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This study describes and analyzes the
impacts of wheat breeding research in the
developing world by national agricultural
research systems (NARSs) and the International
Maize and Wheat Improvement Center
(CIMMYT). It gives particular attention to trends
in NARSs’ use of CIMMYT’s germplasm
products in the “post-Green Revolution period”
since about 1975. In this period, newer semidwarf
wheat varieties have replaced most of the original
semidwarf varieties in farmers’ fields. The
economic benefits of those varieties to farmers
and society, especially with respect to yield gains
and disease resistance, are estimated.

DATA COLLECTED

The study is based on data collected in
1990-91 from 38 collaborating countries. As part
of the study, all varieties released by NARSs
since 1966 were listed, along with associated
information on their pedigrees, ecological niches,
and so forth. The area planted with specific
varieties in 1990 was also estimated. Altogether,
more than 1,300 varieties were included in this
data file. In addition, data were collected from
many sources to estimate the rate of genetic gains
in yield for varieties released since 1966, as well
as changes in other traits, such as disease
resistance and quality. The database provides
comprehensive information on wheat
improvement research in all developing
countries except China, Afghanistan, and Iraq.

TRENDS IN VARIETIES

RELEASED BY NARSS, 1966-90

The number of varieties released per year
has risen steadily with each five-year period. By
1986-90, 65 varieties were released yearly, nearly
double the number in 1966-70. More than 80% of

the varieties released are spring bread wheats.
The remaining 20% are divided between winter
bread wheats and durum wheats. These statistics
are broadly congruent with the importance of
each wheat type in developing country
production (outside of China). Regardless of the
type of wheat, more than 90% of the varieties
released in developing countries in the 1980s
were semidwarfs.

ORIGINS OF VARIETIES RELEASED BY NARSS

The proportion of spring bread wheat
varieties originating directly from CIMMYT or
having a CIMMYT parent had risen to 84% by
1986-90. More than half of the varieties released
in the 1980s were derived directly from CIMMYT
crosses, and another 29% of releases came from
NARS crosses that used at least one CIMMYT
parent. Another 12% of varieties were
semidwarfs having no immediate CIMMYT
parent but having CIMMYT material in earlier
generations. This proportion increased in the
1980s, as more NARSs began using their own
varieties or breeding lines as parents in crosses.
Most of the smaller national programs depend on
their own crosses for less than half of their
varieties. Most larger NARSs, on the other hand,
depend on their own crosses to develop more
than half of the varieties they release.

ADOPTION OF MODERN WHEAT VARIETIES

For the purposes of this study, wheat
varieties carrying semidwarfing genes are
defined as “modern” varieties (MVs).1 The

EXECUTIVE SUMMARY
←←←←←←←←←←←←←←←←←←←←←←←←←←

1 The term “modern” varieties, rather than “high-yielding”
varieties, is used here, since in some cases semidwarf
varieties do not necessarily provide higher yields.
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adoption of MVs can be viewed as a two-stage
process: Stage 1 corresponds to the first adoption
of MVs to replace local or older tall varieties, and
Stage 2 corresponds to the successive adoption of
newer generations of MVs.

The area planted to MVs has expanded
steadily since 1966. In 1969-70, semidwarf wheat
occupied 12 million hectares in developing
countries, or about 20% of wheat area. During the
1980s, an additional 16 million hectares were sown
to MVs, so that by 1990 MVs covered close to 50
million hectares, or 70% of the wheat area in the
developing world, excluding China. If China,
which mostly uses non-CIMMYT sources of
semidwarfing genes, is included, the total area
sown to MVs exceeds 70 million hectares. The
continued adoption of MVs attests both to their
wide adaptability and to the remarkable
sustainability of the Green Revolution.

Overall, varieties originating directly
from CIMMYT crosses or from NARS crosses
using a CIMMYT parent now occupy 40 million
hectares of wheat in the developing world. In
industrialized countries, at least another 20-25
million hectares of wheat are planted to varieties
with CIMMYT ancestry.

Spring bread wheat varieties have been the
most successful; MVs occupy an estimated 85% of
spring bread wheat area and account for 93% of
production. Since spring bread wheat dominates
developing country wheat production (about 70%
of the total), success in spring bread wheats
accounts for the overall large area sown to
semidwarfs. Within regions, adoption of
semidwarf spring bread wheats is lowest in sub-
Saharan Africa and in WANA.

Semidwarf durum wheats became available
in the early 1970s, and now over half of the spring
durum wheat area is sown to MVs. International
breeding efforts focused on winter wheat only
since 1986, and MVs of winter wheat still cover a
small area.

A considerable share of spring bread wheat
is produced in the temperate irrigated areas that
CIMMYT classifies as Megaenvironment 1 (ME 1).
Much of ME1 is located in South Asia, where
practically all irrigated wheat area (more than 29
million hectares) was sown to semidwarfs in 1990.
In these areas, farmers have replaced the original
Green Revolution varieties at least once, and
usually twice, since they first adopted semidwarf
wheats. Varietal replacement has enabled farmers
to continue to gain from wheat breeding by taking
advantage of newer varieties’ higher yields and
disease resistance.

During the period from 1977 to 1990, most
of the increase in area of MVs occurred in rainfed
areas in contrast to the Green Revolution period,
which was spearheaded by adoption of MVs in
irrigated areas. Adoption has followed a general
pattern, in which varieties move from higher
rainfall, temperate areas into more marginal, drier
(and often colder or hotter) areas. These areas are
often dominated by winter bread wheats or
durum wheats. However, adoption of MVs in
rainfed areas with acid soils was particularly
rapid in the 1980s.

THE BENEFITS OF ADOPTING

IMPROVED WHEAT VARIETIES

Genetic gains in yield — The most
complete data on genetic gains in yield resulting
from the successive release of new wheat varieties
come from the irrigated spring bread wheat areas of
developing countries. Newer semidwarfs have
continued to increase yield potential by about 0.8-
1.0% annually in irrigated areas. In the 20 years
since the first widely successful MVs were
released, wheat breeders have raised yield
potential in irrigated areas by almost 20%. Less
information is available on genetic gains in yield
for rainfed areas, although available data suggest
that they are more modest. The most rapid
progress in genetic gains in yield in the 1980s has
been achieved in Brazil’s acid soil areas.
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Improved disease resistance — Aside from
raising yield potential, wheat breeding may
contribute to higher yields by reducing yield
losses to diseases. One or more of the rust
diseases are the most economically important
diseases in most wheat production
environments. The proportion of materials with
superior resistance to the rusts has grown
steadily. Progress has also been made in
incorporating resistance to other diseases in
MVs, including septoria diseases, leaf blight, and
yellow leaf blotch/tan spot.

Maintenance of disease resistance —
Maintaining disease resistance potentially can
contribute more than gains in yield potential
alone to the benefits received by farmers.
Probably wheat researchers’ most important
contribution over the past 20 years has been to
develop newer varieties that incorporate new
sources of resistance against evolving races of the
three rust pathogens. Maintenance breeding
contributes slightly more than 1% of yields each
year by making it possible to avoid yield losses. In
irrigated areas alone, this represents an annual
contribution of about US$ 150 million.

Changes in grain quality — Improved
grain quality can also add value to new wheat
varieties. No discernible improvement in quality
has occurred in bread wheats, although rapid
progress has been achieved in durums. This issue
is becoming important in developing countries
that traditionally paid a fixed price to wheat
producers regardless of quality but are now
moving toward freer wheat marketing, which
will in many cases provide premiums for
improved quality.

Stability — A variety that performs well
despite various biotic and abiotic stresses is
considered stable and is likely to be favored by
farmers who wish to avoid downside risks.
Probably the best evidence of stability is the
extensive adoption of MVs across a wide range
of environments, including many relatively

marginal environments, and the absence of
disease epidemics in most countries where this
germplasm has been adopted. In addition,
variability of yields of wheat in developing
countries has declined significantly in the post-
Green Revolution period.

Maturity — Most of the first semidwarf
varieties matured earlier than the tall varieties
they replaced. Their earlier maturity was a
catalyst for increasing cropping intensity,
especially in South Asia. There is no evidence
that changes in maturity in more recent releases
have had any significant impact on cropping
intensity.

THE RETURNS TO INTERNATIONAL

WHEAT BREEDING RESEARCH

Estimating the economic benefits of an
international breeding program is necessarily a
crude process, given the diversity of
environments and number of countries and
research programs involved and thus the
difficulty of estimating many key parameters.
Nonetheless, a rough estimate was made of the
economic contribution of the new varieties of
spring wheat in developing countries in the post-
Green Revolution period, 1977-90 (see Table).
The bottom line is that the adoption of MVs of
spring bread wheat over 1977-90 resulted in
about 15.5 million tons of additional wheat
production in 1990, valued at about US$ 3 billion.
For the spring wheat areas under consideration,
this amounts to a production increase of 16% (an
increase of about 1.1% annually over the period).

The investment in wheat breeding by
CIMMYT and NARSs was also calculated. Costs
were based on estimates of research expenditures
by NARSs and CIMMYT. In total some US$ 100
million per year is invested in wheat
improvement research. The estimated internal
rate of return in investment in wheat
improvement was calculated at 50-60%. This
figure is high compared with the rates of return
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of the order of 20-40% often calculated for crop
research programs.

These rough calculations show that the
momentum of the Green Revolution has been
maintained, at least with respect to wheat
research. The average annual increment in benefits
of US$ 235 million (undiscounted) for 1977-90 is
comparable to the annual increment in benefits
calculated for 1966-73 of US$ 260 million (in 1990
constant prices). In the Green Revolution period,
all benefits resulted from Stage 1 adoption. In the
post-Green Revolution period analyzed here,
Stage 2 adoption makes the major contribution to
benefits.

A crude measure of CIMMYT’s contribution
was estimated as well, based on the origin of
varieties grown in 1990. The internal rate of return
to CIMMYT’s investment was calculated at 54%.

Looking to the future, it is clear that further
gains in spring wheat areas will result largely
from Stage 2 replacement of current MVs by

newer MVs. Projecting our calculations to the
future and assuming no Stage 1 benefits, the rate
of return on global investment in wheat breeding
falls to 48%. Since the rate of genetic gains in
spring bread wheat yields may have slowed in
the 1980s, the projections were also made with
only half of the rate of yield gain used above. In
that case the future rate of return falls to 36%.

WHO GAINS FROM WHEAT RESEARCH?

Although the distribution of benefits of
research is best examined at the country level
rather than at the global level, a few observations
can be made about the distribution of more recent
products of wheat research at the global level.

Recent evidence confirms the results of
hundreds of previous studies that small farmers
have widely adopted MVs, including millions of
very small farmers in South Asia, many of whom
have less than one hectare of land. Another
important aspect of the distribution of benefits is
interregional differences in adoption of MVs. In

Estimated effects of spring wheat breeding research on production by region in the post-Green Revolution period, 1977-
90

Sub-Saharan West Asia/ South Latin
Africa North Africaa Asia America All

Total production increase in 1990
(million t) 0.15 2.45 9.34 3.40 15.34

Percent production increase due to
Stage 1 adoptionb 57 43 17 53 29

Average wheat price
($1990/t) 210 210 195 195 198

Total value of production
increase in 1990
(US$ 1990 millions)a 31 515 1,822 662 3,030

Percent germplasm of
CIMMYT originc 39 52 44 60 49

Value of production
increase attributed to
CIMMYT (US$ 1990 millions)c 12 268 802 397 1,485

a Excludes winter/facultative wheats.
b Stage 1 corresponds to the first adoption of MVs.
c Varieties released since 1972 are weighted as follows: CIMMYT cross, 0.85; NARSs cross with CIMMYT parent, 0.50.
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the case of wheat research, the largest share of
benefits (70%) has been received in irrigated
areas, which have the greatest concentration of
poor people. About half of the world’s
population living in poverty is located in the
large irrigated tracts of South Asia alone.
Nevertheless, several marginal areas, where the
incidence of poverty is high, have yet to share in
the benefits of wheat research, due to factors
such as severe drought, soil problems, or poor
infrastructure which impair the adoption of MVs.
New varieties can play a role in these areas, but it
is likely that the greatest gains will result from
improved crop and resource management,
especially measures to conserve and utilize
moisture in marginal rainfed areas.

Often poor consumers benefit most from
research on a staple food crop such as wheat,
since increased productivity leads to lower food
prices. In large economies close to self-sufficiency
in wheat, it is likely that this has occurred. It is
also important to remember that a large number
of small-scale farmers actually buy more wheat
than they sell. This group includes many
smallholders in favored areas, as well as many
farmers in marginal areas. In this way farmers,
particularly those in marginal areas, have
captured some of the benefits of technological
change in favored areas.

CONCLUSIONS

Three main conclusions emerge from this
study. First, the adoption of modern wheat
varieties has maintained its momentum in the
post-Green Revolution period. Second, CIMMYT
germplasm continues to be used extensively as
source material for the varieties that have
diffused in the post-Green Revolution period.

Third, investment in international wheat
breeding research has continued to provide high
rates of return.

The results of this study raise two issues
that must be addressed by CIMMYT and NARSs.
First, there is probably no crop in history where
germplasm from one source, in this case
CIMMYT, has been so widely used. This places a
special responsibility on CIMMYT and NARSs
breeders to use every means possible to maintain
and widen genetic diversity. This effort is
reflected in the use of germplasm from an
increasingly wide range of sources (including
wild relatives) in CIMMYT’s wheat breeding
program. As a wider range of materials becomes
available, NARSs are releasing more varieties
from different crosses, thereby increasing
diversity.

Finally, the question arises of whether the
spectacular gains achieved in the recent past can
be maintained in the future. Opportunities to
expand the area under MVs remain, especially in
the more favorable winter wheat areas that began
to receive attention in the 1980s. However, the
expansion of MVs into more marginal areas will
surely be slow and the impacts modest. In
favored areas, the major source of growth will be
genetic yield gains in areas already sown to MVs.
It will be important to monitor progress in yield
potential closely and to seek new techniques
(through molecular biology, for example) for
increasing the efficiency of breeding. The gains in
developing resistance to major diseases,
especially leaf rust, and breakthroughs in other
more localized diseases will make important
contributions to yield stability in the years ahead,
as well as free resources to work on increasing
yield potential and grain quality.
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GLOSSARY OF TECHNICAL TERMS*
←←←←←←←←←←←←←←←←←←←←←←←←←←

Bread wheat (Triticum aestivum). Used for making
leavened and unleavened bread (e.g., chapatis,
Arab bread, tortillas, etc.). Bread wheat
contains 21 chromosome pairs: seven each of
genomes A, B, and D.

Bulk. Harvesting all plants of a specific line and
threshing the seed together.

Cross. The specific combination of parents from
which progeny are selected over several
generations.

Dryland. Dryland areas are broadly defined as
rainfed areas that receive less than 500 mm of
rainfall during the wheat growing season or
immediately before. Dryland wheat is usually
subject to drought stress. (See also “rainfed.”)

Durum wheat (Triticum durum). A type of wheat with
very hard grain used to make such products
as bulgur, couscous, unleavened bread, and
pasta. Durum wheat contains 14 chromosome
pairs: seven each of genomes A and B.

Early generation. The second or third (F2 or F3)
generation of progeny from a cross.

Factor bias. The degree to which a particular
technology increases the relative intensity of
use of capital and labor.

Facultative wheat. Wheat that does not require a cold
period before it will flower but that has a
moderate level of winter or cold hardiness.
Facultative wheat can be planted in certain
locations in autumn or early spring.

Gene. The basic unit of inheritance located on a
chromosome. The carrier of genetic material
(DNA) from parent to offspring.

Genetic gains in yield. The yield increase brought
about by plant breeding and selection, and
resulting from gains in yield potential and/or
improved resistance to biotic stresses (e.g.,
disease) or tolerance to abiotic stresses (e.g.,
drought).

Germplasm. Term used by plant breeders to refer to
a collection of plants (or genetic stock) and
their heritable characteristics.

Internal rate of return. The rate of interest that makes
the present (discounted) value of benefits
generated by a breeding program over a given
period equal to the present value of costs of
the breeding program.

Introduced line or variety (“introduction”). An
imported line or variety that is tested or
released without further selection.

Late generation. The fourth (F4) and later generations
of progency from a cross.

Line (“advanced line”). Breeding materials that have
been selected over several generations until
segregation has virtually ceased and they are
fairly homogeneous. Usually “line” refers to
material bulked in the F6-F8 generations.

