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Introduction
 

CIMMYT is pleased to add t0is new 
annual research highlights report to its 
array of scientific communications. By 
design, this report will focus on 
selected research activities each year, 
leaving many research efforts as well as 
other program activities, such as 
training and consultation, to be reported 
in CIMMYT's Annual Report and various 
other publications. The research 
highlights reports comprise "snap shot" 
profiles of selected activities w;thin a 
dynamic research process, each of 
which is at a different sage of 
devebopment and impact. 

In preparing this report, we have 
attempted to share our assessments of 
the production problems which have 
helped to set CIMMYT's research 
priorities. We also have attempted to 
describe our research philosophy and 
modus operandi in addressing these 
varied research challenges. CIMMYT 
believes that, in the formulation of its 
research agenda, the goal of raising the 
productivity of the maize, wheat, 
triticale and barley crops in the 
developing world in the near-term 
should remain a central criterion in its 
resource allocation decisions, 

In the development of our research 
products-primarily improved 
germplasm and more effective 
procedures for conducting crop 
improvement and production research 
program.3-we must also remain 
sensitive to the requirements and 
resource capacities of national research 
institutions, so that the payoffs from 
our collective work might offer a 
maximum of benefit to the hundreds of 
millions of developing country farmers 

Our most successful research effort to 
date is in bread wheat which, not 
coincidentall,, is also CIMMYT's oldest 
continuous research activity. The 
history of the oread wheat research 
program is an illustrative case study of 
the nature and speed of scientific 
progress. This has been a team research 
program with crop improvement 
priorities clearly determined on the basi3 
of near-term production problems and 
needs. By pursuing a mission-orientied 
applied research program, CIMMYT has 
been able to reduce the gestation period 
that historically has existed between 
the discovery of new scientific 
knowledge and its application in any 
suhstantial way at the practical level. In 
le., than 20 years, the radically new 
semidwarf wheat types went from 
being greenhouse curiosities to 
commercial varieties grown on the 
fields of millions of farmers 'round the 
world. The introduction of the new 
semidwarf wheats also provides a case 
study into the dynamics of new 
technology generation, especially the 
fact that major technological 
innovations also bring with them new 
problems which must be overcome if 
advances are to continue. 

The introduction and rapid diffusion of 
these high yielding semidwarf varietie3 
in the vast Indian Sub-Continent had 
profound effects on the shaping of 
CIMMYT's wheat research agenda 
during its first decade of existence. This 
agenda revolved around a host of 
adaptive research thrusts related to 
breeding and production problems 
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associated with the introduction of the 
Norin 10 dwarfing genes into small 
grains species. As each major problem 
in the semidwarfs was ameliorated, 
e.g., grain quality and rust resistance, 
other technologically limiting factors 
moved up in priority on the research 
agenda list, e.g., tolerance to 
environmental stresses and resistance 
to other important disease problems. 

Until the last several years, the Maize 
Program research agenda has been 
strongly dominated by basic germplasm 
improvement objectives, involving the 
development of superior genetic 
mat .rials that can serve as a useful 
germplasm reservoir for the 
development of broadly adapted, high 
yielding, pest-resistant maize varieties. 
Now that a base of superior materials 
has been developed, increased 
emphasis is being given to specific 
disease and insect problems and to 
environmental stresses such as drought. 

In the pages which follow, highlights of 
the CIMMYT research program of work 
are provided. We believe that the 
activities described herein reflect 1) our 
growing research capacity for improving 
cereal yield levels on mi!lions of lower 
productivity hectares found throughout 
the developing world and 2) our 
continuing concern for "representative 
farmers" in the tropics and subtropics, 
who are generally poor in resources and 
limited by external forces in the range 
of options available for easily altering 
their production circumstances. 

R.D. Havener 
Director General 
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Wheat Research
 

Introduction 

The research agenda of CIMMYT's 
Wheat Improvement Program has 
expanded considerably since its 
inception 18 years ago. Originally, 
research emphasis was given to the 
development of high-yielding, widely 
adapted, semidwarf spring-habit bread 
wheats that were suitable for 
immediate release in key developing 
countries. Over the years, research 
activities involving durum wheat, 
triticale and barley were added to the 
Program. As this research av,3nda grew, 
C!MMYT was fortunate in forging close 
working relationships with national 
small grains improvement programs 
throughout the developing world. It is 
these vital linkages that account for the 
success of our past germplasm 
improvement research activities and 
that enable us to maintain the scope 
and vitality of our current research 
agen,-d. 1/ 

The allocation among crops of the 
Wi.eat Program's research resources 
reflects in part the importance of each 
crop in the developing world. Bread 
wheat (Triticurn aestivum L.)is grown 
on roughly 240 million hectares 
worldwide. Approximately half of this 
area is in the developing world (some 
120 million hectares), of which 70 
percent is currently planted to spring-
habit wheat. More than 40 million 
hectares in developing countries and 10 

1/CIMMYT again wishes to acknowledge
the participation of Mexican colleagues in 
the CIMMYT-INIA cooperative wheat 
improvement program as well as the 
Sonoran farmers' association (PIAES),
known as the "Patronato," for its financial 
support of CIMMYT's research activities 
conducted at the CIANO regional station. 

million hectares in industrialized 
countries are planted to spring-habit 
bread wheat varieties carrying CIMMYT 
germplasm in their pedigrees. To date, 
natiunal crop improvement programs 
have released more than 300 bread 
wheat varieties that are based in 
varying degrees on CIMMYT 
germplasm. In accordance with these 
realities, bread wheat receives the 
majority of the Program's research 
resources though, as will become clear 
shortly, the thrust of our research on 
bread wheat has changed significantly 
in recent years. 

Durum wheat (T.durum) is grown on 
about 11 million hectares in the 
developing world, with 60 percent of 
this area located in the Mediterranean 
Basin countries of North Africa and the 
Middle East. Approximately 60 percent 
of all developing country durum wheat 
is produced in semiarid regions; the 
remainder is grown either under 
irrigation or in locations receiving more 
than 500 mm of precipitation per crop 
cycle. Cooperating national programs 
have released 48 high-yielding durum 
varieties based on CIMMYT germplasm. 
Recent estimates indicate that several 
million hectares in North Africa, the 
Middle East, Turkey, Argentina, Chile 
and Mexico are now planted to these 
improved durum varieties. 

CIMMYT helped to pioneer the 
development of triticale, a hybrid cross 
of wheat and rye. Our work on triticale 
is nearing the two decade mark and 
today comprises one of the largest 
improvement programs of its kind in the 
world. CIMMYT's progress in 
developing triticale as a commercial 

crop constitutes a remarkable research 
achievement. Triticale test weights 



have increased significantly since our 
research efforts began, reflecting 
improvements in seed type and 
endosperm development. Triticale also 
shows good adaptation to special 
production environments, such as acid 
soils with high concentrations of soluble 
minerals or cool highland production 
areas where heavy disease pressure 
exists. More than 40 triticale varieties 
have been released in 11 countries 
during the past two decades (most of 
these releases have occurred since 
1979) and it is estimated that 750,000 
hectares are now planted to improved 
varieties around the world. While most 
of this area is currently located in 
developed countries, commercial 
triticale production is beginning to 
spread rapidly within the developing 
world. 

CIMMYT began working on the 
improvement of barley for use as a 
human food in 1972; today this 
research is conducted in close 
collaboration with scientists at the 
International Center for Agricultural 
Research for the Dry Areas (ICARDA), 
located in Syria. By the beginning of the 
1980s, CIMMYT had produced an array 
of full-season and early-maturing barley 
materials with excellent yield potential 
and good agronomic type. The primary 
problem with these advanced materials 
was that of disease susceptibility, 
especially to barley leaf rust (Puccinia 
horde), stripe rust (P. striiformis), scald 
(Rynchosporium secalis), leaf-blotching 
helminthosporium diseases and barley 
yellow dwarf virus (BYDV). 

Enhancing the resistance of improved 
barley materials to these diseases now 
constitutes the main research thrust of 
CIMMYT's barley program. Efforts to 
create artificial epidemics of leaf rust 
and scald have been intensified at the 
CIANO and Toluca stations, and we are 
using a shuttle breeding method to 
screen barley materials near Quito, 
Ecuador, one of the most virulent barley 
disease "hot spot" areas (the Andean 
highlands) in the world. Good sources 
of resistance to leaf rust and scald exist 
within the CIMMYT barley germplasm 
and these materials are being used 
extensively to build the levels of 
resistance in CIMMYT barley 
germplasm. High-yielding barley lines 
with markedly increased levels of 
resistance to leaf rust and scald are at 
the F5 -F6 stage of development and 
soon will be entering into the 
international testing program. 

Program Scope and General

Research Priorities
 

CIMMYT has a global research mandate 
for wheat improvement and serves all 
the major small grain production areas 
of the developing world. In 1983, a 
broad range of improved wheat, triticale 
and barley germplasm was distributed 
for testing by hundreds of collaborating 
scientists in 91 countries. These 
materials were evaluated for their yield 
potential (under both rainfed and 
irrigated production conditions), for their 
resistance to numerous diseases, for 
their tolerance to various agroclimatic 
stresses and for their milling and baking 
quality. Results from this massive 
international testing progiam are 
returned each year to CIMMYT for 
computerized data compilation and 
analysis, and are then published for use 
by our cooperators. 
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The organization of our current research 
activities reflects an increasing 
emphasis on improving the yield 
dependability of CIMMYT materials in 
diverse envionments. Priority in the 
crop breeding programs is now given to 
improving disease resistance, primarily 
to the rusts and septoria, but also to 
many other of the 40 species of fungi, 
bacteria and viruses known to attack 
wheat, triticale and barley. Research 
focusing on the major stress problems 
encountered in marginal production 
areas also continues to increase in 
importance. 

The four crop programs are assisted in 
their research by a number of support 
program" (pathology, special germplasm 
development, wide crosses, our new 
germplasm bank, the wheat milling and 
baking laboratory, and the international 
testing, agronomy and training 
programs). Six regional wheat programs 
are also in operation: South and 
Southeast Asia, North and West Africa 
and the Iberian Peninsula, Eastern and 
Southern Africa, the Andean region of 
South America, the Southern Cone 
region of South America and the Middle 
East and Western Asia region (which is 
based at ICARDA). Regional staff link 
resiaent research activities with those 
of cooperating national programs. In 
addition to the 1 1 wheat scientists 
posted to regional assignments in 
1983, we also had four wheat staff 
assigned to the national wheat 
programs of Pakistan, Bangladesh and 
Peru. 

Crop Improvement Methodology 
The general crop improvement 
methodology employed by the CIMMYT 
Wheat Program reflects our interest in 
improving crop production under a 
range of gi ving conditions. Wide 
adaptation ,,,d high genetic yield 
potential are the hallmark cl-aracterislics 
of CIMMYT germplasm. These traits 
have been derived through the 
application of four basic and interrelated 
breeding techniques, .,hich are used by 
all four crop programs with only slight 
modifications. 

First, large numbers of simple and top 
crosses are made during each breeding 
cycle, using a broad range of parental 
material collected from many areas of 
the world. The selection of this parental 
material depends on many factors, 
especially the performance data 
received from our cooperators in the 
international testing network. We 
should note hee that the selection of 
parental material is not based on 
genetic analyses for disease resistance 
or yield components. Rather, the mere 
presence of desirable traits provides
sufficient reason for their inclusion in 
the crossing program, and cosses are 
often made without full knowledge of 
inheritance patterns. Similarly, no 
combining ability studies are made for 
the crossing program. While these 
exercises are necessary for scientific 
publication and a more complete 
understanding of genetic interactions, 
they are not central to our primary 
mission: the development and delivery 
to ccoperating national programs of 
improved wheat, triticale and barley 
germplasm. 
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Second, we screen anc select 
germplasm during two cycles each year 
at two primary locations in Mexico (see 
Figure 1): the CiANO station, near 
Ciudad 9-brejon in the State of Sonora 
(27120'N, ',0 m above sea level), and 
the Toluca station in the State of 
Mexico (19°N, 2649 m above sea 
level). Plantings are made at CIANO in 
November and selection and harvest 
begins in April. (Several other sites, Rio 
Bravo and Los MGchis are also used for 
disease screening during this cycle), 
Seed is then shuttled 1,900 kilometers 
south to Toluca, where plantings are 
made in May and June (El Batan is also 
used during this cycle but is of 
secondary importance to Toluca. 
Selection and harvest occur in October, 
and seed is then shipped back to 
CIANO for planting in November. These 
two locations differ markedly in soil 
type, rainfall patterns, temperature 
regimes, disease spectrums, 

photoperiodism and whether daylength 
is increasing or decreasing during the 
early weeks of seedling development. 
Only those breeding materials that 
withstand the rigors of both 
environments are advanced in the 
CIMMYT system. Hence, the shuttle 
breeding process in Mexico is the first 
stage in developing broadly adapted 
varieties. 

Third, we take great pains to ensure 
that heavy and uniform disease 
selection pressure is placed on our 
breeding materials via extensive 
artificial inoculations; we attempt to 
fully utilize the favorable environmental 
conditions for disease development of 
the two primary breeding locations. 

Figure 1. Experiment stations in Mexico where wheat research is conducted 
° o
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During the winter cycle at CIANO, rains 
are rare, but heavy dew occurs 
frequently and is conducive to the 
development of leaf rust (Puccinia 
recondita) and stem rust (P.graminis 
triticl)diseases. At the highland Toluca 
site, 	frequent rairs and cool 
temperatures prevail throughout the 
summer cycle, providing ideal 
conditions for establishing epidemics of 
such foliar diseases as stripe rust (P. 
striiformis) and those caused by 
Septoria tritici, S. nodorum, Fusarium 
nivale, Helminthosporium tritici repentis 
and bacterial leaf blight, 

Fourth, F2 populations and advanced 
lines of wheat, triticale and barley 
undergo international testing and 
screening at more than 150 locations 
worldwide each year. CIMMYT acts as 
the hub of this large network of 
research cooperators, providing them 
with a well-organized international 
testing system. This system allows the 
efficient evaluation of hundreds of lines 
and -"ieties in extremely diverse 
production ervironments. In this way, 
materials are simultaneously subjected 
to numerous races of a variety of 
important diseases and are tested under 
a range of stress conditions. The 
majority of the materials that cycle 
through this testing system ernanate 
from the CIMMYT breeding programs, 
but advanced lines and varieties from 
many cooperating national wheat 
programs &re also included. Cooperators 
who grow and evaluate these 
international nurseries are free to use 
any of the germplasm they contain to 
their best advantage. CIMMYT only 
requests that the origin of the 
germplasm be acknowledged when 
material obtained from any international 
nursery is used to develop a commercial 
variety. 

This Year's Highlights 
In the following pages, several of the 
Wheat Program's on-going research 
activities are described in some detail. 
These highlights are by no means a 
complete picture of all the crcp
improvement research being conducted 
by our staff. Rather, they comprise a 
representative cross-section of our 
researcn agenda. These highlights 
p "sent, in the context of our overall 
Wheat Program priorities, a discussion 
of the specific breeding methodologies 
employed and research results 
achieved. 

In this year's report, the following 
research activities are highlighted: 

* 	 The development of semidwarf 
spring x winter bread wheat 
cultivars containing the 1B/1 R 
chromosome translocation; 

* 	 The improvement of high-yielding 
semidwarf bread wheats with 
tolerance to the normally toxic 
levels of free aluminum in the soil; 

0 	 The improvement of resistance to 
Septoria tritici in semidwarf bread 
wheat cultivars; 

• 	 Efforts to raise further the yield 
potential of already high-yielding, 
semidwarf durum wheats; 

* 	 The incorporation of improved 
seed type (better endosperm 
development and higher test 
weights) into high-yielding 
triticales. 
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Spring x Winter Bread Wheat 
Crosses 

In an effort to produce high-yielding 
wheats with greater yield stability 
across diverse environments, CIMMYT 
began in the early 1970s to cross 
spring- and winter-habit wheats-the 
two major bread wheat gene pools-to 
probe more deeply the genetic 
resources contained in each of these 
major germplasm groups. It washyputhesized that spring-habit wheats 

hypuheszedtha whatssprng-abi 
could be improved by transferring to 
them the drought tolerance of thewinter-habit types as well as their wider 

range of maturities and greater 
resistance to stripe rust, septoria and 
root diseases. In asimilar way, winter 
wheats could be improved through 
transferring from spring types their 
greater stem and leaf rust resistance, 
higher grain yield productivity per unit 
of time, and better milling and baking 
quality. 
Since its inception, this research has 
Sin a c eption, t reearh ha t 
been a cooperative venture with wheat 
scientists at Oregon State University(USAI. CIMMYT scientists have 
concentrated their work on developing

the i workaondvop 
the spring progenies emanating fromthese spring x winter crosses; Oregon
State University scientists have focused 
their work on developing materials for 
winter wheat production conditions. 

CIMMYT's spring x winter Veery lines have been the top-performing bread wheat entries 

across all international testing locations in recent years. 
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Research Methodology 
When grown in the same location, 
spring and winter wheats normally do 
not flower at the same time, making 
crosses between the germplasm pools
normally not feasible. Two procedures 
have been instituted by CIMMYT to 
effect such crosses. First, winter 
wheats are sown at the Toluca highland 
station in November; the cold 
temperatures of December, January and 
February achieve the vernalization 
necessary for these wheats to head and 
reproduce. By staggering the planting 
dates of spring wheats at the sam's site, 
it is possible to synchronize flowEring 
for both types in May, thus allowing 
breeders to make the crosses. 

A spring x winter crossing program is 
also carried out at the CIANO station in 
northwest Mexico using artificial 
interventions. Seedlings are grown in 
pots and vernalized for 45 days in cold 
chL.mbers (30 to 4 C) under 12 hours 
of artificial light daily. After further 
preconditioning at 8°C for a week, the 
seedlings are transplanted to an outdoor 
nursery, where electric lamps add up to 
six hours of extra light per day. Using 
this procedure, the winter wheats 
flower concurrently with the spring lines 
normally grown at CIANO, thus 
permitting crossing. Together, these 
two techniques result in more than 
1,O00 new spring x winter crosses 
each year. 

Research Results 
An increasing proportion of CIMMYT's 
best-performing spring-habit bread 
wheats are coming from its spring x 
winter crossing program. In particular, 
certain winter wheats from the USSR 
(Kavkaz and Aurora) and the USA 
(Weique-Red Mace), which carry the 
1B/1 R chromosome translocation, have 
proven themselves to be highly 

desirable parents in crosses with high­
yielding spring wheat semidwarfs, such 
as Kalyansona-Bluebird. Progenies 
resulting from these crosses have led to 
the development of several outstanding
lines, such as Veery "S," Bobwhite 
"S" and Alondra "S." The parentage 
of these lines is shown below: 

Cultivar Parentage 
Veery Kavkaz*-Buho x 

Kalyanson F-Bluebird 
Bobwhite Aurora* -Woodpecker x 

Kalyansona-Bluebird 
Alondra D.6301-Nainari 60 / Weique

Red-Mace' * x CIANO 672-
Chris 

' USSR cultivars with the 1B/1R translocation 
* USA cultivar with the 1B/1 Rtranslocation 

Veery, Bobwhite and Alondra have 
demonstrated high yield potential, good 
rust resistance, and generally broad 
adaptation, based upon six years of 
testing in Mexico and three years of 
data from the International Spring 
Wheat Yield Nursery (ISWYN). Veery
lines are being selected and utilized by 
national programs in an overwhelming
number of cases and today constitute 
our most outstan iqig bread wheat 
germplasm. These impressive spring x 
winter materials are also being screened 
under limited moisture conditions and 
good selections are being obtained for 
drought tolerance. Alondra is also 
showing excellent adaptation to acid 
soils (where phosphorus is deficient) 
and Bobwhite is showing excellent 
resistance to S. tritici. 
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iFlqure 2. Performance of Veary "S" and selected entries in 18th 
ISWYN, 1981-82. 

