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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 cycle 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 private farmlands, and 
their production experience -all to benefit food producers outside of 
Mexico. 

Haldore Hanson, Director General 
El Batan, Mexico, April 1975 
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MAIZE SUMMARY 

Changes in orgdiILuuvui. 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 multi-location testing to 
guide the selection process foi wider adaptation. The new procedures 
will move elite varieties more rapidly to national programs. 

Germ plasm bank. The t2,000 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 intpgrated in the procass of evaluation 
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 reldted 
to resistance to the maize weevil. In another study, maize weevils did 
less damage in the field to ears :.i~at had tight husks extending past 
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 continued on how to improve the quality of 
protein in maize (by doubli.ig quantities of two amino acids, lysine and 
tryptophan) with the opaque-2 gene introduced into most of the advanced 
populations. Littl2 opaque-2 maize isyet grown commercially (only 
in the USA, Brazil, and Colombia, and in these countries only as hybrids). 
But CIMMYT iscooperating 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. These courses last 6 to 7 months, Courses are offered for 
researchers, prodiction agronomists, andlaboratory technicians. 

V-,ny other categories of personnel visited for training or experience 
during 1974 including 12 master's degree candidates, 8 Ph.D. candidates 
in the USA, 2 Ph.D. candidates doing thesis research at CIMMYT, 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. Work on cold-tolerant sorghum continued. This wnrk is intended 
to serve cool climatic areas. New breeding materials arrived from Ethiopia 
and USA. Breeding progress was reported for wider adaptation, genetic 
resistance to disease and insects, and protein improvement. An intern d-I 
tional trial was grown in 13 countries outside Mexico. 

NEW ORGANIZATION AND PROCEDURES 

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 supelior 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 
Atharvest, bank and of introductions from other countries to the germ plasm pcols
the critical in Mexico. (2) More multi-location testing within rvexico and outside 
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Fig. 1. Stages in the development ofmaize varieties at CIMMYT. 

Based on trials in farmers fields and on international trials in competition
with their best local varieties, national agencies release new vzvetis. 

I n the advanced unit, all families in all populations (250 families per 
are grown in the International Progeny Testing Trials in 

Mexico and five other locations. Ter superior families from eachpopulation 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 advanced from the back-up pools 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 
,, riet-es. Elite experimental varieties arc tested at 100 to 125 locations.
The best performing elites in each country are moved into national
demonstration trials and considered f'nr possible national release. 

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. 

best accessions are integrated into the appropriate back-up pools. 
Introductions from other countries move directly to the back- - p pools. 



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, agronomist, 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 more 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 un~dergoing improvement).
 
-Advanced unit (tests improved 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 seasi n 
devoted to recombination (crossing). In this way, no year can g by 
without evidence whether each pool, each population, each pro jeny 
has improved in those characters or which it is being measured. Because 
highland maizes can be grown only once ayear, they must be evaluatea 
in one year and recombined in the next. 

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

GERM PLASM BANK AND MAIZE-TRIPSACUM CROSSES 

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 fills 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 pric',ipal 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, reprupagates seed 
to maintain viability, conducts trials to classify the bank en:ries, and 
makes crosses between maize and its relatives to generate new germ 
plasm. 

Propagation 	 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 observed during the year. Seed of 
284 ao'essions 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 Tlaltiza­aarden pan. Tripsacum isawild 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: Clasification of gene pools. 

Grain GrainType a Maturity Color Texture Pool No. 
Tropical highland early white flint 1
 
Tropical highland early whte dent 2
 
Tropical highland early white floury 3
Tropical highland early yellow flint 4
 

Tropical highland intermediate wh!e floury 


Tropical highland early yellow dent 5
Tropical highland intermediate white flint 6 b
 
Tropical highland intermediate white dent 7
 

8
Tropical highland intermediate yellow flint 9
Tropical highland intermediate yellow dent 10

Tropical highland late white flint 11

Tropical highland late white dent 12
 
Tropical highland lte yellow flint 13

Tropical highland late yellow dent 14
 

15Tropical lowland early white flint 

Tropical lowland early white dent 16 
Tropical lowland early yellow flint 17

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 late 
 yellow dent 2E
Temperate early 
 white flint 27 

28 bTemperate early white dent 
Temperate early yellow flifit 29 b 
Temperate early yellow dent 30 b 
Temperate intermediate whitu flint 31 bTemperate intermediate white dent 32
 
Temperate intermediate yellow flint 33
 
Temperate intermediate yellow dent 34
 

a/ Average temperature minimum in highland locations Isgenerally less than 180C; in lowland locations, more than 180C. 
b/ Pools not yet formed. 
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Table . Agro-climstic characteristics considered in classifying maize gene pools. 

Duration ofMaturity Altitude Days to crop growthrange meters Latitude Temperature a silking days 

Tropical-Subtropicallowlandearly 
medium 
late 

0-1600 
0.1600 
0-1600 

0-30°N-S 
0-30 0N-S 
0-30°N-S 

25-28'C 
25-28'C 
25-28°C 

Up to 50 
50-60 
60 + 

90-100 
100-110 
110-120 

early 
medium 
late 

1600 + 
1600 + 
1600+ 

0-30°N -S 
0.30°N-S 
0-30'N -S 

Tropical highland 
15-17'C 
15-17°C 
15-17'C 

Up to 70 
70-95 
95-120 

Less than 130 
130-190 
190-240 

early 
medium 
late 

0-1600 
0-1600 
0-1600 

30-40N-S 
30-40°N-S 
30-400N-S 

Temperate 
20-22'C 
20-22°C 
20-22"C 

Up to 60 
60-75 
75 + 

100-120 
120-150 
150-+ 

al Mean of main growing season. 

Maize x In 1974 the supervisor of the maize bank made additional crosses between 
tripsacum 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 plasm 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 of materials undergoing improve­
ment into the more advanced steps of selection. 

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

In each 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 rt;w next to each 
family is a even mixture of seed from all the families. This is the 
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Stus of dwlopnntof beck-up pools and adkioind population at end of 1974L J Pod formd. 
vrlrPool generating families. OFamilies with normal protein. (DFamilies with quality protein 

but soft endosperm. *Families with quality protein and hard cndosperm. Each pool formed 

and each population represented in the International Progeny Testing Trials (IPTT) has a 

quality protein "sidecar" w.'hich is being improved simultaneously. 
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pollinator row and the pollen that it produces is representative of the 

pollen of all thu families 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 danger that pollen from aundesirable 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 aweighted criteria for all characters under evaluation. The 

characters are yield and yield components, disease and insect r-action, 
and desirable agronomic characteristics. 
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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 ineach sea-on since recombinations involves selection for quality within 
the pool and the addition of new germ plasm from outside the pool.

Seed from the best ears (superior families) isalso tested in yield
t:als ond companion nurseries (high density, insect, and disease) and 
riio best porforming familius (perhaps 107o) will be transferred to the
advanced populations. The movement of superior fmilies from the 
back-up unit to the advanced unit constitutes the bridge between the 
two units. The germ plasm moved to the advanced unit isnot, hwev.;:,
removed from the back-up unit. Thus the quality of the pools isnot 
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.Fast maturing
 

maize varieties
 
are acritical The advanced unitneed for farmers The improvement process continues in the advanced unit (Fig. 1)with

in many areas of 
the world. 

84,
 



several significant differences from the ba.ckup 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" eperimental varieties and these are tested at 100 or more 

sites. Eacli national program is encouraged to use the varieties in their 

Advanced populations 1974. 

Name Maturity Grain color Grain texture 

Tropical lowland 
Tuxpefio 1 late white dent 
Mezcla tropi ;al blanco late white dent 
Braqu(ticni late wh;te dent 
Tuxpefio Caribe - 1 late white dent 
Tuxpelfo x La Posta 02 late white soft dent 
La posta late white dent 
AED x Tuxp. P.B. late white dent 
Tuxpefo Caribe - 2 late white dent 
(Ant. 2 D x AED)Kitale II late white dent 
Amarillo Dentado - 2 late yellow dent 

Cogollero late yellow dent 

Amarillo Cristalino - 1 late yellow flint 

Mix. 1 x Col. Gpo. 1 ETO intermediate white dent 

Blanco Cristalino - 1 intermediate white flint 
White H.E. 02 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)xIVenz. 1)02 intermediate yellow flint 
Compuesto K (H.E.) 02 intermediate yellow flint 
Yellow H.E. 02 intermediate yellow flint 

Temperate 
Blancos Pakistan intermediate white dent 

Amarillo Subtropical intermediate yellow dej:t 
Blanco Subtropical intermediate yellow dent 
ETO x Illinois intermediate yellow dent 

Amarillos Pakistan intermediate yellow dent 
Compuesto de Hungr(a intermediate 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!;es 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 1974/75. 

The 1974 yield trials showed ample variability in populations ofthe advanced unit. One yield trial within a single population (Tuxpefo 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 

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. 

Mass rearing One special assignment of the entomologist is the mass rearing of insects 
of ins- t for deliberately infesting CIMMYT's experimental fields with harmful 

pests. CIMMYT produces 10 generations ayear 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. 

Storap insects 	 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 ot grain from 15 advanced unit 
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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 related chemical and physical factors of maize kernels 
to infestation by the maize weevil, Sitophilus zearnais. 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 rel3tion of kernel characteristics to egg laying (oviposition) by 
the maize weevil was examined by confining individual adult weevils 
with individual kernels of avariety 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 

In the search 
formaize with
 
betterdrought -'
 

tolerance,
Physiologists 

measu,'e water 
loss through
 

stomates during
 
droughtstresL.
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ears in.the fiald 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 abag placed over each ear. At harvest, ears
that had been rated "1" or "2" had no damage at all. Grain that isnotinfested before harvest should have less insect damage in storage thangrain 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 

The yield nurseries of the back-up pools and the advanced populationsare 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 ofinsects and disease pathogens. In addition, a companion nursery is used 
to test the performance of advanced populations in thick plantings. Each 
nursery isunreplicated.

For the insect-resistance nursery, budworms and stem borers are
multiplied in the laboratory. Half of each row in the field isinfested,
first with budworms and then with stem borers. The other half of
the row is treated with insecticide. Each row represents one of ti:e250 families making up each advanced population. During the growing
season each row israted 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 

Developing pathogens. The families are evaluated at the end of the season forcountries(FAO stalk rots and ear rots. To get a high incidence of stunt disease underclass II) in which 
maize isan 

importanrcrop. 
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natural conditions, insect and disease nurseries are planted before the 
yield trials and the high density nursery. These early plantings tend to 
attract large rumbers 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 plant., are less affected by lodging and 
barrenness at high densities than tal plants. Thus the high-density
nurseries provide added information about the yield potential of short 
families. 

For the back-up pools, insr;ct and disease companion nurseries are 
grown about every third searon. Results from the companions nurseries 
of the back-up pools ate usrd along with results from yield trials, in 
deciding which families should move to the advanced populations. 
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Maize area by countries: The size of each country is propornional to its maize producin2 area circa 
1972 (data in thousands of hectares). Unshaded nations are developing countries (FAQ class II) or
countries that have a per capita gross national product under US$600. 



AGRONOMY -

Factors limiting 

yield 

Increasing grain 
storage in 
the plants 

For the advanced population,;, 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. 

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 tte selection criteria for improved plants 

of the future. 

Studies on plant growth indicate that in bcth highland varieties and 

lowland (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 den,,ity 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. 

In addition to factors limiting yields, the physiologists are studying ways 
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 680 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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the lateral inflorescences and of the number of spikelets that are initiated 
and the number that survive to anthesis, in five experimental varieties. 

Weather and the To study the adaptation to climate of improved populations cf maize,advanced-unit they are planted monthly at two sites in Mexico so that their response
populations to weather factors can be measured. The effectiveness 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. 

