remained resistant for decades, although their yield potential is
lower than present-day varieties. Yaqui 50 has baen resistant to rusts
for 25 years. Such varieties are being used as parents in the bread wheat
program to introduce stable resistance to rusts into varieties that are
already high yielding.

In the winter season, wheats are grown at sea level in Ciudad Obregon
in northwest Mexicu. In the summer, wheats are grown near Toluca,
at 2600 m elevation. An early frost in Toluca in 1974 destroyed
most of the summer experiments before they were harvested.

At Ciudad Obregon to screen lines for disease resistance, stem and
leat rust are artificially inoculated. 1n addition, a severe natural epidemic
of stripe rust occurred this year.
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Over 1700 advanced lines were yield tested at Ciudad Obregon. Based
on yield, rust resistance, and agronomic type, 400 of the lines were
selected for inclusion in the 8th International Bread Wheat Screening
Nursery. Two lines, a selection from Kalyansona x Bluebird and a selection
from Mengavi x 8166, were outstanding and are suitable for commercial
release. The Kalyansona x Bluebird tine is a three-gene dwarf that has
the same yield potential as Yecora 70, 7 t/ha, but has better resistance
to leaf rust. The Mengavi x 8156 line is a one-gene dwarf that has good
resistance to stem rust and leaf rust, but is moderately susceptible to
stripe rust. It has red seeds and:it matures later than Siete Cerros.

CIMMYT crosses spring wheat with winter wheat to bring the strengths
of winter wheats into spring wheats. Some of those strengths are genes
for resistance to septoria disease, a high degree of drought tolerance
and cold tolerance, and an expanded range of maturities. These character-
istics are vital for raising yields in dryland areas. At the same time,
spring wheats have features that would be desirable in winter wheats:
greater nitrogen response, rust resistance, and better bread-making quality.
CIMMYT is developing spring wheats with characters transferred from
winter wheats. Collaborating scientists in winter wheat areas are using
CIMMYT's crosses to develop winter wheats with characters transferred
from spring wheats.
The large-scale spring x winter crossing program was made possible
by the discovery in 1972 that at CIMMYT's high altitude station (2600 m)
near Toluca, winter and spring varieties could be planted in such a way
that they would flower at the same time. Winter wheats are seeded in
November and cold weather that eccurs in the following 6 weeks is
sufficient to induce flowering later. The spring wheats are planted
after the middle of January when they are safe from frost damage.

O'Q
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Under this planting schedule both types flower in May and June and
numerous crosses can be made.

In the 1973/74 season nearly 3500 winter wheats from USA, Europe,
Chile, Argentina, and USSR were planted at Toluca along with spring
wheats. So that the program can advance two crops a year, about 400
of the best winter wheats were artificially vernalized and planted at
Ciudad Obregon station.

In 1973/74 over 1000 F 1 spring x winter wheat crosses were planted
at Toluca but all were killed because of an early frost in September. Nuver-
theless agronomic evaluation could be made and reserve seed will permit
planting of the best lines in 1975. At Ciudad Obregon about 500 F
spring x winter crosses were planted and 40 percent were discarded
because of disease susceptibility or extreme lateness. The rest were
harvested and sent as F2 segregating populations to 75 tocations world-
wide for evaluation and selection.

All seed of new F 1 spring x winter crosses is shared equally with
breeders at Oregon State University who exploit it in their winter wheat
program. In 1975 winter wheat breeders in Turkey will also get an
equal share of the Fq seed.

In Mexico advanced lines from the spring x winter crosses are only in
the F4 generation. Some of these lines have 12 or 13 spikelets. If all
those spikelets produce grain, the yields from these lines will be above
normal. By 1976, the agronomic characteristics, disease resistance, and
yield performance can be fully tested. Two sister lines called Canario
8" already show such good potential yield performance that they are
being multiplied for possible commercial release.

In the 1973/74 winter, 3300 Fq crosses were grown. Over half were
discarded because of rust susceptibility and poor plant type. The crosses
that were harvested were classified for potential septoria resistance based
on whether or not the parents had septoria resistance. Five hundred
rust-resistant populations that also potentially carry septoria resistance,
were sent to dryland locations. Eight hundred other populations were
sent to irrigated areas where rusts are the main problems. In all, 75
locations received F2 populations.

Distribution of Fo seed allows national programs to select segregating
lines under their local conditions. It is especially valuable for national
programs that do not have large crossing programs.

The crossing block is a mini-bank of germ plasm. It consists of varieties
and lines from throughout the world, each of which has at least one

or two special characteristics. The 300 to 400 entries that make up

the crossing block are sent around the world so that breeders can evaluate
them under local conditions. In 1974 the crossing block was sent to

40 locations. The breeder may use some as parents in his breeding
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program or some may even perform well enough for direct release to
farmers. In other words, distribution of the crossing block gives breeders
access to a rich diversity of germ plasm. In addition, the worldwide

data on disease resistance, maturity, and height of the entries which
comes back to CIMMYT helps CIMMYT breeders.

A multiline variety is a mixture of lines that are essentially identical
genetically except that each line has a different source of resistance

to the rusts. Thus, when a new race of rust develops in a field planted

to a multiline variety the chances are that not more thar one of the
component lines wil! become susceptible. That means that if the multiline
consists of 15 lines, only 6 percent of the plants in the field will

become susceptible. Since most plants in the field are resistant, the

new race cannot rapidly build to epidemic levels so even some susceptible
plants may escape infection. Multiline varieties should assure farmers

of stable yields despite changes in races of rusts.

CIMMYT has been working on a multiline variety based on the 8156
cross since 1970. Under names such as Siete Cerros, Mexipak, and
Kalyansona, the 8156 cross has proved to be a high yielding, well
adapted variety. It is grown on 13 million hectares in the developing
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world. By crossing 8156 with a great diversity of varieties that have
resistance to rusts and septoria and then carefully selecting the progeny,
CIMMYT breeders are producing hundreds of lines that might be used
in a multiline variety. Each of the lines has the same height, maturity,
grain characteristics, and yield potential as Siete Cerros, but the genes
for resistance are different.

Exactly which lines should be mixed together to form a multiline
variety must be determined in the locality where the multiline will be
grown. in 1974 the Third International Multiline Variety Trial, consisting
of a set of 250 lines, was sent to 30 locations around the world.




Wheat for the
humid tropics

DURUM

36

As well as testing the lines individually, the lines must be tested
in mixtures in various combinations. At the end of 1974, yield tests
with eight experimental multiline mixtures began at Ciudad Obregon.
This is the first time that CIMMYT has tested 8156 experimental
mutliline mixtures.

In 1974 crossing began which may lead to a multiline variety based
on the variety Anza. This variety is the Mexican cross Lerma Rojo-Norin
10 x Andes E. It has been released under various names in Australia,
New Zealand, Iran, Sudan and tre USA. |ts wide adaptability and
high yields suggest that it would make a good multiline variety.

Bread is popular in many countries of the humid tropics. These countries
use scarce foreign exchange to import wheat for local bakeries. To reduce
imports many of these countries are investigating the possibility of
growing wheat in their “winter’’ ~eason —a period of little or no rain

and somewhat lower-than-average temperatures.

To serve areas like Bangladesh, Vietnam, Surinam, and Thailand,
CIMMYT began, in 1974, growing the crossing block and the International
Bread Wheat Screening Nursery in the winter season at the Poza Rica
station which is located on the hot, humid Gulf coast of Mexico.

Varieties or lines that survive and have a satisfactory level of resistance
to Helminthosporium, a fungus disease, will be distributed as segregat-
ing populations to humid tropical countries for evaluation and crossing.

Aside from industrializea countries, durum wheat is an important crop in
North Africa, the Middle East, part of India, Chile and Argentina. World-
wide 20 million tons are produced on 30 million hectares. It is used

for spaghetti and other pasta products and for couscous. CIMMYT's
breeding program aims at developing germ piasm for three types of areas
in which durum is grown: Humid coastal areas where disease is the

main problem, such as the Mediterranean basin; dry areas where diseases
are not a major barrier, but varieties need special maturing behavior,

Yield improvement in durum wheats: Yields from trials at Ciudsd Obregon, Mexico,
(Stork has not been commercially released yet).

Name Height Year released Yield, t/ha
Tehuacan 60 tall 1960 42
Oviachic 65 dwarf 1965 7.0
Chapala 67 dwarf 1967 7.0
Jori 69 dwarf 1969 7.7
Cocorit 71 dwarf 1971 8.3
Stork "'S”’ dwarf - 8.6
CIMMYT REVIEW 1975
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such as Southeast Turkey and India; and cold areas and high plateaus
such as those in Turkey, Iran, arnd Chile.

CIMMYT's expanded durum breeding program began in 1968. Two
crops a year are grown at different locations in Mexico. Durum breeders
are moving toward durum varieties with high yield potential, resistance
to a broad spectrum of diseases, stable yields, ability to yield well at
many locations, drought tolerance, short maturity (where needed}, and
good cooking quality.

The program produces a wide range of germ plasin which scientists
in durum-growing areas can evaluate and choose from. CIMMYT staff
members stationed in Algeria, Tunisia, Lebanon, and Turkey play a
vital role in the durum program.

CIMMYT durum breeders are placing increasing emphasis on plants with
fewer leaves. They also want more upright leaves.

Fewer leaves should mean less evapotranspiration. And this should
save precious moisture for durum plants growing in dry areas. In addition,
plants with fewer leaves have fewer places for dew to collect. That
should hamper the progress of fungus diseases that spread when leaves
rub together. Such fungi require water on the leaves to spread rapidly.
On the other hand fewer leaves will mean that the photosynthetic area
of each plant is reduced. International screening nurseries and yieid
tests will help to answer whether the advantages of fewer leaves outweigh
the drawbacks.

Upright leaves should allow more light to reach the {ower leaves
and that might allow more tillers {extra stems) to survive.

Durum plants that vemain upright until harvest tend to yield more than
plants that lodge (fall over). By genetically shortening the plant the
breeder can reduce lodging.

Three genes are available for shortening durum plants and the effects
of the genes are additive. That is, plants with two of the genes are
shorter than plants with one gene and those with three genes are shorter
than those with two genes, provided growing conditions are the same.
Unfortunately, the genes for shortness are linked with genes for sterility
and the sterility effects are also additive. In other words, the more
genes for shortness a plant has, the greater the degree of sterility and,
hence, the lower the yield. But Cocorit 71, a durum variety recently
developed by CIMMYT, showed that the linkage between shortness
and sterility could be broken. Cocorit has one gene for shortness. |Its
yield potential is substantiaily higher than that of Jori 69, a one-gene
dwarf in which sterility limits yield somewhat. In new two-gene and
three-gene dwarfs still in the CIMMYT experimental fields, the linkage
with sterility has been completely broken. As a-result they yield 15
to 20 percent more than Cocorit.
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filling

Durum grains are 25 to 50 percent heavier than grain of bread wheat.
But even though durum has the same number of grains per head (spike)
as bread wheat its yield per hectare is less. One reason may be that
bread wheat produces more tillers that bear heads, so brear wheat
produces more heads per square meter than durum. CIMMYT scientists
are breeding for higher tillering capacity in durum, which should lift
the yield potential of durum above that of bread wheat. Under dryland
conditions, however, limited tiller number does not influence yield as
greatly as under irrigated conditions.

In 50 bread wheat yield tests at Ciudad Obregon in 1973/74, the
durum check variety, Cocorit, was the first or second highest yielding
entry in 75 percent of the tests.

Higher yieiding durums must have good pasta-making quality if durum-
producing areas such as North Africa are to regain their export markets.
CIMMYT is testing the pasta-making quality of durum lines. Carotene
pigment is determined routinely and macaroni-making equipment has
been used experimentally.

Breeders are attempting to bring cold tolerance into short durums by
crossing spring with winter durums. This cross creates plants that have
"semi-winter’’ growth habit. That means less cold is required for the
durums to induce flowering. Sensitivity to daylength, however, prevents
undesirable flowering during the short days of winter.

Winter-types are being improved by the introduction of genes for
insensitivity to daylength so that they will flower earlier. In true winter
durums, flowering must be induced first by low temperature and later
by long days.

Seeds from over 3000 crosses between spring and winter durums
were sent to nutional wheat programs in Algeria, Ethiopia, Lebanon,
Mexico, Tunisia and Turkey where local scientists can test and exploit
them.

As in bread wheat, the concept of a multiline variety holds promise as
a weapon against dreaded rust diseases. Durum lines are being screened
to identify sources of resistance to the various rusts. Assembling a
multiline, however, will have to be done region by region because the
mix of diseases varies from location to location.

CIMMYT is particularly Interested in developing durums that have a

short maturity or that fill the grain rapidly. Short maturity is essential

in areas like central India where durums are grown on residual soil
moisture after the monsocen rains have anded. Durums in such areas must
have both a short vegetative phase and a rapid grain filling period to
mature before drought and excessive heat occur.
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In areas like the Mediterranean basin, rain falls during the growing
season of durums so varieties with a longer vegetative period can be
sustained. Moreover a longer vegetative period is needed so that flowering
octurs after the danger of late spring frosts has passed. While late maturing
varieties escape frosts,they are exposed to drought, heat stress, and
desert winds at the end of the season. Thus CIMMYT breeders are
striving for durums that combine a vegetative period long enough to
escape early frosts with a rapid grain-filling period to reduce the risk
of late-season hazards.

In developing new germ plasm CIMMYT breeders can draw on a collection
of 10,000 durum lines {half of which is the U.S. Department of Agriculture
collection). Several hundred lines (traditional varieties and advanced
breeding lines) are added to CIMMYT's collection each year,

CIMMYT’s experimental stations in different parts of Mexico allow durum
to be grown throughout the year and therefore many more crosses can

be made each year than is possible in most other countries. For the

first time in 1974, CIMMYT sent F1 crosses to breeders in key durum
areas around the world. This allows scientists outside Mexico to work
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with much more germ plasm than ever before. In fact, for some
national durum prugrams tf\is'procedure may double or triple the number
of crosses they can work with.

CIMMYT sent out 3300 Fq crosses to North Africa, Turkey, India,
Ethiopia, and the Mexican National Program. Before being sent, the
crosses were screened against such problems as drought and !ocal
disease, so each location received only crosses likely to be appropriate
for its conditions. Reserve seed of all the Fq crosses is held at
CIMMYT so that when information on the performance of the crosses
in various locations flows back, the best crosses can be used in further
breeding work.

Sending F1 crosses is less expensive, in terms of research time, than
sending more advanced generations.

Placing the pollen of a rye plant on the stamen of a wheat plant is

the first and easiest step in creating a new triticale strain. Later, instead
of planting the seed, the seed embryo is surgically separated from the
endosperm and placed in an artificial nutrient medium to grow into

a plantlet. The nutrient medium takes the place of the endosperm
which in intergeneric crosses, like wheat x rye required to produce
triticales, is rarely able to support the growth of the embryo. When

the plantlet has sufficiently developed leaves and roots it is planted

in soil. |f this plant grows to maturity it would produce no seeds

—it would be sterile like a mule. So to make the plant fertile, breeders
bathe the plant in the chemical colchicine. Colchicine causes the plant’s
chromosomes to double and this process makes the plant fertile.

Techniques for culturing the embryo and doubling the chromosomes
have been perfected at CIMMYT during the last 2 years. Thus CIMMYT
scientists were able to create 84 new triticales in 1974, triple the
number produced in 1972. Twenty-eight new triticales were received
from breeders outside CIMMYT, CIMMYT is now working witn ahout
185 such primary triticales.

Each new triticale strain {(called a primary triticale) is an additional
source of gencs for the plant breeder, While a new straiii might, after
extensive testing and screening, become a candidate for commercial
release, more likely it will be crossed with other triticale strains to
concentrate desirable genes in a secondary triticale.

The discovery that the climate of the CIMMYT high altitude (2600 m)
station near Toluca is cold enough to vernalize (induce flowering)
winter cereals like winter wheat, winter rye, and winter triticale has
permitted large-scale crossing between these types and spring triticales.
At Toluca the winter cereals are planted in October and the spring
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triticales are planted in January. Flowering occurs in both types in May-
June so that numerous crosses can be made. The goal of this program
is to use the genetic variability available in winter ryes for improving
spring triticales. In addition, the crossing program leads to winter
triticales. Winter triticales are screened under typical conditions for
winter cereals at Oregon State University (USA) and the University of
Guelph (Canada).

in 1974 CIMMYT screened 1000 winter ryes at Toluca and found
250 with good seed development. These will be used as sources of
tolerance to low temperatures although most are susceptible to fusarium
and stripe rust.

A post-doctoral scientist at CIMMYT modified the Giemsa staining techni-
que so that chromosomes contributed to triticale by the rye parent

can be distinguished from chromosomes contributed by the whea*, parent.
Use of the modified staining technique showed that extra wheat chromo-
somes sometimes substitute for rye chromosomes. That is, some strains
of triticale are producing plants with as many as seven pairs of rye

Yield, t/ha (rafio scale)
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chromosomes (a full set) to as few as one pair of rye chromosomes.

Knowledge of how many and which rye chromosomes have been
replaced by wheat chromosomes in a particular triticale line is valuable
for the breeders. Crosses between triticales that have different rye-
chromosome substitutions are sterile or segregate abnormally.

An experimental line known has Beagle is the first high yielding triticale
in which all of the rye chromosomes and all of the durum chromosomes
are present. Some scientists had previously thought this achievement
was not possible.

Crossing the dwarfing gene from bread wheat into triticale greatly raised
the yield potential of triticale by reducing lodging. Cinnamon was the
first dwarf triticale to enter yield trials —in 1971. Since then the number
of high yielding lines has increased dramatically. In 1973, out of 150
lines tested, about 35 yielded 7 t/ha, while in 1974, out of 600 lines
Itested, 150 reached that level.

'Shrivelled or wrinkled grains were common in early triticale strains.
Since this unattractive appearance might affect the willingness of farmers
to try the new crop, CIMMYT scientists began selecting on a large

scale for plump smooth grains in 1972. The plumpness of grains is
related to their test weight —the weight of the grain per unit volume.
CIMMYT triticale breeders are striving for a test weight of 76 kilograms
per hectoliter. In 1974 over 70 percent of the 600 lines in advance
yield trials had a test weight of 70 kg/hl or more. Sixty-two of the
lines had a test weight of 74 kg/ht or more, while in 1973 only 11 lines
reached that level. Four years ago, the best six lines in the triticale
program had a test weight of only 68 kg/h!.

As one way to enable scientists around the world to learn how triticale
strains perform in their locality, CIMMYT sends cooperators uniform
sets of about two dozen new strains each year for planting in yield
trials. In 1974 cooperators sent CIMMYT their data from the Fourth
International Triticale Yield Nursery. This nursery was grown at 50
locations from seed sent out in 1973. The average yield of the best

five strains was 3.5 t/ha compared with 3.2 t/ha in the 3rd ITYN (1972}
and 3.1 t/hain the 2nd ITYN (1971).

As yields have increased over the years, the protein percentage has
declined somewhat. The decline is not unexpected because yield increases
have resulted in part from plumper grains. Thus if the actual protein
content of the kernel remains the same while the carbohydrate content

of the kernel increases, the protein percentage must decrease. Neverthe-
less, current high yielding lines have a high level of good quality protein.
CIMMYT protein chemists analyzed 5500 I:~s in 1974, The lines
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Forage

Homegrown
triticale provides
a Mexijcan farm
family with their
daily bread,

averaged 13.5% protein with 3.7% lysine in the protein.

Tests on bread-making quality and flour yield were conducted on
150 triticale lines in 1974.