Yield of Veery as % of 
Yield ofVeery "S" Best Local 

kg/ha Location Anza Pavon 76 Check 

11,666 Spain, El Encin 

10,427 Zimbabwe, Harere 

7,910 Yugoslavia, Macedonia 

7,812 USA, Arizona o9 95 

7,793 Egypt, Beni-Suef 98 

7,514 Chile, Chillan 

7,435 Spain, Sevilla 

6,813 Tunisia, Tunis 

6,423 Mexico, Sonora 

6,286 USA, Montana 

6,093 Pakistan, LyalIpur 
6,046 Senegal, Village Guede 

5,893 

5,884 
Poland, Blonie 

Greece, Platy Exp. Sta. m 62 

5,782 Greece, Thessaloniki E p 

5,780 United Kingdom, Cambridge 98 

5,755 Canada, Saskatchewan 

5,746 Ecuador, Quito 

5,450 Afganistan, Jalalabad 

4,883 Chile, Cautin 92 
4,716 Canada, Manitoba 78 

4,542 Japan, Hokkaido 

4,430 Canada, Alberta 

4,417 Kenya, Rift Valley 92, 
4,181 Norway, Voile Bekk 

4,106 Tanzania, Iringa 

4,021 USA, Washington 

4,009 Cyprus, Laxia 

3,979 Bolivia, Cochabarnba 76 85 

3,667 Israel, Bet Dagan 

3,655 Syria, Aleppo 02 
3,611 Argentina, Marco Juarez 

3,420 Yugoslavia, Voyvodina 93 93 
:,049 Burma, South Shan State 86 80 

2,819 Rumania, llfov 99 92 

2,550 Portugal, Elvas 87 94 87 

2,479 Africa, Orange Free State 93 86 

2,424 Argentina, La Dulce 

2,100 Spain, A. del Obispo 

2,023 Bolivia, Santa Cruz 90 
1,543 Brazil, Campilas 

4,982 Veery, Mean Yield 

Veery n higher yielding lower yielding 
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During 1979-80, 1980-81 and 1981­
82, Veery "S" lines were tested in 
replicated ISWYN trials at more than 
150 locations worldwide. In all three 
years, one of the Vaery lines was the 
top-performing entry across all testing 
locations included in the analyses. A 
comparison of the yield performance of 
Veery 5, Pavon 76, Anza and the best 
check variety in the 18th ISWYN is 
enlightening (Figure 2). Both Pavon 76 
(first released in Mexico) and Anza (first 
released in California, USA) are high-
yielding, spring-habit varieties without 
the 1B/1 R translocation that are 
commercially grown in many locations 
around the world. The yield superiority 
of Veery over these two varieties, as 
well as over the best local check 
varieties (almost always containing 
CIMMYT germplasm), is striking. 
Results of the 18th ISWYN were 
returned from 41 testing locations, and 
Anza out-yielded the Veery sib in only 
three locations, while Pavon 76 
produced higher yields in only seven 
locations. Veery even out-yielded the 
best local check varieties in 65 percent 
of the locations, 

As a clear indication of the outstanding 
performance and popularity of the 
Veery lines, 12 varieties based on 
Veery selections have already been 
commercially released under varicus 
names by national programs in Chile, 
Mexico, Portugal, Pakistan, Paraguay, 
South Africa, Spain, Zambia and 
Zimbabwe. 

Aluminum-Tolerant High
Yielding Bread Wheats 

Aluminum toxicity in crop plants is 
frequently quite severe in soils with a 
pH of 5.0 or less. In these soils, cell 
division is prevented and root growth is 
thus inhibited. Highly leached acidic 
soils (oxisols and ultisols) are 
characterized by toxic levels of soluble 
aluminum, and may cover as much as 
one billion hectares in the tropical and 
subtropical areas of Brazil, southeast 
China, southeast Asia and central 
Africa. These soils also tend to be 
generally deficient in calcium, 
magnesium, phosphorus, potassium, 
nitrogen and sulfur, as well as some 
other minor nutrients. 

Currently, areas with acidic soils high in 
soluble aluminum are either 
underdeveloped for agriculture or, 
where cultivated, generally have low 
productivity. The traditional approach to 
the mineral stress problems of acidic 
soils is to raise the pH level through 
liming, often an expensive and 

sometimes impractical solution,
particularly where strongly acidic 
subsoils exist. Even after soils have 
been limed and fertilized, commercial 
varieties of wheat (as well as many 
other commercial crops) must have 
some degree of tolerance to soluble 
aluminum. Fortunately, genetic variation 
for aluminum tolerance has been found 
in a considerable number of crop 

species, including wheat. 

Brazilian breeders pioneered the 
development of wheat varieties with 
tolerance to soluble aluminum. This 
work was initiated in 1925 and, over 
the past five decades, has resulted in 
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the identification of a large number of 
tolerant varieties. Unfortunately, many 
of the Brazilian varieties that were 
adapted to this soil condition were of 
poor agronomic type and had a low 
maximum genetic yield potential. On 
the other hand, while CIMMYT's bread 
whea.t cultivars possessed broad 
adaptation and high genetic yield 
potential, they were invariably 
susceptible to high levels of free 
aluminum and were pcorly adapted to 
acid soils. 

The potential for a mutually beneficial 
cooperative breeding program between 
Brazil and CIMMYT became apparent in 
the early 1970s and a shuttle breeding 
program was initiated in 1973. The 
objective of this cooperative effort was 
straightforward: to develop high-
yielding, disease-resistant semidwarf 

bread wheat varieties with tolerance to
 
normally toxic levels of free aluminum.
 
Several loiJ-yielding Brazilian wheats
 
with outstanding tolerance to high
 
levels of soluble aluminum were initially
 
crossed with several high-yielding,
 
broadly adapted Mexican semidwarf
 
wheats. Some of the original materials
 
used in the crossing program were:
 

Al Tolerant Brazilian PrI 72380-Atr 70,
 
Varieties PAT 72160.
 
PEL 72018, 212B8 x PJ, Lagoa Vermelha, CEP
 
PAT 8, 74230.
 
815, Marinna. Toropi, Nobre, C33, Jaqui
 
Cinquenrtenario,
 
PAT 19, lAS 20, 1AS 54, Semidwarf HYVs
 
[AS 58, Pavon 76. Chuckar"S",
 
IAS 62, lAS 63. IAS 64, Kalyansona.Bluebird,
 
PF70354 Bananaquil, Siskin,
 
CNT 7, PF 72640, Musala, Alondra "S".
 

PAT 739, Emu, Madeira "'S", 
Horto, PAT 49, 8H 1146, HD 2182, Aldan "S" 

In cooperation with Brazilian researchers, a number of high-yielding, aluminum-tolerant bread 
wheat lines with improved disease resistance are being rapidly developed using a shuttle 
breeding technique. 
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Research Methodology 
The research methodology employed in 
this project involves the multilocation 
testing of varieties and early generation 
materials using a shuttle breeding 
system between Brazil and Mexico, in 
combination with rapid-screening 
laboratory procedures to identify 
materials with potential tolerance to 
toxic levels of free aluminum. 

The laboratory screening procedure 
adopted by CIMMYT for detecting 
tolerance in wheat to soluble aluminum 
involves a visual evaluation of the 
growth of the primary root in seedlings 
after exposure to high concentrations of 
aluminum. Seedling roots are then 
immersed in a solution of hematoxylin, 
which stains the root tips. When the 
seedling roots are placed back in a 
nutritive solution, susceptible seedings 
will not resume root growth (the tips of 
the roots remain stained). The roots of 
tolerant seedlings, however, will resume 
growing. 

Promising segregating materials 
identified in the laboratory are grown at 
three locations in southern Brazil in acid 
soils having high levels of soluble 
aluminum, and at two non-acid soil 
sites in Mexico. Selection pressure for 
tolerance to acid soil conditions is 
applied at each Brazilian location. In 
Mexico, selections are made for stem 
and leaf rust resistance at CIANO, and 
for all three rusts plus a complex of 
other leaf-spotting diseases at Toluca. 

Research Results 
Since the beginning of the program, 
nearly 500 advanced lines hav been 
produced that combine the aluminum 
tolerance of Brazilian bread wieats with 
the high yield potential of CIMMYT's 
semidwarfs. A considerable number of 

these lines also appear to possess an 
unusually broad spectrum of resistance 
to a complex of leaf-spotting diseases, 
including several Fusarium, 
Helminthosporium and Septora species. 
This resistance was obtained primarily 
from Brazilian wheats, and was 
identified through selections made in 
Brazil and at Toluca, Mexico. 

In 1 980, Alrndra was released for 
general cultivation as a multiline variety 
(Alondra 4546) in Parana State, Brazil. 
While not truly tolerant of aluminum, 
this variety has proven to be an 
outstanding parent in the development 
of aluminum-tolerant wheats. Alondra is 
something of an anomaly in that it often 
yields well under Brazilian acid soil 
conditions and yet is susceptible to high 
levels of soluble aluminum. Derived 
from the cross D6301-Nainari 60 / 
Weique-Red Mace x Ciano 2 -Chris 
(CM1 1683), Alondra's superior 
performance in Brazil's acid soils may 
be partly due to its ability to efficiently 
extract and utilize phosphorus under 
lower levels of availability. Since acid 
soils also tend to be deficient in 
phosphorus, this characteristic is an 
important one to incorporate into 
germplasm intended for such soils. 
Moreover, scientists in Campinas, 
Brazil, have now identified lines from 
Alondra that have higher levels of 
tolerance to soluble aluminum; these 
are now being used in the crossing 
programs. 

A large number of advanced lines 
derived from crosses between Brazilian 
and Mexican wheats are in various 
stages of testing and multiplication in 
several Brazilian crop improvement 
programs. Over the last three years, 
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they have shown substantial yield 
advantages over the commercially 
grown check varieties. In the first 
preliminary replicated yield test, 
conducted in the 1981-82 season, the 
most promising F5 lines generated 
through the cooperative program 
yielded 4.2 t/ha in the acid soils of Fio 
Grande do Sul, Bra7il (Table 1), and 5.3 
t/ha at ClANG in the Yaqui Valley of 
Mexico (Table 2). Many of these lines 
possess good agronomic type-good 
tillering, strong straw and a surprisingly 
broad spectum and degree of resistance 
to stem, leaf and stripe rusts and to 
other foliar diseases. 

Under Brazilian production conditions, 
the best of these aluminum-tolerant 
advanced lines yielded much more on 
acid soils than the best available 
commercial varieties and, in fact, 
reached a level never before achieved 
on those problem soiis. Under Sonoran 
conditions, the best lines yielded within 
five percent of the average yield 
produced by the best commercial 

Table 1. Data from regional trials 

conducted on soils with high levels offreealuinu, ul,
Ro GrndaDo 

free aluminum, Rio Grande Do Sul, 
Brazil, 1981 

Line Vield % best 
(kg/ha) check 

PF 79500 4259 123 
PF 79502 4285 124 
PF 79547 4618 134 
PF 79576 4442 120 
PF 79782 4327 130 
PF 80204 4884 123 
PF 80205 4448 112 
PF 80208 4514 114 
PF 80239 4528 155 
PF 80242 4509 155 

* Best Check CNT9 
Source: EMBRAPA 


Mexican semidwarf varieties. This 
represents the highest yield levels 
achieved to date with Brazilian wheats. 
Clearly, these new high-yielding, 
aluminum-tolerant bread wheats offer 
tremendous potential benefits for 
Brazilian wheat production. 

Several selections of the Thornbird 
cross (lAS 63-Alondra x Geboto-Lagoa 
Vermelha), a cross made by scientists 
at the Brazilian National Wheat 
Research Center (CNPT) and selected 
by scientists of the Brazilian Agricultural 
Research Corporation (EMBRAPA) and 
CIMMYT, have performed very well 
oven under the adverse climatic 
conditions in Brazil during 1982. The 
average yield levels of Thornbird lines 
across eight trial locations oi,soils with 
high levels of soluble alum;, n were 
26 to 32 percent bettor than he best 
check variety included in the trial. Some 
of these selections are slated for release 
in 1985-86. Meanwhile, four other 
cultivars developed through this 
cooperative effort are in the final stages 
of testing in the State of Parana, Brazil, 
and are likely to be released in 1984.These will be the first truly aluminum-
Tole HYlsee fr commtolerant HYVs released for commercial 
prdcin
production.
 

Table 2. High-yielding, aluminum-tolerant 
advanced bread wheat lines, CIANO, 
1981-82 

Cross and pedigree Yield 
(kg/hal 

% of 
CIANO 
79* 

BNQ"S"-CNT8 x 6407 100 
ALDAN"S"-IAS58 
ALD'S'xYR-TRF'S' 6333 98 
MON'S'-ALD'S' 6411 97 
PF70354-ALD'S' 6343 96 

* Yield percentages calculated from different 
experiments 
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The names or pedigrees of these 
Septoria-Resistant Semidwarf septoria-resistant sources are given
Bread Wheats below: 

Septoria leaf blotch (caused by Septoria 
triticil is an economically serious 
disease in cool environments, usually 
where rainfall is above 700 rrim per 
crop cycle and where rains and cloud 
,;over persist for extended periods of 
time.In countries of the Mediterranean 
Dasin, Western Europe, the Rift Valley 
o. East Africa, the Southern Cone of 
South America and, more recently, in 
southern Australia, septoria leaf blotch 
can cause crop losses o' as much as 30 
percent. 

Originally, CIMMYT's semidwarf bread 
wheat materials had little septoria
weastaerl hmadr septorialilem
resistance. A major epidemic of septoria 

Iaf blotch occurred in North Africa in 

the late 1960s; the newly introduced
Meicansemdwaf weatToluca (for disease resistance). Twohighyiedinhigh-yielding Mexican semidwarf wheat techniques are use3d in Toluca for 

materials proved quite susceptible to artificial inoculaticn: I1l distribution 

attack by S. tritici. In the early 1970s, between the rows of septoria-infected 

wheat scientists were postulating that stwefo the ro s cle, and 121 

the semidwarf characteristic might be straw from the previous cycle, and (2) 

linked genetically to triicimedium use of spore suspensions in a liquidlinkd geeticllytoSS. tritici (spores are from different 
susceptibility. In response to thismeim(prsaefo dfeen
suscetblit In repon tonerth regions of Mexico). Advanced lines are
o~roblem, CIMMYT began a concerted 

effort to determine whether greater 
resistance to S. tritici could be 
incorporated into semidwarf bread 
wheats. This research endeavor 
continues today. 

Research Methodology 
Three primary sources have been used 
to increase resistance to S. tritici in 
CIMMYT bread wheat materials: 
Russian winter wheats, spring wheats 
from the southern wheat-growing areas 
of Brazil and Argentina and, to a lesser 
extent, spring wheatq from the USA. 

Sources of sesistance to Seotoria tritici 

Russian Winter 
Wheats 
Aurora, 
Kavkaz, 
US Spring Wheats 
Chris, Era, 
Frontana-Kenya 58 x 
Newthatch 

Spring Wheats from 
Southern Cone 
IAS 55, 1AS 58, 
PF70354, Maringa, 
Carazinho, IAS 63, 
Lagoa Vermelha, 
TZPP, IAS 62, CNT 7, 
CNT 8, Gaboto 

Simple and F1 top crosses are made 

betweer. high- yielding semidwarf 
cultivars and septoria resistant sources.
In all segregating generations, single
plant selections are made alternatively 

at CIANO (for yield potential) and
toCa (for ies reial. Two 

also screened by CIMMYT pathologists 
an scree n e M e c h ere 
in Michoacan State, Mexico, where 
natural epidemics of septoria occur each 
year. 

Since the early 1970s, CIMMYT has 

distributed the International Septoria
Observation Nursery (ISEPTON) to 
scientists in countries where septoria 
diseases are serious. In addition, 
CIMMYT has established collaborative 
research links with Dr. Zahir Eyal, an 
Israeli scientist from Tel Aviv 
University, who is conducting basic 
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germplasm screening to develop source 
materials with greater resistance to 
various Septoria species. Cooperation is 
also under way with Dr. Al Scharen, a 
USDA scientist at Montana Stare 
University, USA, to typify virulences of 
S. tritici from around the world. This 
information will permit CIMlMYT to 
identify locations where it can subject 
materials to the most virulent forms of 
this disease-causing organism. 

Research Results 
CIMMYT has developed two groups of 
advanced bread wheat lines with 
improved resistance to septoria. The 
first group consists of semidwarf lines 
with good yield potential, good 
agronomic type and high levels of 
septoria resistance (see Table 3). 
Bobwhite and Sunbird are outstdnding 
examples from this group; they show 
almost complete resistance to S. tritici 
at 75 days after sowing and continue 
to show moderate resistance at 96 
davs after sowing. At the CIANO 

station, both lines also yield within 95 
percent of Ures 81, a Veery selection. 
Bobwhite and/or Sunbird are being 
considered for release by several 
countries of the Mediterranean Basin, 
including Turkey, Ethiopia and Algeria. 

The second group of septoria-resistant 
materials has been developed for those 
areas with aluminum toxic soils where 
septoria epidemics also occur (see Table 
4). Various derivatives of Alondra 
(PF70354-ALD "S"; PF70354-MUS 
"S") are outstanding examples of 
resistant lines from this group. While 
these materials are not as high yielding 
as Bobwhite, all are moderately 
resistant to S. tritici, even at 96 days 
after sowing. Their tolerance to 
aluminum and resistance to the three 
rusts makes these lines excellent 
sources of germplasm for the 
development of high-yielding advanced 
materials for such production 
environments as the acid-soil areas of 
Brazil. 

Septoria leaf blotch is an economically serious disease in countries of the Mediterranean 
basin, the Rift Valley of East Africa, the Southern Cone of South America, Western Europe,
and more recently, South Australia. 

24 



Table 3. Septoria tritici-rnsistant semidwarf bread wheat cultivars with good yield
and good agronomic type 

Toluca 1982 CIANO 1982-1983 
S. tritici 

t / 

Variety 75 96 Ht. Yield % of Best
days days (cm) (kg/ha) 	 best check 

check 
- - (0-9) 

KVZ-HD2009 2 3 95 6198 97 CIANO
 
BOW "S" 1 3 85 6759 95 URES 81
 
SNB "S" 2 3 90 6509 98 URES 81
 
LIRA "S" 1 3 80 6650 100 GLENNSON 81 
TZPP 2 3 110 
(Resistant check) 
CIANO 79 
(Susceptible check) 4 9 80 

1/ 	 Two readings were taken at 75 and 96 days after sowing.

0-9 scoring scale used: 0 = completely resistant; 9 = completely susceptible.
 