Drought stress The physiologists are attempting to identify materials that are adaptedand crop water to environments of limiting water by analyzing yield data from interna­requirements tional varietal trials. If contrasting materials are identified, the probable 
plant processes involved can be examined. 

In anticipation of these studies a trial was conducted during the i973A short break inthe field work is summer season at El Batan to establish probable procedures. Five maize 
a goodtime for genotypes were used in the experiment to measure differences betweenthe staffand genotypes in drought response. A genotype in which stomata (porestrainees to trade in the leaves) remain open in periods of low moisture, thus allowing

ideas about
 
maize improve­

ment.
 

IZ-­



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 less moisture through transpiration, and may 

come out of a prolonged period of drought with less damage, and 
resume its growth more 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 developmen,9l 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 (typically 0.5% 
of protein). Ideally, the amounts of both these amino acids should 

be doubled to support normal body gi owth and maintenance. 
The quality of maize protein can be improved by the use of the 

opaque-2 nutant gene (the name comes from the odd appearance of 

the kernel). Opaque-2 maize contains approximately 4 percent lysine 

and 1percent tryDtophan and thus might solve the problem of inferior 

quality of proteini in maize. But ordinary opaque-2 maize has serious 

Quality protein experimental maizm varieties: Yields at six locations and average of 14 locations. 1974. 

Yield, t/ha
 
Avg. 14 Tocumen, Nepalgunj, Quevedo Suwan, Tialtizapan, Legon,
 

Experimental variety locations Panama Nepal Ecuador Thailand Mexico Ghana 

W.H.E. 02 a 3.2 2.6 3.3 3.8 5.2 4.6 34 
Tuxpeflo x La Posta 02 3.2 3.0 2.6 3.7 5.0 4.8 4.1 
Compuesto K (H.E.) o2 a 3.1 2.4 2.6 3.8 5.0 4.4 3.9 
Y.H.E. o2 a 3.1 3.5 2.6 3.6 5.2 4.0 2.4 
(Ver. 181 x Ant. Gpo. 2) 
Van 1 02 2.7 2.6 2.5 3.2 4.6 3.7 4.4 
Avg. six checks 3.9 3.4 2.9 5.1 5.9 6.0 4.0 

al Hard endosperm. 

18 CIMMYT REVIEW 1975 



defects: (1) Yield drops slightly because the opaque-2 maize contains 
asoft 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 selecting 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 opaque-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 
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normal maize in yields in each climatic zone (that is, in the tropics, in 
the temperate zone, and at high altitudes). 

In 1974 littlp 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 develop­
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. 

N ne of these national efforts has reached thepcirt 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 

Region & country 
(actual number 
of trials) 

trials lactual 
number of trialsi 

(prepared number 
of trials) 

trials (prepared 
number of trials) 

Central America 
and Caribbean 

Barbados 
23 

0 
15 
2 

27 
0 

43 
0 

Belize 0 1 0 1 
Costa Rica 2 2 4 4 
Dominican Rep. 2 0 0 4 
El Salvador 2 1 4 8 
Guatemala 6 1 7 6 
Haiti 0 1 0 4 
Honduras 5 2 5 4 
Jamaica 0 1 0 3 
Nicaragua 
Panama 

3 
3 

1 
3 

4 
3 

4 
4 

South America 17 16 16 43 
Argentina 
Bolivia 

0 
0 

1 
2 

0 
0 

2 
14 

Brazil 0 5 0 6 
Chile 0 0 0 1 
Colombia 
Ecuador 

14 
3 

4 
2 

2 
4 

9 
4 

Peru 0 2 5 5 
Venezuela 0 0 5 2 
Asia 44 16 27 29 
Bangladesh 0 0 0 2 
Indi3 17 5 12 5 
Indonesia 2 0 0 1 
Khmer 0 0 0 1 
Malaysia 0 1 0 0 
Nepal 7 3 0 7 

continued 
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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 154 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 ayear 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 

Region & country 
(actual number 
of trials) 

trials (actual 
number of trials) 

(prepared number 
of trials) 

trials (prepared 
number of trials) 

-Pakistan 11 2 6 4 
Philippines 3 1 5 3 
S. Vietnam 0 0 0 2 
Thailand 4 4 4 3 
Yemen 0 0 0 1 
Mediterranan/Near East 8 5 9 9 
Algeria 0 0 0 1 
Egypt 5 2 5 4 
Iran 0 3 1 2 
Turkey 3 0 3 2 
Tropical East Africa 6 17 9 14 
Ethiopia 0 1 0 1 
Kenya 1 2 0 4 
Malawi 0 10 0 0 
Mozambique 0 0 0 3 
Tanzania 5 3 9 6 
Zambia 0 1 0 0 
Tropical West Africa 5 9 11 15 
Central African Republic 0 0 0 1 
Cape Verde 0 1 0 0 
Ghana 0 *2 0 3 
Ivory Coast 
Nigeria 

0 
5 

1 
3 

5 
6 

4 
3 

Zaire 0 2 0 4 
Other 51 6 39 26 
Hungary 0 0 0 1 
Yugoslavia 0 0 0 1 
U.S.A. 1 0 0 0 
Mexico 50 6 39 24 
South Africa 0 0 0 1 
Total 154 84 138 180 

MAIZE IMPROVEMENT 21 



-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 a 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 plantinp 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 thu 1974/75 

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 
Argentina 

18 
0 

85 
11 

Japan 
Nepal 

0 
2 

3 
5 

Belize 2 2 Pakistan 4 8 
Bolivia 2 4 Philippines I 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 
Ecuador 

1 
3 

4 
6 

Egypt 
Tunisia 

3 
0 

6 
1 

El Salvador 1 10 Turkey 1 3 
Guatemala 0 7 Tropical 
Guyana 
Haiti 

0 
0 

1 
3 

Africa 
Cameroon 

17 
0 

46 
1 

Honduras 2 9 Ethiopia 1 1 
Mexico 2 4 Ghana 3 3 
Nicaragua 
Panama 

0 
0 

3 
3 

Ivory Coast 
Niger;3 

1 
4 

2 
8 

Peru 1 3 Tanzania 4 15 
Venezuela 1 4 Ugenda 0 1 

South and East Asia 
India 

q 
1 

29 
2 

Zaire 
Other 

4 
0 

14 
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 aperiod of observation at CIMMYT; the term "visiting scientist" indicates thosewho remain from 1 month to 1 year; "short-term visitors" stay 1 to 4 weeks. 

In-srvice The in-service maize program is only 4 years old, but has given trainingtraining to 171 young scientists from developing countries, 47 of them in 1974.In-service training in maize isdesigned to develop the skills in field
and laboratory techniques needed for genetic improvement, give experi­ence on an interdisciplinary team, and increase the participant's under­
standing of agricultural development.

One feature of maize training isthe layout of agronomic trials onprivate farmer's fields. This work isperformed by the trainees in
Veracruz State during the spring season, under supervision ot the maize
training officer, in cooperation with agronomists of the Mexican extensionservice. The trainees manage the field days at which private farmers areinvited to observe the measurement 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 EscuelaNacional 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 ar3 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 workingon related topic. for a Ph.D. thesis. For example, abreeder, a pathologist,
an agronomist, and an economist may be studying closely related topics,
sharing each other's research, but taking their academic studies in differentdepartments. 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 theirresearch 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 includes 
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E.W Sprague,
 
director of the participation in research workshops, where plans are made for the
maize program, 

underscords a following year; observation of CIMMYT nursery materials grown by 
point while national programs; visits to commercial crops in farmers fields to analyze 
sharing his what is holding back production; meetings with national policymakers 

experience with 
trainees to discuss fertilizer supplies, maize prices, storage facilities, and other 

policy questions. 
Experiment-: iurseries provided advanced populations for almost 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 national programs. 
Ten members of the maize staff were stationed in five national 

production programs 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 

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 high­lands of East Africa (Ethiopia, Kenya) which set seed on the central
plateau of Mexico but was excessively late in maturity. By crossing theEast 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 following 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 isexpected that sorghum genotypes will be developed with 
wider adaptation.

Forty-four new sorghum families were introduced from the highlandsof 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 from

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 evailable.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 percentin 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 atEl 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 
isstriving 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 multiline 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 half 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 
locations in 1974. This "crossing block" isa 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 CIMMYT 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 tratisfer 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 ayear, 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 evaluation and selection in 1974. 
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The most advanced lines from spring x winter crosses reached the F4
generation in 1974. Within 2 years yield testing wilt begin, however, two 
lines already show such good performance that they are being multiplied. 

Durum wheats. Although short height isdesirable 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 isattempting 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 isbeing improved by crossing 
with winter wheat, winter rye, and winter triticale. Winter triticales resulting
from this program arp being developed at Oregon State University and 
the University of Guelph. 

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

For several years breeders have been making selections to eliminate 
shrivelled grains in triticale. As aresult, 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/hI. Four years ago the six best lines in 
the triticale program had a test weight of only 68 kg/hI. 

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 Mexico 
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 
CIMMYT-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 toimprove 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 isespecially
harmful to wheat yields. Studies of lodgin I 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 issevere 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 bo'th 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 83 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 isto 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 see level In Cludad Obregon 
in northwest Mexic,. 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 
leaf rust are artificially inoculated. In addition, a severe natural epidemic 
of stripe rust occurred this year. 

CIMMYT REVIEW 1975 30 



Spring x winter 

wboat program 

Developing 
countries (FAOclass II) in which 

clina t 10 

importantcrop. 

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 line 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 andit 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 occurs 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. 

0 
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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 F1 spring x winter wheat crosses were planted 
at Toluca but all were killed because of an early frost in September. Nover­
theless agronomic evaluation could be made and reserve seed will permit 
planting of the best lines in 1975. At Ciudad Obregon about 500 F1 

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 locations 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 F1 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 
"S" already show such good potential yield performance that they are 
being multiplied for possible commercial release. 

F2 distribution 	 In the 1973/74 winter, 3300 F1 crosses were grown. Over half were 
pgram 	 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 F2 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. 

Croing block 	 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 identicalMultilines 
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 than one of the 

component lines wil! become susceptible. That means that if the multiline 

consists of 15 lines, only 6 percent of the plants inthe 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 

names such as Siete Cerros, Mexipak, andcross since 1970. Under 
Kalyansona, the 8156 cross has proved to be a high yielding, well 

adapted variety. It is grown on 13 million hectares in the developing 

/lit/ 
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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 

Fmasculationis variety must be determined in the locality where the multiline will be 
the first step in grown. In 1974 the Third International Multiline Variety Trial, consisting

the thousands of 
crosses made at of aset of 250 lines, was sent to 30 locations around the world. 

CIMMYT each
 
year.
 



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 te USA. Its wide adaptability and 

high yields suggest that it would make a good multiline variety. 

Wheat for the Bread is popular in many countries of the humid tropics. These countries 

humid tropics 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, afungus disease, will be distributed as segregat. 

ing populations to humid tropical countries for evaluation and crossing. 

DURUM 

Aside from industrializea uountries, 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 plasm 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 Ciudd Obregon, Mexico. 
IStork has not been commercially released yet). 

Name Height Year released Yield, t/ha 
Tehuacan 60 tall 1960 4.2 
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 
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such as Southeast Turkey and India; and cold areas and high plateaus 
such as those in Turkey, Iran, and Chile. 

CIMMYT's expanded durum breeding program began in 1968. Two 

crops ayear are grown at different locations in Mexico. Durum breeders 

are moving toward durum varieties with high yield potential, resistance 

to abroad 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 plasm 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. 

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

Fewer leaves should mean less evapotranspir3tion. 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 maan that the photosynthetic area 

of each plant is reduced. International screening nurseries and yield 

tests will help to answer whether the advantages of fewer leaves outweigh 

the drawbacks. 
Upright leaves should allow more light to reach the lower leaves 

and that might allow more tillers (extra stems) to survive. 