Modern variety. Semidwarf variety (see
“semidwarf”).

Nursery. A set of lines or segregating populations
that are grown, usually on a small
(unreplicated) scale, to permit observations on
plant type, disease resistance, or other traits.

* Many of these terms have been adapted from definitions
provide in H. Hanson, N.E. Borlaug, and R.G. Anderson,
Wheat in the Third World (Boulder, Colorado: Westview,
1982).
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Pathogen. An organism that causes disease.

Pedigree. An outline of the ancestry of a plant
genotype. “Pedigree selection” is a method of
plant breeding that records the descent from
generation to generation. Under pedigree
selection, individual plants are selected in
every generation and separately promoted to
the next generation.

Pollination. The transfer of pollen from the male
reproductive organ (anther) to the female
organ (stigma).

Rainfed. Produced without irrigation (see also
“dryland”).

Segregating populations. A genetically heterogeneous
population consisting of heterozygous plants
in the early generations of selection of
progeny from a cross.

Selection. In plant breeding, plants that are identified
to be advanced to a subsequent generation.

Semidwarf. A semidwarf wheat is short-statured
(height less than 100 cm under good growing
conditions) and carries one or more dwarfing
genes, usually Rh1 and Rh2.

Shuttle breeding. In a shuttle breeding program,
advanced lines are developed by alternating
the selection of each generation between two
locations (for example, between CIMMYT in
Mexico and sites of collaborating research
programs).

Spring wheat. A wheat that grows continuously from
sowing until maturity and does not require
vernalization at the seedling stage (see
“winter wheat”). In areas where winters are
severe, spring wheats may be planted in the
spring to mature in summer, but in areas

where there is little or no winter freezing
(including most spring wheat areas in
developing countries), spring wheats are
planted in autumn to mature in spring.

Trap nursery. A research plot in which short rows of
selected lines of wheat are planted in order to
observe which pathogens (and which biotypes
within pathogens) attack them.

Variety. Wheat plants that are relatively genetically
uniform or homogeneous. In most countries,
varieties are approved, named, and released
by public or private research programs,
following approval by a national variety
release committee.

Vernalization. Induction of flowering in winter-habit
wheats by exposure to a period of cold
temperature. Winter-habit wheats normally
do not flower without vernalization.

Wide adaptation. Ability of a plant to grow well
across locations and environments.

Wide cross. A cross between two plants that do not
normally hybridize, such as between two
genera (wheat x rye).

Winter wheat. A wheat that requires vernalization
(exposure to a cold period) before it can
initiate flowering. Winter wheat is sown, and
generally germinates, in autumn. It is dormant
in winter, resumes growth in the early spring,
forms heads as daylength requirements are
satisfied, and matures in summer.

Yield potential. The yield of a line or variety when
grown in environments to which it is adapted,
with nutrients and water at nonlimiting levels,
and with pests, diseases, weeds, lodging, and
other stresses effectively controlled (Evans
1993).
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This study follows comprehensive reviews
of the adoption of CIMMYT wheat germplasm in
the 1970s and 1980s (Dalrymple 1978, 1986) but
updates and expands that work in several
respects. First, Dalrymple focused on the extent
to which farmers had replaced older tall varieties
with semidwarf varieties — the process that
came to be known as the “Green Revolution.” (A
semidwarf wheat is short — its height is less than
100 cm under good growing conditions — and
carries one or more dwarfing genes, usually Rh1
and Rh2.) At the time of Dalrymple's studies,
nearly all semidwarf wheat varieties used in the
developing world (outside of China) could be
traced to crosses made by CIMMYT or its
predecessor organization, the Mexican Office of
Special Studies. This report, on the other hand,
looks closely at the “post-Green Revolution
period,” when newer semidwarf wheat varieties
have replaced most of the original semidwarf
varieties. Unlike the older semidwarf varieties,
the newer ones may be derived from several
sources — from lines developed by CIMMYT or
from crosses made by NARSs — and the NARS
crosses may or may not have used CIMMYT
lines as parents. The emphasis here is on how
breeding programs of different sizes and
maturities have used germplasm distributed by
CIMMYT since about 1975. Second, this report
moves beyond assessing the adoption of new
varieties to provide a gross estimate of the
economic benefits of those varieties to farmers
and society, especially with respect to yield gains
and disease resistance. Finally, our study
provides feedback to CIMMYT on trends in the
utilization of its products. This information is
intended to help define CIMMYT’s comparative
advantage as the hub of an international wheat
breeding effort.

This study describes and analyzes the
impacts of wheat breeding research in the
developing world, with special emphasis on the
recent contributions of the International Maize
and Wheat Improvement Center (CIMMYT). The
impacts of agricultural research are measured for
two primary reasons. The first is to provide
feedback to researchers on the acceptance or
rejection of technologies and on ways of
modifying those technologies to better meet the
needs of their intended users. The second reason
is to document the benefits of research for those
who fund it — whether farmers, governments, or
international donor agencies.

For an international research center such as
CIMMYT, measuring the impacts of its work is
doubly challenging. CIMMYT’s clientele is
numerous and diverse, comprising more than 50
developing countries that span many
agroecological environments. Furthermore,
CIMMYT does not release varieties or other
technologies directly to farmers. The Center
collaborates with national agricultural research
systems (NARSs) in germplasm improvement,
crop and resource management research, the
development of new research methods, and the
improvement of institutional capacity; the
NARSs have the final responsibility to use these
products to release technologies to farmers.
National research programs may test CIMMYT
products for direct release, or they may adapt or
incorporate CIMMYT products into their own
research to develop a final technology. For all of
these reasons, this study considers wheat
breeding in developing countries to be a joint
effort by CIMMYT and NARSs, and measures
broad indicators of the impacts of that effort.

CHAPTER 1
PURPOSES OF THE STUDY

←←←←←←←←←←←←←←←←←←←←←←←←←←
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The data sources and methods used in the
study are described in Chapter 2. Chapter 3
covers the issues involved in measuring the costs
and benefits of international wheat breeding
research. Some background on the structure and
research objectives of national wheat breeding
programs and CIMMYT’s Wheat Program is
provided in Chapter 4. Chapters 5 and 6 present
an overview of trends in the release and
adoption of modern wheat varieties from 1966 to
1990. The benefits resulting from adoption of
these varieties — especially genetic gains in yield

and maintenance or improvement of disease
resistance — are described and analyzed in
Chapter 7. In Chapter 8, the returns to
international wheat breeding research are
estimated, and the distribution of benefits (in
favored and marginal areas, among producers
and consumers) is discussed. The last chapter
reviews the major findings of the study and
identifies issues that must be addressed by
CIMMYT and NARSs in assessing future
directions for wheat breeding research.
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The major source of information for this
study is a survey of national wheat breeding
programs undertaken in 1990 to inventory all
wheat varieties released by NARSs in the
developing world from 1966 to 1990. Other
information on these varieties was obtained as
well: the source germplasm from which they
were derived, their type (spring habit, winter
habit, bread wheat, durum wheat, and so forth),
the ecological niche for which they were
developed (e.g., rainfed or irrigated
environments), and the approximate area
covered by varieties grown in 1990. This survey
was completed by nearly all developing country
NARSs, usually by the national wheat research
coordinator.

China was the major exception among the
developing countries surveyed, for two reasons.
First, China produces mostly winter wheat and,
except for breeding programs in southern and
northeastern China, has made little use of
CIMMYT spring wheat germplasm. Second, the
number of varieties released in China and the
complexity of the Chinese agricultural research
system make the task of identifying all varieties
and their pedigrees prohibitive. However, we
have documented varieties released in the
subtropical spring wheat belt, extending through
the provinces of Guangdong, Guangxi, and
Yunnan in southern China. We have also
obtained information from some of the
midlatitude spring wheat areas of the Yangtze
Valley (Jiangsu, Anhui, and Yunnan Provinces),
as well as the high-latitude spring wheat areas of
northeastern China. Two other important wheat-

producing countries, Iraq and Afghanistan, could
not be included in the study because of
difficulties involved in obtaining reliable data.
Altogether, 38 countries completed the survey.
They account for nearly 70% of the wheat area in
the developing world and 95% of the wheat area
outside of China. (Appendix N gives a complete
list of countries and their wheat areas, by region.)

Most countries keep quite complete
information on the wheat varieties they release.
On the basis of the pedigree and cross
information for each variety, CIMMYT and
NARSs wheat breeders classified germplasm into
three categories (CIMMYT 1985):

1. Varieties that are either direct introductions of
CIMMYT lines or selections from CIMMYT
nurseries of materials based on crosses made by
CIMMYT.1

2. Varieties, based on crosses made by NARSs, that
have at least one CIMMYT parent (as defined
in 1, above). In some cases all parents of a
variety may have come from CIMMYT, but
the important criterion is that both the cross
and selection were made by the national
research system.

3. Varieties based on crosses made by NARSs
that have no direct CIMMYT parentage
(although most semidwarf varieties have
CIMMYT lines as grandparents or more
distant ancestors). This category also includes
selection from, or direct introduction of, lines/
varieties from other countries.

CHAPTER 2
DATA SOURCES AND METHODS

←←←←←←←←←←←←←←←←←←←←←←←←←←

1 Throughout this report, varieties developed from the joint program of CIMMYT and the International Center for Agricultural
Research in the Dry Areas (ICARDA) are included in this category.
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Although this database is incomplete and
undoubtedly includes errors, it has been checked
by knowledgeable wheat breeders and is by far
the most comprehensive database available on
wheat breeding activity and germplasm flows in
the developing world.

As mentioned earlier, our survey also
requested information on the area covered by
major varieties in farmers’ fields in 1989-90. In a
few cases (Argentina, Egypt, and the Punjabs of
India and Pakistan), detailed statistics are
available on wheat varieties sown by farmers
over time. Fortunately, these countries or regions
are among the major wheat producers in the
developing world. In other cases, statistics based
on farm surveys are available for some regions
within a country (for example, the Yaqui Valley
of Mexico, Sind Province of Pakistan, and
various areas of Bangladesh). In the remaining
countries, area covered by different varieties was
estimated subjectively based on breeders’
knowledge and, in countries such as Brazil where
most farmers purchase seed annually, on seed
sales. In large countries such as Mexico, Turkey,

and India, all research stations that develop or
test wheat varieties were surveyed to arrive at an
overall estimate of the distribution of wheat
varieties for each country.

Our survey also requested information to
help evaluate the impacts of wheat breeding
efforts, especially data on yields and disease
resistance of historically important varieties. In
most cases, these data were based on varietal
evaluation trials, but we also sought to collect
data from on-farm trials and surveys. Finally, we
gathered information on resources invested in
wheat breeding in terms of the number of full-
time scientists engaged in wheat improvement
and the financial resources at their disposal.

In general, the data on yield gains and other
benefits from wheat breeding are much less
comprehensive than the global database on
varietal releases and adoption. Sufficient data are
available for irrigated areas to provide a
consistent story on the benefits of improved
wheat varieties; data for rainfed areas, especially
drier rainfed areas, are less conclusive.
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It is important at the outset to have a clear
view of how wheat breeding research generates
economic benefits and of the issues involved in
measuring those benefits. (Readers who are more
interested in the findings of the study than in the
conceptual and methodological issues discussed
here are directed to Chapter 4.)

Wheat breeding research generates benefits
through a three-stage process:

1. New varieties are developed, released, and
adopted.

2. Adopted varieties generate benefits through
gains in yield, improved stability, and other
desirable characteristics.

3. These benefits are distributed to society
through the effects on producers’ and
consumers’ incomes.

In the case of an international center such as
CIMMYT, there are additional considerations in
measuring benefits and costs. For example, how
do we assess the relative contributions of
CIMMYT and NARSs to the breeding effort, or
the results of CIMMYT’s work to build
institutional capacity through training and
regional/bilateral programs? We discuss some of
these conceptual issues later in this chapter.

THE NECESSARY CONDITIONS FOR

BREEDING RESEARCH TO PRODUCE BENEFITS

A wheat breeding program can be viewed
as in Figure 1 (Morris, Dubin, and Pokhrel 1992).
Costs of a breeding program incurred in years 1
though n result in the release of one or more
varieties in year n. Although the release of

varieties is a necessary condition for a program
to produce benefits, it is by no means a sufficient
condition. The new varieties must embody
tangible benefits to farmers and to society, such
as increased yields, improved quality, reduced
pesticide use, and so forth. After a variety is
approved for release, seed must be multiplied
and made available to farmers. Farmers
eventually adopt some proportion (but rarely all)
of the varieties released on some proportion of
their area, which results in different possible

Discounted net benefits ($)

m

0

1 n p q
Years

Figure 1. Costs and benefits associated with
development and diffusion of a wheat variety.
Source: Morris, Dubin, and Pokhrel (1992).
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CHAPTER 3
MEASURING THE BENEFITS AND COSTS OF WHEAT BREEDING RESEARCH

←←←←←←←←←←←←←←←←←←←←←←←←←←
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outcomes: highly successful varieties adopted on
a large proportion of the area sown, partially
successful varieties adopted on a significant area
or for a special niche, and varieties that are never
adopted commercially. Because economic returns
in the future must be discounted to the present,
the benefits of a breeding program also depend
on several factors: the time between a variety’s
release and the availability of seed for farmers (as
in Figure 1); the speed of adoption; and the
maximum adoption level reached, which
determines m (Figure 1) (Brennan and Byerlee
1991). These variables are in turn a function of
policies and institutions outside the control of a
wheat research program, such as seed
multiplication and marketing or extension
efforts. Nonetheless, the speed of diffusion
depends on the yield and other benefits of a
variety in relation to the varieties it replaces, so a
successful wheat breeding program can
compensate partially for deficiencies in seed
distribution and extension.

One final important issue in evaluating the
benefits of agricultural research is to determine
what would have happened in the absence of a
research program. Wheat varieties might diffuse
across borders (for example, from India to
Nepal) or even across oceans (which occurred in
the 1960s with farmer-to-farmer movement of
seed from Mexico to Turkey). Hence the benefit
of research is the difference between adoption
and benefits of an innovation in a given year with
research, and the adoption and benefits that
would have occurred without research (see
Morris, Dubin, and Pokhrel, 1992, for an
example).

THE BENEFITS OF IMPROVED VARIETIES

Improved varieties can generate benefits
through characteristics that affect yields and
yield stability, especially improvements in yield
potential, improvements in disease resistance,
and maintenance of disease resistance. Benefits

can also result from characteristics unrelated to
yield, such as improved quality or earlier
maturity to allow increased cropping intensity.
The sections that follow discuss ways of
measuring these characteristics.

Measuring genetic gains in yield — The
genetic gains in yield conferred by new varieties
can be classified into three components
(Figure 2):

1. The gains in yield potential, ∆YP.

2. Gains resulting from improvements in
resistance to diseases that were not available
in varieties released earlier, ∆Yr.

3. Gains resulting from maintaining the disease
resistance present in previously released
varieties at the time of their release, ∆Ym.

Yield potential is measured with all factors
such as soil fertility and disease pressure set at
nonlimiting levels. Gains in yield potential are
measured in experiments to evaluate the yields
of historically important varieties under

Yield

to Time

Yn = Yield of new varieties.
Yo = Yield of check variety.

F denotes (application (+) or no (application (-) of fungicide to protect
against disease losses and assumes perfect disease control.

∆Yield = ∆Yield Potential (∆YP) + ∆Disease Resistance (∆YR) + ∆Disease
Maintenance (∆YM)

Figure 2. Disaggregation of genetic gains due to
wheat breeding, by components.
Source: R.A. Fischer (pers. comm.).

∆YR

∆YP

∆YM

Yn(+F)

Yn(-F)

Yo(+F)

Yo(-F)
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nonlimiting conditions. In these experiments,
commercially successful varieties released over a
long period are grown under high fertility levels,
supported by netting to prevent lodging, and
protected against disease by fungicide. Such
trials are common in industrialized countries
(see, for example, Austin et al. 1980, Perry and
D’Antuono 1989) and in the CIMMYT Wheat
Program (Fischer and Wall 1976, Waddington et
al. 1986, 1987), but only a few have been
conducted by developing country NARSs
(Kulshrestha and Jain 1982, Slafer and Andrade
1989). From these trials, long-term gains in yield
potential can be estimated by g in the regression
equation:2

ln(Yi) = a + g Vi  , (1)

where Yi is the yield potential of variety i
released in year Vi , measured over several years
of trials.