Table 4. Septoria tritici-resistant semidwarf bread wheat cultivars with good
agronomic type and tolerance to aluminum toxic soils, Toluca, 1982 

Variety Septoria tritici 1/ Height 2 / 
75 days 96 days (cm) 

(0-9) (0-9) 

IAS62-ALDAN"S" 2 3 100 
PF70354-ALD"S" 2 3 95
PF70354-MUS"S" 1 3 90 
(IAS58-IAS55xALD"S"/MRNG)ALD"S". 
IAS58.103AxALD"S" 2 2 105 
PF70534-ALD"S"xMES"S" 3 3 100 
IMRNG(NAD-TORxPCH/BLT"S"-MES"S")] 

PAT72195(2)-ZP"S"xALD"S"-EMU"S" 2 3 105 
(ALD"S"/FKN-H570.71 xFKN)MAD"S"-CNT7 2 3 90 
BNQ"S"-CNT8xALDAN"S"-IAS58 2 3 105 
PEG"S"-PF70354(KAL-

BBxALD "S"/MRNG) 2 3 100 
(CQT-AZxIAS55-ALD"S"I 

ALD"S"-NAFN)PJN"S" -PELSL 1276.69 2 3 95 
JUPATECO (Susceptible check) 3 8 85 

1/ Two readings were taken 75 and 96 days after sowing; cultivars with a reading of 
greater than 37 in the second reading were excluded; 0-9 scale used 

2/ 	 Cultivars with a height of greater than 105 cm were excluded 
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Table 5. Summary of means for selected variables, 12th 
International Septoria Observation Nursery (ISEPTON),
1981-82 (11 locations) 

Variety o cross 

7C-CNOxCAL/CHIROCAS"S" 
SWM6665-2M- 1 Y- 1M-2Y­
CY-1 PTZ-OY 

BOBWHITE"S" 
CM33203-K-9M-2Y- 1M­
1Y-2M-OY- 1 PTZ-OY 

BOBWHITE'" 
CM33203-K-9M-24Y-OM-
5Y-OB- 1PTZ-OY 

I1 2300-TOB66xCIANO"S" 
(WITHOUT PEDIGREE) 

(KVZ/TOBCFNxBB) 
BOLILLO"S" 
CM33028-1,1M-3Y-1M 1Y-
2Y-OM 

KVZ-J8216.67-SISKIN"S" 
CM33030-D-3T-2Y- 1 M-4Y-
4M-OY 

BOBWHITE"S" 
CM33203-K-9M 19Y-3M­
4Y- 1 M-OY- 1PTZ-OY 

BOBWHITE"S" 
CM33203-K-9M-24Y-1M-

2Y-OM- 1PTZ-OY 

KVZ-J8216.67-
SISKIN"S" 
CM33030-D-3M-2Y- 1 M-4Y. 
2M-1Y-OM 

C22-TORIM 73 
CM36834-25Y-3M-3Y­
1M-OY 

Yield Septoria 
(kg/ha) species 

(0-9)
 

6522 5.1 

6033 3.9 

6033 3.6 

5933 5.1 

5844 5.1 

5633 5.4 

5488 3.3 

5233 4.0 

5066 5.3 

5033 5.6 
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In September, 1981, the 12th 
ISEPTON was sent to 60 cooperators in 
42 countries; it contained 180 oi he 
best septoria-resistant CIMMYT bicad 
wheats. The yield performance and 
disease reactiuns of the 10 top lines 
from this nursery are shown in Table 5. 
In addition to their generally acceptable 
level of resistance to septoria diseases, 
all 10 lines yielded above 5 t/ha across 
the 15 reporting locations analyzed. 
When released by national programs, 
such high-yielding, septoria-resistant 
lines as these will significantly benefit 
wheat producers in the Mediterranean 
Basin and the Southern Cone countries 
of South America. Recently, it was 
decided that all advanced bread wheat 
materials emanating from the CIMMYT 
Wheat Program will have resistance to 
the Septoria species prevalent in 
Mexico. Ihi will facilitate the selection 
of adapted HYVs for those locations 
prone to septoria epidemics, 

Yield Potential of Durum 
Wheats 

The history of durum wheat 
improvement in Mexico predates 
CIMiviYT's founding in 1966 and 
reaches back to the research activities 
of the Cooperative Mexican 
Government-Rockefeller Foundation 
Agricultural Program during the 1950s 
and 1960s. By the late 19 5Os, the 
Mexico-Ldsed staff were making the 
first crosses between bread wheat lines 
carrying the Norin-lO dwarfing genes 
and tall durums of various origens. 
Through intensive backcrossing of 
progeny to various tall durum wheats, 
high-yielding, semidwarf durums were 
rapidly developed. 

The introduction of dwarfing genes into 
tall durum wheats resulted in an even 
more spectacular increase in yield per 
hectare than in bread wheat. 
Recognizing tha* comparatively little 
breeding research has been focused on 
the yield potential of durum wheat, per 
se, it seems likely that durum wheat 
could eventually attain a higher 
maximum genetic yield potential than 
the best bread wheats. CIMMYT's 
advanced durum lines have 
demonstrated their already high yield 
potential at many locations around the 
world. It should be possible, however, 
to increase this yield potential even 
further through improvements in such 
components of yield as head size, 
fertility, grain size and other traits. 

Research Methodology 
CIMMYT's durum wheat crossing block 
contains 25 groups of germplasm 
assembled on the basis of high-yield 
potential, resistance to various 
diseases, high industrial quality and 
tolerance to agroclimatic stresses. 
Included in the crossing block are 
materials with such characteristics as 
large spikes, high fertility and erect 
leaves with reduced canopy for 
improved phtosynthesis. These 
materials are being used extensively in 
crosses at the CIANO, Toluca and El 
Batan stations. Two cycles of crossing 
and selection are completed in Mexico 
each year using the same shuttle­
breeding system described earlier. 
International yield testing is also a major 
component of the breeding strategy. 

Research Results 
The yield, agronomic type and rust 
resistance of advanced durum lines and 
check varieties, grown during the 
1982-83 season at CIANO, are 
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compared in Table 6. In irrigated, well-
managed plots at CIANO, new 
advanced durum lines often yielded 
above 8 t/ha, 29 percent higher tha 
thu best check variety (Yavaros 79) 
included in the trial, 

CIMMYT's more recently developed 
high-yielding advanced durum lines tend 
to form three or more grains per spikelet 
(two is normal). They also have 
hectoliter weights of 80 kg/hI or more, 
and 1,000 kernel weights of 50 grams 
or higher (Table 7). Our working 
hypothesis is that, by continuing to 
incorporate these improved characters 
into durum lines with long-lax or semi-
lax spikes, we will be able to further 
increase the yield potential of durum 
wheats under both rainfed and irrigated 
productiooi conditrs. 

Tables 8 and 9 present selected yield 
data from the Eleventh Elite Durum 
Yield Trial (EDYT) and the Thirteenth 
International Durum Yield Nursery 
(IDYN), both of wh.ch were grown 
during 1981-82 under rainfed and 
irrigated production conditions 
throughout the durum-growing regions 
of the developing world. The mean yield 
of the EDYT across all 24 locations 
reporting in 1982 was 4223 kg/ha; the 
mean yield of the IDYN across the 35 
reporting locations was 4168 kg/ha. It 
can be seen in Table 8, however, that 
the yields of advanced lines from both 
nurseries under irrigated conditions 
exceed 11 t/ha in certain locations. 

CIMMYT's new high-yiolding durum wheat advanced lines often outyield our best bread 

wheats in optimum environments. 
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Table 6. Yield performance, agronomic and disease data of advanced durum wheat 
lines, CIANO, 1982-83 

Yield 
(kg/ha) 

Days 
to 
flower 

Plant 
height 
(cm) 

Leaf 
rust 

Stem 
:ust 

Stripe 
rust 

DACK"S"-TEAL"S"x 8244 89 105 1OMR-MS 0 
MAL"S" 

CARCOMUN"S" 8229 85 85 1OMR-MS T-MR -
CHEN"S" 7853 87 95 1OMR-MS 5MR-MS -
GUILLEMOT"S" 7610 84 95 IOMS 0 -
CHEN"S' 7608 85 80 1OMR-MS T-MR -
GALLARETA"S" 7592 80 90 TMR 0 -
YAVAROS79 (check) 
MEXICALI75 (check) 

6378 
5939 

85 
76 

95 
100 

1OMS-S 
20MS-S 

MR-MS 
0 

-
-

Table 7. Advanced durum wheat lines having high fertility (kernels per spikelet), 
CIANO, 1982-83 

Cross and pedigree Yield Kernels Test weight 1000 kernel 
(kg/ha) per (kg/hl) weight 

spikelet 

CARCOMUN"S" 8229 4.0 82.4 51.4 
MEMO"S"-YAV"S" 7128 3.9 82.8 51.4 
GUILLEMOT"S" 7524 3.9 83.2 56.2 
CHEN"S" 5574 4.1 84.8 51.2 
CHEN"S" 5643 3.5 84.0 54.7 
CHEN"S" 7797 3.8 84.4 49.8 
ROK"S" - GUIL"S" 7211 3.7 82.8 56.7 
YAVAROS 79 (check) 6378 3.4 83.2 52.6 

Table 8. High-yielding durum lines grown under irrigated conditions 1lth Elite Durum 
Yield Trial (EDYT) and 13th International Durum Yield Nursery (IODYN), 1981-82 

Cross or pedigree Place of test Rank Yield % of 
best 
check 

EDYT BOY"S" Chile, Santiago 1 5903 109 
IDYN BOY"S" Chile, Santiago 2 7236 125 
EDYT FOJA"S" Mexico, Guanajuato 1 7524 101 
EDYT ERPEL"S"-GS"S"x Egypt, Sohag 1 7700 124 

BOY"S" 
EDYT CHEN"S" Mexico, Sonora 1 7762 112 
IDYN ROK"S" Mexico, Sonora 1 8084 116 
IDYN ROK"S" USA, Arizona 2 9434 99 
EDYT ROK"S" Zimbabwe, Harare 1 11,600 129 
IDYN WAHA"S" Spain, Cordova 1 12,110 104 
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Several oi :'ese :ines, such as ROK 
"S" and WAHA "S", also yielded 
above 7 t/ha in rainfed areas receiving 
less than 450 mm of rain during the 
growing season (Table 9). Even with 
less than 300 mm of rain, yields of 
2955 kg/ha were attained. These data 
provide strong evidence that durum 
wheat yields can nnd will be 
substantially increased in the developing 
world in the ye;';s ahead, 

Improving Triticale Grain 

In its early triticale improvement work, 
CIMMYT focused on improving the yield 
potential and agronomic type of 
hexaploid triticales. As a result of this 
work, high-yielding genotypes with 
semidwarf habit and relatively strong 

straw have been developed. Ten years 
ago, the best triticales showed yields of 
only 70 to 75 percent of the top bread 
wheats, and most of them yielded 
closer to 50 percent. In the 18th 
International Spring Wheat Yield 
Nursery (ISWYN), which was grown in 
1981-82, the triticale check variety 
Caborca 79 occupied second place 
among the 50 bread wheat entries in 
the across-site analysis of 67 testing 
locations. In certain production 
environments, such as in acid soils, in 
semi-tropical highlands, and in areas 
where wheat production is problematic 
due to heavy disease pressure, triticales 
generally show better yield performance 
and adaptation than CIMMYT's best 
wheat cultivars. Moreover, given the 
greater total dry matter production of 
triticale as compared to wheat, a 
further repartitioning of biomass to 
grain may push its genetic yield
potential higher than that of wheat. 

Table 9. High-yielding durum lines grown under rainfed conditions, 11 th EDYT and 
13th IDYN, 1981-82 

Cross or pedigree 

EDYT CHI"S" 
EDYT ERPEL"S" -RUSO"S" 
EDYT ERPEL"S" -

GS"S"xBOY"S" 
IDYN ERPEL"S" -RUSO"S" 
EDYT ROK"S" 

EDYT ROK"S" 
IDYN WAHA'S" 
EDYT ROK"S" 

Place of test 

Jordan 

Cyprus, Laxia 
Spain, Madrid 

Syria, Aleppo 

South Africa,
 

Cape Prov. 

Syria, Aleppo 
Turkey, Izmir 
Israel, Sde-Gat 

Rainfall Rank Yield % of 
(mm) 

284 
210 
367 

338 

447 
338 

-
426 

best 
check 

1 2955 150 
1 3798 169 
1 4408 159 

1 4433 150 

1 4666 114 
1 4894 118 
1 5584 118 
1 7461 110 
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Table 10 lists the mean yields of the Low test weights and the shriveling of 
top ten triticale lines across 61 the mature grain are due to impaired

locations where the 13th International endosperm development. Slow
 
Triticale Yield Nursery (ITYN) was endosperm growth may cause the
 
grown in 1981-82. These test sites pericarp to wrinkle and fit loosely, while 
tend to be in those areas where triticale partial cellular collapse results in
 
has a production advantage over wheat. endosperm ravities that reduce
 
Hence, the mean across-location yield carbohydrate storage capacity. While
 
of the best local checks and of the these processes are not fully

bread wheat check variety Veery 'S' are understood, they are a function of
 
also included to facilitate comparisons, complex genetic and chromosomal
 
The yield advantage of CIMMYT's factors that can be manipulated. The
 
advanced triticale lines, when grown in following is a summary of the progress

environments to which they are so far achieved toward improving the
 
adapted, is evident in this table, test weights (.i high-yielding triticale
 

lines.
 
Despite generally high yield potential
 
and considerable disease resistance, the Research Methodology

commercial acceptance of triticale has A number of methods have been
 
been hampared by low test weights and advocated for improving kernel
 
poor flour yields. Althouah triticale lines plumpness and test weight in triticale.
 
with high test weights do exist, these Several of the techniques proposed,
 
tend to be among the materials with
 
lower yield potential.
 

Table 10. Summary of means for selected variables, 13th International Triticale Yield 
Nursery (ITYNI, 1981-82 (across 61 locations) 

Rank Variety or cross 

1 JUANILLO 159 

2 JUANILLO 97 

3 TOPO 1419 

4 MULA"S" 

5 BOA"S" 

6 CHUU"S" 

7 RAM"S" 

8 CHIVA"S" 

9 IRA-DRIRA 


10 M2A(2)-STR"S" X IA-ABN 
BEST LOCAL CHECK (Tcl) 

BEST BREAD WHEAT CHECK 

(Veery "S") 

Yield 
(kg/he) 

4543 
4484 
4405 
4341 
4334 
4229 
4219 
4202 
4289 
4182 
3993 

3842 

Test wt 
(kg/hl) 

67 
67 
65 
67 
65 
66 
63 
67 
66 
65 
73 

77 

Days Plant 1000 
to Ielght kernel 
maturity weight 

143 117 47 
144 114 47 
147 103 43 
147 106 44 
138 92 38 
141 91 36 
145 103 42 
142 92 37 
139 106 42 
144 99 37 
141 98 40
 
141 78 34 
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such as selecting for decreased 
heterochromatin or measuring kernel 
density on a displaced volume basis, are 
considered too time-consuming to fit 
into the CIMMYT triticale improvement 
program. Although somewhat less 
accurate than other techniques, 
CIMMYT's test weight improvement 
strategy involves the direct visual 
selection for kernel type in large 
numbers of lines. Intense selection 
pressure for kernel plumpness is applied 
to individual plants in segregating 
populations, and less than 10 percent 
of all pldnts screened are retained. Test 
weights are measured for F2 seed and 
for F5 -F7 lines being considered for 
yield testing. 

Research Results 
It has been relatively easy to identify 
triticales that produce higher test 
weights under favorable production 
environments, such as the CIANO 
station in Sonora, Mexico. At the 
Toluca station, however, which has less 
favorable production conditions than 
northwest Mexico, triticale test weights 
drop sharply. The Toluca station is 
therefore proving to be a good site for 
identifying lines with test weights that 
tend to remain high and stable in stress­
prone locations. 

Grain test weights of CIMMYT's triticale advanced lines have steadily improved and the 

historical problem of shriveled grain (left) has been largely overcome (right). 
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Analyses of var;ance were conducted 
on the test weight means of selected 
entries from past ITYNs. Newer lines 
included in the ITYNs were compared 
with two long-term check varieties, 
Beagle and Cananea 79 (Table 11). 
Test weights of the newer triticale 
advanced lines have steadily improved 
relative to Cananea 79 and Beagle, 
which now occupy the lower rankings 
for test weight in the trials. In fact, over 
the past six years, an increase of nearly 
1 kg per year in hectoliter weight has 
been achieved, with the average test 
weight of triticale lines in the 13th 
ITYN equal to 67 kg/hI. 

In the 9th ITYN, grown in 1977-78, 
Beagle was considered one of the better 
adapted triticale varieties for test 
weight. Now, in comparision to such 
new lines as PFT 765 and Delfin 205 
Beagle appears rather poorly adapted.' 
Although yield improvements in these 
advanced lines with highb, test weights 
have not been spectacular relative to 
the yield potential of Beagle and 
C2nanea 79, some gains are evident. 
Over the six ITYN cycles analyzed, the 
proportion of sites in which these two 
check varieties occurred in the top 1/3 
of all entries is decreasing, suggesting 
that yield progress is being made. 
Correlation analyses between yield and 
test weight in screening nurseries 
grown at CIANO indicate that no 
negative correlation exists between 
yields and test weights; it should 
therefore be possible to obtain high­
yielding lines with high test weights. 

CIMMYT's selection strategy for 
improved test weights has allowed the 
rapid screening of a large number of 
lines with no observed reduction in 
response to selection. Further, the 
newer triticale lines with higher test 
weights also have better bread-making 
quality and a decreased susceptibility to 
preharvest sprouting. This kind of 
steady progress toward overcoming the 
obstacles to more widespread 
commercial production is largely 
responsible for the accelerating trend in 
varietal releases by cooperating national 
crop improvement programs in the 
developing world. 

Table 11. Test weight means of 
selected entries from International 
Triticale Yield Nurseries (ITYNs), 
1977-78 to 1981-82 

9th 1 1th 1 3 th 
1977-78 1979-80 1981-82 
- kg/hl) 

Beagle
Cananea 79 

64.0 
64.1 

64.3 
63.8 

64.7 
63.6 

LSD .05 0.74 0.83 1.24 
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Maize Research
 

Introduction 
The maize crop, which constitutes a 
major part of the world's cereal diet, 
has historically been produced in the 
developing world at very low yield
levels, often under 1 t/ha. It is, 
however, a major food and feed crop in 
77 of the world's -ountries. In the 
developing world, some 54 countries 
produce maize on more than 100,000 
hectares, making maize the most widely 
grown cereal grain. Not only is maize 
the most widely grown cereal in the 
developing world; it also has the highest 
maximum genetic yield potential of all 
the cereal grains, even though 
commercial yield levels in developing
countries still continue to lag far behind 
those of wheat and rice. 

During the 1960s, aggregate maize 
production in the developing world 
increased only slightly faster than the 
population growth rate, and this 
increase was largely due to area 
expansions; maize yields during the 
1960s increased at approximately hall 
the rate of wheat and rice. Over the last 
decade, however, developing country 
maize production has been spurred by a 
2.6 percent per annum increase in 
average yield levels, twice the rate of 
the 1960s. A significant factor in this 
increase has been the expansion during 
the last half of the 1970s in the 
commercial use of improved varieties 
and hybrids, manN of which are based 
on CIMMYT-distributed germplasm. 