Shorter plants Durum plants that :-emain 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 substantially 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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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 bread 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 yielding 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 indLuce 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 thcy 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 national 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 monsoon rains hdve 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 avegetative period long enough to 
escape early frosts with a rapid grain-filling period to reduce the risk 
of late-season hazards. 

Sources of In developing new germ plasm CIMMYT breeders can draw on a collection 
variability 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. 

Distributing germ CIMMYT's experimental stations in different parts of Mexico allow durumplasm 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 this'procedure may double or triple the number 

of crosses they can work with. 
CIMMYT sent out 3300 F1 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 local 

disease, so each location received only crosses likely to be appropriate 

for its conditions. Reserve seed of all the F 1 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. 

TRITICALE 

Now triticales 	 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 gi owth of the embryo. When 

the plantlet has sufficiently developed leaves and roots it is planted 
in soil. If 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 with about 

185 such primary triticales. 
Each new triticale strain (called a primary triticale) ir an additional 

source of gencs for the plant breeder. While a new straii, 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. 

Winter triticales 	 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. 

Identifying A post-doctoral scientist at CIMMYT modified the Giemsa staining techni­

chromosomes que so that chromosomes contributed to triticale by the rye parent 

can be distinguished from chromosomes contributed by the wheat 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 
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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 isthe 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 

tested, 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/hI 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/hi. 

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/ha in 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 .- s in 1974. The lines 
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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. 

Forng 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 

Homegrown of high protein dry matter. 
triticale provides This technique might make triticale very attractive to, for example, 
aMexican farm 

family with their 
daily bread. 
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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 Gaeumannomycesgraminis, 
dwarf-bunt caused by Tilletia controversa, and leaf spot caused by 
Cochliobolus sativus. 

Insect resistmnce 	 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.
 

Arm of possible Three types of areas seem to be the best candidates for commercial 
adoption of introduction of triticale: areas where wheat or barley or oats are grown

triticalo but yields are poor, areas with certain soil problems such as aluminum 

toxicity (the rye genome in triticale may confer adegree 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. 

Kenya. The high elevations and devastating wheat disease problems 
make Kenya agood 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 
atthree locations. 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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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 excellent 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 vheat diseases are severe. 

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

BARLEY
 

Barley is grown for food in many areas, especially where the growing
 
season is too short or the rainfall is not adequate for other cereal crops.
 
Substantial populations in the Mediterranean region, the Near East,
 
India, Ecuador, Peru, and Eastern and Northern Euope eat barley.
 
Most barleys have apoor quantity and quality of protein, and have hulls
 
which are indigestible for humans. Moreover, barley varieties are not
 
widely adapted -a variety that may 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 proteti 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. 

Adaptability Since the barley program began in 1972, crosses have been grown in 
two crops each year. One crop is grown at Ciudad Obregon which is 
near sea level at 270 N. The selections from the Ciudad Obregon harvest 
are then planted at El Batan which is at 2200 m elevation at 190 N. 
The harvest at El Batan is then moved back to Ciudad Obregon. By 
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countries (FAO 

class II) in which 1974 ths process had removed all daylength-sensitive types from advanced 

barley isan lines. The growing period of sensitive types is lengthened or shortened 
important food by the daylength during the growing season, Insensitive types have 

crop. a rather fixed growing period whether they are grown near the equator 
of far from it, hence they are adaptable. 

Disease Staggering numbers of diseases attack barley. Scald (Rynchosporium 

resistance 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. 

Lodging 	 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 tlhe 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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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. 

Naked grains 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 .amp kernels 
with a high test weight. 

Better protein 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 breedersbegan 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. 

Earliness 	 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. 

International For the first time in 1974, the international barley observation nursery 
testing contained CIMMYT-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 
CI MMYT b, eeders 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, anddisease-free are potentially desirable parents) and F2 bulks (segregating populations 
please from which local scientists can make their own selections).

CIMMYT's The Mexican National Institute of-Agricultural Research began testing
barley breeder, CIMMYT lines, but an unusually early frost destroyed the experiments. 

Enrique 
Rodriguez. The first international yield trials of CIMMYT barley lines will be 

sent out in 1975, only 2 years after the barley program began. 

PHYSIOLOGY 

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. 

Selecting plants When a cross is made, the first two or three generations of progeny are

in early made up of only a few hundred plants. Early generations of a cross
 

generations are sown at abnormally wide spacings (low plant densities) to facilitate 
visual selection and maximize the seed production. Plants that sl-fow 
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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yield trials planted at normal densities. Usually yield trials begin in 
the F4 or F5 generation. A criterion for eliminating low yieldiog 
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 index isthe 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 spa!.ed 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 aselection will perform when it is planted at a 
normal density and narrow spacing. 

Yield potential in The yield potential of acrop may be limited by the ability of plants 
thre crops 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 optimum 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. 

Shade and When is crop photosynthesis most important for grain yield? To 
yield potential 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 
67perLent 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. 

Temperature at To test the effect of accelerating or slowing development by raising 
critical stages or lowering 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 
320C. Cooling consisted of lowering the air temperature a few degrees 
whenever it was above 10C. 

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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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 Breeding short varieties dramatically increased the yield potential of 
short wheats 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 lodge 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 (800 
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and 450 from vertical) in various periods starting at flowering. 
Some varieties were able to right themselves. For example, the bread 

whoat variety Yecora when lodged 450 at flowering was almost completely 
vertical by maturity. Nevetheless its yield was reduced 1 t/ha. Varieties 
that did not right themselves suffered even worse yield reductions. 

Shortening the Over half of the wheat plant's life is devoted to producing leaves and 

vegetative period 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. 

Drought Several varieties of brea( wheat, durum, and triticale were exposed 

resistanlce to various degrees _. uru ght after flowering. The aim was to identify 

strains that have drounhc 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. 

Erect leaves 	 In theory, wheat plants with erect leaves should be photosynthetically 
more efficient than plants with droopy or floopy leaves because they 
allow sunlight to penetrate deeper into the crop canopy ana they shade 
each other less. Physiologists have been breeding line- with erect leaves 
that match the height, maturity, disease resistance, 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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humid tropics 

DEVELOPMENT 

New sources 
of dwarfing 

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 therhumid 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 0 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 a ",old response." That is, in the hot 

climate (Poza Rica), their flowering was de;.'ed and they produced 

relatively more leaves and spikelets than other varieties, but their yields 

were no b3tter. 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 100 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. Anza yielded 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. 

OF NEW GERM PLASM 

Two types of unconventimial 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, S948A1 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 In most wheats, spikelets are arranged along a central axis called the 
rachis. In some wheats, however, the rachis isbranched 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. In 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 undesirable traits. Through crossing and selection the special traits are 

being combined with good agronom,. ;naracters 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 agenetic 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 irtercross other genera 
like oats, wheat, barley, and rye. The chemical E-amino caproic acid 
isbeing 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 laboratory 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 isan 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 

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, isdesigned 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 

Afghanistan 
Algeria 
Cyprus 
Egypt 
Iran 

20 
0 
9 
0 
0 
4 

166 
17 
27 

2 
8 

11 

East Asia 
Bangladesh 
India 
Korea 
Nepal 
Pakistan 

7 
2 
0 
0 
0 
2 

52 
8 
4 
5 
2 

32 
Iraq 
Jordan 

0 
0 

7 
5 

Philippines 
Latin America 

0 
3 

1 
57 

Lebanon 
Lybia 
Morocco 

0 
1 
0 

4 
7 

17 

Argentina 
Bolivia 
Brazil 

0 
0 
0 

17 
2 

14 

Saudi Arabia 0 1 Chile 0 3 
Syria 
Tunisia 

0 
4 

5 
21 

Colombia 
Ecuador 

0 
0 

2 
6 

Turkey 
Yemen 

2 
0 

31 
3 

Guatemala 
Paraguay 

1 
0 

4 
2 

Tropical 
Africa 4 22 

Peru 
Uruguay 

2 
0 

5 
2 

Ethiopia 
Kenya 
Madagascar 
Nigeria 
Somalia 
Sudan 
Tanzania 

0 
0 
1 
2 
1 
0 
0 

7 
3 
1 
3 
1 
4 
3 

Other 
Hungary 
Poland 
Portugal 
Rumania 
Spain 
USSR 

2 
1 
0 
0 
0 
1 
0 

9 
1 
2 
1 
2 
1 
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 isto test new lines of wheat from CIMMYT's 

breeding program and from other programs under the widest possible 

range of daylength, temperature, moisture, 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 

ameans 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 Italy 1 4 9 
Cameroon 1 2 2 Netherlands 0 2 5 
Egypt 10 71 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 11 Middle East 
Tanzania 3 9 4 Cyprus 1 12 10 
Chad 0 2 3 Iran 10 23 20 
Tunisia 24 27 25 Iraq 10 0 7 
Uganda 0 2 1 Israel 10 11 11 
Zaire 0 0 2 Jordan 7 0 11 
Zambia 0 2 2 Lebanon 18 32 27 

Asia and Libya 5 0 8 
Pacific 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 U.S.A. 82 81 90 
South Vietnam 0 0 1 Honduras 0 1 1 
Thailand 1 5 5 South America 
Australia 2 9 13 Argentina 46 68 69 
New Zealand 3 3 5 9olivia 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 
Czechoslovakia 0 0 1 Guyana 0 1 1 
Denmark 2 5 8 Paraguay 6 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 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 large 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, traditionai 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. 

In Poza Rica's 
hot, humid 

climate, some 
bread wheats 

grow fairly 
normally while 

otherssuffer 
from problems

likelow 
tilleringand
 

high sterility.
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ECONOMIC STUDIES 
The economics section supports CIMMYT'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 coun-tries' capacity to do social science research at the 
farm and market level 
-enhancing CIMMYT'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 wete 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. 

Inflitence of agro- One of the clearest findings is the overriding importance of regional 
climatic factors 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 El Salvador (see table) whore 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 
tht 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 c ha maize, % Users of fertilizer, 

Annual small large small largeRegion Elevationa rainfall b small large s7.cial farms farms special farms farms special 
A high high under 3.2 3.2 + -- 80 86 -- 47 72 --B high medium under 4.5 4.5-20 20 + 77 79 94 67 93 98
C low low under 2.4 2.4 + -- 6 23 -- 0 6 

Source: Survey of 350 farmers sponsored by CIMMYT and carried out by John Gerhart with the supportof agricultural scientists at Kitale Station. a/ High elevation is above 1500 m; low elevation is below1500 m. b/ High rainfall is over 150 cm/year; medium rainfall is 100 to 150 cm; low rainfall is less than100 cm. c/ 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 20hectares in Region B made up the "special" group; nearly all once were part of European-owned fa;rns. 

of farmers in low 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, b ha wheats, % lizer, r. kg/ha 

smalt rarge small large
Region a small large farms farms farms farms 

Mediterranean 
valleys under 8.1 8.1-150 87 94 113 122
hillsides under 6.1 6.1-125 91 90 125 "143 

Aegean

valleys under 4.6 4.6-22 61 78 33 57
hillsides under 3.9 3.9-37 2 20 26 59 

S. Mi rmara 
v Ileys under 3.4 3.4-14.5 3 10 57 53
hillsides under 4.4 4.5-108 6 21 44 60

N. Marmara under 8 8-128 61 83 91 106 

Source: Study of 800 farmers sponsored by the Turkish Ministry of Agriculture
and CIMMYT directed by Rechat Aktan and with subsequent analysis in collabora­
tion with Nazmi Demir. a/ Mediterranean region is centered on Adana, Aegeanregion is centered on Izmir, 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. 
c/ Nitrogen plus phosphorus. 
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EL SALVADOR: Proportion of sampled maize farmers, divided by farm size, a 
who planted hybrid maize, and nitrogen use on maize. 1972. 

Users of hybrid maize, % Nitrogen use, kg/ha
small mediu-n 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. al 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 all 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 smaller farmers
 
catching up within a few (2 to 4) years.
 