The effects of gains in yield potential can be
separated from the effect of improving and
maintaining disease resistance through yield
potential trials with a factorial design that
includes historical varieties with and without
fungicide treatment. The two effects are
estimated by expanding equation (1) above:

ln(Yi) = a + gdVi + gpViF, (2)

where F is a dummy variable (0, 1) for fungicide
treatment and gd is the total yield gain, -gp is the
gain in yield potential, and gd - gp is the effect of
maintenance or improvement in disease
resistance.3

In commercial agriculture, the economic
benefits of both improving and maintaining
disease resistance are bounded by the cost of
fungicide treatment (plus any associated
environmental cost) that would give the same
control as the use of resistant varieties. In small-
scale agriculture, where chemical control is
unlikely, no such upper bound need be used.

Because data from yield potential trials
often are not available, information on genetic
gains in yield usually must be estimated from
trials that measure yields of varieties as part of
the evaluation process prior to release. These
trials include potential releases, recently released
varieties, and often an older, long-term check
variety. The trials may be conducted on farmers’
fields or on an experiment station, usually under
good management but without the physical
support against lodging and the fungicide
protection characteristic of yield potential trials.
Hence in these trials gains in yield potential are
confounded with improvements in, and
maintenance of, disease resistance.

Several methods may be used to calculate
yield gains in these trials. If a common check is
present, yields of each variety i may be expressed
relative to the check, rit , and g calculated as in
equation (1) above. Where no common check is
available, statistical approaches to unbalanced
designs may be used to estimate relative yields.
However, caution must be used when trial data
are taken from different sites in different years.

A general model for measuring the average
rate of yield gain in a series of experiments with
an unbalanced design is given by g in the

2 Yield increases are measured exponentially in this equation, although in practice yield growth over the long term is probably best
approximated by a linear function. However, an estimate of exponential growth rate is convenient for assessing long-term trends
in variables, such as population and yields.

3 In practice the measurement of gd is complicated by the fact that disease losses in farmers’ fields vary greatly over space and time,
depending on disease epidemiology and climatic factors. Simulating these conditions in small experimental plots is extremely
difficult.
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equation (Patterson 1978, Godden 1988, Byerlee
1990, González 1992):

ln(Yit) = a + gVi + Σ btDt , (3)

where Dt is a series of dummy variables (0, 1),
one for each year, t, of the experiment. If the trial
includes a long-term check that becomes
susceptible to disease during the period of
analysis, this approach measures both increases
in yield potential and improvements in disease
resistance, as well as the effect of maintaining
disease resistance. Byerlee (1990) attempts to
separate these effects by conducting separate
analyses for years in which disease problems are
most severe and for years when they are
minimal, in order to measure gains in yield
potential. Another approach is to exclude from
the analysis varieties that have lost their disease
resistance.

The yield gains observed in improved
varieties can be translated into actual benefits if
farmers replace older improved varieties with
newer ones over time, which most small-scale
farmers in post-Green Revolution areas of South
Asia have done, as well as commercial wheat
farmers in Latin America, Kenya, and Zimbabwe.
However, in many cases we want to measure the
impact of plant breeding as a “one-shot process”
in which a new variety is released and adopted
widely, usually replacing farmers’ local or old
varieties. One example of this situation is the
start of the Green Revolution, when new high-
yielding varieties replaced older tall varieties. In
this case, there is only a need to measure the
ratio rm = Ym / Yo of the yield of the new variety m
relative to the variety o it replaced. This study
will refer to the two kinds of yield impact of new
varieties as “Stage 1” and “Stage 2” adoption.
Stage 1 corresponds to the first adoption of
improved or modern varieties, and Stage 2
corresponds to the successive adoption of newer
generations of modern varieties (Morris, Dubin,
and Pokhrel 1992).

Measuring yield gains at the farm level —
Even if g or r can be estimated from varietal
evaluation trials, two additional issues must be
considered in using these results to represent
yield gains resulting from adoption of improved
varieties in farmers’ fields. First, varietal
evaluation trials, even when they are conducted
in farmers’ fields, usually are conducted under
“good” management — that is, using the
recommended package of technology. If there is
an interaction between a variety’s performance
and management, the estimated g may overstate
the yield advantage of a variety under farmers’
management. Absolute yield increments
(measured in kilograms per hectare per year) are
likely to be lower under farmers’ management,
although evidence on differences in relative yield
gains (i.e., g or r above) under farmers’
conditions is less conclusive. Certainly, however,
the analysis should look for evidence that the
relative performance of a variety under farmers’
management is similar to its performance in
varietal evaluation trials. Such evidence may be
provided by farmer-managed trials or farm
surveys.

Where there is a strong variety by
management interaction, the adoption of a new
variety may induce an improvement in
management (from Mo to M1 in Figure 3). The
total relative gain from the adoption of the
improved variety is (Y1-Yo)/Yo, which includes
the effect of improved management. The
appropriate measure of the gains due to breeding
in this case is the reduction in the unit cost of
production, which is the total yield gain,
(Y1-Yo)/Yo, adjusted by the relative increase in
total cost (including fixed costs) in moving from
Mo to M1 in Figure 3. Likewise, benefits of
improved varieties must be reduced by the
additional cost of seed, if any, associated with
adoption of the new varieties. For a self-
pollinating crop such as wheat, most farmers
obtain seed of new varieties from neighboring
farmers at close to the market price for grain, so
the additional seed cost generally can be ignored.
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wheat, indices have been developed for baking
quality (Antony and Brennan 1987) and for
chapati quality (Chaudhary 1990). Methods of
attaching economic values to changes in quality
based on market price differentials have been
proposed by Brennan (1990) and Unnehver
(1986). Also, improvements in disease resistance
may lead to reduced quality losses, especially for
seed-borne diseases (Brennan et al. 1992).

Changes in other characteristics — New
varieties may generate benefits (or losses)
through changes in other characteristics, such as
earlier maturity and improvements in stability. In
some cases these benefits may be substantial. For
example, the release of early maturing varieties
can allow cropping intensity to increase through
double cropping. Methods for measuring benefits
must be developed on a case-by-case approach
(see Morris, Dubin, and Pokhrel, 1992, for an
example of how an earlier maturing wheat
variety in Nepal affected cropping intensity).
Likewise, analysts must be alert for possible costs
or losses associated with the adoption of new
varieties, including a reduction in the quantity
and quality of by-products such as straw, which
has considerable economic value in some
production environments (Traxler and Byerlee
1993a).

Finally, more attention is being given to the
environmental effects of new technologies. These
effects can be positive (e.g., disease-resistant
varieties reduce the use of chemicals for
controlling diseases) or negative (e.g., certain
practices increase soil erosion).

VALUING THE BENEFITS

The analysis of the benefits of varietal
development described above considers benefits
at the farm level only in terms of yield gains,
quality improvement, and so forth. However, in
valuing the benefits, an appropriate price must
be used. For wheat, which is imported in

pm = Ratio price of input
to output

Local
variety

Yield

Y1

Yo

Mo M1 Management level

Figure 3. Effect of adoption of improved variety with
variety by management interaction.

A second issue to consider in measuring
yield gains at the farm level is that individual
farmers, as well as farmers in aggregate, usually
plant a mosaic of varieties, reflecting different
ecological niches, diversification to spread risks,
and normal differences in the time it takes
different farmers to adopt varieties. The yield
impact in farmers’ fields can be measured by the
Varietal Improvement Index, (I) (Brennan 1984),
defined as:

It = Σ ait ri
* ,

           i

where ait is the proportion of area sown to
variety i in year t, and ri

* is the yield of variety i
adjusted to farmers’ conditions, relative to a
check variety grown at the beginning of the
period under consideration. The long-term
growth in yields in farmers’ fields, g*, can then be
estimated by:

ln(It) = a + g*t .

Gains in quality — Economic benefits may
also be generated by breeding varieties that
possess enhanced quality characteristics.
Measuring these effects requires some index of
quality as well as a way to attach an economic
value to quality improvements. In the case of

Improved
variety

pm

pm
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significant quantities by nearly all of the
countries in this study, the simplest approach is
to use the import parity price — the price at
which wheat is imported, adjusted for local
transport costs (Morris 1989). Because of policy-
induced price distortions in many countries,
world prices better reflect value to society than
domestic prices. For example, it would be
unrealistic to value yield gains resulting from
wheat breeding in Saudi Arabia at the domestic
price of US$ 500/t when Saudi Arabia exports
wheat at about one-quarter that price.

The use of world prices assumes that the
product is, or can be, traded in world markets
without influencing world prices. In the case of
CIMMYT, whose products are used by producers
in developing as well as many industrialized
countries, a comprehensive evaluation should
also consider changes in world prices.

DISTRIBUTION OF BENEFITS

A research center such as CIMMYT attaches
additional weight to benefits received by the
poor. Hence an analysis of benefits should also
include:

〈 An analysis of adoption in poor countries or
countries where most wheat farmers and/or
consumers are relatively poor.

〈 An analysis of the adoption of varieties by
small- and large-scale farmers and between
regions.

〈 An analysis of factor biases in technological
change in terms of returns to labor, land, and
capital. Changes that increase the demand for
labor will have relatively greater benefits for
the poor, who receive most of their income
from selling their labor.

〈 An analysis of the distribution of benefits
between producers and consumers, and
among different groups of consumers. This is
particularly important in countries close to
self-sufficiency, where increased agricultural
productivity may be translated into lower
prices for consumers rather than reduced food
imports.

These issues, with the exception of the first,
are best evaluated through country-specific
studies and will not be a major focus of this
study. They have also been treated extensively in
recent reviews of the impacts of modern cereal
varieties (Anderson, Herdt, and Scobie 1988,
Lipton with Longhurst 1989).

THE COSTS OF WHEAT RESEARCH

In theory, calculating the costs of research is
quite straightforward, but in practice it is often
difficult to obtain an accurate estimate of the total
research effort devoted to varietal development
for a single crop. Few NARSs have detailed, crop-
specific research budgets. Even where such
budgets are available, they rarely include
overhead costs of research administration and
experiment station management.

In this report, we adopt a simple
approximation of the total cost of research on
varietal development. Most NARSs have
provided us with an estimate of the number of
full-time scientists involved in wheat
improvement research. We also have an estimate
of the average cost per scientist in each country
(including overhead costs) (Pardey, Roseboom,
and Anderson 1991). From these two figures, we
estimate the total annual expenditure on wheat
research in each country, assuming that the cost
per scientist in wheat breeding is not significantly
different from the average cost per scientist for all
research activities.
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RETURNS TO WHEAT RESEARCH

Estimates of the benefits and costs of wheat
research make it possible to calculate the overall
rate of return to wheat research, usually in terms
of an internal rate of return to research.
However, conducting a comprehensive analysis
of the impacts of international wheat breeding
research for all of the countries included in our
survey is an enormous task. For this report, we
assemble evidence on adoption and yield
impacts of new wheat varieties from many
countries; we use less complete data from studies
of particular countries (see the Appendices) to
evaluate the benefits of wheat research in terms
of disease resistance and other characteristics, as
well as to examine the distribution of benefits.
On the basis of these various estimates, it is
possible to compute a rough estimate of the
returns to international wheat research.

A final complication in estimating the
returns to wheat research is the difficulty of
separating the contributions of CIMMYT and
NARSs, who engage in an international breeding
effort that is linked at every stage of varietal
development (Anderson 1992). Figure 4 shows
common flows of germplasm between CIMMYT
and NARSs. Lines based on CIMMYT crosses
may be used at any stage in a national breeding
program, either directly or through third-country
transfers. Likewise, CIMMYT's crossing program
uses germplasm developed by NARSs. Hence it
is best to consider the system as a whole rather
than to partition the benefits. However, a simple
convention proposed by Brennan (1989) is to
assign weights to each variety released by
NARSs based on the proportion of parentage
provided by CIMMYT lines in the cross that
produced the variety. This procedure allows us
to make a crude estimate of the returns to
investment in CIMMYT’s wheat research
program.

Major flows

Minor flows

CIMMYT NARSs

Crossing Crossing

Early generation Early generation

Late generation Late generation

Testing lines Testing lines

Third-country NARS

Crossing/selection

Figure 4. Main flows of germplasm in international wheat breeding.
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NATIONAL WHEAT RESEARCH PROGRAMS

Investment in wheat breeding research in
developing countries has expanded rapidly over
the past three decades. Although no time-series
data are available, prior to the Green Revolution
wheat breeding research was concentrated in a
few countries, such as India, possessing a long
tradition of agricultural research. Following the
success of the new high-yielding semidwarf
varieties, many countries reorganized and
expanded their wheat research programs. In
most cases, a coordinated national wheat
program was established along the lines of the
national commodity programs initiated in India
in the late 1950s.

By the mid-1970s, an estimated US$ 92
million (in 1990 constant dollars) was invested in
wheat research in developing countries outside
of China (Judd, Boyce, and Evenson 1983). In
1990 total expenditures on wheat improvement
research alone were US$ 79 million (in 1990
constant dollars) and involved more than 1,000
scientists (Table 1).4 However, by the 1980s
growth in research expenditures had slowed; in
many countries expenditures declined in real
terms. (For a more detailed analysis of
investments in wheat improvement research by
developing countries, see Bohn and Byerlee
1993.)

EVOLUTION OF THE CIMMYT
WHEAT BREEDING PROGRAM

CIMMYT’s wheat research program is an
integral part of the effort to develop varieties for
different environments in developing countries.
The size and budget of the CIMMYT Wheat
Program expanded steadily until about 1985
(Figure 5). Since then, both the number of
scientists and the real budget of the program
have declined, reflecting the stagnation of donor
support to the Consultative Group on
International Agricultural Research, to which
CIMMYT belongs. In 1990, CIMMYT (and the
associated joint program of CIMMYT and the
International Center for Agricultural Research in
the Dry Areas, ICARDA) spent about US$ 8
million on wheat improvement, or about 10% of
the resources invested in wheat breeding
research in developing countries.

CHAPTER 4
WHEAT RESEARCH INVESTMENTS IN NARSS AND CIMMYT’S WHEAT BREEDING PROGRAM

←←←←←←←←←←←←←←←←←←←←←←←←←←

4 These estimates from the mid-1970s and 1990 are necessarily crude and are based on different methods and coverage of countries
and types of research (see footnotes to Table 1).

Table 1. Estimates of wheat research expenditures in
developing countries (except China), by region, mid-
1970s and 1990

Expenditures (US$ 1990)

Wheat research Wheat breeding
mid-1970sa 1990b

Sub-Saharan Africa 5.2 3.0
West Asia/North Africa 12.8 37.5
South Asia 37.3 21.9
Latin America 37.1 16.3

Total 92.4 78.7

a Source: Judd, Boyce, and Evenson (1983). Based on total
research expenditures distributed according to number of
publications on a given commodity, converted at the
official exchange rate and then inflated to 1990 US dollars
by the US consumer price index. Data for West Asia/North
Africa are very incomplete.

b Based on the number of researchers in wheat improvement
research from the CIMMYT Survey of Wheat Research
Programs and cost per scientist reported in Pardey,
Roseboom, and Anderson (1991), converted at Purchasing
Power Parity exchange rate and inflated to 1990 US dollars
by the US consumer price index.
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The development of semidwarf wheat by
CIMMYT in the 1960s initially emphasized
spring bread wheat in irrigated areas, especially
in Mexico and South Asia. By the late 1960s, the
breeding program was widening its horizons and
focusing on incorporating resistance to serious
disease problems in rainfed areas — septoria
diseases (Septoria spp.) and stripe rust (Puccinia
striiformis f. sp. tritici) — into CIMMYT
germplasm. Several countries released varieties
(such as Marcos Juárez INTA in Argentina)
based on this germplasm, which came to be
grown widely in rainfed areas.

In the 1970s, CIMMYT wheat research
continued expanding on a number of fronts
(Varughese and Fischer 1992). A program to
cross spring and winter wheat, initiated in 1972,
produced highly successful lines for many
environments in the 1980s. A shuttle breeding
program with Brazil endowed high-yielding
CIMMYT materials with tolerance to the toxic

levels of aluminum common in acid soil areas.
Work on wheat for warmer environments also
expanded, as many countries in the subtropics
and tropics sought to increase domestic wheat
production to substitute for rising wheat imports.
The more marginal rainfed environments of West
Asia and North Africa (WANA) received greater
attention following the establishment of the joint
CIMMYT/ICARDA program (which emphasized
spring wheat) at Aleppo, Syria, in 1979.

