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DIRECTOR GENERAL'S OVERVIEW 

CIMMYT Review 1982 is intended to provide high
lights of CIMMYT program activities during 1981 for the 
informed layman. It is complemented by technical maize and 
wheat improvement reports, more than a dozen international 
testing reports, and various other technical and informational 
bulletins published by CIMMYT each year. 

In 1981, the number of collaborating countries and the 
interest of national scientists frorn the developing world in 
CIMMYT's germplasm and other services continued to grow. 
To respond to this grow~ng demand, CIMMYT mapped out a 
plan for the 1980s which was designed to serve more effec
tively the program needs of our developing country clientele. 
This plan called for modest expansions, in real terms, in 
CIMMYT's human and financial resources during the 1980s. 
Sufficient funds, however, have not yet been made available 
to implement the workplan originally envisioned. 

In 1981, funding shortfalls required CIMMYT to hold 
its international staffing to 80 percent of the level approved 
by the Board of Trustees. We were forced to defer the hiring 
of new staff and leave approved positions unfilled which 
became vacant through attrition. Plans for staffing regional 
programs and needed maintenance in our physical plant, now 
12 years old, were also deferred. In an effort to keep our 
critically important training activities at planned levels, we 
also sought emergency special project funding to underwrite 
training fellowships. 

Because prior investments were made in supporting 
CIMMYT's research development activities, we are able to 
report continuing benefit flows to agricultural producers 
and consumers in the developing countries and, indeed, the 
world. Globally, (Wiring the past two decades, the production 
of maize has incrLased at a rate slightly higher than the rate 
of population increase. In the case of wheat, the global 
figure exceeds the rate of population increase, providing 
slightly increased per capita supplies. A disproportionate 
share of this increase has been in the developing world, 
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where the rate of growth in production has been nearly 
twice the rate of population growth over the past 20 years. 

In 1981, over 35 million hectares of wheat in developing 
countries (more than half of the total) were planted to high

yielding varieties, with CIMMYT germplasm in their parentage, 
and the added value of these podLuctIon increases has 
conservatively been estimated to exceed 5 billion dollars per 
annum. 

New, more specifically adapted wheat varieties with 
greater yield dependabili y are being released by national 
collaborators at an accelerated rate. And the new genetic 
materials currently emanating from C IMMYT's wheat improve
ment system are better suited for resource-poor, more 
difficult production environments. 

CIMMYT's maize program, substantially reorganized 
in 1973-74, is now beginning to show significant results. 
During the past four years, some 22 countries have reported 
the release of 70 new higher-yielding varieties aid hybrids 
containing CIMMYT's genetic material. These varieties, in 
general, are also it re resistant to the important pests and 
pathogens of maize. As an adequate supply of higi-quality 
seed becomes available, the impact of these new releases will 
be substantial. 

We believe that the program activities and new initiatives 

described in this report are essential to the continued 
expansion of cereal production in the developing countries 
(and the world) luring the remainder of this century. 
CIMMYT's future ability to continue effectively to respond 
to its :nandlate hinges on the restoration of current budget 
redctions, and modest expansions, in real terms, of the 
genterouis Ssupport that lonor organizations have provided 

in the past. CIMMYT's growing financial crisis is also mir
rored in many of the agricultural research budgets of our 
national colliborators. Unless the pay-offs, complexities, 
and cHIrniIHulativ nitUIre of agricuIural research are more 
fully tinderstoorl by policy makers in developing countries 
and by the representatives of donor agencies that fund 
research iII such organizations, sustained progress toward 
meeting future research requirements for expanded food 
production cannot be assured. 

R.D. Havener 
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INTRODUCTION TO THE MAIZE PROGRAM 

CIMMYT, with a global mandate to assist national 
maize programs throughout the developing world, emphasizes 
the improvement of maize populations for a wide range of 
production circumstances and consumer preferences. We 
endeavor to develop broadly-adapted materials with increased 
maximum genetic yield potential as well as enhanced stability 
of yield when grown under stress situations. Given the 
circumstances of the majority of farmers in the developing 
world and because of the weaknesses in the seed production 
and distribution systems in many collaborating countries, 
we emphasize open-pollinated varieties as the end product in 
CIMMYT's improvement work. 

The advantages of high-yielding, open-pollinated varieties 
are several. From a breeding standpoint, the development of 
open-pollinated varieties requires less time than is the case 
with hybrids, Genetically more heterogeneous, open-pol
linated vai ieties also offer more buffering capacity against the 
vagaries of climate. From a seed production standpoint, 
varieties are easier to multiply than hybrids. Also, since the 
seed of varieties can be saved from season-to-season, a lower 
volume of total seed production is needed to serve maize 
farmers in any given year. 

Although CIMMYT emphasizes the development of 
open-pollinated varieties, our populations and pools are 
increasingly being used by countries interested in hybrid 
development. Indeed, various kinds of hybrids account for 
about 25 percent of the reported new releases by national 
programs, 

For most maize-producing areas in the developing 
world, varieties capable of vastly improved yield levels as 
compared to traditional materials are now available. Ad
ditional work is still needed to improve the disease and 
insect resistance and tolerance to other environmental 
stresses of these materials. Earlier-maturing varieties with 
high and stable yields are also desired by farmers in many 
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areas. Such research is under way at CIMMYT and in collabo
rating national programs. 

Despite the progress made over the last decade in maize 
improvement for the tropics and subtropics, significant 
obstacles to the delivery of improved technology to farmers 
still remain. Several key factors are needed for successful 
maize improvement and production programs. First, re
searchers must clearly understand the circumstances of 
farmers in areas targeted for research attention. This requires 
a strong production orientation within research (and exten
sion) organizations. Without the means and mobility to inter
act with farmers on a continuing basis, it is difficult for scien
tists to keep their work properly focused. Continuity in re
search leadership, staffing, and funding is another critical 
factor for success; too often, this continuity is lacking. 

Adequate seed production and distribution systems 
are also essential to any national campaign for increased 
maize production. Without a national infrastructure to pro
duce and distribute the seed of improved varieties, the efforts 
of maize researchers to increase yields remain largely stymied. 
Finally, policies and agricultural development strategies are 
needed to stimulate increased production. 

Despite growing funding shortfalls, we have endeavored 
to keep our in-service training programs strong, and can now 
count as alumni over 1,000 scientists (in-service trainees and 
visiting scientists) from more than 60 countries. We have also 
continued to strengthen our regional program network, 
a vital cornerstone in CIMMYT's strategy to serve its global 
clientele in the 1980s and beyond. 

In the pages that follow, CIMMYT's maize program 
activities during 1981 are highlighted. We believe that we have 
an international program that is effectively supporting 
national research efforts to harness the tremendous and 
substantially untapped biological potential of maize as a food 
crop in the years ahead. As developing countries achieve 
higher income levels, in addition to direct food consumption, 
more maize will be devoted to the production of livestock 
products. We welcome the research challenges posed by this 
expanding demand. 

E. W. Sprague 

13 



GERMPLASM DEVELOPMENT 

The maize germplasm developmen: and improvement 
strategy followed by CIMMYT begins n what we call the 
Back-Up Unit, whose staff is charged vith the first stages 
of gerrnplasm development for different types of maize 
needed to serve various of the world. The Back-Up Unit 
evaluates materials from laround the world, maintains 
CIMMYT's maize germplasm bank (the largest in the world), 
and creates and improves gene pools classified on the basis of 
climatic adaptation, maturity characters, and grain type. 

Based on these agroclimatic and maturity characteristics, 
as well as grain color (yellow-white) and type (flint-dent
floury), CIMMYT has assembled 33 gene pools to serve maize
growing areas at ounLd the world. Of these, two highland pools 
were added in 1981. One, pool 8, includes highland yellow 
semi-flint materials of late maturity. The other, pool 9, in
cludes highland white dent materials of late maturity, and 
was assembled for African highland areas. At present, we 
have 12 gene pools for tropical lowland zones, 9 for tropical 
highland zones, 8 for subtropical zones, and 4 special pools 
for temperate zones. 

Each of these gene pools is a mixture of genetically 
diverse germlplasm drawn from many countries (but with 
some common characteristics), undergoing continuous 
recombination and improvement. New introcLucticns are 
continuously added to these pools, and superior families are 
identified and transferred to CIMMYT's corresponding 
advanced maize populations, which are regularly distributed 
to national collaborators through the international maize 
testing program. 

Improvement of pools 
CIMMYT's gene pools are being improved using a modi

fied half-sib (half-brother or half-sister) crossing and selection 
method. The size of each pool is maintained at approximately 
500 families. Pools are grown twice a year at several locations 
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CIMMYT's maize gene pools 

Gene pool 

Tropical Highland 
Pool 1-Early White Floury 
Pool 2-Late White Floury 
Pool 3-Early Yellow Floury 
Pool 4-Late Yellow Floury 
Pool 5-Late White Morocho (semi-flint) 
Pool 6-Early Yellow Morocho (semi-flint) 
Pool 7--Late White Morocho (semi-flint) 
Pool 8-Late Yellow Morocho (semi-flint) 
Pool 9-Late White Dent 

Tropical Lowland 
Pool 15-Early White Flint 
Pool 16-Early White Den-, 
Pool 17-Early Yellow Dent 
Pool 18-Early Yellow Flint 
Pool 19-Early Yellow Dent 
Pool 20-Intermedia,2 White Dent 
Pool 21-Intermediat.2 Yellow Flint 
Pool 22-Intermediate Yellow Dent 
Pool 23-Late White Flint 
Pool 24-Late White Dent 
Pool 25-Late Yellow Flint 
Pool 26-Late Yellow Dent 

Subtropical 
Pool 27-Early White Flint 
Pool 28-Early'WJite Dent 
Pool 29-Early Yellow Flint 
Pool 30-Early Yellow Dent 
Pool 31-Intermediate White Flint 
Pool 32-Intermediate White Dent 
Pool 33-Intermediate Yellow Flint 
Pool 34-Intermediate Yellow Dent 

Special temperate rools 
Northern Temperate Region 
Intermediate Temperate Region 
Southern Temperate Region 
CIMMYT-German Exotic Maize Gene Pool 

Abbreviation 

H.E.W.FL.
 
H.L.W.FL.
 
H.E.Y.FL.
 
H.L.Y.FL.
 
H.L.W.Mrr.
 
H.E.Y.Mor.
 
H.L.W.Mor.
 
H.L.Y.Mor.
 
H.L.W.D. 

T.E.W.F. 
T.E.W.D. 
T.E.Y.D. 
T.E.Y.F. 
T.E.Y.D. 
T.I.W.D. 
T.I.Y.F. 
T.I.Y.D. 
T.L.W.F. 
T.L.W.D. 
T.L.Y.F. 
T.L.Y.D. 

Tm.E.W.F. 
Tm.E.W.D. 
Tm.E.Y.F. 
Tm.E.Y.D. 
Tm.I.W.F. 
Tm.I.W.D. 
Tm.I.Y.F. 
Tm.I.Y.D. 

NTR Pool 
ITR Pool 
STR Pool 
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in Mexico. Yield potential, height, maturity, lodging, husk 
cover, disease and insect reaction, and uniformity are 'aken 
into account at appropriate stages of plant development. The 
seed of ears from the best plants in superior families is used to 
reconstitute the pool for the next improvement cycle. 

With the half-sib se!ecdon method, two cycles of im
provement are completed each year. Two guidelines are fol-

Al4 

CIMMYT has assembled a range of broad-based gone pools to serve the major 
maize-growing areas of the developing world. These pools are living collections 
of much of the genetic diversity found within the maize species. 
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lowed in this germplasm improvement scheme. First, to 
maintain as broad a genetic base as possible a low level of 
selection pressure is applied when improving the pools. 
Second, a provision is made for the systematic introduction 
of additional promising germplasm into each pool. 

During 1981, several hundred new introductions, either 
drawn from the maize qermplasm bank or provided by na
tional collaborators, were evaluated in Mexico for agronomic 
attributes including maturity, height, yield potential, and 
reaction to certain diseases. Superior materials identified 
among these new introductions were then added to the 
appropriate gene pools. 

Insect and disease resistance 
Most of CIMMYT's pools have reached the stage of 

having agronomically acceptable plant types. In recent years, 
therefore, we have increased our efforts to improve the insect 
and disease resistance of these materials. These pools are 
artificially infested with insect larvae and/or artificially 
inoculated with disease-causing organisms that are endemic in 
areas where the pools are undergoing improvement and in 
relation to the ,principal pest prob!ems in the areas where 
each pool is meant to serve. 

In the tropical highland pools, selection is made for 
increasing resistance to earworms and ear rots. In the tropical 
lowland pools, selection is practiced for resistance to stalk 
and ear rots, fall armyworm, and sugarcane borers. In the 
subtropical pools, selection is practiced for resistance to ear 
and stalk rots, leaf blights and borers. In 1980 and 1981, 
several pools were tested to determine the progress achieved 
in developing disease and/or insect resistance. In some pools, 
increasing levels of resistance to certain insects and diseases 
were evident in the latest cycles of selection compared to 
earlier cycles of the pool. 

Early maturity 
Until recently, most of CIMMYT's improved germplasm 

had intermediate to late maturity characteristics. Over the 
last four years, the Back-Up Unit staff has made a special 
effort to develop more early-maturing germplasm with higher 
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yield potenlial and dtiseas resistance. Selection for early
maturity is accomplishe(I Iy idenIifying 1,500-2,000 of the 

earliest silkinl Iplants in each pool, and then retaining only 
those superoi ears which are also relatively drier at harvest. 

The obiective is to dciihtlfy and retain the early-maturity 
gcnotyIs with lastr "graiii filling" and "drying-down'' 

chairactli stics. As ai Ir;sult of this work, new groups of early
natoLi ag ma icralsiar niow flowing into Advanced Unit 
pOliti i n. 

Highland maize pools 
CIMMY T has formeI nine gene pools to better serve the 

germp lasni rettiroeriints of highland tropical areas. These 
pools mainly conmain flooly type materials (large, soft kernel) 
and momtc/h tylpcs (semi flint, large kernel) of varying 
iriatlli!y ialtli;s. Ihe iliprovenlient of these highland materials 
is car i WI itiri 'Shultt lreeding" strategy. A CIMMYTH)Io a 
mai/c lcc(lci is statinomd in Ecoador as part of a collabo
iative irseirlr t)roj r~t with INIAP, Ecuador's nacional agri
cirltuial rese!rch institute. The hIreeding cycle in Ecuador 
is used to inlprove the overall agronomic suitahility and grain 
type of tlhe dilferein highland pools and to select for dif
lerient mal ily perioiIs. The cycle in Mexico focuses on in
creasin g the resistirce Al tie Ecuarlorian-selecterd materials to 

ear rots aid earworrns. Anot her iml)ortani hreeding objective 
it) 'his rteseatrch is in broaden the genetic base (-, floory mate

rials, which until recently was very nalrow. 
I-lihlail lloruiy materials have traditionally had a very 

narrow enletic base, i fact Ithat has retalded Wolk to improve 
yield poteri tial and other airmnirnic characlers. Recenlly, we 
initiated an exploralory irs,aich program to incorporate 
high yieldimlI iteiuiper i cgi~erplasm into our floury gene 
)oos1. This w)or k i4 ling c;arrin out at CIMMYT's El Batan 

auni Tlllilipail s iltiols. 

liniti(vet early maloring, floury maize varieties, with 

somewlia t idiirichmet pest resistance, are )e(ginning to enter 
inlo cor or ic i rtolo-ht io in the An!rlan highlands, par

licrilaily in --cuad;i. Although some of these new early va
rieties ((o ril yield moie than trarlituonal long-season maize 
varilties, tiey Mature 40 60 days eaillier, thus allowing the 
farmer Ihe possibility of intensifying his annual production 
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by adding another crop such as a legume or potatoes, each 
year. 

Special temperate gene pools 
Breeders in temperate areas have become increasingly 

concerned about the narrow genetic base in maize materials 
used in that zone. CIMMYT, in order to broaden the genetic 
base of both temperate and tropical germplasm groups, began 
in 1978 to assemble several special gene pools. These pools 
allow CIMMYT scientists to introduce exotic germplasm into 

pf ILL. 

A new research project is under way to develop temperate x highland floury 
germplasm. M'e objective is to broaden the narrow genetic base of highland 
floury ms!erials through the introgression of high-yielding temperate gerrmplasm. 
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temperate-based materials, which in turn serve as a mechanism 
to move genes from temperate materials into tropical lowland 
and highland germplasrn. The result should benefit the 
breeding efforts of maize scientists in both developing and 
industrialized countries. Three pools have been formed which 
are adapteI to ilifferei t tempera te zone n.gions. In addition, 
a special CIMMYT--Gernan exotic temperate x tropical gene 
pool has also been formed iil cooperation with scientists from 
the University of Hohenheim, West Germany. 

Utilization of gene pools 
CIMMYT's maize gene 1)ools are fulfilling their function 

of providing uiseful genetic diversity in our population 

improvement program. Twice each year, these collections of 
genetically diverse maize materials are thoroughly recoin
bined. Some offspring planlts carry a higher number of desir
able genes for yield and dependability than do other plants 

within the SamTe 1)ool; these are retained for future recombi
nation. After a onUmher of cycles of t horough recombination 
and selection, the pools are in a I)osition to contribute Useful 

gern)lasrn with superior son rces of genetic diversity to the 
more advanced maize populIations. Thirteen of CIMMYT's 
existin1 advancelrrad iZe )O llat ons have now k een enriched 
through the introduiction o; superior maize faii lies promoted 
from their corresl)olidrig !ene pools. In addition, three sub. 

tropical/temperate )oplations have Iheen newly form( d from 
families drawn frorn the corresponding gene pools. 

Sharing of pools with national collaborators 
Incleasing(ly, CIMMYT is sharingl its maize pools with 

national collaborators. Many of these pool materials are prov
ing to be extrernle / usehll to national scientists as they seek 
to develop hi gh yieling varieties with good agronomic 
characteristics. In several cases, these pools have proven to be 
so superior when tested il diffelent cotuntries that families 
have heen extracled to develop new varieties for national 

1release. The use of poo s 19 and 20 inl Mexico, pool 16 in 
West Africa (SAF EGRAD programl, and pool 17 in India are 
examples. While many national maize proglarns are not 

equipl)e(d 10 Lise the geiie pools to best advantage, CIMMYT's 
policy of sharing pools with those maize programs with 
higher levels of scientific manpower and adeguate financial 
resou rces has proved to be very Ibeneficial and will continue. 
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Promotion of materials from the gene pools to the Advanced 
Unit populations 

Proportion of 
From back- No. advanced pop
up pool fam. To population ulation (0/o) 

(Pool 24) T.L.W.D. 54 Tuxpeuo 1 (Pop.21) 17 
(Pool 24) T.L.W.D. 10 Mezcla Tropical Blanca (Pop. 22) 11 
(Pool 23) T.L.W.F. 36 Blanco Cristalino-1 (Pop. 23) 9 
(Pool 21) T.I.Y.F. 54 Me/cla Amarilla (Pop. 26) 25 
(Pool 25) T.L.Y.F. 50 Amarillo Cristalino-1 (Pop. 27) 20 
(Pool 26) 1 .L..Y.D. 44 Amarillo Dentado (Pop. 28) 10 
(Pool 15) T.E.W.F. 77 Blanco Cristalino-2 (Pop. 30) 58 
(Pool 17) T.E.Y.F. 30 Amarillo Cristalino-2 (Pop. 31) 4 
(Pool 31) Tm.I .W.F. 65 Blanco Subtropical (Pop. 34) 9 
(Pool 22) T.I .Y.D. 52 Coqollero (Pop. 36) 19 
(Pool 26) r.L.Y.D. 27 Cogollero (Pop. 36) 20 
(Pool 24) T.L.W.D. 10 La Posta (Pop. 43) 6 
(Pool 30) Tm.E.Y D. 169 Compuesto de Hungria (Pop. 48) 43 

New advanced populations contributed by Back-Up pools 

From Back-Up pool No. fain. Population formed 

(Pool 29) TnI.E.Y.F. 240 Templado Amarillo Cristalino-3 (Pop.46) 
(Pool 32) Tm I.W.D. 276 Templado Blanco Dentado (Pop.47) 
(Pool 33) Tm I.Y.F. 275 Amarillo Subtropical (Pop.33) 

POPULATION IMPROVEMENT 

Within the CIMMYT maize improvement process, what 
we call our Advanced Unit is as igned the responsibility 
of refining the more advanced maize materials to the point 
where they are ready for systematic international testing and 
use by the majority of national programs. 

In 1981, the Advanced Unit team worked on 26 dif
ferent I)oPLIlations assembled on the basis of climatic adapta
tion, maturity, grain color, and kernel type. Each population 
undergoes a continuous selection process for a number of 
different traits, using a full-sib (full brother or full sister) 
breeding method. Variable priorities are given to different 
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traits for improvement according to the major problems in 
each IOl)uilation in relation to the geographic area it is meant 
to serve.
 

Each 1Ol)lIatiOn in(lergoes selection using the within
and anloii(Jfaillily variation. POl)lations are g(Irown1 and 

imlproved for thre (erll atlilols in Mexico; in the fourth 
gener,ition (or once every Iwo years) they are tested in anl 
international pio(]leny testinI trial at six locations worldwide. 
This system of poplilation inprovemenit, hacked l)y a range 
of g]en~etitcally diverse and usefurl (ene l)ools and followed ly 
an extensive )rogram of multilocational testing, has resullted 
in the (l velolmIent of iminy broadly adapted andI high 
yielding maize materials for lhe sii htropics and trol)ics. 

Agronomic improvements 
A histoical Ip)olem with tropical maize has been its 

tall staure anId lealy character and, hence, relatively low 
.rain- to-stover ratio. In the CIMMYT program, major i in

provemen t ohjuctives have breen to: t 1) parti tion total dry 
niatte r tWl rImOre; grai r)lrodluction, ar(i (2) to improve the 

CIMMYT populations included in the international maize 
testing program, 1981-82 

(Internationally tested in 
even years) 

(Internationally tested 
inodd years) 

Pop. Pop. 
mu in be Na me fu nor Na me 

22 Icli calBlan;lco 21 1tux)pIeO 1 
23 ilanco ( lis lino1 1 21G Meclia Ainarilli 

24 Antila Viac:r,, 181 28 Amarillo ieniraio 

21 Arm ilIo(3ililino 1 29 i txpolo Calihe 

32 1- to ilico 30 Blanco C ris mlino-2 
3b A Uituat-.ii )mnir :aii 31 Amamillo Ciistalino-2 

39 Yilhoj fhualijtifotin Maij' 36 Cooollero 

43 ia Iosia 40 Vhiw Oualiry Piortin 
Maile 

49 BIlnco Dntriao 
33 Amat il Sjhti orlir 34 Bianco StbnilOtpicail 

42 E1-ll ins 41 leml)lalo Amarillo 
44 Ail).lu l(t-no Ouliry Piroiin Maiie 
45 Amarillo Hilo 46 lompialo Amyiarillo 
47 liiplado Bllaic Denmindo c istalino 

48 Comotitusro de Hunqria 
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manageability of tropical maize for the farmer. A reduction 
in plant height helps in the achievement of both objectives. 