From the Indian data it might be concluded that agro-climatic factors 
have played 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. usr of ferti-
Farm size d ha. maize, o lizer, e Kg/ha 

small large small large
Region small large farms farms farms farms 
low altitude a
 

valleys under 1.9 1.9 - 19 65 
 6 34
 
hillsides under 2.6 2.6 + 0 15 + 7
 

intermediate b
 
valleys under 2.6 2.6 + 19 30 
 1 15 
hillsides under 2.1 2.1 + 10 15 3 5 

high altitude C
 
valleys under 1.0 1.0 + 5 12 9 13
 
hillsides under 1.5 1.5 + 
 4 4 10 5 

Source: Study of 750 farmers sponsored by Colombia's Instituto de Ciencias Agrico­
las and CIMMYT, undertaken by Humberto Colm3nares in 1973. al Sea level to 
900 meters. bl 900 to 1800 meters. ci Over 1800 meters. dl For each sub-region, 
e.g. high altitude valleys, the observations were arrayed by farm size and then 
divided evenly into two groups based on size. el Nitrogen plus phosphorus. 
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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 rainfall 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.
 

Farm size 	 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 farmers 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 El 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.. 1om 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 aregion's larger farmers have low rates of 
adoption, under 30 to 35 percent, the smaller farmers also have low 
rates, e.g. 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 small 
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 notadopt group does accept, the smaller farmers tend to lag well behind. 
new technology 

is being One explanation is that while all farmers are attracted by the higher
investigated by average incomes promised by improved varieties, some are inhibited byCIMMYT their perception of higher risk. The risks perceived tend to influence
economistsin 
collaboration small farmers more than large farmers. In regions like Kenya's high

with national elevation, high rainfall area, farmers perceive little risk and virtually
economists in all adopt new varieties. 
 In regions like the low elevation area in Kenyaeight countries. small profits are promised and virtually no one, regardless of farm size, 

adopts new varieties. In regions like El Salvador's valleys or Colombia's 
low altitude valleys, perceived risks keep many large farmers from adopt­
ing, but an even greater proportion of small 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 idfluenced 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 awide 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 CIMMYT'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 mdize 

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 activities 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 CIMMYT'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 nutrients 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 profess;onal staff next year. Outside
 
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 detdrmined 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, acomplete 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 physiology sections. 

Bioassay of cereals 
In 1973 CIMMYT discontinued bioassays of cereal protein in which 
the meadow vole was the test animal. To replace the CIMMYT tests, 
agreements were made in 1974 with the Instituto de Investigaciones 
Pecuarias (INIP) in Mexico and with the Instituto 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 piotein 
maizes, INCAP is planning to introduce quality protein maize in avillage
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 be 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. 

Elevation Latitude 
Hectares used 
by CIMMYT 

CIANO-INIA Sea level 27'N 100 
Los Mochis.INIA Sea level 25°N 2 
Navojoa -INIA 
Rio Bravo - INIA 

Sea level 
Sea level 

27'N 
26'N 

14 
1 

Poza Rica - CIMMYT 
El Batan - CIMMYT 

Sea level 
2240 m 

20'N 
19'N 

38 (twice a year) 
42 

Toluca - CIMMYT 2640 m 190N 67 
Tlaltizapan - CIMlv 'T 940 m 18'N 31 (Iwice 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 1974 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 analyzed 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 loan from the British 
Ministry of Overseas Development. 

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

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

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 C/MM YT 
(2nd printing). 
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Cooperation Information services personnel collaborated with the Escuela "Antonio 
with other Narro" in organizing rural sociology and information meetings at Saltillo, 

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

Publications issued in 1974 

Title Pages 	 Printed 

Research bulletins 
Epidemiology of wheat rusts in the western hemisphere. 27 	 1500 English 

1500 Spanish 

Information bulletins 
This is CIMMYT 24 2000 English 

2000 Spanish 
2000 French 

Maize diseases 77 4000 English 
4000 Spanish 
1000 French 

Results of the second and third international maize adaptation nursery 
1971-72, 1972-73 119 1500" 

Results of the third international opaque-2 maize trials 1972-73 41 1500' 
Results of the eight international spring wheat yield nursery 1971-72 137 1500* 
Results of the second and third international durum yield nurseries 1970-71, 

1971-72 	 120 1500" 

Translations and reprints 
Evaluaci6n de avances y problemas en la obtencion de especies forestales 

resistentes a la roya. 50 500 Spanish 
Evolucionar o perecer 30 500 Spanish 
Poblacion humana, demanda alimentaria y necesidades de la fauna y la flora 11 500 Spanish 
La productividad agrfcola y el problema alimentario de la poblaci6n humana 43 500 Spanish 
Avances hacia la obtencibn de nuevos genes de cereales 8 500 Spanish 
Identificacibn de cromosomas del genomio-D de trigo hexaploide en un 

triticale de 42 cromosomas 12 500 Spanish 
La producci6n de alimentos a nivel mundial para el futuro 12 500 Spanish 

Other publications 
Proceedings -- World wide maize improvement in the 70's and the role 

for CIMMYT 426 1000 English 
1000 Spanish 

CIMMYT Review 1974 95 4000 English 
4000 Spanish 

Visitor's guide 8 2000 English 
1000 Spanish 
1000 French
 

CIMMYT report on wheat improvement 1973 113 2500 English 
2500 Spanish

CIMMYT report on maize improvement 1973 113 2500 English 
2500 Spanish 

Proceedings - Wheat, triticale, and barley seminar 378 1500 English 
Situaci6n mundial de los fertilizantes 7 200 English 

200 Spanish 
100 French 

The Puebla Project: 7 years of experience, 1967-73 132 3000 English 
3000 Spanish 

*Text in English, Spanish, and French. 
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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. 

Mailing list Two types of surveys were made on the CIMMYT publications mailing 
surveys list during 1974. All addressees were sent acard asking if they wished 

to continue receiving CIMMYT publications. Three months later, those 
who did not reply were sent a second card. Persons 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, ashort questionnaire was sent to a small 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. 

Audiovisuals 	 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 depirting 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. 

Slide sets 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 slides)
-Laboratory techniques for determining industrial quality (50 slides)
-CIMMYT'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. 

i/
 

Part of the day's

work for Gil 
 .
 

Olmos, 
-

CIMM YTs visual 
aids specialist.
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Library and 
bibliographic services 

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 periodicals 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 !lnguages. CAB will reproduce 
all abstracts dealing with quality protein maize, and CIMMYT will serve 
as distribution agent. Publication will start in 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 publication of abstracts on triticale 
is planned. 
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Special report: RESEARCH ON PLANT NUTRITION: THE NEEDS, CIMMYT'S ROLE 

Doubling the worl',j'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 besrnade 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 ayear- 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 whether 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 withoutfertilizer. 
Yield, I/ho (ratioscale) 
7 

IPotom 

B.T 908 Cocorit 

- - ____
 
B.C777 

3 -_ _ 

0 40 80 120 160 0 40 80 120 160 

Nitrogen applied, kg / ha 
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CIMMYT and its network of collaborating varieties to provide a wide spectrum of genet.scientists are interested in three forms of ic variability for selection in the subsequentbiological nitrogen. One isthe wheat-medi- segregating generations. Early segregatingcago rotation which is being tested in North generations are grown with adequate moist-Africa. The other two are in the area of"radical" 	 ure and high fertility to enable the breedersresearch: nitrogen fixation by trop- to select lines or families with a high poten­ical grasses, which may prove relevant to tial for yield under favorable conditions.tropical maize, and wide crosses between These selected lines are then distributed togenera or plant families, which may extend collaborating breeding programs worldwidethe capability for nitrogen fixation to addi- where they are further tested and selectedtional plants. for yield under different moisture and fertili­
ty conditions.Breeding efficient cereal.varieties. Agronomic The CIMMYT testing system does nottesting has demonstrated that the new dwarf now, however, differentiate plants that arevarieties are more efficient because they have more efficient in taking up nutrients froma higher harvest index (greater proportion the soil. By selecting for grain yield theof grain to total plant dry weight) and they breeders are almost certainly selecting fordo not lodge (fall over) when increased quanti- efficient use of the nutrients after absorptionties of nitrogen fertilizer and water are added by the plant. In some trials where varietiesduring the growing season, have been grown on low fertility soils, oneSome new dwarf varieties of wheat yield variety will produce an exceptional yieldbetter than traditional tall varieties at all 


levels of fertility -even 
relative to the others under test, indicating
when no extra ni- an ability to take up more nutrients fromtrogen is ddded, and even when grown under the same soil. The table gives a recentnatural rainfall conditions, rather than under example from the triticale program.irrigation. The accompanying chart provides 	

A deep­
er root system probably explains why theatypical example from trials in Morocco variety DR-44 x IRA was able to reach a
where a new dwarf wheat variety, Potam, 
 wider soil profile, and thus draw upon nu­iscompared with a traditional tall wheat trients below the root zone of the othervariety, B.T. 908, and a dwarf durum variety variety and show a higher yield with no
Cocorit, iscompared with B.C. 2777, a tall 
 nitrogen fertilizer.traditional type. These results underscore the need for aAll CIMMYT breeding programs are now better understanding of the root system ofintercrossing a large number of different 
 cereals and the need to develop a technique
 

to select varieties with more extensive or
 
more
Influence 	 rapidly growing root systems.of nitrogen on yield of two triticalevarieties grown in the experiment 

CIMMYT has recently been cooperatingsame in north-ern Mexico, 1974. 	 with scientists at Washington State Universi.ty to test a mist growth chamber for measur-
Nitrogen Yield, t/ha
applied, kg/ha 	 ing differences in root structure.UM x Tcl bulk D 	 SeveralR-44 x IRA other techniques are employed by plant0 3.5 4.5 scientists, including root washing, glass-sided75 5.3 6.4 root boxes, etc.150 6.8 6.5225 5.8 	 CIMMYT should in future give 

8.5 
more em­

phasis to studies of root structure and its 

SPECIAL REPORT: PLANT NUTRITION 75 



effect on yield. One benefit will be to 
areas of the world where rapid leaching and 
denitrification are aproblem. 

Using iutrients below the root zone of 

existing varieties is likely to be of short-

term benefit because these nutrientF 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 Borlaup, left, director of CIMMYT's wheat program discusses 
new triticales with George Dion of the Canadian International 
Development Agency and Don Winkelmann, C/MMY T economist. 

". ..... . 2y. 

,it~ 



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 soils 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 the 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 produc4 

tion agronomists in these fo: acasting me, 
thods, and are partfcipating in national ferti-
lizer trials which will provide local know-
ledge needed to prepare fertilizer recom-
mendations for farmers. In 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 asingle 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 tf 9 winter season 
in North Africa. The reverse appears true 
in the high-rainfall areas of Africa where 
leaching can be a major problem. National 
programs are testing sulfurcoated 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 fertilizer managqerent trials are 
needed in every major pioduction region 
of the world, in fact in roost national pin­
grams. The results are location Spec,,c - in­
formation obtained from ferti',ze trials in 
Mexico is not reliable in other climatic ie­
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 some 
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 lie 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 ciop 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 akilo of 
inorganic chemicals (N-P-K). Organic nu­
trients have some superiority over inorganic 
chemicals because manures o'nd 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, 
10%, phosphoric oxide, and 10% potassium 
oxide. Thus tne 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 be 
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 is 
produced. 

In only a few countries in Eastern Asia 
are human 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 labor 
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-
yan foothills where chemical fertilizer is not 
available. In Zaire, scientists are dev -­ ping 
crop rotations of legumes and maize a 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-
trierits 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 arid 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 presai,t 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 to cause agreater agricultural revolution 
in the region than the introduction of new 
dwarf wheat varieties. 