In its research on wheat for favored
areas, especially irrigated and high-rainfall
areas, the CIMMYT program concentrated on
incorporating new traits into its germplasm.
Many of these traits have become more
important as pest problems and cropping
patterns have changed over time. Intensive
cropping patterns in irrigated areas led to
widespread late planting of wheat, and in some
cases to increased pest problems, especially
aphid damage. Karnal bunt (Tilletia indica), a
seed-borne disease, became a cause for concern
in some irrigated areas in the 1980s. These
changes challenged CIMMYT to search for
sources of resistance to these pests and for
varieties that could perform well at late planting
in intensively cropped systems. A shuttle
breeding program established with Chinese
researchers in the 1980s sought to incorporate
various traits, especially resistance to head scab
(Fusarium spp.), into wheat for China’s irrigated
spring wheat environments.

The project with China was one of many
germplasm development projects initiated
between CIMMYT and other research programs
in the 1980s. Through this collaboration, new
sources of germplasm were incorporated into
CIMMYT materials, enhancing their genetic
diversity. The spring ↔ winter wheat crossing
program developed materials (including the
highly successful “Veery” lines) based largely on
winter wheat germplasm originating in the

Expenditures Total number
($US 1990 million) of scentific staff
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Figure 5. Trends in CIMMYT's investment in
wheat improvement

a Number of scientists includes postdoctoral fellows and
BSc-level research assistants.

b Calculated by multiplying cost per scientist (calculated
from CIMMYT, 1992) by number of full-time scientists in
wheat improvement (assumed to be 65% of the total) and
adding a 26% overhead.
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former Soviet Union. Each of the shuttle breeding
programs enriched CIMMYT’s germplasm base,
especially through the incorporation of South
American and Chinese materials.

Besides its work on spring bread wheat,
CIMMYT has also devoted resources to durum
wheat and winter wheat. Since the late 1960s,
CIMMYT has had an active durum wheat
breeding program, which focused initially on
materials for high-potential areas but over time
came to emphasize the drier areas where most
durum wheat is grown (the CIMMYT/ICARDA
program worked on developing spring durum
wheat for these areas). A winter wheat program,
headquartered in Turkey, was initiated in 1986 to
develop germplasm for the 25 million hectares of
winter and facultative wheat grown from North
Africa to China.

In the mid-1980s CIMMYT also began to
refine its definitions of the environments to
which it targets its germplasm, grouping them
into “megaenvironments.” Megaenvironments
are large, not necessarily contiguous areas
having similar requirements for wheat, such as
time to maturity, resistance to particular
diseases, and tolerance to various abiotic stresses
(Tables 2 and 3). Of the 12 megaenvironments, by
far the most important in area and production is
the irrigated spring wheat megaenvironment,
where 40% of the developing world’s wheat is
produced. Spring wheat — durum wheat and

bread wheat together — makes up 75% of total
wheat production in developing countries
(including China). Spring durum wheat, sown on
about 9% of the spring wheat area, accounts for
only about 5.5% of all spring wheat production
(Table 3).

This report focuses on the utilization and
impacts of germplasm products developed by
CIMMYT and NARS wheat research programs.
However, it should be remembered that a
considerable proportion of CIMMYT’s resources
have been devoted to other products, especially
crop management research, which is often
important to enable improved varieties to
express their genetic potential. CIMMYT has also
invested heavily in building institutional capacity
in the NARSs. For example, between 1967 and
1990, CIMMYT trained more than 500 scientists
in wheat improvement (Varughese and Fischer
1991). A large proportion of wheat breeders in
NARSs, with the exception of the two largest
countries, China and India, have participated in
these training courses.5 In addition, CIMMYT
and NARS researchers exchange information
through visits and workshops, so the vast
majority of wheat scientists in NARSs and
CIMMYT have had personal exchanges over the
years. These activities, essential to the
development of an international wheat breeding
effort, remain outside the scope of this study,
which is confined to the impact of germplasm
products rather than of other research and
institution-building activities.

5 China and India have, however, sent several visiting scientists to CIMMYT each year.
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Table 2. Classification of megaenvironments (MEs) used by the CIMMYT Wheat Program

Year
Mega- breeding
environment Latitude Moisture Temperature Growth Major breeding Representative  began at
(ME) (degrees)a regimeb regimec habit Sownd objectivese locations/regions CIMMYT

SPRING WHEAT
1f Low Low rainfall Temperate Spring A Resistance to Yaqui Valley, Mexico 1945

irrigated lodging, SR, LR, YR Indus Valley, Pakistan
Gangetic Valley, India
Nile Valley, Egypt

2 Low High rainfall Temperate Spring A As for ME1 + resistance North African Coast, 1972
to YR, Septoria spp., Highlands of East Africa,
Fusarium spp., sprouting Andes, and Mexico

3 Low High rainfall Temperate Spring A As for ME2 + acid soil Passo Fundo, Brazil 1974
tolerance

4A Low Low rainfall,
winter dominant Temperate Spring A Resistance to drought, Aleppo, Syria 1974

Septoria spp., YR Settat, Morocco

4B Low Low rainfall, Temperate Spring A Resistance to drought, Marcos Júarez, Argentina 1974
summer dominant Septoria spp., Fusarium

spp., LR, SR

4C Low Mostly residual Hot Spring A Resistance to drought, Indore, India 1974
moisture and heat in seedling

stage

5A Low High rainfall/ Hot Spring A Resistance to heat, Joydepur, Bangladesh 1981
irrigated, humid Helminthosporium spp., Londrina, Brazil

Fusarium spp., sprouting

5B Low Irrigated, low Hot Spring A Resistance to heat Gezira, Sudan 1975
humidity and SR Kano, Nigeria

6 High Moderate rainfall/ Temperate Spring S Resistance to SR, LR, Harbin, China 1989
summer dominant Helminthosporium spp.,

Fusarium spp., sprouting,
photoperiod sensitivity

WINTER/FACULTATIVE WHEAT
7 High Irrigated Moderate Facultative A Rapid grain fill, resistance Zhenzhou, China 1986

cold to cold, YR, PM, BYD

8A High High rainfall/ Moderate Facultative A Resistance to cold, Chillan, Chile 1986
irrigated, cold YR, Septoria spp.
long season

8B High High rainfall/ Moderate Facultative A Resistance to Septoria spp., Edirne, Turkey 1986
irrigated, cold YR, PM, Fusarium spp.,
short season sprouting

9 High Low rainfall Moderate Facultative A Resistance to cold, drought Diyarbakir, Turkey 1986
cold

10 High Irrigated Severe Winter A Resistance to winterkill, Beijing, China 1986
cold YR, LR, PM, BYD

11A High High rainfall/ Moderate Winter A Resistance to Septoria spp., Temuco, Chile 1986
irrigated, cold Fusarium spp., YR, LR, PM
long season

11B High High rainfall/ Severe Winter A Resistance to LR, SR, PM, Lovrin, Romania 1986
irrigated, cold winterkill, sprouting
short season

12 High Low rainfall Severe Winter A Resistance to winterkill, Ankara, Turkey 1986
cold drought, YR, bunts

Source: Adapted from Rajaram et al. (1993).
a Low = less than about 35-40o.
b Refers to rainfall just before and during the crop cycle. High = >500 mm; low = <500 mm.
c Hot = mean temperature of the coolest month >17.5o; cold = <5.0o.
d A = autumn, S = spring.
e Factors additional to yield and industrial quality. SR = stem rust, LR = leaf rust, YR = yellow (stripe) rust, PM = powdery mildew,

and BYD = barley yellow dwarf virus.
f Further subdivided into (1) optimum growing conditions, (2) presence of Karnal bunt, (3) late planted, and (4) problems of salinity.
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Table 3. Distribution of wheat area and production in developing countries by megaenvironment, 1984-86

Percentage of area Percentage of production

Bread Durum Bread Durum
Megaenvironment wheat wheat All wheat wheat All

Spring wheat
1. Irrigated, low rainfall 32.3 0.4 32.7 39.8 0.5 40.3

2. High rainfall 7.6 2.4 10.0 9.7 2.3 11.9

3. Acid soils 1.7 0 1.7 1.2 0 1.2

4A. Low rainfall, winter
dominant 5.5 4.8 10.3 2.2 2.1 4.3

4B. Low rainfall, summer
dominant 3.2 0 3.2 1.9 0 1.9

4C. Low rainfall, stored
moisture 4.4 1.5 5.9 2.3 0.6 2.9

5A. High temperature,
high rainfall 3.9 0 3.9 4.6 0 4.6

5B. High temperature,
low rainfall 3.2 0 3.2 1.4 0 1.4

6. High latitude 4.9 0 4.9 6.3 0 6.3

Total spring wheat 66.8 9.1 75.9 69.4 5.5 74.9

Winter/facultative wheat
7, 8A, 8B. High rainfall,
moderate cold 5.6 0 5.6 9.1 0 9.1

9. Low rainfall, moderate cold 4.5 0 4.5 1.9 0 1.9

10, 11A, 11B. High rainfall,
severe cold 6.6 0.2 6.8 8.6 0.4 9.0

12. Low rainfall, severe cold 6.0 1.2 7.2 4.3 0.8 5.1

Total winter/facultative wheat22.7 1.4 24.1 23.9 1.2 25.0

GRAND TOTAL 89.5 10.5 100.0 93.3 6.7 100.0

Source: CIMMYT data files.
Note: Includes China.



17

CHAPTER 5
ANALYSIS OF VARIETIES RELEASED BY NARSS, 1966-1990

←←←←←←←←←←←←←←←←←←←←←←←←←←

OVERALL TRENDS IN VARIETIES

RELEASED BY NARSS

The CIMMYT database on varieties
released by developing country NARSs contains
nearly 1,500 varieties, 1,300 of them released
between 1966 and 1990, the period of analysis for
this report. Nearly all developing countries of
Asia, Africa, and Latin America that produce

wheat are included
in this database.6

The number of
varieties released per
year has risen
steadily with each
five-year period, so
that by 1986-90 the
number of varieties
released was 65 per
year, nearly double
the number released
in 1966-70 (Figure 6).
India and Brazil
have released more
than 150 varieties
each since 1966.
Other countries that

have released a large number of varieties are
Chile (106), Argentina (104), Mexico (85), Turkey
(78), and Pakistan (50) (Table 4).

There is little congruency between the
number of releases and the size of the wheat area
in a country (Tables 4 and 5). Nearly half of all
varieties were released in Latin America, which

Number of
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Figure 6. Trends in the number
of wheat varieties released
per year in developing
countries, 1966-90.

Table 4. Total number of varieties released per million
hectares of wheat area, 1966-90

Total number Total varieties
Region/ of varieties per million ha
country released, 1966-90 per year

Sub-Saharan Africa
Ethiopia 35 2.1
Kenya 34 11.1
Nigeria 6 15.0
Sudan 8 2.0
Zimbabwe 25 33.5

West Asia/North Africa
Algeria 25 0.5
Egypt 18 1.3
Iran 16 0.1
Libya 22 4.1
Morocco 28 0.6
Saudi Arabia 9 1.6
Syria 11 0.3
Tunisia 14 0.7
Turkey 78 0.3
Yemen 12 9.4

Asia
Bangladesh 16 2.0
China (South) 69 4.5
India 161 0.3
Myanmar (Burma) 10 4.2
Nepal 14 1.6
Pakistan 50 0.3

Latin America
Argentina 104 0.8
Bolivia 22 10.8
Brazil 179 2.9
Chile 106 7.1
Mexico 85 4.0
Paraguay 21 10.1
Peru 25 8.8
Uruguay 20 2.7

All countries above 1,127 0.7
All developing countriesa 1,317 a 0.8

a Includes countries producing less than 100,000 t of wheat
annually and not listed in the table: Burundi, Colombia,
Ecuador, Guatemala, Jordan, Lebanon, Tanzania, and
Zambia.

accounts for less than 15% of wheat production
in developing countries. The rate of release per
million hectares of wheat in Latin America and
also in Africa is more than five times the rate in
Asia. This incongruency may reflect many

6 As noted in Chapter 2, the exceptions are most of China
(outside of the southern provinces of Guangdong, Guangxi,
and Yunnan, where spring-habit wheat planted in autumn
is produced), Iraq, and Afghanistan.
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factors, such as the diversity of environments
within a country or region, the number of wheat
breeding programs, the rate at which disease
complexes change, procedures for releasing new
varieties, and the capacity of the seed sector.
Nonetheless, the number of varieties released in
Latin America (in excess of two varieties per
million hectares per year) is much higher than in
industrialized countries, such as Australia and
the USA, which on average release 0.1-1.0
varieties per million hectares per year. The high
release rate per million hectares in sub-Saharan
Africa reflects the infancy of the wheat industry
in many countries.

More than 80% of the varieties released are
spring bread wheats, which account for 77% of
the wheat area in the developing world outside
of China (Table 6). The remaining 17% are
divided between winter bread wheats and
durum wheats. These statistics are broadly
congruent with the importance of each wheat
type in developing country production (Table 6).
Only five winter durum wheat varieties have
been released, which is low even considering
that winter durum wheat accounts for just 1.5%
of developing world wheat production.

The classification of varieties in the
database by the ecological niche for which they
were developed is necessarily crude, especially
the division between irrigated/well-watered and
rainfed/dryland areas. Again, there is some
congruency between wheat type, region, and
ecological niche. For example, spring bread
wheat varieties in Asia are released largely for
irrigated areas, whereas Latin America has
released varieties largely for rainfed areas
(Table 7). There are two important exceptions to
this generalization. First, although more than
two-thirds of spring durum wheat is sown in
dryland areas, relatively few spring durum
varieties have been released for these areas.
Second, in West Asia/North Africa (WANA) as

a whole, rainfed/dryland areas seem to have
received less emphasis in varietal releases than
their importance in the region would justify. This
reflects the fact that many NARSs in the region
only recently assigned priority to drier areas in
their wheat breeding efforts (Belaid and Morris
1991).

Each variety in the database was coded
according to whether it was a commercial
success (defined as covering at least 5% of a

Table 5. Number of varieties released per million
hectares of wheat and success rate of varieties, 1966-90

Total number Total
of varieties varieties per Success

released, million ha  ratea

Region  1966-90 per year (%)

Sub-Saharan Africa 144 5.4 63
West Asia/

North Africa 256 0.5 41
Asia 320 0.5 46
Latin America 603 2.4 41

All developing
countries 1,323 0.8 44

a A successful variety is planted on at least 25,000 ha or 5%
of national wheat area (whichever is smallest).

Table 6. Frequency distribution of wheat varieties
released in all developing countries, by wheat type

Percentage
Number of Percent of developing

varieties of total country wheata

Type of released, varieties
wheat 1966-90 released Area Production

Spring bread
wheat 1,090 82.8 71 77

Spring durum
wheat 126 9.6 13 9

Winter bread
wheat 96 7.3 14 11

Winter durum
wheat 5 0.4 2 2

Total 1,317 b 100 100 100

Source: CIMMYT Megaenvironment database.
a Excludes China.
b Excludes minor wheat types (e.g., Triticum dicoccum).
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country’s wheat area or 25,000 ha, whichever is
least) (Table 5). While this definition is arbitrary
and the classification judgmental, the results are
as expected. First, the overall rate of commercial
success is only about 40%. This reflects many
factors, such as the inability to anticipate
farmers’ acceptance of varieties or the
breakdown of disease resistance in a variety
soon after release. Second, the rate of

commercial success is inversely related to the
intensity of varietal releases (measured per
million hectares). Countries that have released a
relatively high number of varieties per unit area,
such as Bolivia (which has a small wheat area) or
Brazil (which has released a large number of
varieties), have lower rates of commercial
success. Finally, varieties released for rainfed/
dryland areas are less commercially successful
than varieties for irrigated/well watered areas.
Varieties recommended for both well-watered
and dryland areas enjoy the highest success rate.