To determine the true dietary value of triticale protein, cooperative
studies have started with two organizations. In Mexico, the Instituto
Nacional de Investigaciones Pecuarias will do bio-assays (feeding trials)
with rats, and, in Guatemala, the Instituto de Nutricion de Centro
America y Panama will do bio-assays with rats and young chickens.

Preliminary experiments at Ciudad Obregon suggest that triticale could
be grazed or cut for forage in its early growth stages and then later
the grain could be harvested. The grazing or clipping would cause less
than a 20 percent sacrifice in grain yield while providing 2 to 3 t/ha
of high protein dry matter.

This technique might make triticale very attractive to, for example,




farmers in the high valleys of Mexico who now handle oats and barley
in this way.

Agronomy  To facilitate experimental work, weeds are controlled with herbicides.
Agronomists showed in 1974 that triticale is more sensitive than wheat
to two common herbicides, Tribunil and Dosanex.

In trials to test production practices for triticale, agronomists found
that triticale should not be seeded more than 6 cm deep. Wheat, in
contrast,can be seeded as much as 9 cm deep without decreasing yields.

In nitrogen trials, whi'e lodging supressed yields somewhat at high
levels of nitrogen application, yields of triticale with no nitrogen or low
levels of nitrogen were often higher than those of the wheat checks.
This characteristics may be valuable in areas where farmers apply little
fertilizer.

Pathology ~ While triticales are not susceptible to the same diseases as wheat,
diseases that are not common on wheat have been identified on some
triticale lines. Examples: Take-all caused by Gaeumannomyces graminis,
dwarf-bunt caused by Tilletia controversa, and leaf spot caused by
Cochlicbolus sativus.

insect resistance CIMMYT provided 169 triticale lines to Purdue University (USA) for
tests of resistance to Hessian fly. This insect is an important enemy
of cereals in many countries. The tests revealed that 126 lines were
resistant to three races of Hessian fly.

Aress of possible  Three types of areas seem to be the best candidates for commercial
°d°':::::.‘:: introduction of triticale: areas where wheat or barley or oats are grown
but yields are poor, areas with certain soil problems such as aluminum
toxicity {the rye genome in triticale may confer a degree of tolerance
to aluminum toxicity), areas where disease severely limits yield of wheat.

Ethiopia. Segregating materials and uniform nurseries have been tested
in Ethiopia for 5 years. In 1974, one or two promising strains were
being multiplied for possible release. Over 2000 hectares of triticale
were grown,

Kenva. The high elevations and devastating wheat disease problems
make Kenya a good possibility for introduction of triticale. New wheat
varieties usually last only 1 or 2 years in Kenya before a new destructive
race of stem rust develops. In trials in 1974, triticale outyielded wheat
at-three Iocations; At one location which suffered severe drought,
triticale had double the yield of wheat.

India. Research on triticale is being conducted at four locations in
India. The most promising area for triticale may be the unirrigated
hill area of Northern India. Triticales tested there have yielded markedly
better than wheats.
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Adaptability

Morocco and Tunisia. The septoria resistance of triticale lines makes
them attractive along the humid coastline of Morocco and Tunisia. But
severe spot blotching has occurred in some locations.

Argentina. Triticale might fit in well in the humid part of northeast
Argentina where disease limits the production of wheat. Argentine
scientists have produced excelient forage triticales from CIMMYT strains,

Brazil. Aluminum toxicity depresses wheat yields in vast areas of
southern Brazil. Certain triticales yield much better than wheats in
areas with aluminum toxicity.

Mexico. The Instituto Nacional de Investigaciones Agricolas conducted
one-quarter-hectare screening trials with triticale in eight states in 1974,
Triticales in Mexico do well, compared with wheat, at high altitudes where
temperatures are cool and v.heat diseases are severe.

Colombia, Peru, Ecuador. Wheat grown in the high valleys of the
Andes is severely attacked by stripe rust. Triticale has a good potential
for such areas.

Barley is grown for food in many areas, especially where the growing
season is too short or the rainfall is not adequate for other cereai crops.
Substantial populations in the Mediterranean region, the Near East,
India, Ecuador, Peru, and Eastern and Northern Europe eat barley,
Most barleys have a poor quantity and quality of protein, and have hulls
which are indigestible for humans. Moreover, barley varieties are not
widely adapted —a variety that mav be satisfactory in one area does
poorly when grown in another area,

Some breeding work to improve yields and disease resistance has
been done on malting barleys used in brewing and on barleys meant for
cattle feeding, especially in the developed countries. But protein improve-
ment and hull-less grains have not been important breeding objectives.
Brewers need hulls for malting and higher protein content would be
undesirable, Ruminant animals can digest the cellulose of hulls, so
hull-less barleys are unimportant for feed varieties.

CIMMYT's barley program is the first to focus on the needs of barley-
eating peoples. The program aims to produce varieties that are adapted,
disease resistant, and high yielding, and that have satisfactory quantity
and quality of protein. These characteristics combined with a hull-less
grain would benefit 200 million of the world’s most impoverished people.

Since the barley program bégan in 1972, crosses have been grown in
two crops each year. One crop is grown at Ciudad Obregon which is
near sea level at 27°N. The selections from the Ciudad Obregon harvest
are then planted at El Batan which is at 2200 m elevation at 19°N.

The harvest at E| Batan is then moved back to Ciudad Obregon. By
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Disease
resistance

Lodging

1974 this process had removed all daylength-sensitive types from advanced
lines. The growing period of sensitive types is lengthened or shortened

by the daylength during the growing season. Insensitive types have

a rather fixed growing period whether they are grown near the equator

of far from it, hence they are adaptable.

Staggering numbers of diseases attack barley. Scald (Rynchosporium
secalis) is a worldwide enemy of barley. Powdery mildew {Erysiphe
graminis) is serious in cool areas that have fog. Stripe rust is especially
important in high plateaus which have low temperatures during the
growing season.

Sources of resistance to many barley diseases have been found under
Mexican conditions, but screening at numerous sites is necessary to
determine if several genes exist for resistance to a disease. In 1973 a
set of parental materials was sent to locations around the world for
disease screening. In 1974 the first set of CIMMYT-bred lines was sent
for testing in 35 countries,

One reason traditional barleys are low yielding is that they lodge (fall
over) before they are harvested. Lodging occurs because barley is tall,
its stems are weak, and the roots do not support the aboveground
portion of the plant well. The tendency to lodge is accentuated in
areas that have high rainfall and in areas where barley is grown with
irrigation or fertilizer.

CIMMYT breeders are using barleys from several countries to cure
the lodging problem. Barleys from Japan and the USA contribute
stiff stems. Certain Mexican varieties have sturdy root crowns. Indian
varieties produced by mutation are short and have strong root crown
and fairly stiff stems. The Indian mutants were used in the crossing
program for the first time in 1974.
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Naked grains

Better protein

Earliness

International
testing

The barley program's first yield trials, which were planted in 1974
and will be harvested in 1975, include many advanced lines that have
stiff stems and relatively well-anchored root crowns,

The grains for most barleys are covered with hulls. For human consump-
tion the hulls must be removed from the grain by pounding or soaking.
CIMMYT barley lines are being crossed with Godiva, a naked type

from USA. Unlike most naked barleys, Godiva has large ,..ump kernels
with a high test weight.

Barley generally has a moderate protein content, 8 to 9 percent, and,
as in most cereals, an inadequate level of lysine, an essential amino
acid, keeps some of the protein from being metabolized by the human
body.

CIMMYT first attempts to raise the nutritional value of barley were
made through crosses with a variety containing the hiproly gene. The
hiproly variety has over 12 percent protein and a high lysine content.
But crosses with the hiproly variety were low yielding because they
produced fewer grains than normal because of partial sterility and lighter-
than-normal grains because of shrivelling. Both defects were inherited
from the hiproly variety.

In 1973 CIMMYT breeders.began using an irradiated mutant called
Riso mutant 1508 which was produced in Denmark. This variety has
about 12 percent protein and its lysine level is 15 percent higher than
that of the hiproly variety. It also has plumper grains and no sterility
problem. Some lines from crosses with Riso mutant 1508 are now
in their third selection cycle.

Barley often is grown in areas where the rainy season is brief or where
summers are short. For such areas barley must reach maturity quickly.
Some of the improved barley lines CIMMYT is developing have extreme
earliness.

Crosses with varieties like Early Russian, Svalof Mari, and Svalof
Mona are now in their fifth selection season. Some of the crosses
can be harvested 65 days after they:are planted, like Early Russian,
but they have higher yields. Naked grains and high protein content
have also been brought into some of the early lines.

For the first time in 1974, the international barley observation nursery
contained CIMMY T-bred lines. Over 150 entries went to 40 locations
in 35 countries. This nursery will permit scientists in national programs
to evaluate CIMMYT lines under local conditions and it will provide
CIMMYT bieeders with information about the resistance of the lines
to the spectrum of diseases that attack barley around the world.

In addition, CIMMYT sent out crossing blocks (sets of varieties that
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Barley lines that
are vigorous, high
yielding, and
disease-free
please
CIMMYT's
barley breeder,
Enrique
Rodriguez.

PHYSIOLOGY

Selecting plants
in early
generations

48

are potentially desirable parents) and F9 bulks (segregating populations
from which local scientists can make their own selections).
The Mexican National Institute of:Agricuttural Research began testing
CIMMYT lines, but an unusually early frost destroyed the experiments.
The first international vield trials of CIMMYT barley lines will be
sent out in 1975, only 2% years after the barley program began.

Physiological studies are aimed at learning what influences yield potential
and how environment and management affect a farmer’s ability to realize
a variety’s yield potential. Results from these studies provide criteria

for breeders to use in selecting higher yielding strains.

When a cross is made, the first two or three generations of progeny are
made up of only a few hundred plants. Early generations of a cross

are sown at abnormally wide spacings (low plant densities) to facilitate
visual selection and maximize the seed production. Plants that sHow

poor plant architecture, inadequate disease resistance, and so forth, can

be discarded. Yield potential, however, cannot be estimated reliably

until enough homogeneous plants have been produced to permit replicated
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yiald potential
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yield trials planted at normal densities. Usually yield trials begin in
the F4 or Fg generation. A criterion for eliminating low yielding
plants in early generations would reduce the amount of material that
plant breeders must handle and would speed the development of new
varieties.

Physiologists compared two methods of estimating the yield of

individual plants in early generations: grain yield per plant and harvest
index. Harvest indexis the ratio of the weight of the grain to the dry

weight of the above-ground portion of the plant (including the grain).
They found that in widely spaced plantings, measuring grain yield per
plant favors droopy leaved plants over erect-leaved plants. Measuring
the harvest index of individual plants in wide spacing provided a more
reliable estimate of how a selection will perform when it is planted at a
normal density and narrow spacing.

The yield potential of a crop may be limited by the ability of plants

to manufacture and transport carbohydrates to the grain or by inability

of the plant to produce enough grains to use the available carbohydrates
or by both, Outstanding varieties of bread wheat, durum wheat, and
triticale were compared under optimurn conditions (irrigated, well-fertiliz-
ed, no disease problems). The experiments showed that the yield potential
of bread wheat and durum wheat is about 8 t/ha and that of triticale
perhaps 10 percent lower. Durum wheats tend to produce fewer grains
per square meter than bread wheat and triticale, but they produce
substantially heavier grains than either of the other crops.

When is crop photosynthesis most important for grain yield? To

find out physiologists shaded different plots for a 2-week period at
different times during the growing season. They found that wheat
yields are highly sensitive to low sunlight (reduced radiation) and hence
reduced photosynthesis 30 to 5 days before flowering and 5 to 30

days after flowering. Yields were depressed by as much as 15 percent by
67pescen. shading during these two periods. Shading during the sensitive
period before flowering reduced the number of grains produced per
square meter. Shading in the sensitive period after flowering reduced
size of grains.

To test the effect of accelerating or slowing development by raising
or fowering the crop temperature slightly, plots of Yecora wheat were
heated or cooled at one of four stages of growth. Heating consisted
of raising the air temperature a few degrees whenever it was below
32°C. Cooling consisted of lowering the air temperature a few degrees
whenever it was above 10°C,

Except at the early vegetative stage, the heat treatment reduced yield.
Yields were reduced by heat even during the mid-vegetative stage and
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Low sunlight just before or just
after the spike emerges sharply
lowers wheat yields (The points
plotted indicate the mid-point of
of each 14-day shading period).
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the late vegetative-anthesis stage which occur at the coolest time of
year in Ciudad Obregon where the trials were conducted. During these
two periods heating reduced the number of grains per square meter.
Heating during the grain filling stage reduced the grain size.

Cooling had the opposite effect to heating. Especially during the
mid-vegetative stage, cooling raised yield substantially.

Lodging in
short wheats

Breeding short varieties dramatically increased the yield potential of
wheat. The principal reason is that short wheats are more resistant

to lodging (fa!ling over) than tall wheats. Thus high rates of fertilizer,
which tend to increase lodging, could be used with less danger. Neverthe-
less, even short wheat can fodge in strong winds or driving rains. Physiolo-
gists examined the yield reduction caused by lodging in high yielding
semi-dwarf wheat and durum varieties by causing partial lodging (80°

Under drought stress, barley yield-
ed about twice as much as wheats.
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Shortening the
vegetative period

Droughit
resistatce

Erect laaves

and 45° from vertical) in various periods starting at flowering.

Some varieties were able to right themselves. For example, the bread
whaat variety Yecora when lodged 45° at flowering was almost completely
vertical by maturity. Nevetheless its yieid was reduced 1 t/ha. Varieties
that did not right themselves suffered even worse yield reductions.

Over half of the wheat plant’s life is devoted to producing leaves and
other vegetative parts. if varieties could be produced that have shorter
vegetative periods without sacrificing yields, the crop would need less
water and would be less exposed to drought periods and disease build-up.
Physiologists attempted to shorten the vegetative period of Yecora, a
highly productive variety, by exposing it at an early stage to photoperiod
extension (24 hours of light daily for 18 days). This treatment reduced
Yecora’s vegetative period to 59 days from the normal 82 days. Although
“early” Yecora had larger grains than normal because grain development
occurred during a more favorable period, it had few grains per square
meter and yield was nearly 1.5 t/ha lower than that of normal Yecora.
Possibly the vegetative period was shortened too much. A less severe
reduction might not lower yields.

Several varieties of breai wheat, durum, and triticale were exposed

to various degrees u. uru ight after flowering. The aim was to identify
strains that have drouaht resistance. Cocorit, a durum variety, and

the triticales in the trial were more susceptible to severe drought stress
than the bread wheats. Two varieties which presumably should have
some drought resistance, Gabo from Australia and D67-3 from North
Africa, had no better yields under severe stress than CIANO and Yecora,
which are modern semi-dwarf Mexican wheats.

In another study, two barley varieties yielded almost twice as much
as a number of bread wheats, durums, or triticales under drought stress.
Again, at moderate drought levels, modern semi-dwarf wheats were equal
to traditional tall wheats or better.

In theory, wheat plants with erect leaves should be photosynthetically
more efficient than plants with droopy or floopy leaves because they
allow surtlight to penetrate deeper into the crop canopy and they shade
each other less. Physiologists have been breeding lines with erect leaves
that match the height, maturity, disease resistancn, etc. of droopy leaved
lines. Thus by testing an erect-leaved line against its corresponding
droopy leaved line, the true value of erect leaves can be determined
without being confounded by differences in plant type, maturity, or
disease resistance.

In 1974, 1000 F2 lines, 400 F3 lines, and 300 advanced lines had
been created. In the next year, yield trials with these materials will
begin.
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Growth pstterns
of wheat in the

humid tropics

Many countries in the hot humid tropics like Bangladesh and Thailand
import large amounts of wheat. To save foreign exchange, some are
interested in growing wheat during their “winter’’ season. Aside from
severe disease and insect problems in theshumid tropics, yields of most
wheat varieties are limited by physiological problems, largely related
to high temperatures.

In 1974 CIMMYT physiologists continued trials in which the develop-
ment patterns of wheat varieties are compared at three stations all of
which are at about 20°N, but at different elevations: Poza Rica (60 m),
Tlaltizapan (940 m), and El Batan (2200 m).

The studies showed that wheat varieties develop faster at higher
temperatures. Although Poza Rica and Tlaltizapan had the same average
daily temperature, the wheats developed faster at Poza Rica because
the daily temperature range there was narrower than at Tlaltizapan.

The warmer the climate, the fewer spikes and grains produced per
square meter and hence the lower the yields.

Certain varieties exhibited & *'cold response.” That is, in the hot
climate (Poza Rica), their flowering was de.ayed and they produced
relatively more leaves and spikelets than other varieties, but their yields
were no batter. In the cool site (El Batan) they had about the same
development patterr: as other varieties. Apparently the development
of these varieties is speeded relative to others by cool weather {(below 10°C).

Siete Cerros and Anza were vigorous and high yielding at all three
sites. Siete Cerros yielded 1.0 to 1.2 t/ha at Poza Rica, 4.7 t/ha at
Tlaltizapan, and 5.2 to 7.0 t/ha at El Batan. Anzayielded 0.9 to 1.2
t/ha at Poza Rica, 4.0 t/ha at Tlaltizapan, and 5.3 to 7.9 t/ha at El
Batan. Both have intermediate maturity, are insensitive to daylength
and apparently have no cold response. Neither early nor late varieties
had as consistent yields. In the hot climate, a few early dwarf lines
and erect-leaved lines were not able to cover the soil surface by flowering
time. Thus they were unable to capture all available solar energy. Such
lines might yield better in the hot climate if they were sown more
thickly.

DEVELOPMENT OF NEW GERM PLASM

52

New sources
of dwarfing

Two types of unconventional germ plasm are being developed at CIMMYT.
First, special desirable characteristics are being refined and transferred
from unproductive varieties into adapted, high yielding, disease-resistant
lines. Second, crops such as oats, barley, rye, and wheat are being

crossed in hopes of producing a new crop, like triticale, or of transfering
useful genetic material from one crop to another.

Most semi-dwarf varieties get their dwarfing genes from Norin 10. But
two varieties, S948BA1 and Tom Thumb, have different dwarfing genes
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than Norin 10. Some lines with these sources of dwarfing were integrated
in the bread wheat breeding program in 1974. Dwarf lines from S948A1
need more work to improve grain plumpness.

Branched spikes  |n most wheats, spikelets are arranged along a central axis called the
rachis. In some wheats, however, the rachis is branched so there is
room for more spikelets. This in turn means that a branched spike
might produce more grains than normal.

Branched wheats have been improved by increasing fertility, grain
plumpness, and degree of branching, as well as by incorporating branching
in genetic backgrounds that have vigorous tillering, strong stems, and
disease resistance. [n a trial with 26 branched wheats, yields ranged
from 4.8 to 6.5 t/ha. Four lines yielded over 6 t/ha. The check varieties
Cocorit 71 and Cajeme 71 yielded 6.7 and 6.6 t/ha.

Triticales with branched spikes are being developed, too.

Other special  Certain wheats have one special useful trait combined with numerous

characters | ;ndesirable traits. Through crossing and selection the special traits are
being combined with good agronom.. ~haracters before they are trans-
ferred to the conventional bread wheat breeding program. Some of
the special traits: unusual insect and rust resistance, protein quality
and quantity, unusual leaf type, long peduncles, thick stems, many
spikelets per spike, many grains per spikelet.

Some triticales now have 40 to 50 spikelets per spike compared

with 30 spikelets in normal triticales. Other triticales have 8 to 10
florets per spikelet. All of these materials are now being used in the
conventional triticale breeding programs.

Wheat-triticale  Wheats are being crossed with triticales to exchange germ plasm between
crossing  these two cereals. In addition, triticale acts as a genetic bridge for
transfering chromosomes and possibly even certain genes from rye to
wheat.