In 1974, CIMMYT assigned an Astralian 
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. 
tures in awheat-medicago rotation would 
annually provide 60 kg/ha of nitrogen, in­
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 
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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 atten-

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 seedbed 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 isdemonstrated in the Maghreb. 

Nitrogen fixation associated with tropical 
grasses. Recent 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 

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,:nary 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 awide-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 atCIMMYT). It 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 

barriers between plant families. The pos­
sibility of having legum:-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
um and plant cells in vitro.
 
-Transfer of nitrogenase from nitrogen-fix­
ing Klebsiella to non-fixing mutants, and
 
to another bacterium, E. coli.
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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 tomin eropic al reas an thsei appliaion.
maize are two areas of possible expansion,.
As a substitute for staff work on either oi

As asubtituefr saff orkon ethe ol 
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 21st year 
at the University of Manitoba (Canada) and 
its 1lth 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 plantnutrition research at CIMMYT isthe conven­nurtoreacht IMTitecnv­tional breeding of more efficient cereal plants, 

n eeomn freae gooi rc
and development of related agronomic prac­
tices. We can justify no more than 5 percent 
ouces fo cresea rcc 

as wide crosses. This time and money per­
mits CIMMYT a leadership role for promot­
ing similar work by other institutions. And 
it is the work of other institutions that is 
likely to achieve a scientific breakthrough. 
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.
 

'A. -­
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Specialreport: 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 Univer. 
sity); two po6tdoctoral 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-
grams will each continue to provide one staff 
sc.-i,tist for wide cross work. 

In authorizing the cytology laboratory, 

the CIMMYT board 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 sir-
vive in harsh environments. For example, 
annual plants germinate, grow, and mature 
during the time of the year when the con-
ditions favur reproduction -moist soil, warm 
temperatures, and adequate sunlight. When 
the cohditions are unfavorable- drought 

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 shbuld 
maintain their separate wide cross work, 
being serviced by acommon 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 
aie 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. If 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, someplants 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 control factors. The intensity
ranges from nil to very strong, depending
largely on the environment in which theyevolved 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 to modify several partsof the cereal plant-environment system, he
changes nature's prime objective from plantsurvival to maximum production of seedand he changes tme plant's environment bysupplying soil moisture through irrigation,
by adding plant nutrients to the soil, andby controlling weeds, diseases, and pests.

Man is also able to modify and blend a 
wide array of plk-nt characteristics by hybri,dization. He is not governed by the samerules as nature. For example, man, rather
than the r.lant, can decide when seeds shouldgerminate. In the higher latitudes, man canplant seed of daylength-neutral plants thathave little or no cold requirement and ob. 

correct planting tine.tain high yields of grain of he chooses the 

Cereal breeders providinj improved varie-
ties for their own 
country, or specific regionwithin their country, have concentrated onselecting lines specifically adapted to theenvironment of the region. Sometimes they
have selected varieties that have sufficientlywide adaptability to allow the plants to 
successfully compensate for wide seasonal 

choose the material best suited to theirlocal needs. In addition the methods usedfor breeding these populations are designedto produce varieties that have wide adapta.bility. The presently used techniques were
originated in the late 19 40's by Dr. NormanE. Borlaug. He pioneered on an extensive
basis the growing of two generations of allwheat breeding material each year. This 
was accomplished by growing the segregat­ing populations during the winter -the com­
mercial wheat crop season- in Sonora, Mex­
ico, at sea level at 270 N. A second genera-i­tion was obtained by planting during mid-May at 2600 m. at 19"N near Toluca, Mexi. 

co. The Toluca site is characterized by
heavy rainfall 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 timenecessary to breed new varieties, but Dr.Borlaur, found that the resulting wheat lineswere daylength insensitive and could be grownsuccessfully in many different environments

in the world from Alaska to the tropics
under irrigation or natural rainfall. Thusthey were widely adapted and have greater 

The creation of international agricultural
research institutes like CIMMYT has addedanew 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 varietiesspecifically adapted to every micro-environ. 
ment where maize or wheat is grown. Instead
they make large numbers of crosses from
varieties originating in many parts of theworld. Then segregating populations or largenumbers of selected lines are distributed tobreeders in over 80 countries so they can 

variability from year to year. utility. 
This practice of selecting successive gener-
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ations under different environmental condi-

tions has been extended to include awider 

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 evaluated. The 

data is particularly valuable for testing disease 

susceptibility --the most important current it 

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 adequa-

tely trained breeders to produce varieties 

for all ,egions of their countries, farmers 

can begin to grow improved varieties by 

selecting one or two sip.erior lines from 

the international nurseries distributed from 

CIMMYT. 
-Widely adapted varieties reduce the effect 

of seasonal climatic fluctuations, soil dif-

ference;, etc. 
--New sou ces of desirable characteristics 

such as disease aid 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 hnes, but it would be almost impos-

sible to breed it into a large number of 

specifically adapted varieties (an example is 

hard endosperm forms of opaque-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 avisiting scientist using 

CIMMYT nursery data to test a biometrical 

techilque for measuring adaptability. The 

technique involves numerical classification 

or pattern analysis methods which have been 

used in botanical research for anumber 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 biologk 

cally meaningful method of identifying groups 

of varieties that respond similarly to a range 

of different environments. This technique 

shows pio,,iise as a tool 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 worldwid. 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 
staffvisits 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 research programs expand and 

become more complex. CIMMYT believes 
that more basic research can best be conduct-

ed with scientific collaborators in universities 

and centers specifically 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 

gt3ups is financed by agencies that also sup-

port CIMMYT. Many projects, however, 

are supported by local sources. The links 

SPECIAL REPORT: 

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 collabora­

tion and the benefit being derived by 

CIMMYT. They also illustrate how CIMMYT 

acts a vehicle for adapting basic research 

to the needs of farrneas. 
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 Inthe 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 aproject to produce 
new germ plasm by crossing winter wheats 
wth spring wheats. Some lines already ex-
hibit superior resistance to disease, drought, 
and cold. 

Since CIMMYT was founded it has drawn 
heavily on research and germ plasm from 
the U.S. Depaxtment of Agriculture'! world 
wheat collection. This isCIMMYT's main 
source of gentetic variability. The USDA 
Rust Laboratory supplies data to CIMMYT 
from its local irsearch and the International 
Rust NLIrsery. CIMMYT has obtained 
sources ol disease, resistance from this nursery 
and has used the nursery as a valuable aid 
for testing bi veiinq lines for disease resis-
lance, 

At Washington State University, a new 
techniqui: for studying wheat root systems 
has heen developed. CIMMYT scientists 
have provided seed for testing inhope of 
findinn asimple techiiquf, for selecting 
wheats with nim(c efficient toot systerms. 

The Rockeleller Foundation is frirncing 

work on rootirg hehirvor and rirnatode 
control in wheat at the University of Calt-
fornia, Riverside. A graOoate student frum 

that instil .tron iswork ingin Mexico with 
CIMMYT scientists on droughtsr,rulat ion 
field expe ricrents. 

Cornell Univesity scientists are studying 
the photosynthetrc efficiency of leaves on 

relation to yield inwheat inco'laboration 
with CIMMYT arrd with funds fror the 

Rockefellet Foundation. 
A U.S. Deparltmen. of Agriculture expert 

86 CIMMYT 

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 ha~e been collaborat­
ing with Oregon State University which de­
veloped a simple method for measuring the 
tolerance of wheat seedlings to aluminum. 
Mexican wheat varieties are susceptibe to 
aluminum toxicity in the highly acid soils 
of soutlhern Brazil. CIMMYT has now in. 
stalled cqulpment to screen all parental wheat 
varieties with the ultimate aim of breecing 
aluminun-tolerant wheats for use finblazil. 

In Britain, the Ministry of Overseas Devel­
opmeit (ODM) has made agrant to CIMMYT 

to uxi and cooperation with British wheat 
scirn-ists in1975. 

At the University of Reading, effects of 
templnpature rod daylengtt on the develop­
men' of the apical meriste n (growing point) 
of wheat have been studied in growth chain­
tiers. 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 
Ledin'j Institute, Cambridge, are studying 

the htmrtonal basis of dwarfing in wheat, 
InCoop'ralon with CIMMYT hreede rs. Dif­
ferent types of dwarfing grnes have been 
idrnit r rd together with their mode of action. 

Other scientistS at the Plant Breedri Insti. 
ltite Cambridge, have intercrossed Cl MMYT 

stir ig svheats with N otheir n E ur opean spr ing 

and winter wIh.zts to widen the range of 
ger rn plasn i~vailable to both research groups. 
This cooperation is prowrding CIMMYT 
biee(Jer and their worldwide collaborators 

with access to the high yielding and disease.
 
resislrt 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 (CSIRO), 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 
ddaptation. One method may give CIMMYT 
wheat breeders apowerful 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 dwarf wheats. They have in-
corporated varying degrees of insensitivity 
to daylength and cold. These materials 

have been'of 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 in-

prove the adaptation and rust resistance of 

CIMMYT wheats. 
In Germany, wheat scientists from Wei-

henstephan will be exchanging bre( ding ma-

terial with CIMMYT as the result of a recent 
agreemenit. 

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

SPECIAL REPORT: 

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

In the Netherlands, ascientist 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 influ, 

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 FAQ began an international 
experiment in 1972 to gather crop and weath. 

er data in relhtion to development patterns 

of wheat varieties. CIMMYT has supplied 
the seed for the project's annual trials. Data 
from this experiment is being made fully 
available to CIMMYT. Because reliable 
weather data is collected, the results should 
improve understanding of the wheat plant's 
develr ment in different environments. 

Toe insect and disease surveillance network, 
which operates from Morocco to India, is 
an outstanding example of multinational col­
laboralion. The network warns of imminent 
outbreaks. A CIMMYT wheat patholgist 
coordinates this program. As par t of this 
service, samples of diseased plant tissues are 
submitted to experts in Netherlands, Israel, 
West Germany, Yugoslavia, Egypt, 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 Septorid tritlci, 
a fungus of wheat. 
Barley. Although the barley breeding pro­

gram at Clt'iMYY is only 3 years old, already 
there are several collaborative research pro. 
grams with scientists in other countries. 

Under a trant from the U.S. Agency for 

BASIC RESEARCH 87 



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 agronomic, physiologic, disease-
resistance, and quality characteristics. 

A Danish scientist has been advising 
ClMMYT on methods for measui ing protein 
quality in barley, and he has also provided 
genetic material to Cl MMYT. 

A CIMMYT visiting scientist from the 
Waite Agricultural Research Institute, Austral-
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 barley, and who ha; recently start-
ed working with varieties that have high 
quality protein has agreed to exchange bieed-
ing material with CIMMYT. 

Another Ger man scientist is using muta-
tion techniques to reduce the susceptibility 
of hull-less bar leys to threshing damage. He 
is selecting embryos that are deeper-set in 
the endosperm. This material could be of 
great value Ion iruproving the barley food 
crop. 

Triticale. Like ary wide cross between dif-
ferent genera, triticale has suffhred from ster-

tlity,chromosome aberrations, qrain shrivel-
ling, uncommon disease prolbler is,etc. Scien 
lists from several countries arid CIMMYT 
are collaborating to find s3lutions. 

In Canada, the Canadian International 
Development Agency an( the International 
Development Research Center (IDR; sup. 
port ClMMYT's triticale program In addi-
tion these ornanizations finance more basic 
research iii Canadian institutions to assist 
the triticale network. IDRC also has groups 
of scientific experts which advise Cl MMYT 
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 ate forming. 
Degradation 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 tha physiology and histology 
of triticale seeds have differentiated two dis­
tinct sites of shrivelling, the seed 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 ard testing tr iticale. 
He also sitpervises a high elevation nursery 
in California where tIiticales from CIMMYT, 
Univer sily of Manitob i, and the University 
of California are being tested unc|i condi­
tions which permit both spring and wiater 
types to be identified. Another researcher 
is studying the cyto(,f.]y and cytogenetics of 
triticales from several sourCes including 
Cl MMYT. A gradi.ate student is studying 
the causes of seed shrivelling in triticale as 
thesis research. 