Nrevious 


The wide variation in the environments 
in which maize is grown explains in part
the 3-4 t/ha difference in average
national yield levels that exists between 
developing and developed countries. 
Particularly in the lowland tropics, 
where much of developing country
maize is grown, problems of soil 
fertility, weeds, pests, moisture supply, 
and extreme weather variations often 
severely limit yields. Furthermore, maize 
in the tropics is often produced as a 
subsistence or dual-purpose and 
secondary food crop in an unfavorable 
economic environment. Levels of farm­
level technology are also major factors 
explaining yield differences. Until 
recently, most efforts to improve maize 
technology have been focused on 
temperate regions. High-yielding maize 
varieties and appropriate production 
technology that offer the potential for 
markedly improved yields in tropical and 
subtropical environments are only 
beginning to become available to 
farmers. 

Impact of CIMMYT's Work
 
Today, superior germplasm developed
 
through the CIMMYT-coordinated
 
international maize testing program is
 
being used by almost every developing 
country national maize research 
program. Some national programs have 
now developed their own gene pools
and advanced populations and are 
making increasingly more effective use 
of CIMMYT's rich array of germplasm 
and crop improvement procedures to 
serve the varietal requirements of their 
local farmers. While CIMMYT's 
information on national releases of 
varieties and hybrids derived from 
CIMMYT materials is incomplete, we do 
have reports of 122 varieties and 
hybrids that have been released in 29 
countries. CIMMYT estimates that at 
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least three million hectares, just under 
five percent of the total developing 
country maize area, are planted to 
improved maize materials resulting from 
this international testing program. The 
yield contribution made by these 
improved maize materials is estimated 
at 600,000 tons annually, worth about 
US$100,000,000 at current 
international maize prices. 

Germplasm Development Program 
The structure of CIMMYT's maize 
research program was reformulated in 
the early 1970s. The primary research 
emphasis is on the development of 
broad-based maize pools and 

populations leading to the development 
of superior maize varieties and hybrids 
that offer high yield potential and 
dependability for developing country 
production conditions. It is a multistage 
germplasm development process with a 
continuous flow of genetic materials 
between CIMMYT and national maize 
programs around the world. Various 
germplasm groups have been assembled 
on the basis of adaptation, maturity, 
and grain type preferences to serve 
most of th ntz.i.; maizc growing 
environments of the developing world. 
The classification., and relationships of 
CIMMYT's pools, populations, and 
international testing trials can be seen in 
Figure 1. 

Figure 1. Relationship of pools, populations and variety trials in CIMMYT's maize 
improvement program 
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Multilocational testing plays a major role 
in CIMMYT's population improvement 
system. In Mexico, CIMMYT has a 
network of experiment stations located 
in several distinct maize-growing 
environments that are representative of 
several of the major maize 
environments found in other parts of 
the developing world (see Figure 2). 
These differing environments permit 
CIMMYT to carry out its preliminary
germplasm improvement and to develop 
materials that are suitable for a wide 
range of production circumstances. In 
addition to Mexico's environmental 
diversity, its climate permits CIMMYT 
scientists to conduct two crop
improvement cycles per year at its 
lowland and intermediate altitude 
stations, 

Development of Gene Pools-Many 
sources of genetic diversity have been 
used to forrr the 29 tropical and 

subtropical normal maize gene pools 
currently being maintained and 
improved in the Maize Program. In 
addition, four temperate zone pools 
have been constituted to broaden the 
genetic variability of both tropical and 
temperate germplasm groups. 

Thirteen quality protein maize gene
pools have also been formed and are 
being continually improved. The 
formation of these gene pools and their 
improvement, using relatively mild 
selection pressure for a range of 
characterm, represents the first stage in 
CIMMYT's maize improvement strategy. 

Population Improvement-The superior 
fractions of improved pool materials 
contribute new germplasm sources for 
CIMMYT's more advanced maize 
populations. At present, CIMMYT has 
23 normal and 10 quality protein maize 

Figure 2. Experiment stations in Mexico where maize research is conducted 
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advanced populations undergoing 
improvement. The term "population" 
refers to more refined germplasm 
groups which have undergone a higher 
selection pressure and are more 
uniform. CIMMYT populations are 
suited to a range of developing country 
climatic conditions, maturity 
requirements, grain preferences, and 
have resistance/tolerance to a number 
of disease, insect, and agroclimatic 
stress situations. 

International Maize Testing 
Program-CIMMYT's maize populations 
enter the international testing program 
once the judgment is made that they 
have reached a level of refinement to 
offer superior germplasm for some part 
of the developing world. There are three 
stages in this international testing 
program: International Progeny Testing 
Trials (IPTTs), Experimental Variety 
Trials (EVTs), and Elite Variety Trials 
(ELVTs). 

IPTTs. After several cycles of 
improvement in Mexico at two sites 
with differing environments, populations 
enter into international progeny testing 
trials (IPTTs). CIMMYT selects 250 
progenies from each of its ad,.anced 
populations (only half of the populations 
are tested internationally each year) and 
sends this seed for testing by 
collaborators at six sites worldwide 
chosen on the basis of the suitability of 
the environment for the particular 
population in question. Each 
collaborator evaluates these 250 
families in comparision with the best 
locally available hybrids or varieties 
(checks). From each trial, the 

collaborator chooses the ten best­
performing families on the basis of yield 
potential, agronomic type, days to 
flowering, and resistance to diseases, 
insects and lodging. 

When CIMMYT receives an IPTT 
collaborator's report listing the ten best 
entries at a specific testing location, 
CIMMYT breeders create an 
experimental variety-using remnant 
seed-by intercrossing these ten 
families in all possible combinations. 
The F2 seed ol these crosses becomes 
an experimental variety identified by the 
site, year and population where the 
progeny trial was conducted (e.g., 
Ferke 7928 refers to the ten best 
families selected from Population 28 
grown in 197) at an IPTT location at 
Ferkessedougou, Ivory Coast). IPTT 
data for a particular population are a. 
used to identify the ten best performing 
families across all six testing locations; 
such experimental varieties have the 
nomenclature "Across," e.g., Across 
7928. Approximately 25-30 percent of 
the best families selected on the basis 
of across-site dat, are used to 
reconstitute the population for the next 
cycle of improvement. 

E''s. The experimental varieties 
developed from each population are 
advanced to the F2 generation as a 
random mating variety. These varieties 
are then assembled into experimental 
variety trials (EVTs) which are widely 
tested at dozens of locations in the 
developing world. In each of these 
testing locations, cooperators evaluate 
the experimental varieties against their 
best locally available check varieties and 
hybrids. 
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ELVTs. The best-performing 
experimental varieties identified across 
the 30-70 EVT locations are later 
assembled into elite variety trials 
(ELVTs) which are again distributed 
widely throughout the developing world 
on an individual request basis. 
Generally, less than 25 percent of all 
EVs are selected for inclusion in elite 
variety trials. With the generation of 
these elite varieties, CIMMYT's direct 
involvement in varietal development 
ends. National programs are free to use 
the elite varieties as they see fit, either 
as breeding materials or as potential 
cultivars for direct commercial release 
to farmers. It should be noted that 
CIMMYT neither names nor releases 
varieties; this is the responsibility of 
cooperating national programs which 
are free to use the germplasrn as they 
see fit. 

About This Year's Report 

While there are many research activities 
under way within the Maize Program, 
only a few will be highlighted in this 
year's report. These are: 

* 	 Improved grain efficiency in 
CIMMYT's lowland materials 

" 	 Yield potential of selected tropical 
materials with intermediate-to-late 
maturity; 

" 	 Yield potential of selected tropical 
materials with intermediate-to-
ea *y maturity; 

* 	 P'ogress in the development of 
varieties with resistance to corn 
,itunt virus and to downy mildew, 

Increasing the Grain Yield 
Efficiency of Lowland Maize 

A historical problem with lowland maize 
in the tropics has been its tall stature, 

large amount of foliage, large tassel sizeand, 	hence, relatively low grain-to­
stover ratio. Most of the original 
CIMMYT tropical and subtropical 
germplasm sources were over three 
meters tall. The grain-to-stover ratio of 
these materials was something on the 
order 	of 30:70. The experience of the 
semidwarf wheats and rices, and of 
hybrid maize in the temperate zones, 
clearly indicates the need to reduce 
plant 	height in tropical maize and to 
attain increased yield efficiency. The 
effect of developing shorter plant types 
in all three crop species has resulted in 
a repartitioning of the total dry matter 
towards more grain and less stover.
These more grain-efficient genotypes 
are grown in higher density plant stands 
and respond with increased grain 
production to proper levels of fertility. 

Research Methodology 

In the early 1970s, CIMMYT embarked 
on a special research project aimed at 
gaining a better understanding of what 

should be the optimum plant type intropical materials for grain production. 
One of the hypotheses of this research 
effort was that shorter plant types 
would have higher harvest indices andwould be more responsive to improved 
management. Since the major dwarfing 
genes available in maize are usually 

associated with a number of otherundesirable morphological traits, the 
methodology used to sho. ten the height 
of the tropical maize plant was a 
recurrent selection scheme within one 
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of CIMMYT's widely adapted, high-
yielding tropical maize populations, 
Tuxpeho-1, a white, late-maturing 
lowland dent material. 

To initiate the recurrent selection 
procedure, a combination of mass 
selection and a modified full-sib 
recurrent selection procedure was used. 
Family and plant selection was by visual 
indentification of shorter plant types at 
the time of pollination; approximately 
50 percent were rejected at flowering 
because of excessive height. At 
harvest, only ears from high-yielding 
plants were saved, 

Research Results 
In 1980, seventeen cycles of selection 
in this project were evaluated (see 
Table 1). The results were conclusive: 

in 17 cycles of selection, plant height 
had been reduced by nearly 50 percent 
(from 2.73 to 1.56 m), the grain-to­
stover ratio had improved from 30:70 
to 47:53, the plant had become earlier­
to-maturity by five days, and, at high 
planting densities, the yield potential 
had improved by more than 2 t/hb (from 
4.05 to 5.23 t/ha). 

With the advantages of increasing yield 
efficiency through reducing plant height 
clearly demonstrated, the development 
of shorter, more grain-efficient tropical 
maize materials became a higher priority 
breeding objective in CIMMYT's maize 
improvement work. Multiple selection 
criteria have been used to reduce plant 
height in combination with 
improvements in agronomic type and 
disease and insect resistance. 

- Ai 

CIMMYT has used a recurrent selection program for reduced plant height to achieve
increased grain yield efficiency in tropical maize without the use of dwarfing genes. 
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Most of CIMMYT's maize populations 
now have generally acceptable plant
height, higher harvest indices, improved 
standability, and greater responsiveness 
to fertilizer. As a result, they have 
markedly higher yield potential, as 
compared to earlier cycles of selection, 
In 1983, the effects of various cycles 
of selection in CIMMYT's advanced 
populations were evaluated at several 
testing sites in Mexico. Table 2 
compr ,sdata on twu of these 
populb ons, Two of the inifirmediate-

Table 1. Comparison of various cycles
of selection for reduced plant height in 
Tuxpeflo Crema 1 when grown near 
optimum density (means for 2 years at 
Poza Rica and Tlaltizapan, Mexico) 

selection GrainCycle of heightPlant Total dry Harvesatyield matter Index 
(cms it/ha)it/ha) 

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 

to-late maturing materials, populations 
32 and 36, showed increases in 
harvest index of more than 10 percent 
over five cycles of selection. The plant 
height of populaton 36, Cogollero, has 
been reduced by nearly 40 cm and the 
population is 3.2 days earlier to 
flowering. The yield potential of 
population 32, Eto Blanco, has also 
significantly increased over five cycles 
of selection. 

CIMMYT's maize materials undergoing 
selection for earliness were evaluated at 
Tlaltizapan, Mexico, during the summer 
cycle, 1983. In Table 3, twelve cycles 
of selection from Compuesto Selecci6n 
Precoz are compared for yield, harvest 
index, maturity, and plant height. While 
maintaining yield levels, the maturity of 
this population has been reduced by 10 
percent. Data are also presented on two
outstanding experimental varietiesottnigeprmna aite
 
developed from the international testingprogram from populations 30 and 31. 
These populations were based, in part, 
on families selected from C8 of 
Compuesto Selecci6n Precoz (the
performance in international testing of 
experimental varieties from populations
30 and 31 are discussed later in this 
report.) 

Table 2. Effects of cycles of selection on grain yields, maturity, plant height, and
harvest index on selected intermediate-to-late maturity CIMMYT materialsl/ 

Population 
number 

Parent 
population 

Cycle 
of 

Yield 
(kg/ha) 

Days to 
silk 

Plant 
height 

Harvest 
Index 

selection (cm) 

36 Cogollero CO 6882 55.5 255.3 
C5 6921 52.0" 215.5" 

32 Eto Blanco CO 5462 56.0 217.0 
C 5 6795" • 54.25" 209.5 

LSD .01 
1/ Data from two different trials 
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In another series of trials, the gains 
made in yield, yield efficiency, 	and 
other agronomic characters were 
measured for 10 populations by 
comparing the performance of across-
sjte varieties developed from these 
populations during 1974-75 with 
across-site varieties developed during 
1980-81 from the same populations. 
The results of these trials indicate 
considerable progress in increasing the 
yield potential and yield efficiency of 
CIMMYT's lowland tropical materials, 

For example, the across-site 
experimental varieties developed in 
1980-81 yielded, on average, 16.3 
percent better than the 1974-75 
varieties. The yield gains of specific 
varieties developed from various 
populations over this 5-6 year interval 
ranged from 5 percent (Across 7443 vs 
Across 8043) to 43 percent (Across 
7532 vs Across 8032). The more 
recent across-site EVs were also earlier 
in maturity (average 1.5 days ealier to 
50% silk), 11 cm shorter, and superior 
in other agronomic characters. The 
average harvest index of the 1980-81 

Table 3. Effects of cycles of selection on 

varieties was 0.42 compared to 0.37 
for the 1974-75 varieties. The 
experimental varieties in eight out of 
the ten populations that were evaluated 
had harvest indices of 0.40 or above 
(range 0.40 to 0.46); in 1974-75, only 
two out of 10 populations have EVs 
with harvest indices of 0.40 or better. 
Similar improvements were exhibited by 
exoerimental varieties developed at 
Poza Rica from these 10 populations 
since 1974-75, although the average 
gains in /ield, yield efficiency, and other 
agronomic characters of these site­
specific experimental varieties were 
slightly less than in the across-site 
varieties. 

These cycles of selection trials are proof 
of the effectiveness and efficiency of 
the population improvement and 
international testing system adopted by 
CIMMYT to develop superior open­
pollinated varieties. The latest EVs 
extracted from CIMMYT's consis.ently 
improving populations are also far more 
useful sources for the development of 
inbred lines (and parents for hybrid 
combinations), which are being pursued 
in a number of collaborating national 
programs. 

grain yield, maturity, plant height and 
harvest index in Compuesto Selecci6n Precoz, Tlaltizaptn, Mexico, summer 1983 

Material 	 Cycle of Yield Days to Plant Harvest 
selection kg/ha silk height Index 

(cm) 

Compuesto "Sel. Precoz 	 CO 4731 60.0 185.0 0.34 
C4 4722 56.0 182.0 0.37 
C8 4379 55.0 183.0 0.4C 
C12 4674 53.0 160.0 0.42 

Across 7930 4866 57.0 184.0 0.38 
Sete Lagoas 7931 5009 56.0 183.0 0.39 

LSD .01 	 697 1.4 17.0 0.04 
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Maize Varieties for the 

Lowland Tropics 


_ 

CIMMYT's highest yielding, it 
broadly adapted, tropical experimental 
varieties to date are drawn frim its late 
maturing, lowland white and yellow 
grain populations. These populations 
rely heavily in their genetic make-up on 
outstanding maize races collected from 
Mexico and the Caribbean. Every two 
years, experimental varieties developed 
from these populations are assembled 
into one -f two tropical lowland 
experimenal variety trials (EVT 12 
includes white grain materials and EVT13 includes yellow grain materials), and 

each trial is tested bv CIMMYT's 
national program cooperators at 
approximately 80 sites worldwide. 
Following is an analysis of the 
performance of selected experimental 
varieties from EVT 12 and 13 testedinternationally during 1982-83. 

Experimental Variety Trial 12 
A total of 16 new experimental 
varieties developed from five lcrwland 
white grain, full-season popeiationswere used to form EVI 2 which was 
werusen to9olocationsworldwid ssent to 79 locations worldw ide in 
1982. The general yield potentia! of the 
EVs included in this trial is quite high. 
with the overall trial mean (on the basis 
of 51 locations analyzed) equal to 
5200 kg/ha. In particular, the 
experimental varieties developed from 
three of the populations showed 
exceptionally high yield potential at 
many locations. A brief description of 
the source populations for these 
experimental varieties follows, 

Population 21-Tuxpeflo 1. This 
population is composed of Tuxpeho 
race collections as well as other 
materials from Mexico along with 16 
families from CIMMYT's pool 24, a 
tropical late white dent pool. The 
population has a relatively short plant 
type with excellent standability and 
moderate tolerance to most foli' 
diseases. Since 1977, the populaJon is 
being specifically improved for 
resistance to fall armyworm 
(Spodoptera frugiperda). In addition, the 
population shows good heterosis with 
CIMMYT's Eto Blanco (pop. 32), as 
well as with some U.S. inbred lines, and 
has been used in several tropical
hybrids. It is also a good source for 
selectii~g for drought tolerance. 

Varieties and hybrids based on this 
population have been released in 13 
developing countries through 1983. 

Population 22-Mezcla Tropical Blanca.
This population is composed of 
Tuxpefho germplasm, ETO, a number of 
Caribbean materials, and 13 families 
from pool 24. The population is a semi­
dent material and is being specifically
improved for downy mildew resistance 
in cooperation with the national maizer g a f h ia d 
program of Thailand. 
Population 22 has contributed a number 
of high-yielding experimental varieties, 
and seven countries have released 
varieties and hybrids based on this 
material. 

Population 43-La Posta. This population 
is a Tuxpe'o synthetic composed of 16 
inbred lines. It is being specifically 
improved for streak virus resistance and 

reduced plant height in cooperation with 
IITA, Nigeria. 
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Nine countries have releasedi vaieties Table 4 shows the yield performance of 
and hybrids based on this material, the top EVs which occupied first place 

Research Results- Most EVT 12 testing 
sites are located in Mexico, Central 
America, and Sub-Saharan Africa, 
regions which require white grain 
tropical lowland materials. Two 
standard CIMMYT reference checks as 
well as three local checks selected by 
each EVT 12 cooperator were used for 
comparison purposes in this trial. By 'ie 
time of this report, collaborating 
scientists had submitted information 
from 51 testing locations (65% of 
total), and the following analysis is 
based on these data. 

-A 

at three or more testing locations in 
EVT 12. The highest yielding and most 
broadly adapted experimental varieties 
in this trial were developed from 
population 22, Mezcla Tropical Blanca 
(Table 5). One of two EVs from 
population 22-Poza Rica 8022 or 
Guaymas (1) 8022-occupied first 
place in 15 of the 51 sites used for this 
analysis. Poza Rica 8022 was selected 
at Poza Rica, Veracruz, Mexico at 
CIMMYT's lowland tropical research 
station. Guaymas (1) 8022 is one of 
two EVs created on the basis of IPTT 
data from a testing site at Guaymas, 
Honduras. These two EVs also occupied 
first and second place in the across-site 
mean yield rankings. 