The use of dwarfing genes has continued to
increase over time (Figure 7). By 1966-70 nearly
half of the spring bread wheat varieties released
were semidwarfs; this proportion has increased
steadily since then. The use of dwarfing genes in
durum wheats increased rapidly in the early
1970s, and now all durum releases are
semidwarfs. Similarly, among winter bread
wheat varieties, the proportion of semidwarfs
has grown steadily. Regardless of the type of
wheat, more than 90% of all varieties released in
developing countries are now semidwarfs.

ORIGINS OF VARIETIES RELEASED BY NARSS

Wheat breeding is a truly international
industry, and hence any effort to attribute origin
to a variety is somewhat arbitrary. As discussed
in Chapter 1, for this analysis we classified
varieties according to whether they were derived
from a cross made by CIMMYT (Group 1) or by
the national research program (Groups 2 and 3).
Within this classification, several subclasses can
be distinguished:

1. Variety derived from a CIMMYT cross.
1.1 Selection made by CIMMYT and bulked

in Mexico.
1.2 Selection made by NARS in advanced

generation material (F4 or later) and
bulked by that program.
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Figure 7. Percent of released varieties that are
semidwarfs, by wheat type.
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Table 7. Distribution of wheat varieties released in
developing countries, by wheat type and ecological niche

Percent recommended for:

Well-watered/ Total
irrigated Dryland Both (%)

Spring bread wheat 37 45 19 100
Sub-Saharan Africa 36 39 25 100
West Asia/
  North Africa 57 14 29 100
South and East Asia 70 14 16 100
Latin America 13 71 15 100

Winter bread wheat 26 56 18 100

Spring durum wheat 43 34 20 100

All 37 44 19 100
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1.3 Selection made by NARS in early
generation material (F2 or F3)
and bulked by that program.

2. Variety derived from a cross not made by
CIMMYT, but at least one CIMMYT parent
was used in the cross.
2.1 Cross made by NARS in the country

where the variety was released.
2.2 Cross made in a third country and then

imported to the releasing country.

3. Variety derived from a cross that CIMMYT
did not make and that has no direct
CIMMYT parent, although CIMMYT lines
may appear as grandparents or earlier
ancestors.
3.1 Cross made by NARS in the country in

which the variety was released.
3.2 Cross made by a third country and

imported to the releasing country.

Overall trends in the origin of varieties are
evident in Figure 8 and Table 8. The proportion
of spring bread wheat releases that originated
directly from CIMMYT or had a CIMMYT parent
increased steadily from 1966, reaching 84% in
1986-90. More than half of the varieties released
in the 1980s were derived directly from CIMMYT
crosses, and another 29% of releases came from
NARS crosses that used at least one CIMMYT
parent. Another 12% of varieties were
semidwarfs having no immediate CIMMYT
parent. This proportion increased in the 1980s, as
more NARSs began using their own varieties or
breeding lines as parents in crosses. (Although
these semidwarf varieties have no direct
CIMMYT parent, they nearly all have CIMMYT
lines in their ancestry.) Practically all varieties of
CIMMYT origin are semidwarfs, but only 28% of
the varieties derived from non-CIMMYT crosses
are semidwarfs.

By 1990, 575 of the wheat varieties released
in developing countries originated from
CIMMYT crosses. Another 235 were derived
from crosses involving CIMMYT lines. About 120
varieties have resulted from third-country
crosses (a cross made by one country and then
used by another country in a released variety),

Table 8. Varieties released in developing countries,
classified by the origin of the crosses from which they
were developed, 1966-90

Number Percentage
of of

Groupa varieties varieties

1 CIMMYT cross 575 44.3

2 CIMMYT parent 235 25.8
(2.2 Third-country crossb 38 2.9)

3 Non-CIMMYT 389 30.0
(3.2 Third-country crossb 79 6.1)

Total 1,317 100

a See text for definition of groups.
b Major countries of origin for third-country crosses are

Italy (19), India (17), Pakistan (17), USA (11), Syria (10),
Kenya (9).
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Figure 8. Trends in the origin of spring bread wheat
varieties in developing countries, 1966-90.

Non-CIMMYT tall

Non-CIMMYT
semidwarf

CIMMYT
parent

CIMMYT
cross



21

indicating the considerable mobility of
germplasm across international boundaries
(Table 8).

The use of CIMMYT germplasm is
consistently high across regions (Table 9). The
tendency toward using CIMMYT materials as
parents in local crosses is greater in Asia, where
the most advanced wheat breeding programs are
located, compared with WANA and Latin
America, where a greater number of varieties are
based directly on CIMMYT crosses.

In developing spring durum wheat
varieties, CIMMYT (or CIMMYT/ICARDA)
germplasm is used even more than it is used for
spring bread wheats (Table 10). Three-quarters of
the spring durum wheat varieties released were
derived from CIMMYT germplasm, and only
14%, mainly varieties released for dryland
central and southern India, are non-CIMMYT
materials. Moreover, in the case of durum wheat
there is a much greater tendency to release
CIMMYT materials directly rather than to use
them as parents in local crosses. Few countries
have established strong durum wheat
improvement programs.

Although CIMMYT initiated a winter wheat
program only recently, more than one-quarter of
the winter wheat varieties released in the 1980s
contained CIMMYT germplasm through one
parent. (However, China is not included in this
calculation.) It is expected that direct use of
CIMMYT materials will increase over time as
products emerge from the recently established
winter wheat program.

Table 11 classifies countries by the
percentage of their wheat varieties based on their
own crosses versus imported lines. Most of the
smaller national programs depend on their own
crosses for less than half of their varieties.
Countries such as Algeria, Bolivia, Guatemala,
Myanmar, and Tunisia depend largely on
CIMMYT crosses, whereas other countries with
small wheat programs, such as Sudan and Nepal,
import a large number of varieties from
neighboring countries. Most larger NARSs, on
the other hand, depend on their own crosses to
develop more than half of the varieties they
release. India increased its proportion of releases
derived from its own crosses and lines, so that
now some 36% of semidwarfs are developed
from Indian crosses with no immediate CIMMYT

Table 9. Origin of spring bread wheat varieties, by
developing country region, 1966-90

NARSs cross

No CIMMYT
CIMMYT CIMMYT parent

crossa parent Semidwarf Tall All
(%) (%) (%) (%) (%)

Sub-Saharan
Africa 40 31 2 28 100

West Asia/
North Africa 59 21 13 7 100

Asia 40 38 11 12 100
Latin America 47 23 4 26 100

All 45 28 7 20 100

a Includes varieties from the CIMMYT/ICARDA program.

Table 10. Origin of spring durum wheat and winter bread
wheat varieties, 1966-90

NARSs cross

No CIMMYT
CIMMYT CIMMYT parent

crossa parent Semidwarf Tall All
(%) (%) (%) (%) (%)

Spring durum wheat
1966-80 64 3 2 31 100
1981-90 71 21 5 3 100

Winter bread wheat
1966-80 0 15 23 63 100
1981-90 0 26 46 29 100

a Includes varieties from the CIMMYT/ICARDA program.
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parent (Table 12). Important exceptions to this
rule are Mexico (where CIMMYT is located) and
Pakistan (where the wheat-growing
environments are very similar to those in
Mexico).

National programs develop varieties based
on CIMMYT crosses by selecting promising
material from segregating populations or by
testing advanced lines. Some countries can
provide fairly complete selection histories for
varieties based on CIMMYT crosses. Some
national programs — for example, Brazil —
select extensively in segregating populations,
while others, such as the Bolivian program, tend
to test finished lines (Table 13). The shuttle
breeding programs conducted with some
NARSs, such as Brazil, account for some of these
differences.

The most popular CIMMYT crosses are
given in Table 14. Veery (a spring ↔ winter
cross), by far the most popular cross, had
resulted in 43 varieties released by 1990 (not
including releases in Europe). This is double the
number of releases for cross II8156, which
spearheaded the wheat revolution in the 1960s.
Note that the average lag between the time that
a cross is first released in Mexico and varieties
are released by NARSs consistently averages
about 12 years. A further 7-10 years may elapse
before a CIMMYT line is used widely as a
parent. These data illustrate the considerable
lags in an international plant breeding program
between the time of research expenditures
(e.g., beginning when a cross is made) and the

Table 12. Origin of wheat varieties released in India, 1966-91

1966-70 1971-75 1976-80 1981-85 1986-91 All

Percentage of varieties developed from:
Indian crosses 57 64 68 72 79 72
Selection/introduction from abroad 43 36 32 28 21 28

Total 100 100 100 100 100 100

Percentage of Indian crosses that are:
Indian parent ↔ Indian parent 14 25 19 26 36 25
Indian parent ↔ foreign parenta 71 65 38 58 57 59
Foreign parent ↔ foreign parenta 14 10 43 16 7 16

Total 100 100 100 100 100 100

Source: Jain (1993).
a In most cases the foreign parent(s) is a CIMMYT line.

Table 11. Classification of NARSs by the extent of
released varieties developed from their own crosses

Percentage of releases from own crosses, 1966-90a

<25% 26-50% 51-75% >75%

Algeria Ecuadorb Argentina Kenya
Bangladeshb Egypt Brazil Peru
Bolivia Ethiopia Chile
Burundib Iran Colombia
Guatemala Jordan India
Lebanonb Pakistan China (South)
Libya Paraguay Zimbabwe
Mexico Syria
Morocco Tunisia
Myanmar (Burma)b Turkeyb

Nepalb Uruguay
Nigeria
Saudi Arabia
Sudanb

Tanzaniab

Yemenb

Zambiab

a Varieties in categories 2.1 and 3.1 (defined on page 20).
b Countries releasing a significant number of varieties from

third-country crosses.
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time a variety is released, especially at the
international level.

The most important recent contribution of
CIMMYT has undoubtedly been the spring ↔
winter wheat crossing program, which led to the
release of 107 varieties in developing countries
by 1990. This program will have its major impact
in the 1990s as these varieties diffuse to farmers’
fields (see Chapter 6) and as NARSs use spring ↔
winter lines or varieties as parents in their own
crossing programs.

The data presented here emphasize that
wheat breeding in developing countries is truly
an international activity, with CIMMYT at the
hub. In the 1980s some 627 varieties were
released by national programs. Of these, 306
were derived from crosses made at CIMMYT
and another 259 had CIMMYT ancestry (parents
or more distant ancestors). The dominance of
CIMMYT materials, especially in spring wheat,
confers considerable responsibility on the Center
to explore all possible sources of genetic

Table 14. Popular CIMMYT crosses, year of cross, and release of varieties derived from each cross in Mexico and in
other countries

Total number
of varieties Year cross Year of Average year Average years

released from made in release of release from cross
Line/cross cross by 1990 Mexico in Mexico in NARSs to release

Veerya 43 1974 1981 1986 12
Bluebird 23 1965 1970 1976 11
II8156b 20 1957 1966 1971 14
Pavon 14 1970 1976 1982 12
Bobwhitea 12 1974 1982c 1986 12
INIA-66 12 1961 1966 1972 11
Bittern (durum) 10 1970 1979 1985 15
Anahuac 9 1968 1973 1978 10
Sonalikab 9 1961 1967c 1975 14
Stork (durum) 9 1969 1975 1981 12
Bluejay 8 1970 1976 1982 12
CIANO-67 8 1962 1967 1975 13
Cisne (durum) 8 1967 1971 1975 13
Buckbuck 7 1973 1979 1985 12
Albatross (durum) 6 1963 1969 1974 11

a Spring ↔ winter wheat cross.
b Base for most important Green Revolution varieties.
c Not released in Mexico. In this case Mexico was not the first country releasing the variety; Sonalika was first released in India,

Bobwhite in Pakistan.

Table 13. Stage at which NARSs select varieties from CIMMYT crosses, 1966-90

Percentage selecting from:

Early generation Late generation
material material Percentage testing Total

Country (F2 and F3) (>F3) lines (%)

Bolivia 7 0 93 100

Brazil 24 3 73 100

Pakistan 8 4 88 100
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diversity. Since the early 1970s CIMMYT’s
strategy has been to seek out new pools of
germplasm: the Center made extensive crosses
with winter wheats (mainly from the former
USSR) and South American wheats in the 1970s,
Chinese wheats in the 1980s, and, more recently,
has begun using the products of crosses with
wild species (van Ginkel and Rajaram 1992,
Mujeeb-Kazi and Hettel 1994). Overall the
number of progenitors (landraces or parents of
unknown origin) in popular CIMMYT lines has
risen from about 25 in the 1960s to about 50 in
1990 (Figure 9). These numbers are substantially
higher than for rice (Evenson and Gollin 1991).
Recent wheat releases in the 1980s reflect a
balance of progenitors originating from
developing countries (42%), the developed
market economies (30%), and the former Soviet
Union (28%).
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Figure 9. Trends in the number of progenitors of
popular CIMMYT lines.
Source: B. Skovmand (pers. comm.).
Note: The number of progenitors is calculated by tracing all

ancestors to the original landraces or to parents of
unknown origin.
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CHAPTER 6
THE ADOPTION OF IMPROVED WHEAT VARIETIES

←←←←←←←←←←←←←←←←←←←←←←←←←←

The database of wheat varieties makes it
possible to estimate the area planted in 1990 to
varieties by origin, ecological niche, wheat type,
and other characteristics. By comparing these
data with earlier estimates from Dalrymple
(1978, 1986), the spread of semidwarf varieties —
most of which have some CIMMYT germplasm
in their pedigrees — can be traced over time.

THE SPREAD OF SEMIDWARF VARIETIES

CIMMYT’s wheat breeding program
achieved its early fame from using dwarfing
genes to develop semidwarf wheats, which
enabled the yields of spring bread wheat to rise
dramatically in the 1960s. Since then almost all
advanced lines developed by CIMMYT have
been semidwarfs. This report defines varieties
carrying dwarfing genes as “high-yielding” or
“modern” varieties (MVs).7

The area planted to MVs has expanded
steadily since 1966. In 1969-70, semidwarfs
occupied 12 million hectares in developing
countries, or about 21% of the wheat area. By
1990, this area was close to 50 million hectares or
70% of the wheat area in the developing world,
excluding China (Figure 10). If China, which
mostly uses non-CIMMYT sources of dwarfing
genes, is included, total area sown to MVs now
exceeds 70 million hectares, or again about 70%
of total wheat area in the developing world
(since an estimated 70% of the Chinese wheat
area is sown to MVs). Most wheat area in
industrialized countries is planted to semidwarfs

as well, and varieties with CIMMYT ancestry
(mostly spring wheat) are found on more than 20
million hectares (see Appendix L).

The adoption of MVs is generally associated
with the Green Revolution of the 1960s and early
1970s. It is not widely appreciated that since then
MVs have actually continued to spread by about
2 million hectares per year. During the 1980s
alone, an additional 16 million hectares were
sown to MVs in developing countries. The
continued adoption of MVs attests both to their
wide adaptability and to the remarkable
sustainability of the Green Revolution.
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7 Many countries classify wheat area into area sown to high-yielding varieties and other varieties. In nearly all cases, these high-
yielding varieties are semidwarf varieties.  The main exception is some wheat area in central India, which is classified as sown to
high-yielding varieties that in fact are not semidwarf varieties, but tall varieties released since 1965. Barker and Herdt (1985) argue
for the use of the term “modern” varieties, rather than “high-yielding” varieties, since in some cases semidwarf varieties do not
necessarily provide higher yields.
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Figure 10. Adoption of semidwarf wheat varieties in developing
countries, 1966-90.
Source: Data for years prior to 1990 from Dalrymple (1978,
1986). Data for 1990 from CIMMYT survey. Excludes China.
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If we look at the use of MVs by wheat type
(Table 15), it is clear that MVs of spring bread
wheat have been the most successful. These
varieties occupy an estimated 83% of spring
bread wheat area. Since spring bread wheat
dominates developing country wheat production
(about 70% of the total), success in spring bread
wheat accounts for the overall large area sown to
semidwarfs. Given estimated yields of MVs and
tall varieties (which are now sown mostly in dry
areas — see below), an estimated 93% of all
spring bread wheat production comes from MVs.

Within regions, adoption of semidwarf
spring bread wheats is lowest in sub-Saharan
Africa (East Africa is a “hot spot” for diseases
and has very special varietal requirements) and
in WANA (where a considerable area of spring

bread wheat is affected by severe moisture stress)
(Table 15).

Semidwarf durum wheat varieties became
available in the early 1970s, and now over half of
the spring durum wheat area is sown to MVs. In
contrast, the concentrated international breeding
effort for MVs of winter wheat was initiated only
recently, and MVs of winter wheat still cover a
small area.