The industrial uses of triticale are being 
investigated at Texas Technical University. 
Little other effort has been given to this 
area of resuarch so this collaboration is par. 
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ticularly valuable to CIMMYT. 
In Britain, one scentist 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 
cny exhibit necrotic lesions on the leavLs 
and eventually die. Unfortunately, some 
of the best wheat parent varieties appear 
to carry the undesirable feature, 

A study at PBI of devoping endosperi 
cells of triticale has shown that the rye chro-
mosomes divide more slowly than the whe;,' 
chromosomes and occasiorally the slow di-
vision interferes with formation of the, cell 
wall. As a result, large aggregations of chro, 
mosomes occur whichultimately break dowin 
and leave a large hole in thl endosperm, 
providing another cause of grain shi velling. 

Scientis'- it the Commornwealth Mycolo-
gy Institute, London, and Department of 
Au'iculture ,nd Fisheries for Sctlind hae 
helped CIMMYT identify diseases found on 
triticale in Mexico and other counrihs. 
Since triticale is a niw crop species and 
since it - is germ plasm froma both wheat 
and rye in its clls, sorne triticale disease 
symptoms are unfamiliar to CIMMYT sciern. 
tists. 

In Sweden a scientist it the Institute of 
Genetics has i-oncentrated his resfairch on 
octoploid triticale, His materials, advice, 

and scientific skills have been rnade available 
freely to CIMMYr since the inception of 
its triticale progran. 

Anrcther Swedish scientist refined a new 
chromosome staining technique and while 
a visiting postdoctoral fello, at CIMMYT 
for a year he was able to sta i and identify 
rye chromosomes in varios triticale stains. 

SPECIAL REPORT: 

A series of type strains based on chromo­
some composition was set up. The type 
strains range from triticafe 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 trtticale. CIMMYT has grown 
the treated 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 jifferent typ's of (lenetic variability. For 
,!xample, a scienlist at Freie University, West 
Germany, is providing tit icalh fi0ni crosses 
of a wide r aige of wheat and rye species. 
He is the only scienti t producing tetraplcid 

titicahe. 
At another German instirution, the Uni. 

wesity of Hol1 nein, scientists are selecting 
fertile, smit stlr',;d, hilh yielding inbred 

line, of ryt. for itheiproduction of hybrid 
iye. A number of thes lines arid the original 
parentrl niterlals will h crosed with v,,heat 
it CIMMYT to pr ducf, pi ,y triticaes. 
Because the wheat arid rye chnrotm sone 
components r f ,i trir:caf hehave a inlbreds, 

the l(Itlslon rof feltile inlieds of rv in 
tr ticale may ploduc, a cytologicallV iore 
stble plant.
 

The Vitl C rgrslsResearch Institte,
 
FliHunfary, has produc d winter tritic~ale with
 
th, "Torn thumril" dwarf tiene, i (different
 
source of dwarfinq than thi iid i
 

CIMMYT rmiatrial which conta ';ns the 
"Norin" dwarf gjenes. Studies ,t the institute 
have shown that the CI MMYT triticale strain 
PM 13 has better resstance to fro t in Hun­
qary than some winter whe ts, even thouqh
 
it is a dylentith osrrisitvi, s)ring type.
 

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

Haile Selassie University in Ethiopia is 
experimenting with the use of triticale as 
asubstitute for tef (Eragrostis tef),a local 
food grain. Mixtures of tef and triticale, 
with some modification of the cooking 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 
grain, and has identified genetic differences 
in the susceptibility of strains of triticale 
to fungi of stored grain. 
Maize. The CIMMYT maize staff has col-
lahorated with maize scientists in the USA 
fur many years. Some examples: 

Purdue University, 'ith financial support 
from USAID, is .,udyingthe genetics and 
physiological adaptation of maize with high 

quality protein. One scientist is investigating 
the modifier gcncs that intluence the hard-

ness of the grain associated with quality 

protein gene, opaque-2. These studies may 

lead to more efficient methods of breding 

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 L.nd helping 

to select CIMMYT maize populations r,.sis-

tant to European , )tn borer. A researcher 

there has slh()in that in U.S germ plasm 

tIe content of the rnicial substance re. 

sprnsible for resistance (DIMBOA) in first 

(lreration,borer- esistant lines is about 10 
times greater than that found in susceptible 

lines. In conttat lie has shown that resistant 
families from one CIMMYT i)pilation have 

low DIMBOA content. This has suggested 

that in the CIMMYT material other mechan-
isn's are involved in providing resistance to 

borers. 

The University of Kentucky has analyzed 
data from CIMMYT's maize 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 iscollal r" .iig with the Uni­
versity of Colorad , r AO, and maize germ 
plasm banks in Mlexico, Peru, Colombia, 
Brazil, Arge tinw, and the USA in develop­
ing a stora, 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 SC:ice Uf d rusearch 

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, for a 
joint project. CIMMYT physiologists have 

found th-it tropical maze accumulates dry 
weight at about the same rate as the highly 

fficient hybrids of the U.S. cornbelt, how­

ever, less of the dry weight accumulates in 

the form of grain, so tropical maize- ate 

commercially less efficient. Scientists from 

the Boyce Thompson Institute are interested 

in the growth regulating control of grain 

storage potential in tropical maize. A better 

understanding of this process could open 

the way to breeding tropical maiie with 

greatly improved] yield potential. 
In Or tain, faculty members at Rearming 

University and University of Nottir gharn 

are using data supplied from Cl IV;MYT phys 

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

functions and yields. 
An investigator horn the Tropical Prod­

ucts Institute, London, isworking at 

ClMMYT with Iinancial support from ODM 
on the relation of fild 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 
Maizo Committee of the Maize and SorghL.,a 

Section of Eucarpia (an organi~dtion of Euro-
pean plant breedp.r:. 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-
pie 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 University of Gies-
sen has been selecting early maturing maize 
originating in Poland and Yugoslavia. His 
resedrch findirgs and material have been 
made available to CIMMYT. 

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

Baios to brced maize varieties that are re­
sistant to downy mildew for worldwide 
distribution. Although this disease is mainly 
aproblem in Southeast Asia, it is becoming 
more ir.ortant in Australia, USA, Mexico, 
and South America. 

At the International Institute of Tropical 
Agriculture, Nigeria, a scientist is making 
fundamental studies of maize root systems 
under normal and high soil temperatur;s. 
High soil temperaturuc nave been shown to 
adversely ,ffect the emergence of the maize 
seedliig from the soil. 
Quiality protein. Tu develop clitrical tests 
and animal nutrition tests for measuring the 
proteio quality of maize, sorghum, triticaIl, 
and barley lines, C!MMYT ,sinvolved in 
several collaborative programs. 

Purdue University, with funds provided 
by USAID, and CIMMYT, funded by United 
Nations Development Program, have develop­
ed several biochemical techniques for measur­
ing amino acids as an indict.to of protein 
nitritional quarity. These techniques are 

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

i "11C 
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now widely used by cereal workers through-

out thu world. 
To compare the accuracy of various 

animal feeding tials, researchers at ' oversi-

ty of Manitoba Michigan State University, 

Washington State University, Pennsylvania 

State University, Arizona State University, 

Purldue University, Instituto de Nutrl cin 

de Ceritro Amn)rica y Panarni (INCAP), 

Centio Internacional tIe Agricultura Tiopical. 

and the Mexican National Institute of Ani. 

mal Resatch (INIP) have conducted tests 

wilth stch test .rriinillhs as tats, voles, chicks, 

turkeys, lpig, arid huniaisusing grain sam. 

tiles provided by CI MMYT 

Recentlv CIMMYT atranl d with INCAP 

in Gtatemala and INIf in M,,xico to carry 

out colklht)ibr 'ive rs"earch and eslig usinq 

rat, pig, ,o(ilitina a;says of ;idvnced 

bieedin] iaterhal )f ialze, t iti(ile, barley. 

and soi(lhuiim 

Radical research. I, enti, at Kisis Stare 

Universily (USA) an(d CIMMYT hav enina.k 

ed on a ping .(1,nl Corllihne (l fetent g11r110ato, 

of cereaIs through the use of immunosuppres­

sans drugs to break down the incompatibili­

ty barriers between plant genera. CIMMYT 

has made promising initial tests of crosses 

between whear and barley and btween rye 

and barley. 

Under a grant horn thet British Overseas 

Development Ministry, cytological ab)erra­

tions that occur in wide crosses will be 

studit-l at CIMMYT by i cytoger'eticist from 

the Plant Breeding Irstitute, Cambridge. 

Two British post doctoral scientists will work 

%vtlh the program 

A British scientist from the Aberystwyth 

Plit Breeding Station is field lesling the 

technique for wide r',osirg). 

Crosse itnmaize with trrlsacurni are being 

tuh,-d il lh USA attl.,e Univer ity of 111i 

ins imiIn col~ah r, lion with CIMMYT and 

cirn s of mar.i it li'.rrlen am heinq stud. 

i-d it thet lUirvtsy.of Chicaqo 

Thew ictivitws have, ixlpn(d| (grealy in 

tlnt past 2 years and w In likelv tIoronlirnu 

ti; pid In thw fioewahl flltre 

Special -,'),t I CIMMYT'S GERM PI.ASM SERVICIS 

!elin I I n1r'sfrlscvsCIMMYT offers vai 005 

to sclentsf, thnrotinjhout the world 

Maize germ plasm. Over the la t 30 eans, 

CIMMYT .vid its pordcsso ,ticticiit, iF 

COOIpti,'tini with tilt, tg1ivIrIrnielnt of Met to 

have ,jtlorl 12,001' .i r.,siom oftoioi., 

It'. iil' t.1_ i indl| clati, ( I Ii ni'I 

toini 46 nr{ifr ,, S;e 1972 (.IMMYI 

I,.i r.ritnr'lo .I1r1ipsla urn gpIcn ri Corlliir 

ing all knoiow of tlhs wild p'ltririidl 

iell,rtve of iji/t' CIMYT's rnri,''' rollec, 

tion I%tin' l,tr-e'". i the vwnil(1 

Sein sai quailtirrlir t s irvpplhelto 

wClttsts wIhou' t Oitip!,. CI MMYT asl, % 

a leturn of datla frrlilltIlfrg by Ci)lll)i,,a 
ltl 


Sped i tire collvcion is kept viable oto 
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perlodic Irepiritin,. and ty storae at low 

lemlperatule I lieproof facilitiesi at CIMMYT 

heaid(lx he­

[,'d t,-,tsof )at tilh CIMMYT collec­

tiOo 1V dlle0 acittiI inI rt)lc.Vhd filId trals 

uiati.I11' ;iye-ar, arnd wniatilied mturioriic 

characrlti'n . o tli a(i'5,i)i1 
, 

LIMMYT 

is I)reI);,r to shi an I rIn,ended catalogri puhi 


of thiew' daa, iii colla,,orrtron with Dr.
 

)o.,h Pflo o'rs IF lh Univerity/
o AO, arid 


t Cioloradi IUSAI [)r lo(et isdevelop
 

rii A t,iIIdI'ii %yotI lit cal oiinq all
 

fiiljr cnllectioti (f rnafe. gerin pdaril
 

Ptup li:.ti .ed fitCIMMYT accessions
 

v ll Ie plat d III lon r inill suijsti at thr
 
t)'a N~itionil St- d ,Stoiati'Latbotatomy, an' 

(IMMYT will rIIamritiira its viability. 
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Germ plasm for wheat, barley, rye, and 
triticale. CIMMYT looks to the US. Depart. 
ment of Agriculture (USDA) world seed col. 