Wide crosses  Techniques developed for creating triticale a wide cross (wheat x rye),
have been used for four seasons in attempts to initercross other genera
like oats, wheat, barley, and rye. The chemical E-amino ccproic acid
is being used to supress immunochemical barriers to alien pollen. No
other successful wide crosses have been proven so far.

MILLING AND BAKING LABORATORY

CIMMYT's milling and baking laboratorv tests bread wheat, durum wheat,
and triticale in various ways to help breeders select lines that have good
grain quality for making bread, tortillas, chapatis, macaroni, and so on.

In 1974 the laboratory tested 27,000 samples from early generation
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bread wheat lines for gluten strength, A large number of advanced-
generation spring and winter wheats were also tested for bread-making
quality. The information on winter wheat is an aid in planning crosses
between winter and spring wheats,

The laboratory evaluated the pigment of grain from 6000 durum
plants. Pigment content relates to the yellow color of macaroni and
thus is an important industrial characteristic. During the first 3 years
of selection, the average pigment content has improved greatly —rising
from 3.8 ppm to 5.5 ppm.

Five trainees, from Algeria, Libya, Kenya, Tunisia and Turkey, worked
in the milling and baking laboratory during 1974.

WHEAT TRAINING
’ |

54

Thirty-four young wheat scientists from 14 countries were trained in
Mexico during 1974. Since 1960, 306 wheat scientists received in-
service training.

The training program, which lasts 9 months, is designed to develop
capability in field and laboratory techniques, give experience in working
on an interdisciplinary research team, and increase understanding of
agricultural development in relation to wheat production.

To improve contacts with former trainees, a newsletter, Wheat Team
Field Notes, was started. Two issues were distributed during 1974.
The newsletter reports research progress in national programs and at
CIMMYT and it summarizes current wheat crop conditions.

An audio-visual learning cer:ter was set up for the trainees. Film
strips with cassette narratives allow trainees to refresh their knowledge
of basic areas in genetics, botany, physiology, soils, statistics, etc.

A former CIMMYT outreach staff member who has served in Algeria
and Morocco was added to the training staff during 1974.

CIMMYT relies mainly on restricted and special grants to support its -
in-service training in wheat. In 1974 the following provided training
support:

Ford Foundation 133.2 months
FAO 42.2
US Agency for International Development 36.2
Rockefeller Foundation 16.2
International Development Research Centre (Canada) 13.0
March Foundation 8.5
Fifamanor 7.4
*Hungary 7.2
Instituto de Ciencia y Tecnologia Agricolas {Guatemala) 7.0
CIMMYT core budget 5.7
*Libya 4.1
Total 280.7

*Governments that paid for training their own nationals.
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Wheat in-service trainees 1960-74

Region and country 1974 1960-74 Region and country 1974 1960-74
North Africa South and
and Near East 20 166 East Asia 7 52
Afghanistan 0 17 Bangladesh 2 8
Algeria 9 27 India 0 4
Cyprus 0 2 Korea 0 5
Egypt 0 8 Nepal 0 2
Iran 4 1 Pakistan 2 32
Iraq 0 7 Philippines 0 1
Jordan 0 5 Latin America 3 57
Lebanon 0 4 Argentina 0 17
Lybia 1 7 Bolivia 0 2
Morocco 0 17 Brazil 0 14
Saudi Arabia 0 1 Chile o 3
Syria 0 5 Colombia 0 2
Tunisia 4 21 Ecuador 0 6
Turkey 2 31 Guatemala 1 4
Yemen 0 3 Paraguay 0 2
Tropical Peru 2 5
Africa 4 22 Uruguay 0 2
Ethiopia 0 7 Other 2 9
Kenya 0 3 Hungary 1 1
Madagascar 1 1 Poland 0 2
Nigeria 2 3 Portugal 0 1
Somalia 1 1 Rumania 0 2
Sudan 0 4 Spain 1 1
Tanzania 0 3 USSR o 3

INTERNATIONAL NURSERY TRIALS

Scientists in 83 countries planted CIMMYT’s International Nursery Trials
in 1974. There were over 1200 such trials around the world. The
purpose of the trials is to test new lines of wheat from CIMMYT's
breeding program and from other programs under the widest possible
range of daylength, temperature, mcisture, diseases, insects, and soils.
Three fourths of the trials are grown without irrigation. The results
of the trials influence breeders decisions. In addition, the trials are
a means for exchanging advanced germ plasm between programs.

For these nurseries alone, CIMMYT airfreighted 4.5 tons of seed to
scientists throughout the world.,

OUTREACH ACTIVITIES FOR WHEAT

CIMMYT has continued its traditional emphasis on helping national wheat
programs to strengthen their research and production activities.

During 1974, the CIMMYT wheat staff spent over 1200 man-days
consulting with governments of wheat producing countries of Asia, Africa,
and Latin America. This consultation includes participation in research
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planning seminars, time spent in farmers’ fields to observe what is holding
back yields, and time spent with national policy makers discussing fertilizer
supplies, grain prices, grain storage, and other policy questions,

CIMMYT sent experimental wheat nurseries for 1200 trials in 83
countries. These trials provide germ plasm for almost every country

international wheat nursery trials.

Country 1972 1973 1974 Country 1972 1973 1974
Africa Hungary 2 5 10
Algeria 24 40 45 Ireland 0 0 1
Angola 0 0 4 ltaly 1 4 9
Cameroon 1 2 2 Netherlands 0 2 5
Egypt 10 A 23  Norway 0 0 0
Ethiopia 17 27 35 Poland 4 6 17
Kenya 8 14 13 Portugal 6 9 10
Lesotho 1 2 2 Rumania 4 8 8
Malagasy Republic 0 0 1 Russia 8 34 20
Morocco 6 27 16 Spain 5 12 22
Nigeria 0 3 9 Sweden 5 3 3
Rhodesia 0 0 8 Switzerland 2 2 3
Senegal 1 4 4 East Germany 0 0 0
Somalia 0 0 4 West Germany 1 1 2
South Africa 8 30 17 Yugoslavia 3 10 12
Sudan 1 8 1 Middle East
Tanzania 3 9 4 Cyprus 1 12 10
Chad 0 2 3 Iran 10 23 20
Tunisia 24 27 25 irag 10 0 7
Uganda 0 2 1 {srael 10 1 11
Zaire 0 0 2 Jordan 7 0 1
Zambia 0 2 2 Lebanon 18 32 27
Asia and Libya 5 0 8
Parific North Yemen 0 0 4
Afghanistan 6 13 10 Saudi Arabia 0 0 4
Bangladesh 1 5 6  South Yemen 0 0 5
China 1 0 0 Syria 0 0 13
India 30 98 90  Turkey 35 38 34
indonesia 0 2 1 North and Central America
Japan 1 4 4 Canada 13 25 39
Nepal 6 7 14 Guatemala 7 12 10
Pakistan 21 45 47 Mexico 63 87 82
South Korea 5 12 10 USA. 82 81 90
South Vietnam 0 0 1 Honduras 0 1 1
Thailand 1 5 5 South America
Australia 2 g 13 Argentina 46 68 69
New Zealand 3 3 5 Bolivia 2 3 9
Europe Brazil 35 51 41
Albania 0 0 5 Chile 20 26 23
Austria 0 4 3 Colombia 10 11 9
Bulgaria 1 5 4 Ecuador 8 13 16
Czechostovakia 0 0 1 Guyana 0 1 1
Denmark 2 5 8  Paraguay (] 6 7
England 3 12 14 Peru 14 20 24
Finland 0 1 3 Uruguay 4 2 3
France 2 15 18 Venezuela 0 1 2
Greece 1 5 9 TOTAL 637 1140 1204
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In Poza Rica’s
hot, humid
climate, some
bread wheats
grow fairly
normally while
others suffer
from problems
like low
tillering and
high sterility.

in the world that grows more than 100,000 hectares of wheat and for
many smaller producers. In addition, CIMMYT supplied seed for
individual requests to a large number of scientists worldwide.

Thirty-four trainees from 14 countries and 21 visiting scientists from
16 countries were involved in CIMMYT's training program in 1974.
CIMMYT continued to maintain contacts with its farge number of
former trainees in Asia, Africa, and Latin America.

Eleven CIMMYT wheat staff members were stationed in five countries
—Algeria, Tunisia, Lebanon, Turkey, and Pakistan— in 1974. The staff
member in Lebanon serves as regional wheat pathologist for countries
of North and East Africa and Asia.

CIMMYT's staff in Turkey began consulting with countries of Eastern
Europe, which welcomed an exchange of wheat germ plasm.

In Eastern Asia, traditional rice growing countries are asking for
assistance to start a dry-season wheat crop. Requests have been received
from Bangladesh, Burma, Thailand, Malaysia, Vietnam, and Indonesia.
CIMMYT staff members have visited several countries and shipped seed.

While no CIMMYT wheat staff members are stationed in South America,
the Mexico-based staff continued regular consulting calls in most major
wheat-producing countries.

7
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ECONOMIC STUDIES

Influence of agro-
climatic factors

The economics section supports CEIMMYT's efforts to help national pro-
grams develop and diffuse new maize and wheat technology by identify-
ing, for agricultural scientists and policy makers, ways to make new
technology and agricultural policy more consistent with the circumstances
‘of farmers.

Adoption studies
Eight adoption studies are under way. These studies are aimed at:
—ascertaining how farmers classified by agro-climatic regions and farm size
used the technology
—establishing how the adoption of new technology was influenced by character-
istics of the farmer such as education and off-farm work, by characteristics
of the farm such as nearness to markets and importance of cereals, and by
agricultural policy such as price policy and support of the extension program
—augmenting various coumtries’ capacity to do social science research at the
farm and market tevel
—enhancing CIMMY T's capacity to counsel national programs on the diffusion
of new technology
in each study CIMMYT economists collaborate closely with national
agricultural scientists and economists.
Drafts of studies for wheat in India and for maize in Kenya west
of the Rift valley were completed in 1974. The studies on maize
technology in Colombia, El Salvador, and Plan Puebla (Mexico) and
on wheat technology in Tunisia, Iran, and Turkey are scheduled to be
completed in 1975. At this time some preliminary comments on the

pattern of adoption are possible.

One of the clearest findings is the overriding importance of regional
agro-climatic characteristics on the use of improved varieties and fertilizers.
Climate’s influence on variety use is most evident in Kenya, Turkey

(see tables), and Iran where almost all farmers in some regions have
adopted improved seeds while other regions have quite low rates of

use. In Kenya, Turkey, and Iran, the difference between regions with

high adoption rates and those with low rates exceeds 50 percentage points.
For example in Kenya 83 percent of farmers in the two high elevation
regions use improved varieties compared with 14 percent in the low
elevation region. While not as marked, the influence of agro-climatic
factors is evident in E| Salvador (sce table) where over 20 percentage
points separate the adoption rate of hillside farmers from that of valley
farmers. A slightly larger spread separates the two regions in Plan

Puebla. In the region where farmers must wait for spring rains before
planting, about a fourth use the recommended planting density

for at least one maize field. In the region where residual soil moisture
allows farmers to plant before the rains start, none of the farmers use

the recommended spacing. In Colombia (see table) a far greater proportion
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KENYA: Proportion of sampled maize farmers in maize growing areas west of the Rift Valley, divided by
farm size, who planted hybrid maize mixed with other crops. 1973.

Users of hybrid

Farm size € ha maize, % Users of fertilizer, %
Annual small large small large
Region Elevationd rainfall ¥ smali large  s;j.acial farms farms special farms farrns special
A high high under 3.2 3.2 + —-—- 80 86 - 47 72 -
B high medium under 45 45.20 20+ 77 79 94 67 93 98
C low low under 2.4 24+ —— 6 23 - 0 6 —-

Source: Survey of 350 farmers sponsored by CIMMYT and carried out by John Gerhart with the support
of agricultural scientists at Kitale Station, a/ High elevation is above 1500 m; lcw elevation is below
1500 m. b/ High rainfall is over 150 cm/year; medium rainfall is 100 to 150 cm; low rainfall is tess than
100 cm. ¢/ For Regions A and C, observations were arrayed by size and divided into two groups based
on size. The same procedure was followed for Region B excluding farms over 20 hectares. Farms over 20
hectares in Region B made up the '‘special” group; nearly all once were part of European-owned faims.

of farmers in fow altitude valleys use improved varieties than do other
farmers,

The India study also supports the importance of agro-climatic factors.
In summarizing the many existing studies on the adoption of new wheat
technology in India, V.S. Vyas reports that the principal influence on
the adoption of new wheat varieties is an assured water supply. While
farm size has played a role, this is at times confounded by access to
water. That is, in certain regions, a greater proportion of large farms
have irrigation than do small farms and more large farms follow, albeit

TURKEY: Proportion of sampled wheat farmers, divided by farm size, who planted
wheat of Mexican or Russian origin, and average fertilizer use. 1972.

Users of new Avg. use of ferti-
Farm size, P ha wheats, Yo lizer, € kg/ha
small Targe.  smali farge
Region @ smatl large farms farms  faims farms
Mediterranean ’
valleys under 8.1 8.1-150 87 94 13 122
hillsides under 6.1 6.1:125 91 90 125 143
Aegean
valleys under 46 4.6-22 61 78 33 57
hitlsides under 3.9 3.9.37 2 20 26 59
S. M:rmara
v dleys under 3.4 3.4-145 3 10 57 53
hillsides under 4.4 4.5-108 6 2 a4 60
N. Marmara under 8 8-128 61 83 91 106

Source: Study of 800 farmers sponsored by the Turkish Ministry of Agricuiture

and CIMMYT directed by Rechat Aktan and with subsequent analysis in collabora-
tion with Nazmi Demir. a/ Mediterranean region is centered on Adana, Aegean
region is centered on lzmir, S. Marmara region is north of Izmir and along the
Marmara Sea, N. Marmara is north of the Bosphorus in European Turkey. "Valleys"
includes flat land. b/ For each subregion, e.g. Aegean valleys, the observations
were arrayed by farm size and then divided evenly into two groups based on size.
¢/ Nitrogen plus phosphorus.
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EL SALVADOR: Proportion of sampled maize farmers, divided by farm size, 9
who planted hybrid maize, and nitrogen use on maize. 1972.

Users of hybrid maize, % Nitrogen use, kg/ha

small medium large small medium large
Region farms farms farms farms farms farms
hillsides 16 28 30 21 38 51
valleys 37 37 67 41 53 67

Source: Study of 350 farmers sponsored by CIMMYT and undertaken by Jesus
Cutie in 1973. a/ Small farms: under 1.4 ha; medium farms: 1.4-3.1 ha; large
farms: 3.2-31.5 ha.

not strictly, the new technologies. In areas where virtually ali farms
are adquately irrigated, for example in the Punjab, virtually all farmers,
irrespective of size, have adopted new varieties. Even so, Vyas points
out, the larger farmers tend to adopt first with the smalier farmers
catching up within a few {2 to 4) years.

From the Indian data it might be concluded that agro-climatic factors
have ptayed a dominant role in the adoption of new wheats and, to a
lesser extent, in the use of fertilizer. Farm size appears to be markedly
influential in some regions, less in others, and only marginal in still
others.

Fertilizer use also reflects the impact of agro-climatic factors in the
other countries studied: aplication rates in the regions with greatest
fertilizer use exceed those in the lowest regions by over 50 percent,

All this indicates that agro-climatic factors, with their implications
for the attainment of such farmer goals as profits or risk aversion,
significantly shape the pattern of adoption of new technology. This

COLOMBIA: Proportion of sampled maize farmers, divided by farm size, who
planted improved maize on over half their maize area, and average fertilizer use in
maize mixed with other crops. 1972/73.

Users of improved Avg. use of ferti-
Farm size @ ha. maize, % lizer, € kg/ha
small large small large
Region small large farms farms farms farms

low altitude @

valleys under 1.9 1.9 + 19 65 6 34

hillsides under 2,6 2.6+ 0 15 + 7
intermediate &

valleys under 2.6 2.6+ 19 30 1 15

hilisides under 2.1 2.1+ 10 15 3 i 5
high altitude ¢ !

valleys under 1.0 1.0+ 5 12 9 13

hillsides under 1.5 15+ 4 4 10 5

Source: Study of 750 farmers sponsored by Colombia’s Instituto de Ciencias Agrico-
las and CIMMYT, undertaken by Humberto Colmznares in 1973. a/ Sea level to
900 meters. b/ 900 to 1800 meters. ¢/ Over 1800 meters. d/ For each sub-region,
e.9. high altitude valleys, the observations were arrayed by farm size and then
divided evenly into two groups based on size. e/ Nitrogen plus phosphorus.
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Farm size

finding has an important bearing on economics research in developing
countries. For most problems, if the research is to be useful, agro-
climatic regions must be examined separately. The Kenya data suggest,
for example, that Kenya’s policy makers emphasize development of new
varieties for the low elevation, low rainfail region. If the regions were
combined, giving an adoption rate of about 60 percent for improved
varieties, the implication would almost surely be that credit and extension
services should be accented, By basing the analysis on agro-climatic
regions, completely different policy implications may emerge.

This in turn points up the advantages from incorporating the know-
ledge and perspectives of agricultural scientists in work on economics.
Their special knowledge of the relationship between plants and environ-
ments and of alternative farmer practices can be critica: to effective
research.

Looking now at the influence of farm size on adoption of varieties

a pattern again emerges. Larger farms have higher adoption rates than
smaller farms in each of the agro-climatic regions. Usually the differences
are small, under 15 percentage points, e.g. hillside fermers in El Salvador
and Mediterranean farmers in Turkey. Such differences are probably

not large enough to warrant special agricultural policy.

But in some areas differences between smaller and larger farmers
in the adoption of improved varieties are more notable, as for example
among valley farmers in E{ Salvador or farmers in Colombia’s low altitude
valleys. Such differences are also reported for some of the regions
studied in india.

In general, farm size has the most impact where adoption rates of
improved varieties are intermediate. Larger farmers are usually among
the first to adopt new technologies and se. }om have lower adoption
rates than smaller farmers. The data suggest that when virtually all
of the larger farmers of an agro-climatic region adopt new varieties,
then virtually all of the smaller farmers also adopt, e.g. Turkey's medi-
terranean region. When a region’s larger farmers have low rates of
adoption, under 30 to 35 percent, the smaller farmers also have low
rates, e.qg. valley farmers in Turkey’s South Marmara region. When,
however, large farmers have an intermediate adoption rate, 35 to 85
percent, the differences among the size groups may be large, as they
are among El Salvador’s valley farmers. There is one exception to
this, in Turkey's Aegean region the difference in adoption by smal!
and large valley farmers is 17 percentage points. This region is
now being studied more intensively.

Thus it appears that where improved varieties are very attractive
to the bulk of the large farmers, small farmers will also adopt. Similarly,
when the varieties are not attractive to the large farmers, they are not
attractive to small farmers. But when a large but not overwhelming
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Why the small
farmer does or
does not adopt
new technology
is being
investigated by
CIMMYT
economists in
collaboration
with national
economists in
eight countries.

group does accept, the smaller farmers tend to lag well behind.

One explanation is that while all farmers are attracted by the higher
average incomes promised by improved varieties, some are inhibited by
their perception of higher risk. The risks perceived tend to influence
small farmers more than large farmers. In regions like Kenya's high
elevation, high rainfall area, farmers perceive little risk and virtually
all adopt new varieties. In regions like the low elevation area in Kenya
small profits are promised and virtually no one, regardless of farm size,
adopts new varieties. In regions like Ef Salvador's valleys or Colombia's
low altitude valleys, perceived risks keep many targe farmers from adopt-
ing, but an even greater proportion of smalt farmers fail to adopt.