The changing pattern of utilization of MVs
in each region is seen in Table 16. South Asia still
reports the largest area sown to MVs, although
between 1977 and 1990 semidwarf wheat area
expanded substantially in other major developing
country regions — nearly all rainfed areas. In
fact, the continued spread of semidwarfs is best

Table 16. Area planted to semidwarf wheat varieties, developing countries, 1970-90

Area (million ha)a Percentage of total wheat area

1970 1977 1983 1990 1970 1977 1983 1990

Sub-Saharan Africa 0.1 0.2 0.3 0.7 5 22 32 52
West Asia/North Africa 1.4 4.7 7.7 11.3 5 18 31 42
South Asia 9.7 19.3 25.3 29.1 42 69 79 88
Latin America 0.8 2.5 7.5 8.2 11 24 68 82

Total 12.0 26.7 40.7 49.2 21 41 59 69

a Data for 1970 are from Anderson, Herdt, and Scobie (1988). Data for 1977 and 1983 are from Dalrymple (1978, 1986), with revised
estimates for Argentina and Brazil, and adjusted to FAO estimates of total wheat area in each country. Data for 1990 are from
CIMMYT surveys.

Table 15. Percentage of wheat area planted to semidwarf wheat varieties, by region and wheat type, 1990

Percentage of areaa sown to semidwarf varieties of:

Total wheat Spring Spring Winter Winter
area surveyed bread durum bread durum

Region (million ha) wheat wheat wheat wheat All

Sub-Saharan Africa 1.2 62 18 n n 52
West Asia/North Africa 25.2 66 61 13 14 42
South Asia 33.0 89 28 n n 88
Latin America 10.6 81 65 100 n 82

All 70.0 83 54 15 14 69

a Percentage of total wheat area in that class and region.
n = Wheat area in this class in the region is negligible.
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appreciated by examining their adoption in
irrigated areas and rainfed areas, as well as in an
important stress area characterized by acid soils.
In all of these areas, adoption of semidwarf
varieties continued into the 1980s.

Irrigated areas — A considerable share of
spring bread wheat is produced in the temperate
irrigated areas that CIMMYT classifies as
belonging to Megaenvironment 1 (ME1). Much of
ME1 is located in South Asia, where adoption of
semidwarf wheat proceeded rapidly from 1966
(1973 for Bangladesh). By the late 1980s, virtually
all of South Asia’s irrigated wheat area was sown
to MVs (Figure 11); in 1990, these varieties were
grown on more than 29 million hectares.

In these areas, farmers have replaced the
original Green Revolution varieties at least once,
and usually twice, since they first adopted
semidwarf wheat. In the Punjab of Pakistan, the
original widely grown semidwarf, Mexipak
(from cross II8156), was replaced by Yecora (a
Bluebird cross) and WL711 (an Indian variety) in
the late 1970s. These varieties were replaced in
turn by Pak-81 (a Veery cross) in the late 1980s
(Figure 12). Similar varietal turnover occurred in

the Punjab of India (Figure 12), where
Kalyansona (cross II8156) was the Green
Revolution variety. In Mexico, farmers replace
varieties much more often — on average every
two to four years (Figure 12). Varietal
replacement has enabled farmers to continue to
gain from wheat breeding by taking advantage of
newer varieties’ higher yields and disease
resistance.
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Figure 11. Adoption of semidwarf wheats in
countries producing wheat mainly under irrigation.
Source: Dalrymple (1986), CIMMYT Economics Program.
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Figure 12. Patterns of varietal change in post-Green
Revolution areas of Mexico, India, and Pakistan.
Source: CIMMYT data files.
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Among the countries where wheat is grown
under irrigation, Egypt is an anomaly because
farmers did not readily adopt semidwarf wheat.
Only 11% of Egypt’s wheat area was planted to
semidwarf wheat in 1979. Apparently pricing
policy in the 1970s influenced adoption strongly.
Wheat prices were kept low, but prices of
livestock products were high and protected from
imports, so prices of fodder — including wheat
straw, an important summer fodder — soared in
the 1970s. The straw:grain price ratio for wheat
rose from about 0.2 in 1970 to 0.9 in 1979.
Because straw yields are about 50% higher than
grain yields, the value of straw production in
1979 exceeded the value of grain production. The
low grain price and high straw price reduced the
incentive for farmers to switch to semidwarf
varieties. Other factors, such as grain and straw
quality and the lack of disease-resistant varieties,
also delayed the adoption of MVs in Egypt.
However, in the 1980s price policies were
reversed, farmers adopted MVs quickly, and the
average wheat yield in Egypt climbed to more
than 5 t/ha, one of the highest in the developing
world. By 1990 MVs covered 77% of Egyptian
wheat area (Figure 11).

A similar situation prevailed in the irrigated
mountain valleys in far northern Pakistan, where
farms are very small (1 ha), livestock are
important, and the area’s physical isolation and
long winters lead to high straw prices.
Semidwarf varieties were adopted slowly; they
occupied only 25-30% of the area in 1980. Seven
years later, the variety Pak-81 was introduced
and tested in the area. When nitrogen fertilizer
was added, Pak-81 gave superior grain and straw
yields compared to local varieties.8 An active
seed production and distribution program, along
with rapid fertilizer adoption, fostered wide use

of Pak-81 in the area in the late 1980s (Ahmad et
al. 1990). Ahmad et al. calculated that the
adoption of Pak-81 by 1989 in one valley added
US $ 100,000 annually to farmers’ incomes.

Rainfed areas — The adoption of
semidwarf wheat in rainfed areas has generally
lagged behind adoption in irrigated areas.
Nonetheless, adoption in rainfed areas picked up
in the 1970s and increased fairly rapidly in the

8 The semidwarf varieties yielded more grain at all nitrogen
levels. However, the economic yield, including the value of
straw yields, of local varieties was higher under conditions
of low fertility (Traxler and Byerlee 1993a).
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Figure 13. Adoption of modern wheat varieties in
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Irrigated

Rainfed

Pampa Húmeda

Pampa Seca

Irrigated

Rainfed



29

1980s. In Argentina, for example, more than 90%
of the wheat area (all rainfed) was covered by
MVs in 1990 (Macagno and Gómez Chao 1992).
Farmers in the wetter areas (the Pampa Húmeda)
adopted MVs first, but the release of a newer
generation of MVs in the 1980s spurred adoption
in the drier and colder areas (the Pampa Seca)
(Figure 13). In Pakistan’s rainfed areas, adoption
of semidwarf wheat started in 1975, and by the
late 1980s MVs could be found on most of the
rainfed wheat area. The experience in Syria and
Tunisia was similar. Adoption of semidwarf
wheat in rainfed areas rose from less than 20% in
1976 to surpass 80% in 1990 (Figure 14). In fact,
most of the 16 million hectare increase in the area
sown to MVs in the 1980s occurred in rainfed
areas.

Although these successes are encouraging,
adoption of MVs in dryland wheat areas is far
from complete. Estimates of the wheat area
planted to MVs suggest that in dryland areas
spring bread wheats have been the most
successful and that winter wheats have had
relatively little success (Table 17). Adoption in
rainfed areas has followed a general pattern, in
which varieties move from higher rainfall,
temperate areas into more marginal, drier (and
often colder or hotter) areas. It is in these
marginal areas that adoption remains incomplete.
These areas are also often dominated by winter
bread wheat or durum wheat. For example,
adoption of MVs is minimal in central India,
where a large area of wheat (much of it durum) is
subject to very hot conditions at planting, receives
little rainfall during the growing season (less than
100 mm), and must rely on residual moisture
from the monsoon to complete its growth cycle
(Byerlee 1992a).

Recent advances in wheat breeding suggest
that MVs can continue expanding even into these
most difficult environments. For example,
semidwarf wheat covers most of the wheat area in
medium- and high-rainfall areas of northern

Pakistan, although adoption remains low in dry
areas (receiving less than 500 mm annual rainfall
and less than 200 mm growing season rainfall)
(Table 18). However, Pak-81 provides a

Table 17. Percentage of wheat area sown to semidwarf
wheat varieties by moisture regime, 1990

Percentage of area:

Wheat type Well-watereda Drylanda

Spring bread wheat 99 63
Spring durum wheat 82 33
Winter bread wheat 94 9
Winter durum wheat 100 0

All 75 24

a Based on the ecological niche recommended for each
variety. Excludes varieties recommended for both niches.

Table 18. Adoption of wheat varieties by rainfall zone,
northern Punjab, Pakistan, 1990

Higher rainfall Low rainfall
zone zone

(>500 mm) (<500 mm)
(% area) (% area)

Local varieties 15 73

First-generation semidwarfs
(e.g., Lyallpur-73) 17 8

Second-generation
semidwarfs (e.g., Pak-81) 68 19

All 100 100

Source: Ahmad et al. (1991).
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Figure 14. Adoption of semidwarf wheats in
countries with mostly rainfed environments.
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significant yield gain (about 15%) over local
varieties in the dry areas and farmers are starting
to adopt this variety (Ahmad et al. 1991).

The CIMMYT/ICARDA breeding program,
which concentrates on bread wheat and durum
wheat for dryland areas, recently developed lines
that show promise in dry areas in WANA; some
of them have been released by NARSs. Although
Australia is not included in this study, recent
experience in Western Australia suggests that
MVs can adapt to dry environments. Wheat in
Western Australia grows under very dry
conditions resembling those in WANA. Most
wheat receives less than 350 mm annual rainfall.
Semidwarf wheat varieties (their dwarfing genes
were obtained from CIMMYT germplasm) were
adopted on nearly 60% of the wheat area in
Western Australia — 4 million hectares — in the
1980s (Figure 15). Similar progress appears likely
in the 1990s in developing countries, except for
the harshest environments, such as the dry hot
areas of central India or the very cold dry areas
of WANA.

Adoption of modern varieties that tolerate
soil stresses — One of the most striking
successes in the adoption of MVs in the 1980s
was the development of varieties that could

tolerate the toxic levels of aluminum common to
acid soils. These varieties were especially
successful in Brazil, where about 55% of the
wheat area is affected by acid soils. Beginning in
1974, CIMMYT and Brazilian wheat breeders
initiated a shuttle breeding program to combine
the Brazilian cultivars’ tolerance to aluminum
with the high yield potential and disease
resistance of CIMMYT germplasm (Rajaram and
Villegas 1990). The first MV with aluminum
tolerance was released in 1978; successive high-
yielding, aluminum-tolerant varieties have been
adopted on two-thirds of Brazil’s wheat area
(Figure 16). A rapid increase in average wheat
yields was associated with the adoption of these
MVs (see Chapter 7).

CURRENT AREA PLANTED TO

CIMMYT-BASED GERMPLASM

Tables 19 and 20 summarize data on the
area sown to CIMMYT germplasm in developing
countries in 1990. As expected, utilization of
CIMMYT germplasm dominates, both absolutely
and relatively, in spring bread wheat. Some 21.8
million hectares of spring bread wheat area is
sown to varieties derived directly from CIMMYT
crosses. CIMMYT germplasm has contributed
indirectly (as parents) to another 13.8 million
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Figure 15. Trends in area sown to different classes of
wheat cultivars in Western Australia, 1983-90.
Source: R. Wilson (pers. comm.).
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Figure 16. Adoption of semidwarf wheat varieties in
Brazil, 1979-90.
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hectares of spring bread wheat. Another 8.5
million hectares are planted to semidwarf
varieties that mostly have CIMMYT lines as
grandparents or more distant ancestors.
CIMMYT crosses have been used extensively in
developing spring durum wheat varieties,
although little area is sown to durum wheat
having CIMMYT germplasm as a parent or
source of dwarfing genes. A small (but
increasing) proportion of the winter bread wheat
area is sown to varieties with CIMMYT parents.
These estimates do not include the main spring
wheat areas of China, where CIMMYT
germplasm has been used in crosses by research
programs in Heilongjiang and Jiangsu Provinces.

In 1990, 0.5 million hectares in these provinces
were sown to wheat varieties with CIMMYT
parentage (Zhou Chaofei and Qi Shiyii, pers.
comm.; Appendix C).

Overall, our survey results indicate that 40
million hectares in the developing world are
sown to wheat varieties originating directly from
CIMMYT crosses or from NARS crosses using a
CIMMYT parent. This area rises to 50 million
hectares if we include all MVs carrying dwarfing
genes. In industrialized countries, at least
another 20-25 million hectares are planted to
varieties with CIMMYT ancestry (Appendix L).

Table 20. Percentage of wheat area sown to different wheat types in 1990, classified by the origin of the germplasm

NARSs cross

No CIMMYT parent
CIMMYT CIMMYT

cross parent Semidwarf Tall All
Wheat type (%) (%) (%) (%) (%)

Spring bread wheat 42 26 17 15 100
Spring durum wheat 47 5 1 46 100
Winter bread wheat 0 9 6 85 100
Winter durum wheat 0 0 14 86 100
All 35 21 14 30 100

70

Table 19. Area sown to different wheat types in 1990, classified by the origin of the germplasm

NARSs cross

No CIMMYT parent
CIMMYT CIMMYT

Wheat type cross parent Semidwarf Tall All

(million ha)
Spring bread wheat 21.8 13.8 8.5 8.1 52.2
Spring durum wheat 2.8 0.3 0.1 2.8 6.1
Winter bread wheat 0.0 0.9 0.7 9.1 10.9
Winter durum wheat 0.0 0.0 0.2 0.9 1.1
All 24.7 15.1 9.4 20.9 70.0

49.2 a

a An additional 0.5 million ha in Heilongjiang and Jiangsu Provinces of China are sown to varieties of direct CIMMYT
parentage. Thus the total area planted to semidwarf wheats from CIMMYT crosses and to varieties with CIMMYT lines as
parents is just over 40 million ha.
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The total area estimated to be sown in 1990
to varieties from popular CIMMYT crosses is
given in Table 21. By far the most popular cross
is Sonalika, which still occupied about 6 million
hectares in South Asia in 1989-90. Likewise,
varieties from cross II8156 remained on an
estimated 1 million hectares, mostly in South
Asia. These two crosses produced the first
widely successful Green Revolution varieties
(II8156 was grown on an estimated 13 million
hectares in the early 1970s, mostly in South Asia).
The most popular recent cross is Veery. Veery
wheats cover about 3.4 of the 3.7 million hectares
now planted to varieties derived from spring ↔
winter crosses. Other successful recent crosses
include Frigate and Bittern durum wheats, each
sown on 0.5-1.0 million hectares.

Some individual non-CIMMYT crosses also
cover significant areas, especially several Indian
crosses such as HD2329 and HD2285, each of
which are grown on more than 1 million
hectares. Varieties from some of these crosses
have been successful in other countries; the
Indian variety UP262, for example, is grown
widely in Nepal.

Except for Veery, no other recent CIMMYT
bread wheat cross has produced varieties that
cover a large area. Even the area under Veery
wheats is small compared to the area once sown
to II8156. The recent tendency has been for
varieties from many crosses to be grown on
smaller areas, rather than for one cross to
dominate. Some 9 million hectares are sown to
varieties from more than 100 CIMMYT crosses
other than Veery, covering no more than 0.5
million hectares each. Of this area, 5 million
hectares are devoted to varieties from 89 recent
crosses (varieties released since 1980). This trend
toward releasing varieties from a wider number
of crosses is important for enhancing genetic
diversity in the wheat crop.

The countries with the largest wheat areas
under varieties released from CIMMYT crosses
are India, Pakistan, and Argentina (Table 22). To
some extent this reflects the large area sown to
relatively old CIMMYT-derived varieties in these
countries. The largest area under varieties
released recently from CIMMYT crosses (since
1980) is in Pakistan (3.2 million hectares).

LAGS IN ADOPTION OF MODERN VARIETIES

Although a significant area is sown to
varieties from recent CIMMYT crosses, the data
presented above highlight the long lag between
the time a variety is released and adopted. A
significant part of the wheat area of developing

Table 21. Area sown to varieties derived from popular
CIMMYT spring wheat crosses, 1990

Average
year varieties

from cross Area Main country/
Cross released (000 ha) region of release

Released before 1980
Sonalikaa 1969 6,290 South Asia
II8156 1967 1,140 India, Algeria
Bluebird 1978 940 Saudi Arabia,

Egypt
Marcos Juárezb 1971 860 Argentina
Anahuac 1978 800 Brazil, Paraguay
Cisne (durum) 1975 670 Morocco, Turkey
Other (31 crosses) .. 4,160 ..