Most of CIMMYT's maize l)opulationls HOW have general
ly acceptable plant height, high yield potential, and improved 
standability. A considerabfle inrniber of the tropical lowland 
and highland p)opulations, which originallly were in the 3 to 4 
meter height ramge, are now in the 2 to 3 roeler ranle. In 

several new poptilatioris, such as population 49, based on 
TLIXI)efo Crerna I (cycle 17 of selection for reduced heiglht), 
the average height is less than 2 meters and the grain-to stover 
ratio is near 50:50, similar to the ratio of US Corn Belt mate
rials (see table 1). A few CIMMYT 1)0olulations, however, are 
still too tall, and considerable se'2ction pressure is exer
cised within these popLlations to reduce heigJht to more man
ageable levels. 

Early maturity 
For many tropical and subtropical maize areas, high

yielding varieties with earlier maturity are desired since they 
offer a number of potential henefits to certain farmers. In 
rain fed areas, an earlier variety piovides more flexibility for 
ulanting cl.tes. In other areas, a farmer may be able to 
i icrease his annual cropl)ing intensity by using early-maturity 
maize varieties which allow him to add another Crop to his 
annual produc ti on cycle. 

Table 1. 	Comparison of various cycles of selection for 
reduced plant height in TuxpeFio Crema I when 
grown at or near its optimum density. (Data are 
means for two years at two locations: Poza Rica and 
Tlaltizapan, Vexico.) 

Cycle of Plant height Grain yield Total dry Harvest
 
selection (cm) t/ha) matter (t/ha) index
 

0 273 4.05 14.94 0.30
 
6 211 5.54 14.75 0.38
 
9 203 5.67 15.32 0.39
 

12 196 6.18 15.37 0.41
 
15 173 6.73 15.12 0.46
 
17 156 6.23 13.10 0.47
 
20 143 6.79 13.60 0.49
 

23 



Examples of CIMMYT's earlier-maturing populations to 
date (less than 90 (lays to maturity) are Blanco Cristalino-2 
(pop. 30), a white semi-flint tropical material; Amarillo 
Cristalino-2 (pop. 31), comlpose(d of early families from 
several yellow flint tropical Ipopulations and crosses of 
tropical x temperate materials; and Templado Amarillo 
Cristalino (po. 46), a new subtropical IptIlation with 
yellow flint grain. These early-nmturity p)opUlations are now 
flowing to national collaborators through he international 
testing program. 

Disease resistance 
CIMMYT continues to improve its populations for 

disease resistance, usinj the recurrent selection schemes 
previously uescrihed. 

Selection pressr re is exercised continuously for resis
tance to ear and stalk rots (using1( artilicial inoculation tech
niiques) and for leaf hlights and rusts (Using reliable field in
oculations). Results of international trials show that the level 
of resistance to these diseases has imlroved considerably in 
several populationIs. 

Tile develolpmen t of disease resistance is also accom
plished ti rougth(ollahorative research with scientists located in 
areas affected by Iiseases not irevalent in Mexico. CIMMYT's 
collaborativc reea re:h for (lowny mildew, corn stunt, and 
streak virus resistance are examples. Until 1980, a type of 
shuttle hreeding I)rocedure had been followed which invelves 
the screerning of approximately 500 families from selected 
popuIlations for disease resistance in affected areas, The selfing 
of resistant Ilants selected in these areas, and the recombina
tion of the resisti n families in Mexico together with selection 
for desired aglron)mic clharacteristics. 

For the downy mildew and corn stunt resistance, this 
procedlUre has heen repeated for several cycles in three broad
hased l)o0)LIlatioris. Corsi terable projress has i;n.imade in 
bu ildil Up the resistance to both downy mildcw and corn 
StltI (see Tal)le 2). These optihations are now heinrig used for 
tle development of open-pollina ted varieties for areas affected 
by downy mildew andil corn stunt, arid as sonurces to develop 
resistant inbred ires for national pIrograms interested in 
hybrid (levelopnnen t. 

24 



Beginning in 1980, CIMMYT shifted the center of acti
vity in the downy mildew work, including the preparation 
and distribution of international progeny trials to appropriate 
areas, to the Asian regional maize program . Three Advanced 
Unit populations (pop. 22, 28, 31) are now being handled by 
this regional program. The corn stunt work continues to be 
centered in Mexico and Central America, again with full 
involvement of national scientists. 

V 

CIMMYT has joinfsd with IITA and West African scientists in a collaborative 
effort to develop high-yielding varieties with resistance to' streak virus, a major 
disease problem of tropical Africa. 
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Table 2. Progress in improving resistance to downy mildew 
and corn stunt 

Cycle of 0/0 Yield Plant lit. Days to 

Population 	 selection disease (kg/ha) (cnl) 500/o silk 

Downy mildew (thailand) 

1 . I ropical Inteitm liate 

White 	Flint CO 41.4 3836 185 68 
0 4404 160 66C4 

2. 	 lFiopical Yellow 
Flint-Dent CO 67.4 2684 199 68 

2.6 4490 183 66C4 

Corn stunt (El Salvador) 

1. 	 Iopical Icr rlediate 

White Flint 30.6 3337 206 49CO 
21.8 4120 200 49C4 

The progress on streak virns resistance has been slower 
than that on downy mildlew and corn stUnt. One limitation 
has heen the lack of an insect-rearinj facility (streak virns is 

transmitted thy a leaif hoper) loca ted in virUs-affected areas 
to carry o)l Unriflrm inocn latiori aid disease screening. We 
have ,ow joined with IITA and West African scientists in a 
collahorative research effort on this important African dis
ease prohlem. Usini CI MMYT's l)Ol)iiat ion La Posta ()op. 
43), a rot)ical lowland while dent material, and sources of 
streak viIns resistance (leVelo)(d hy IITA scientists, we have 
step)el tip otnr efforts to levelopi hinlh-yielding, streak-resis
tant varieties 1or )rodnt:tioll conditions in Alrica. 

Insect resistance 
Inrsect (laMIag(e is a serions yield-limi ting problem in trop

ical aid srht ropical mai/e areas. Effective and judiicioLus 1se 
of 'insecticides worlN appear to be an easy solntion to the 

PrIolbhTI, hLlr theL Uavailability and/or relatively high cost of 
insecticides in hue developing world often mal, this an un
lrracticetl so lution. CoiseqIlently, breedifn for resistance to 
insects is a major CIMMYT research objective. 
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In Mexico, different populations are infested with the 
larvae of fall armyworm, corn earworm, Southwestern corn 
borer, Of sugarcane borer. These are the most important 
maize pests found in Mexico (and in the western hemisphere) 
and are related to species caLsing serious damage on other 

-

itY 
.4, 

I 

CIMMYT's insect-rearing laboratory was eslallishe.1 to produce enough insect 
larvae to artificially infest and sreenl maize pools and populations for insect 
reaction to prevalent and i l)ortant insects. Each year, ons of larvae aremilli 
podiuCet to infest the variois pools an(d pOpulations. 
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continents. For example, Tuxpeiho (pop. 21) and Antigua-
Veracruz 181 (pop. 24), both lowland tropical materials, are 
being improvedt for resistance to the fall armyworm (Spodoptera 
f'ugiprua). Two tropical lowland populations, Amarillo 
Cristalinn-1 (Ipop. 27), and Blanco Cristalino 1 (pop. 23), are 
heing irupi ove tor resistance to tle sularcane; borer (Diataa 
sachaalif). ()uc sulr l clilCaloptuiltion, Templado Blanco 
Dentado 2 (pop. 4/), is Ieirii impiovedl for resistance to the 
Son thwestern con 1)o e r (Ditra,, rtadila). At di fferent 
giowtlr stages after infestation, visual ratings for insect 
nlamatle are made for eaclh family. Progenies showing the least 
damage are retaineri for recorhi n1ation arnd Iuse ill fuIture 
imlprovemen t cycles. 

A Ph.D. Studelnt is cirrently evalunatin.g the potential and 
progress in improving insect resistance in two CIMMYT pop-
Lla tions. 

NUTRITIONAL QUALITY IMPROVEMENT 

Since 1970, with UNDP fundin, CIMMYT's maize 
program has in cludedt work on the nu tritional quality aspects
of maize imllprovement. Today, this work is an integral 
part of ti total maie research program anI some w! the 
materials tInder goingt improvement in the Back-Up and 
Advancedt Lriits have Ipaalll coLIVterpmls in the (luality 
protein riaite l)rogarn. 

CIMMYT's (luality pIotein maize carries a mutant gene 
called opaqlur-2. Maize carrying this gene has enhanced 
levels of lysirm anid tryptoph an.two essenitial and limiting 
alm(i)o acids fol l)rteoin quality in maize. The original 
O)alUe 2 ,trality pluOlin iraize had an tiiaCCe;:)tahle dull soft 
kernel, low y:t!ed potertial, (reater vulnerability to ear rots 
and Storagle pe:;ts, aril slowel (hyirng aftel physiological 
ma tu ri ty. 

fo rernedy these prolilerirs, CIMMYT scientists exploited 
a mi r of genetic modifiems tol develop hard endosperm 
oplague-2 miterials which look like normal maize bul still 
retain their SLe ior rurtritiOnal quLality. These efforts to 
accuLuilate. genetic IT)Odifies have lellnIIstlrated conclusively 

28 



that most of the problems associated with the soft opaque-2 
materials can be overcome through careful and systematic 
selection for hard endosperm opaque-2 kernels. 

The breeding approaches and selection procedures used 
in the quality protein maize program are essentially the same 

I
 

Three quality protein maize populations have farmed part of the international 
testing program since 1978. These populations undergo three cycles of improve
ment in Mexico followed by international progeny testing trails at six locations 
worldwide. 
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as those used to improve normal maize. The only modification 
is a backcrossing and recurrent selection scheme needed to 
introduce and maintain the opaque2 gene and to accumulate 
the desired modifiers for endosperm hardness. 

The progress made over the last 10 years in the develop
rnent of harl en(2dosperm quality protein maize is an impressive 
research achievement. The problems of reduced yield, vulner
ability to ear rot and stored grain pests, ann the dull and 
chalky kernel appearance have been largely overcome. We 
now have various normal-looking (Juality prote;n maize 
materials which are eCual or superior in yield to many normal 
check varieties Under cultivation iii Latin America, Africa, 
and Asia (see Table 3). 

Three quality protein maize (QPM) populations have 
been part of the international testing program for several 
years. Two of the pO)ulations, Yellow QPM (pop. 39) and 
White QPM (pop. 40), are adapted to lowland tropical and 
subtropical areas. The other, Templado Amarillo QPM (pop. 
41), is adapted to sUbtropical regjions. Other on tstanding popu
lations now ready for international testing include Tuxpe~o-1 
QPM, Late White Dent QPM, La Posta QPM, Blanco Crista
lino QPM, -lemlplado x Tropical QPM, Temperate White QPM, 
and Amarillo Bajio x Maices Argentinia QPM. 

Table 3. Yield comparision of the best quality protein 
maize experimental varieties with the best normal 
checks at selected locations in EVT 15A, 1980 

OPM EV 
Best normal Yield Best yieldas 0/o 

Country Site check t/ha QPM-EV of best check 

Brazil Sete Lagoas CMS-95 6.9 Ferke 7940 113 

Eruador Pichilinque Pichilingue 504 5.6 Poza Rica 107 
7940 

Venezuela Durigua Local 3.1 Across 7740 127 

Zaire Kanima Kasai-1 6.9 Obregon 101 
7940 

Mali Sotura IRAT-85 3.9 Guanacaste 127 
7940 

Bangladesh Jessore J 1 9.2 Guanacaste 108 
7940 
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In 50-60 percent of the countries reporting data from 
recent international testing trials, outstanding QPM materials 
have shown yield potential similar to the best check varieties. 
Among the experimental varieties included in recent EVTs 
and ELVTs, the following varieties have performed very well: 
Across 7740, Obregon 7740, Guanacaste 7940, Ferke 7940, 
Across 7741, and Chuqu;sara 7741. 

New research directions 
Researchers continue to improve kernel weight and 

yield and to develop higher levels of resistance to ear rot 
in our QPM materials. They also are working on methods to 
genetically isolate quality protein maize, to reduce the 
amount of pollen contamination (and potential loss of 
protein quality) that may occur from normal materials grown 
nearby. Some n .- exploratory research is also under way to 
improve other nutritional quality aspects of maize, such as oil 
content. 

CIMMYT scientists have shown that it is p6ssible to 
combine the beneficial effects of the opaque-2 gene with 
superior yield, and that quality protein maize can be com
mercially exploited. For example, in Guatemala several (PM 
materials are being grown on a commercial scale for use in 
nutrition intervention programs conducted by the Nutrition 
Institute for Central America and Panama (INCAP). 

INTERNATIONAL TESTING 

CIMMYT begins to distribute populations and varieties 
through the international testing program as soon as they are 
considered to be sufficiently advanced (improved) to be of 
use to scientists in national programs. This international 
testing program is designed to: (1) combine into one 
mechanism a system for continuous improvement of maize 
germplasm and a delivery system to and from national 
programs, and (2) serve national programs that are at dif
ferent stages of development. A key feature in this system is 
the partnership role that national scientists play in the 
improvement of populations and the devel6p1ment of experi
mental varieties. 
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Distribution of international maize trials, 1979-81 
1979 1980 1981 

Region and nation trials trials trials 

Central America and Caribbean 188 199 137 
Bahamas 4 1 1 
Barlbaclos 3 2 2 
Belize 6 5 3 
Costa| Rica 
Donican Republic 
El Salvador 

12 
4 

10 

8 
11 

8 

8 
12 
4 

Grenada 1 1 1 
Guatemala 15 20 10 
Haiti 10 10 0 
Honduras 14 19 12 
Jamaica 12 3 3 
Mexico 62 69 41 
Nicm agua 
Panama 

11 
16 

9 
24 

9 
28 

St. Kitts 1 1 0 
St, Vincent 
Trinidad 

1 
6 

0 
8 

0 
3 

South America 105 132 101 
Argentina 
Bolivia 

10 
11 

13 
14 

4 
10 

Brazil 28 23 38 
Chile 5 2 0 
Colombia 15 10 2 
Ecuador 10 14 7 
French Guiana 4 2 0 
Par iquay 
Peru 

0 
13 

2 
31 

5 
19 

Su ainam 4 5 0 
UlrrJluay 
Venezuela 

0 
5 

0 
16 

2 
14 

Mediterranean/Mideast
Aler a 

53
2 

51
2 

41
0 

Egypt 
hal 

7 
2 

11 
2 

7 
4 

JotlJill 4 2 0 
Libya 
Morocco 

3 
2 

0 
3 

2 
3 

Saudi Arabia 6 6 6 
Sy ia 
Tunisia 

3 
2 

3 
0 

0 
0 

Turkey 
Yemen A.R. 

3 
13 

12 
6 

9 
10 

Yemen, South 5 4 0 
Sub-Saharan Africa 165 289 204 

Angola 
Benin 

0 
2 

3 
6 

2 
5 

Botswana 3 4 2 
But unhdi 0 13 0 
Carneroorr 6 8 8 
Central Ahicarn Repullic 
Chadl 

0 
2 

0 
0 

2 
0 

Congjo 
Coenor Is 

0 
0 

6 
0 

2 
2 

Ethiopia 
Ghan.a 

9 
3 

21 
8 . 

10 
8 
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Distribution of international maize trials, 1979-81 (con't) 

Region and nation 
1979 
trials 

1980 
trials 

1981 
trials 

Guinea 0 0 2 
Guinea-Bissau 
Ivory Coast 
Kenya 
Lesotho 
Malawi 
Mali 
Mauritania 
Mozambique 
Niger
Nigeria 

3 
10 
6 
3 
6 
4 
0 

17 
1 

26 

4 
14 
16 
6 

19 
6 
2 

22 
0 

31 

4 
9 
7 
0 

12 
4 
2 
8 
1 

10 
Rep. South Africa 
Reunion 
Rwanda 
Senegal 

4 
2 
4 
7 

11 
1 
6 

13 

11 
8 
0 
6 

Sierra Leone 
Somalia 
Sudan 
Swaziland 
Tanzania 
Togo 
Transkei 
Uganda
Upper Volta 

9 
6 
3 
2 
9 
1 
0 
2 
3 

17 
4 
2 
5 
7 
4 
4 
6 
8 

21 
4 
6 
7 
5 
4 
2 
5 

11 
Zaire 
Zambia 
Zimbabwe 

South and East Asia 
Afghanistan 
Bangladesh 
Burma 
India 
Indonesia 
Korea, South 

8 
4 
0 

89 
4 
7 
6 

16 
3 
2 

8 
4 
0 

103 
0 
5 
8 

24 
3 
2 

4 
4 
6 

81 
0 
4 
6 

12 
2 
2 

Malaysia 
Nepal 
Pakistan 
Philippines 
Sii Lanka 
Thailand 
Vietnam 

Other 
Greece 
Hungary 

4 
12 
12 
12 
3 
8 
0 

16 
4 
2 

6 
7 

17 
10 
5 

12 
4 

13 
4 
0 

3 
5 

12 
9 
6 

12 
8 

14 
2 
0 

New Guinea 
Puerto Rico 
Spain 
Tahiti 
USA 
Yugoslavia 

6 
1 
0 
3 
0 
0 

0 
3 
2 
1 
0 
3 

0 
0 
0 
1 
6 
5 

TOTAL TRIALS 615 787 578 
TOTAL COUNTRIES 84 88 84 
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The program ships seed of two categories of material. 
Progeny trials from advanced unit populations are shipped to 
as many as six locations for each population. A progeny trial 
is large, consisting of 256 entries replicated twice, and is 
used to select superior progenies at each location and across 
all locations for production of new experimental varieties. 
These varieties enter into Experimental Variety Trials (EVTs) 
consisting of 10 to 40 varieties replicated 4 times. An EVT is 
grown at as many as 60 locations. The results are used to 
select the superior 30 to 50 percent of the EVs for testing 
again in the Elite Variety Trial (ELVT). The national pro
gram grows the trial, collects appropriate data, and returns 
the data to the internatirnal testing program for analysis. The 
results are published twice yearly and distributed to coopera
tors. 

In 1981, CIMMYT shipped 578 trials at the request of 
national collaborators in 8n countries. Because of a modifica
tion in the international testing program, only international 
progeny testing trials (IPTTs) and elite experimental variety 
trials (ELVTs) were distributed in 1981. The normally 
distributed experimental variety trials (EVTs) were held up 
for one year in order to include second generation experi
mental varieties instead of first generation materials in the 
different EVTs. This modification will provide more reliable 
estimations of yield potential in the EVs distributed to 
collaborators in the future. (The distribution of EVTs with 
F 2 experimental varieties has been resumed in 1982.) 

The report that follows is based upon the 1980 inter
national testing program, since the final report is available on 
those trials. 

International progeny testing trials (IPTTs) 
A total of 66 IPTTs, developed from 11 Advanced Unit 

populations, were distributed in 1980 to cooperators in 28 
countries. These international progeny trials serve two pur
poses. First, about 10 of the best families from each popula
tion are identified at each testing site by national collabora
tors to form a new experimental variety. In addition, the 10 
best families, on the basis of performance across all sites 
where a particular IPPT is grown, are used to form a new 
"across-site" experimental variety. Second, 30 to 40 percent 
of the best performing families in each IPTT are selected to 
regenerate the population for the next improvement cycle. 
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Experimental variety trials (EVTs) 
In 1980, seven different EVTs were assembled and 419 

sets were distributed to national collaborators upon request. 
Two quality protein maize trials, EVT 15A and EVT 15B, 
consisting of 12 and 5 quality protein maize (QPM) experi

/ 

V 

Over the last four years, CIMMYT has received reports of more than 70 varieties 
and hybrids being named and released by national collaborators in 22 countries. 
These superior maize varieties were derived from materials selected from the 
CIMMYT international testing program. 
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mental varieties respectively, were also included. In Table 4, 
some of the best-performing EVs are compared to the best 
normal protein quality check varieties (or hybrids) used at 
the individual sites where the particular trial was grown. 

Elite experimental variety trials (ELVTs) 
The best-performing experimental varieties across all 

locations in previous EVTs are selected to form subsequent 

Table 4. Selected high-performing EVs from 1980 EVTs 

1980 Name of top Yield of EV 
EVT experimental Yield as 0/0 of 

Test site number variety (EV) (kg/ha) best check 

Latin America 
Bolivia (Iboperenda) 12 Across 7843 10,537 109 
Bolivia (Iboperenda) 12 Across 7822 10,390 107 
Brazil (Sete Lagoas) 12 Cotaxla 7822 9,998 141 
Mexico (Tlaltizapan) 16 Across 7842 9,034 106 

Mexico (Obregon) 12 Across 7822 7,050 133 

Venezuela (San Joaquin) 12 Across 7822 6,696 116 

Venezuela (Macapo) 12 Cuyuta 7929 5,578 133 
13 Pichilingue 7827 5,732 130 

Brazil (Guaira) 15A Poza Rica 7940 6,402 139 
(QPM) 

Africa 
Benin (Sekou) 12 Poza Rica 7921 5,589 135 
Burundi (Imba) 12 Across 7843 7,467 149 
Malawi (Chitala) 12 Across 7483 4,775 126 

Mozambique (Umbeluzi) 13 Across 7824 4,463 145 

Mali (Sotuba) 14B Jutiapa (1) 7930 3,765 136 

Mozambique (Lioma) 15B Temp x Trop HE02 5,591 129 
(QPM) 

Burundi (Mosso) 16 Across 7842 7,349 140 
Mozambique (Mutireli) 16 Across 7844 6,090 110 

Asia 
Burma (Yezin) 13 Ferke 7928 6,234 149 
Nepal (Rampur) 16 Across 7842 10,609 134 
Pakistan (Pirsabak) 16 Sao Paulo 7842 6,701 132 
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new elite variety trials. In 1980, four ELVTs were assembled 
and 290 sets were requested by national collaborators. One 
quality protein maize trial (ELVT 19) was included, consisting 
of four QPM elite varieties and eight populations. Table 5 
lists some of the best performing ELVs compared to the best 
checks where the trials were grown. 