Other explanations come to mind, for example, access to credit or
to the services of extension agents. While such access almost certainly
favors large farmers, the contrasts among farm size groups between
regions within countries suggest that these factors alone do not explain
limitations on the diffusion of technology.

Until detailed analysis of each study —including such factors as educa-
tion, tenure, distance to markets, and access to extension services—
is in hand, we think profit and risk best explain the emerging patterns
of adoption. Some comments from agricultural scientists on the suitabili-
ty of new varieties for different regions support this view. For example,
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hybrids for western Kenya include a heavy admixture of high altitude
germ plasm from South America. They lose their relative advantage
over local maizes as altitude declines. Agricultural scientists also report
that the first versions of new wheats showed marked sensitivity to
septoria disease. So,in regions like Turkey's Aegean where septoria
occurs, it seems likely that farmers view the new wheats as more risky
than local varieties. In Iran’s southern region the irrigated area surveyed
is suffering from increasing salinity and local varieties are thought to

be less influenced by soil salts.

For fertilizer use, farm size seems to have more influence on adoption.
With few exceptions large farms use more fertilizer per hectare than
smaller farms. The exceptions occur in Turkey and in Colombia’s high
altitude hillside areas. They are also reported by Vyas for regions
included in his survey of India. Even in Turkey, however, the pattern
is consistent although the differences in fertilizer use are not marked.

This pattern of fertilizer use reflects differences between large and
small farmers in risk-averting behavior, access to credit, and access to
information. More complete analysis on the role of a wide range of
variables on each of several practices will be available with the completion
of the detailed studies.

Agro-climatic studies

With the results of the adoption studies highlighting the importance

of agro-climatic regions in farmer response to new technology, the eco-

nomics section continued collaborating with maize and wheat physiolo-
gists aimed at enlarging CIMMY T’s knowledge of the agro-climatic con-
ditions characterizing the world’s maize and wheat producing areas. An
improved data base will help both programs set research priorities.

Workshops on micro-level data

An important function of the economist is to collaborate with agri-
cultural scientists to identify farmers’ circumstances and to interpret
their implications for technology and for policy. This point of view
emphasizes the importance of reliable information at the micro-level.
However, the capacity to get such data is not readily available in many
countries. For these reasons, CIMMYT and the Agricultural Development
Council (USA) sponsored a series of international workshops in 1974
involving participants skilled in data collection in rural areas of develop-
'ing countries. Workshops were held in Singapore (for South Asia),
Beirut (for the Near East) and Mexico (for Latin America). Seventy-
five investigators participated, most of them natives of developing
countries, The workshops were organized around five general themes
designed to elicit the “rules of thumb’’ used by experienced researchers
in conducting surveys. Information from the workshops will be published.
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Other activities

CIMMYT's economics section is collaborating in field work with national
programs that are closely associated with CIMMYT'’s maize and wheat
programs. This collaboration emphasizes farm and market research aimed
at assessing elements that influence farmers’ production activities in maize
or wheat,

With such information at hand, new technologies can be made more
consistent with farmer circumstances and agricultural policy more consistent
with rapid diffusion of new technology. CIMMYT is helping to (1)
identify national economists who will conduct micro-level research jointly
with agricultural scientists, (2) formulate useful research topics, and
(3) implement such research. These activitics are now under way with
the national maize program in Zaire. Planning is nearly completed
for similar work in Ethiopia, Pakistan, Turkey, and Tunisia.

In conjunction with CIMMY T's maize program, additional work was
initiated on the value of maize with high quality protein. Research
is being supported by Instituto de Nutricion de Centroamerica y Panama
in Guatemala and a field study will be undertaken there in 1975. in
addition, an agency of the Peruvian government and CIMMYT will in-
vestigate the intake of various important nu*rients by maize eaters in
Peru's highlands. Our aim will be to determine the impact that investment
in a quality protein maize program might have on the diets of the maize
eaters.

Staff

In 1974, the staff consisted of one full-time professional and one visiting
scientist who is working in the economics section for 1 year. Three

Ph.D. candidates (one from Argentina, one from Mexico, and one from
USA) were working on thesis topics of special interest to CIMMYT.

Two economists will be added to the professional staff next year. Qutside
Mexico, six economists are collaborating on the adoption studies.

LABORATORY SERVICES
CIMMYT operates common service laboratories —a protein quality labora-
tory and a soils and plant nutrition laboratory— to help the wheat
and maize programs.

Protein quality laboratory

The protein quality laboratory assists the breeders by analyzing total
protein content and some essential amino acids which limit the quality
of the protein in experimental lines of cereals. During 1974 analyses
were made on 6500 barley samples, 6300 maize samples, 4100 triticale
samples, 1600 wheat samples, and 33 sorghum samples.
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Barley, wheat, and triticale materials were evaluated by the dye-binding
technique which allows selection of materials with high protein or high
lysine content, or both, in the preliminary screening. After this prelimi-
nary screening, protein is determined in selected samples, and finally
lysine is determined in the most promising lines.

The new ninhydrin test which permits the rapid detection of free
amino acids in maize endosperm is used in the laboratory on certain
samples, where the breeder requires non-destructive analysis in order
to plant the same kernel that has been evaluated in the laboratory.
Opaque-2 maize contains more free amino acids than normal maize,
therefore this qualitative test is used as preliminary screening. For
quantitative evaluation, the protein and tryptophan are determined on
endosperm samples of genetic families. In most selected samples, lysine
is determined, and to more thoroughly evaluate the protein quality in
certain cases, a complete amino acid analysis is done by ion-exchange
chromatography.

The laboratory also trains young scientists from different countries
who are working in the national programs that require a service laboratory
to evaluate the quality of their genetic materials. In 1974, the laboratory
had two trainees from Mexico and one each from Egypt, Philippines,
Yugoslavia, Peru, Colombia, and India.

The head of the laboratory traveled to Brazil, Argentina, Guatemala,
India, Nepal, and Thailand to consult with laboratories of national maize
and wheat programs.

Soils and plant nutrition laboratory

The soils and plant nutrition laboratory does chemical analysis of samples
of soil, water, plant tissue, and grain. During 1974 the laboratory

tested 800 samples of soil for pH, nitrogen, and assimilable ions; 16
samples of water for pH and soluble ions; and 4600 samples of plant
tissue and grain for nitrogen content. Total sugars were also determined
on 800 tissue samples for the maize and wheat physiclogy sections.

Bioassay of cereals

In 1973 CIMMYT discontinued bioassays of cereal protein in which

the meadow vole was the test animal. To reptace the CIMMYT tests,
agreements were made in 1974 with the Instituto de |Investigaciones
Pecuarias (INIP) in Mexico and with the {nstituto de Nutricion de Centro-
america y Panama (INCAP) in Guatemala for animal assays of CIMMYT
cereals.

INIP is using laboratory rats to evaluate the protein of one wheat,
seven triticales, and five quality protein (opaque-2) maizes supplied by
CIMMYT. When lines of barley and sorghum become available that
have improved nutritional value they will be tested too. Trials with
chickens and pigs are also planned.
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INCAP is evaluating one wheat, four triticales, and five quality protein
maizes with rats. Assays involving poultry and humans are planned.

In cooperation with the Instituto de Ciencia y Tecnologia Agricolas
(ICTA) in Guatemala which is multiplying certain CIMMYT quality protein
maizes, INCAP is planning to introduce quality protein maize in a village
in the Guatemalan highlands. ICTA will provide 5000 tons of quality
protein maize which will be used by 500 volunteers in the village. The
villagers will purchase the grain at the market price so that the economic
comparison between groups of villages will not he upset. INCAP will
make detailed health and growth studies on children and adults comparing
those who eat normal maize with those who eat quality protein maize.

Samples of CIMMYT triticales and maizes were also sent to Washington
State University (USA) for trials with chickens and turkeys. Samples of
quality protein maize continue to be sent to Purdue University (USA)
for trials with rats.

EXPERIMENT STATION MANAGEMENT
CIMMYT conducts research at eight sites in Mexico. Four are owned
by Mexico's National Agricultural Research Institute and the other four

by CIMMYT.
Hectares used
Elevation Latitude by CIMMYT
CIANO-INIA Sealeve! 27N 100
Los Mochis-INIA Sea level 25 N 2
Navojoa - INIA Sealevel  27°N 14
Rio Bravo - INIA Sea level 26 N 1
Poza Rica - CIMMYT Sealevel 20N 38 (twice a year)
El Batan - CIMMYT 2240 m 190N 42
Toluca - CIMMYT 2640 m 190N 67
Tlaltizapan - CIMwviy' T 940 m 18N 31 (twice a year)

In 1974 CIMMYT completed its building program for the experimental
stations. At El Batan the main items were a house for the station
superintendant and a small storage building for the wheat program. A
greenhouse was built at Toluca for the triticale program.

A killing frost on the nights of 7 and 8 September 1974 caused
severe damage to crops planted above 2000 meters elevation, which
includes the El Batan and Toluca stations. On 21 September as a
result of rains from hurricane Fifi, the San Marcos River flooded the
Poza Rica station; 17 hectares were damaged, 5 severely, The maize
crop was completely destroyed. Repairs were carried out in time to
enable the maize program to plant the 1974/75 winter cycle.,

The extra 12 hectares needed for experimental work on the high
plateau (El Batan-Toluca) still did not become available, so 12 hectares
of land were rented near El Batan,

In 1874 CIMMYT's research station manager spent 7 weeks as a
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consultant to help experimental stations in Nepal, Tanzania, Nigeria,

and Algeria.

Visitors from 10 countries spent various lengths of time studying
CIMMYT's experimental stations. Courses on experiment station manage-
ment were given to the trainees in residence.

STATISTICAL SERVICE UNIT

The CIMMYT staff has used computer services for more than 10 years.
Several types of activities are handled by computer:

--general accounting

—international nursery trials, including the printing of field books, analysis
of data, and printing anatyzed results

—analysis of individual research trials

—maize germ plasm bank inventory and performance data

—analysis of economic data

Until 1974 CIMMYT hired computer time on university and commercial
computers. These arrangements have not proved wholly satisfactory.
As a result, during 1974 CIMMYT installed a modern electronic accounting
machine to handle all accounting and inventory functions. In addition a
statistical service unit is being established to handle computing needs
of all programs. The unit will have its own mini-computer and staff
including a biometrician in charge who will be on toan from the British
Ministry of Overseas Development,

CIMMYT has benefitted from the advice of two consulting groups.
A survey of CIMMYT's computing needs was made in 1974 by P.S. Ross
and Partners, management consultants, who were hired by the internation-

al Development Research Center of Canada as part of a general assessment

of management accounting and computer facilities of all international
centers. Also CIMMYT has been assisted by David Rogers of FAO and
his staff group headed by Gilbert Hersh of the University of Colorado.
Their collaboration includes development and testing of efficient programs
for handling of germ plasm bank records, breeding systems and data,
and international nursery data on the mini-computer, and staffing assis-
tance and advice.

INFORMATION SERVICES
New publications  Twenty-one new titles were published in 1974 (see table). The informa-

68

tion services also distributed the Proceedings of the International Triticale
Symposium published by the International Development Research Center,
Canada. This seminar was co-sponsored by CIMMYT.

~In addition to new titles, two publications were reprinted due to

high demand: Field technique for fertilizer experiments (6th printing}
and Chemical screening methods for maize protein quality at CIMMYT
{2nd printing).
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Cooperation  |nformation services personnel collaborated with the Escuela ‘*Antonio
with cther &' in organizing rural sociology and information meetings at Saltillo,

organizations

Publications issued in 1974

Mexico. They also participated in the courses being taught at the

Title

Pages Printed

Research bulletins
Epidemiology of wheat rusts in the western hemisphere.

Infarmation bulletins
This is CIMMYT

Maize diseases

Results of the second and third international maize adaptation nursery
1971-72,1972-73

Results of the third international opaque-2 maize trials 1972-73

Results of the eight international spring wheat yield nursery 1971-72

Results of the second and third international durum yield nurseries 1970-71,
197172

Translations and reprints

Evaluacion de avances y problemas en la obtencion de especies forestales
resistentes a la roya.

Evolucionar o perecer

Poblacion humana, demanda alimentaria y necesidades de la fauna vy la flora

La productividad agricola y el problema alimentario de la poblacidon humana

Avances hacia la obtencidn de nuevos genes de cereales

Identificacion de cromosomas del genomio-D de trigo hexaploide en un
triticale de 42 cromosomas

La produccién de alimentos a nivel mundial para el futuro

Other publications

Proceedings -- World wide maize improvement in the 70's and the role
for CIMMYT

CIMMYT Review 1974

Visitor's guide

CIMMYT report on wheat improvement 1973
CIMMYT report on maize improvement 1973
Proceedings — Wheat, triticale, and barley seminar

Situacion mundial de los fertilizantes

The Puebla Project: 7 years of experience, 1967-73

27

24

77

119

137

120

426

95

13

13

378

132

1500 English
1500 Spanish

2000 English
2000 Spanish
2000 French
4000 English
4000 Spanish
1000 French

1500
1500*
1500*

1500°

500 Spanish
500 Spanish
500 Spanish
500 Spanish
500 Spanish

500 Spanish
500 Spanish

1000 English
1000 Spanish
4000 English
4000 Spanish
2000 English
1000 Spanish
1000 French
2500 English
2500 Spanish
2500 English
2500 Spanish
1500 English

200 English

200 Spanish

100 French
3000 English
3000 Spanish

*Text in English, Spanish, and French.

INFORMATION SERVICES
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Mailing list
surveys

Audiovisuals

Slide sets

Puebla Training Center, sponsored by the Puebla Project. In cooperation
with the communcations department, Graduate School, Chapingo (Mexico)
three students did their M.S. theses under supervision of information
services staff. The audiovisual section fully cooperated with the Secretaria
de Agricultura y Ganaderia in developing materials illustrating the Plan
Agricola Nacional which were presented to the President of Mexico

by SAG authorities.

Two types of surveys were made on the CIMMYT publications mailing
list during 1974. All addressees were sent a card asking if they wished
to continue receiving CIMMYT publications. Three months later, those
who did not reply were sent a second card. Persans who did not reply
to the second card were dropped from the mailing list. As a result the
mailing list was reduced from 6500 addresses to 4500.

In addition, a short questionnaire was sent to a smail random sample
of the addresses on the mailing list. The survey showed that, of the
addressees on the mailing list, 55% are active scientists, 15% are administra-
tors such college department chairman or officials of international aid
agencies, 10% are libraries, 7% are extension technicians, and the rest
are farmers, economists, agricultural supply salesmen, etc.

One-fifth of the respondents were mainly interested in wheat. About
twice as many were mainly interested in maize. The remainder said
they were equally interested in both programs. Scientists had about
the same division of crop interests as all respondents.

The respondents were asked which language —English, French or Spa-
nish— they prefer for publications. About half said English and half
said Spanish. Less than 5 percent prefered French. Among the Spanish
speakers, about half indicated good facility in English. An even larger
proportion of the Spanish-speaking scientists, especially wheat scientists,
indicated good facility in English.

A major exhibit was prepared, designed, and mounted for the conference

“World Wide Maize Improvement in the 70’s and the Role for CIMMYT"

held in 1974. The exhibit involves flow charts, live models, and photo-

graphs on every aspect of the maize program. The exhibit was displayed

in the administration building, and now serves as part of the permanent

exhibit depicting CIMMYT's role in improving world food production.
The audiovisual section continued its supporting role to the crop

program in art and photography production. The audiovisual section

does layouts, pictures, graphs, and design for publications and conferences.

Several slide sets were completed during the year:
~This is CIMMYT (new version) {50 slides)

-—Maize diseases: bacteria,virus,and nematodes {23 slides)
—Maize diseases: fungi (48 slides)
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—Maize diseases: inoculum collection and reproduction, and artificial inocula-
tions (75 siides)

—Laboratory techniques for determining industrial quality (50 siides)
~CIMMY'T's maize advanced unit (50 slides)

All these slides sets are in color and have English, French, and Spanish
texts,

Visitors services  In 1974, about 3000 visitors were registered at CIMMYT, both individual-
ly and in groups. Many others visited the experiment stations, where
they come to observe CIMMYT research work. A pamphlet was prepared
giving detailed information for visitors to CIMMYT. This pamphlet
is in English, Spanish, and French.

Part of the day s
work for Gil
Olmos,

CIMMY T's visual
aids specialist.
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Library and
bibliographic services

72

During the year, the list of journals to which CIMMYT subscribes was
checked by a staff committee to assess the real value of many journals
and perioGicals to the scientists. Unneeded journals were eliminated.
CIMMYT has arranged for the Commonwealth Agricultural Bureaux
{United Kingdom) to publish a journal of abstracts dealing with quality
protein maize. CAB routinely produces abstracts of articles published
by 9000 agricultural journals in 46 iznguages. CAB will reproduce

all abstracts dealing with quality protein maize, and CIMMYT will serve
as distribution agent. Publication will startin 1975 with a retrospective
issue covering 1960 to 1974, and thereafter issues will appear quarterly.
About 1500 copies will be distributed to scientists and institutions.
This service will be financed as part of the UNDP-CIMMYT project

on quality protein maize. A similar pubiication of abstracts on triticale
is planned.
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Special report: RESEARCH ON PLANT NUTRITION: THE NEEDS, CIMMYT'S ROLE

Doubling the worl.u’s cereal supply within efficient cereal plants, that is, by breeding
the next 25 years must be achieved mainly plants which place a higher percentage of
by more intensive use of existing crop land. their dry matter in grain. This type of
Land can besmade more productive in various plant makes efficient use of fertilizer. In
ways —irrigation, drainage, growing more addition CIMMYT's training programs for
than one crop a year— but the most im- production agronomists from national pro-
portant, worldwide, is the addition of plant grams include the design of fertilizer trials
nutrients and their efficient use. on farmers’ fields, and the preparation of
Much of CIMMYT's research leads to fertilizer recommendations to farmers. These
more efficient use of plant nutrients regard-  activities are location-specific.
less of whetner the nutrients come from CIMMYT conducts no research on organ-
inorganic chemical fertilizer, organic sources ic nutrients in Mexico, but CIMMYT staff
of nutrients, or biological sources. members serving as short-term consultants
CIMMYT contributes to more efficient to national programs, or posted to national
use of chemical fertilizer through research programs, are assisting with several forms
in Mexico mainly by development of more of research on organic nutrients.

In unirrigated trials in Morocco, Potam, a semi-dwarf bread wheat, and Cocorit, a
semi-dwarf durum, yielded better than tall varieties both with and without fertilizer,

Yield, 1/ ha (ratio scale)
7

i ! Cocorit
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CIMMYT and its network of collaborating
scientists are interested in three forms of
biological nitrogen. One is the wheat-medi-
cago rotation which is being tested in North
Africa. The other two are in the area of
"radical” research: nitrogen fixation by trop-
ical grasses, which may prove relevant to
tropical maize, and wide crosses between
genera or plant families, which may extend
the capability. for nitrogen fixation to addi-
tional plants.

Breedingefficient cereal varieties. Agronomic
testing has demonstrated that the new dwarf
varieties are more efficient because they have
a higher harvest index {greater proportion

of grain to total plant dry weight) and they

do not lodge (fall over) when increased quanti-
ties of nitrogen fertilizer and water are added
during the growing season.

Some new dwarf varieties of wheat yield
better than traditional tall varicties at all
levels of fertility —even when no extra ni-
trogen is added, and even when grown under
natural rainfal| conditions, rather than under
irrigation. The accompanying chart provides
a typical example from trials in Morocco
where a new dwarf wheat variety, Potam,
is compared with a traditional tall wheat
variety, B.T. 908, and a dwarf durum variety
Cocorit, is compared with B.C. 2777, a tall
traditional type.