P 

CIMMYT's highest yielding, most broadly adapted experimental maize varieties are drawn 
from its late maturing lowland white and yellow grain populations. 
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Table 4. Yield comparison of selected full-season, white grain, tropical lowland EVs 
showing broad adaptation acros" locations, Experimental Variety Trial (EVT) 12, 
1982 (51 locations) 

Location Variety Yield Rank % best Best 
(kg/ha) In check check 

EVT 

Benin Poza Rica 8022 4442 1 155 T 2PB 
(Sekou) 

Togo Across 8043 3861 1 110 La Posta 
(Kitangbao) 

Upper Volta Poza Rica 8022 7250 1 121 IRAT 102 (H) 
(Farako-Ba) 

Zaire Ferke (1) 8022 7174 1 107 PNM 1 
(Kisanga) 

India 
(Dholi) 

Guaymas (1) 8022 5620 1 120 EH 400175 (H) 

Vietnam San Andres 8043 4746 1 102 NHA-MO 
(Hung Loc) Composite 

Guatemala 
(Jutiapa) 

Guaymas (1) 8022 5405 1 126 La Maquina 
7843 

Honduras 
(Catacamas) 

Ferke (1) 8022 8609 1 104 Guaymas B 
701 

Mexico 
(Cd. Obregon) Poza Rica 8022 5613 1 126 PR 7822 
(Socomusco) Guaymas (1) 8022 5186 1 143 H-507 (H) 

Nicaragua Guaymas (1) 8022 7038 1 138 Sta. Rosa 
(El Plantel) 0073 

Venezuela 
(Acarigual 

Poza Rica 8022 6678 1 119 Baraure (HI 

Mean Yield, 
(51 Locations) Poza Rica 8022 

Guaymas (1) 8022 
Ferke (1) 8022 

5464 
5456 
5448 

1 
2 
3 

105 
105 
105 

Expressed as 
percent of 
overall trial 

Across 8043 5388 5 104 mean 
San Andres 8043 5326 6 102 

Overall Trial Mean Yield 5200 100 

(H) = Hybrid 
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In addition to the high and dependable 
yield performance of these two EVs at 
various EVT 12 testing locations in 
Mexico, Central America and Sub-
Sahara Africa, these materials show 
other excellent characteristics. On 
average, both EVs were 20 cm shorter 
than the local check varieties, had 
increased resistance to leaf blights and 
stalk and ear rots, and were several 
days earlier to maturity, as compared to 
the check varieties and hybrids. 

Experimental Variety Trial 13 
Four of CIMMYT's yellow grain lowland 
tropical populations contributed 12 
experimental varieties to EVT 13, 
grown in 1982-83 at 79 locations in 
the developing world. The overall 
nursery mean based on 48 locations 

was 4395 kg/ha. Among the late­
maturing, yellow grain materials 
included in EVT 13, populations 28 and 
36 produced the highest yielding 
experimental varieties. A brief 
description of these two populations 
follows. 

Population 28-Amarillo Dentado. This 
population is composed of Tuxpe'o 
race collections, Caribbean germplasm, 
Brazilian germplasm, ETO Amarillo, and 
nine families from pool 26, tropical late 
, llow dent material. It is a relativcly 
tall material with late maturity. It is 
being specifically improved for downy 
mildew resistance in Thailand. 

Table 5. Locations in which one of the six top-yielding EVs ranked first in 

EVT 12, 1982 (out of 51 locations) 

Poza Rica 8022 

Venezuela: Acarigua 

Mexico: Ciudad Obregon (1) 

Ciudad Obregon (2) 

Ciudad Obregon (3)

Nicaragua: Santa Rosa 
Benin: Sekou 
Central African Republic: Soumbe 
Upper Volta: Farako-ba 
Angola: Chiango 

Guaymas (1) 8022 

Guatemala: Jutiapa 
Mexico: Poza Rica 
Soconusco 
Nicaragua: El Plantel 
India: Dholi 
Malawi: Mbawa 

Chuquisaca (1) 8022 

Guatemala: San Jeronimo 
Cameroon: Ekona 
Ghana: Ejura 
Mexico: Xalisco (Nay) 

San Andres 8043 

Costa Rica: Los Diamantes 
Honduras: Ocotepeque 
Thailand: Suwan 
Vietnam: Hung Loc 
Malawi: Bvunmbwe 
Malawi: Chitedze 

Ferke (1) 8022 

Costa Rica: Alajuela
El Salvador: San Andres 
Honduras: Catacamas 
Zaire: Kisanga 
Vietnam. Ho Chi Minh City 

Los Diamantes (1) 7921 

Guatemala: Cuyuta 
Mexico: Villa Flores 
Liberia: Suakoko 
Togo: Sotoubona 
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Table 6. Yield comparison of selected full-season, yellow grain, tropical lowland EVs 
showing broad adaptation across locations, EVT 13, 1982 (48 locations) 

Location Variety Yield Rank % best Best 
(kg/ha) In check check 

EVT 

Venezuela Acrn-s 7928 6351 1 118 Flor Amarillo 
(Macapo) 

Costa Rica 
(Guanacaste) 

Across 7936 4886 1 128 Tico V-6 (HI 

El Salvador 
(San Andres) 

Across 7928 5985 1 110 HE-103 (H) 

Guatemala Pichilingue 7928 6104 1 101 A-4 
(Cuyuta) 

Mexico Pichilingue 7928 5504 1 138 H-507 (H) 
(Seconusco) 

Panama 
(Ejido) 

Pichilingue 7928 5187 1 103 X-304C (H) 

Paraguay 
(Capitan Miranda) 

Pichilingue 7928 5703 2 173 Comp. Racial 
Amar. Di. 

Senegal Across 7936 5524 2 110 HVB1 
(Sefa) 

Malaysia 
(Lekir Perak) 

Pichilingue 7928 5554 1 102 TGH 1(Tux­
PBC-17xM) (H) 

Togo Across 7928 4569 1 116 La Posta 
(Sotoubona) 

Brazil Across 7928 6489 2 128 Local Check 1 
(Capitiopolis) 

Brazil Across 7936 3718 1 146 CENTRALMEX 
(Viana) 

Mean Yield, 
(48 Locations) 

Pichilingue 7928 
Across 7729 RE 
Across 7936 

4749 
4707 
4660 

1 
2 
3 

108 
107 
106 

Expressed as 
percent of 
overall trial 

Across 7928 4655 4 106 mean 

Overall Trial Mean Yield 4395 - 100 

(H) = Hybrid 
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Ten countries have released varieties 
and hybrids based on this material, 

Poplation 36-Cogollero. The 
population is derived from the 
Caribbean Composite, involving 165 
accessions from the Caribbean islands, 
20 famili ,s from pool 22 and 26 
f-imilies from pool 26. It is adapted to 
tropical and subtropical lowland 
conditions, has intermediate-to-late 
maturity, a yellow semi-dent grain, and 
relatively tall plants. It is being 
specifically improved for reduced plant 
height. 

Three countries have released varieties 
and hybrids based on this material. 

Research Results-At the time of this 
report, data had been received and 
analyzed from 48 EVT locations (60% 
of total), mostly located in Central and 
South America, Asia, and a few sites in 
Africa. Table 6 includes a listing of the 
top-yielding lowland tropical yellow 
grain experimental varieties at selected 
EVT locations. Table 7 shows the 
number of locations where one of the 
top six EVs ranked first in yield. Two 
EVs-Pichilingue 7928 and Across 
7928-showed especially high yield 
potential and broad adaptation across a 
range of sites. Pichilingue 7928 was 
selected at a lowland tropical research 
station near Pichilingue, Ecuador. 
Across 7928 is a variety based on five 
IPTT sites (including Pichilingue) where 
progenies of population 28 were tested 
in 1979. 

Table 7. Locations in which one of the six top-performing EVs 
ranked first in EVT 13, 1982 (out of 48 locations) 

Pichilingue 7928 

Guatemala: Cuyuta 
Mexico: Poza Rica 
Seconusrc 
Xalisco (Nay) 
Panama: Ejido 
Chiriqui: Tocumen 
Malaysia: Lekir Perak 
Thailand: Suwan 
Mozambique: Chipembe 

Across /936 

Costa Rica: Guanacaste 
Mexico: Ciudad Obregon 
Dominican Republic: Inst. Loyola 
Brazil: Palos de Minas 
Viana 

Suwan 8027 

Panama: Guarare 
India: Dholi 
Bolivia: Iboperenda 

Across 7728-Reference 
Entry (RE) 

Belize: San Pedro 
Costa Rica: Alajuela 
Guatemala: La Maquina 
Nicaragua: Santa Rosa 
Senegal: Sefa 
Liberia: Suakoko 
Brazil: Barreiras 
Vepar de Bacabal 
Cuba: Tomeguin Alquizar 

Across 7928 

Venezuela: Macapo 
El Salvador: San Andres 
Jamaica: Grove Place 
Togo: Sotoubouna 
Vietnam: Ho-Chi-Minh City 

Poza Rica 8027 

Paraguay: Capitan Miranda 
Yemen: A.R., Taiz 
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Early-Maturing Maize 

Varieties 


Considerable demand exists in 
developing countries for earlier-maturing 
varieties to fit into more intensive 
annual production cycles or mixed 
cropping situations or for areas where 
moisture is too limited to sustain longer-
season varieties. The sacrifice in yield, 
as well as greater disease and insect 
problems (due to earlier plant 
development than the surrounding plant 
types), have long been associated with 
early maturity. In 1975, CIMMYT 
began a special research project to 
examine different approaches to 
develop materials with earlier maturity 
which did not possess the above 
mentioned de..terious characteristics. 

Research Methodology 
One of the research approaches used by 
CIMMYT in this project was to 
assemble a number of high-yielding 
genotypes with intermediate maturity 
into a population (called Compuesto 
Seleccin Precoz) in which recurrent 
selection was practiced for earliness. In 
1983, a trial was designed to evaluate 
the first twelve cycl6s of selection (see 
Table 3, page 421. One of the 
conclusions of the trial is that as one 
selects for earliness, the plant also 
tends to get shorter and more 
manageable. The second is that 
recurrent selection can be used to 
reduce substantially the maturity period 
without adversely affecting yield 
potential if the planting density is 
increased. Studies are continuing in this 
project to look at the effects of other 
factors on maturity, such as altering the 
length of the pre- and post-flowering 
phases. 

In 1979, CIMMYT formed two new 
advanced populations (Populations 30 
and 31) using some of the earlier­
maturing families from the population
Compuesto Selecci6n Precoz (cycle 
eight of selection, C8). Population 30 is 
a white flint-to-semiflint version of 
Amarillo Cristalino-2 (population 31). 

Population 30-Blanco Cristallno-2. 
After eight cycles of half-sib selection 
for earliness, 100 white-grained, full-sib 
progenies from Compuesto Selecci6n 
Precoz, along with 150 full-sib families 
from Pool 15, were used to constitute 
population 30. This population is 
adapted to tropical and subtropical 
areas. Four countries have released 
varieties or hybrids based on this 
material. 

Population 31 -Amarillo Cristalino-2. 
This population is also derived from 
Compuesto Selecci6n Precoz and 
includes families from several tropical
populations and crosses of tropical x 
temperate materials. After eight cycles 
of half-sib selection for earliness, 220 
yellow-grained, flint-to-semiflint full-sibs 
were used for the development of the 
population. This population is adapted 
to tropical and subtropical areas. Three 
countries have released varieties or 
hybrids based on this material. 

Research Results 
CIMMYT's best germplasm with 
intermediate-to-early maturity 
characteristics was developed into 
experimental varieties and assembled 
into two experimental variety trials, EVT 
14A (yellow-grain materials) and EVT 
14B (white-grain materials). These trials 
were the most widely sought of 
CIMMYT's experimental varieties during 
1982: eighty-nine sets of EVT 14A 
were sent to cooperators from 51 
countries; 85 sets of EVT 14B were 
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sent to cooperators in 41 countries. 
The yield performances of these 
varieties are presented below, 

EVT 14A-The EVs tested in this trial 
were developed from populations 26, 
35, and 31. Population 31 is currently 
being improved at Farm Suwan, 
Thailand, for downy mildew resistance 
as well as other agronomic 
characteristics. The entries with the 
highest yields in this trial were from 
populations 26 and 35 (see Table 8). 
The summary means ;uf uays-to-silk of 
these varieties were, however, three to 
five days longer than for the EVs from 
population 31. 

The performances of several of the EVs 
from population 31 are especially 
interesting. Table 9 compares their yield 
levels, days to maturity, and plant 
height with the best check varieties at a 
number of EVT 14A trial locations. 

Differences of up to 15 days in days-to­
silk and 96 cm in plant height exist 
between the best EVs and local checks 
ii, some locations. 

EVT 14B-The EVs tested in this trial 
were developed from populations 23, 
32, 49, and 30. The EVs were divided 
into two groups according to maturity 
characteristics, with the EVs from 
populations 30 and 49 being three to 
five days earlier than the EVs from 
populations 23 and 32 in their 
summary means for days-to-silk. The 
mean yield performance of the EVs 
from these populations was accordingly 
higher (Table 10). 

The performance of several of the EVs 
from population 30 at selected testing 
sites is shown in Table 11. Differences 
of up to 15 days-to-silk and 94 cm in 
plant height exist between the best EVs 
and local checks in some locations. 

Earlier-maturing maize varieties with high yield potential and increased disease resistance 
have been developed to fit into more intensive farming systems or where moisture is too 
limited to sustain longer-season varieties. 
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Table 8. Summary of means for selected variables of the entries in EVT 14A, 1982 
(means across 55 locations) 

Experimental 
variety 

Yield 
(kg/ha) 

Parent 
population 

% best 
reference 

Days 
to 

Plant 
height 

entry silk (cm) 
Across 7926 
Piura (1) 7926 
Islamabad (1) 7926 
Poza Rica 8035 

4550 
4403 
4353 
4279 

Mezcla Amarilla 
Mezcla Amarilla 
Mezcla Amarilla 
Antigua-Repblica 

114 
111 
109 
108 

56 
57 
56 
56 

182 
183 
181 
174 

Saavedra 7926 
Islamabad 8035 

4205 
4024 

Dominicana 
Mezcla Amarilla 
Antigua-Repiblica 

106 
106 

57 
55 

182 
173 

Suwan 8035 4170 
Dominicana 

Antigua-Rep6 blica 105 56 181 

Across 7931 
5 Sete Lagoas 7931 
6 Pichilingue 7931 
7 Satipo (1) 7931 
13 Across 7726 RE 
8 Satipo (2) 7931 
14 Across 7635 RE 

4150 
4088 
4034 
3999 
3979 
3839 
3776 

Dominicana 
Amarillo Cristalino-2 
Amarillo Cristalino-2 
Amarillo Cristalino-2 
Amarillo Cristalino-2 
Mezcla Amarilla 
Amarillo Cristalino-2 
Antigua-Reptblica 

104 
103 
101 
101 
100 
96 
95 

52 
52 
52 
52 
59 
52 
56 

172 
176 
170 
173 
187 
167 
173 

Table 9. Performance of EVs from population 31 in EVT 14A,
1982 

Location Yield Dys Plant 
(kg/ha) to he:ght 

silk (cm) 

Brazil: Barreiras 
Best EV: Pichilingue 7931 5590 47 174
Best Check: Dentado Com.NE 6389 62 265 

Brazil, Londrina 
Best EV: Across 7931 4994 67 169
Best Check: AG-401 5071 78 211 

Cuba: Tomeguin
Best EV: Pichilingue 7931 3848 46 187
Best Check: HDT 90 4741 61 283 

Dominican Rep.: Sn. Cristobal 
Best EV: Across 7931 5624 49 215
Best Check: Local Check 2 6366 57 238 

continued next page 

51 



Table 9. (cont'd) 

Location Yield 
(kg/ha) 

Days 
to 
silk 

Plant 
height
(cm) 

Ghana: Ejura 
Best EV: Satipo (2) 7931 
Best Check: Golden Crystal 
EV50 

4846 

5077 

50 

58 

164 

210 

Ivory Coast: Bouake 
Best EV: Sete Lagoas 7931 
Best Check: IRAT 83 

4064 
3917 

48 
57 

215 
256 

Malaysia: Lekir Perak 
Best EV: Sete Lagoas 7931 
Best Check: TG H1 

5619 
6902 

45 
52 

206 
250 

Panama: Rio Hato 
Best EV: Across 7931 
Best Check: P-X 304 C 

4480 
4697 

46 
55 

214 
238 

Vietnam: Ho-Cho-Minh City 
Best EV: Satipo (1) 7931 
Best Check: Nha-Mo Comp. 

4223 
3816 

46 
50 

160 
220 

Table 10. Summary of means for selected variables of the entries in EVT 14B, 1982 
(means across 52 locations) 

Experimental Yield Parent % best Days Plant 
variety (kg/ha) population reference to height 

entry silk (cm) 

Across 8023 4583 Blanco Cristalino-1 105 59 198 
Maracay 8023 4501 Blanco Cristalino-1 103 58 190 
Poza Rica 8032 4494 ETO Blanco 103 60 195 
Ferke (1) 8023 4494 Blanco Cristalino-1 103 60 195 
Poza Rica 8023 4462 Blanco Cristalino-1 103 59 195 
Pirsabak 8023 4368 Blanco Cristalino-1 100 58 191 
Los Diamantes 7823RE 4351 Blanco Cristalino-1 100 59 197 
Alajuela 8032 4319 ETO Blanco 99 61 198 
Cotaxtla 8032 4298 ETO Blanco 99 60 195 
Mexico 8049 4230 Blanco Dentado-2 97 56 156 
Across 7930 3940 Blanco Cristalino-2 91 53 184 
Ilonga (1) 7930 3821 Blanco Cristalino-2 88 52 183 
Pirsabak (1) 7930RE 3810 Blanco Cristalino-2 88 53 177 
Kisanga 7930 3746 Blanco Cristalino-2 86 53 184 
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Table 11. Performance of selected EVs from population 30 in 
EVT 14B, 1982
 

Location 

Bolivia, Iboperenda
 
Best EV: Kisanga 7930 

Best Check: Lv Posta 


El Salvador: Santa Cruz
 
Best EV: Across 7930 

Best Check: HE-16 


Gua'temala: Jutiapa
 
Best EV: Pirsabak (1) 7930RE 

Best Check: B-7 


Hondura: Choluteca
 
Best EV: Ilonga (1) 7930 

Best Check: Local Check 1 


Mexico: Soconusco
 
Best EV: Across 7930 

Best Check: H-507 


South Africa: Potchefstroom
 
Best EV: Kisanga 7930 

Best Check: PNR 473 


Togo: Ojoma Kope
 
Best EV: Across 7930 

Best Check: Kepole 


Upper Volta: Fara Ko-Ba
 
Best EV: Pirsabak (1) 7930RE 

Best Check: IRAT 171 


Yield 
(kg/ha) 

0446 
8914 


5145 

5178 


4844 

3967 


3774 

3621 


4339 

4011 


3215 


4801 

4318 


6207 

5439 


Days 
to 
silk 

52 

67 


47 

51 


55 

63 


39 

46 


47 

58 


69 

73 


43 

53 


53 

60 


Plant 
height 
(cm) 

228
 
278
 

206
 
237
 

163
 
204
 

159
 
147
 

194
 
243
 

206
 
196
 

161
 
255
 

208
 
253
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Breeding for Resistance: Corn 
Stunt Disease and Downy
Mildew 

Peronosclerospora, mainly found in 
south and southeast Asia, but now 
spreading to Africa and Latin America, 
and maize streak, avirus diseasedisseminated mainly by the leafhopper 
Cicadulina spp. and found throughoutSince 1974, CIMMYT has beentrpclAra.Ithsyr'reot 

engaged in several cooperative disease 
research projects with selected national 
and international agricultural research 
organizations to develop high-yielding
tropical maize materials with resistancetropcal aizmatrias wih rsistnce 
to three of the major disease problems 
of maize in various regions of the
developing world: maize corn stuntcaedbpinworlpamasp.e aordseaecau se d by Spiroplasma sp ., a dise asewspread mainly by the leafhopper 

(Dalbulus maydis) in tropical Latin 
America; downy mildew, caused by 
several species of the fungus, 

tropical Africa. In this year's report, 
progress in developing varieties with 
resistance to downy mildew and corn 
stunt will be highlighted. Work on 
streak virus is also progressing well andwill be reported on next year. 