Ilctions of wheat, barley, and rye for the 

storaqe, classification, and servicinr of small 

grains CIMMYT mainlt.,ins oily working 

collections for its own ). eedinj me: about 

4000 iccessions of wheat (out of a world 

collection of about 26,000), 1000 accessions 

of barley (out of I world c.loctioli oi dboii 

15,000), irid a siill workinq c, Ilectinri of 

rye used in the titicali' bfeeinq proliaii. 
CIMMYT shares germ plasni and data 

from its working , illecions of small rjran' 
with collatoratlrnl scie'ntsts, bot CIMMYT 

does lit attempt toi rrinitaii a general 5sc(1 
service for these qi ,itns Instead, w(uvists 

are referred to USDA 
CIM MY 's c olletiri of trlticale Jcces-

sions, togetheri with thi ot the ivity 
of Manitoba (Carladl), cnosithte th 1ost 
cornplehmilsv collirt( o I of (prin| pli.)oc for 

this mrl rial -arn lwfitit x ryi) CIMMYT 
is Oie ofi the prlicip'll spli cif hrIdirs, 
set tot i'lica:e r, va he ,isvorld'widf 

"Gaps" in the nr.ile arid wheat collection$, 
CIMMY T shares thi' io'rcri that i) Ilsi 

the world plant genetic resources for maize 
and wheat should be filled, but CIMMYT 

(foes not employ full-time staff for this 

work. 

A ClMMYT stafI neniler wor king on 

crosses between maize and tr psacuni has 

participatid foi i fe.w days t'ach year in 

te coel;Ctilll oIf additional qlivni pldsm for 

tiilsacum which lirows wild Il Metoco ,and 

livieilhhofbl couillies.eil 

CIMMYT , id the± qovernicennts of India 

Hnd Bldll have (i.CtSSed niVJan5 of cllect-
Inq additi(ilal maize flerm jlf,,m Ili remote 
reIs. Mi.'e fio the Northeast Fronte, 

territory of Indi and from the upper Amea­

toio l1{isii ini Iltci lucpieventit two gaps in 

the wrl ci collectnor of Ze'a Pn,)P L 

Ill 1973 two CIMMYT siirnitists workinj 
oil ticalih Collected anid ,(la' of ryl, In 

Toiy whichiavbeen itioducJl ilto 

ti ltrticle breeding pfoiial, if Mexico 

LIMMYT r'llhlp ilain 'Inn fila(e. the 

,'Vi h fiti ,dditoal(} (irTI IlAll iIImalle, 

"Iwhat, i snd.ll lraircs, but CIMMYT's nvy 
L1if it".Ici If1 t,ift nhwrrc)itfi or, fii(t able 

to l'a. 'hi other (ullet ti pot l liate 

as 1111ilc1t (i)oersC 

Speci,ieoI)rt: WORLDWIDE USE OF CIMMYT DRE AD WHFAT GERM PLASM 

Varieties vilth geirfl i m aild thec. J, I ,[l,, Ii I'i thr CIMMY r I ily tl, ",de what to ridnam 

wheat bliet ( i ll nip dii I l Li,'Imou il lo diV .' f,'W v iflpl , whilti f'"k stan (It! 

virtually all wt0 t.1t (11owiiojI(ccit'ils III it I 'l,- th 'c( i a.Iflety Stlet 
ndny COurii vs, 1 ut ),titi pii.op(,f Glfrn(" t i)o f . 

1 
I t i inf 

.fTIii it Wak ren'liryle 

of the fii(lh yit hl , i v,., ,'t . (pi rc art titt, r .wilk0I) 

result f CIMMY T h,.-l-d q wiuk 5,.ctii jt sir tv inll it (Imlitid afttf 
CIMMYT nvv',l,, I oiritrplisiuc itiift' ScItiitfiat111 c.i.i st-cltiiis linillitio'll h 

fill)# is' fleds, I tilit Ways Fif%. ,fter *i p(pt'.1itor if(I vfeil inCIMMYT MexI 

ap)pn dlpate' tr'stirii .,a t lll fiay d (Iilk,t (i is the 11incW (11,t if) |I stlan to a 
that a CIM M YT 'l,-cii,)oi,u .itfrli ft-, I wh-uiif I fr li .;iT.,r', (:trriis 

direct r, lease to fatrmeris CIMMY T dovts Thirid, CIMMYTT vtih lIed lIri plam 
I1l " release Vdllei'tt llsI lt is wI% 5v y tx f iinloi.1l scletstlslrihie,'Is rcll) rc 1 ary ,t%po-nt 
the responsibility of national (1, vfnivients ,l in trctidiiuij new "aiiei'ties Tarnab.lt rriiterti' 

SPECIAL Ii(POR T r i1 H#&q 9jUSE OF CIMMY T IVWIA PL A!.M 
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Table 1. Contribution of Mexican wheats to wheat production in various countries. 

Est. area 
sown b 

Variety Mexican identification released a (000 ha) 
Year 


INDIA 
Kalyansona Siele Celros 67 R 6500 

P.V. 18 
Sonalika 

Super X 
(53-388.An x Pi "S" -LRI(B4946.A4.18.2 x Y53)Y603 67 R 3000 

Chhoto Lerma LR64 "S" -Hua. R. 67 R 1000 

Saled Lerma Y50 E -L52/LR 67 R 1000 

UP 301 (rita 66 "S" 69 R 1000 

Shatbati Sonora Sonora 64 "S" 67 M 

Leitma Rojo 64A 
Sonora 64 

Letma Rojo 64A 
Conora 64 

65 D 
65 D 

1000 

Lai Oahadur b54723 x R 631-1 69 L 

Hire Pi"S"-Son 64 71 L 

Moil Pi"S'" xNP 852 71 L 

Janak Pi "S" x HD 854 73 L. 

Malavika (dutum) (P, "S" xTAC 125)TA 4 x Z.B Wells x Lakota 73R 

UP 215 Tobart "S" 73R 

Shall LRGAA x Son G4 73 R 

HID 2009 11 x Nat 60 74 R 

HD 1981 Pi "S" xRN (HD845) 74 R 

PAKISTAN 
Melpak G5 Stlte Cerroi 67 D 

Meax)ak 69 Stctt Cerlos 68 R 4500 

Indus 66 So )(' X 66 0 

Penjanto 62 P 'jarno 62 65 D 

Khuhdl Cort, 'ator x C271 69 L 

Ta,nhj 69 2113I(Y 0.'63)C 271 69 L 

Blut' Siltvt Scnai,l ka (I n,'a) 69 D 

Che'r.1Jt 70 C'211 W x Sort C4 70 L 

i,itrai,10 P '"62 55C20 70 L 

Gristl Vatth'y Chhw-h Lrtta (India) 700 

Kalam I1 Comtinaor X C211 71 L 

SA 42 C2112 x LI Sort 64 72 R 

BANGLADESH 
Niwte)o 67 Norlef\ 67 74 D 

Mermp.k ft? Steie Cerll 68 D 

NEPAL 

Letitia HIolo 64(A Lrma Ioo 64 67 D 

Sonath a, S . ,;I I n(lia) 68 D 70 

KalyaiVinsma :t' Cerro% 67 D 

L rra Q? tt rita52 53 O 

AFGHANISTAN 
68 0MP'pak Stele Cerros 
68 D N 460Leftma liogo Lerma Rojo 

Bak hldt 72 R 
73 D/
Ephvat 

IRAN 
680 150Inta Inia 66 

Mogtnn LR-NIOB - An 3E 73R 1 
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Table 1. Continued 

Est. ar 
Year sown b 

Variety Mexican identification released A (000 ha) 

Karal I (200H.Vilufen)Roshan 73L
 
Arvani 1 Roshan/Mentana-KenyaxMayo 48 73 L
 
Khazar 1 P4160E-Narino 59 x LR64 A 73 R
 

IRAO 
Mexipak Siete Cerros 67 D 
Inia 66 Inia 66 69 D 600 
Jort (durum) JarS 72 D 

SYRIA 
Mexipak Siete Cerros 71 D 
Pitic Pitic 62 680 300 

x LA3Syrimex Pi "S" 69 R 
SAUDI ARABIA 

Mexipak Siete Ceiras 69 D 
Mexipak Red Super X 69 D 10 

LEBANON 
Mexipak Sletw Cernos 67 D 20 
ARZ My54ExLR/H49( (LR64xTipp.Y541 73R 

JORDAN
 
Mexipak Siete Cerros 69 D 

ISRAEL
 
Mivhor 177 Siete Cerro 66 H 
Ceeon Ytti6b A3 /NIOII 68 R 
Miriam Ch5 3rXyt54is rav 70L 80 
Hazera 18 Son (4A -TppI' !ai 60 7OR 
Lakehish Flor ne AUIOIexYE NIOB21 71 L 
Hatera 335 Ia "S" x Son G4 zTpp/Y54 74 R 
Penjamo 62 Penamo 62 68 D 

TURKEY 
Mentana MNriatne 630 600 
Dicle 74 (durumn) Cot nt 11 740 
Ciguefa (SonG4 2 ,irppYb.4 !n64AIFr 2 .Y KI. 74 R 

EGYPT 
Super X Super X 1 D 
Mexipak Siefe Cerros 72 C,) 270 
Chenab 70 Chenah 70 Pakistagi 73 D 
SA. 42 SA 42 (Pakstan) 73 D 

LIBYA 
Sidi Misif I Siet Ceviaos 720 

SUDAN 
Mexican, ill NIOI %Ari3 E 71 R 5) 

ETHIOPIA 
Laketch H106 vhole ?0 D 
Kenya Kang, Kenya Kainqv (Ken V t) 72 0 
Supitmo Knya x Y,148 70 D 

KENYA 
Africa Mayo Africa x Mayo 48 60R 25 
Kenya Leopard (Lageadinho ). K 354P 3 ) m (c 1.12632 x K354P3 ) 66 L 
Kenya Kanga Mem.om I(Wis 245 x Sup 51)mIFf FnY 2 ) Al 71 L 
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Tablet. Continued 

Esr. area 
Year sown b 

Variety Mexican identification released a (000 ha) 

Trophy 68 
Token 

TK" x Yb0 

1 K 'x Y50 
2 

69 R 
69 R 

Kenya Kiboko 

Kenva Nvan 

C '8ib4 Fi 
2 

xfGh5436896)Gb54 

lo iiatv 2 x AIM 

73 L 
73 L 

RHODESIA 
Zantwsl HI' I e ND74 66L 10 

Tokwn, M'c 1d4nqtuen N) 14 67 L 12 

SOUTH AFRICA 

Inia In a toi D 

Totnani Tlliti 0 
Fltmei, 1.1P.1i . NY Sup R 

T4 1 IfNI)L x An 
3 R 

Biri Lee FnionaAWr 48KIMdVu 64 

Sondi~roi I, 116(4 S, n64 
2 x Naqx 63 74 R 

Aeti Yt't<i*h 74 D 

K lP. 14 , SS F 70? 