Table 5. Sampling of best-performing ELVs from 1980 
ELVTs 

Yield of 
1980 ELV 
ELVT Name of top Yild o/o of 

number ELV kgiha best check 

Latin America 
Bolivia (Iboperenda) 18A San Andres(2)7530 8,794 142
 
Brazil (Guaira) 18A Poza Rica 7728 6,253 120
 
Brazil (Sete Lagoas) 18A Poza Rica 7822 8,704 134
 
Colombia (Turipana) 18A Ferke (1)7622 3,983 181
 
Honduras (Catacamas) 18A Omonita 7643 8,083 124
 
Panama (Progreso) 18B Across 7726 4,609 124
 
Venezuela (Acarigua) 19 Across 7740(QPM) 4,001 136
 
Argentina (Pergamino) 20 Tlaltizapan 7844 8,086 106
 

Africa 
Burundi (Imbo) 18A Across 7729 6,671 141 
Ivory Coast (Ferke) 18A Guanacaste 7729 4,917 144 
Sudan (Halima) 18A Guanacaste 7729 5,223 134 
Swaziland (Malkerus) 18A Across 7643 4,611 138 
Burundi (Mosso) 20 Tlaltizapan 7844 7,585 116 

Mideast 
Jordan (Deir Alia) 20 Tlaltizapan 7734 4,183 125 
Saudi Arabia (Hofuf) 20 Tlaltizapan 7734 4,085 133 
Turkey (Antalya) 20 Across 7734 7,645 122 

Asia 
Bangladesh (Joydebpur) 18A Poza Rica 7728 6,475 112 
Burma (Yezin) 18A Across 7643 7,454 129 
Pakistan (Pirsabak) 18B Across 7635 6,210 122 
Philippines (Karaan) 18B Tocumen (1)7835 3,349 142 
India (New Delhi) 19 White H.E.o 2 -RSF 3,197 114 

(OPM) 
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Release of new varieties by national programs 
It is the responsibility of national programs to name and 

release improved maize varieties for their countries. Many 
countries are using] CIMMYT-distributed experimental va
rieties as direct releases or as breeding materials in their im
provernent programs. While our information is incomplete on 
national releases of varieties and hy)ri(Is derived from mate
rials incliLld in CIMMYT's international testing program, we 
do have reports of 69 varieties anl hybrids being released in 
22 couLntries over the last five years. Although CIMMYT 
emphasites the development of open-l)ollinatedl varieties as 
the end Ipro(hlCt Of its I)OIuationi improvement work, these 
materials are also proving to be of great use in hybrid devel
opmient. In fact, of the new varieties released by various 
countries, 25 perccnt are hybrids. Indeed, CIMMYT's ex
tensive )optulalion imp!ovement program has been extremely 
useful for recent hytrid development in the tropics and 
subtropics. 

Reports of maize varieties released by national programs 
based on ClMMYT-distributed germplasm, 1977-81 

Latin America Africa 
Colombia (2) Ivory Coast (3) 
Costa Rica (4) Lesotho (1) 
Dominican Republic (2) Swaziland (2) 
Ecuador (3) Tanzania (1) 
El Salvador (3) Zaire (4) 
Guatemala (13) 
Haiti (2) Asia 
Honduras (8) Burma (4) 
Mexico (6) China (2) 
Nicaragua (2) India (2) 
Panama (1) Nepal (1) 
Peru (2) 
Venezuela (1) 
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SPECIAL RESEARCH ACTIVITIES IN MEXICO 

Within the general maize improvement program, new 
ideas and techniques, as well as some special research activities, 
are carried out as special research projects. These studies may 
require many years for completion, but the conclusions 
resched may lead to modifications in the improvement 
priorities and/or methodologies used within overall program 
activities. Three special research projects will be reported 
here-drought tolerance, early maturity, and wide crosses. 

Drought tolerance 
CIMMYT scientists have been, studying the genetic vari

ation for performance Linder water-stress in one population, 
and are exploring the reliability of easy selection criteria for 
the development on a field scale of drought-tolerant types. 
The objective isto determine whether drought-tolerant maize 
varieties can be developed with superior yield potential under 
both stress and non-stress conditions. 

The parameters u!.ecl for the evaluation of drought 
tolerance under a multiple selection index are: (1) relative 
leaf elongation rate, (2) interval between pollen shed and 
silking, (3) leaf tissue death, (4) grain yield under stress 
and non-stress conditions, and (5) canopy temperature. 

The results to (late (vis drought resistance), as shown in 
Table 6, confirm that (a) there is a genotype x moisture 
interaction (i.e., that some plants can handle stress better 
than others) and (b) that a multiple selection criteria can be 
used to identify genotypes (families) that give better than 
average performance under moisture stress without detriment 
to their performance under more favorable conditions (i.e., 
with no moisture stress), 

Table 6 also compares materials selected, using the 
'-ought resistance criteria, with other CIMMYT materials. 
Particularly interesting is the performance under drought 
stress of the yield efficiency materials, such as the materials 
with reduced height, tassel, and leaf area. In addition, popu
lation 21, which is part of the normal international testing 
program, is also showing improved yield dependability under 
drought stress (as well as higher yield potential) as a result of 
the multilocational testing scheme used by CIMMYT. 
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Table 6. 	Grain yield comparisons for different selection cri
teria in the population Tuxperio under irrigation and 
stress conditions (Tialtizapan, 1981) 

Grain yield 
(kg/ha) 

Selection criteria Cycle Irrigation Stress 

Reduced height 6 5276 1129 
12 5358 1203 
15 5893 1718 
18 6129 1570 

Reduced tassel 	 0 5608 1213 
6 6172 1673 

Reduced leaf 	 0 5608 1213 
5 6196 1468 

Drought 0 5859 1224 
resistance 3 6179 1572 

+EV 6311 1647 

Population 21 (part of inter - 0 5608 1213 
national testing piogi am) 3 6458 1315 

+ Experimental vaiiety (EV) (40/o selection pressure) 

Early maturity in tropical maize 
CIMMYT is experiencin] a growing demand for earlier 

maturing materials to fit into a brief rainy season or more 
intensive croppiini systems. A special research project was 
initiated ill1975 to examine different approaches to develop 
materials with earlier immturity. The sacrifice inlyield associ
ated with earlier matLtity as well as heightened problems of 
diseases aiilminse(:tS (dn to earlier plant tevelol)nent than in 
the surroiMnt1(j )lalt tyl)eS) have long been idenlified as the 
major lreedino challenges associated with the dhevelopment of 
these materials. 

One of tie research al)l)roaclles rised in this )roject 
was to assenflJe a nnmlier of higjh-yielditg genotypes with 
intermediate matUrity in to a 01)Ol)1IaItion (calijet r'omlptesto 
Seleccion Precou) in which recutent selection is practiced 
for earliness. Ten cycles of select ion have now been completed. 
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In 1980-81, a trial was designed to evaluate the first eight 
cycles of selection. 

One of the conclusions of the trial isthat as one selects 
for earliness the plant type, one also tends to get shorter and 
more manageable. The second is that recurrent selection can 
be used to reduce substantially clays-to-maturity without ad
versely affecting yield potential (when planting density is 
increased). 

Some early-maturing families from the population Com
puesto Seleccion Precoz developed through this project have 
been used to form two new Advanced Unit populations 
(pop. 30 and 31). Studies are continuing in this project to 
look at the effects of other factors, such as the length of pre
and post-flowering phases on subsequent maturity character
istics. 

Wide crosses 
Crosses between maize and two alien genera, sorghum 

and Tripsacum, are being pursued to determine the feasibility 
of using potentially useful genes from these genera for maize 
improvement. The aim is to make maize a more environ
mentally stable crop with better insect and disease resistance 
(:sing genes from Tripsacumn) and more drought and water
logging tolerance (using genes from sorghum). 

In 1981, existing cytological techniques were adapted 
and used to differentiate maize chromosomes from sorghum 
and tripsacum chr mosomes. Chromosome banding was 
used to confirm the hybrid nature of the maize x Tripsacum 
classical hybrids that are being maintained in El Batan and 
Tlaltizapan. At present, only the classical maize x Tripsacum 
hybrids involving three different types of Tripsacum parents 
have survived. More work is being undertaken to re-isolate 
the maize x Tripsacum hybrids that have been lost and to 
isolate new hybrids involving different maize x Tripsacum 
parents. 

Further work on embryo culture has been carried out 
and a satisfactory media for the production of seedlings from 
immature embryos has been determined. 

At present the major emphasis is being placed on 
increasing the number of maize x sorghum cross pollinations 
made, in order to increase the probability of achieving new 
hybridls for further study. 
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MAIZE TRAINING 

CIMMYT offers a wide range of training opportunities 
to scientists working in maize improvement and production 
in the developing world. These include: 

-In-service training courses in: 
production agronomy 
maize improvement 
laboratory analysis 
experiment station management 

-Graduate student programs in cooperation with uni,
versities: a few students spend 12 to 18 months in 
Mexico to do thesis research 

-Postdoctoral fellows: 1-2 years service at CIMMYT 
-Visiting and associate scientists: up to 1-year fellow

ships at CIMMYT 

In-service training 
The in-service training program is now eleven years old. 

Over 600 trainees from 61 countries have completed the 
six-month training courses. In 1981, trainees from 20 coun
tries participated in one of the four in-service training pro
grams. Of these, 34 participated in the production agronomy 
course, 11 in the maize improvement course, 5 in the experi
ment station management course, and 3 in protein quality 
laboratory training. 

Production agronomy is the largest of CiMMYT's in
service training courses. It emphasizes procedures to organize 
and execute a systematic program of on-farm surveys and 
experiments designed to identify agronomically and economi
cally sound production recommendations. An active field 
research program is carried out and trainees remain in Mexico 
for a full production cycle. Production trainees are also ex
posed to CIMMYT's overall maize improvement program . In 
recent years, seed production procedures have been stressed 
more, and production trainees now help to manage breeders' 
seed-increase plots ne-ded by CIMMYT to provide experi
mental quartities of seed to collaborating national programs. 

In 4,ie maize improvement course, trainees are intro
duced to the range of breeding materials handled by CIMMYT 
at its different experiment stations. Emphasis is given to the 
field research skills needed to design and manage a maize 
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More than 600 trainees from 61 countries have now completed one of four 
CIMMYT maize in-service training programs. These young scieontist du playing 
key roles in their respective national maize programs. 

improvement program. This practical training is interspersed 
with participation in the agronomy experiments conducted 
by the production trainees on farmers' fields, and with 
classwork rekited to the breeding methodologies used by 
CIMMYT scientists. 

Graduate student training and doctoral fellows 
During 1981-82, with outside financial sponsorship, 

CIMMYT is cooperating in the training o. six master's degree 
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candidates (El Salvador, Ghana, Honduras, Panama, and 
Zaire). In addition, one Ph.D student (USA) is engaged in 
thesis research in Mexico, and four postdoctoral fellows 
(Australia, Hong Kong, USA, and Yugoslavia) are serving on 
the maize program staff. 

Maize in-service trainees, 1971-81 

1971- 1971-
Region and country 81 1981 Region and country 81 1981 

Central America and 
Caribbean 174 11 

South and East Asia (Con't) 
Nepal 20 0 

Belize 6 0 Pakistan 36 8 
Costa Rica 10 0 Philippines 20 0 
Dominica 1 0 Thailand 31 7 
Dominican Republic 14 1 Vietnam 2 2 
El Salvador 22 0 N. Africa and Mideast 38 2 
Grenada 1 0 Algeria 1 0 
Guatemala 17 0 Egypt 17 0 
Guyana 1 0 Syria 1 0 
Haiti 13 0 Tunisia 3 0 
Honduras 
Mexico 

25 
32 

0 
4 

Turkey 
Yemen A.R. 

13 
3 

2 
0 

Nicaragua 18 1 Tropical Africa 154 18 
Panama 14 2 Botswana 2 0 

South America 88 5 Cameroon 1 0 
Argentina 
Bolivia 

11 
10 

0 
0 

Cape Verde 
Ethiopia 

1 
6 

1 
2 

Brazil 3 0 Ghana 22 8 
Colombia 13 2 Ivory Coast 4 0 
Chile 2 0 Kenya 5 0 
Ecuador 19 1 Malawi 4 2 
Peru 22 2 Mozamhique 3 3 
Venezuela 8 0 Nigeria 12 0 

South and East Asia 150 20 Rwanda 1 0 
Afghanistan 
Bangladesh 

6 
9 

0 
2 

Senegal 
Swaziland 

1 
1 

0 
0 

Burma 1 1 Tanzania 52 0 
India 10 0 Transkei 1 0 
Indonesia 3 0 Uganda 1 0 
Japan 7 0 Zaire 31 1 
Korea 2 0 Zambia 6 1 
Malaysia 3 0 Other 3 1 

Total training fellows 603 53
 
Total countries 61 2'
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Visiting scientists 
During 1981, the maize program received 19 visiting 

and associate scientists who spent from one week to one 
year in Mexico. Many short-term visitors, often agricultural 
policy makers and research administrators, were also received. 

MAIZE COOPERATIVE PROJECTS OUTSIDE MEXICO 

A number of regional programs have emerged among 
various maize-growing countries, and CIMMYT has posted 
staff to support these regional efforts. In a few collaborating 
countries, CIMMYT has received special funds to assign staff 
members to work within a national program, usually during 
its more formative stages. 

National programs 
In 1981, CIMMYT had maize staff posted in three 

national programs. These staff work on a daily basis with 
national program scientists in all aspects of maize improve
ment and production research and in training and staff 
development activities. 

Cooperative projects involving national programs, 1981 

Start of CIMMYT 
CIMMYT staff 

Country arrangement assigned Donor 

Pakistan 1970 1 USAID 
Tanzania 1973 1 USAID/IITA 
Gharina 1979 1 CIDA(Canada) 

Regional programs 
A regional program helps to forge stronger links among 

national collaborators and with CIMMYT. Regional programs 
generally comprise neighboring countries in which maize is a 
major crop (or has the potential of becoming one), grown 
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under similar conditions, and exposed to similar diseases and 
insects. Therefore, these countries benefit from close col
laborative research, training, and information activities as 
well as from the exchange of germlplasm. Another research 
dimension in reqiona! program activities involves the shifting 
of portions of CIMMYT's international breeding program to 
regional bases, with the cooperation of natio'nal scientists in 
each area. 

Regional maize programs in 1981 

Numerj of Sta:t of CIMMYT 
Region and cooperating ClMMYT staff Current 
operations base countries arrangement assigned donor 

Central America 13 1974 2 Switzerland 
and Caribbean (Mexico 

and Guatemala) 

South ar1d 11 1976 2 UNDP/ 
Southeast Asia Rockefeller 
(Thailand) Foundation 

Andlean countries 5 1976 3 Core 
(CIAT, Colombia and Unrestricted 
Ecuador) 

Mideast 9 1979 1 Core 
(Turkey) Unrestricted 

West Africa 13 1980 2 Core 
(IITA, Nigeria) Unrestricted 

Central America, Mexico, and Caribbean regional program 
The efforts of the maize staff assigned to this region are 

aimed at strengthening national maize improvenent and pro
duction research programs in Central America and the Carib
bean. Considerable progress has been ma(e in maize improve
ment and prodtction research throughout the region. Over 
35 improve( varieties have heen released and many are in 
commercial I)roltcltion. National yield levels in most Central 
American countries have increased considerably over the last 
few years. 

In 1981, regional staff assisted in conducting the inter
national maize trials distributedl to area countries. They also 
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assisted in the assembly, distribution, and data evaluation of 
the PCCMCA (Programa Cooperativo Centroarnericano para 
el Mejoramiento de Cultivos Aliment'cios) trials distributed 
throughout the region. 

In maize improvement, particular emphasis was placed 
on greater corn stunt resistance, adaptation to conditions of 
dlrought stress, improved husk cover, reduced ear rots, 
and on the development of earlier varieties. On-farm research 
also continued to receive a major program focus, with weed 
control and minimum tillage methods given major emphasis. 
Major collaborative activities were under way in Honduras 
and Haiti.
 

Beginning in 1982, a third CIMMYT staff member was
 
added to this regional program as part of a collaborative re
search arrangement with Mexico. The focus of nis activities 
is on the identification of high-yielding open-pollinated 
varieties for Mexico's varied maize-production areas. 

South and Southeast Asian regional program 
The operations base for this program was shifted in 

1980 from India to Thailand. A maize pathologist, deputed 
from the Rockefeller Foundation, assumed CIMMYT's re
gional responsibilities for its downy mildew international 
breeding program. Activities inrlude disease screening and 
selection of resistant materials for international testing. 
Added emphasis is also being given to the development of 
earlier-maturity varieties. Good progress is being made to im
prove the downy mildew resistance of three alvanced unit 
populations for lowland tropical areas (pop. 22, 28, 31). In
ternational trials will he distributed during 1982. 

In late 1981, a regional agronomist was added to the 
program. His work focuses on production-oriented prob
lems in the region, emphasizing on-farm research activities. 

Andean regional program 
CIMMYT has three maize scientists assigned to this re

gion: one is headquartered in Ecuador with responsibilities 
for highland floury maize breeding, and two are stationed in 
Colombia from where they support tropical maize breeding 
and production research activities throughout the region. 
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West African regional program 
In 1980, CIMMYT posted a maize scientist to Nigeria as 

part of a cooperative regional effort with IITA and West 
African national program. With this posting, CIMMYT has 
shifted its international breeding program for streak virus re
sistance to this regional base, with full involvement of I ITA 
and West African maize scientists. The improvement work 
centers on developing streak resistance in CIMMYT's popula
tion La Posta (pop. 43), a tropical lowland white dent mate
rial which has shown high yield potential in Sub-Saharan 
Africa where this disease is not a problem. Considerable 
priority is given to this research since streak virus is one of 
the most serious disease problems in Sub-Saharan tropical 
maize areas. (In early 1982, a second CIMMYT maize breeder 
was assigned to this program.) 
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INTRODUCTION TO THE WHEAT PROGRAM 
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BREAD WHEAT 

The bread wheat program is the largest of CIMMYT's 
small grains improvement programs. Breeding activities 
have broadened over the years from an original emphasis 
on the development of semiclwarf types with good rust 
resistance, toward the prol)lems of rainfeci wheat production 
and a host of other disease and stress problems. 

These expanding activities are a natural consequence 
of CIMMYT's cooperation with an increasing number of na
tional wheat programs in the developing world. Today, our 
researchers are involved in a very large and cor'plicatecl pro
gram of germplasm development designed to support national 
bread wheat improvement activities around the globe. A 
broad genetic hase is maintained in the CIMMYT materials 
for characters such as yield, wide adaptation, industrial quali
ty, and disease resistance. Successful development of germ
plasm to fit these diverse objectives is a product of a well
)lImnedcrossing programn, combined with the selection skill 

of breeduls at CIMMYT and in the national programs who 
paiticipate ir. the large international germplasm testing and 
development Iletwork. 

Gerniplasin development 
A trip to the bread wheat crossing blocks provides a 

vivid view both of the historical evolution and current scope 
of CIMMYT's bread wheat program. Hundreds of lines and 
varieties are included in these crossing blocks for use as 
potential parents in the breeding program. These lines are 
classified into subgroups on the basis of outstanding traits, 
e.g., resistance to specific diseases, yield potential, agronomic 
type, grain type, milling and baking quality, maturity, toler
ance to soil and other environmental stresses, etc. 

At present there are 15 subgroups in the spring wheat 
crossing l)lock and 12 sulbgroups in the winter wheat crossing 
block. Included are materials with superior characteristics for 
highland areas, irrigated and rainfed areas, disease resistance, 
industrial quality, early maturity, soil stress problems such as 
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aluminum toxicity, and environmental problems such as ex
treme temperatures and moisture stress. 

The composition of these crossing blocks and the total 
number of cross-. made each year to solve various problems 
reflect the relative priorities of the CIMMYT bread wheat 
improvement program. Today, yield stability is given a higher 
relative priority in overall breeding objectives than higher 
yield potential, per se. A continuing strong emphasis is placed 
on disease resistance, particularly to the major rusts-stem 
rust, leaf rust, and stripe rust-which still constitute the 
major disease threat to stable yields in much of the develop
ing world. 

As CIMMYT has expanded its cooperation with scien
tists in different developing countries, the breeding program 
has been expanded to accommodate other disease problems. 
In particular, the fungal diseases of Septoria spp. have received 
considerably more research attention. More recently, mate
rials with resistance to Fusarium spp., an important disease 
problem in central China and other areas with warm, humid 
climates, and Helrninthosporium spp., also adisease problem 
in hotter production areas such as Bangladesh and Nepal's 
tarai area, have become part of the crossing program. 

Other breeding priorities have been added tothe crossing 
program as well. For example, the growing intensification of 
farming in many land-short developing countries, where two 
to three crops per year are desired, has led CIMMYT to place 
greater emphasis on developing early-maturity, high-yielding, 
disease-resistant varieties. The Indian variety Sonalika, with 
CIMMYT germplasm in its pedigree, is the most widely grown 
early maturity variety used in the developing world today, 
covering several million hectares in Nepal, Pakistan, India, 
and angladesh. It's availability and suitability for Bangladeshi 
wheat production conditions is perhaps the single most 
important factor explaining the expansion in wheat produc
tion over the last six years from 100,000 to 1 million tons. 
Unfortunately, it is rapidly becoming susceptible to new 
races of leaf rust, and replacement varieties are needed. 

Growing land pressures have also been the motivating 
factor for CIMMYT's increased involvement in breeding for 
marginal lands with stress environments. Perhaps one billion 
people in developing countries live in marginal land areas in 
which aqriculture is a highly precarious enterprise. The spring 
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pustule formation. Leaf ri;ist intensity over lime is illustrated 
in FiIure 1 for siX Of Ohe most 1I)omnisinqt slow-stinq lines, as 
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Figure 1. 	 Slow rustin, lines of bread wheat low leaf rust 
intensity over time compared to Inia 66 (susceptible 
check) at El Batan, '1980 
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attempts are being made to improve the durability of re
sistance to leaf rust by incorporating the slow-rusting charac
teristic of these cultivars into future bread wheat crosses. 

Septoria resistance 
An early criticism of the Mexican semidwarf wheats 

concerned the lack of su'ficient resistance to Septoria tritici, 
which can reach epidemic proportions in many areas of the 
world-particularly in the rainfed wheat regions of North 
Africa and Argentina. 

Soon after its inception, CIMMYT became involved 
in testing for septoria resistance. The International Septoria 
Observation [lursery (ISEPTON) was established and a 
cooperative program )etween Mexico and Israel was initiated 
to identify materials with resistance to septoria. A large 
number of lines with excellent resistance have been developed. 
Almost all of the most resistant lines have come out of our 
spring x winter crossing program. The varieties Kavkaz and 
Aurora, both from the Soviet Union, appear in the pedigrees 
of most resistant lines. Both varieties carry a small amount 
of rye genetic material, which probably accounts for their 
excellent resistance (triticale also exhibits excellent septoria 
resistance). 

Spring x winter wheats 
Since 1973, CIMMYT has been engaged in a cooperative 

research program with Oregon State University (OSU) to 
transfer useful genes between spring and winter habit wheats. 
In this cooperative program, CIMMYT is interested in devel
oping spring wheats which contain winter wheat germplasm 
while OSU scientists are focusing their attention on the devel
opment of winter wheats which contain spring wheat germ
plasm. 

In the CIMMYT portion of the program, the spring x 
winter lines developed from this project are consistently 
among the highest-yielding lines in recent international 
yield nurseries. Not only are these spring x winter lines 
higher-yielding than CIMMYT's best pure spring wheat 
lines, but they also have superior yield stability. CIMMYT's 
advanced line Veery"S" has becn the top yield performer 
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in the last three international spring wheat yield nurseries 
(see Table 1). It also appears to possess better resistance to 
Septoria triticl and stripe rust, as well as better drought 
tolerance than do our best pure spring wheat lines. 