Research Methodology 
A recurrent selection breeding approacha i nt l y f o o ed n th s r e rcwas initially followed in this research 
effort in which germplasm developed bythe Maize Program was screened in 
endemic areas. The collaborating 
countries were El Salvador and 

Nicaragua for corn stunt, and Thailand 
and the Philippines for downy mildew. 

Table 12. Performance of selected stunt-resistant verieties in EVT 7, 1981 

Location Variety 

Guatemala: 
Cuyuta (1) Santa Rosa 8073 

Cuyuta (2) Santa Rosa 8076 

La M~quina (1) Santa Rosa 8073 


Nicaragua:

Sebaco (2) Santa Rosa 8073 

Sebaco (2) Porrillo 8073 

Sebaco (3) Tlaltizapan 8073 

Santa Rosa (2) Santa Rosa 8073 


Panama:
 
Chiriqui Porillo 8073 

Rio Hato Santa Rosa 8073 

Rio Hato Santa Rosa 8079 


Mexico:
 
Tzucacab Tlaltizapan 8073 

Cotaxtla Santa Rosa 8073 

Papaloapan Porrillo 8073 


(H) = Hybrid 

Yield % best 
(kg/ha) check 

5787 126 
2808 176 
4931 111 

4933 149 
4735 143 
5795 138 
4804 124 

4953 131 
4193 134 
3926 125 

2346 216 
4230 120 
3517 145 

Best 
check 

ICTA HB-1 1 (H) 
ICTA HB-1 1 (H) 
ICTA B-1 

X-107A 
X-107A 
X-107A 
La Maquina 7422 

UNO-1 
Tocumen 80A 
Tocumen 80A 

Local Check 1 
V-524 
V-524 
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Alternate cycles of selection were 
carried out in disease "hot spot" areas 
to select agronomically desirable and 
disease-resistant plants; these resistant 
selections were then recombined and 
further selected for desirable agronomic 
characters the following season in 
Mexico. Three populations with broad 
genetic bases were subjected to this 
shuttle breeding process. 

By 1980, four cycles of selection had 
been completed in each population, and 
it was apparent that considerably 
improved levels of resistance had been 
obtained for corn stunt and downy 
mildew. At this point, full-sib progenies 
from the resistant populations were 
assembled in two prog iny trials-one 
for corn stunt and one *or downy 
mildew-and were entered into the 
international maize testing program in 
1980 for evaluatirn in countries whcre 
these diseases cause important 
economic crop losses, 

Research Results 
Using information from international 
progeny testing trials, ten stunt-
resistant experimental varieties were 
developed using the best performing 
families and a special experimental 
variety trial, EVT 7, was sent out for 
testing in 1981 to 26 locations in 
Mexico, Central America and the 
Caribbean. In most locations, the stunt 
resistant varieties showed better 
performance than the local checks 
included in the trials. The performance 
of selected EVs is shown in Table 12. 
The stunt resistance and yield potential 
of the experimental variety, Santa Rosa 
8073, selected in Santa Rosa, 

Nicaragua, was especially notable. This 
variety is now being increased for more 
extensive evaluations at the farm level. 
Nicaragua, El Salvador, and Guatemala 
have also derived inbred lines out of this 
program with excellent yield potential in 
hybrids. 

An experimental variety trial, EVT 6, 
with 12 downy mildew resistant 
varieties was sent out in 1982 to 38 
locations in 18 countries of Southeast 
Asia, Africa and Central America. At 
most sites where the trial was grown in 
1982, field infections of downy mildew 
were not very severe. However, at the 
several sites where downy mildew 
infection was severe, the new EVs 
outperformed the best checks by 14 to 
81 percent (see Table 13). 

The disease-resistant varieties 
developed through this recurrent 
selection breeding system have shown 
their value under situation with disease 
pressure. Some of them, such as Santa 
Rosa 8073, developed for stunt 
resistance, and Across 8072, 
developed for downy mildew resistance, 
also have very high levels of agronomic 
superiority for yield and other 
characters. The fact that these EVs 
often out-yielded the best check 
varieties unde non-disease stress 
situations shows the value of 
CIMMYT's insistence on producing 
materials with good agronomic 
backgrounds and wide adaptability and 
then adding disease and/or insect 
resistance to this excellent genetic 
base. 
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As mentioned earlier, several CIMMYT 
maize populations have produced 
superior-yielding varieties which are 
being used or have the potential of 
being used by a very large sector of the 
developing world. Populations 
22-Mezcla Tropical Blanca, 
28-Amarillo Dentad, and 43-La 
Posta from the late-maturity groups, 
and population 31 -Amarillo Cristalino-
2 among the early-to-intermediate 
groups, are the CIMMYT populations 
that have been frequently used by 
national programs in the development of 

high-yielding varieties and hybrids. The 
usefulness of these populations is being 
further increased through the 
incorporation of added disease and 
insect resistance and greater tolerance 
to environment stresses, 

With the establishment of regional 
programs with bases at other IARCs, or 
in countries with strong national 
programs, the leadership for developing 
disease resistance in selected 
populations, such as for dL-ny mildew 

•J
 
,.
 

Corn stunt (left) and downy mildew (right) are major economic diseases of maize in the
developing world. Excellent progress has been made toward incorporating resistance to 
these diseases in CIMMYT's high-yielding populations and experimental varieties. 
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and streak, has been modified. The 
Asian regional maize program staff, 
with headquarters in Bangkok, Thailand, 
has assumed responsibilit,, for 
improving populations 22, 28 and 31 
for downy mildew resistance, in 
cooperation with the Thai national 
maize program and Kasetsart 
University. Similarly, the West African 
regional maize staff, with headquarters 
at IITA, Ibadan, Nigeria, are working 
with IITA and West Africa national 
program scientists to improve 
population 43 and some other superior 
varieties for streak resistance. Thailand 
provides an excellent environment for 

exposure of maize germplasm to 
varying levels of downy mildew 
pressure under artificial inoculation 
conditions. At IITA, similarly, a suitable 
environment exists for screening for 
streak resistance under artificial 
inoculation conditions. 

Satisfactory progress has been made 
for the incorporation of downy mildew 
resistance in populations 22, 28 and 
31, and for streak resistance in 
population 43 and other superior 
varieties. Continuing progress achieved 
in these special disease-related research 
projects will be reported in future 
editions of this report. 

Table 13. Performance of downy mildew resistant varieties in EVT 6, 1982 

Location Variety 

Venezuela: 
Maracay Across 8075 

Zaire: 
Gandajika Across 8072 

Philippines:
Los Baflos Los Bahos 8072 

Vletman: 
Songboi Across 8078 

Burma: 
Yezin Across 8072 

Yield % best Best 
(kg/ha) check 

3940 117 

4704 181 

7301 175 

3324 114 

5831 119 

check 

Comp CENIAP DMR 

GPS-5 

1PB218 

Suwan 1 

ICIA-DMR 1 
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Economics Research
 

Introduction 

Since 	1974, the CIMMYT Economics 
Program has concentrated most of its 
energies on issues related to technology 
generation. Its methodologcial approach 
to technology generation is grounded 
upon the conviction that, to be 
effective, an important part of the 
process must be done on-farm, that is, 
done in the fields of representativc 
farmers under their natural and 
economic circumstances. Research 
procedures have been developed ior the 
assessment of the natural (physical and 
biological) and economic circumstances 
that influence farmers' actions. From 
this assessment, trained biological 
scientists and economists can then 
identify cost-effective research 
opportunities to increase the 
productivity of resources at the farmer's 
disposal. 

CIMMYT economists are also involved 
in research studies related to the 
production and utilization of maize and 
wheat in the world economy. As well, a 
research project has been initiated to 
develop cost-effective techniques for 
estimating the real domestic costs of 
producing commodities such as maize 
and wheat. Data collection and trend 
analyses about the world maize and 
wheat economies are also under way. 
These brief summaries are based on 
research reports published by the 
Economics Program; these reports are 
available on request. 

Technology Generation 

In cooperation with colleagues in 
national research institutions, CIMMYT 
has sought to develop procedure: 
which help to focus agricultural 
research activities on the needs of 
representative farmers. The Economics 
Program's early experience with
 
national programs pointed to the
 
importance of on-farm research that:
 

0 	 Focuses on representative
 
farmers;
 

0 	 Aims at near-term technology 
generation for roughly 
homogeneous groups of farmers, 

0 	 Features collaboration among
 
biological scientists and
 
economists, and
 

* 	 Recognizes the role of the farming 
system while developing 
appropriate technologies for 
enterprises. 

This research methodology has three 
operational phases: 

1. 	 Identifying farmer circumstances 
and assessing these for biological 
research opportunities; 

2. 	 Ranking the potential research 
opportunities in terms of their 
probable pay-offs; 

3. 	 Undertaking on-farm 
experimentation that focuses on 
high-priority research 
opportunities. 

59 



The work of the Economics Program 
has emphasized the development of 
cost-effective procedures for the first 
two phases. These recognize the 
importance of feedback between on-
farm research and experiment station 
research, as well as that between 
research and extension. While CIMMYT 
has concentrated on procedures for 
generating maize and wheat-based 
technologies, the procedures are 
applicable for other agricultural
commodities, 

The essential elements of the process 
are: (1) the identification of potential 
research areas in the context of national 
priorities, (2) the delineation of tentative 
recommendation domains, (3) the 
organization of exploratory survey 
work, (4) the implementation of more 
intensive surveys where needed, (5) the 
pre-screening of information to identify 
opportunities for biological research, (6) 
the initiation of on-farm experimentation 
under the conditions of representative 
farmers and oriented by the survey 
process, (7) the adjustment of 
subsequent experimentation in terms of 
yearly results, and (8) the orientation of 
relevant experiment station research in 
terms of the findings from survey work 
and from on-farm experiments. 

From the outset, Economics Program 
staff have worked with selected 
naional programs in developing, 
demonstrating and institutionalizing 
these on-farm research procedures. ByI983, more than a dozen collaborating

tanmoe1983 dozn cllaoraing
national research institutes were well onthe way towards integrating on-farm 

research procedures into the process of 
technology generation. Interest in on­
farm research programs has expanded 
rapidly in national programs and in 
development assistance agencies. The 
activities in two national 
programs-Ecuador and Panama-are 
highlighted in this year's report. 

In Ecuador, the National Institute for 
Agricultura! Research (INIAP) introduced 
a nationwide program of on-farm 
research and has begun to address the 
issues related to integrating its on-farm 
research activities with the disciplinary 
and commodity-oriented research 
activties which generally characterize 
experiment station research programs. 

In Panama, CIMMYT undertook, in 
collaboration with colleagues from the 
National Institute for Agricultural 
Research (IDIAP), a benefit-cost 
analysis of a pilot on-farm research 
project in one Panamanian province to 
evaluate the returns that can accrue 
from investments in this approach to 
technology generation. 

Creating an On-Farm 
Research Program in Ecuador 

Ecuador is one of the countries in which 
the c o r s taff 

the CIMMYT Economics Program staff 
has cooperated closely with national 
researchers in on-farm researchactivities. Initial contacts were made in 
1976 and, over the course of the next
1976 a, oth cours of thenetseveral years, both INIAP and ClMMYT
made substantial commitments to the 
development of effective guidelines for 
carrying out farm-level research. 
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Background-INIAP was established in 
1962 and charged with the 
organization and execution of a national 
research system to improve the 
productivity of Ecuadorian agriculture, 
The institute has seven major 
experiment stations throughout the 
country: four on the coast, two in the 
highlands, and one in the eastern 
Amazonian lowlands. Until 1976, INIAP 
employed a typical research 
organization with various research 
programs and departments organized 
basically along disciplinary lines, 
Research programs (wheat, potatoes, 
maize, coffee, beef cattle, etc.) focused 
on genetic improvement; research 
departments (soils, entomology, 
pathology, agricultural economics, 
communications) played a supporting 
role as the different commodity-oriented 
programs developed improved cultivars 
and races of livestock. The research 
programs, supported by disciplinary 
research activities of the various 
departments, sought to develop 
improved "technological packages" for 
Ecuador's major corps and livestock 
species. 

In the traditional research structure, 
INIAP scientists had been engaged in 
research at two levels: experiment 
station research and regional trials 
conducted in farmers' fields. Regional 
trials sought to test technological 
components-varieties and agronomic 
practices developed on experiment 
stations-under varying soil and climatic 
conditions at the farm level to 
determine yield potential and first 
approximations of production 
recommendations. Normally, these 
regional trials were placed on relatively 
large farms to assure adequate 
management and to obtain data with 
reasonably high statistical confidence 
levels. 

Based on these regional trials, packages 
of recommendations were formulated 
and farmer field days were organized to 
extend recommended technologies to 
farmers. While this model worked in 
certain production areas and with 
certain groups of farmers, it was less 
effective with resource-poor farmers 
and with staple food crops in the 
highland areas. Concerned with this 
lack of research impact among 
important groups of Ecuadorian farmers, 
INIAP's research leadership began to 
search for more effective research 
models. 

A New On-Farm Research 
Approach-Beginning in 1976, INIAP 
cooperated with CIMMYT in adding a 
third level of research centered directly 
at the farm level. This research featured 
farm-level efforts to determine the 
production circumstances facing 
farmers in different regions and a series 
of on-farm experiments carried out on 
the fields of "representative" farmers 
Linder their conditions. During the initial 
phase of the new Ecuadorian effort in 
on-farm research, it was considered 
desirable to obtain experience with 
several production systems for 
important food crops in which national 
production was deficient or which had 
the potential for expansion. The 
existence of previous research and the 
availability of results that might be used 
in the program were also taken into 
consideration in selecting research 
priorities. 

To assess the techniques, INIAP 
identified a highland farming area 
specializing in maize (ranging from 
2300 to 2500 meters in altitude and 
with 650 to 850 mm average 
precipitation) and where small farmers 
occupied most of the land. Moreover, a 
range of biological and economic 
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circumstances indicated that different 
technologies were required to serve the 
needs of different farmers in these 
regions. An area amounting to 25,000 
ha in the province of Imbabura was 
eventually selected as the first site to 
carry out on-farm research aimed at 
representative farmers. Although a wide 
range of crops were grown in the area, 
maize was dominant. The preferred 
maize had a large, soft, floury-type 
grain and was generally grown in 
association with climbing beans. The 
region was within the research 
responsibility of INIAP's Santa Catalina 
experiment station, which provided 

3~ 

'~41 

vehicles, equipment, inputs, and 
personnel services to the on-farm 
researcher. Funding was largely 
supplied through a loan already made to 
INIAP by the Inter-American 
Development Bank (IDB). This was later 
supplemented by funds from the Swiss 
government. 

Scientists from the maize improvement 
program based at the Santa Catalina 
experiment station and from INIAP's 
department of economics, along with 
CIMMYT economics staff, began their 
research efforts in 1976 by traveling in 
the area and talking with farmers, 

Considerabr impact is becoming evident from Ecuador's on-farm research activities. A newearly-maturing maize variety is being adopted by farmers in the highlands that permitsincreased crop intensification and higher annual farm income. 
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storekeepers and others about the 
various problems associated with maize 
production and marketing within the 
region. New information generated by
this informal exploratory survey, 
combined with the existing knowledge 
of INIAP's maize scientists about 
production problems in the target
research area, led to a preliminary 
delineation of major agroclimatic zones 
and farming systems. This was a first 
step toward the formation of 
recommendation domains, and the 
tentative identification of key questions 
and hypotheses for a formal survey
questionnaire to be administered to a 
random sample of farmers. 

Recommendation domains were 
tentatively identified in the study area 
using criteria such as altitude, 
precipitation and soil type, and a 
random sample of 115 farmers was 
interviewed in the target research area. 
Data from the informal and formal 
surveys confirmed that the Imbabura 
province contained at least three 
different recommendation domains (see
Table 1). 

Based on the analysis of the survey 
information for each recommendation 
domain, researchers identified key 

factors which were relatively more 
important for initial investigation. The 
importance of earlier-maturing varieties 
for the farmer was particularly clear. For 
the three recommendation domains, 80 
percent of the survey respondents 
signaled a strong preference for shorter­
season varieties suitable for a maize­
climbing bean association and which 
could allow for the introduction of an 
additional short-season crop (such as 
peas or chickpeas) into the cropping 
pattern. Other factors, such as insect 
control, soil fertility, tillage systems and 
weed control, were also considered in 
the on-farm experimentation program. 

Research Impact-The major conclusion 
from the first series of on-farm trials 
was that early maturity offered a real 
opportunity for many farmers in the 
various recommendation domains. In 
time, an earlier-maturing white floury
maize variety tested in the first cycle of 
trials, later named INIAP 101, was 
enthusiastically received by farmers. 
Although this variety yielded somewhat 
less than the traditional long-season 
maize varieties, it matured 45-55 days 
earlier, thus allowing the farmer the 
option of adding an additional crop to 
his cropping pattern. 

Table 1. Important farmer circumstances identified In the Imbabura province initial
farm-level survey, Ecuador 1977 

Recom- Farmers Average Maize Use
mendation Surveyed area In in organic
domain maize assn. fertilizer 

(ha) 
Ibarra 53 1.17 93 75
Cotacachi 33 1.46 70 40
Otavalo 26 2.40 100 35 

Use Sel 
chemical maize 
fertilizer 
(%of farmers) 

2 10 
- 11 
8 40 

Off-farm Prefer. 
employ, earlier 
ment maturity 

60 90 
35 85 
38 65 
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Figure 1 shows a net benefit curve 
derived from the 1980-81 verification 
trails conducted in Ibarra. When looking 
at the full farming system, the net 
benefit to the farmer of using short-
season maize and bean varieties 
becomes significant because it brings 
the option of intensifying the cropping 
cycle. When an additional crop is added 
to the annual cycle, in this case peas, 
the annual returns to labor and capital 
are significantly higher than when the 
returns to the short-season maize 
variety are viewed in isolation. 