All CIMMYT breeding programs are now
intercrossing a large number of different

Influence of nitrogen on vyield of two triticale
varieties grown in the same experiment in north-
ern Mexico, 1974.

Nitrogen Yield, t/ha
applied, kg/ha UM x Tcl bulk DR-44 x IRA
0 3.5 4.5
75 5.3 6.4
150 6.8 6.5
225 8.5 5.8

SPECIAL REPORT: PLANT NUTRITION

varieties to provide a wide spectrum of genet-

ic variability for selection in the subsequent
segregating generations, Early segregating
generations are grown with adequate moist-
ure and high fertility to enable the breeders
to select lines or families with a high poten-
tial for yield under favorable conditions.
These selected lines are then distributed to
collaborating breeding programs worldwide
where they are further tested and selected
for yield under different moisture and fertilj-
ty conditions.

The CIMMYT testing system does not
now, however, differentiate plants that are
more efficient in taking up nutrients from
the soil. By selecting for grain vield the
breeders are almost certainly selecting for
efficient use of the nutrients after absorption
by the plant. In some trials where varieties
have been grown on {ow fertility soils, one
variety will produce an exceptional yield
relative to the others under test, indicating
an ability to take up more nutrients from
the same soil. The table gives a recent
example from the triticale program. A deep-
€r root system probably explains why the
variety DR-44 x |RA was able to reach a
wider soil profile, and thus draw upon nu-
trients below the root zone of the other
variety and show a higher vield with no
nitrogen fertilizer.

These results underscore the need for a
better understanding of the root system of
cereals and the need to develop a technique
to select varieties with more extensive or
more rapidly growing root systems.

CIMMYT has recently been cooperating
with scientists at Washington State Univers;-
ty to test a mist growth chamber for measur-
ing differences in root structure. Several
other techniques are employed by plant
scientists, including root washing, glass-sided
root boxes, etc.

CIMMYT should in future give more em-
phasis to studies of root structure and its
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effect on yield. One benefit will be to
areas of the world where rapid leaching and
denitrification are a problem.

Using nutrients belcw the root zone of
existing varieties is likely to be of short-
term benefit because these nutrients are not
inexhaustible. But there are collateral bene-

fits in tapping moisture deeper in the profile.

The present CIMMYT testing system also
does not take sufficient account of problem
soils, such as those that have excess salt
content or the highly acid soils with their
mineral toxicity problems. in such soils
the efficiency of fertilizer uptake by most
cereal varieties is poor.

One example is the acid soils of south-

ern Brazil which cause severe aluminum toxi-
city in most CIMMYT wheats undergoing
test. However, some genetic tolerance is
evident —traditional local wheats of south-
ern Brazil are more tolerant to aluminum
than wheats selected in Mexico.

CIMMYT has been collaborating with a
scientist at Oregon State University who has
developed a simple screening technique for
determining the degree of tolerance of cereal
seedlings to aluminum. CIMMYT has now
installed equipment to screen all CIMMYT
parental varieties of bread wheat, durum
wheat, and triticale for tolerance to alumi-
num toxicity.

A special program is being organized for

Norman Borlaug, left, director of CIMMY T's wheat program discusses
new triticales with George Dion of the Canadian International
Development Agency and Don Winkelmann, CIMMY T economist.

s
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intercrossing aluminum-tolerant parents iden-
tified by the Oregon method and the best
Mexican wheat varieties to provide segregat-
ing progeny for selection in Brazil by local
scientists. This should enhance fertilizer ef-
ficiency in aluminum-toxic areas. Some tri-
ticales have been found to possess a 10-fold
advantage over the average wheats for toler-
ance to aluminum,.

We need better estimates of the location
and extent of problem sails and their eco-
nomic importance. Approaches to appropri-
ate organizations are being made for assis,
tance in this survey,

Factors that limit the expression of yield.
Many factors, either individually or in com-
bination, can reduce the yield of a cereal
crop below its genetic potential, thus wast-
ing fertilizer applied to the crop. Some
examples are agronomic management (tim-
ing and amounts of fertilizer applied), pests
and diseases, inadequate moisture.
Managing fertiiizer application. Fertilizer
is used efficiently if the timing and amounts
applied match the nutrient requirements of
the crop at each stage of the growing cycle.
This requires knowledge of plant needs, plus
estimates of the nutrients and moisture
available in che soil, and, finally, a calcula-
tion of the additional fertilizer required to
balance the nutrient uptake of the crop.
CIMMYT staff members assigned to na-
tional programs are helping to train produc:
tion agronomists in these fo-scasting mes
thods, and are participating in national ‘erti-
lizer trials which will provide local know-
ledge needed to prepare fertilizer recom-
mendations for farmers. |n North Africa
more than 100 fertilizer trials were made

from 1968 through 1974 by local agronomists

and CIMMYT staff. These trials have shown
—Some dwarf varieties are consistently su-
perior in yield to the local varieties even
without application of nitrogen.

—The previous cropping history of the ex-
perimental field (rotation and type of fallow)
influences the amount of nitrogen required.
—In most situations there was no difference
in yield between a single or split application
of nitrogen. Occasionally however, it was
beneficial to apply half the fertilizer at seed-
ing time and half at the maximum tillering
stage of growth. One benefit would be that
the second application could be withheld
in dry years. {Lack of benefit from splitting
the nitrogen application suggests that the
newer slow-release forms of nitrogen would
offer little advantage in tt = winter season
in North Africa. The reverse appears true
in the high-rainfall areas of Africa where
leaching can be a major problem. Nationat
programs are testing sulfur. coated urea on
maize in tropical West Africa).
~In comparisons of chemical compounds
containing nitrogen such as urea, ammoni-
um nitritate, ammonium sulfate, and com-
binations in North Africa, there were no
differences in yield of rainfed wheat grown
in the winter,

Similar fertitizer management trials are
needed in every major production region
of the world, in fact in most national pio-
grams. The results are location speciiic —in-
formation obtained from fertitizer trials in
Mexico is not reliable in other climatic re-
gions. Moreover, the training of local agron-
omists to advise farmers can best be con-
ducted within national programs, not out-
side the host country.

in CIMMYT's experience, training agron-
omists to adviso on fertilizer efficiency
should always include emphasis on soil prep-
aration and weed control. Uneven land
preparation tends to lower yields and thus
waste fertilizer because of flooding in snme
areas and excessive drying in others, Poor
seedbed preparation results in uneven stands.
And weeds consume fertilizer intended for
the crop.
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Pests and diseases in relation to fertilizer
efficiency. When pests and diseases infest
a crop, they reduce the yield and thus waste
fertilizer. A large part of CIMMYT's exten-
sive breeding programs are devoted to the
development of varieties and populations
that carry genetic resistance to pests and
diseases.

Another approach to pest control, and
thus to greater fertilizer efficiency, is the
disease and insect surveillance network for
wheat. Since 1972 a network organized by

a CIMMYT staff member in Beirut has operat-

ed from Morocco to India. Another surveil-
lance system for wind-borne diseases began
in the Andean Region of South America

in 1973. When these networks provide early
warning of new disease pathogens, they
should make fertilizer use less risky for farm-
ers throughout these regions.

Forecasting moisture by the season. A
cereal crop requires a balance of nutrients
and moisture to produce optimum amounts
of grain. The farmer with access to irrigation
can normally control the amounts of nutri-
ents and moisture, and thus achieve efficient
uptake of fertilizer. By contrast, the farmer
who relies wholly upon rainfall must adjust
his fertilizer application, up or down, accord-
ing to the rainfall he expects during the
season,

At present, the forecasting of rainfall for
the total growing season is beyond man's
knowledge. Dr. R.A. Fischer, CIMMYT
wheat physiologist points out that ‘‘Reliable
seasonal forecasts of rainfall would probably
save more nitrogen than all the fertilizer
research conceivable.”

CIMMYT scientists and the staffs of the
World Meteorological Organization and the
U.S. National Aeronautical and Space Ad-
minstration have recently discussed ways to
improve longer-range rainfall and crop pro-
duction predictions.

Organic sources of nutrients. Organic

sources of nutrients are plant residues left in
the soil by previous crops, thus providing
nutrients to the next crop, and animal ma-
nures and human wastes incorporated in the
soil.

Organic nutrients have some advantages
and some limitations. A kilo of plant nu-
trients derived from organic sources provides
the same benefits to a crop as a kilo of
inorganic chemicals {N-P-K). Organic nu-
trients have some superiority over inorganic
chemicals because manures ond crop residues
improve the tilth of the soil and increase
the water-holding capacity, thus improving
crop growth.

The disadvantages of most organic ma-
terials lie in their low content of plant nu-
trients and their great bulk for handling.

For example, 1 ton of chemical fertilizer

of a formula 10-10-10 contains 10% nitrogen,
109% phosphoric oxide, and 10% potassium
oxide. Thus the farmer gets 300 kilos of
plant nutrients while handling 1000 kilos

of fertilizer. By contrast the amount of
animal manure which provides the same nu-
trients might weigh 10 to 20 tons and he
100 times more bulky than chemical ferti-
lizer. Because of weight and bulk, animal
manures are generally used only on the farm
or in the village area where the manure ic
produced.

In only a few countries in Eastern Asia
are hurnan wastes used widely in agriculture.

Some advanced countries in North Amer-
ica and Europe produce treated fertilizer

from city sewage, but the problem of low
percentage of nutrients, and great bulk, re-
mains.

Crop residues can be incorporated into
the soil (for example, by plowing under the
straw of maize or wheat} as a routine part
of the cropping cycle, but incorporation
generally requires more power for cultiva-
tion than can be achieved with hand tabor
or draft animals.
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Undoubtedly the world is wasting great
quantities of plant nutrients by its present
inability to use the available crop residues
and animal or human wastes fully. CIMMYT
does not conduct research on any form of
organic nutrients in Mexico, but CIMMYT
scientists assigned outside Mexico are col-
laborating with national programs that are

studying ways to use organic nutrients better.

In Nepal, scientists are examining the pos-
sibility of composting natural vegetation and
applying the residues to crops in the Himala-
van foothills where chemical fertilizer is not
available. In Zaire, scientists are dey ~*~ning
crop rotations of legumes and maize as pos-
sible substitutes for chemical fertilizer in
interior provinces. In Algeria and Tunisia,

a 2-year rotation of wheat and medicago
promises to increase soil fertility from non-
weedy crop residues.

CIMMYT believes that national programs
should continue to investigate opportunities
to apply organic nutrients that are economic
under local labor and cropping practices.
But organic nutrients are unlikely to pro-
vide a significant alternative to chemical fer-
tilizers worldwide.

Biological sources of nitrogen. “‘Biological
sources’’ of nitrogen refers to bacteria and
fungi, living in the root zone of plants, that
fix nitrogen from the air and deposit the
nitrogen in the form of nitrates in the soil
or within the root structure where the nu-
trienits can be taken up by the plant for its
own growth,

Rhyzobium bacteria in legume root nod-
ules are a major source of nitrogen fixation.
There are also free-living, nitrogen-fixing bac-
teria in the soil, sometimes in association
with the roots of other plants such as rice,
sugarcane, and some tropical grasses. One
British scientist has estimated that nitrogen
“fixed"" by bacteria and fungi in the produc-
tion of economic crops equals five times
the total nitrogen manufactured in the form

of nitrogen fertilizer.

CIMMYT is interested in three sources
of biological nitrogen: Use of legumes in
rotation with wheat in North Africa, nitro-
gen fixation associated with tropical grasses,
and wide crosses between plant genera which
might introduce nitrogen fixation benefits
to more crops.

Wheat-medicago rotation. CIMMYT scien-
tists in Tunisia and Algeria are helping the
national wheat programs introduce legumes
into their wheat rotation. Varieties of medi-
cago (an annual pasture legume species) are
being tested in a 2-year rotation with wheat.
Medicago would replace the presait 1-year
weed fallow in the rotation. Weeds now
provide poor grazing for sheep, deplete soil
moisture and fertility, and leave a residue
of weed seeds to infest the following wheat
crop.

The work in North Africa has been stimu-
lated by the success of a similar program in
southern Australia during the last 40 years.
Twenty million hectares in Australia have
been improved by seeding "medics’ and sub-
terranean clover in rotation with wheat.

Several thousand hectares of medics are
now under trial in North Africa. Some
CIMMYT scientists believe the system is like-
ly 10 cause a greater agricultural revolution
in the region than the introduction of new
dwarf wheat varieties.

In 1974, CIMMYT assigned an Anstralian
consultant, Mr. E.D. Carter, to study the
potential of the wheat-medicago rotation in
Algeria. He found that in the cereal zone
of Algeria up to 5 million hectares could be
improved by replacing the existing weed fal-
low with self-regenerating annual medicago
species. If properly managed, medicago pas-
turesin a wheat-medicago rotation would
annually provide 60 kg/ha of nitrogen, im-
prove the soil’s capacity to hold water, in-
crease levels of soil organic matter, reduce
levels of weed seeds in the soil, and provide

SPECIAL REPORT: PLANT NUTRITION 79



enough additional forage to support an extra
10 million sheep (or the equivalent in

other livestock). The added nitrogen, im-
proved soil structure and water-holding ca-
pacity, and lowered weed competition could
double wheat yields. An additional benefit
is that increasing the livestock potential of
the cereal zone could reduce the grazing
pressure in the steppe zone. Young livestock
could be sent to the cereal zone for fatten-
ing.

Changing to wheat-medicago rotation on
a large scale will require several major in-
vestments. First, implements that permit
rapid shallow tillage, rapid sowing, and level-
ing of the seedhed must be produced.
Second, greater amounts of soluble phosphate
fertilizer must be made available. Third,
30,000 tons of medicago seed must be grown
or imported. Fourth, personnel from farm
machinery operators to research and exten-
sion personnel must be widely trained.

Much of the Mediterranean area might ben-
efit from this system of farming once its
effectiveness is demonstrated in the Maghreb.

Nitrogen fixation associated with tropical
grasses. Becent work in Brazil by Dr.
Johanna Dobereiner, and in Nigeria, France,
England, and the USA by other workers,
has suggested that nitrogen is produced by
mutual assistance between bacteria and trop-
ical grass roots. Dr. Dobereiner believes
that bacteria live inside the cortex of the
root (the outer covering) in some tropical
grasses and approximate a primitive legume-
type of symbiotic {(mutually beneficial) asso-
ciation. Some of these pasture grasses ‘‘pro-
duce’ significant quantities of organic nitro-
gen.

In addition, greenhouse experiments in
France and the USA have shown high nitro-
gen-fixing activity in association between
bacteria and maize roots. Maize, like all
cereals, is a member of the grass family.

It may be time to survey maize varieties
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in hope of finding some with high nitrogen-
fixing capacity, and to look at the agronomic
practices which produce environmental con-
ditions more favorable to growth and nitro-
gen fixation of the organisms concerned.
This research could have revoluti.znary po-
tential over the next few decades, leading

to the possible reduction in use of nitrogen
fertilizers on tropical cereals.

Wide crosses between plant genera, CIMMYT
scientists in collaboration with Dr, Lynn
Bates at Kansas State University have em-
barked on a wide-cross program to combine
different genera of cereals. Dr. Bates is

using immunosuppressant drugs to break
down the incompatibility between plant gen-
era. Initial tests at CIMMYT have been
promising.

The crossing of plant genera has begun
with the crossing of near relatives, such as
wheat x rye (which already produced triti-
cale) or wheat x barley {now in the green-
house stage at CIMMYT). [t probably will
move to more distant relatives, such as maize
x sorghum, and ultimately crosses between
families such as wheat x soybean, will be
attempted.

Today, transferring the nitrogenase en-
zyme system for legumes to cereals must
be regarded as a remote possibility, approach-
able only by a long series of steps, each
step providing a better knowledge of the
barrizrs between plant families. The pos-
sibility of having lequmz-type roots on the
base of wheat plant was once considered
a dream. Now plant scientists are less skep-
tical following three revolutionary develop-
ments in the last 5 years:

—Transfer of genetic information from bac-
teria to plant cells.

—~Establishing of symbiosis between rhizobi-
urn and plant cells in vitro.

—Transfer of nitrogenase from nitrogen-fix-
ing Klebsiella to non-fixing mutants, and

to another bacterium, £. coli.

CIMMYT REVIEW 1975



CIMMYT staff members feel the idea is
worth exploring with a small part of
CIMMYT's research resources. The work
would require at least 20 to 25 years,

Conclusion. Studies of root structures, as

an approach to moisture stress and fertilizer
efficiency, and studies of nitrogen fixation

in tropical grasses and their application to
maize are two areas of possible expansion.

As a substitute for staff work on either or
these topics, CIMMYT may seek collaborative
research projects in a research center possibly
in Europe or North America,

' Radical" research such as wide crosses
between plant genera may require 25 years
to achieve a crop ready for commercial use.
The present large-scale research on triticale
{wheat x rye cross) is now in its 2 1st year
at the University of Manitoba (Canada) and
its 11th year at CIMMYT, and triticale is

beginning to achieve commercial adoption.

Development,of a commercial maize crop
carrying the nitrogen fixing characteristic
could be considered a development compara-
ble to a wide cross, requiring 25 years from
greenhouse to commercial use.

To sum up, the highest priority in plant
nutrition research at CIMMYT is the conven-
tional breeding of more efficient cereal plants,
and development of related agronomic prac-
tices. We can justify no more than 5 percent
of our resources for radical research such
as wide crosses. This time and money per-
mits CIMMYT a leadership rofe for promot-
ing similar work by other institutions. And
it is the work of other institutions that is
likely to achieve a scientific break through.
Once the breakthrough has been achieved,
CIMMYT is ready to invest substantial re-
sources (as with triticale) to bring new tech-
nology into commercial use.

In Nepal, Mr. S.\M. Gurung, a farmer, right, and Mr. Hem Thapa,
maize scientist, left, show local farmers the results of feeding pigs opaque-2 maize,




Special report: NEW FACILITIES TO SUPPORT THE WIDE CROSS PROGRAM

In 1974 CIMMYT created a new cytoge-
netic laboratory for wide cross work in both
maize and wheat. The staff will consist
of a head of the laboratory (a visiting scien-
tist in cytogenetics, initially provided by
Plant Breeding Institute, Cambridge Unijver.
sity); two postdoctoral fellows, one each for
wide crosses of wheat and maize; and tech-
nicians specializing in embryo culture of
maize and wheat,

The new unit will have office space and
laboratory benches in the El Batan labora-
tory building, one new greenhouse, and space
for microscopes for cytology analysis.

The bread wheat, triticale, and maize pro-
arams will each continue to provide one staff
scizntist for wide cross work.

In authorizing the cylology lahoratory,
the CIMMYT hoard of trustees established

Special report: WIDE ADAPTATION

As plants have evolved and spread into
new environments over long periods of time,
they have developed mechanisms that enable
them to adapt to their new surroundings.

Adaptation means the ability of plants
to survive and multiply. As plant species

migrate closer to the desert, only the drought-

resistant plants survive; as they move into
higher latitudes, only the early maturing
and winterhardy plants survive. This process
of “survival of the fittest” tends to favor
plants that are specifically adapted to the
particular environment in which they grow.
Various mechanisms enable plants to sur-
vive in harsh environments, For example,
annual plants germinate, grow, and mature
during the time of the year when the con-
ditions fzvor reproduction —moist soil, warm
temperatures, and adequate sunlight. When
the conditions are unfavorable— drought
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the following guidelines:

—Wide cross work should be undertaken on
an exploratory basis for 2 years, 1974 and
1975, followed by a critical review of pro-
gress.