Breeding for moisture stress conditions 
Several years ago, our bread wheat breeders began to 

evaluate various spring x winter crosses for tolerance to 

J:T' ,, .. . , 

CIMMYT wheat agronomists are developing information useful to breeders in 
creating certain conditions for germplasm screening. One example is the assessment 
of water infiltration rates at the CIANO station to allow breeders to simulate 
desired moisture-stress conditions for germplasm screening. 
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TaWe 1. Averaqe yield (kg/ha) of the top spring x winter 
variety Very-'S' compavred to the Ii ih-yl ig 
puren spring variety Nzcozari across all locations 
reporting (j da Irni recen irlteratiollal spiing 
Wheat Yield iiirs;'ies 

1978-19 1979-80) 1980-811 X 

Veery "S' 4477 4339 4581 4465 
Nacozari 713 4251 4126 4181 4186 
NUrsery meanli 3778 3698 3789 3755 

(Irouqlb stilliss OVlsi(: tnials lmvc iicthuil lhat l c pritlilln 

drogh tai11,Cdo om i !qIcc; vwinoi a co llniii 

p l llil lid ccv h lyj'iIIlV1i,' 11 02(2l [Uitii' i l siL tu 

10111 lUV tlf li i)w i111 ctll'I i 39 rn > tt1(111) 
faclitywas a1tw ll! v.il~ 11111m lc (I oll i t atn ini l, ii 
pcromise too 11)1 yi(flIflT 2 (;td ity Ii i jit~Iw;~lm t)> larmi:I , 

60q ~ il ,W w , vl mili ~ w! t h -11; 



sel)tOria ISiStdnCe, and dluLi mifuILl toxicity tolerance. These 
lines, how,'wVer, still 1(; (! (Irealela scal) (fLISaflSnri.l) resistance 
h(fort they (:ill he weleasel as viui tits ill Brazil. 

In ihw procesS C) Ilookiit bl madterials with tolerance to 
ahniriilrl, Vw, Iilvi dlSo id(hiticiUPd ilOiiidlS, such as the var
iety Aloi(a, wi:ich iivaw a I Ihtel capadcity to take ip phos 
p o iflls sils ,vilhI i(jtl 1) tixini tendcencies. This uptake 
alhility ailwais oI It, wldlAl to tle fact that there are some
 
rye? {hlllmsotst, III INh ich lt mnaterial.
 

cultivar tor hiqlhlaild areas 
Wv/he I)toi i(:tiivljy i,, highlands of the Andes and 

[L;.it /\f; i tibi; hl fj(ei lIudliu ihe yiekl increases achieved 
ii iliorw flvotirlhltt aiehas s th ,s the irri(lated plains of India 
ailM ,xiOO. fhelil ()111111,1tsare often characterizedby

vi hii(Ilc:ollil~fdii :ivolt( ,- lintensity disease devwelopment. 

ill ~.in(i ,;il)I t 1 it c ll't iil)5s coimon) yield constraints, 
foljow ;(!l lt)/ se loliji, It;:; itinl , wlidi othei foliar )atlhogens. 
Alth(tiil) tloe o:i! area lIflieil to wheat ill these hi(jhland 

i l)li(;aI sijllal wvl 1ri 0 H()lFld l(A ) to o otlher j)roChLJCtiol 
Otvi~i iilllt~i IS,>,W ; i , ;111 ill i i)po lnni food Soulce. 

Ilip CIN'Iri", 1 itldI wtwl, l Ipu lg l iln has lim ited 

Its itvoIvO t!i t ye Il divcol)lw C I l qildii slitsi lnient to ohser
vIltiol l11 utI( eXl.;tiii(j o(eIrti)lasnm fOl furtherlaissifici o)f 
tpstimfU fly i illo I l)ll hiOih Iiniis ;i inIl-)o;S( nql;inte;nsively 
S(ItfjPOP (fI Cis ' Iot-t) r 0fl (I)11I io (jionil staff operating 
i, htho Ow itmilihhii(I; of Sothll An ia and Fast Africa. 
C il -tl, y, alnily aiivaiie(; lines hive been idenlified with 
resistall(:o, to septol a, 1F11S,1111111n /vIe,and the rust diseases. 

Early-naturing wheats 
At inc(:trisill(I II blll)oof wheat-l)io(ltcinq l areas are 

!lro'will(tI wllial wVithil illo-C intelnsive ctoI rotational pat
ten[IS. Fom suIi aisis, ilyIilttirity varities with hiqh yield 
cotitl let t, i t lillt ) the;! tir (LictiOil systeurIs. Mote than 40 
catly-i ltm ily Ii111w; liarm 1l){ idmliliie with oood dlisease 

im! sli 
Ill slh:ch lilitiiil. Ialh e, 2 show; soli; of th ,hest yiel(ding, 
e;iiyill iritly ivdlil(! lll uS cinlf)riti to the early Var

it!sist ;iceili ,r: h iu ll iteh toi :oo(liltsl iltl er(!ste(d 
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Table 2. 	 Days-to-maturity of early-maturing advanced lines 
comparable in yield to the varieties Inia 66 and 
Sonalika, CIANO, Sonora, Mexico, 1980 

Yield 0/0 
Cross kg/ha of Sonalika 

Ana x Kal-Bb 6204 109.1 
Tsh "S" 6167 108.4 
Inia 66 (check) 5991 105.1 
H1666-Pvn "S" 5924 104.1 
Maya-Pvn "S" 5921 104.1 
(Vcm-Cno"S" x Cal/Nor-7c) 

Tanori 71 5886 103.5 
(Cno-8156 x Tob-Cno/Jup) Plo 5798 101.9 
Fury-Mo 5783 101 0 
Cj-Cpr x Jup"S" 5711 100.4 
Sonalika (check) 5688 100.0 

ieties Sonalika and Inia 66, which are in commercial use to
clay. 

Wheats for warmer subtropical areas 
A number of wheat-importing countries-notably Brazil, 

and those in Central America, West Africa, and parts of 
Asia-are interested in growing wheat in their winter season, 
the period of coolest temperatures and lowest humidity. 
Serious disease constraints are leaf blotch, caused by several 
forms of helminthosporium, and head scab, caused by 
fusarium. We are working to develop lines wilh resistance to 
Helnuinthosporium sativlm. CIMMYT's preliminary work on 
helminthosporium, supported through a special project 
research grant from UNDP, has resulted in the identification 
of 210 advanced lines with varying degrees of resistance. 
These lines were distributed to national collaborators in 1980 
through a special F2 (early generation) nursery. Lines identi
fied in this screening nursery are being used to constitute a 
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ERRATA
 

Table 2 on page 62 should read as follows: 

Table 2. 	 Early-maturing advanced lines comparable in yieldto the varieties Inia 66 and Sonalika, CIANO,
Sonora, Mexico, 1980" 

100.0 

Cross Yield
kg/ha 0/0

of Sonalika 

Ana x Kal-Bb 
Tsh "S" 
Inia 66 (check) 
H1666-Pvn "S" 
Maya-Pvn "S" 
(Vcm-Cno"S" x Cal/Nor-7c)

Tanori 71 
(Cno-8156 x Tob-Cno/Jup) Plo 
Fury-Mo
Cj-Cpr x Jup"S" 

6204 
6167 
5991 
5924 
5921 

5886 
5798 
5783 
5711 

109.1 
108.4 
105.1 
104.1 
104.1 

103.5 
101.9 
101.6 
100.4 

Sonalika (check) 5688 
* Days to maturity at CIANO for all materials are from 115 

to 120 days. 



4- ,' , 

i 410
 

A number of wheat-importing countries situated in the subtropics are interested
 
in growing wheat in their winter season, the period of coolest temperates and
 
lowest humidity. Several serious disease and heat-stress problems exist for such
 
production conditions. Work to develop wheats for these warmer subtropical
 
conditions isbeing stepped up through a special project grant from UNDP.
 

new advanced-line screening nursery which will be distributed 
in 1982 to collaborators in helminthosporium-affected areas. 

More recently, we have intensified our work on devel
oping high-yielding lines with resistance to head scab caused 
by Fusarium spp. Some 90 CIMMYT bread wheat lines have 
been identified which possess some resistance. Often, how
ever, this resistance breaks down under severe disease condi
tions. Consequently, there is a need to pyramidi the different 
genetic sources of resistance to this disease. New materials 
from China and Brazil with some resistance to fusarium have 
been supplierd to CIMMYT and are being used in the crossing 
program. A shuttle breeding program is being planned be
tween CIMMYT and Argentina (Brazil and China may also 
participate in this arrangement). 
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Expanded efforts ie also under way to develop more 
heat-tolerant materials for at eas such as the Sudmit, Baniqlalesh, 
and parts of India. In this wrlx, out widrs are Iooking to 

some of the Sl)inl x winter lirus fo vernali/atioi Iraits which 

wilI allow the ta terials in heat It olle areas to tilller niore 

profusely rio let ll teiripet ata es. 

International testing 
In 1981 trt (diffurent typt; oIo )ira(I wheat tmirseries 

were distri lt lt at the t(Il;sts OflcollalMIotatrs inlalout 100 

cotwittius. Il a(hlitior, CIMMYF ftetnmtly tilled te(ntiests for 

sjiecific rnateriai, tiiaIh hy inilivihial scielltists aoiilld the 

wot Ii. 

Lines/ 
1981 Bread wheat nurseries varieties Sets 

Ea ly G,;n' itittim Matlein ak 
F2 h i iititd 357 50 
F2 Di yktid 298 55 

F2 Sil)i'r il 73 30 
F? Eo,,y 57 5b 
F2 Alumitrim 92 25 
F') SpIt kill , Winti 347 80 

151h IBWSN I l(lilli i nil Breadi WttewaI 
Sit mrittl Nut wiy 206 150 

18th ISWYN lth Sli, mot l SpViit Wihel 
Yw i l ( l l~r!fy 5 0 100 

31dI ESWYTF L~lit{ Sp~i mqWiczii Yit~h 

N1i1 c y :30 30 

12th ISEPTON limitonill Sittii 
Oi, vi0iiiion Ni ,rw'y 180 60 

Varietal releases 
It is the espulnsihility Wi lanlinal ploqtalls to lm ani 

release nemw varielies. CIMMYT, thel(,re i, ll, oilly pattial 

infoitnatintiorrthe release at otirid [hi: w vhiml Oit hreal wheat 

varie'ties vlli:h (:lary CIMMY-1 td ' (lisitl lmnrlilaslirl their 

pedi!tles. l)tuiitn 1980 82, iimwv(,, weuhatid rtoitts front 12 
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Selected bread wheat varieties bred by CIMMYT-INIA or predecessor organi
zations, and released in Mexico, 1950-81 

Year of Yield Disease rating in Mexico* 
Mexican Year of potential Plant lit Grain Stem Leaf Stripe

•
release Variety name cross kl/ha cm color rust rust rust Septoria 

1950 Yaqi 50 19,15 3500 115 Red TMS 20MS IOMS MR 
1960 Naina i 60 1958 4000 110 Red lOMS 5FR 0 
1962 Pitir 632 1956 5870 105 Red IOOS GOS 0S MR 
19152 Penjiano 62 1956 5870 100 IulI S0MS 0 M0S MR 
1964 Sono(ra 64 1957 5580 85 Red 20MS 70S 80S S 
1914 Letmao(lO 64 193 6000 1CO Red 30MR1IOS HOS S 
1915) INIA 66 19632 7000 100 Red 5MF 100S 8l0S S 
191(3 SimltC ri)s (6 1957 7000 100 Ambtr VMS GOS 100S S 
1970 Yvit:orai 70 19613 7500 75 Ambr TR 100S 100S S 
1971 Calemr 71 1966 7000 75 Red TII 100S 100S S 
1971 rmo,i 7i 1196 7000 90 Flt!( 20M 0 80S 1G0S S 
1913 .Jupatco73 1969 7500 95 Red TMR 813S (OS S 
1973 1or ir 7:1 19167 7000 75 Ami TMR 2OMS 40S S 
197 ! Cocofllte 75 1969 7000 90 Red T14 Ill 20MR1 S 
19 i Salilranca 75 1 9G / 7000 9(1 lieud TM 20MS 2()MS S 
191' /,llIqiia 75 19 (36 8000 90 fife1 0 30NIS 10S S 
1916l Nicoziari/; 1969 110[0" 90 Amie, 0 IMFR 10M1R S 
1971 Paw 7i 17610 10(0" 10 Amir 0 I'MR 1OMO MS 
19/7 Prri 77 19G4 7500 90 Arlrur 5MR TM13 30MS-MS S 
197 / I firlusillo 77 111:? 7501 15 Ifil 5MI 5MI TOH S 
1917 Jauii;rr 77 1969 " 9111OO"10 Red M) 14 TH S 
11/19 CIAN() 719 19714 80001 911 Iei 11" TI Ti S 
191971 liris 79 19171 ,110W 90 Amlrr I14 TR Tt S 
1979 Tesia79 111791 /(01 10 Rte Ili I1t 1TV) S 
19131 (lciisoni SH1 197!5 13O(1' " W llifni 11 TMH TR MR 
1981 Genaro S8l1 1!175 81000 90 Ie T4 TMR TR M R 
11111 Ure s Sl11 1975 80000" 85 Red THI H1 TR MR 
19111 onilhi S8I 1971 1R000' " (1 WI,t TI iT TR S 
1111 Sirnihlit SR1 191174 7500 15 Wlhite TR TIH TI) S 

v;Istat
Mitmisiircil it l eI iiii'iit ,riiiMeti: (), illilatfil nuclfei hiqh soil I!rlWilty and ussirtl1allv 
dii ses t,-,I-


All variit(!es svere ri~itai i to il llrl. rtes rIniriur Meuxican coinditionstif tiIe oIrelasei. 
R - resistant, S sus.upiih; ) n1010st; MH - lderattely ressitcrt; MS - mrcolerately skiscuc 
tlhe 2(IMS iT)irc illtly sil ili c iIi 2,,,11er ceunit ofl )lant sulrface, hllarce oftype lesion 
surfice is iisiro ifreei; INIS M sisiciuitrlctih llr i:, o halin islOlu'ratliy tcI:) lisi III il itt, ce 
hlsior1.frcu'. lresit';rIII ly ple hisirici li lt.lelaccc is hisiilli rlrrIH )l il t!altmOrin a 

Yr"ul l ofI variueiis rehasi ci 11 11 i iriqnl liejvuuc 7500-.)500 kqilha ic ilihrimit sea
s ,s aild ti als A r;ii rsvivrlrve inimmircioir lo 11000 k(lflca (liven nl thInese riucruitis I for i
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countries on the release of 43 new varieties carrying CIMMYT 
germplasm. 

Argentina (3) Portugal (3) 
Bolivia (2) Spain (9) 
Brazil (3) Tanzania (3) 
Mexico (11) Tunisia (2) 
New Zealand (1) Turkey (3) 
Pakistan (1) Zambia (2) 

DURUM WHEAT 

Durum wheat is used in making pasta products and 
certain types of unleavener' bread. Worldwide, this wheat 
species is grown on about 30 million hectares. The most 
important production areas are found in the Mediterra
nean region, the Mideast, Argentina, Chile, USSR, Canada, 
and the USA. Developing countries grow durum wheats on 
about 11 million hectares. Most of the developing country 
durum area is rainfed and commercial yields are quite low. 
Major biological production constraints are environmental 
stresses, such as temperature and moisture, and disease 
problems, particularly stem and leaf rust, septoria, and 
powdery mildew. 

CIMMYT's current durum crossing program places a 
heavy emphasis on disease resistance and industrial quality. 
In recent years, drought and cold tolerance, insect resistance 
(mainly to sawflies), and early maturity have also received 
increased research attention. Given the already high yield 
potential of CIMMYT durum materials, efforts to push 
maximum yield potential higher, while still continuing, have 
a lower priority than was the case in earlier years of our 
improvement work. Rather, the major emphasis is on yield 
dependability. 

Yield potential 
Yield data from the first 10 International Durum 

Yield Nurseries (IDYN), which included both tall and 
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semidwar' cultivars and durum lines developed by CIMMYT 
and other breeding programs around the world, show a 
steady increase in the average nursery yield mean from 
2965 to 3577 kg/ha, a gain of 17 percent over the 10-year 
period. 

Today, some of CIMMYT's advanced durum lines yield 
above 8 t/ha in northwest Mexico (see Table 3). Results u 
recent international trials, the 11th (1979-80) and the 12th 
IDYN (1980-81), showed that a number of CIMMYT durum 
lines had average yields across all locations of around 4.5 
t/ha. In particular, the advanced lines Yavaros"S", Frigate 
"S", Cormorant"S", and Mallard"S" were all high and stable 
yielders. 

An increasing number of early-maturity lines with good 
disease resistance are also being developed. One of the best 
lines is comparable in maturity to the early-maturity variety
Mexicali 75, yet isyielding up to 1.3 t/ha more (see Table 3). 

Resistance to diseases 
The development of durum lines with grod stripe rust 

resistance has been quite successful. Hig'ipr levels of re
sistance to leaf rust and stem rust, Sepioria nodorum, 
Septoria tritici, Helminthosporium spp., and Fusarium spp. 
are still needed, since high levels of susceptibility to these 

Table 3. 	 Yield performance and days to flower of advanced 
durum lines compared to recent standard cultivars 
(chr.-ks) at CIANO, Sonora, Mexico, 1980-81 

Yield Days-to-
Cross or Variety kg/ha flower 

(Mexi 75-Chumpi 2 x Fab"S"/P66.270) 
Goose"S" 8049 75 

Gull"S"-Snipe"S" x Gdo VZ4498017 8017 79 
Shwa"S"-Mexi 75 x Yav"S" 7917 76 
Yavaros"S" 7834 76 
Frig"S"-Ren"S" x Ruff"S".Gta"S"/ 

Ren"S" 7508 66 
Yavaros 79 (check) 7495 77 
Mexicali 75 (check) 6229 66 
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diseases are still recorded at this time in many developing 
country churnim wheat areas. 

In 1981, we began to assemble a new F2 group of stem 
rust resistant materials using germplasm from Ethiopia, the 
USA, and Canada, along with other materials identified in 
the CIMMYT screening nurseries which have been planted in 
stem rust areas in recent years. Similarly, we have increased 
our efforts to assemble more materials with resistance to 
Septoria spp. an(I Heluithoslporium spp. 

Improvement in agronomic characteristics 
Work continues to incorporate added drought tolerance 

into d1rr1ms, mainly using materials from India and the 
USSR. Early-maturity dCIrum lines such as Cocorit 71, 
Mexicali 75, and others appear promising for drought-prone 
areas, mainly hecause they can )rovide the farmer with a 
margin of rlrought escap)e. Improvements in other agronomic 
traits such as cold tolerance (using materials mainly from 
Turkey), straw strength, and materials of different heights for 
irrigated and rainfed production environments are also being 
pursued in the Irogran. A new F2 nursery is being assem.,led 
with materials of a medti m-to-tall stature for hilly areas char
acteri/ed by limited management, high weed competition, 
and shallow soils. 

Efforts continued in the modification of the head archi
tectLie in the; d(nriin plant to increase yield potential and to 
permit faster drying in durinns after rain and mist, thus 
reducing conditions that foster the incidence of head-rotting 
diseases. Progress has been nale in developing long-lax and 
semi-lax heads with greater spacing between spikelet, traits 
which reduce the incidence of these disease problems. 

Finally, work con tinued to develop solid stem diurum 
wheat varieiies for areas in North Africa where sawfies can 
cause serious yield redLictions in normal semidwarf materials. 
A gou1) Of tall local varieties from North Africa with solid 
stems are being crossedl with high-yielding, early-matu ring 
semi(Iwarl varielies. Materials are now awilable which com
hine the solidI stem character into high yielding semidwarf 
lines with early-to-intermediate maturity characteristics. 

Indu strial quality 
Although most of the developing world's duruIm wheat 

prodiction is useLd for home consumption, a number of 
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Durum wheats are grown on approximately 12 million hectares in the,' ieloping 
world. The yield potential of CIMMYT's durum germplasm continues so rise and 
is now similar to, or greater than, the yield levels of our best bread wheats. 
Greater resistance to certain diseases is still needed in CIMMYT's durum materials. 

developing countries are in a position to produce durums 
for export to Europe and other regions interested in proiluc
ing semolina (clurum flour) to make macaroni and other pasta 
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products. To be readily marketable, these durum wheatc. 
must have large size grains, high grain test weights, acceptable 
pigment and protein content, and mecliLm-to-strong gluten 
strength. 

CIMMYT's cereal quality laboratory staff routinely 
screens new high-yielding lines to identify materials which 
maintain quality characteristics during macaroni processing. 
Numerous lines of satisfactory quality and good yield potential 
are included each year in the IDSN and EDYT nurseries 
distributed to durum-growing countries. Superior materials 
identified in this testing network are selected and recycled 
into the durum crossing program to increase the percentage 
of lines with good cuality characteistics among the CIMMYT 
materials. 

International testing 
In 1981, CIMMYT distributed seven different durum 

nurseries to collaborators in 62 countries. 

Line,,/ 
1981 Durum wheat nurseries varieties Sets 

Early Generation Materials 
F2 Irrigated 217 35 
F2 Dryland 432 40 
F2 Cold Tolerant 124 40 

CB-Crossing Block 318 30 
13th IDSN-International Durum Screening 

Nursery 235 70 
13th IDYN-International Durum Yield 

Nursery 30 70 
EDYT-Elite Durum Yield Trial 30 40 

Varietal releases 
During 1980-81, we had reports from six countries of 

tl, release of 13 new durum varieties which carried CIMMYT 
germplasm in their pedigrees. 

Cyprus (1) Portugal (3)
 
Ethiopia (2) Tunisia (2,
 
India (3) Turkey (2)
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Selected durum wheat varieties bred by CIMMYT-INIA, or 
predecessor organizations, and released in Mexico between 
1960-81 

Disease rating 
in Mexico** 

Yearof Year Yield Plant Test * 
Mexican Variety of potential* ht.* Stem Leaf Stripe weight Pigment 
release name cross kg/ha cm rust rust rust kg/hl ppm 

1960 Tehuacan 60 1954 4200 150 0 10MR 20MS 81 5.5 
1965 Oviachic 65 1960 7000 90 0-40MS 30S 5MR 81 7.2 
1967 Chapala 67 1961 7000 85 0 1OMS 10MR 83 4.0 
1969 Jori C 69 1963 7700 85 0 TR 5MS 81 3.7 
1971 Cocorit 71 1965 8300 85 0 5MR 5MS 81 3.6 
1975 Mexicali 75 1969 8600 90 0 TR 5MR 80 5.8 
1979 Yavaros C79 1970 8600 90 0 TR TR 83 5.0 

Measured at CIANO experiment station, under good agronomic practices 
lit Mexico, at time of release. R - resistant; MR - moderately resistant; 
MS - moderately susceptible; S - susceptible. Figures before letters indicate 
percentage of infection 

* Carctinoids 

TRITICALE 

Triticale is a man-made cereal. It results from a cross 
between wheat and rye. Although the cross was demonstrated 
by British scientists over 100 years ago, it was not until the 
1950s that researchers in Europe and North America began 
intensive efforts to transform triticale into a commercial 
crop. CIMMYT's work on triticale dates back some 18 
years and today represents one of the largest triticale improve
ffent programs in the world. The progress in developing 
triticale as a commercial crop has been a remarkable research 
achievement. Ten years ago, the yield of the best triticales 
was half that of the best bread wheat; today, they are equal. 
Problems of lodqing and inferior grain quality have been 
overcome to a considerable extent, but problems still remain. 
Grain quality must still be improved. Shorter and earlier
maturity materials with high-yield potential are still needed 
for many areas with the potential for triticale production. 
Greater dormancy is needed to prevent grain sprouting in the 
head before harvest. Finally, disease resistance which generally 
has been exceptionally jood in triticales must be maintained 
and/or strengthened. 
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Triticale is grown on ibout 500,000 hectares around the 
world. Hungary, the USSR, Australia, Canada, the USA, 
South Africa, Argentina, Kcnya, Mexico, China, and Spain all 
grow triticale commercially. Other countries, such as Brazil, 
Chile, India, Tanzania, and Portugal, are becoming increasingly 
involved in tiiticale research and in promoting more national 
prodliction. 