A promotional plan to distribute small 
quantities of seed of INIAP 101 short-
season maize variety to several hundred 

farmers was put into action in 1982. A 
simple promotional brochure was 
prepared to explain INIAP 
recommendations for using INIAP 101 
in association with beans, since its stalk 
strength was less than optimal for a 
maize-bean association. While INIAP 
researchers continued work to develop 
early-maturing maize varieties with 
stronger stalk strength, farmers were 
advised to use the least aggressive 
climbing bean varieties they could 
obtain. Since then, INIAP 101 has been 
adopted in the area, with many farmers 
adding a crop of peas or potatoes or 
two crops of green maize, thus 
substantially improving their farm 
income. 

Figure 1. Estimated net benefits in verification trials for the Ibarra 
recommendation domain, with and without peas 1980-81 
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In the course of a few years, INIAP's 
work in Imbabura gave evidence of the 
need for improvement in existing 
production recommendations (long-
season varieties, monocropping, 
uneconomical levels of fertilization) and 
pointed out the need for earlier-season 
varieties, careful tailoring of fertilizer 
recommendations to the agro-climatic 
circumstances of defineo areas, more 
effective insect control, improvements 
in pea and broad bean varieties, 
effective weed control technology, and 
research on water management. 

Integrating On-Farm Research Within 
the National Institution-Originally, 
maize, wheat, rice, potatoes, and dairy 
production systems were selected for 
on-farm research attention. Similar 
research projects for other important 
Ecuadorian crops and livestock systems 
were soon launched in other small-
farmer areas of the country. As results 
from these on-farm research activities 
emerged, INIAP leaders began thinking 
abnit alternative ways to 
institutionalize the activity. Although 
INIAP's existing structure worked well 
in the development of some 
technologies, it was not at its best 
when complex production systems had 
to be integrated, as in the case of 
Imbabura, with various associated and 
multiple cropping patterns. In 1979, 
INIAP established a national Production 
Investigation Program (PIP) with its own 
personnel specially trained in the on-
faim research procedures previously 
described. By 1980, PIP production 
research programs were under way in 
ten major production environments and 
ecological regions of the country with 

18 on-farm researchers directly 
assigned to the program. These 
included PIPs for the lowland Pacific 
coastal areas, the Andean highland 
valleys, and the piedmont areas of the 
Amazon basin. 

A key characteristic of the PIP program 
has been that the production 
researchers live in the region selected 
for their research so that they can 
establish close contacts with local 
farmers and with the community and, 
above all, so that they can obtain a 
better perception of the most important 
production problems and research needs 
facing area farmers. Researchers 
assigned to each PIP are provided with 
vehicles and fuel for travel in the 
research area. Other inputs needed for 
the trials are supplied by the various 
INIAP experiment stations which 
support each PIP project area. A special 
incentive system was also established 
for the PIP researchers, with salary 
depending on geographic location, 
stipends providing for living expenses, 
and the same opportunity as experiment 
station researchers for postgraduate 
studies after two or three years of 
service. The interest of young INIAP 
personnel in joining the PIP has been 
extremely high. 

Organizational Development 
Issues-The introduction of a new level 
of agricultural research into an 
established institute-especially an 
adaptive research program that cuts 
across different crops, research 
disciplines, and agricultural 
organizations-is not without its 
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conceptual as well as institutional 
difficulties and frictions. Frequent 
coordination meetings are necessary 
with the staff of the commodity 
programs and research support 
departments to establish and review 
goals, objectives, and strategies and to 
determine the respective responsibilities 
of the production research teams and 
the experiment station investigators, 

The steady interest and participation of 
the experiment station research leaders 
is also of great importance for the 
success of a program such as the PIP. 
Station directors help provide guidance 
to the on-farm research programs and 
are responsible for providing much of 
the operational support to the on-farm 
researchers to carry out their work 
effectively. Considerable attention has 
been given to the delineation of 
responsibilities among the various 
research programs and departments and 
the PIP. The feedback mechanism 
between the PIP and the crop programs 
and research departments of the 
experiment stations has been 
considered as a fundamental dimension 
in the institutionalization process. The 
PiP has been given the primary 
responsibility of identifying farmer 
requirements for new technology and 
the experiment stations have been 
given the responsibility of generating 
new technological components in 
response to those requirements. 

The complementary nature of the PIP to 
the experiment station research 
programs and departments has been 
strongly emphasized. Through the PIP, 

a substantial number of professionals 
have achieved a better understanding of 
the problems and needs of farmers and 
have become more effective in 
generating and disseminating alternative 
technologies for the improvement of the 
welfare of rural families. 

In order to strengthen communication 
and coordination between the PIP and 
INIAP's experiment station programs 
and departments, the plans of various 
PIP trials in each region are regularly 
reviewed by the technical committees 
of the experiment stations which 
support a particular PIP project. These 
technical committees, in existence for a 
number of years, consider and approve 
specific research proposals prepared by 
INIAP's various programs and 
departments. Annual research plans of 
work for the PIPs also are reviewed and 
approved by these committees. A 
system of quarterly reporting by the PIP 
field staff has also been formalized so 
that feedback information from the on­
farm trials is regularly sent to the 
experiment station. 

The PIP is also seeking to strengthen 
the respect and trust between 
researchers and extension agents. 
Through the PIP, a more integrated 
working relationship, based upon 
collaborative field work, has emerged 
between research and extension. 
Extension and researchers cooperate in 
production surveys, selection of on­
farm cooperators and trial sites, 
evaluation of the rezearch data, and 
dissemination activities associated with 
recommended technologies. Additional 
efforts to strengthen and consolidate 
the relationship of research and 
extension are also being made through 
the establishment of common training 
and technology evaluation activities. 
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The process of institutionalization of the 
PIP is still under way. Many issues in 
research management remain to be 
resolved, such as, who should be 
responsible for the final shaping of 
INIAP's production recommendations to 
farmers: the PIP or the various crop 
improvement programs and research 
departments? Some view the PIP as the 
final step in ',he research process which 
leads to the development of 
recommendations. Others see the PIP 
solely as an off-station testing service 
unit for experiment station research 
programs and departments. A judgment 
must be made, of course, but in either 
case the PIP will play an important role 
in the search for alternative 
technologies that are valid for 
Ecuadorian farmers. 

The Economic Returns of
 
On-Farm Research in Panama 


Background-Until 1975, agricultural 
research in Panama was conducted in 
several organizations, including the 
Agricultural Development Ministry 
(MIDA), the University of Panama, and 
various public and private enterprises. In 
general, research was carried out on 
agricultural experiment stations, and 
often under conditions quite different 
from those faced by farmers. In 
consequence, the research structure 
was generating an insufficient amount 
of appropriate technology. This 
deficiency provoked interest within the 
publically funded agricultual sector for 
ways to revise the traditional research 
structure. As a consequence, the 

Panamanian Institute of Agricultural 
Research (IDIAP) was created in 1975 
as a semi-autonomous research institute 
with the main objective of increasing 
farmer productivity and income levels, 
with special emphasis on farms of 
medium and small size. 

A guideline of the new institution was 
that of focusing research on specific 
regions and crops for the development 
of technologies appropriate to farmers 
in areas defined as high national 
priorities. A pilot project was planned to 
develop and demonstrate a model for 
undertaking a program of farm-level 
research. In 1978, the first such 
program began in the area of Caisan, 
with the cooperation of CIMMYT 
Economics, and with a former CIMMYT 
maize production trainee assigned as 
coordinator of the program. The effort 
focused on a maize/bean rotation. 

ResearchRecommendations-OnOpportunities and
the basis of 

farmer survey data collected in theCaisan area and an analysis of priorities, 
four technological components were 
included in the initial stages of
experimentation: 1) weed control, 2) 
spatial planting arrangements and 
density, 3) nitrogen and phosphorus 
requirements, and (4) tillage systems. In 
addition, a modest breeding program 
was defined with the objective of 
shortening the plant height of the local 
variety. New technological components 
were developed and tested over four 
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crop cycles and resulted in new 
production alternatives for local farmers 
(see Figure 2). Policy-related 
information was also generated, in 
particular, the lack of response to the 
fertilizer dosages which were being 
recommended by the agricultural credit 
organization. The information from the 
fertilizer levels trials led to a 
modification of the existing fertilizer 
recommendations by the credit 
authority, at least for the time being. 

Benefit:Cost Ratio of the Caisan 
Project-Given the response of 
representative farmers to the 
technological alternatives developed 
through the research project, 

IDIAP/CIMMYT conducted an evaluation 
of the project, including an assessment 
of the social rate of return for the 
investment in the program. 

The evaluation focused on two basic 
aspects: (11 the impact on area farmers 
of the adoption of recommendations 
formulated by the program, and (2) the 
methodological and institutional 
spillovers of the program to other 
regions of the country. In order to 
measure the direct impacts generated 
by the adoption of the new 
technological alternatives, the Wise 
(19811 approach was chosen as the 
most appropriate because it adjusted 
more naturally to the division of the 
technological alternatives generated by 
the project according to the type of 
impacts resulting from their adoption. 

Panama's national agricultural research institute (IDIAP) has expanded its program of on-farm 
research to new areas of the country and to other crops. A recent benefit:cost study on its 
earlier work indicated a very positive rate of return in the research project. 
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Figure 2. Sequential development of technological alternatives for maize,
 
Caisan program
 

First cycle Second cycle* Third cycle' Fourth cycle' 

Chemical weed control ] Interactions level AI- ­

1Spatial arrangement-densit "'- Tillage system /
 
density (zerotillage) InsAl 
 -c­

" Insect control1 / 

Fertilizers a Continuous plots 	 (A).-

Breeding program -----------. Shortening plant height of local New material­
variety avalable 

Recommendations made
 
/ New experimental variables entering the program
 

(A) Adoption survey takes place 

Table 2. Technological components: farmer practices and alternatives generated 
by the program 

Technological Farmer 	 Technoogical Main direct 
component practice alternatives 	 impact 

dough adoption 
(per ha basis) 

Chemical Weed -Application of 1 It/ha -Application of 1-2 Its/ha 
Control of 2,4-D, 30 days after Paraquat, 20-30 Days 

planting 	 after planting 

-Application of 1-2 kgs/ha Yield 
Atrazine, 0-10 days Increasing 
after planting 

Spacing arrange- -Irregular spacing -50,000 seeds/ha 
ment -40,000 seeds/ha planted in rows 
density at planting 

Zero or minimum -Plowing and harrowing: -Manual chopping of wecds Input 
tillage 3 passes Followed by 1-2 It/ha Saving 

Paraquat
 
Chemical -Application of -No fertilizer use 
fertilizers 200 lbs 10-30-10 
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Table 2 describes these alternatives in 
contrast with farmers' practices 
prevailing in the recommendation 
domain previous to the initiation of the 
Caisan project. The four alternatives 
have been classified in two groups 
according to the natuie of their impact 
in the production process, e.g., income 
increasing and input saving, 

Table 3 shows the level of adoption by 
arga farmers of variou.: technological 
components. The adoption levels are a 
clear indication of the degree in which 
they fitted circumstances of 
representative farmers from Caisan. On 
the other hand, the speed at which 
adoption took place indicated that the 
technologies developed addressed 
important farmer problems which had 
been correctly identified in assessing 
research opportunities in the planning 
stage of the program. 

The impact on maize production in 
Caisan from the adoption of improved 
technologies has been yield increases of 
from 1 to 2.5 t/ha in four years time. 
Results of the benefit:cost analysis 
indicate that whatever pricing scenario 
is adopted, e.g., re-jl versus subsidized 
commodity and input prices, the lowest 
social benefits generated with the OFR 
methodology have been comfortably 
above research costs. In fewer that four 
years, even assuming no further 
adoption after 1982, the net social 
returns were much greater than the 
amount invrested by IDIAP. The lowest 
bound for the rate of return ranges 
between 118 and 155 percent, 
depending on the pricing scenario 
adopted while, in the case of the upper 
boundary the rate fluctuates between 
245 and 325 percent. Finally, when 
the most likely case of a net flow 

lasting to 1990 is considered, the rate 
of return ranges between 194 and 255 
percent. These results reaffirm the 
perception, based on this and other 
experiences, that the OFR 
methodologies used in Caisan are cost­
efficient in reaching target farmers with 
appropriate technologies in the near­
term. 

Institutionalizing On-Farr 
Research-IDIAP's area-specific on-farm 
research activities have gone through 
considerable expansion since 1978 
when the Caisan program began with 
only two national researchers. At 
present, these activities include five 
priority areas in agriculture, involving 
the work of 24 national resear.hers, 
and three priority areas in livestock with 
21 researchers. As this expansion took 
place, issues related to the 
institutionalization of on-farm research 
becr'me a matter of primary concern of 
IDI.! . As the central management 
moves to cope with these issues, the 
institution comes closer to realizing its 
full potential for the benefit of 
Panamanian farmers and the society as 
a whole. 

Table 3. Adoption survey: acceptance 
levels of recommendbd technologies 

Technological Farmers Maize 
alternatives area 

Appropriate weed control 61.4 60.9 
Planting in rows/higher 70.5 62.7 

density 
No fertilizer used 79.5 79.5 
Zero or minimum tillage 43.5 23.0 

Source: Caisan survey, first cycle, 1982 
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Research Resource Allocation 

Agricultural research institutions, both 
international and national, are under 
increasing pressure to justify allocation 
of research resources between crops 
and between regions. Many criteria are 
used for making decisions on the 
allocation of research resources. These 
will often include the objectives of food 
self-sufficiency and more equal income 
distribution. As well, an important 
criterion in allocating research resources 
will be the expected economic returns 
to the investment in resea, ..h. Economic 
returns will be influenced by (1 the 
biological potential of the crop in 
question and the probabilities of adding 
to that potential through research and 
(2) the value of the additional resources 
needed to produce the crop in 
comparison with the value of output 
generated. 

Research systems face the problem of 
allocating their resources among 
competing crops and legions. What is 
needed is a means of measuring these 
parameters in terms of resource 
allocation, as a basis for more rational 
decision making. Closely related to the 
issue of research resource allocation is 
the extent to which policy favors or 
discriminates against a particular crop. 
Research decision makers and scientists 
often feel that technologies emerging 
from the research systems are not 
adopted because policies, especially 
price policies, act as a disincentive, 
Often, however, these apparent policy 
effects are measured by quite 
superficial means. 

To address such issues, CIMMYT 
ecrm:nomists have undertaken to adapt 
an analytical framework of comparative 
advantage to determine the private and 
social profitability of producing crops 
such as maize and wheat, relative to 
alternative crops. This type of research 
provides a means of linking research 
decisions to the environment in which 
researchers and farmers make 
decisions. 

Our purpose in developing real resource 
cost analyses is to help CIMMYT's own 
maize and wheat programs to assess 
the advantages of alternative research 
thrusts, e.g., earlier-maturing varieties 
or wheat for non-traditional production 
areas. National programs face similar 
problems as they contemplate the range 
of research activities open to them and, 
in particular, as they consider new 
crops for new areas. It s .)uld be 
understood that such anc ysis does not 
provide the answer to research resource 
allocation questions. Rather, it provides 
one piece of information which decision 
makers may want to consider as they 
ccmpare alternatives. 

There are well-known conceptual 
avenues for realizing these estimates. 
Sometimes grouped under the 
terminology of domestic resource cost 
analysis, they permit a comparison of 
the value that a country derives from 
assigning resources to the production of 
a particular crop with what would be 
gained by assigning the resources to 
another crop, after eliminating the 
effects on visible costs and prices of 
subsidies, taxes, and exchange rates. 
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The concepts have been related to 
other classes of economic analysis and 
have been applied in several studies. 
CIMMYT Economics, however, believes 
that there are aspects of the work 
which need strengthening. First, the 
critical role of biology must be given 
added emphasis by framing the analysis 
in terms of agro-climatic regions. 
Second, the application to research 
resource allocations must be tightened. 
Finally, the operational aspects must be 
strengthened so that limitations 
imposed by data availability and 
researcher experience can be overcome, 

The Economics Program plans to 
undertake cooperation with national 
program colleagues in several studies. 
Each study will be summarized in a 
working paper and made available to 
national decision makers. The 
experiences of several studies will be 
synthesized in a manual designed for 
use in national peograms as an aid to 
undertaking this class of analysis on 
'ocal problems. 

As part of this effort, studies have been 
undertaken in Mexico and Ecuador. A 
third is currently under way in Thailand. 
Reported here are highlights of the 
study done in Mexico on payoffs to 
irrigated versus rainfed wheat 
production with emphasis on planning 
future national wheat research 
activities. 

Comparative Advantage and Policy 
Incentives in Wheat Production in 
Rainfed and Irrigated Areas of 
AA9xico 

Background--Wheat is an increasingly 
important food crop in Mexico as 
consumers with rising incomes, 
particularly urban consumers, switch 
from maize to wheat products. 
Although wheat production in Mexico 
expanded rapidly during the 1960s and 
to a lesser extent in the 1970s, imports 
of food grains including wheat have 
increased over the last decade in 
contrast to the decade of the 1960s 
when Mexico was a food exporter. 

Projections of increased demand for 
wheat products will place increasing 
pressure on expanding domestic wheat 
production. Expansion in irrigated areas 
will be limited unless wheat substitutes 
for competing crops. This raises the 
question of whether research and policy 
should give more attention to rainfed 
wheat production. 

This study analyzed the role of wheat in 
two contrasting regions of Mexico 
(Figure 3). The first region is the Yaqui 
Valley of the State of Sonora which is 
the most important wheat growing area 
of Mexico. An average of over 
100,000 ha of irrigated wheat are 
sown annually with yields varying from 
4.5 to 5.1 t/ha. The second region is 
the rainfed highland area of the atates 
of Tlaxcala and Hidalgo. Although 
wheat was traditionally grown in the 
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area, it has been largely replaced by 
barley during recent decades. Barley 
production was stimulated by the 
demand for malting quality barley for 
the nearby Mexico City breweries, 
However, with government price 
incentives, wheat production in this 
area increased to about 13,000 ha in 
1981, with average yields of around 
2 t/ha. Here, while costs of 
transportation to major markets are 
much lower than in Sonora, prices to 
farmers for their grain are the same. 

Research Results-The results of this 
resource cost study on two of Mexico's 
wheat-producing areas clearly show the 
substantial influence of the government 
in setting output and input prices in the 
Mexican wheat industry. In general, 
national producers have been receiving
prices below world prices for wheat, 
This is particularly the case in Tlaxcala 
which is adjacent to major consuming 

centers and, hence, has markedly lower 
transportation costs than alternative 
sources of supply, e.g., Sonora or 
imports. Policy has also intervened to 
change price relationships with other 
crops. In most cases, farmers have 
received prices higher than world prices 
for competing crops, especially maize 
and oilseeds. At the same "me, cotton 
production was influenced as 
overvalued exchange rates had the 
effect of reducing domestic cotton 
prices in most years of tne 1V 7Os. 

To some extent, government policy has 
compensated producers through 
subsidies on inputs. Subsidies on 
fertilizer, diese; fuel, credit, seed (in 
rainfed areas) and water (in irrigated 
areas) all exceeded 50 percent in the 
period 1979-82. Such high levels of 
subsidies, however, have encouraged 
both intensive use of inputs and high 
costs in terms of national resources. 