—Both maize and wheat programs should
maintain their separate wide cross wbrk,
being serviced by a common cytogenetics
laboratory.

—Necessary staff, as far as possible, should
be provided by visiting scientists and post-
doctoral fellows, to minimize long term com-
mitments,

—Total application of resources should not
exceed 5% of CIMMYT's core budget or
staff time.

--CIMMYT's work should serve as catalyst
to encourage other institutions to begin
wide crosses with maize and wheat,

excessive heat or cold— the plants survive
as seed ready to germinate when conditions
are again favorable.

Plant processes are coordinated with
growth conditions through the evolution of
biochemical and physiological control mecha-
nisms. For example, seeds of many plants
that are adapted to desert conditions require
prolonged leaching of germination-inhibiting
chemicals before they can germinate and
grow. This mechanism prevents premature
growth after a short rain in the middle of
the dry season.

In plants that must survive long cold win-
ters and grow and set seed in short sum-
mers, two control mechanisms are common:
First, some plants require long days —as
much as 20 hours of daylight— before they
will flower and reproduce. These are known
as daylength-sensitive plants. |f such plants
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are grown in the tropics many cannot flower
and set seed, because the days are too short
{daylight lasts only about 12 hours through-
out the year at the Equator), Second, some
plants require exposure to sub-freezing tem-
peratures before they can initiate the re-
productive phases and set seed. This cold
conditioning is called "“vernalization."

Different species and varieties of plants
differ in the degree of expression of these
and other contro| factors. The intensity
ranges from nil to very strong, depending
largely on the environment in which they
evolved or were bred.

Nikolai Vavilov, the Russian plant scien-
tist said that *'Plant breeding is evolution
directed by the will of man.” This is parti-
cularly true when breeding for crop adapta-
tion. Man is able 10 modify several parts
of the cereal plant-environment system, he
changes nature’s prime objective from plant
survival to maximum production of seed
and he changes the plant’s environment by
supplying soil moisture through irrigation,
by adding plant nutrients to the soil, and
by controlling weeds, diseases, and pests.

Man is also abie to modify and blend g
wide array of plant characteristics by hybri-
dization. He s not governed by the same
rules as nature, For example, man, rather
than the rlant, can decide when seeds should
germinate. In the higher latitudes, man can
plant seed of daylength-neutral plants that
have little or no cold requirement and ob-
tain high yields of grain of he chooses the
correct planting time.

Cereal breeders providing improved varje-
ties for their own country, or specific region
within their country, have concentrated on
selecting lines specifically adapted to the
environment of the region. Sometimes they
have selected varieties that have sufficiently
wide adaptability to allow the plants to
successfully compensate for wide seasonal
variability from year to year,

The creation of international agricultural
research institutes |ike CIMMYT has added
a new dimension for plant breeders —the
breeding of crop plants adapted to a wide
range of environments in many different
countries.

CIMMYT cereal breeders believe that it
is not possible for them to breed varieties
specifically adapted tg every micro-environ-
ment where maize or wheat is grown, Instead
they make large numbers of crosses from
varieties originating in many parts of the
world. Then Segregating populations or large
numbers of selected lines are distributed to
breeders in over 80 countries so they can
choose the material best suited to their
local needs. [n addition the methads used
for breeding these populations are designed
to produce varieties that have wide adapta.
bility. The presently used techniques were
originated in the late 1940's by Dr., Norman

E. Borlaug. He Pioneered on an extensive
basis the growing of two generations of al|
wheat breeding materijal each year. This
Wwas accomplished by growing the segregat-
ing populations during the winter —the com-
mercial wheat Crop season— in Sonora, Mex-
ico, at sea level at 27°N. A second genera-\-
tion was obtained by planting during mid-
May at 2600 m. at 19°N near Toluca, Mexi.
co. The Toluca site js characterized by
heavy rajnfall throughout the season and
cool temperatures, Consequently, severe
epidemics of both stem and stripe rust de-
velop every year.

This procedure not only halved the time
necessary to breed new varieties, but Dr,
Borlaue found that the resulting wheat lines
were daylength insensitive and could be grown
successfully in many different environments
in the world from Alaska to the tropics
under irrigation or natural rainfall. Thus
they were widely adapted and have greater
utility.

This practice of selecting successive gener-
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ations under different environmental condi-
tions has been extended to include a wider
range of environments that exist in Mexico
(by collaboration with breeders in other
countries) and also to include all the cereal
crops handled by CIMMYT (bread wheat,
durum wheat, barley, triticale, maize, and
cold-tolerant sorghum). The technique has
proved successful for all these crops.

During recent years, many lines and fam-
ilies have also been tested simultaneously
in a wide range of environments by means
of the international screening nurseries.
These nurseries permit the adaptability of
the lines under test to be evatuated. The
data is particularly valuable for testing disease
susceptibility --the most important current 1t
limitation on the range of adaptability of
some otherwise superior germ plasm.

CIMMYT scientists believe that breeding
of widely adapted crop lines at an interna-
tional center has many advantages:
—Superior crop lines can be used immediate-
ly over broad areas to increase food output.
—Since developing countries still lack adegua-
tely trained breeders to produce varieties
for all :egions of their countries, farmers
can begin to grow improved varieties by
selecting one or two si.perior lines from
the international nurseries distributed from
CIMMYT.
—~Widely adapted varieties reduce the effect
of seasonal climatic fluctuations, soil dif-
ference;, etc.
--New soutces of desirable characteristics
such as disease and insect resistance and
improved nutritional quality can be included
in a few widely adapted lines and have a
quick, wide-spread effect.
—When a desirable characteristics is genetical-
ly complex, it can be bred into a few widely
adapted lines, but it would be almost impos-
sible to breed it into a large number of
specifically adapted varieties (an example is
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hard endosperm forms of opague-2 maize
for which numerous modifier genes are
necessary).

Although techniques for producing wide-
ly adapted cereals have been successful, they
are crude —only after testing does the breed-
er know if the selected lines are widely
adapted. Moreover, while the scientific
basis of aspects of wide adaptation such as day-
length sensitivity and cold requirement are
well understood, these account for only
some of the reason for adaptability.

Many physiologists, biochemists, and ge-
neticists are studying plant adaptability, but
usually only with single plants or with rela-
tively uniform genetic lines. CIMMYT is
collaborating with a number of these scien-
tists to apply their findings to large segregat-
ing populations.

During 1974 Dr. D.E. Byth of the Uni-
versity of Queensland (Australia) spent some
time at CIMMYT as a visiting scientist using
CIMMYT rursery data to test a hiometrical
techisique for measuring adaptability. The
technique involves numerical classification
or pattern analysis methods which have been
used in botanical research for a number of
years, but which, until recently, have not
been applied to problems of varietal adapta-
tion.

The principal advantage of the technique
is that it uses field data to provide a biologis
cally meaningful method of identifyimg groups
of varieties that respond similarly to a range
of different environments. This technique
shows promise as a ool for selection of
varieties or lines with different patterns of
adaptation, and for the identification of the
physiological factors concerned.

CIMMYT scientists will continue to breed
for wide adaptability and encourage research
scientists worldwide to continue their funda-
mental research into this basic aspect of
crop behavior,
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At CIMMYT's in-house review the entire scientific
staff visits both wheat and maize experimental plots.

Special report: BASIC RESEARCH CONDUCTED IN COOPERATION WITH CIMMYT

The need for basic research to support
rapid progress grows as CIMMYT’s produc-
tion-oriented researck programs expand and
become more complex. CIMMYT believes

that more basic research can best be conduct-

ed with scientific collaborators in universities
and centers speci‘ically equipped for this
work. No more than 5 percent of
CIMMYT's time and money is devoted to
“radical research’ such as wide crosses. This
investment only permits CIMMYT to en-
courage and guide similar work in other
institutions. A scientific breakthrough is
more likely to occur as a result of work
at other institutions.
The research of some of the cooperating

gioups is financed by agencies that also sup-

port CIMMYT. Many projects, however,
are supported by local sources. The links

with CIMMYT vary from formal contact
arrangements to informal, scientist-to-scien-
tist cooperation. All forms are effective.
The following examples, while not all-
inclusive, indicate the scope of the colliabora-
tion and the benefit being derived by
CIMMYT. They also illustrate how CIMMYT
acts a vehicle for adapting basic research
to the neerls of farmess.
Wheat. Scientists in the USA cooperate
with CIMMYT in many research projects
on wheat. At the University of Nebraska,
scientists are surveying the world collection
of wheat for varieties with a higher protein
or better quality protein. Several superior
varieties identified at Nebraska are currently
being incorporated into the CIMMYT wheat
breeding gene-pool. The Nebraska group
has also identified winter wheat lines that
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have proved to have outstanding character-
istics when tested in the International Winter
Wheat Nursery. The U.S. Agency for Inter-
national Development is funding the work

at Nebraska.

For the past 4 years, scientists from
CIMMYT, the University of California at
Davis, Oregon State University, and Turkey,
with funds from the Rockefeller Foundation,
have collaborated in a project to produce
new germ plasm by crossing winter wheats
w:th spring wheats. Some lines already ex-
hibit superior resistance to disease, drought,
and cold.

Since CIMMYT was founded it has drawn
heavily on rescarch and germ plasm from
the U.S. Depattment of Agriculture’s world
wheat collection. This is CIMMY T's main
source of genetic variability. The USDA
Rust Laboratory supplies data to CIMMYT
from its local 1esearch and the International
Rust Nursery., CIMMYT has obtained
sources of disease resistance from this nursery
and has used the nursery as a valuable aid
for testing breeding lines for disease resis-
tance.

At Washington State University, a new
techniquie for studying wheat 100t systems
has beers developed. CIMMYT scientists
have provided seed for testing in hope ot
finding & simple techmque tor selecting
wheats with mo:e efficient 1oot systems.

The Rockefeller Foundation is financing
work on rooting behavior and nematode
control in wheat at the University of Cali-
fornia, Riverside. A graguate student from
that institution is working in Mexico with
CIMMYT scientists on diought-simulation
field expcriments.

Cornell University scientists are studying
the photosynthetic efticiency of leaves in
relation 1o yield in wheat in co'laboration
with CIMMYT and with funds fitom the
Rockefeller Foundation,

A US. Departmen: of Agriculture expert

has investigated, for CIMMYT, the damage
the hessian fly does to wheat in North Africa.
He has also provided differential varieties

to identify the biotypes of the fly present

in North Africa.

Several techniques used in CIMMYT's
wheat quality laboratory originated at uni-
versities in Washington, Kansas, and Ne.
braska.

CIMMYT scientists have been collaborat-
ing with Oregon State University which de-
veloped a simple method for measuring the
tolerance of wheat seedlings to aluminum.
Mexican wheat varicties are susceptibie to
aluminum toxicity in the highly acid soils
of souti.ern Brazil. CIMMYT has now in
stalled cquipment to screen 2l parental wheat
varieties with the ultimate aim of breecing
aluminum-tolerant wheats for use in bazil.

{n Britain, the Ministry of Qverseas Devel-
opment (ODM) has made a grant 10 CIMMYT
to expand cooperation with British wheat
scientists in 1975,

A1t the University of Reading, effects of
temp rrature and daylength on the develop-
men® of the apical meriste n {growing point)
of wineat have been studied in growth cham-
bers. A student from Reading is doing M Sc.
thesis research on wheat growth at CIMMYT
under an ODM grant.,

Groups at Wye College and the Plant
Breeding Institute, Cambndge, are studying
the hormonal basis of dwarfing in wheat,
in cooperation with CIMMYT breeders. Dif-
ferent types of dwarting genes have been
identified together with their mode of action.

Other scientisty at the Plant Breeding Insty.

tute. Cambridye, have intercrossed CINMYT
spring wheats with Northern European spring
and winter whicats to widen the range of
qerm plasm ivailable to both research groups.
This cooperation s proniding CIMMYT
treeders and their worldwide collaborators
with access to the high yielding and disease-
tesistant germ plasm of Europe.
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in Australia, all cooperation with CIMMYT
is financed by local sources. Scientists at
the University of Latrobe, Australian Na-
tional University, and the Commonwealth
Scientific and Industrial Research Organiza-
tion {CS1R0}, Canberra, are developing a
wheat crop model using the latest scientific
theories. CIMMYT supplies field data for
develop ng and testing the model, CIMMYT
will benefit from new ideas that emanate
from this type of research.

Three CIMMYT visiting scientists, from
University of Sydney, University of New
England, and University of Queensland,
have attempted to analyze the results of
the International Spring Wheat Yield Nurs.
eries in different ways to measure variety
adaptation. One method may give CIMMYT
wheat breeders a powerful tool for selecting
for adaptability.

A research group at CSIRO, Canberra,
concerned with the physiology of adaptation,

is anxious for closer association with CIMMYT.

They have one of the world’s most advanced
phytotrons and CIMMYT welcomes the op-
portunity to cooperate.

The Wheat Research Institute, Wagga, and
the Queensland Wheat Research Institute
have carried out research and breeding with
CIMMYT's dwart wheats. They have in-
corporated varying degrees of insensitivity
to daylength and cold. These materials
have beenof value to CIMMYT breeders.

A scientist at the University of Sydney
has provided new sources of rust resistance
to CIMMYT which have been used to im-
prove the adaptation and rust resistance of
CIMMYT wheats.

In Germany, wheat scientists from Wei-
henstephan witl be exchanging brecding ma-
terial with CIMMYT as the result of arecent
agreement,

A researcher in West Berlin has incorpora-
ted CIMMYT male-sterile restorer genes into
Evropean winter wheats and is providing

performance data to shaw that they are
the best of several sources of restorer genes.

In the Netherlands, a scientist at Wagenin-
gen is studying the performance of Mexican
dwarf wheats alongside European wheats in
the field and in a phytotron. The results
are helping to explain environmental influe
ences on grain yield and their interaction with
genotypes.

The Commission for Agricultural Meteor-
ology of the World Meteorology Organiza-
tion and the Crop Ecology and Genetic Re-
sources Unit of FAO began an international
experiment in 1972 to gather crop and weath-

er data in relation to development patterns
of wheat varieties. CIMMYT has supplied
the seed for the project’s annual trials. Data
from this experirnent is being made fully
available to CIMMYT. Because reliable
weather data is collected, the results should
improve understanding of the wheat plant’s
develc - ment in different environments.

Tne insect and diseasa surveillance network,
which operates from Morocco to India, is
an outstanding example of multinational col-
faboration. The network warns of imminent
outbreaks. A CIMMYT wheat patholgist
coordinates this program. As part of this
service, samples of diseased plant tissues are
submitted to experts in Netherlands, Israel,
West Germany, Yugoslavia, Eqypt, and
Pakistan for race identification.

The Directorate International Technical
Aid (DITH), Netherlands, has given a Dutch
scientist a grant to expand his international
service to identify stripe rust races in collabo-
ration with CIMMYT' Part of this grant
will also help Tel Aviv University do research
and identification studies on Septoria tritici,
a fungus of wheat.

Barley. Although the barley breeding pro-
gram at CINMYY is only 3 years old, already
there are several collaborative research pro-
grams with scientists in other countries.

Under a grant from the U.S. Aqgency for
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International Development, Montana State
University is doing basic research and breed-
ing for countries with dry agricultural areas.
This research also will help CIMMYT by
providing parental barley material with
desirable sgronomic, physiologic, disease-
resistance, and quality characteristics.

A Danish scientist has been advising
CIMMYT on methods for measuring protein
quality in batley, and he has also provided
qenetic material to CIMMYT.

A CIMMYT visiting scientist from the

Waite Agricultural Research Institute, Austial-

ia, tested starch-gel and acrylamide-gel elec-
trophoretic techniques for selecting barleys
that have high quality protein.

A German scientist whose speciality is
hull-less barleys and who has recently start-
ed warking with varieties that have high
quality protein has agreed 1o exchange bieed-
ing material with CIMMYT,

Another German scientist is using muta-
tion techniques to reduce the susceptibility
of hull-less barleys to threshing damage. He
is selecting embryos that are deeper-set in
the endosperm. This material could be of
great value for improving the barley food
crop.

Triticale. Like any wide cross between dif -
ferent genera, triticale has suffered from ster-
ility, chromosome aberrations, grain shrivel-
ling, uncommon disease problers, etc. Scien-
tists from several countries and SIMMYT

are collaborating to find salutions.

In Canada, the Canadian International
Development Agency and the Internationat
Bevelopment Research Center {IDRC) sup-
port CIMMYT's triticale program. In addi-
tion these organizations finance more basic
tesearch in Canadian institutions 1o assist
the triticale network. 1DRC also has groups
of scientific experts which advise CIMMYT
on the possible commercial and industrial
uses of triticale and methods of determin-
ing nutritional quality in triticale,

Cytogenetic studies at the University of
Manitoba are elucidating the origin and con-
sequences of chromosom~ malfunctions in
some triticales. This work is coupled with
the creation of some new primary triticales.
Biochemical studies at the University of
Manitoba have shown that one cause of shriv-
elling is amylase activity in the developing
endosperm which leads to degradation of
starch granules even while they are forming.
Deyradation of starch granules is normally
associated with germination of the grain.

Recently the University of Guelph started
a winter rye breeding program to pro-
vide the triticale network with a wide range
of genetic variability for creating primary
triticales.

At the Canadian Department of Agricul-
ture, studies of the physiology and histology
of triticale seeds have differentiated two dis-
tinct sites of shrivelling, the sced coat and
the endosperm. This work has been valuable
to CIMMYT triticale breeders.

In the USA, a scientist attached to Ore-
gon State University has been studying dif-
ferent species of wheats crossed with rye.
Testing is being conducted in collaboration
with CIMMYT,

At the University of California, Davis,

a researcher is breeding and testing triticale.
He also supervises a high elevation nursery
in Catifornia where tiiticales from CIMMYT,
University of Manitob s, and the University
of California are being tested undor condi-
tions which permit both spring and wiater
types to be identified. Another researcher
is studying the cytoicgy and cytogenetics of
triticales from several sources including
CIMMYT. A gradi.ate student is studying
the causes of seed shrivelling in triticale as
thesis resedaich,

The industrial uses of triticale are being
investigated at Texas Technical University.
Little other effort has been given to this
area of resvarch so this collaboration is par.
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ticularly valuable to CIMMYT,

In Britain, one scientist has been produc-
ing primary triticales using elite European
winter wheats that should substantially ex-
pand the basic germ plasm pool of triticale.
The selections are made both in Britain
and Mexico.

Scientists at the Plant Breeding Institute
(PBI) Cambridge, are studying hybrid necro-
sis, a genetic problem in triticale. When
certain parents are cross pollinated, the prog-
eny exhibit necrotic lesions on the leaves
and eventually die. Unfortunately, some
of the best wheat parent variaties appear
to carry the undesirable feature.

A study at PBI of developing endosperm
cells of triticale has shown that the rye chro-
mosomes divide more slowly than the wheat
chromosomes and occasionally the slow di-
vision interferes with formation of the cell
wall. As a result, large aggregations of chro.
mosomes occur whichultimately break down
and leave a large hole in the endosperm,
providing another cause ot grain shrivelling.

Scientis*s at the Commonwealth Mycolo-
gy Institute, London, and Department of
Agriculture end Fisheries  for Scotland have
helped CIMMY T identify diseases found on
triticale in Mexico and other countrius.
Since triticale is a new crop species and
since it ks germ plasm from both wheot
and rye in its cells, some triticale disease
symptoms are unfamiliar to CIMMYT scien.
tists,

In Sweden a scientist at the Institute of
Genetics has concentrated his research on
octoploid triticale. His matenals, advice,
and scientific skil"s have been made available
freely to CIMMYT since the inception of
its triticale progran,

Ancther Swedish scientist refined a new
chromosome staining technique and while
a visiting postdoctoral fellov at CIMMYT
for a year he was able to stai and identify
rye chromosomes in various triticale stains,

A series of type strains based on chromo-
some composition was set up. The type
strains range from triticale having a complete
set of rye chromosomes {seven pairs) to
strains having only one pair. This informa-
tion is vital to CIMMYT to ensure rapid
progress.