Subtotal 14,870

Released since 1980
Veery 1982 3,390 Pakistan, Turkey,

Iran, Chile, Mexico
Bittern (durum) 1983 920 Morocco, Turkey,

Tunisia
Frigate (durum)c 1984 560 Syria, Algeria
Other (89 crosses) .. 4,940 ..

Subtotal 9,810
Total 24,680

a CIMMYT/India.
b CIMMYT/Argentina.
c CIMMYT/ICARDA.
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countries is still sown to old (pre-1975) varieties,
indicating that the rate at which farmers replace
varieties is quite slow in some cases.

One measure of the rate of varietal
replacement is the age of varieties in farmers’
fields, measured in years since release and
weighted by the area under each variety

(Brennan and Byerlee 1991). This weighted
average varietal age was calculated for each
country (the area under landraces and varieties
released before 1950 was excluded). The
classification of countries by weighted average
varietal age shows that varieties in most Latin
American countries are replaced fairly rapidly.
Rates for industrialized countries are comparable
— six to seven years, close to the expected
longevity of rust resistance of wheat varieties
(Brennan and Byerlee 1991, Kirkpatrick 1975).

In a significant group of wheat-producing
countries, including the large wheat producers of
Asia, the weighted age of varieties exceeds 12
years. In general, the data in Table 23 indicate a
positive correlation between the rate of varietal
turnover and the degree of commercial wheat
production, both across and within countries.
Small-scale farmers have often been slower to
adopt the newer MVs (Heisey 1990).

This situation contrasts with the very rapid
adoption of MVs by farmers in all farm-size
classes in the early years of the Green Revolution.
The newer MVs’ smaller yield advantage over
older MVs puts a special premium on an
effective seed distribution and extension system
to enable rapid adoption by small-scale farmers
(Heisey 1990).

Given a period of seven to eight years from
peak expenditure on developing a variety until
its release, the overall lag implied from peak
research expenditure until full adoption is about
20 years in countries such as India and Pakistan.
This slow rate of varietal replacement raises
concern for two reasons: first, because the
disease resistance of older varieties may be
impaired, and second, because slow replacement
reduces the benefits of wheat research, given that
benefits of the research program that occur later
are discounted more heavily.

Table 23. Weighted average age of varieties in farmers’
fields, 1990a

Age
(years) Country/area

<6 Uruguay, Zambia

6-8b Chile, Bolivia, Brazil, Guatemala, Mexico,
Paraguay, Punjab State (India),  S. China, Syria,
Tanzania, Zimbabwe

8-12 Algeria, Argentina, Bangladesh, Iran, Morocco,
Pakistan, Peru, Saudi Arabia, Sudan, Tunisia,
Turkey

12-16 Egypt, Ethiopia, India, Kenya, Libya, Nigeria

>16 Bihar State (India), Colombia, Ecuador, Jordan,
Lebanon, Myanmar (Burma), Nepal, Yemen

a Weighted by area planted to named varieties. Excludes very
old or landrace materials.

b Average for industrialized countries (Brennan and Byerlee
1991).

Table 22. Countries having the largest wheat area sown
to varieties developed from CIMMYT crosses, 1990

All Varieties released
varieties since 1980

(million ha) (million ha)

India 6.86 1.78
Pakistan 5.50 3.20
Argentina 1.96 0.74
Morocco 1.36 0.48
Turkey 0.96 0.48
Brazil 0.92 0.23
Mexico 0.92 0.66
Iran 0.84 0.35
Syria 0.70 0.65
Saudi Arabia 0.68 0.68
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CHAPTER 7
THE BENEFITS OF ADOPTING IMPROVED WHEAT VARIETIES

←←←←←←←←←←←←←←←←←←←←←←←←←←

GENETIC GAINS IN YIELD

Table 24 summarizes available data on
genetic gains in yield resulting from the
successive release of new wheat varieties (details
for several countries are given in the
Appendices). Many of the trials used to calculate
these gains were not treated with fungicide, so
gains in yield potential may be confounded with
the effects of better disease resistance.

Irrigated spring wheat environments  —
The most complete data on genetic gains in yield
come from the irrigated spring bread wheat areas
of developing countries (Megaenvironment 1). It
is now well established that adoption of the first
semidwarf wheat varieties in irrigated areas
resulted in an average 35-40% gain in yield over
the older taller varieties that they displaced
(Dalrymple 1986, Sidhu 1974, Nagy 1984, Byerlee
and Siddiq 1990).9 However, it is not generally
known that newer semidwarfs have continued to
increase yield potential by about 0.8-1.0%
annually in irrigated areas. Gains of this
magnitude have been observed consistently in
studies from Mexico, India, Pakistan, and
Zimbabwe. Thus, in the 20 years since the first
widely successful MVs were released, wheat
breeders have raised yield potential in irrigated
areas by almost 20%. In advanced areas such as
northwestern Mexico and Zimbabwe, where
overall annual yield increases in farmers’ fields
averaged about 1.5% in the past decade, genetic
gains in yield probably contributed two-thirds or
more of the total yield increase.

A strong trend in cropping systems in
irrigated areas is the late planting of wheat. This
trend is especially pronounced in South Asia,
where nearly half of all irrigated wheat is planted
well after the optimal planting date. Progress in
breeding varieties for late planting (usually after
rice or cotton) has not been so rapid. Varieties
recommended for late planting in Pakistan have
shown no yield gain over Bluesilver (a Sonalika
cross), released in 1971. Pak-81 (a Veery cross)
performs well when planted late, although not
significantly better than Bluesilver in on-farm
trials (Aslam et al. 1989) (Table 25). Likewise, in
northwestern India the rate of gain in yields due
to the release of new varieties was significantly
less for late-planted wheat (Jain 1993). Further
work is underway to analyze more recent efforts
in India and Pakistan to develop varieties for late
planting.

Rainfed environments — Compared to
irrigated areas, for rainfed areas less information
is available on genetic gains in yield. Data from
Argentina and Paraguay (from locations where
soils are not acidic) suggest that the gains could
be of a similar magnitude to those in irrigated
areas. The most comprehensive data on yield
gains under dryland conditions are from
Australia, where varieties containing CIMMYT
germplasm have been adopted across more than
80% of the area since 1975. Genetic yield gains in
Australia over the long term have averaged
about 0.5% annually, but in New South Wales
this rate of gain jumped to 1.7% with the
development of semidwarf varieties (Table 26).
Even in Western Australia’s very harsh dryland
areas, the adoption of semidwarfs has led to

9 Some estimates (e.g., Dalrymple 1978, Anderson, Herdt, and Scobie 1988) put this figure much higher. However, the higher figure
includes the interaction effect of MV and fertilizer.
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modest yield increases of 5-10%. As noted
earlier, these yield gains are probably indicative
of the potential gains in WANA, where new
varieties were adopted steadily in the 1980s.

In Pakistan, where MVs have yet to be
accepted widely in the driest areas, the yield
gains from MVs are insufficient to compensate
farmers for a price discount for MVs’ lower grain
quality and lower straw yields. However, newer
semidwarfs, based on spring ↔ winter crosses, do
seem to provide enough of a yield advantage,
and there is evidence that these varieties are
being adopted slowly in drier areas (Ahmad
et al. 1991).

Table 25. Yield of wheat varieties sown at recommended
and late planting dates, Punjab, Pakistan 1985-88

Year Recommended Late
released date planting

Number of locations 15 10

Yield (t/ha)
Variety
Bluesilvera 1971 3.12 3.21
Faisalabad-83a 1983 3.57 3.30
Pak-81 1981 3.90 3.21
Kohinoor 1983 3.92 3.33

Average 3.63 3.26

Source: Aslam et al. (1989).
a Varieties released for late planting.

Table 24. Summary of experimental evidence on rates of genetic gain in yields of spring bread wheat owing to the
release of new varieties

Environment/location Period Rate of gain (%/yr) Source

Irrigated
Northwestern Mexicob 1962-75 1.1a,b Fischer and Wall (1976)

1962-81 0.9a,b P. Wall (pers. comm.)
1962-83 1.1a,b Waddington et al. (1986)
1962-85 0.6a,b Ortíz-Monasterio (1990)
1962-89 0.7a,b K. Sayre (pers. comm.)

Nepal 1978-88 1.3b Morris, Dubin, and Pokhrel (1992)
Northwestern Indiab 1966-90 0.5-1.0b Jain (1993)c

Pakistanb 1965-82 0.8b Byerlee (1990)
Zimbabweb 1967-85 1.0b Mashiringwani (1987)c

Rainfed
Argentina 1966-89 1.9 Appendix A
Paraguay 1972-90 1.6a,b M. Kohli (pers. comm.)c

Victoria, Australia 1850-1940 0.3 O’Brien (1982)
1940-81 0.8

New South Wales, Australia 1926-84 0.6 Antony and Brennan (1987)
1956-84 0.9
1976-84 1.7

Western Australia 1884-1982 0.4 Perry and D’Antuono (1989)
Central India 1965-90 0.0 Jain (1993)c

Hot
Sudan 1967-87 1.0 Appendix H

Acid soils
Rio Grande do Sul, Brazil 1976-89 3.1 Moreira (pers. comm.)c

Paraná, Brazil 1969-89 2.2 Appendix B

a Treated with fungicide to protect against disease losses and usually supported by netting to eliminate the effect of lodging.
b Includes semidwarf varieties only.
c For more details see Appendices.
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Warmer environments — Notable progress
has been made in developing varieties for
warmer environments, including areas of Brazil
and Paraguay. Progress in Sudan, where wheat is
grown under very hot conditions, is similar to
the rate of progress in temperate irrigated areas.
Comparable achievements are reported in
Bangladesh with the variety Kanchan (selected in
Bangladesh from an Indian cross with a
CIMMYT parent). Kanchan yielded 17% better
than Sonalika in nearly 3,000 on-farm
demonstrations over five years (Table 26); at late
planting, its yield advantage was even higher.10

By 1990, Kanchan covered 56% of the wheat area
of Bangladesh, much of it once sown to Sonalika.

Acid soil areas — The most rapid progress
in genetic gains in yield has been achieved in
Brazil’s acid soil areas. Varieties from the
collaborative Brazilian/CIMMYT program
showed a yield advantage of 15-25% over older
Brazilian varieties. In the past 15 years, Brazilian
wheat breeders raised yields by an average of 2-
3% annually in the acid soil areas of Paraná and
Rio Grande do Sul. The gains achieved during

this period rival the gains made during the Green
Revolution in irrigated areas.

TRANSLATING YIELD GAINS

TO FARMERS’ FIELDS

For farmers to realize the yield gains
offered by new varieties, the varieties first must
be adopted widely and, second, farmers must
achieve yield gains that are similar, at least
relatively, to those observed under experimental
conditions. Assuming that relative yield gains in
farmers’ fields are similar to those observed in
varietal trials, gains in farmers’ fields can be
measured by the Varietal Improvement Index, I
(discussed in Chapter 3). Data for Pakistan
indicate that I increased by 0.6% annually,
compared to a gain of 0.8-1.0% in varietal trials.
This difference arose from the long lag in
adopting newer higher yielding varieties (see
Chapter 6). However, the estimated increase in I
for Zimbabwe of about 1% annually shows that
farmers there have realized the full benefits of
newer varieties.

In the case of wheat, especially in irrigated
areas, we see no reason to question the
assumption that farmers realize relative gains in
yields of new varieties similar to those observed
in trials. On-farm variety trials generally show
similar relative gains (e.g., Aslam et al. 1989),
and the data presented earlier for Bangladesh
from thousands of farmers’ fields provide
evidence that on-farm relative yield gains from
new varieties are only slightly less than those
observed in varietal trials.

Recent evidence from experiment station
trials also suggests that under conditions of zero
nitrogen relative gains from breeding have been
at least equal to or greater than the gains
achieved under high nitrogen levels (Ortíz-
Monasterio 1990). Similar observations of the

10 Some of the yield advantage of Kanchan is due to its superior disease resistance.

Table 26. Results of 2,800 on-farm varietal
demonstrations over five years, Bangladesh

Percent yield increase
relative to Sonalikaa

Number of
Year demonstrations Kanchanb Akbarc

1985-86 363 17.4 10.1
1986-87 711 19.0 9.5
1987-88 543 16.0 9.0
1988-89 760 17.4 12.0
1989-90 509 17.3 7.9

Total 2,886 17.5 9.9

a Released in 1973.
b Released in 1983 and grown on 56% of the wheat area

in 1990.
c Released in 1983 and grown on 7% of the area in 1990.
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superior performance of new varieties under low
nitrogen in on-farm trials are reported from
Ecuador and Peru (CIMMYT 1986).

Farm survey information also generally
supports the assumption that yield gains of new
varieties in farmers’ fields are of a similar order to
those expressed in varietal trials. Ahmad et al.
(1990) estimated that farmers growing Pak-81 in a
mountainous area of Pakistan enjoyed a yield
advantage of 35% over their local tall variety and
of 13% over older semidwarf varieties. These gains
are only slightly less than gains observed in
varietal trials. Elsewhere in Pakistan, farm surveys
consistently have shown Pak-81 to have a yield
advantage of 10-20% (Byerlee et al. 1986), similar
to that observed in experiment station trials.

These results suggest that farmers realize
most of the relative yield gains of new varieties,
although under low management conditions the
relative yield gain may be lower — perhaps 70%
of that observed on the experiment station.

IMPROVED DISEASE RESISTANCE

Aside from raising yield potential, wheat
breeding may contribute to higher yields by
reducing yield losses to diseases. Although many
mistakenly believe that local varieties offered
better protection from diseases and pests, data
from many locations clearly indicate MVs’
superior resistance to the three rust diseases (leaf
rust, Puccinia recondita f. sp. tritici; stem rust,

P. graminis f. sp. tritici; and stripe rust, P.
striiformis f. sp. tritici) (Table 27). One or more of
the rust diseases are the most economically
important diseases in most wheat production
environments. The proportion of materials with
superior resistance to the rusts has grown
steadily (Figure 17). In addition, a major task of
wheat breeding during the past 20 years has been
to maintain this resistance — as discussed in the
next section of this report.

Table 27. Average coefficient of infection (%) for stem
rust, leaf rust, and stripe rust in semidwarf and tall
varieties tested across 50 locations in 30 countries over
four yearsa

Type of variety Stem rust Leaf rust Stripe rust

Local 21 35 18
Improved tall 9 13 8
Semidwarf 6 8 9

Source: Rajaram, Singh, and Torres (1988).
a The average coefficient of infection (ACI) is an index

ranging from 0 (free of disease) to 100 (maximum infection).
Average over four years’ observations, 1978-81.
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Figure 17. Trends in rust resistance across locations
among entries in the International Bread Wheat
Screening Nursery.
Source: van Ginkel and Rajaram (1992).
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Progress has also been made in
incorporating resistance to other diseases in
MVs. As mentioned earlier, older semidwarf
wheat varieties were not very resistant to
septoria diseases, which slowed their spread into
high-rainfall areas. In the 1970s and 1980s,
sources of resistance from South America and
from winter wheat were incorporated into many
spring wheat lines, especially those targeted for
high-rainfall zones (van Ginkel and Rajaram
1992). Without this resistance, losses to septoria
diseases in these environments may average as
much as 10-20% (Brennan and Murray 1989).
Improved resistance has enabled MVs to spread
into rainfed areas of South America and North
Africa since 1975.

Spot bloch (Bipolaris sokokiniana) is an
important disease in warm, humid zones.
Average losses to spot blotch in farmers’ fields
have been recorded at 7% in the Terai of Nepal
and higher in Brazil, even where chemical control
is widespread (Kohli 1985) (Appendix B).
Crosses between the wild grass Thinopyron
(Agropyron) curvifolium and susceptible bread
wheats have produced advanced lines with high
levels of resistance (Mujeeb-Kazi and Hettel
1994). Resistance to yellow leaf blotch, or tan spot
(Pyrenophora tritici-repentis), now available in
CIMMYT lines, promises to make a major impact
when commercial varieties carrying this
resistance become available in the 1990s
(Gilchrist, Pfeiffer, and Rajaram 1990).