Figure 3. Distances between Sonora and Tlaxcala, Mexico 
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Based on world prices, wheat appears 
to have a comparative advantage over 
other crops in both Tlaxcala and 
Son'z;a. In Sonora, over the long run, 
co'ton probably provides higher 
ecnomic returns if land is regarded as 
the 'imiting factor. However, to the 
extent that water is often limiting and 
that world cotton prices are subject to 
substantial year tu year variation, the 
case for wheat is made more favo,3ble. 

The remaining crops, oilseeds and 
maize, seem to have no comparative 
avantage in Sonora. In fact, at border 
prices they provide a negative return to 
the resources of land and water used in 
their production. Moreover, even with 
plausible assumptions about more 
favorable world prices of these crops 

relative to wheat, this conclusion does 
not change. Unless research has the 
potential to make technological 
breakthrci'ihs in these crops (yields of 
safflower and soya beans have not 
changed in the 1970s), the use of 
scarce land and irrigation water for their 
production appears to be at relatively 
high cost. (These costs might, of 
course, be justified on other grounds, 
e.g. food security.) Finally, for wheat in 
Sonora, the major research opportunity 
posed by this study is to find ways to 
reduce production costs. With 
government policy now committed to 
reducing subsidies there is a need to 
look for ways to use more effectively 
water, fuel (through reduced tillage) and 
fertilizers. 

, <, 

A recent collaboratve s'idy on the comparative advantages of wheat production in several 
are.s of Mexico indicated that increased research funds to develop improved germplasm for 
rainfed areas offered high potential returns from the investment. 
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In Tlaxcala, wheat production also has a 
comparative advantage relative to other 
crops, especially maize. This potential 
for wheat has not yet been realized, 
partly because price policies have not 
encouraged wheat production (except in 
1981 ) and partly because more 
profitable wheat varieties have still to 
be developed and/or extended to local 
farmers. Even with more appropriate 
varieties, wheat would still be a slightly 
more risky crop (because of its longer
growing cycle) relative to barley. 

Data Collection and Analysis 

In recent years, the Economics Program 
has increased its data collection and 
analysis on the maize and wheat world 
economies. In 1981, two new serial 
publications were initiated: World 
Wheat Facts and Trends and World 
Maize Facts and Trends. These reports 
assemble, on a regular basis, pertinent 
data related to maize and wheat 
production, utilization and trade, and 
present this information in a readily 
digestible form for agricultural 
administrators, researcheirs or policy 
makers, 

Wheat Consumption and Imports in 
the Developing World 

In 1983, CIMMYT published Report 
Two of World Wheat Facts and Trends: 
"An Analysis of Rapidly Rising Third 
World Wheat Consumption and 
Imports." Following is a summary of 
the information and conclusions 
contained in this report. 

The world wheat economy has 
dramatically changed over the last three 
decades. In the period immediately 
following World War II, wheat trade 
was dominated by the developed 
market economies of the industrialized 
world. The USA, Ca7ida and Australia 
were exporting wheat primarily to 
Western Europe and Japan. Throughout 
the 1960s and particularly the 1970s, 
developing countries of the world, as 
well as Eastern Europe and the USSR, 
imported increasingly large amounts of 
wheat. During this same period Western 
Europe emerged as a net exporter of 
wheat. The developing countries' share 
of world wheat imports rose from one­
fourth of the total in 1955 to two­
thirds in 1982. Today, the per capita 
consumption of wheat has essentially 
leveled off in most developed nations, 
while consumption in the developing 
world continues to increase rapidly. For 
some developing countries, rapid 
increases in wheat consumption have 
been made possible by rapid gains in 
wheat yields and domestic production. 
Many developing countries, however, 
have increasingly turned to wheat 
imports to meet domestic demand and 
appear destined to rely on imports in 
the future. 

75 



Table 4. Regional Aggregates 

Developing Developed Eastern World 
countries market Europe 

economies and 
USSR 

6 Area, 1982 (1000 ha) 97727 76516 65168 239412 
7 Yield, 1982 (ton/ha) 1.8 2.5 1.8 2.0 

o 
8 
9 

Production, 1982 (1000 ton) 
Area, 1982, as percent of 1979-81 

174611 
101 

189518 
107 

116921 
97 

481050 
102 

10 Yield, 1982, as percent of 1979-81 113 104 106 105 
11 Production, 1982, as percent of 1979-81 111 112 101 108 

5 12 Growth rate area, 1961-65 to 1980-82 
M(% per year) 1.4 1.3 -0.6 0.7 

13 Growth rate yield, 1961-1965 to 
1980-1982 1% per year) 3.1 1.8 2.8 2.6 

14 Growth rate production, 1961-1965 to 
1980-1982 % per year) 4.5 3.1 2.2 3.3 

15 Growth rate production, 1970-72 to 
1980-82 % per year) 4.4 4.3 -0.1 3.0 

16 Net imports, 19e81 (1000 ton) 53372 -70260 15442 n.a. 
17 Net imports, 1981, as percent of 1978-80 116 120 124 n.a. 

o 18 Net imports per capita, 1961-65 
t 
a. 
E 

19 
(kg per year) 

Net imports per capita, 1961-65 
(kg per year) 

9 

15 

-39 

-83 

14 

38 

n.a. 

n.a. 
-

* 
20 Imports of wheat as percent of 

total food grain imports, 1979-81 91 n.e. 99 88 
21 Wheat food aid as percent of wheat 

imports, 1961-1965 63 0 0 63 
22 Wheat food aid as percent of wheat 

imports, 1978-80 15 14 0 15 

23 Per capita total wheat utilization, 
1979-81 (kg per year) 63 130 353 100 

24 Growth rate per capita wheat food supply, 
1961-65 to 1975-77 69 per year 2.3 -0.5 -0.9 0.5 

C 
0 

'r-

25 

26 

Growth rate per capita rice food supply, 

1961-65 to 1975-77 1% per year)
Growth rate per capita coarse grains food 

0.4 -1.3 6.4 0.7 

E supply, 1961-65 to 
year) 

1975-77 % per 
-0.7 -0.1 -1.6 -0.6 

C
0 
. 

27 Growth rate per capita roots and tubers 
food supply, 1961-65 to 1975-77 

(% per year) -1.2 -1.4 -1.2 -1.2 
28 Wheat as percent of staple calories, 

1961-65 18 58 63 30 
29 Wheat as percent of staple calories, 

1975-77 23 59 64 32 

n.a. Indicates not analyzed because of special case 
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Trends in the 1970s-World wheat 
production increased by 114 million 
tor, in the decade from 1969-71 to 
1979-81 (Table 4, Figure 4). Although 
developing countries accounted for only 
29 percent of world wheat production 
at the beginning of the decade, they
produced half of the total increase in 
production during the 1970s. The five 
largest wheat producers in the 
developing world (China, India, Turkey, 
Pakistan, and Argentina) were 
responsible for most of the developing 
world's increased production (about 93 
percent of the total increase). These 
five countries, which represent roughly 
two-thirds of the developing world 
population, expanded their wheat 
production at an annual rate of 5.4 
percent. This encouraging rise in 
production was accomplished largely 
through yield increases. In the 
remaining developing countries, which 
have some 24 million hectares of 

wheat, annual production increased by 
about 5 million tons in the 1970s. This 
represents an annual growth rate of 
only 1.5 percent, which is considerably 
less than average population growth 
rate for these countries. 

In the developed countries, a similar 
pattern of increasing wheat production 
emerged. The four major wheat 
exporting countries (the USA, Canada, 
France and Australia) provided 33 
percent of all developed country 
production in 1969-71. These 
exporting countries accounted for 80 
percent of the increase in the wheat 
production in the developed world in the 
1970s. The USA alone produced an 
additional 26 million tons, or nearly half 
the increase. A larger area planted to 
wheat, rather than yield increases, 
accounted for the bulk of this additional 
production. 

Figure 4. Expansion in world wheat production, 1969-71 to 1979-81, and where 
the additional production occurred 

Developed countries 
(48% of total 
increase in Other 
production) . -developed 

countries 

Other 
15Mt) '--developing 

countries 
China 
(28M) -Pakistan (4Mtl 

Developing countries 
(52% of total Argentina (2Mt} 
increase in production) India 

Total increase = 114 million metric tons (Mt) 
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Increasing Wheat Importation by 
Developing Countries-During the 
1970s, international trade in wheat 
doubled from just over 50 million tons 
in 1969-71 to over 100 million tons in 
1981. As one component in this 
international trade, wheat imports by 
developing countries have continually 
increased, setting new records every 
yf 3r (Table 5). From 1976 to 1982, 

, 


developing countries imported on 
average an additonal 4 million tons of 
wheat every year. Their total imports 
reached 63 million tons in 1981, 
double the amount imported in 1971. 
The portion of wheat imports going to 
the USSR also increased sharply over 
the same period, and accounted for 
about 20 percent of the total, although­
year-to-year variability was quite high. 

i
 

Despite impressive production gains in the major wheat-producing areas, most developing 
countries have increasingly turned to wheat imports to meet the rapidly rising demand for 
this important food grain. 
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Wheat imports by developed countries 
(Western Europe and Japan) have 
barely changed (about 14 million tons) 
and their share of total wheat trade fell 
from 30 percent to 14 percent. 

Increasing Wheat Consumption by 
Developing Countries-Nearly two-
thirds of all the wheat consumed by 
developing countries is consumed by 
the five major producers (China, India, 
Turkey, Pakistan and Argentina). 
Fortunately, their production has 
increased faster than their consumption 
in the aggregate; less than 10 percent 
of the wheat consumed by these five 
countries is imported and most of this 
by China. 

During the 1970s, wheat consumption 
by developing countries (other than the 
five major producers) increasingly 
outstripped production. It was a decade 
of unprecedented expansion in global 
wheat production, particularly for the 
developed world wheat exporters; over 
80 percent of the additiona! vheat 
produced was consumed by the 
developing world. By the beginning of 
the 1980s, all developing countries 
(except Turkey and Argentina but 
including the major producers of North 
Africa and the Middle East) were net 
wheat importers. 

Recent research points to some of the 
major reasons for increased wheat 
consumption and imports by developing 
countries. This research includes 
country-level studies of the wheat 

Table 5. Distribution of world wheat imports, 1 9 7 8 -8 0 a/
 

Annual wheat imports (net), 1978-80
 

Over 4Mt 2-4Mt 1-2Mt 0.5-1.OMt 
(44 percent (12 percent (18 percent) (115 percent)
share) share) share) 

China (9.3Mtl Algeria Korea Rep. 
Egypt 15,2Mt) Morocco 
Brazil 43Mt) Bangladesh 

Iraq 
Vietnam 

c Iran 
Pakistan 

Q Cuba 
m Nigeria

.S Indonesia 
o 

USSR I11.9Mtl Italy 
a Japan 15.7Mt0 Poland 
0Uted Kingdom 

-

share) 

Chile 
Mexico 
Sri Lanka 
Peru 
Saudi Arabia 
Venezuela 
Philippines 
China ITaiwanl 
Tunisia 
Lybia 

Portugal 
Germany D. R. 
Czechoslovakia 
Yugoslavia 
Israel 
Netherlands 

a/ Order of countries reflects a declining level of net imports 

0.2-O.5Mt 0.1-0.2Mt 
(7 percent (2 percent)
share) share) 

Malaysia Hong Kong
 
Korea O.PR. Ivory Coast
 
Colombia Thailand 
Yemen Arab Rep. Zaire 
Syria Jamaica 
Singapore Dominican Rep. 
Lebanon Ghana 
Jordan Angola 
Bolivia Mozambique 
Ethiopia India 
Sudan Haiti 
Ecuador Senegal
 
Kuwait ZambiaYemen Dem. 

Cameroon 
Guatemala 
El Salvador 

Belgium Luxenmburg 
Switzerland 
Norway 
Ireland 
Fnland 00 
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industry, as well as ClMMYT's own 
cross-country regression analysis of 
wheat imports. CIMMYT's analysis 
focused on 55 countries that do not 
produce wheat and whose per capita 
wheat imports varied from 3kg to 
120kg. Tentative results suggest that 
sevteral key economic variables explain 
up to 80 percent of the variation in 
wheat consumption across this group of 
countries. These variables can be 
classified into five major groups that 
affect the demand and/or supply sides: 
(1) rising incomes and urbanization, (2) 
lagging production of staple foods, (3) 
food aid, (4) consumer pricing policies, 
and (5) market promotion and 
institutional arrangements in the wheat 
processing industry, 

Rising incomes and urhaiztion are 
especially impC.tdnt factors in 
explaining the rapidly increasing wheat 
consumption in most developing 
countries. Cross-sectional analyses of 
tropical countries clearly show that 
national per capita income and 
associated levels of urbanization are the 
major factors explaining variation in 
wheat consumption across countries, 
There are several aspects to this 
relationship. First, people tend to prefer 
wheat products to other staD!c foods; 
as their incomes rise they are likely to 
substitute wheat products for other 
staples in their diets, particularly coarse 
grains. 

Second, the extent of urbanization is 
closely associated with national per 
capita income, and urbanization affects 
wheat consumption in a number of 
ways. On the demand side, urban 
owellers are often willing to pay a 
premium for convenience foods that 
require little or no preparation, 
especially for meals other than the main 

meal. This reflects the higher 
opportunity cost of preparing food in 
the home, due to higher incomes, 
women participating in outside 
employment, and the higher costs of 
fuel for cooking in urban areas. These 
factors particularly favor bread 
consumption, even though the price of 
bread is often nearly double the price of 
wheat flour, and is also usually higher 
than traditional staple foods. 

Many developing countrias find it easier 
to turn to imports than to procure urban 
food supplies from rural areas, 
especially in those countries where 
large citi,-s are located on coastal 
waters. Imports for urban consumers 
help overcome bottlenecks in domestic 
transportation, limited rural storage, 
year-to-year fluctuations in supplies and 
problems of quality control. 

This urbanization/wheat import linkage 
is especially apparent in Latin American 
countries, where over half the 
population now lives in urban areas. In 
the Andean region, for example, wheat 
is now the most important cereal 
staple, and most of it is imported. It is 
also interesting to note that each of the 
eight countries of sub-Saharan Africa 
with per capita wheat consumption 
below 5 kg annually in 1978-80 is 
land-locked and has very low levels of 
urbanization. In this situatin, importing 
wheat loses some of its cost advantage
relative to domestic ce-eal production, 
primarily because of high overland 
transportation costs. 

The burden of feeding urban 
populations is most acute in sub-
Saharan Africa, where population 
growth in 35 major capitals now 
averages 9 percent annually. At this 
rate, not only the marketed food surplus 
but also the associated marketing, 
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transportation, and storage capacity 
must double in size every eight years 
simply to maintain per capita urban food 
consumption at current levels. It is not 
surprising, then, that sub-Saharan 
Africa has one of the highest growth 
rates of wheat consumption (7 percent) 
based on imported wheat, in spite of 
the fact that average per capita 
incomes and food availability have 
declined over the last decade, 
Morec-er, this trend is likely to continue 
since only about 20 percent of the sub-
Saharan population currently lives in 
cities. 

Of the remaining factors included in the 
cross-country analysis that resulted in 
significant impacts on wheat 
consumption, food aid and consumer 
subsidies on the price of bread deserve 

additional comment. Food aid, which 
mostly has been provided in the form of 
wheat often was accompanied by 
technical assistance for the 
establishment of a local milling and 
baking industry. These explicit market 
development objectives of developed 
country exporters contributed to a 
considerable change in consumer 
preferences towads wheat products. In 
addition, wheat products based on 
imported wheat are often less 
expensive relative to other grains. Many 
governments in inporting countries are 
reluctant to increase Uread prices at the 
same rate as inflation so that relative 
prices of bread compared to other 
cereals tend to decline. 

Table 6. Relationship between wheat utilization and imports in major 
developing-country regions 

Increase In Percent of Growth rate 
wheat utilization/ increased 1961-65 to 78-80 
cap 1961-65 utilization Wheat Wheat 
to 78-80 imported util/cap prod/cap 
(kg/cap/year) lpercent/yearl 

Eastern and Southern Africa 4.1 66 1.8 0
 
Western Africa 8.6 100 6.3 c
 
North Africa 54.0 90 2.2 -1.6 
Middle Eastern Countries of 
Asia lexcluding Turkey) 39.0 51 1.2 0 
South Asia 16.2 a/ 2.3 4.0 
Southeast Asia and Pacific 7.4 100 5.2 c/ 
East Asia 32.8 17 4.0 4.1 
Mexico, Central America and 
Caribbean 13 1 70 1.9 -0.2 
Andean Countries 4.5 10 0 b/ .8 6.2 
Southern Cone, Latin America 
lexcluding Argentina) 16.3 59 3.3 1.3 

All Developing Countriesd/ 20.0 26 2. 2.4
 

af Production increased faster than utilization sr that imports decreased 
b/ Production decreased so that imports increased to maintain per capita utilization 
ci Regions that do not produce wheat 
dl Includes Argentina and Turkey 
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Summary and Policy Implications-The 
story of increasing wheat consumption 
and imports in the developing world has 
few parallels, both in the rate of change 
and the almost universal nature of the 
change across a large number of 
countries (Table 6). Wheat 
comsumption has grown rapidly in 
nearly all developing countries, and 
usually more rapidly than for any other 
cereal. Much of this increase has come 
about through the substitution of wheat 
for other staple foods, especially coarse 
grains and roots and tubers. 

The largest absolute increases in wheat 
consumption have occurred in the 
traditional wheat belt of the Middle East 
and North Africa and, except for 
Turkey, the gap between production 
and consumption has widenend 
throughout this region. Imports have 
supplied the bulk of the increase, 
especially in North Africa where per 
capita wheat production is actually 
falling. 

In the large, mixed-cereal economies of 
India, Pakistan and Chine, significant 
increases in wheat consumption have 
occurred. However, due to rapid 
production increases, the gap between 
production and consumption has 
decreased. By the end of the 1970s, in 
fact, these countries had become less 
reliant on wheat imports. Although 
China has rapidly increased wheat 

imports in the last three years, the 
proportion of total consumption that is 
imported is still low relative to most 
other countries. 

Perhaps the most interesting trend is 
the rapid increase in wheat 
consumption by countries in the tropical 
belt (23°N to 23'Si, where wheat is 
not a staple food and is currently grown 
only at higher elevations. These 
countries import over 90 percent of the 
wheat they consume; their food imports 
nearly always favor wheat, even though 
rice, maize, or sorghum/millets are 
usually the staple cereals. 

Despite the diversity among countries, 
the reasons underlying these changes 
are much the same. On the demand 
side they include increasing population, 
rising per capita incomes and rapid 
urbanization. These factors are 
combined in many cases with pricing 
policies that favor wheat products, 
especially in relation to other cereals. 
On the supply side, the major factor is 
the lag in local food production, 
combined with policies and physical 
infrastructures that encourage the 
feeding of urban populations through 
imports. Reliable supplies of wheat in 
the world market have favored wheat 
imports over other cereals, and food aid 
in the form of wheat has also played a 
part in some countries. 

It is unlikely that future growth in 
wheat consumption and imports will 
occur at the rapid pace of the 1970s. 
However, consumption of wheat and 
increasing reliance on wheat imports in 
most developing countries is also to be 
expected in future years as national 
incomes increase in a dynamic and 
increasingly interdependent world. 
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