Yield and adaptation 
At present, triticales are competitive in yield with wheat 

(see Table 6). In certain production areas, such as those with 
acid soils, in semi-tropical highlands, and in some specific 
disease areas, triticale generally shows better adaptation and 
yield performance than wheat. Areas where triticale has 
shown significant yield advantages over wheat are the 
Himalayan foothills, East Africa, the central high plateau of 
Mexico, the Andean region, Brazil, and parts of Europe and 
Australia. 

Table 6. 	 Highest yielding lines from the 12th ITYN (1980
81 ) (average from 35 locations) 

Yield Test weight* 
Variety or cross I(g/ha kg/hI 

Juanillo 97 4179 68 
Beagle 3914 65 
RAM "S" 3871 63 
M2 A 3859 67 
MLIskox "S" 3763 69 
Caborra-79 (check) 3707 66 
Cananea-79 (check) 3702 64 
Nacozari 76 (bread wheat 

check) 3364 75 

Average test 	weighils of 70 kg/hI are considered excellent for triticale 

Early maturity 
AlthougIh triticale strains generally flower as early as 

wheat they ma ture more slowly, making them too long in 
season for some )Otential production areas. Efforts to 
develop earlier maturity types are progressing quite satis
factorily. Triticale lines which flower slightly ahead of 
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the early-maturity bread wheat variety Sonalika have now 
been identified. These lines are by far the earliest triticale 
strains found to date and appear to be well-suited to such 
areas as the high plateau of Mexico, where early maturity is a 
needed varietal characteristic. In addition to selecting for 
earliness among our triticale germplasm, per so, we also have 
initiated breeding work on ryes used to produce primary 
triticales. We are seeking to identify and/or develop light
insensitive, early-maturity ryes to use in future triticale 
crosses, since the rye parent may be the cause of the relative 
lateness of triticales. 

Preharvest grain sprouting in the head is another factor 
delaying the acceptance of triticales in areas where the 
conditions at harvest time are moist. Some improvements in 
tolerance to preharvest sprouting have been made, but a 
higher level is still needed. The most promising sources of 
resistance to sprouting appear to be winter type triticales, 
some spring triticales developed in Brazil, and some ryes 
recently developed in northern Europe. These materials are 
being crossed with CIMMYT's high-yielding triticale lines to 
incorporate resistance to preharvest sprouting throughout our 
germ)lasm. 

Seed type and test weight 
The industrial guality of CIMMYT's first triticales was 

rather poor. The milling performance was unsatisfactory 
and flour yields were low compared to bread wheats. These 
low flour yields were associated with grain shriveling which 
resulted in low grain test weights (kg weight of grains per 
hectoliter). 

Today, improved test weight is a central objective of the 
CIMMYT triticale improvement program. It has been relatively 
easy to find triticales that produce higher lest weights under 
the most favorahle prrocluction environments, such as at the 
CIANO station in Sonora, Mexico. As production conditions 
become less favorable, however, the grain test weights of 
most current triticale lines drop sharply. Our Toluca station 
is proving to be a good site to identify lines which show 
relatively high and stable test weights across many locations. 

Recent data on test weights show a number of triticale 
lines with acceptable and stable test weights within 90 
percent of the breadl wheat variety Pavon 76 (considered a 
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good check variety in this regard). Through 1981, only two 
countries (USA and Canada) have set milling industry stan
dards for triticale test weights at 70kg/hl. Numerous CIMMYT 

lines meet this standard. While CIMMYT supports the setting 

of standards, we do not think that triticale must produce a 

grain identical to wheat (with equally high test weights) to 

take its place among the important small grain cereals of the 

world. 

Disease resistance 
Triticsles continue to demonstrate very high levels of 

resistance to the three rusts, septoria, several smuts, and 

powdery mildew. Some of the minor wheat diseases have 
been more of a problem for triticales. Bacterial blights 
often cause damage, and heavy attacks of head scab have 
occurred in certain areas of Africa. However, in general 
triticale has had few problems with disease, at least to date. 

Widening the germplasm base 
We continue to introduce more genetic variation ;nto 

materials in the triticale program by producing new primary 
triticales and through introductions from other triticale 
programs around the world. Most materials in the CIMMYT 
triticale prograr are durum wheat x rye crosses (hexaploid 
triticales) although CIMMYT also makes some bread wheat x 
rye crosses (octoploici triticales). However, until 1978 the 
bread wheat x rye crosses were used for improving the 
hexaploid triticales. Since 1978, we have started to look at 
the potential of bread wheat x rye crosses as a means to 
improve the seed quality in triticale. The work with bread 
wheat x rye triticales is too new to provide definitive data, 
although reports from China indicate that these triticales may 
Ihavo considerable promise. 

We are particularly interested in using improved rye 
gerrnplasm in our crossing program, especially the early and 
dwarf ryes, and have initiated a modest rye improvement 
program. 

We arc also using winter-type triticales from programs 
in Europe and North America in crosses with spring types. 
These spring x winter crosses have been very useful in se
lecting forage-type triticales. 
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Industrial quality 
Most of the food products made from wheat flour 

have been made successfully from pure triticale flour, in
cluding fermented and non-fermented dough products. For 
fermented CIou1hs, where higher levels of gluten are critical, 
triticaies lack the bread-making qualities of bread wheats. For 
non-fermentedC dough products, such as Chappatis and 
unleavened[bread, triticale flour and wheat flour are of equal 
utility. 

The number of CIMMYT triticale lines found to pro
duce acceptable flour yields and loaf volume has increased 
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Recent research efforts have resulted in significant improvements in grain quality 
in CIMMYT's high-yielding triticale materials. Efforts to develop earlier-maturing 
triticalo types are also showing considerable progress. 
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substantially. It has also been found that flour yields in 
triticales with harder grain may be improved by 15 percent 
by tempering the triticale grain before milling as if it were a 
hard wheat. 

Triticale has also been used very successfully ini mixtures 
with wheat flour. In mixtures of Lip to 75 percent triticale 
flour and 25 percent wheat flour, goocd quality bread can be 
mace. It has been observed that triticale flour sometimes acts 
in a synergestic manner when added to wheat flour, and the 
mix of the two flours gives a better product than either 
used alone. In some cases, the loaf volume of bread made 
with triticale-wheat flour mixtures is higher than the loaf 
with 100 percent wheat flour. 

CIMMYT scientists are confident that triticale grain 
quality characteristics can be further improved through 
breeding, and that the grain's utility can be enhanced through 
minor modifications in milling and baking technology. In the 
early years of triticale improvement at CIMMYT, lines with 
poor industrial quality were often retained because of superior 
agronomic characterisitcs. Today, much more selection 
pressure is being placed on quality characterisitcs since most 
of the agronomic problems originally associated with triticales 
have been overcome. 

International testing 
In 1981, five different triticale nurseries were distributed 

upon request to collaborators in 84 countries. 

Lines/ 
1981 Triticale nurseries varieties Sets 

Early Generation Materials 
F2 Irrigated 244 35 
F2 Dryland 255 47 
F2 Spring x Winter 70 70 

13th ITSN-International Triticale Screening 
100 

13th ITYN-International Triticale Yield 
Nursery 172 

90Nursery 50 
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Varietal releases 
CIMMYT has received reports from nine countries of 

the release of 32 new triticale varieties over the last four 
years. 

Australia (11) 
Bulgaria (1) 
C:anacla (3) 
Hungary (1) 
Itlly (1) 

Mexico (2) 
Spain (2) 
Portugal (7) 
USA (4) 

BARLEY 

In 1972, CIMMYT began work on the improvement of 
barley for use as a human food. Today, this barley improve
ment program is conducted in collaboration with ICARDA. 
Until 1979, CIMMYT's barley scientists were largely involved 
in the generation of gerinplasm with high-yield potential, 
lodging resistance, wide adaptation, huLl-less grain, and high 
nutritional duality. Substantial progress has been made in all 
these research areas. We now have a numlber of high-yielding 
semidwar f hlIIled and hlIIl less barley lines (see Table 4). 

The l)rimary l)roblem with the ClMMYT advanced line 
barley materials is that many of them are highly susceptible 
to diseases, in particular barley leaf rust, stripe rust, Ryn
h1fls)p(hnIfl socalis (scald), Hlmint/o.5porium spp., and bar

ley yellow dwarf virus. Major emphasis is now being given to 
the development of grealer disease resistance in CIMMYT's 
qerniplasm. In addition, more intensive tuse of winter barley 
!germl)Iasm is beinl used in spring x winter crosses to develop 
hiJh-yielding barleys for production areas with long seasons. 

Disease resistance 
A shuttle breeding program between Mexico and the 

Anlean ,one regional staff has been initiated to speed up 
the development of germplasm with resistance to barley leaf 
rust, stripe rust, scald, and barley yellow dwarf virus. Mate
rials which have shown resistance have been added to a 
special crossing block for disease research. A total of 372 
entries with resistance have been assembled and these are 
beingLused extensively in the crossing program. 
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During the 1981 summer cycle at El Batan, artificial 
epidelmics were created for both barley leaf rust and 
Rthynchosporium scalis (scald). A nublher of lines were 
identified with resistance to one or both diseases. 

Hull-less grain 
Hull-less (naked) harley has several advantages as a 

human food. The edible dry matter is greater in the hull-less 
type and more of the vitamins and minerals are retained than 
lost as is the case with the hulled types when the grain must 
be pearled (peeled). Finally, hull-less grain threshes more 
easily and can he eaten immediately after threshing. 

Througlh crosses to Godiva, a hull-less variety from the 
USA, and other naked types, about 40 percent of the 
CIMMYT barley materials have the hull-less character. A 
number of advaced hull-less lines now have a yield potential 
ahove 5 t/ha (see Table 4). These materials still require 
improvement for girain size, )lumlpness, and resistance to 
germ damage during threshing. In addition, higher levels 
of disease resistance are still needed before such lines can 
become varieties in most barley-prodcLcing areas. 

Table 4.Coniparative yields of hulled and hull-less barley lines 
from trials at CIANO, Sonora, Mexico, 1980-81 

Yield Days to 
Variety or cross kg/ha maturity 

Hulled 
Min 480-Gva x 11012-Tern 6614 121 
DL 69-Bahitim 10 xH251 6100 108 
C13909.2 x M66.151-Manker (Apm-

IB65/Api-CM67 x Ds-Apro) 5941 120 

Hull-less 
Ore"S" x Emir-Nackla, Ast 9071 5356 130 
CM67-Gvj x Api-EB 489.8.2.15.4[Cal. 

Mr x Ds-Apro(Pro-Tol 1 x Cer 2-Tol 
1/5106)1 5264 127 

BDGC-Gas(Apm- 1B65 x 11012.2/Api-
CM67 x Ds-Apro) 5349 120 

America (Hull-less hiarley check) 2453 125 
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CIMMY ~Iry matorials havo beon considoralbly in lrovod for plant typo and 
,rw SIrmirrqh, hawv alddeld aiarlinoSS, and a somidwarf plant archil:toctuM. A ranto 
oI hIIih!dii 1/ha) and hull hlss (56 t/hatgrailtypos havo ber ivelolpodl that 
aII ,iitaubu for rry barley glrowirg locatioms. Tho oijoi I)reecidiinu priority now 
Iutou Ii ivu()Veul','wiisuI! tiist lt ce:i,in1CIMMYT's liarl'y muateurials. 

Early maturity 
l Irrrlmy arwas of the world with low moistu(; or short

I;l(I'dl)Il (IIViI(r ll(ntS, ((hick naturiil harley is oue! of the 
[lw (ewn(II, which will produce (pairl. I-ol the la;t five years, 
()illIr.eiiis lave beell seek(in varili(eS which alliltLr( 
2() 1 (:) " d'ys Ian existing commercial varieties and 
still l Ir a:ccepahlle yields. lable 5 shows a ultmbler; ofijcl 

Iar ly var iI", wh0ich matirte in abhOLII 90 (lays aiid yi(eld in the 
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3 to 4 t/ha range. These early barleys should prove to be 

valuali!e 	 for farmers located in the more marginal cereal

producing environments. 

Table 5. 	 Comparative yields of early-maturing barley lines 
from trials at ClANO, Sonora, 1980-81 

Yield Days to 
kg/ha maturityVariety or cross 

Hulled 
Mona-Gateway 63 x BI 4355 90 
Mona x Mzq-DL 71 4157 88 
Mona (Early hulled check) 	 3732 95 

Hull-less 
Mari-Coho x Sullan-Nacta 3100 94 
Amp-RL x Bco. Mr-Gva 3814 88 
Mona (Early hulled check) 3168 95 

Spring x winter crosses 
Some harley-prodlucing areas, such as those found in 

the Meriterraiean countries, need longseason varieties. Our 

barley spring x winter crossing program offers new germ

plasm )rospecls foi these production areas. in 1981, for the 

second time, spring x winter F2 materials were sent to 
50 locations having long growing cycles. Observations of 

these materials showed that the spring x winter lines were far 

superior in adaptation and yielding ability when compared 
to straight spring x Sl ing materials. 

Nutritional quality 
Improvement of the nutritional value of the barley crop 

has received major emphasis in the CIMMYT program. 

With the addition of the high-lysine gene from the variety 

Hiproly, several advanced lines hav been developed which 

have consider albly higher total protein and protein guality 

levels than are rinriially found in barley. Eighty-eigIht of 

these protein (guality lines were included in a special crossing 

block distributed in 1981 to scientists in 25 countries. Work 

to improve the piotein quality of barley is being contin ued, 

but at a low priority level. 
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Industrial quality 
Some hull-less barley lines have been identified that 

make flour suitable for mixing with wheat flour of good 
baking quality to make acceptable bread. Such mixtures 
(200/o barley, 800/o wheat) may serve countries where 
barley can be produced more successfully than wheat, and 
where increasing quantities of wheat are being imported for 
bread making. 

International testing 
The number of countries requesting barley nurseries 

in 1981 again increased over the previous year. Eight dif
ferent nurseries were distributed to collaborators in 79 
countries. 

Lines/ 
1981 Barley nurseries varieties Sets 
Early Generation Materials 

F2 Spring x Spring 371 40 
F2 Spring x Winter 270 50 
F2 Andean Zone 370 20 

CB-Crossing Block (Normal) 402 40 
CB-Crossing Block (Nutritional Quality) 88 25 
CB-Crossing Block (Disease Resistance) 158 50 
9th IBON-International Barley Observation 

Nursery 348 100 
4th IBYT-International Barley Yield Trial 50 85 

INTERNATIONAL TESTING 

In 1981, collaborating scientists in 103 countries re
quested 1,771 trials of wheat, triticale, and barley from 30 
different CIMMYT wheat program nurseries. Each nursery 
consists of a set of varieties, lines or populations-sometimes 
as many as 600 entries-which are constituted to assist in 
solving various breeding requirements and particular disease 
problems. In recent years, CIMMYT has received more requests 
for early generation (F2) materials and, when possible, has 
shared its segregating germplasm with scientists around the 
world. In addition, scveral regional nurseries-mainly used for 
disease screening and surveillance-have been operating in 
North Africa, the Middle East (in collaboration with 
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Bread wheat, durum, triticale and barley nurseries distributed by the 
international nurseries program in 1981 

LaS.. A-i~hZE. 
Atlrntina 
Bolivia 
Bra/'i
Chile 

Bread 
wheat 
R -
26 
12 
29 
2: 

Durum 

79" 
20 
12 
4 
0 

Triti-
calo 

79 
13 
6 

18 
7 

Barley 
95-

6 
9 
7 
9 

Asia 
Alghanis,'1. 
HanglajIirli 
Bhutan 
Burma 

Broad 
wheat 
91 

5 
9 
1
4 

Durum 
23 

3 
1 
-
-

Triti
cale Barley 
39 68 

1 2 
1 4 

- 2
2 -

Colombia 
Costa ica 
D)inmnjlcalRepublic 

7 
2 
1 

2 
-

1 
2 
1 

9 
2 
3 

China 
India 
Indonesia 

15 
12 

1 

2 
7 
1 

3 
7 
1 

7 
14 

1 
Ecuador 
GuatmmilmIla 
(-mi| 
Me i(co 
Nwaillaql 
Prllaquily 
Penu 
0tlJLlay 
V1U.'nzm(dla 

13 
3 
3 

32 
2 
6 

20 
4 
3 

8 
-
--

11 
-
-

13 
-
-

6 
1 
2 

18 
1 
2 
5 
-
I 

10 
-
-

16 
-
1 

22 
-
1 

Japan 
Korea, North 
Korea, Soutll 
Nepal 
Pakistan 
Phi;ippines 
Sri Lanka 
Taiwan 
Thailand 

1 

2 
5 

20 
7 
-
-
7 

-
-

-
--
5 
-
-

-
4 

-
-
2 
2 
6 
7 

-
1 
5 

-
2 

10 
2 

11 
2 
1 
3 
5 

Vietnamn 2 - 1 2 

Africa 
Algeria 
Angola 

130 
10 

1 

72 
11 

1 

69 
5 
1 

85 
9 
1 

Oceania 
Australia 
New Zealand 

13 
7 
6 

7 
4 
3 

11 
6 
5 

3 
1 
2 

Boltwana 2 2 -
BurM11di 
Ca:lrroon 
Centi. Air 
Egypt 
Ethiopia 
Gharna 

Rep. 

2 

1 
5 

10 
1 

-
-

6 
10 
-

1 
4 
1 
5 
3 
-

--
2 
-
7 

12 
2 

Europe 
Albania 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 

113 
6 
-
1 

-
3 

86 
4 
1 

-
1 
1 

80 
4 
-
1 
3 
-

78 
1 
1 
-
-
-

Kena 
1ihelia 

Libya 
Malwi 
Malli 
M. o uc 
Mo am maeIu(l 

Niger 
Niger:. 
Rwn,1la 

12 
1 
2 
5 
1 
8 
2 
1 
3 
4 

7 
1 
2 
-
1 
6 
1 
-
3 
2 

5 
2 
--
2 
-
2 
2 
-

2 
2 

6 
1 
2 
1 

-
8 
2 
I 
3 
-

England 
Finland 
France 
German D. Rep. 
Germany, F. Rep. 
Greece 
Hunqary 
lielarnI 
Italy 
Malta 

7 
2 
8 
-
1 
7 
4 
2 
6 
-

-
-
5 
-
3 
6 
5 

-
17 
4 

-
-
6 
1 
2 
3 
4 
-

10 
-

2 
1 
8 
-
1 
5 
-
-

11 
6 

Stnltial 
Sormalia 
South Africa 
Smdarn 
Trnam'a 

rirrisia 
Uqmman 

2 
2 

12 
8 
5 
9 
3 

-
3 
7 
1 

-
8 
1 

-
-

11 
4 
2 
5 
1 

-
3 
9 
3 
2 
9 
1 

Netlherlands 
Norway 
Poland 
Portugal 
Rumania 
Spain 
Sweden 

-
3 
5 
0 
8 

25 
5 

-
-
I 
6 
4 

17 
1 

-
2 

5 
7 

14 
3 

2 
4 
4 
5 
7 

14 
-

U;pl Volta 
Zaire 
Zamlia 

1 
1 
7 

-
-
-

1 
1 
4 

1 

-

Switzerladrl 
USSR 
Yugoslavia 

-
5 
6 

-
4 
6 

2 
4 
2 

-
1 
5 

Zi1f)alew., 4 1 1 -

Mideast 
Cytmrmrs 
Irarr 

76 
2 
7 

52 
4 
2 

30 
3 
2 

48 
6 
3 

North America 
Canada 
USA 

67 
20 
47 

23 
9 

14 

42 
16 
26 

27 
12 
15 

haq
Iral 
Jorlan 
Lebanmon 
Qualm 

1 
14 
6 
4 
I 

1 
6 
7 
3 
-

-
2 
1 
1 
1 

2 
5 
6 
2 
1 

TOTALS: 

Countries 

Locations 

94 

675 

62 

342 

84 

350 

79 

404 
Srmjmi Arabia 4 - - -
Syria 22 16 12 12 
tu .:y 13 13 7 10 
Yell:ll 2 -- 1 -
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WIDE CROSSES 

During 1981 this unit continued its research efforts to 
incorporate disease and environmental stress tolerance char
acteristics from other genera into wheat. The alien genera 
were comprised of several species of Aegi/ops, Agropyron, 
Clymuts, Haynaldia, Hordeum, Secale, and T. turqiclum. The 
methodology involves developing alien addition lines, sub
stitution lines, and attaining subtle alien gene transfers 
through irradiation or genetic manipulation. 

Some Aegilops species have genes for rust resistance and 
salt tolerance. Agropyron species possess genes for rust re
sistance, salt tolerance and barley yellow dwarf resistance. 
Some Elymus species of the 211 -4X -28JJXX group, (E. 
giganteus) have shown excellent drought, salt, cold and heat 
tolerance, as well as resistance to leaf-spotting diseases. 
Agropyron and Elymus species are also being screened for 
genes conveying fusarium and heiminthosporium resistance. 

Several hybrids have been produced and verified as hy
brids on the basis of their F 1 chromosome number. A total of 
54 hybrid combinations are maintained in El Batan, CIMMYT, 
under greenhouse conditions. Ali hybrids are self-sterile but 
have produced backcr ss seed with relative ease compared 
to obtaining fertile doubled plants following colchicine treat
ment. The combinations receiving greater emphasis are as 
follows: 

Wheat x Elymus giganteus 
E. gianteus (2n 28) is an Asian grass that is tolerant of 

soil and unvironmental stresses, and is virtually free of all 
leaf-spotting diseases. It has been hybridized with wheat, and 
the hybrid, when poirated by wheat, has produced BCI 
progeny. The second baclcross (whea:-E. giganteus-wheat 
x wheat) produced BCII progenies that were partially self
fertile and set from 35 to 80 percent BCII I seed when back
crossed to wheat. BCIV progenies were produced in 1981 and 
cytological studies ar, proceeding to identify the individual 
Elymus chromosomes that were added to wheat. Some of the 
progenies have expressed resistanc, characteristics associated 
with leaf rust, stem rust, and helminthosporium. 
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7 X 

CIMMYT's oxpmdad wide cross efforts are aimed at the transfer of useful genes 
from related genera into wheat to improve tolerance to envircnmental extremes 
and to increase disease resistance. With the addition in 1980 of an experienced 
rytologist to the staff, considerable progress is being made to develop techniques 
and procedures to successfully cross wheat to other genera and obtain fertile 
progenies. 