A scientist at Lund has used high energy
radiation and chemical mutagens to treat
some CIMMYT titicate. CIMMYT has grown
the tieated seed to look for mutant lines
with plump seed. No such lines have been
obtained from this project,

The main type of collaboration with
other countries has been the interchange
of aitterent types of genetic variability, For
example, a scientist at Freie University, West
Germany, 1s providing triticale from crosses
of a wide range of wheat and rye species,

He is the only scientict producing tetraplcid
titicale,

At another German institution, the Uni-
versity of Hohenheim, scientists aroe selecting
fertite, shortstraveed, high yielding inbred
tines of rye for the production of hybrid
tye. A number ot these lines and the original
parental materials will be crossed with wheat
at CIMMY'T to produce primary triticales.
Because the wheat and rye chromd some
compaonents of o tntcate bebave as inbreds,
the ainclusion of fertite inbreds of 1y 2 in
triticale may produce a cytologically imore
stable plant.

The Vegetable Crops Research Institute,
Hungary, has produced winter triticale with
the “Tom thumb” dwarl gene, a different
source ot dwarfing than that used 1
CIMMYT material which contains the
“Norin” dwarf genes. Studies at the institute
have shown that the CIMMYT triticale strain
PM-13 has better resistance to fro-t in Hun-
gary than same winter wheats, even though
1tis a doylength insensitive spring type.

The National Institute of Agricultural
Research, Spain, has been working on triti.
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cale for many years and has produced both
hexaploid and octaploid types.

Haile Selassie University in Ethiopia is
experimenting with the use of triticale as
a substitute for tef {Eragrostis tef),a local
food grain. Mixtures of tef and triticale,
with some modification of the caoking pro-
cedure, are producing acceptable injera, an
Ethiopian “’bread”. This research is finan-

ced by IDRC in collaboration with CIMMYT,

In Mexico a researcher at the National
University has been studying phytotoxins
produced by fungi that infect stored triticale
yrain, and has identified genetic differences
in the susceptibility of strains of triticale
to fungi of stored grain.

Maize. The CIMMYT maize staft has col-
laborated with maize scientists in the USA
for many years. Some examples:

Purdue University, with financial support
from USAID, is ..udying the genetics and
physiological adaptation of maize with high
quality protein. One scientist is investigating
the modifier gencs that intluence the hard-
ness of the grain associated with quality
protein gene, opaque-2. These studies may
lead to more efficient methods of breeding
quality protein maize with hard endosperm.
Another scientist exchanges maize lines and
data with CIMMYT for studies of growth
patterns in relation to weather,

Cornell University is testing und helping
to select CIMMYT maize populations resis.
tant tu Evropean ¢ rn borer. A researcher
there has shown that in U.S germ plasm
the content of the chemical substance re-
sponsible for resistance (DIMBOAY) in first
arneration borer-sesistant tines is about 10
times greater than that found in susceptible
lines. In contrast he has shown that resistant
families from one CIMMYT population have
tow DIMBOA content. This has suggested
that in the CIMMYT material other inecharr
isms are involved in providing resistance to
borers.

The University of Kentucky has analyzed
data from CIMMYT's rnaize growth analy-
sis studies using a crop growth simulation
model. This work helps explain what hap-
pens during the various growth phases of
tropical maize.

CIMMYT is collabur g with the Uni-
versity of Colorad ., [ AO, and maize germ
plasm banks in Mexico, Peru, Colombia,
Brazil, Arge tins, and the USA in develop-
ing a storage and retrieval system for in-
formation on maize germ plasm, Funds
are being provided in part through the Inter-
national Board for Plant Genetic Resources.
The IBM Research Laboratory in Mexico
City is providing the services of o research
scientist and computer time free of charge

for 3 months to install and test the system.
Initial contacts have been made between

CIMMYT and the Boyce Thompson Institute
for Plant Research Inc., New York, fora
joint project. CIMMYT physiologists have
found that tropical maize accumulates dry
vieight at about the same rate as the highly
cfficient hybrids of the U.S. cornbelt, how-
ever, less of the dry weight accumulates in
the form of grain, so tropical maizes ate
commercially less etficient. Scientists from
the Boyce Thompson Institute are interested
in the growth requlating control ot grain
storage potential in tropical maize. A better
understanding of this process could open
the way to breeding tropical maize with
aqreatly improved yield potential,

In Britain, faculty members at Rearling
University and University of Nottingham
ate using data supplied from CIMMYT phys

iological trials and yield trials to develop
a mathematical model of how a maize crop
functions and yields.

An investigator fromn the Tropical Prod-
ucts Institute, London, is working at
CIMMYT with tinancial support from ODM
on the relation of field infection to storage
infestatio- of maize, and on the relative
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importance of endospern: hardness and pro-
tein quality in determining the degree of
infestation of stored maize.

A researcher at the Plant Breeding Insti-
tute, Cambridge, coordinates the Northern
Maize Committee of the Maize and Sorght: i

Section of Eucarpia (an organization of Euro-

pean plant breeders;, He will visit CIMMYT
in 1975 to develop a link between CIMMYT
and the maize breeders of Europe.

Many nations are interested in earlier-
maturing maize to fit into double or multi-
ple cropping systems. A scientist at the
University of Hohenheim, West Germany,
is providing valuable information on high
density selection methods and maize types
with early maturity and superior cold tol-
erance. A scientist at the Wniversity of Gies-
sen has been selecting early maturing maize
originating in Poland and Yugoslavia. His
research findings and material have been
made avaitable to CIMMYT,

CIMMYT has contracted with scientists
at the University of the Philippines at Los

Barios to breed maize varieties that are re-
sistant to downy mildew for worldwide
distribution. Although this discase is mainly
a problem in Southeast Asia, it is becoming
more imgortant in Australia, USA, Mexico,
and South America.

At the International Institute of Tropical
Agricuiture, Nigoria, a scientist is making
fundamental studies of maize root systems
under normal and high soil temperatures,
High soil temperatures nave been shown to
adversely «ffect the emergence of the maize
seedling from the soil.

Quality protein. To develop chietnical tests
and animal nuttition tests for measuring the
protein quality of maize, sorghum, triticalo,
and barley lines, CIMMYT .5 involved in
several collaborative prograins.

Purdue University, with funds provided
by USAID, and CIMMYT, funded tyy United
Nations Development Program, have develop-
ed several biochemical techniques for measur-
ing amino acids as an indict.tot of protein
netritional quadty. These techmques are

Each year a small mountain of seed is sent around the world for
nursery trials distributed by CIMMYT.



http:indict.to

now widely used by cereal workers through-
out the world.

To compare the accuracy of various
animal feeding trials, researchers a1 ' versi-
ty of Manitoba Michigan State University,
Washington State University, Pennsylvania
State University, Arizona State University,
Purdue University, Instituto de Nutricion
de Centro América y Panaina (INCAP),
Centro Internacional de Agricultura Tropical,
and the Mexican National Institute of Ani-
mal Rescarch (INIP) have conducted tests
with such test animals as rats, voles, chicks,
turkeys, pigs, and humans using gramn sam-
ples provided by CIMMY T,

Recently CIMMY T arrange d with INCAP
i Guatemata and INH in Mexico to cany
out collabor *tive research and testing using
tat, pig, « nd human assays ot advanced
Lreeding matenial Bf maize, taticale, batley,
and sotghum
Radical research. /«  entint at Kansas State
Umiversity {USA) and CIMMYT have embark
ed on a program to combnne ditferent geneea

Special tepport

CIMMYT otfers vanous germ plasm services
to scientists throughout the world

Maize germ plasin. Over the fast 30 yrars,
CIMMYT and 1ty predecessor agencie, in
coopet stion with the government ot Mexwco
have acquined 12,000 accessions of e
(Zea mays L) and near relatioes of mave
Since 1972 CIMMY T

boas i ntantesdd g LHPsOcuth qate sn contan

trom db countres

ing all knowt speoies ot ths wild perennial
CIAMY T's maiee collec
tion s the largestan the world

1efative of maze

Seed in sampae quantities ¢ upphed to
soentisty without chatge. CIMMYT asks
areturn of data trom testing by cotlabora
tors

Seed it the collrction s kept viable by

of cereels through the use of immunosuppres-
sant drugs to break down the incompatibili-
ty barriers between plant genera. CIMMYT
has made promising initial tests of crosses
between whear and barley and between rye
and barley.

Under a grant from the British Overseas
Development Ministry, cytological aberra-
tions that occur in wide crosses will be
studied at CIMMYT by o cytogeneticist from
the Plant Breeding Institute, Cambridge.
Two British post doctoral scientists will work
with the program

A British scientist from the Aberystwyth
Plant Breeding Station is field testing the
techiique tar wide c1ossing.

Crosses of marze with tripsacum are heing
studived in the USA at te Univeraty of i
nots (0 coltahorchon with CIMMYT and
cronses of mance and teotnte are heing stud.
wed ot the Unversty of Chicaqo

These activitees have expanded greatly in
the past 2 years atdd seem bikely to continue

te eapand in the foreseeable future

CIMMYT'S GERM PLASM SERVICLS

penodic replanting, and by storage at fow
temperature n tireproot facihties at CIMMYT
headquat ters

Fitd tests of part of the CIMMYT collec:
ton are anatde i rephegled tield trals vach
year, and data are mamnmtained cnoeconotme
CIMMYT

15 prepating to publ shoan open ended catalog

charactensthics of the acces.ons

of these data, i coblanoration with Dr.

Dacd Rogers of FAQ, and the Univeraty
of Colorado (USA)Y. Dh
g g standard system tor cataloging all

Roqgers s develop

major collections of maze germ plasm
Duplhicate seed of CIMMYT accessions
will e placed o tong term stotage at the
U'S National Serd Storage Laboratory, and’
CIMMY T will maimtam ot viatihity,
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Germ plasm for wheat, barley, rye, and
triticale. CIMMYT looks to the U.S. Depart-
ment of Agriculture (USDA) world seed col-
lections of wheat, bartey, and rye for the
storaqe, classification, and servicing of small
grains. CIMMYT maintains only working
collections for its own h.eedinguse: about
4000 accessions of wheat (out of a warld
collection ot about 26.000), 4000 accessons
of barley {out of 3 world collection of about
15,000}, ind a small working ¢ Hection ot
rye used in the titicale breeding program.

CIMMYT shuares germ plasm and data
from its working « ollections of small grain
with cotlaborating scientists, but CIMMY T
does not attempt 1o mamntain g general seed
service for these grams. Instead, requests
are referred to USDA

CINMMY T s cottection of tnticale acces-
sions, together with that of the Unwveraty
of Manitoba (Canada), constitate the most
comprehensive cotlectio v ot germ plasm e
this man made CIMMYT
1s one of the principal supp'vrs of breedery’

Srain {wheat x cye)

seed to titicate researchers worldwide
“Gaps’’ in the munze and wheat coliections.
CIMMYT shares the cancern that gaps in

the world plant genetic resources for maize
and wheat shoutd be filled, but CIMMYT
does not employ full-time statt for this
work,

A CIMMYT statt member working on
crosses between maize and tripsacum has
pattucipated tor g few days each year in
the colivetion of additional geem plasm for
tipsacum which grows wild in Mexico and
newhboning countries,

CIMMYT (nd the governments of India
and Brazil have discussed means of collect-
ing additional maize germ plasman remote
areds. Maize from the Northeast Frontier
terntory of Indis and from the upper Ama-
zon bhasin m Brazo represent two qaps in
the wortd collection of Zea mays L

In 1973 two CIMMY T scientists working
on triticale collected land races of ryen
Tutkey wihich have been iboduced into
the tniticale breeding program in Mexico

CIMMYT can hetp plan and fingnce the
cearch tor additional geom plaston maze,
wheat, and stmatl grans, but CIMMY T's 1ey

uar tesearch statt membiers are not able
to feave "heir other duties to participate

as plant e - plorers

Specral report: WORLDWIDE USE OF CIMMYT BREAD WHFAT GERM PLASM

Vanieties sith germ ple m bom the CIMMY T
wheat breed ng programn can be tound
vittually all wheat growing countres  In
many countres, g substantial propertion
of the high yie i veoeties grown are the
tesult of CIMMY T Licding work
CIMMY T deve'ape 1 gerim plasin reaches,
First, atter
approptiate testing, g ation may decide
that a CIMMYT welection 1 suitable toe
direct 1+lease to tarmers. CIMMY T does
tie Lrefease vanetes itselt . release s whaolly
the responsibdity of national ¢ semiments

farme s’ tieide o thie ways

and the qooerne oG side what to name

ava ety Forexampls, when Pakastan de
e o e tene the Mewican vaniety Siete
Certos to Pakastane tirmers it was renamed
Naexipak bh

Lecond, o vatiety tiay be created after
tational scwntists have ade selections from

4 CIMMY T Mex
1 Pakastan to g

g papuiation teceved
ik 69 the ame give
teselectc v hrom Siete Cerroy

Thoad, CIMMY T i velc ped germ plasm
Chy national scientists as Parent
Tarnab

may be us
af materiahin breeding new vanetes
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Table 1. Contribution of Mexican wheats to wheat production in various countries.

Variety

INDIA
Kalyansona
P.v. 18
Sonalika
Chhoti Lerma
Saled Lerma
up 301
Shatbati Sonora
Lerma Rojo G4A
Sonora 64
L al Bahadur
Hira
Mot
Janak
Malavika (durum)
upP 215
Sheira
HD 2009
HD 1981

PAKISTAN
Mexipak GS
Mexipak 69
Indus 66
Penjamao (2
Khusha!

Tarnab 69
Blue Silver
Chenab 70
fatarm 70
Green Vattey
Kalam /1
SA 42

BANGLADESH
Nortedo 67
Menipak 67

NEPAL
Lerma oo (4
Sonahka
Kalyansonag
Lerma %2

Mexican identification

Siete Cerros

Super X

{53-388-An x P) "S" -LR}{B4946-A4-18-2 x Y563) Y603
LRG4 "'S" -Hua. R.

v50g . LE2/LR

Inia 66 "'S"

Sonora 64 ''S”’

Lerma Rojo G4A

Tonora 64

654723 x R 631-1

P S - Son 64

Pi'S"” x NP 852

PiS” x HD 854

{(P1'S" x TAC125)TAY x Z-B Weils x Lakota
Taban "'S”

LRGAA x Son 64

LR x Nat 60

P1'S” x RN (HDB45)

Siete Cerros

Sicte Cerros

Suwer X

Pe yamo 62

Com, vador x C271
2813 (Y62 63)-C2N
Sonalika (Inca)
C271Y Wigx Son (4
Py 627 GLBH x C24°
Chhote Lerma {India)
Comtnnador x C271
€2712 x LR Son 64

Nortedo G7
Swete Cerros

Lerma i1ojo 64
Sonabka {India)
Site Cerros
Lerma 62

AFGHANISTAN

Mexipak
Lerma Hojo
Bak htar
Ephrat

1RAN
tnia

Moghsn

M

Siete Cerros
Lerma Hojo

Inia 66
LR-NIOB x An 3¢

CIMMYT REVIEW 1978

Year

Est. area
sown b

released @ (000 ha)

67R

67R
67R
67 R
69R
67 M
65D
65D
69L
nte
ne
L
73R
73R
73R
4R
74R

670
68 R
66 D
650
69 L
6oL
690
0L
04
00
ne
”A

740
68D

670
68D
6?70
530

68 O
68 D
2R

0.

68 D
73R

6500

3000
1000
1000
1000

1000

> 500

70

450

1650?



Table 1. Continued

Variety

Karaj 1
Arvani 1
Khazar 1
IRAQ
Mexipak
Inia 66
Jori {durum}
SYRIA
Mexipak
Pitic
Syrimex

Mexican identification

{200H-Vilufen}Roshan
Roshan/Mentana-KenyaxMayo 48
P4160g-Narino 69 x LR64 A

Siete Cerros
Inia 66
Jori

Siete Cerros
Pitic 62
Pi“S" x LRI

SAUDI ARABIA

Mexipak
Mexipak Red
LEBANON
Mexipak
ARZ
JORDAN
Mexipak
ISRAEL
Mivhor 177
Ceeon
Miriam
Hazera 18
Lakehish
Hazera 335
Penjamo 62
TURKEY
Mentana
Dicle 74 (durum)
Ciguefia
EGYPT
Super X
Mexipak
Chenab 70
SA. .42
LIBYA
Sidi Misri 1
SUDAN
Mexican:
ETHIOPIA
Laketch
Kenya Kanga

Siete Cerros
Super X

Siete Cerros
My54g xLR/HA9 (LR64xT2pp-Y54)

Siete Cerros

Siete Cerros

Y6 AINIOB
Ch‘J:‘[uvubd/Mt rav

Son G4A - Trppl' 'ar 60
Flotence AurorexYg NIOB21Y
1ma 'S x Son 64-Tepp/ Y54
Penjamo 62

Mentang
Cocont 11

(SonGA2xTzpp Y64 AnG4AIF12.Y Kt.