Elite Inta 44) P410UO
3 74 L 

hltne [iCi "S"Sion 64 74 R 

G-#a C 1a,11,: 74 D 

BIonnte Tokv'ov i ji'l, 1'6 74 L 

TUNISIA 
1111 lI,,ih60 G-oo 

if.,o I Citjh 4,11 D 30 

S Ii.'lle !,m. I 16et0 74 H 

Va/I.+ . 1 74 D 

Anal Iiihiiil ,,t 74 It 
M.qtih 12k1,a,, (Ir l HtI )t,0L I16Zm61-1301 74 1 

Cdaili'ole N;, 11,h H Ib6 74 R 

,., H .1 H1+,( 74 H 

ALGEIIIA 

+( ,in, *,, h~( ,,+7 1) 330 

Iia l 'l12 D 120 

J., t , J....in 21) 120 

1011 1t4) 
soojl+++w 

T. t,. 1,1, 
1jt,+,twi. A,+ 

12 D 
74 D 

MOROCCO 

514i,,. (ii n,,, ,.n (m'i 68 D 80 

Iohir, I W". I (, (.4) 160 

Prol.,,), P'gi k,.('2 680 1t0 

Pnisy) P.,0 P', 1,1 1 C) 

G'9 I%a Pal,,k t.Jaranyvd,t| vI.fd fInom tuted to wheat production throughout the 

2813 1Y62 63) , C211 Itiv world in 19731 Where O'.,%blh,hI r,,nt 2813 the area 
1Y62 63) wa to-livdh l T planted to each variety h.i% ven estimated.(IMY 

Talh I , a conmliilaItIolofIt +ivetir Many of the vaielIv Shown in 7al 1 were 

bIatiml CIMMY I oer p.im Uhot cunrili released sn 1972 or 1931 Thew vaiertes 
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Table 1. Ccotinued 

Est. area 
year sown h 

Viriety Mexican identihcatiun releisedJ (000 hi) 

CANADA
 
)
Pilic 62 Piic 62 73 D bo

Norquay Li 64Son 64x Jisti 74 L 

USA 
Red Rover lo1im "S" GH R 

Pillc: 62 Ptli. 62 

A" 
3

Anta LII NIOBI E 72 R 

Cuileme 71 Cajefil! 11 73 D 
Bonaflia Pi "S" Chi "S" . Soo 64 72 R 
Sew Celios I ,,m C.,,as 276 

Bluelihid 2 11a,hr1d 2 Yvtard 10 

Inid 66 I', 66 

Ina 66 R II'l (66 J
 
Piotof Tath Cna 13 R 
Plodax Cal x Htobil 73 rj 
PItdu a (rhitluil) 1 gtarh', 74 R 
Plospil Np(:tT zpp Son 64A 74 ii 

Il *ntih.+C s. "S" Soo 64 74 R4S" 

MEXICO 

Ltetim RIj 64 64 D > 63 
Dell( ,as/0 100 
SIeIl cf.r.,u ) 66 0 14 

Yvrsur 
Cs+el,' 

0 
I 

/0 1)11 D > 
r 

44710 

TI".,Ir 71 71 0 

Joln 61) rtll) 690 22 
c()ti l / I ith I,m11 D 

Juaitr,.a 13 73 0 
Toliri 13 130 

GUATEMALA 

N i frln 5 9 ) Nat Ir 59 )OD 

Palo TrIpI' San 64 m,Nr b9 71 D 

Maya 74 Clio (.ull 14 

COLOMBIA 
Boria 63 111()Ni'tj . laij,.1 2 63 L 50, 

Ti ba f i,Y48 PV 54.* i rit en 63 L 

Zil (A I Y 4H . AIr 
2 68 HI 

CilLE 
Toglu'fr'l (L144 p('1(,)7,t!4L (, 1. 10 

MeiXhiI 11.ir 64 - ! I AlIt| II 

ietP nti ,' t hi'l; q~lo laW Ibyfilotlis of tisd. Fmt srvi'tl (ounlt, itv, 1i.itiimiail iV il­
vi!!il*laitl (tof)icillii,tliltlllf1 ', dedwli+'in w tul Inlaant lils pri l I r ( il+'ol , 

T,,hh, Iw 1s aw %(atirct's. tistnc.'%, CINIVY ( I iillt'Ctddrtoihli,(I hotof iIlJrt, fevw .1 T .i,1'1 
W it!'i,V~ildblh', If'll)ill% llI
Of!fljl l i~ i0' I'Sildi c"t lif)!ii mll l ll% wvlht lnalllo 

piodcti ,ir(lh ,iosearch oid piiirarra haviurit CIrniII1I' 11i1ltli al oficlik. 
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Table 1. Continued 

Est.area 
Year sown b 

Variety Mexican identification released a (O00 ha) 

Quilaten (dururn) Ld357E-Tc" 61 D 

ARGENTINA 
Precos Parana Inta Son 64 x Knwt 2 71 R 

Marco Juarez Inta Son 64 x KI, Renl 72 R 50 

Tala 
Lap~cho 

(Son 64 x KI. Rend) Mass. 5 
Cno 67 'S" 

73L 
73 F1 

PORTUGAL 
Mexiano 1481 NIOl x P14 71 R 

AUSTRALIA 
WW 15 LH NIOHxAn3 E 

67R 8 

Durdnihi MeNDmivu 523 I( 71 L 

Condo WW15 XWWR0 74 L 

Kite Me v.yIllf X E,191! 74 L 

Egret WW lb %liefro 74 L 
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directly to 80 nations, workshops held at 

El Batan in Mexico have drawn upon scien-

tists hom 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 im.d ae ready to play a largur role 

in their own regions. Second, CIMMYT 

staff resources in Mexico have bcen stretched 

to the limit. Staff travel out of Mcx.,i 

cannot increase further without cur tailing 

research. International nurseries are grown 

at bo mans locations that in 1974 air ship­

nients of sample seed from Mexico reached 

7.0 tons, and many shipments arrived too 

late for planting because of air express 

difficulties or lite quarantine clearance. 

Regional services are ne' ded in which 

sciantists from producing countries can par­

ticipate, and in which CIMMYT staff members 

posted to the region can supplernLnt the 

Keith Fintiy, dep4iy director ot CIMMYT, admires the diversity 
ofcoike types that can be found in barley germ plasm. 
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services now provided from Mexico. 

Central American prototype. In 19,4 
CIMMYT formed a regional service for maize 

imp vement in Central America. This proj-
ect serves as aorototype for others. 

Two staff s,',ientists, one abreeder 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 ayear, using seed 

from the national programs as nucleus, but 

addinq 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 see outstanding examples of research and 

production. 

The two CIMMYT scientist have no re-

search plots of their own. They share in 
the work of about nine national programs. 

This service has lost begun, but Central 
America r, already receiving more complete 
services from CIMMYT than ever before, 

The regional staff is t:king coropetitive pride 

in the work ol the region It is too soon to 

observe the role of local scientists, but it 

is expected that local scientists will shor tly 

make rmost of the (Jicision on their le(iotral 

nitize nIuIsIS, anl will rnallage their Own 

reglion. workshop. 
Regional programs being negotiated. Two 

more rinaize rlionlal services ale nidler !nl-

(fotiation. The Andean region of South 

America (Bolivia, Colombia, Ecuador, Peru, 

Venezuela) indtices 3 million tons of 1, Ize 

a year. In addition the tropical portion of 

Brazil produces 5 millon tons of rraize and 

uses varieties similar to those inthe lowland 

regions of the Andes. 
Both CIMMYT and Centre Internacional 

SPECIAL REPORT: 

de Agricultura Tropical (CIAT) have been 

assitting in maiz, 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 Ftaff members would provide essen­

tially the same services as those described 
for Central America. In addition, one 

CIMMYT-CIAT breeder would be stationed 

in the highlands of the Andes to specialize 

inimproving floury mize,a cjreal which 

is peculiar to the highlands. ,gmost 1 nil­

lion tons are grown and eaten by subsistence 

fafre's there. This reglional service shoild 

begin during 1975. Financing would be 

by the United Nations Development Pro­
granme (UNDP). 

InAsia, 12 rnaizepoducing coontries 

f romn Indonvrsia to Pakistan, have bieen co­

operting under the Asian Cot n Program 

since 1,66. A three-man Rockefeller Foun­

dation staff at Bangkok has pr ovided assist­
ance. The pfiesent program is terminaling 
in 19.'b, and CIMMYT has been asked by 
gJovrrnrits of the rgioltn to forIulate a 

new set of services. 

An arimernent inder (Jiscusion between 
CIMMYT and the Interrnational Crops Re. 
't,.irch In, itote for the SeineArid Tropics 

(ICRISAT) woUld )rIot CIMMYT to post 

,Itwo-mil iei/ staiff to the Hyherilad 

lrrhJlardters of ICRISAT s-hner thi 

CIMMYT sn:iinti'ts would oraflilme reliolial 

,ivicis forAsi,r Iike those for Central 
Amrierica, 

,TI proposal will require an agreement 

with the (lovernrlenrt of India, arid, sol 'ect 

to thait ajfn"emlrit, coUld belin during 1975. 

Fnanciiof would be ry UNDP. 

A regional service for wheat rs expected 

to begin in East Africa during 1975. Initial. 

ly one CIMMYT breeder will be stationed 

at the Kenya Wheat Experiment Station, 

REGIONAL SERVICES fOl 



Njoro, located at an elevation of 2200 m 
in aclimate 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 .vires would also 
incluoe the circulation of regional trials, 
selection of fellows for advanced training, 
consulting with governments within the re-
gion, arid organizing periodic regional work. 
shops for wheat workers, 

Producing regions for maize , id wheat which can 
serve as the baeis of regional serv;ces for crop 
improvement. 

Number of 1972 
producing
coi ltris 

production
(million tons) 

Central America and
Caribbean 2 

Andean reional an 
tropical Brazil 7 8South and %OJthVJS, 
Asia 12 12 

Tiopical Est Aflica 15 9 

liolical West Afica 16 4
Souther cone of South 

Arermir and temlperate[iazifl 
ihto a N 

Mr eitane n aid Near 
Eiat ro 45


Trocal East Africa 4 2 
Southern cone if South 
America 
 5 12 

'Wheat production inthe Ande'n region is siall, 
but regional services becan important there 
because. I1) the Andean region imports more 
wheat than it grows, (2) Andean couinties producemore hatley than wheat, ;nd the same regional 
learn can provide services to both wheat and 
barley, (3)(iseases oitwheat antd barley move our 
of the Andean regrun, aridaffect the wheat cropof the southern cone countries. 

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 abi ve. 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 wod!d be $1.5 to 2.0 mil­
lion a year by 1980, at constant 1975 prices. 

CIMMYT isdiscussing thesu services with 
some governments in each region. Where­
ever appropriate the re 

ginnal services will be
 
centered at the headquarters of another 
international center, as already proposed 

with CIAT and ICRISAT. 
Role of ecoiomics. '-IMMYT economists 
iiiMexico are now assisting the new regionalgroupings by organizing economic studies
 
in each region. In some regionF,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.
Local scientists. In the lorg rin, the most 
importdtnt result of the rew rgion:il services 
will be the increasing iility of natinnil 
proqrams to shaie technology and training 
among themsei. es, as suggested by "new 
system" shown in the accompanying dag, am.
The size of the circle for each country pro­
gram suggests the strength of ,*research 
program. M, ize is used here as an example.
Thus, three national program! ,estronger 

than the others: they are able to conduct

independent breeding arid to assist their
neighbors. Another three countries possess
intermediate skills: they are able to test
 

nsuperior progeny from outside their country 
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The "old systern of regianal services two-way 
flow of seed, CIMMYT staff members, visiting
scientists,etc., to and from individualgovern­
men ts. 

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 consultingwork 
in each region will gradually be shared by 
the scientists from the strongest maize pro-
grams (those represented by the largest 
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 interrnmtional center 
like C!MMYT. First, the internlional centr 
would maintain a world collectio of germ 
plasm, ship samplrs to breeders, ind develop 
new experimental germ plasm which would 

be fed into regional trials. Second, CIMMYT 

The "new" si-ste,.i. The three sires of circles 
for country programs stqgest the stronger, 
intermediate, and weaker services for crop 
improvement. Scientists from the stronger
countries will be used as consultants to helpthe 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 
greater stability of yield). Third, CIMMYT 
would continue to provide in-service training 
for maize and wheat researchers in national 
programs. Four tih, ClMMYT would maintain 
a full range of research disciplirres and pro­
vide the backup skills for the regional serv­
ices, whose staff would renrainl skeletal. 

Suc!1 a division of labor belween an in­
ternational center and the regional services 
should provide tlre rreatest economy of coit 
and encourage the stironrr naional pO­
grarns to cnntribute to crop improvement 

among their neighbors 

SPECIAL REPORT: REGIONAL SERVICES 103 
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