Wheat x Agropyron hybrids 
Agropyron elongatum (2n -70), A. distichurn (2n- 28), 

and A. iuniceuin (2n 42) are salt-tolerant species, although 
the genetic mechanism for tolerance has not been identified. 
Hybrids of A. elongatum with durum and bread wheat var
ieties have been made and shall be analyzed for their tolerance 
responses after desirable plants are selected from the advanced 
backcross generations. The material is currently in BCI I gen
eration. A. clistichum has been hybridized by Dr. Pienaar 
(South Africa) with durum and bread wheat. CIMMYT re
ceived amphiploid and BC I seeds of these hybrids as part of a 
germplasm exchan(Ie agreement. We are continuing our efforts 

85 



to introduce other wheat germplasm into the advanced BC 
progenies derived from (T. aestivum cv. Inia-A. Clistichurn) x 
Inia. 	The purpose is to develop 'addition' lines and to test 
ultimately for salt tolerance. BCI selfed or BCII progenies 
have 	 been obtained following selections for leaf rust, stem 
rust, and agronomic plant characterist;cs. Hybrids of A. 
junceum with T aestivum are cytologically highly complex, 
and progenies in BCII express poor self-fertilitly. 

SPECIAL GERMPLASM DEVELOPMENT 

In CIMMYT's conventional breeding programs, experi
mental lines are evaluated simultaneously for many desirable 
traits. Lines that carry a particular character useful to the 
breeder, but contain a large number of undersirable traits, are 
usually rejected. To capitalize on potentially valuable germ
plasm, CIMMYT has a special germplasm development unit 
that attempts to transfer useful genes into lines with good 
agronomic characters. 

During 1981, a number of special germplasm develop
ment activities were uncler way. In some cases, these special 
research activities were either brought to a conclusion, Lrans
ferred to the conventional breeding programs, or reduced in 
priority. 1981 activities included the following: 

1. 	 Work to increase the protein content in high-yielding 
wheat materials. Only limited progress has been achieved 
in combining high protein content and high yield 
potential. Reduced activity with 2 to 3 high pr.-tain 
lines will continue. 

2. 	 Work to improve the agronomic characteristics of 
Brazilian wheats with aluminum toxicity tolerance has 
been very successful. These breeding materials have been 
transferred to the bread wheat program which will 
continue the improvement of aluminum-tolerant wheat 
materials. 

3. 	 Work to improve resistance of wheat to Hessian fly has 
been discontinued due to the unsuitability of Mexican 
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biological conditions to carry out such research. Work 
to improve resistance to sawfly through the development 
of solid stem bread wheat, durum wheat, and triticale 
materials has been quite successful and will continue. 
Solid stem materials already developed have been 
transferred to the respective conventional breeding 
programs. 

4. 	 Work to improve rye materials for the triticale program 
continues. Additional dwarfism is needed in CIMMYT's 
rye material, as is further improvement in self-fertility, 
crossability, grain type, and earliness. 

5. 	 Improvement in the grain of triticale continues. Durum 
and bread wheat materials with outstanding grain type 
are 'being used to improve the grain plumpness of 
CIMMYT's high-yielding triticale materials. 

6. 	 Work on developing very dwarf wheat varieties (double 
and triple dwarfs) has been concluded and these dwarf 
materials have been placed in the germplasm bank for 
use as sources of dwarfism for conventional breeding 
programs. 

New 	Directions 
Several new activities will be initiated in 1982. These 

include the development of separate source populations (gene 
pools) for resistance to Helminthosporium sativum, H. tritici 
repentis, and Fusarium spp. for bread wheat, durum wheat, 
and triticale. The feasibility and practicality of developing 
these populations is dependent on the availability of a suit
able male gametocide or chemical hybridizing agent which 
will allow for field-level cross-pollinatior,. 

Work on crossing triticales and wheat (both ways) 
will 	be reoriented. Emphasis in this project will be to introduce 
rye 	 genes into bread wheat. The introduction of genes 
from rye has shown that it can improve the yield depend
ability of wheat (e.g., Veerys). The triticale program will 
continue to introduce wheat genes to enhance triticale seed 
characteristics and improve pre-harvest dormancy (e.g., 
preclude pre-harvest sprouting). 
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GERMPLASM BANK 

Until 1981, the wheat program operated only a minimum 
short-term cold storage seed maintenance facility for its four 
crops. Over the years, CIMMYT has greatly increased the 
scope and extent of its worldwide collaboration. This has 
resulted in an increasing volume of breeding material which 
should be properly described, classified, and maintained. This 
is particularly true for triticale, in which CIMMYT has one of 
tha world's largest breeding programs. The wheat program 
also needed additional storage space to maintain working 
collections and for small-scale seed supply increases for other 
collaborating countries. 

With financial assistance from the Government of 
Japan, CIMM1YT built a new wheat germplasm bank facility 
which was put into operation in late 1981. To properly 
manage the bank and to classify the large number of ac
cessions, an experienced breeder/germplasm bank curator 
joined the wheat program staff in 1981. The first cycle of 
classification (12,000 accessions) was carried out at CIANO, 
Sonora, during 1981-82. Eventually, a computer program will 
be developed to assist in the management of this germplasm 
bank information base. 

AGRONOMY RESEARCH 

The atironomy research staff engages in three mdin activ
ities: training, agronomic studies that are not highly site
specific, and agronomic recommendations for CIMMYT's 
breeding nurseries. 

Agronomy training 
In training, the staff worked closely with 21 production 

agronomists from national programs who attended the 1981 
CIMMYT in-service production agronomy training courses. 
These courses emphasize field research and the strengthening 
of diagnostic skills to solve production problems. In-service 
trainees help to design and manage a series of agronomic 
experiments planted on farmers' fields and on experiment 
stations. 
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Participation in the agrolioriy plrogral at base is also 
being used to train t he ar ollollisis who will staff CIMMYT's 
regional whealt ro ,'t. -i- (laiir I good iderstanding of 

CIMMYT'., siall i~il; iillovenlur'1 I programs and other 

research activities, uol, to Iwo yeais involveruiet at base of 
all CIMMYT wliealt agrololilists iS soinlii bforel delfloyment 
to outreacli I)OSts. Gt(owilr(t s I)f)0rt of national aid re(Jional 
short co;us inl lolaictlori ,kIIorooriy is als bheing provided 
by the M!xicil lhasle a(grolnoinly pl ogram staff. In 1981, 
SL)l)ort was gtiven i a riirt+rrr of fiehl workshops conuIleCted 
by collalbotlinl ntatiollial pi o!ranis. 

Research in Mexico 
CIMIM YF'!; air o ony research ill Mexico is conducted 

in two distirn:t regions. Iri the winter season, from November 
to May, extrliei ilIs ;n corlucteUd arori Ciudad Obregon, 
Sonora, in the nor thwcst of Mexico, in tle irrigated, desert 
type rrvi[orilrrint of the Yaqni Valley. This is an ideal 
envirorr r loot sitlius onl yield, (hou1lht, and weed control 
of Aveh iili (wih olts) ,mr(f P/l,'tismirrr -two important 
weed Irrohhmi .; ill tIris ugroirl . 

Ifi [Ie StLiirner s; rsor-, I etwurn May and October, stud
uS ire (,Cr ic tef in liet oirput ilatemi artea around Mexico 

City. 'l-wo of CIMMYT's exptrririeurit statioris--Toluca, the 
rriair CIMMYl S:urrinut whlet(l station, anI El Batan, our 
hneariln arters are locIeteI in tiis rlegioni. In tlhis rairrfed hig]h
land envir o1rMren l, ;glr orlorii sttndi(,s focns primarily on weed 
control (riairily ihroad leaf weeds) alm] fertili/er levels. 

At all thre statiore;, weeni control studies are made to 
eviluale di (;ru(, l CI lcliII l aiol ll(:ltural coitrols for use in 
breeders' ror series. To test tlic most promising control 
methods for vartita senisitivity Iefore tising theiri irr farmers' 
fields, a systerritlic series of weed corltrl experiments is 
carried owt, ianlinqt ftro ie iii ita! screening of different 
cherrricals to more critic'al test liq of different rates and times 
of aptilic;aion orr Ifrylotoxicity aird weed control. 

Alloijgll a riiir f ni exI)Peirnients is conMiuictu in both 
cycles, oIvly two a long t'rrrr in tugraterd weerf control study 
and , varietv x ritrolr:r titili/atinnr efficiercy irial--will 
he letiortu'd I 

A triil was Statute iii 1979 at CIANO to dfetermine the 
long-tlurrrr (4 year) elfecs of vriotis cultural and chermical 
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control practices on Avena fatna and Phalaris minor weed 
populations. The treatments included methods of incorpora
tion of wheat stubble, the presence or absence ol a summer 
soybean crop, irrigation before or after sowing, wheat seeding 
density, and chemical control of the grass weeds for none, 
one, two, or three seasons (see Figure 2). Thi" rather large 
factorial experiment reveals the importance ol otation pat
terns and cultural practices in weed control. 

6- Basic Disc, fallow, seed-dry, 100kg/ha, 0 yr chemical 

control 

5

4-


V -3

2

0 Basic 200 kg Chem. Pre.irr. Soya Soya Chem 
Seed control pre-irr. control 
rate previous
 

year
 

Figure 2. 	 The effect of various treatments and combination 
of treatments on the yield of wheat in an integrate 
weed control experiment, CIANO, 1981 

As the data show, effective weed control is accom
plished through a wheat soybean rotation (other crop rota 
tions may have similar beneficial effects) and a pre-irriga
tion followed by a discing to incorporate germinated weds 
before seeding wheat into moist soil (e.g., "Soya-Pre-irr."). 
This method controls weed populations almost as well as 
when a herbicide is used (e.g., "chem. control"). The weed 
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control offered through pre-irrigation is so marked that many 
Mexican farmers in the Yaqui Valley have already adopted 
this practice. Besides the direct benefit of this type of re
search for making production recommendations to farmers, 
the experiment also illustrates (for training purposes) the im
portance of looking at the wheat crop within a total farming 
system. 

In another study, fertilizer response curves under fully 
irrigated conditions were determined for different wheat 
varieties released inMexico between 1950 and 1981 (see 
Figure 3). The various nitrogen response curves illustrate the 
input efficiency of the newer semidwarf varieties to make 
better use of available nitrogen and sunlight for grain pro

6

5

4

3

2-

U Veery "S" 0 Siete Cerros 66 

[0Nacozari76 0 Pitic 62 
* Yecora 70 Yaqui 50 

6 16o 26o 300 

Nitrogen, kg/ha 

Figure 3. 	 Nitrogen response curves of various wheat varieties 
released over the last 30 years 
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duction. They also show the yield superiority of the newer 
semidwarf varieties compared to the older tall varieties, such 
as Yaqui 50, even at lower rates of nitrogen fertilizer applica
tion. 

WHEAT TRAINING 

In-service training continues to be a major component 
in CIMMYT's Mexico-based wheat training activities. Five 
courses were offered during 1981. 

Course Number of trainees 

Wheat Breeding 11 
Wheat Pathology 6 
Rainfecl Wheat Agronomy 15 
Irrigated Wheat Agronomy 6 
Eyperiment Station Management 7 

Total 45 

The demand for CIMMYT-trained wheat production spe
cialists continued to grow during 1981. Due to persistant 
funding shortfalls, the production courses were restructured 
during 1981 to maximize the effectiveness of staff time and 
other available resources. Wheat production courses will now 
be run concurrently 'rom May thi ugh November and will be 
headquartered at El Batan. Other ways of augmenting our 
Mexico-based training, such as holding regional and national 
short-courses and drawing on regional staff and former 
in-service trainees, are also being attempted and evaluated for 
cost -effectiveness. 

Visiting scientists 
The CIMMYT improvement cycle at CIANO attracts 

scientists from around the world. In 1981, 71 visiting and 
associate scientists from 26 countries came to CIMMYT, with 
60 visiting CIANO during the crossing and selection season 
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(March and April). Eleven other visiting scientists spent time 
at the El Balan and Toluca stations rdurinq the suimmer 
breeding cycle. CIMMYT financed the trips of 35 visiting 
scientists, mostly from the developing world. In addition to 
the opportunity to exchanle ideas and infor mation with the 
wheat piog(ram staff, visiting scientists are also free to select 
materials fomm CIMMYT's wheat, triticale, and harley germ
plasm and take it Iack to their home conntly institutions. 

Graduate student training and postdoctoral fellows 
Dirii1g 1981-82, with onutside financial sponsorship, 

CIMMYT is cooperating in the 'raining of eight master's 
degree 510S(L1ns (Algeria and Mexico) and one Ph D). student 
(Algeria). In addition, six postdoctoral fellows , . Rep. of 
Germany, France, Mexico, the Philippines,and the USA) are 
serving on the wheat program staff. 

'S 

U-

Training is a critically important activity at CIMMYT. The development of 
scientists wi:h thte abilitv to identify, analyze, an( solve production problems 
is at the core of all CIMMYT traiiingj efforts. 
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Origin of wheat in-ser ice trainees, 1966-81 

1966- 1966
1981 1981 1981 1981 

Latin America 166 7 Africa, south of 
Argentina 14 0 the Sahara 72 13 
Bolivia 16 1 Cameron 3 2 
Bia/il 18 0 Chad 1 0 
Chile 12 1 Ethiopia 14 2 
Colombia 5 0 Kenya 8 1 
Dominican RelibliC 1 0 Lesotho 1 0 
Ecuador 18 0 Madagascar 2 1 
Guatemala 8 0 Malagasy 1 0 
Guyama 1 0 Malavi 2 0 
Honiduras 1 0 Mali 3 1 
M!xico 44 0 Molanmbique 1 1 
Panama 1 0 Nigcria 15 0 
Paragsuay 6 0 Rwalnda 2 0 
Pe:rt 20 4 Senugal 2 1 
Uruguay 1 0 Somalia 1 0 

1anzania 6 1 
franskei 1 1 
Uganda 1 1 
Zaile 2 t 

North Africa Zambia 7 1 
and Mideast 204 6 
Algeria 54 2 Asia 152 17 
Cyprus 2 1 Afghanistan 13 0 
Egypt 14 0 bangladesh 37 7 
htan 8 0 Burma 1 0 
haq 5 0 India 18 0 
Jordan 7 1 Korea 11 1 
Lebanon 4 0 Nepal 18 3 
Libya 4 0 Pakistan 50 4 
Morocco 20 0 Philippines 3 1 
Saudi Arabia 2 0 Thailand 1 1 
Sudan 3 0 
Syria 7 0 Other Countries 22 2 
Tunisia 26 0 France 1 0 
Turkey 42 2 Hungary 2 0 
Yemen 3 0 Poland 3 0 

Portugal 3 1 
Rumania 2 0 
Spain 3 0 

USA 4 0 

IJSSR 4 1 

Total Training Fellows 609 45 
Total Countries 66 26 
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WHEAT COOPERATIVE PROJECTS OUTSIDE MEXICO 

Most of CIMMYT's wheat staff posted outside Mexico 
were assigned to regional programs. Only one staff member 
was working in a national program assignment (Pakistan), and 
his work focused mainly on production agronomy research. 
In 1981, the wheat program had staff assigned to seven 
regional programs. 

Regional wheat programs in 1981 

Wheat region Number of Start of CIMMYT 
and cooperating CIMMYT staff Current 

operations base countries arrangement assigned donor 

Disease Surveillance 22 1973 1 Nether

(Turkey) lands
 

Eastern and Southern Africa 17 1976 1. Core Un

(Kenya) restricted 

Andean Countries 5 1976 1 Core Un

(Ecuador) restricted 

Southern Cone 5 1978 2 Japan/ 

(Chile) CIMMYT 

North & West Africa & Iberian 19 1980 1 Core Un-
Peninsula (Portugal) restricted 

ICARDA 11 1980 1 Core Un

(Syria) restricted 

South and Southeast Asia 12 1980 1 Core Un

(Thailand) restricted 

A Dutch associate scientist is also assigned to these regions 

Disease surveillance regional program 
The problems of wheat diseases in an area stretching 

from Morocco to East Africa to the Indian subcontinent con
tinue to be the major activity for the CIMMYT staff assigned 
to this program funded by the Government of the Nether
lands. In addition to normal regional program activities 
related to consultation and training assistance, these CIMMYT 
regional staff are working on two utnique projects-a disease 
surveillance -early warning system for the region and a series 
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of in-service pathology workshops focused on practical field 
and laboratory methods for inoculation, screening, and 
identification of disease-resistant lines. 

The regional disease surveillance team prepared and dis
tributed its Regional Disease Trap Nursery (RDTN) in 1981. 
The RDTN consists primarily of commercial varieties, suscep
tible check varieties, promising advanced lines with new 
sources of rust resistance, and differentials for the three rusts. 
The RDTN serves as a surveillance mechanism for changes in 
pathogen races throughout the regios. It is sent annually to 
150 locations in about 50 countries. i'he Dutch government 
has provided a grant and technical assistdnce to develop a 
computerized statistical package to process the data ,ported 
by collaborators growing these regional nurseries. In 1981, a 
Dutch pathologist continued his assignment in Turkey as an 
associate staff member in the program. 

Eastern and Southern African regional program 
This region includes 17 African countries from Ethiopia 

in the north Lo Lesotho in the south. The small grains cur
rently grown in this region are mostly in the highland areas 
above 1,700 meters altitude, an agroclimatic zone character
ized by the presence of serious disease problems. The C IMMYT 
staff member assigned to this region helps to operate an off
season nursery program at Kenya's National Plant Breeding 
Station at Njoro, 2,140 meters above sea level. (A pathologist 
assigned by the Dutch government to Kenya also continued 
to collaborate with the regional program as a staff associate.) 

This off season nursery is used by many African and 
Asian countries, mainly for disease screening and to be able 
to complete two breeding cycles in a single year. The area 
around Njoro is characterized by virulent biotypes of stem 
rust and stripe rust, and is an excellent area to screen lines for 
good disease resistance. 

In several countries in the region foliar diseases, such as 
Septoria and Helmintlosporium, cause serious damage. In 
Ethiopia and Tanzania, very effective screening has been pos
sible for Septoria tritici. In Zambia, wheat grown under rain
fed subtropical conditions suffers from Helminthosporium 
sativuin. Recently, selected lines have shown good levels of 
tolerance in Zambia. 

97 



Triticale has continued to show excellent yields in 
several areas under experimental conditions. Several countries 
are now working ouL the pricing of triticale relative to wheat. 
Commercial production in Kenya has been estimated at 
4,000 la. Tests with flour mixtures of wheat and triticale 
have produced very acceptable loaves of bread. 

In most countries in the region wheats with tolerance to 
acidic soil conditions are much desired. Old varieties such as 
Romany have shown wide acaptaton, but yield levels and 
disease resistance are no longer adequate. Recently, wheats 
introduced from Brazil and Mexico have shown good perfor
mance in acid suils, and combine good yields with rust resis
tance. These new lines must now be evaluated widely within 
the region. 

Stem rust resistance is receiving considerable attention 
from breeders in Ethiopia. Crossing work has been focused 
on improving yield levels, plant types, and rust resistance. The 
improved types can he planted much earlier in the season, 
and will uitilize the rainfall more efficiently. 

Two regional no ,w.r.ies were prepared and distributed in 
1981 by the staff assigned to this program-the African 
Cooperative Wheat Yield Trial (ACWYT) and the Screening 
Nursery for the African Cooperative Wheat Yield Trial 
(SNACWYT), each of which are sent to about 20 countries 
each year. 

Andean regional program 
CIMMYT has had a wheat scientist assigned to this re

gion since 1976 to work with the national program scien
tists in the five Andean countries. The staff member is based 
in Quito, Ecuador, Under an agreement with Ecuador's na
tional agricultural research institute iNIAP). In mid 1982 a 
wheat agronomist will join this regional program. 

Vi ruhlent forms of stripe rust and barley yellow dwarf 
virus make this area of considerable value in global screening 
efforts lo develop line-, with greater resistance !o these dis
eases. Three r(n(ional nurseries were prepared and distributed 
in 1981 by the staff assigned to this program-the Latin 
American Wheat Disease and Observation Nursery (VEOLA), 
the Latir American Rust Nursery (ELAR), and the Regional 
Andfean Wheat Trial (ERTA). 
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The VEOLA is a regional disease and insect screening 
nursery which consists of advanced lines of bread wheat, 
durum wheat, triticale, and barley. In audition to supplying 
regional disease information, the VEOLA facilitates the 
exchange of disease-resistant materials identified in othero 

CIMMYT regional nurseries. The nursery is a cooperative 
effort of CIMMYT and INIAP. 

The objective of the ELAR, which is similar to the 
RDTN, is to survey virulence patterns of wheat pathogens, 
thus serving as an early warning system for new Liotypes of 
rusts. The ELAR contains rust differentials and commercial 
varieties and lines originating from breeding programs through
out the Western Hemisphere and is distributed to about 30 
sites in Latin America. 

Southern Cone regional program 
This regional program began in late 1978 and covers 

areas of five Southern Cone countries of South Anerica. Two 
CIMMYT scientists-a breeder and an agronomist-are assigned 
to the area, with their operations base at Chile's national 
agricultural research institute (INIA) and with cooperative
ties to IICA, the Inter-American Institute of Agricultural 
Cooperation. 

In crop improvement, disease resistance research is fo
cused on the three rusts, various types of septoria, barley
yellow dwarf virus, fusarium, helminthosporium, and root 
rots. 

Puring 1980, at a meeting of wheat breeders of Lhe 
region organized by IICA-BID Cono Sur Project, CIMMYT 
was asked to coordinate a screening nursery of advanced 
lines (LACOS) to be distributed within the region and 
at key locations in the Andean countries and Mexico. The 
nursery isbeing prepared through the joint effort of CIMMYT 
and IN IA, Chile. It will provide various breeding programs of 
the region a chance to observe unreleased promising wheat 
material from other programs in terms of their adaptation,
agronomic, and disease characters. Subsequently, some of 
these lines may be used as progenitors in national wheat 
improvement programs, or be released as commercial var
ieties Several Southern Cone rust virulence nurseries were 
merged with the ELAR to coordinate the effort between the 
two regions. 
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Special emphasis is also being placed on soil-fertilizer 
problems related to wheat, barley, and triticale production. 
In particular, the problems associated with aluminum toxi
city and phosphorus fixation tendencies are receiving major 

research attention. The regional agronomist is working with 

national scientists to establish trials in farmers' fields for the 

purpose of identifying yield constraints and increasing 
production. 