Super X

Siete Cerros
Chenab) 70 {Pakistan
S A 42 (Pakistan)

Siete Cernrtos
LR NIOB x Anje

B156 white
Kenya Kanga (Keny 1)

Supremo Kenya x Y48

KENYA
Africa Mayo
Kenya Leopard
Kenys Kanga

Africa x Mayo 48

(Lageadinho x K 354P3) x (¢ 1,12632 x K354PJ)
Mexicox [(Wis 245 x Sup 5V1xiFi Fr/v?) A

SPECIAL REPORT. USE OF CIMMYT WHEAT GERM PLASM

Year

£E30. aroa
sown

released @ (000 ha)

3L
L
73R

67D
69D
720

no
68 D
69R

690
630

670
73R

690

66 R
68 R
0L
0R
ne
4R
68D

630
140
14R

no
120
130
130

120

100
120
00

GOR
68 L
nt

>
> w0

10

20

80

270
Y

28

95



Table 1. Continued

Variety

Trophy 68

Token

Kenya Kiboko

Kenya Nyati
RHODESIA

Zambes)

Tokwe

Mexican dentification

TKYx Y60

1K’ x Y502

C'81b4 FradxiGhs4-36896)Gh54
Ro nany ¢ x AtM

H1 G Lee - NDT74
Mex [GaMezoe NDT4A

SOUTH AFRICA

(O

Toban

Flamens

T4

Barta

Sondueiend

Aetie

Kasteel

Ehze

Heléne

Geida

Bonme
TUNISIA

Irea

Toban

Soltane

Vaga

At (darusml

[

Toban

MM Ky Sup
LHNIOD « Andg

Lee Frontang’Atr 48xMayo 54
LG4 S nb39a Napo 63
Yecota /o

ProS w Flameks

Ima 66 - PA160d
BtiaCno 57 Son ud
Caemy

Tokwe n Jaral 6O

liva bt
Tobatt GO
Lon K Hend
[ IR I

fHrant 4

Maghuetn 12 (haumb Gl S (O B0 LKIIGZx61-130)

Catthage
Do
ALGERIA
Gwte Uertay
[GTK]
Jot it Loy
Taban G
Soltane
MOROCCO
Siete Ceirun
Tobuat:
Penyamo
Potam 10

g Tt 57w BEGG
B Per Bt e HIGG

Leete Lo
L Bty

Juta 4
Toten by

Lottane 1 Tarsia)

Laete (erroy
Yoban G
Peogamo G2

Potaen 10

GO 1 o Pakistani vaniety developed from
2813(Y62 63 » C271 The poent 2813
{YH2 63) was bred by CIMMY T

Table Vs a compdation of vanieties
beating CIMMY T germ prasm that contre

96

Est. area
Year sown
released @ (000 hal

69 R
69R
3L
3L

66L 10
67L 12

I 0O

Mo
10?7

ML
T4R
140
4L

680
G40 30
T4 R
740
1A R
AR
T4R
TAR

120 330
120 120
120 120
120
140

68D 80
68D 160
68 0 150
120

buted to wheat production thioughout the
wotld in 1973, Where possble, the aea
planted 1o each vaniety has been estimated.
Many of the varieties shown in Table 1 were
tefeased 0 1972 00 1973, These vaneties

CIMMY T REVIEW 1975



Table 1. Ccntinued

Est. area
Year sown b
Variety Mexican identification released 9 (000 ha)
CANADA
Pitic 62 Pinc 62 73D 50?
Norquay LR-64-50n 64x Justin 4L
USA
Red Rwer Toban 'S o8 R
Pitic 62 Piic 62 D
Anza LR NIOB ANJE 20 N
Cajeme 71 Caperme 11 73D
Bonanza P18 Chiis 78" x San 64 7R
Sietv Cenros Ciete Cenros > 216
Bluebnd 2 tHuebrd 2 Yecora 70
1nia 66 g 66
Inia 66 R fva 66 R
Protor Tab Cno I3R
Prodax Cal » Rotun 73R
Pradata (dutum)  Pelicano 74R
Prosput NpGITzpp Son G4A 74 R
Cotang Py S Cris 9" Son 64 74 R
MEXICO
Lerma Hojo 64 640D > 63
Detcigs 10 00D
Swte Cerras G6 660D 74
Yaecors 70 00D
Cajeme 1N no } 450
Tanon 71 no
Jon 69 tdurum) 6OD > 22
Cocora 1Y tduram) no
Jupateco 13 130
Tonm 13 13D
GUATEMALA
Nanto H9 Nando H9 600D
Pato Trpp Son 63« MNar 9 no } 30
Maya /4 Cno Gullo 4R
COLOMBIA
Bonga 63 o Negro s onza @ 63L 50°
Tiba FroYAB Mybhd«Menkenen 63L
Zipa 68 FyansAatm? 68 K
CHILE
Toquden C1ad parco vabdg 6oL 10
Mexilen Sonbd o Hx0E Andp A
were not vyt being grown by farmers or used. For several countiies, national scien-
were planited on snansigmbicant areg tsts provided data i carrespondence. Ina
Table 1 was assembled from many sources.  few instances, CEMMY T wcientists collected
When wvadable, reports of national re- estimates in conversations with national
search and production programs have been scientists and agniculturael ofhicals,

SPECIAL REPORT USE OF CIMMY T WHEAT GFRM PLASM (' 24



Table 1. Continued

Variety

Quilaten (durum)
ARGENTINA

Precos Parana Inta

Matico Juarez Inta
Tala

Mexican identification
|
LdI6TE-Tc?

San G4 x Knott 2
Son 64 x KI, Rend

{Son 64 x Ki. Rend) Mass. 6

Lapacho Cno 67 "'S”
PORTUGAL

Mexicano 1481 NIOB x P14
AUSTRALIA

Ww 15 LA NIOBxAnYE

Duramba MexDwn ! 52310

Condot WW1h 2 WWEO

Kite Mex Gwart x Eagln

Egret WW 15 x Heron
NEW ZEALAND

Kamaru LA Nor 10Bx An SE

Year

released 4

610D

R
2R
3L
1R

AN

67R
AN®
4L
LR"
4L

7R

a/ D = Dwect release, (1 % fleselection, L = Local breeding, M = Mutation. b/ Circa V973

Table 2. Names that havs been used for Crots 8156 in various countries.

Red seeded selection  Country

Super X Miain

Siete Cerros Rojo Méxiun

PV 18 todea, Paboistan
Pv - 1B A india

V.18 ()

Indus 66
Maxipak Hed
MR 548

NP 323

€8 90

PM 17

Pakistan

Saudi Arating, Lebanon

feudia
bty
fnitig
Indy

White seeded selection

BI1LE Blanco
Sirte Cenrns BO
Siete Cenros

I Certos 66

v 17

5227

Geeng 2217
1593

HOD 1492

K alyansonag
Ralyansona 2217
Kaiyan 227
Kalyan
Mesipab Map
Aeaipak White
Menipah U5
Menpab - 09
Meni Pacr
Side M A
Lahetth
Mivhaor 142
Hazera ¥V}
fLabMiar

CIMMYT REVIEW 1975

Country

Méxio
Héano
Meéxico
Méaco
tndha
I dia
India
Inha
Inda
Irudia
India
tindia
India

Est. area
sown
{000 hal

60

> 8?

Pabistan lrag Synia

Lebanon

Eyy it Lebanon, Pakistan

Pahistan
frag
Lytna
tthogiae
31 @et
Ivanl

Afghanitan


http:Ma~ip.46

Table 3 Estimated plantings of high yislding spsing wheats and
1otal wheat ares in four regions (circa 1973).

High ylelding yerieries b

Regon Ail whuu‘___ Towa Crom Illb_ﬁ
Asian subcontinent 21,000 18,620 11,500
Middle Eant 17,000 1160 900
Alrica 9,000 1180 100
Western Hemisphere 36,000 1016 100
Total 89 000 232 506 13,400

@/ FAOQ b/ From Tatie 1

Table 1 shows that 18 million hectares
of spring dwarf wheat from Mexico are
grown in India, Pakistan, Afghanistan, and
Nepal, About 65 percent of this area is
planted to selections from cross B158 such
as Kalyansona and Mexipak (Table 2 shows
the variety names used for selections from
Cross B156 in various countries), Sonalika
may cover 20 percent of the area under high
yirlding varieties in these four countries,

In the Middle East, 1.5 to 2.0 million
hectares are planted to high yielding vatie:
ties in the spring wheat areas, About hall
this area is planted 1o varieties from Cross
B156. Other important varieties are Penja
mo 42, INIA 66, and Syrimex,

In Africa about half the 1.3 million heg
tares under high yielding varieties of wheat
may be planted with Cross B166 derivatives,

Srall areas are sown to CIMMYT wheats
in USSR, Caina, Spain, Portugal, Australia,
and New Zealand, Little is known about
planting of Mexican wheats in the People's
Republic of China, however the PRC im
ported 5000 tons of Mexican wheat in 1073

and 15,750 1ons in 1974 (Potam, 9700 1;
Tanori, 3850 t; Saric, 1100 1; INIA, 650 t;
Jori, 550 1), These imports are 2nough

1o plant at least 300,000 hectares. The
extent of plantings from previous imports
from Pakistan is unknown,

In the Western Hemisphere, the high
yielding vatieties are important in south:
western USA and on a small scale In some
areas of Canada, For example, wheat of
CIMMYT origin account for BS percent of
the ipfing wheat area of California

In South America the new dwarl wheats
are gai ing popularity in Argentina, but the
older, taller wheats of Mexican origin are
still arown in the Andean region

Although less than 10 percent of world
wheat plantings involve Mexican wheats,
possibly 35 percent of the wheat grown
in developing non communist nations of Asia
has CIMMYT developed germ plasm. Of
the high yielding spring wheats of Mexican
orign grown around the world, perhaps
60 percent are Cross B156 varieties
(Table 3)

Special report: CIMMYT'S REGIONAL SERVICES

The tormation of regional services outside
Mexico is likely 1o be the largest change in
CIMMY T"s organization during the 1970's.
Until now, CIMMYT*s outreach activities

SPECIAL REPORT: REGIONAL SERVICES

have been bilateral, Staff members travelling
from Mexico have dealt individually with
more than BO governments, seed for interna-
tional trials has been shipped from Mexico

99



directly to BO nations, workshops held at
Ei Batan in Mexico have drawn upon scien-
tists from around the world.

There are two disadvantages to that
system: First, in the past decade or so,
hundreds of maize and wheat scientists in
developing countries have received advanced
training wud are ready to play a larger roie
in their own regions, Second, CIMMYT
statf resources in Mexico have been stretched
to the limit. Statf travel out of Mexiuo

cannot increase further without curtailing
research. International nurseries are grown
at ;0 many locations that in 1974 air ship-
ments of sample seed from Mexico reached
7.0 tons, and many shipments arrived too
late for planting because of air express
difficutties or lute quarantine clearance.
Regionat services are ne ded in which
scientists from producing countries can par-
ticipate, and in which CIMMYT staff members
posted to the region can supplement the

Keith Fimay, depity directar ot CIMMY T, admires the diversity

of soike types that can be found in bariey germ plasm.
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services now provided from Mexico.

Ccntral American prototype. In 19/4
CIMMYT formed a regional service for maize
imp  vement in Central America. This proj-
ect serves as a nrototype for others.

Two staff scientists, one a breeder and
one an agronomist-trainer, are assigned full-
time to maize improvement in the area.
They consult with governments on maize
research and production; they distribute
international trials twice a year, using seed
from the national programs as nucleus, but
adding exotic materials; they arrange training
outside the region for local researchers; they
train production agronomists within the re-
gion, preferably within the agronomist’s own
national program; they organize an annual
workshop for local scientists; they ad-
minister a travel fund to enable local scien-
tists to visit other countries in the region
to sce outstanding examples of research and
production.

The two CIMMYT scientists have no re-
search plots of their own. They share in
the work of about nine national programs.

This service has just begun, but Central
America 1 alteady receiving more complete
services from CIMMY T than ever before.
The regional staff is taking competitive pride
in the work of the region [t is too soon to
observe the role of local scientists, but it
is expected that local scientists will shortly
make niost of the decisions on their regronal
maize nurseries, and with manage their own
regiona! workshop.

Regional programs being negotiated. Two
more maize tegional services are undetr ne-
gotiation. The Andean region of South
America {Bolivia, Colombia, Ecuador, Peru,
Venezuela) produces 3 nullion tons of mo1ze
ayear. In addition the tropical portion of
Brazil produces 5 mithon tons of maize and
uses varieties similar to those in the lowland
regions of the Andes.

Both CIMMYT and Centro Internacional

SPECIAL REPORT: REGIONAL SERVICES

de Agricultura Tropical {CIAT) have been
assisting in maizz  mprovement in the An-
dean region. In 1974 CIMMYT and CIAT
agreed to form joint services for maize im-
provement in the Andean region to be lo-
cated at CIAT headquarters, and staffed
jointly by CIMMYT and CIAT.

Two <taff members would provide essen-
tially the same services as those described
for Central America. ln addition, one
CIMMYT-CIAT breeder would be stationed
in the highlands of the Andes to specialize
in improving floury maize, a cereal which
is peculiar to the highlands. »amost 1 mil-
lion tons are grown and eaten by subsistence
farmers there, This regional seivice shoutd
begin during 1975, Financing would be
by the United Nations Development Pro-
gramme (UNDP).

In Asia, 12 maize-producing countties
from Indon«sia to Pakistan, have been co-
operating under the Asian Corn Program
since “J66. A three-man Rockefeller Foun-
dation staff at Bangkok has provided assist-
ance. The present program is terminating
in 1975, and CIMMYT has been asked by
governments of the region to formulate a
new set of services,

An agreement under discussion between
CIMMYT and the International Crops Re-
<earch Ins tute for the Semi-Arid Tropics
(ICRISAT) would permit CIMMYT to post
a4 two-man maize staff 1o the Hyderabad
headquarters of ICRISAT where the
CIMMY T scientists would orgamize 1eqgional
setvices for Asia ke those for Central
America.

Tk, proposal will require an agreement
with the government of India, and, sut ,ect
to that agreement, could begin during 1975,
F mancity would be by UNDP.

A reqgional service for wheat is expected
to begin in East Africa during 1975, Initial-
ly one CIMMYT breeder will be stationed
at the Kenya Wheat Experiment Station,

o



Njoro, located at an elevation of 2200 m

in a climate which could provide a suitable
summer wheat nursery for all nations of
the region. This means that national scien-
tists will grow their usual research crop in
the winter season within their own stations,
then ship seed of their best materials to
Njoro to be advanced another generat on
during the summer season.,

The CIMMYT regional s.vices would also
incluae the circulation of regional trials,
selection of fellows for advanced training,
consulting with governments within the re-
gion, and organizing periodic regional work-
shops for wheat workers.

Producing regions for maize : 1d wheat which can
serve as the basis of regional services for crop
improvement.

Number of 1972
producing  production

countries  (million tons)

Maize:
Central America and

CaribLean n 2
Andean reqional ana

tropical Brazil 7 8
South and southeast

Asia 12 12
Tropical Bast Atrica 15 9
Tropical West Africa 16 4

Southern cone of South
Amenca and temperate

Brazil 6 8
Wheat:
Mediteriancan and Near

East 19 45
Andean region 5 0.3
Tropical East Africa 4 2
Southern cone of South

America 5 12

*Wheat production in the Andean region is simall,
but regional services can be important there
because. (1) the Andean region imports more
wheat than it grows, (2} Andean countries produce
more batiey than wheat, ind the same regional
team can provide services to both wheat and
barley, {3} diseases of wheat and barley move out
of the Andean region, and affect the wheat crop
of the southern cone countries,
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Other possible regional programs. CIMMYT
proposes to negotiate other services for maize
and wheat improvement in a number of
regions during the next few years (see table).
No two of these regions are alike in popula-
tion, internal transportation, or quality of
agricultural services. Nevertheless, CIMMYT
estimates that, on average, two staff scien-
tists assigned to each region could perform
the services described for the Central Amer-
ican program abive. The average cost of
a two-man staff and their associated pro-
gram would be US$200,000 per region per
year. The total cost of all regional services
now anticipated wou'd be $1.5 to 2.0 mil-
lion a year by 1980, at constant 1975 prices,
CIMMYT is discussing these services with
snome governments in each region. Where-
ever appropriate the regirnal services will be
centered at the headquarters of another
international center, as already proposed
with CIAT and ICRISAT.
Role of econiomics. T IMMYT economists
in Mexico are now assisting the new regional
groupings by organizing economic studies
in each region. In some regions, a fulltime
economist may be assigned on a resident
basis. The first economist posted outside
Mexico is likely to be stationed in East
Africa in 1975, under UNDP financing.
Loca! scientists. In the forg run, the most
important result of the new regional services
will be the increasing ability of national
programs to shaie technology and training
among themsei.es, as suggested by “new
system” shown in the accompanying diag.am.
The size of the circle for each country pro-
gram suqgests the strength of . research
program. N.ize is used here as an example.
Thus, three national programes are stronger
than the others: they are able to conduct
}ndcpendent breeding and to assist their
neighbors, Another three countries possess
intermediate skills: they are able to test
superior progeny from outside their country

CIMMYT REVIEW 1975
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casnny
Wl arters
Mew

The “old"’ system of regional services: two-way
flow of seed, CIMMY'T staff memubers, visiting
scientists, etc., to and from individual govern-
ments.

and to share in the decisions on experimental
varieties, The four countries represented

by the smallest circles have the fewest train-
ed scientists, and are able to test only elite
varieties {those that have already been tested
by their neighbors and found to be superior
for the local environment).

CIMMYT anticipates that consulting wark
in each region will gradually be shared by
the scientists from the strongest maize pro-
grams {those represented by the targest
circles). This will give a broadening ex-
perience to the scientists who serve as con-
sultants.

Under this evolution of responsibilities,
several important functions would continue
to be performed by an international center
like C!IMMYT. First, the international centet
would maintain a world collection of germ
plasm, ship samplcs to breeders, and develop
new experimental germ plasm which would
be fed into regional trials. Second, CIMMYT

SPECIAL REPORT: REGIONAL SERVICES

The “new’ systeri. The three sites of circles
for country programs suggest the stronger,
intermediate, and weaker services for crop
improvement.  Scientists from the stronger
countries will be used as consultants to help
the weaker countries within the regional pro-
grams.

would continue to observe the worldwide
testing of germ plasm to identify wide adap-
tation (that is, superior performance of va-
rieties across climatic zones, which indicates
areater stability of yield). Third, CIMMYT
would continue to provide in-service training
for maize and wheat researchers in national
programs. Fourth, CIMMYT would maintain
a full range of research disciplines and pro-
vide the backup skills for the regional sery-
ices, whose stafl would remain skeletal,

Such a division of labor between an in-
ternational center and the regional services
should provide the greatest economy of cost
and encourage the stronger national pro-
grams to contribute to crop improvement
among their neighbors.
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1974 CIMMYT Source and Application of Funds @

US$5,085,000
US$1,350,000
161,000
750,000
160,000
440 000
366,000
150,000
629,000

1,330,000
182,000

452,000
39,000
31,000
26 000
1,385,000
199.000
244,000

131,000

63,000
42.000
38,000
15,000
13,000
10,000

9.000

1,800,000

6,073.000

1,224 000
1,112,000
140,000
599,000
80,000
406,000
620,000
34 000
555 000
116 000
275000
58,000

1,401,000
1,205 000
166,000
7.474,000
326,000

1.800.000

Core untsitticted income b

US Agency lot Intern itional Development
Inter Ametican Development Bank

Ford Foundation

The Rockeleller Foundation

Gavernmeni of Weil Germany

I Bank for Rec and Develop
Government ol Denmark
Ad alive chaiges and | 1 income

Cors revtricted incoma €
United Nations Development Programme
Huvearch andd iraming n Ihe devtlopmant ol guality pretmn maue
Canadian Intecnationsl Development Agency
Trokec e rmnaich project
The Rockeleller Foundation
Pysbsla Progect
Inter-American Development Bank
Proyech in Contral Armetwca and Cobbean
International Development Research Centre
A # DA low 1empe 1abet a1 sor g

Special projects income €
Ford Foundation

Progecty in Algeria Arganting, Eqypt, Lebenon, Pabntan, Tanpema
Tunss, ared mos el aneous Haning
Government of Jare
Piogtamme Natonal Man, Tave
The Rocheleller Foundation
Proyeets o Conteg) Amenca, Mesico, Pakaten, and Tuthey
o] sl aneouy 1 aning
International Potato Center
Regeong prog em in Meswo
inter Amenican Development Bank
Trawing i wheal and masre
Internations instinate of Tiopscal Agriculture
Peogent on Tanganig and mocellanetu) 1namng
US Agency lor International Development
Progecty o Mossce s and Neps! and mowaiiansaul iamng
Overveas Development Adminiatistion
Woansting b minhiaty anad 1T @inar
Food and Agriculture Organization ol the United Nations
Tramng m wheat
International Development Research Cantre
et natasat bl ale wor b shog n Mesico, wheal and made
sk vhogn o0 L ehanan C0mi e FguEment wnd M el aneou
By
Traming g ants from 13 gonory

TOTAL INCOME

Core operating covts

Wheat

Maite

Economcy

£ wperiment slation
Ganetal seryvice laboratones
Information services and library
Traming

Con'erencey

General operations
Adminnirahon

Indwect coaty

Captal scguisitiony

Sgecial projects snpenses

Dwect eapenses

Administiative chargey

TOTAL EXPENSES

Reimbursements 1o donort and wnespended balwnest

TOTAL EXPENSES, AEIMBURSEMENTS, AND BALANCES

o Foom it VOTA CIMMY T Auidt Mopori of Price Waterhause y Cia B Meswn B Funds pendsivie bor oore
gt @108 TR TRV 0N Tl b Wit TR Dy s avd by CIMMYT Toioey o/ Funds svadabio nniy

B Ve e deihy g ad by The @anal
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