In Chile, agronomic collaboration is focused on produc

tion trials conducted mainly on farmers' fields to identify 
the limiting technical factors in wheat production. Work on 
management techniclues to reduce the incidence of root 
diseases is receiving attention. Scientists are also looking 
at the effect on foot rot problems when various soil amend
ments are applied. 

in Argentina, work focuses on soil fertility management 
strategies brought on by new double-cropping patterns that 
have emerged with the release of short-season varieties which 
allow greater cropping intensification. Trials are being Garried 
out in the Pergamino area to investigate nitrogen and phos
phorus deficiencies. The trials show that phosphorus defi
ciency is becoming a widespread problem in the Pampa 
Huma;da. Nitrogen response trials are demonstrating a signifi
cant response to nitrogen in the Marcos Juarez area, where 
most farmers still do not apply nitrogen to wheat. 

North and West Africa and Iberian regional program 
This program began operation in 1980 and covers North 

an! West African countries west of Egypt and Sudan, as well 

as Spain and Portugal. The operations base is in Portugal at 
the Elvas station of the Ministry of Agriculture. At present, 
one wheat breeder is assigned to the program. Close collabo
ration exists with ICARDA, and joint staffing inay occur in 

future years. 
Special breeding priorities include disease resistance re

search on septoria and the three rusts. In addition, breeding 
work is being carried out to develop wheat and barley cultivars 
with greater drought and heat tolerance. During 1981, a 
two-week regional disease researcii methodology workshop 
was held for regional scientists through funding from the 
Dutch government. In addition to acquiring practical research 
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CIMMYT's regional wheat training activities continue to expand. In 1981, a 
two-week disease research methodology workshop was held in Portugal for young 
national wheat scientists from North and West Africa, Spain, and Portugal. 

skills, each country that sent participants received a set of 
pathology research equipment. 

ICARDA 
Since 1980, CIMMYT has assigned a wheat breeder at 

Aleppo, Syria, at ICARDA's request. This scientist isworking 
mainly to develop bread wheat germplasm with greater cold 
and drought tolerance and resistance to rusts, for use by 
national program scientists in the Middle East and in parts of 
North Africa. 

South and Southeast Asia regional program 
In mid-1980, CIMMYT placed a wheat pathologist in 

Thailand to help establish and serve the South and South
east Asia region. Much of his work involved cooperating with 
national programs in Nepal, Bangladesh, Pakistan, India, and 
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Southeast Asia countries. Considerable emphasis is being 
given to developing wheats for warmer, non-traditional, 
wheat-growing areas. A number of countries in this region, 
and on other continents as well, are interested in growing 
wheat during their winter seasons, when temperatures and 
humidity are at their lowest levels. Serious disease constrai ,rts 
under these conditions are H. sativurn and H. tritici repentis. 
Work on resistance to these diseases will be emphasized by 
the regional staff, as will efforts to ,evelop early-maturing 
lines appropriate to the relatively short growing season 
typical of prevailing production conditions. 
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INTRODUCTION TO THE ECONOMICS PROGRAM 

The economics program at CIMMYT is now ten years 
old. While the activities of staff economists have evolved over 
this period, the focus on farm-level production issues relevant 
to the development and diffusion of improved maize and 
wheat technologies has remained unchanged. 

Shortly after the initiation of the program, a number of 
studies were carried out on farmer adoption of improved 
maize and wheat technologies in cooperation with scientists 
in several national programs. The results, published in 1974
75, showed the overriding importance of natural and eco
nomic forces in determining patterns of adoption. These also 
gave evidence that recommended technologies were, at times, 
not well suited to the circumstances of representative farmers. 
Finally, they made evident the advantage of bringing biologi
cal scientists and economists together early in research aimed 
at formulating improved technological alternatives. This, in 
turn, led to an awareness of the need to develop effective 
procedures for facilitating such collaborative research. 

In the on-farm research collaboration envisioned by 
CIMMYT, the biological scientist brings his perception 
of the natural factors and relationships which affect farmer 
decision-making. The economist adds his awareness of the 
alternative uses of the farmer's resources and of the economic 
considerations that impinge on his ability to modify current 
management practices. The insights of ecoiiomists into farmer 
decision-making, in terms of trade-offs and the importance 
they place on time when assessing potential investments 
and pay-offs, have proved to be especially important con
siderations in research to develop near- and intermediate-term 
recommendations appropriate to farmer circumstances. 

Recognizing that it is researchers in national programs 
who are responsible for forging improved technologies and 
formulating recommendations, CIMMYT economists have 
built their collaborative ties with national program scientists, 
usually in cooperation with CIMMYT maize and wheat pro
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gram staff. Out of this collaboration has come a set of cost
effective guidelines for orienting on-farm research so as to 
generate appropriate recommendations. 

As the economics program moves into the 1980s, our 
focus will continue to be at the production level. We envision 
expanding collaboration in on-farm research activities, em
phasizing the important role economists can play in assessing 
farmer circumstances and drawing out the implications of 
these circumstances for orienting production research pro
grams. Demonstrations of these procedures and training in 
their use are increasingly requested by national research di
rectors. As those demands increase, our on-farm research 
collaboration will continue to expand. 

New research initiatives are also planned. Too otten, 
dccisioris at the national level have not facilitated the de
velopment and diffusion of improved technologies-often be
cause the links between nolicy and the biological proces.:es in 
agriculture are little understood. We believe that greater 
awareness of these links can result in more effective national 
production programs and increased farm income. We aim to 
enhance this critical sensitivity by developing useful proce
dures for generating, analyzing, and presenting micro-level 
information-derived primarily from on-farm research data
to national decision makers. As with the procedures described 
earlier, this development will also require close collaboration 
with colleagues in national programs. 

In the pages which follow, highlights of the economics 
program's activities in 1981 are described. We believe that 
these activities reflect an import-nt added dimension in 
increasing the productivity of the resources now devoted to 
mai,. ind wheat research. 

D.L. Winkelmann 
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CIMMYT ECONOMICS PROGRAM
 

The CIMMYT economics staff is engaged in four prinici
pal activities: the development of research procedures for 
analyzing the production circumstances of maize and wheat 
producers; training of national collaborators in certain on
farm research techniques; collaborative research (through the 
regional program network) with national maize and wheat 
production research organizations; and the compilation and 
analysis of data related to developing coUntry and global 
trends in maize and wheat production, utilization, prices, and 
trade. 

PROCEDURES 

Over the last decade, CIMMYT's economics staff has 
worked with scientists in many national programs to develop 
a set of procedures which offer cost-effective ways to assess 
the production circumstances of farmers. This information is 
then usedl to orient research aimed at developing improved 
technologies. These procedures are now being used by many 
national programs and are proving to be an effective way to 
bridge the gap which often has separated researchers from 
farmers and from extension workers. A manual based on 
these procedures was published in late 1980 and has received 
considerable attention during 1981. We are now leveloping a 
companion piece in the form of a workbook to complement 
the manual. 

Two major components characterize on-farm research. 
The first phase is devoted to ascertaining-- through secondary 
data an1 in formal and formal surveys.--the production cir
curmstances of representative farmers in target research areas. 
These cir(Arnuistances are then screened to idler;,ify potential 
opportuni1ties for frILher on-farm research. This ph ase is best 
carried out by a research team which includes agronomists 
and economists. The total sequence, including surveys and 
screening, is relatively uncomplicated ani quick (2 to 4 
months in any region). It differs from other survey secluences 
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in its emphasis on production problems related to a given 
crop or crop mixture. 

The second phase of this research model involves the de
sign of a program of on-farm experimentation. These experi
ments focus on research opportunities identified through the 
survey procedures. The primary objective of on-farm research 
is to develop production recommendations appropriate to the 
circumstances of representaive farmers. 

This set of procedures offers a conceptual framework 
for production-oriented research. It provides a systematic 
mechanism for assessing farmers' circumstances, guidelines 
for using this information to plan on-farm experiments, cri
teria to help judge the utility (practicality) of the various 
technological alternatives, and a mechanism to feed pertinent 
information on production problems back to scientists en
gaged in experiment station research. Finally, it offers a 
practical way to integrate extension staff into the research 
process, thereby improving and facilitating the technology 
transfer process. 

Work is now under way to devt lop cost-effective re
search orocedures to aggregate, analyze, and present informa
tion generated by on-farm surveys and trials for use at na
tional policy-making levels. Several audiences are considered 
in the development of these procedures. One is the policy 
maker, who often lacks a clear view of the opportunities 
for increased productivity through biological research. An
other audience is the researcher himself, who may not be 
aware of the connections between public policy and research, 

TRAINING 

During 1981, the economics staff participated in the 
instruction of :maize and wheat in-service trainees in Mexico, 
offered its own training programs in on-farm survey meth
odologies, and participated in national in-service training 
COU rses. 

In-service training 
Maize and wheat in-service production trainees spend 

roughly one-sixth of their stay in Mexico focusing on the 
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economic aspects of crop production. Along with the maize 
and wheat training officers, CIMMYT economists seek to 
foster an increased sensitivity in the trainees to the factors 
affecting farmer decision-making about new technologies. 

Economists work with the trainees in the field as they 
talk to farmers, analyze their circumstances, and understand 
the reasoning behind their practices. They assist trainees to 
analyze the implications of the survey information for plan
ning on-farm trials. Finally, trainees are made aware of the 
economic forces that influence agricultural decisions, both 
at the farm and national levels. 

Economics training program 
The training program in economics has now been of

fered once or twice a year since 1979. In 1981, two courses 
were held. These courses are principally for economists en
gaged in on-farm maize and wheat research activities. They 
focus on procedures for assessing farmer circumstances and 
on how to use that information to help plan on-farm experi
ments. The program involves field work with either maize 
or wheat in-service production trainees. The major activity is 
the design, execution, and analysis of a farmer survey to 
provide information for decision-making on research priori
ties. The curriculum also includes attention to analytical 
tools, to the influence of national policies on production, and 
to world wheat and maize economics. 

The demand for this training in on-farm research proce
dures is strong and growing, both in national programs and 
in development assistance agencies. Consequently, we are 
developing a new version of the course which can be given as 
part of a national in-service training activity in on-farm 
research. In this course, CIMMYT headquarters-based and 
regional maize and economics staff assist national trainers 
in procedures for conducting an on-farm research program. 
A pilot course was launched in Venezuela in late 1981 
in conjunction with the regional maize staff. The course 
involves a series of "calls" beginning with a review of secon
dary data and other information to tentatively identify 
regions for research and to order prior hos. Subsequent
"calls" deal with other elements of on-farm research and are 
carried through to the analysis of data from on-farm trials. 
The in-country setting for this type of training appears to 
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offer a number of cost-effective advantages over other 
forms of training. In particular, the real life setting for 
conducting an on-farm research program is particularly 
useful to the national program. Not only is training achieved 
but, as well, progress is made on the formulation of recom
mendations for a particular production area. 

Management seminars 
Management seminars for decision-makers, sponsored in 

part through a UNDP special project grant, were held in 
Bangladesh, Colombia, and the Dominican Republic during 
1981. Cases addressed themes related to the orientation of 
agricultural research, the production and distribution of 
improved seed, the distribution of fertilizers, and crop 
marketing issues. These seminars now have shown their value 
as a method to improve communications between policy 
makers and agricultural researchers. 

After study and discussion, it was decided that this 
activity should be transferred to ISNAR. During 1982, an ex
panded seminar activity will be initiated by ISNAR utilizing 
a broader gamut of case studies, with emphasis on the orga
nization and implementation of agricultural research. 
CIMMYT continues to cooperate in the development of case 
materials and is pleased with its role in offering a new and 
effective training tool to the CGIAR system. 

DATA COLLECTION AND ANALYSIS 

More data collection and analysis activities on maize and 
wheat production, utilization, trade, and prices are under 
way in the economics program. Two new publications titled 
"World Wheat Facts and Trends" and "World Maize Facts and 
Trends" were issued in 1981. These publications serve two 
purposes. One is to assemble on a regular basis pertinent data 
related to maize and wheat production, consumption, and 
trade, and to present this information in a readily digestible 
form for the busy policy-maker, researcher, or administrator. 
The second objective is to report on new developments in 
maize and wheat production and utilization in the developing 
world. 
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A number of other studies, particularly related to trends 
in consumption patterns for maize and wheat, are also in 
process. Finally, the economics staff is continuing its survey 
work to help characterize the different wheat p,3duction 
environments within the developing world. 

REGIONAL PROGRAMS 

CIMMYT's regional economists worked in four regions 
in 1981. These staff members cooperated in collaborative 
research aimed at the development of technologies useful to 
farmers. This collaboration involved bringing local econo
mists together with biological scientists in on-farm research 
activities; consulting on the organization of micro-leIvel re
search; providing some financial support for such research 
where necessary, and cooperating in drawing out the implica
tions of this research for production-oriented programs of 
experimentation. The aim is to convince research administra
tors of the utility of this approach to technology generation 
and to encourage its development within national programs. 

Eastern African regional program 
The regional economist, supported by fi,nds from 

UNDP since 1976, worked regularly with national research 
programs in Kenya, Malawi, Zambia, and Zimbabwe during 
1981. Throughout 1981, the regional economist had the 
assistance of a precloctoral fellow who is working with a 
Kenyan training nrogram for farm economists engaged with 
crop scientists i' -farm research. 

Interest i, arm research is high in Malawi and several 
sessions were undertaken with researchers working in national 
institutions. In Zambia, on-farm research has been institu
tionalized within the national research system and is now 
under way in four production areas. In Zimbabwe, a full 
demonstration of the CIMMYT survey research proce
dures was carried out during 1981. A program of experiments 
based on the survey work have now been implemented in the 
survey area. Zimbabwe will build its capacity to do on-farm 
research within its Agronomy Institute, a division of Research 
and Specialist Services. In Kenya, survey research expanded 
into new production areas. 
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Two regional workshops, each lasting two weeks, were 
held in Kenya during 1981. The first, a workshop on plan
ning, managing, and interpreting on-farm experiments, was 
held in April and attended by 42 participants. A UMMYT 
maize production agronomist participated in the progrm. A 
second workshop, held in October, focused on the CIP IMYT 
survey procedures for planning adaptive on-farm experi nents, 
and included 32 participants from 13 African countries. 

Considerable consultation was also given to intern it.-nal 
donor agencies interested in sLIpporting more on-farm research 
within national research programs. USAID has decided to 
commit funds to expand the Eastern African Economics Pro
gram through the addition of two staff members. Several 
national on-farm research programs in the region are now 
being financed through USAID funds, and CIMMYT staff 
will collaborate with these programs. 

South and Southeast Asian regional program 
The regional economist, based in Thailancl since 1979, is 

assisting maize and wheat researchers (economists and 
agronomists) in five Asian countries (Bangladesh, Indonesia, 
Nepal, Philippines, and Thailand). Of these, collaborative re
search was stronigest with three countries-Indonesia, Nepal, 
and Thailand. 

Work in Indonesia centered on maize production in East 
Java and has included a series of surveys and on-farm experi
ments. The overriding importance of short-season maize 
varieties was a key outcome of the research to date. 

In Nepal, a survey of maize growers in the Chitwan Val
ley, near Rampur, looked at farmer practices, problems, and 
yield levels. On-farm trials to evaluate varieties and manage
ment practices were continued, and resu lts were submitted 
to simple economic analysis. A critical dluestion was farmer 
reluctance to invest in new inputs other than improved seed. 

In Thailand, maize-related activities included collabora
tion in general large-scale surveys of the traditional type 
(cost-of-prorLction, input use, output), small-scale intensive 
surveys of fariners on whose fields on-farm trials were being 
conducted, and a series of on-farm trials on varieties and 
management practices. Considerable attention was given to 
the analysis of fertilizer trials. A modest research effort was 



initiated in support of wheat program work investigating the 
possibilities of producini, wheat in Thailand. 

Other activities were initiated with the Philippines in 
strengthening wheat-related on-farm research. In Bangladesh, 
some collaboration was carried out in relation to on-farm 
wheat experiments of varieties and fertilizer. A paper was 
prepared analyzing the economics of fertilizer use. 

Andean regional program 
Since late 1977, an economist has been posted to the 

Andean region for collaborative research work in Colombia 
Ecuador, Peru, and Bolivia. This work has concentrated on 
floury maize, a dominant crop in the highlands; on tropical 
maize in the coastal regions; and on wheat and barley, 
secondary crops in highland farming systems. Within the 
regin, two countries--Ecuador and Peru- have made strong 
national commitments to on-farm research. 

Ecuador has expanded its on-farm research program to 
eight major production regions within the country. Develop
ment assistance agei,.y funding has helped to staff this ex
panded program. Considerable impact from on-farm research 
in the program is becoming evident. A new short-season 
maize variety has been introduced which allows farmers to 
intensify cropping cycles. The Ecuadorian researchers, com
plemented by IARCs, cor-itinue to improve other crops used 
in associalion or rotation with maize. In particular, bean 
breeders are seeking to identify and/or develop less aggressive 
bean varieties to be grown in association with the new short
season maize variety recently introduced in some highland 
areas. Research to identify new technological opportunities 
from the introduction of that innovation isnow under way. 

In Peru, on farm research is focused on highland maize 
production and on wheat production in new irrigated coastal 
areas. The irrigated wheat effort is supported by special 
project funding fror, CIDA. 

During 1981, the regional economist participated with 
the rejional maize staff in several field workshops on survey 
proce(ILlurms and on farm experiments for both wheat and 
maize. Courses were offered in Ecuador and Venezuela, using 
a "call system" in which parlicipants are convened at critical 
stages in the research cycle. One course focused on wheat 
production in higIland Ecuador and the other, a more 



Corisihralble impact is becoaing evident from collaborative on-farm research 
alctivities in Ecudlor. A new short season maize variety which allows farmers to 
mtensify their clopping cycles has been identified and is heing introduced into 
Ii ig'lJ'lla(f areas. 

amilbitioUs effort, on maize prodLiction in Venezula, Head
(luarters and iewjioial maze, wheat, and economics staff 
parteil)atlix in lese training programs. 

Central Americdi and Caribbean regional program 
-ie relional economist, assigned to this region since 

1978 a1l !;(11l))0i1te fy Swiss funding, concentrated his early 
wonk in Parrma and El Salvador. In 1981, work in Honduras 
and Ra11 was t;Xanldel in collaboration with the regional 

a1iz stalff. In (:(,lnry workshops in on farm research were 
hldH il iaiti, Ilhrihras, aMd Panama. 

I1HPIar rrna, I Ire at iornal agficuItllral research institte 
H)IAP) has now extenled its on farm research activities to 

irwev areas of Owmecounry aid to olhlr crops. Farm surveys 
hawve! heer completed t Io (luinie sul)se(lenl on farm trials. 
Although the CIMMYT ecoromnist has reduced his direct 
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involvement in demnonstrations of the survey procedures, his 
collaboration with Panamanian scientists in the analyI s of 
on farm ata is continouing. D1'ring 1981, a sIor t coUrse in 
economics was condtcted for the national on.farm research 
staff. 

In 1980, co operation in on farm research was initiated 
with Honduran ,searcIUrs, in collahoration with the regional 
maize staff. The work began with the assessment of farmer 
ci rcuinstances in severa ma ize prodLici ng areas. This informa
tion has been used to plan a series of on-farm trials aimed at 
indentifying and/or developing appropriate proILucti on re
commenda tions. A short conurse in economics was also (given 
to national staff engaged in on-farmlesearch. 

li Haiti, with the arrival in 1981 of a postdoctoral 
fellow funded by the Rockefeller FouLmdation, CIMMYT's 
collaboration in farm level research has increased. As with 
other natioinal activities in the region, the regional maize staff 
is fully involved in the v'ork. Surveys have been completed in 
several maizU pI o lcingI areas ancd a series of on-farm trials 
aie now Utiidl way. An informal trainingIprogram was also 
organized by the regional maize and economics staff during 
1981. It covers informal survey techniques, the clesifln of 
trials, and the economic evaluation of resulIts. 
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EXPERIMEIVT STATIONS 

CIMMYT conducted research at seven stations in 
Mexico during 1981. Three belong to Mexico's national 
agricultural research institute (INIA), and four belong to 
CIMMYT. 

Altitude Latitude Hectares Used Crop 
Station (m) (ON) by CIMMYT Season 

CIANO-INIA 39 27 176(vvheat*) Nov-May 

26 Dec-MayLos Mochis-IN IA' 40 2(wheat) 

Rio Bravo-INIA* 30 26 1(wheat*) Dec-May 

El Batan-CIMMYT 2,240 19 26(maize) Apr-Dec 
Headquarters 26(wheat*) May-Nov 

4(sorghum*) Apr-Oct 

Toluca-CIMMYT 2,640 19 43(wheat*) May-Nov 
5(wvheat*) Dec-May 

15(maize) Apr-Dec 

Poza Rica-CIMMYT 60 20 41 (maize Dec-May 
First cycle 

4 sorghum***) Jun-Nov 
Second cycle 

1(wheat) Nov-May 

Tlaltizapan-CIMMYT 940 18 31 (maize) Dec-May 
First cycle 

1(sorghum* ) Jun-Dec 
Second cycle 

* Includes barley and triticale 
*CIMMYT nurseries planted for obseivation on diseases 
*Sorghum as a service to ICR ISAT 

In addition to supporting the research requirements 
of the CIMMYT crop improvement programs, the experiment 
station staff also conducted two training courses in experi
ment station management and continued with its program of 
overseas consultation to national programs on experiment 
station development and management. 

LABORATORY SERVICES 

CIMMYT maintains laboratories to evaluate the nutri
tional and/or industrial quality of the breeding materials 
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generated by the maize, wheat, triticale, and barley breeding 
programs. The major work is for industrial quality in wheat 
(milling and baking laboratory) and nutritional quality in 
maize (protein quality laboratory). Laboratory staff also 
provides service to the wheat program by screening materials 
for resistance to aluminum toxicity. In addition, training and 
consultation is given to scientists from collaborating national 
programs. 

DATA PROCESSING SERVICES 

This unit provides computing services to the maize, 
wheat and economics programs, and to general administra
tion. These include: support for the international maize and 
wheat testing programs; production of wheat program 
fieldbooks, plot tags, arid packet labels; maize germplasm 
bank inventory maintenance and control; economic survey 
analyses; and analyses of a variety of other experiments 
conducted by CIMMYT scientists. During 1981, work was 
also completed on a computerized mailing list to support the 
communications section. 

During 1981, site preparation began to install a new 
scientific computer to serve the CIMMYT programs, using 
grant funds provided by the governments of the Federal 
Republic of Germany and Mexico. This new system will be 
installed in early 1982 and will substantially increase 
CIMMYT's computing capacity. 

INFORMATION SERVICES 

Thirty-eight new publication titles were issued in 1981, 
and distributed to scientists and other interested parties 
included on CIMMYT mailing list of 4,000 names. With our 
encouragement, a number of national collaborators translated 
CIMMYT publications into local languages, printing and 
issuing them under national imprimatures. In addition, the 
Commonwealth Agricultural Bureau (CAB) of the United 
Kingdom issLied on behalf of CIMMYT Volume 7 of the 
Maize Quality Protein Abstracts and Volume 7 of the Triticale 
Abstracts. 
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PUBLICATIONS RELEASED BY CIMMYT IN 1981 
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financial statement
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Mdxico, D. F., February 26, 1982
 

To the Board of Trustees of
 
Centro Internacional d Mejoramiento
 
de Mafz y Trigo, A. C.
 

In our opinion, the accompanying statement of condition and 

the related statements of activity and of clanges in financial 

position, expressed in United S;tates dollars, present fairly 

the ftinancial po!t.tion of Centro tlternacionial do Mejoramiento 

de Mafz y Tri';o, A. C. (CIMMYT) at December 31, 1981 and 1980 

and the eults its operation!; an.] the chanq(es in finana of its 

cial position for the years then ended, in conformity with (en

orally accepted accountinq i rinciples consi stunt ly applied. 

Our exariminations of these, :;tatevients Were made in accordance 

with qenecal1y a:c- pt( d anditinq standards and accordingqly in

cluded such teLs of the' accollt iic records and *(uc2 (Atler 

auditini pIoceidures al; We cosicdlord l(cessary in the circum

stances . 

Our examinations were made primarily for the purpose of form

in(o our opinion oin the financial statements taken as a whole. 

We also examined the additional information presented Oil 

Exhibits I to B, expressed in Ulni ted Sta tes dollars, by similar 

auditing procedures . In or optinion, this additional information 

is stated fatirly in all material respects in relation to the 

financial statements taken as a whole. Although not necessary 

for a fair presentation of financial position, results of oper

ations and changes in financial position, this information is 

presented as additional data.
 

PRICE WATERHOUSE 

C.P. Oscar C6rdova
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JETPO INTER;ACI;AL DE M&TOPAMI NTO DE MKAIZ Y TRIGO. A.C. 

STATL-IE;T OF ClONDITION
 

Ttousnds of U.S. DIIs.
 

A 

Crrent Assets 


Cash on Hand and in Banks 
Short-Term nvestments (Note 2) 

Accounts Receivable 


Donors (Note 2) 

Others Note 71 


Irventorses 


Total Current Assets 


Fsxed Assets Note 21 


Vehicles 

Bu -stureFixtures and Equipsent 


Buidings 

Land 

Other Fixed Assets 


Total Fixed Assets 


Other Assets 


Guarantee Deposits 


Deferred Charges 

Total Other Assets 

TOTAL ASSETS 

The attached note.s numbered 1 to 


E T 

7 form an 


UNXTS FUNDS)PENDED 

As of December 31
 

198 1980
 

83C 
2,663 794 

6442 62 

186 364 
16 266 
42 42
 

3.801
 

11.519 	 10.009 
1,540 1.215 

13,059 11,224
 

11 1
 
19 19
 

(48) (48)
 

(25) (21)
 

(39 ) (39)
 

(312) 	 (252)
 
92 92
 

12,800 11,025
 

16.601 12.553
 

S 

As or 
1951 


1.582 

2,050 

3,632 


690 


528 

1.218 


231 


1.081 


2.251 


2.635 

5.797 


464 

372 


1 


-

1 


16,601 


Decm,ber 31 
1980 


880 
253____ 

152
 

1,021 

__!i2
 

2,5
 

2,541 


1.770 


1.878
 
5.525 


464 

372 


10009 


-

3
 

4 


12.553 


LIABILITIES CAPITAL 
AND AZSERVES 

Current Liabilities
 

Payents n Advance - Donors (Note 2J 

vouchers Payable 

Seniority Preiniuni N ote 2) 


Accrued Taxes 


Accrued Miscellaneous Expenses 


Accounts Payable - Donors 


Total Current Liabilities 


:'a-_tl 1-as, Unexpended Funds ard 

reServes
Capital
 

Fully Experded -t Fixed Assets 
Operating Punds ;ote 4) 

Urexpended Funds (Note 5)
 

Core Unrestricted 

Core Restricted 

Extra Coil and Cooperative Projects 


Auxiliary Services 


Traslatsor Effect (Note 3) 

Trustee Reserve 


Total Capital Grants. Unexpended
 

Furds ard Reserves 


TOTAJ LIABILITIES AND CAPITAL 

integral part of these Financial Statements.
 



CE2TPQ 1NTE;Ar'X DAL JOR2AMI O DE (MAIZ Y TRZGO A.C.DE 

CG.PARATIE STATEP.RI;T OF ACTIVITf 

Turrencv Thousands of U.S. Dlls. 

Grants 

A-4:nzstrative Fees 


Sale of Crops 

Interest or. Investsents in Marketable Securities 

Auxiliary Servlces 


Other income 


TOTAL P-C.EVUE 


EXPENSES 'Note s(
 

rsearch Programs 

Ccnferences and Training 

Infor-ation Services 

Ceneral Administration 

Plant operations 


Capita' Acquisitions 


Ax1l ary Services 

:n.drec Costs 

Senircity Pr-.lu,. 

Operating Funds 


TOTA.: EXPENSES 

EXCOS I)2PCT; Ut VEN'E OVEP EXPENSES 
ransl atvan Effect cr tne year 


EXZESS F:CT:, OF ;E:VC;E CVER EXPESES 
Unexpended -nds. Opening Balance 

Accumulated Translat-an Effect. Opening Balance 


losinn Balance Unxpended Funds and Acv-mulated
 
Translet~cn If!ent as per Statement of Cond-tIon 


The attached notes n.mbered I to 7 for= in integral part of these Financial Statrents.
 

Year ended December 32,
 

1981 1980
 

20.337 	 17.559
 
533 634
 

26 43
 
214 (2)
 
719 	 479
 

3 6
 

21.832 	 18719
 

12,771 	 11.409
 
2.560 	 2.536
 
691 615
 

1.821 	 1.377
 
2.032 	 1.758
 

326 395
 

723 484
 
533 652
 
50 25
 

325
 

2,3
 

- (532)
 
60) 23
 

(60) 	 (509) 
(39) 	 4.3
 
(252) 	 (275)
 

(351) 	 (291)
 



NTO DE HAIZ Y 7R100. A,
CEITRO IRTENACIONAL DE MFEJORANMI 

1 IBANCIAL POSITICNSTATME24IT or CIHAGES 14 

Currencys Thousands of US, Dil. 

Year ended Deeber 31. 
1901981 

EiBANCIAt. RESOURCESWERE PROVIDED BY, 

novena, 21,012 10a,719 

Capitalifttion of Fited Asnts Purchased in the year 
1,2091,260Coie Unestricted Giants 

250250Cote Dott icted Grants 
extra Core Grants - 111

325
Increase in Operating Funds 

I(1() 22 
Translat io, Effect of thm year - Net 

j 69
 
L.crease in Other Asto 

20.39D23.610 

FfltANCIA RESOURCES WERE USED FOR: 

Eofetisel. 21,832 19,251 
t 

Less- Eopensce to reqo Ltnq workinj capital
 

In hes
 16o-Continqency Heserve 

21,832 19,419
Workinq Cipitl used for operatione 

I'.rch s.,s of Fied Anoets 
1,2091,260Core Unrestricfe'I ;iit1 

25S0250Coie Restrictel Giant s 
- 1

Ext ra Coe (;rants 

23.,42 20,989 

268 (609)
I:cie(e reasel in work~nq Cpitsl 

NAPAIV -f tji ILIJGt iIN OQXt-.';_AlICAI?:G ACCOttTS 

702 (120)
C .son a IIn tusk,.h..... 


1,797 (97)
hort -T,t Ivct-.ontx 

518 (214) 
(491) (241) 

10.0 t, (4) 11' tq' 
p' e.! tl SI',nrlt,- [)r is (8301 

- 441I1tS on 
.', , b (2) 34al,. (1,870) (268) 

t r -U¢lzr .' 

178 (166 )A -U " 1 T 1e1 
250 (15)Lcced Mhlat ., ttnIes 

261 t ,-A-oott I'.,,,tl i 
" 

lonet lI)er*,sel ta-Working Capital 26H (609) 

Wsktti ',pital at ,inninqle of year 1,012 1,621 

1,012
5,ikin.I ,lltd t end of year 1,dR0 

an integral part of these Financial Statements.The ,at.,ched note- nu-bernd 1 to 7 form 
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CENTRO INTEINACIONAL DE MEJORAMIENTO DE MAIz Y TmIGO. A.C. 

NOTES TO THE FINANCIAL STATEMENTS 

DECEMB3ER 31, 1901 AND 19B0
 

Currency: Thousands, except for exchange 'ates
 

NOTE 1 - STATEMENT OF PURPOSE: 

The 	Centre Internacional de Mejoramiento do Maiz y Trigo, A.C.
 

(CIMMYT) is a private, autonomous, not-for-profit, scientific and 

educational institution chartered under Mexican law to engage in
 

the 	 improvement of maize and wheat production everywhere in Lhe 

world, with emphasis on developing countries.
 

NOTE 2 - SUMMARY OF SIGIIFICANT ACCOUNTING POLICIES:
 

CIMMYT follows accounting policies recommelided by the Secretariat
 

of 	the Consultative Group on International Agricultural Research
 

(CGIAR), an international z.ssoctation sponsored by the World Bank,
 

the Food and Agriculture Organization of the United Nations, and 

the Uoited Nations Development Programme. These policies are in 

accordance with generaly accepted accounting practices for not

for-profit organizations and are summari zed below. 

a. 	CIMNYT uses the accrual mlth1od of Lccounting forr transactions 

and its books of -iccount are kept. in U.,S.dollar's. Transactions 

in other cui rencies (mainly Mexican pesos) are tecorded at the 

rate.; of exchanye prevai Iinq on the dates they are ntered into 

and 	settl.ed. A ]d|iabilitio; denominated in ;lch curren"sIt 


cies are translated into U.S. d(l rs;at the rates prevailing on
 

closing dates. The resulting translation differences are applied
 

to income.
 

b. 	During periods of cash surplus CIMMYT makes short-term investments
 

in marketable securities. These are denominated iii dollars and
 

are transacted in the U.S. or Eurodollar money market. Interest
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is credited to income when the security matures or is sold. The 

security is recorded at cost,which approximates market, and any 

gain or loss from its sale is recorded at that time. Investments 

in pesos are held in a short-teriz interest-hearing iccount in a 

Mexican hank. 'Thos;e are noi-negotiable fixed rate instnmemtso 

In terest i s credited to income s aillaccrued. 

c. 	 Accounts P-ti , \'tl - P -. t a: Cor-, unrestricted pledges (also 

referred to as lriats) are liven annually and are charged to 

accounts receivaleah when thu amount of tO donaLtio becomes 

known. The receivable is cancel led when the furidsh are received. 

Any uncollete-d poition of the ple(g applicable to time current 

year roma i mw; char it(I to accounts re 'ivable itd folls part of 

tle itmotitutijon's incame in that ye.. . If the pledge is later 

judged to be uncollectibhe it is written off against. income of 

the 	 year in which it is cane.,lied. 

Core rest-iet-i amol i'tacor, |ledtl,?I, which are oftel for more 

than one year, aire trtared somewhat differently. In these case!s 

' 
the aImount recolgllicod am; 'i leceivlbl is egua I to the expelses 

incurred untr the grant. 'Itie uncollected portion of the pledge 

is not recogni.ed ai.; a ieceivablle and consequently does not 

contributt to in1comit . Oinly when exp tits aite iscum rtd under the 

grant is in COUllt rmCcieie vI l d ln'come11 ,'lAn'toit 

This tllhtmcit matclan; mev'tt; itnt copenoe-; ill acncoranco. wi th 

the love ,1 tt ivit is c,: I icd out lltilr th ;ratllt .m 


Thi ; tm pccount to h
cml icy potl mits CIMMY"1' distinui betweent 

itCe 1im 111,l I 1 t,t: )1O(dItmtd ill Cot'fn L!;trict Indi tmit ttl core2 

lrant s. 'Thi S is o eoss;i y !;i ice, to! grants tft mn cover oire 

thall one year'..; ictivities or mtzi i cairry-,)rw.,d ptmmvisios; 

in crlses ,f to r,.!. RtninheOjincodi thm totml pledge inticoni;minq 

, 
a given year as i com could itmir( It in in ove-rl;tiitmllent of 
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income. Core unrestricted yrant!; do not. requi ret Ithi,; ti atmenlt

since they are iivn nnuallo11y sini tihe amioun t p1 edqjd ruptusetitrl
 

income for thiat y'ea.
 

di. Illvint o ' e ; - ls lo, itt; lrt - ; L;t (id lt cost ( irs t-ii, fl.rst;-out 

III( t , t kI) , ,,}1II I !; !,. , l tI,1 l '" ' : ; l l t . 

llit!; . ro!;tI.'ixed i;st - Amoun; ti ro t t id at acqilislt i onl lip to
 

1971 ll plli' sh'-s i pI o 'I' 't (luip le.lt ,llo l;
I opt rl'colrdl!d 

.,:.;! . ,r I:;t, . , : - ',' t i , 1,, I I I , I i - 1 0 11 1 1 1 . j,{h, , 1 1 h .,lt 

the [liter it ionlai Acjri ctl I traI Ret? itlrcIt C, 'ltu rli cihilliljO to th 

"W I'ItI ( , i t , t tllr ¢',lp t 11 1 .. , " Ivt 11i -! f -t':o , If fl(; I Ill chtl 'u- ,I1 

propelrty aL ulquipmenLt. Ac';ordiricly, all proporty Clid equipllnt
 

lr lised ul ki clpilt; I lilrit-i II; from JllUiry 1, 1972, was
 

reco rded I,;. 111 a; ttLt In I ed i t ...I Ito ~ t llaI-lits.i: 


11r-io)r t., I ')H I ' 111111 Ah-71 TI!!nt 5; ~0 t'ChI lt -I I I t0111; WI (' - I('-c'd(I d Lit 

expeldlitilles! o~f th'w I l lat-i, p~l-pI'llis%# ollld did Ilo t ulntet inl ay 

wa y to form pi if cif iiMMY'I-; 'q i Il Ir'lits , sihowil oii tie h t tL

iille t of condition. Ill ['9tH~, thi ; pul cy 'wl' l' Vi!jo'd to C0o l r1,ll
 

with the ;icci illlt i li poIi I'I1 o t t li I '( t;I t i5llV2 G I0 Il Oil 

Int,,rtiationll Aqliictltmll l jl,;, h hI,]do thi!C !;oft of 'plidlelilles.', 

tho illc ri([h-'lit'll V.0 tl(1. o f 't l ! t 1l t, -111--it itlll I ., thIC 

amlomilt by whlich th'., his~tlI c"i ,l )!;t ofI th'. It "Ill i Sit[]l'!il 

jliii(l I ,[ ]' :; ) 1.1,111 ti h,; 1 I !;I I 1 2I I III- t AI' il- i t vil 1i 1111 Ioplaced, 

,l~ig~ I ll,}1 ; '.,,1"" ttl I l It q lt d) r l it I q) I r - , ,-t !; thII,t'.lo 

hiiit I-i I ll - ;t o)f t I - t i Xl? 1 -." t Iil '1 kill.'-0. I lmplemlniI

tiioI of" thilf; rO ;tlt-r IllI (' fi ix, d " -et s12
 

Inld I,,lpit~hl Tlanf!t ill 19H J ,irlll~milt ilm to (I.!;. $'I,101 o*,,,r whnit
 

11;I )1' t(lItid p1,,W( IllI I t .12 01701 1 ItII de I* t IO 1 t-ji I'll; [l.,Ii cy 0 

Ini Ig98 CjM.*,"Ffl caitali;-,ni two it{,-mn; thit wo:rt, funded by res
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tricted grants. The first of these, a new dormitory for
 

visiting scientists donated by the Government of the Federal
 

Republic of Germany, was capitalized at U.S. $116, the total cost
 

of the Luilding. The second of these, a storage facility for
 

wheat germplasm donated by the Government of Japan, was capitalized
 

at $250. The second phase of thiq project was completed in 1981
 

and capitalized at $250.
 

Also in 1981 the first phase of a program to modernize CIMMY"Ps
 

computer facilities was completed, resulting in additions to
 

capital of $697. Phase two of this project will be completed
 

in 1982.
 

CIMMYT's buildings are constructed on land owned by the Mexican
 

government, and will be donated to the government when CIMMYT
 

ceases operations in Mexico.
 

f. Depreciation - In accordance with the "write off,tthen capitalize" 

method, no depreciation is provided since the assets have already 

been written off at the time of purchase. 

g. Seniority premiums, to which employees are entitled upon termi

nation of employment after fifteen years of service, are recognized
 

as expenses as such premiums accrue. The estimate of the accrued
 

benefit determined on the basis of an actuarial study as of the
 

year cn,! amounted to $216 in 1981 and $292 in 1980 and CIMMYT had
 

recorded a liability of $63 in 1981 and $62 in 1980. The charle
 

to income for the year amounted to $50 in 1981 and $25 in 198(,
 

including amortization of past service cost over 10 years.
 

Other compensation based on length of service to which
 

employees may be entitled in the event of dismissal or death,
 

in accordance with the Federal Labor Law, is charged to income
 

in the year in which it becomes payable.
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NOTE 3 - MEXICAN PESO TRANSACT-IONS:
 

At December 31, 1981 CIMMYT had Mexican peso assets and liabilities
 

amounting to Ps31,927 (Ps14,088 in 1980) and Ps12,664 (Ps22,076 in
 

1980), which were included in the statement of condition at their
 

U.S. dollar equivalents resulting from applying the year-end rate
 

of Ps26.06 per dollar.
 

The fluctuation of the peso gave rise to translation income (loss)
 

agqre tiny $(bo) in 1981 and $23 in 1980. As of December 31, 1981
 

anl 190, the cumulative translation effect amounted to ($312) and
 

($252) respectivel'.
 

On February 17, 1982, Banco do M6xico, S.A. (the central bank)
 

announced that it was withdrawing from the international exchange 

market and would let the parity of the peso vis-a-vis other 

currencies be determined through the free interplay of supply and 

demand. On February 26, the date of issuance of the financial state

ments, the exch,nge rates were Ps46.00 (buy) and Ps47.l (sell) 

to th, U.S. nollar. 

NOTE 4 - OPERATING FUNDS: 

The CGIAR permits CIMMYT (and all other international agricultural
 

research centers funded through it) to maintain, as part of the
 

center's capital accounts, operating funds equal to thirty days of
 

its core operating budget. This is not a requirement, however, and
 

in 1980 CIM1%1YT elected not to increase its operating funds. These
 

funds were used instead as part of the expenditures en on-going
 

programs. In 1981 CIMMYT increased its operating funds by $325,
 

and thus restored them to their permitted level.
 

NOTE 5 - UNEXPENDED FUNDS: 

Since 1978 CIMMYT has been instructed by the Secretariat of the 

Consultative Group on International Agricultural Research to use 
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its core unt,,stricted unexpende fe,,Inds to finance, in part, the 

annual cor ,!-rating of succeeding years. For this reasono bhlget 

CI*IY'F registered :i deficit of Revenue over Expenses and a decrease 

in unexpnded funis ill 19M0. Tine depleted virtually all unexpended 

funds such th.it ii, I't I ,t ivities were financed from revenue 

receivel in tl,' y'jr. 

' 
NOTE 6 - REViEUt:t AI1)A D XPEI E;: 

a. Revenue,. CIm.MW's revenues are grouped into six categories: 

i) Grants. Thien zirt! funds received from donors and are used to 

support twoL typ e; of pirgrlms at {Il.": core and extra core. 

Core progra'iz must fall within the mandate of the center and be 

approved by the ir:titution's Board of Trustees. The secretariat 

of the CGIAR then recommends that the core program be supported 

by its members. These include governments, government aid agencies, 

international and regional development banks, and private philan

thropic foundations (see Exhibit 4). Core programs are divided 

into two groups: unrestricted and restricted. Unrestricted grants 

come with only one requirement: that the funds be u-ed to support 

core activities. Rest:icted grants also support core activities 

but tiey must be used for an activity mutually agreed upon by 

CIMNYT and the donor. 

i:xtra core programs must also fall within CIMMYT's mandate and also 

must be approved by the Ioard of Trustees. They fail outside of any 

direct fundiwng t hrotuqgh the CGIAIl and may be considered related but 

distinct sets of ctivities from the core program. In general they 

are of two types: I) direct assistance (i.e. posting of staff) to 

national proorarms cjid 2) training at CIMMYT for persons from a 

specific country. Coordination of this type of funding is done 

' 
betweet C1kIrI and the donor. 
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ii) Administrative fues. These fees ate charged on restricted and 

extra core qrants. They permit CI to offset the of,*M'."I cost 

cidi nisterinq these qrsnt , which by desiy only fund specific 

rese -rch( tI'-f Eti';It r the ,I t o of fees.,w.t v !, I, it H IlI ci Il these 

iii) Sale of crops. CIMMYT operites four experiment stations 

throughout Mexico. (,rain aid other produce not required for 

continuance of the research progrems is sold from time to time 

dependinq nontheir availaibiility and quality, and revenues 

received are ei stered as income of the period. 

iv) Interest on Investments ill MIirktable S'curities. Surphis cash 

is invested in short-term interest harigq securities, and any 

interest earned is recorded if; iricoiltw. iillirly inter1est expense 

arisinq from short-tern borroi igs to cover cash deficit positions 

1i (111111.1d' I tlhl; WC(';IIIt. Ill PO(I th ! 1-1rr wi o ,- ;; , -o'oedie 

lnt "I I colel . 

v) Auxiliary Services. These comprise revenues frost the followinq 

areas within CI tIMYT: Cafeteria, LauLndry, Guest louse, Dormitories 

alldStafi hesilderncs . A; - whole, the,' ie iintuided to he self-sup.

pOI t Iq. 

vi) Ot heI iICrsIe. is gIrIl If Il ilsThiii I i Inr a cir rovelilir 

recived fra the SAlC of s-urplus i tems such as u;ed tires and 

other smill pieces of equipmerit no longer needed hy CIM.MI1'. 

C.I itxpe a its
 

Statement of Activity is large l] sel f-explan,st ori. Included
 

under J -seaitch Programs, the Lirgqe;t si ngle expend] ture, are the
 

expen-ses; or 'he .li'Al , Wheat, Economic;, Es-,priment Stations,
 

l~aborin ortr and Data Prones;irq units. Ii 1913 and 1980 their
 

Cxper.ohf;, s.-.ere ,!; fol luWs:
 

1) . E: perses . The breakdown of "MMYT's ii;;;s asshown in 
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1981 1980
 

Maize 4,123 3,770
 

Wheat 4,952 4,252
 

Economics 835 1,002
 

Experiment Stations 2,159 1,744
 

Laboratories 328 341
 

Data Processing 369 265
 

Others 5 35
 

TOTAL 12,771 11,409
 

NOTE 7 - ACCOUNTS RECEIVABLE - OTHERS:
 

In 1981 and 1980 Accounts Receivable - Others were comprised
 

as follows:
 

1981 1980
 

Rotating Funds - 117 

Personal Charges to Employees (15) 100 

Official Expenses Advances 210 304 

Employee Credit Union 66 102 

Government of Mexico 81 63 

Miscellaneous Debtors 186 334 

TOTAL 528 1,020
 

During 1981 rotating funds and official expenses advances were
 

reclassified under one account.
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