Widespread international testing of
CIMMYT materials has helped enhance
resistance to less severe diseases as well. General
leaf health has improved through selection over
many sites and years. CIMMYT lines have been
found by Australian breeders to carry resistance
to some nematodes.

However, researchers continually face new
challenges in breeding for disease resistance. In
the late 1970s and 1980s, Karnal bunt spread
gradually through irrigated areas of India (Joshi,
Singh, and Srivastava 1983), Pakistan, and
Mexico. In Mexico, average losses to Karnal bunt
were estimated at 1-2% per year (Brennan et al.
1992), and priority is being given to
incorporating resistance to this disease.11

MAINTENANCE OF DISEASE RESISTANCE

Probably wheat researchers’ most
important contribution over the past 20 years has
been to develop newer varieties that incorporate
new sources of resistance against evolving races
of the three rust pathogens. In the case of stem
rust, this resistance appears fairly durable, as
many semidwarf varieties released more than 25
years ago have retained their resistance. In the
case of leaf rust and stripe rust, new sources of
resistance have been added as older varieties
have become susceptible to new pathogen races.
Adequate sources of resistance have proven hard
to find, especially durable resistance to stripe
rust in “hot spots” for the disease, such as
Eastern Africa and the Andean Region.

The remainder of this section focuses on
leaf rust, the major wheat disease in developing
countries. In most environments where leaf rust
is a problem, resistance of new wheat varieties is
expected to last five to seven years, although this
is highly variable (Table 28 and Figure 18 ). Some
varieties become susceptible soon after release,
whereas others may have a useful life of 10 years
or more (Table 28). Still other varieties possess
“slow rusting” properties, causing the disease to
progress more slowly and resulting in relatively
milder yield losses. Such varieties are considered
to have durable resistance (Singh et al. 1991).

Wheat breeders at CIMMYT have sought
to broaden the diversity of sources of resistance

11 The first variety resistant to Karnal bunt was released in
Mexico in 1993.
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to rust pathogens. In the early 1970s lines
distributed by CIMMYT had a narrow genetic
base, but that has changed as new groups of
parents have been incorporated into CIMMYT
materials. The genes conferring rust resistance in
CIMMYT germplasm have also changed over
time (Table 29) as pathogen populations have
evolved. Greater genetic diversity in CIMMYT

wheat germplasm facilitated the identification of
new sources of resistance.

This research has helped farmers avoid
major rust epidemics in important wheat-
producing regions of the developing world for
the past 20 years. The few exceptions, such as the
1978 epidemics in Mexico and Pakistan, were
more the result of local circumstances than a
scarcity of resistant varieties (Dubin and Torres
1981, Nagy 1984). To this day, problems in
producing and distributing seed of resistant
varieties and promoting them among farmers
mean that the rate of varietal replacement in
farmers’ fields in Pakistan is too slow for rust
losses to be avoided (see Heisey, 1990, for a
comprehensive review).

The value of these breeding/pathology
efforts depends, of course, on the yield losses
that would have occurred had newer resistant
varieties not replaced older susceptible ones.
Many sources indicate that potential losses to leaf
rust are on the order of 25-45% of yields
(CIMMYT 1978, Dubin and Torres 1981, Kohli
1985, Bajwa et al. 1986). Figure 19 shows losses of
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Figure 18. Average coefficient of infection (ACI) for
leaf rust in commercial wheat varieties, Pakistan,
1985.
Source: Cereal Disease Research Institute, Islamabad, Pakistan.
Average for 10 stations.
Note: ACI is a coefficient ranging from 0 (no infection) to 100
(fully susceptible).

Average: Released before 1981, ACI = 32
Released 1981 or later, ACI = 5

Table 28. Duration of stripe rust and leaf rust resistance
in some wheat varieties, Pakistan

Longevity of
resistance (years)

Years as
Year Stripe Leaf recommended

Variety released rust rust variety

Mexipak 1965 9 3 7
Chenab-70 1970 7 2 9
Barani-70 1970 6 0 4
Bluesilver 1971 10 10 17
SA42 1971 cont’d.a 3 6
Pothowar 1973 0 1 3
Lyallpur-73 1973 5 8 17
Pari-73 1973 7 7 15
Sandal 1973 cont’d. 10 15
SA75 1975 5 3 4
Nuri-70 1975 3 6 5
Yecora 1975 6 5 5
Punjab-76 1976 0 0 1
WL711 1978 5 2 4
Sonalika 1978 3 3 na
Pavon 1978 1 9 na
Indus-79 1979 cont’d. 1 3
Chenab-79 1979 cont’d. 1 9
Bahawalpur-79 1979 2 1 10
Punjab-81 1981 0 8 cont’d.
Kohinoor-83 1983 cont’d. cont’d. cont’d.
Faisalabad-83 1983 cont’d. cont’d. cont’d.
Barani-83 1983 cont’d. cont’d. cont’d.
Pak-81 1983 cont’d. cont’d. cont’d.
Punjab-85 1985 cont’d. cont’d. cont’d.
Wadanak-85 1985 cont’d. cont’d. cont’d.
Chakwal-86 1986 cont’d. cont’d. cont’d.
Satluj-87 1987 cont’d. cont’d. cont’d.
Rawal-88 1988 cont’d. cont’d. cont’d.

Source: Khan (1987).
a Continued to be resistant in mid-1980s. By 1990, several of

these varieties had become susceptible to one or more rusts
and were removed from the list of recommended varieties.

na = Not applicable.
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at least this magnitude to leaf rust in Mexico for
older varieties (the difference between yields
with and without fungicide). Fitting equation (2)
(Chapter 3) to these data, we estimated the gains
in yield potential and avoidance of leaf rust
losses (Table 30). Gains in yield under fungicide
treatment measure the increase in yield potential,
whereas gains without fungicide measure the
combined effect of increasing yield potential and
maintaining disease resistance (all varieties
included in the experiment were resistant to leaf
rust at the time of their release). These data
indicate that maintaining disease resistance
potentially can contribute more than gains in
yield potential.

Compared to losses in localized areas
during an epidemic, average losses over years in
farmers’ fields will be much lower, although
management levels and date of planting strongly
condition the extent of the losses. Estimates of
such losses in irrigated areas range from 5% to
20% (Table 31) and rarely exceed 15% (Singh et

al. 1991). Assuming that the average loss in the
absence of resistant varieties would be 10% and
that the expected life of a variety is seven years,
then maintenance breeding contributes slightly
more than 1% of yields each year by making it
possible to avoid yield losses. In irrigated areas
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Figure 19. Yields of historically important
varieties, with and without fungicide, Obregón,
Mexico, 1990-92.
Source: K. Sayre (pers. comm.). Data for normal planting date
in 1990-91 and 1991-92.
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Table 29. Pattern of genetic resistance to leaf rust in major bread wheat varieties in the Yaqui Valley, Mexico, 1966-86

Presence of leaf rust gene identified by number (* = present)
Year

Variety released 1 13 17 27+31a 10 16 26 23 19 34 +b

Siete Cerros 1966 *
Yecora-70 1970 * *
Cajeme-71 1971 * *
Tanori-71 1971 * *
Jupateco-73 1973 * *
Anahuac-75 1975 * * *
Cocoraque-75 1975 * * * *
Nacozari-76 1976 * * *
Pavon-76 1976 * * * *
CIANO-79 1979 * *
Imuris-79 1979 * *
Genaro-81 1981 * * *
Glennson-81 1981 * * *
Sonoita-81 1981 * * * *
Tonichi-81 1981 * * * * *
Ures-81 1981 * * *
Seri-82 1982 * * *
Opata-85 1985 * * *
Oasis-86 1986 * *
Curcurpe-86 1986 * * *
Papago-86 1986 * *

Source: Estimates provided by R. Singh, based on Singh and Rajaram (1991) and Singh (1993).
a Gene expression is complementary effect of both genes.
b Additional unidentified genes conferring different levels of adult plant resistance.
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alone, this represents an annual contribution of
about US$ 150 million. These figures reinforce
the notion that gains from maintenance breeding
are at least as important as gains from increased
yield potential.

There is now growing evidence that many
CIMMYT lines carry durable resistance to stem
and leaf rust (Singh 1992, Singh and Rajaram
1992, van Ginkel and Rajaram 1992). The figures
given above provide an estimate of the potential
value of durable resistance for leaf rust, which

may be the most important contribution of wheat
breeding to productivity and stability in the
1990s.

CHANGES IN GRAIN QUALITY

Improved grain quality can also add value
to new wheat varieties. Various methods are
used to measure grain quality, but whichever
method is chosen, changes in quality must be
translated into economic terms. Antony and
Brennan (1987) constructed a baking quality
score for varieties released in New South Wales,
Australia, over 60 years. Their results showed
that rates of gain in baking quality have been
faster than gains in yield, except for the period
since 1975 when semidwarf varieties were
released. Although the rate of gain in quality is
sensitive to the weighting index, Antony and
Brennan's results suggest that improved quality
has been as important as yield gains in adding to
the economic benefits of wheat breeding.

In developing countries, more attention has
been given to improving yields than quality. An
index of the quality of major bread wheat
varieties grown in Mexico at different periods
shows no significant trend since the release of
Yaqui 50 in 1950 (Figure 20). Until 1990, the price
of wheat received by Mexican producers was
fixed regardless of quality, except for small
amounts of wheat for specialty products, so
breeders and farmers had little incentive to
exceed minimum quality standards. The
liberalization of wheat markets in Mexico has
meant that locally produced wheat must compete
with imported wheat. Quality has become an
important component of this competition, and
breeders now give more emphasis to quality in
bread wheat.

The case of durum wheat is quite different,
because breeding for higher quality has already
made a major contribution (Figure 20). In the

Table 31. Estimated yield losses from leaf rust in farmers’
fields sown to susceptible varieties, irrigated spring
bread wheat areas, various years

Yield
Country/region Years loss Source

Mexico
(Yaqui Valley) 1978 a 25-40% Dubin and Torres

(1981)

Pakistan
(Punjab) 1978 a 10-20% Nagy (1984),

CIMMYT (1978)

India
(Punjab) 1971-73 5-10% Joshi et al. (1980)

Egypt 1976-78 15-20% CIMMYT (1978)

India
(Uttar Pradesh) 1986 5-10% A. Singh

(pers. comm.)

a Epidemic years.

Table 30. Contribution of gains in yield potential and
maintenance of yields to total yield gains, Mexico and
Pakistan, 1965-85

Gains (%/yr)

Mexico Pakistan

Total gains 2.7 3.8

Gains in yield potential 0.7 1.8

Maintenance component 2.0 2.0

Source: Mexico, Figure 19; Pakistan, unpublished data
provided by F. Ali (pers. comm.).
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1980s, Mexican-produced durum wheat
sometimes competed effectively in export
markets.

In Pakistan, wheat researchers have
constructed both a baking quality score and a
chapati quality score (Chaudhary 1990). There is
no trend in baking-quality scores over time.
However, more than 95% of the wheat consumed
in Pakistan is used in chapatis. Chapati quality
seems to have declined slightly, although there is
a substantial amount of variation around this
trend. Varieties derived from CIMMYT crosses
seem to receive slightly lower chapati scores,

although chapati quality is quite variable for
varieties of both CIMMYT and non-CIMMYT
origin.

In both India and Pakistan there has been a
consistent and probably widening price premium
of at least 20% for quality grain of old, tall
varieties such as C306 and C591 (CIMMYT 1978,
Ahmad et al. 1991, Byerlee 1992a). However, the
MVs available at any one time have a range of
different qualities, and farmers have been able to
select varieties to suit their needs. It is significant
that three of the four most popular varieties
grown in Pakistan over the past 12 years (Yecora,
Pak-81, and Pavon, all derived from CIMMYT
crosses) were rated “very good” or “excellent”
for chapati quality. The remaining popular
variety, WL711 (an Indian variety), was rated
“good.”

This limited evidence suggests that more
research is needed on the importance of quality
in farmers’ decisions to adopt wheat varieties
and on whether more attention should be given
to quality by wheat breeders. This issue is
particularly important in developing countries
that traditionally paid a fixed price to wheat
producers regardless of quality but are now
moving toward freer wheat marketing, which
will in many cases provide premiums for
improved quality.

OTHER IMPACTS

The characteristics of newer varieties may
produce various other impacts, both positive and
negative, once the varieties are adopted. Two
examples follow.

Stability — A variety that performs well
despite various biotic and abiotic stresses is
considered stable and is likely to be favored by
farmers who wish to avoid downside risks.
Much work has been done to demonstrate that
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Figure 20. Quality indices of important wheat
varieties released in Mexico (Maximum score=10).
Source: A. Amaya and J. Peña (pers. comm.).
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CIMMYT materials show stability across a range
of environments (e.g., Menz 1980, Pfeiffer and
Braun 1989). Unfortunately, this work suffers
from two weaknesses:

1. The analysis is conducted across sites, which
provides a measure of adaptability over
locations rather than stability over years,
although the two are likely to be correlated.

2. The analysis includes few sites, especially in
farmers’ fields, for which yields under
2.5 t/ha are reported. However, farmers’
wheat yields in poor environments in
developing countries average less than
1.0 t/ha; even in good environments they
average only about 2.5 t/ha.

Probably the best evidence of stability is
the extensive adoption of varieties carrying
CIMMYT germplasm across a wide range of
environments, including many relatively
marginal environments, and the absence of

disease epidemics in most countries where this
germplasm has been adopted. As a result, the
variability of wheat yields in post-Green
Revolution countries has declined significantly
over the past decade. For example, the coefficient
of variation of wheat yields around trend in
India fell from 17% in 1954-65, to 13% in 1966-75,
and to 7.5% in 1976-85 (Singh and Byerlee 1990).

Maturity — Most of the first semidwarf
varieties matured earlier than the tall varieties
they replaced. Their earlier maturity was a
catalyst for increasing cropping intensity,
especially in South Asia, as farmers discovered
that they could fit the new varieties into rotations
with rice and other crops. Early maturing
varieties such as Sonalika precipitated a rapid
expansion in wheat area in northeastern India,
Bangladesh, and the Terai of Nepal (Figure 21).
Sonalika remains among the earliest maturing
varieties, and there is no evidence that changes in
maturity in more recent releases have had any
significant impact on cropping intensity.

CONCLUSION

This chapter has provided
evidence that new varieties
have had various kinds of
impacts in farmers’ fields,
ranging from gains in yield and
improved disease resistance to
other characteristics such as
better stability. In the next
chapter, the economic
contribution of these effects is
assessed to arrive at an estimate
of the returns to the investment
in international wheat breeding
research.
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Figure 21. Incremental growth in area planted to wheat in Nepal
attributable to the introduction of modern varieties.
Source: Morris, Dubin, and Pokhrel (1992).
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CHAPTER 8
THE ECONOMIC BENEFITS OF WHEAT RESEARCH IN THE POST-GREEN

REVOLUTION PERIOD

←←←←←←←←←←←←←←←←←←←←←←←←←←

THE RETURNS TO INTERNATIONAL

WHEAT BREEDING RESEARCH

As outlined in Chapter 3, estimating the
economic benefits of an international breeding
program is necessarily a crude process, given the
diversity of environments and number of
countries and research programs involved and
thus the difficulty of estimating many key
parameters. Nonetheless, some economic
numbers are useful for putting the impacts of
international research in perspective relative to
other investments. Previous studies estimated
the benefits of the new wheat varieties released
in the Green Revolution period, 1966-73, at US$
625 million in 1973, or US$ 1.85 billion (in 1990
dollars) (Dalrymple 1977).

In this chapter, a rough estimate of the
economic contribution of the new varieties of
spring wheat in developing countries in the post-
Green Revolution period, 1977-90, is calculated
by the following steps:12

1. The adoption of MVs of wheat by region in
1977 and 1990 was estimated based on
Dalrymple’s 1977 survey (summarized in
Anderson, Herdt, and Scobie 1988) and the
1990 CIMMYT Survey of Wheat Research
Impacts. These estimates were the basis for
estimating the contribution of wheat breeding
over the post-Green Revolution period.

2. Since studies of yield gains in MVs have
shown that the contribution of MVs is quite
sensitive to the type of environment in which

they are grown, each geographical region was
divided into four major megaenvironments:
irrigated, high rainfall, acid soils, and
drought stress, corresponding to the
megaenvironments defined by CIMMYT’s
wheat breeding program.13 Mega-
environments not targeted by CIMMYT until
recently were excluded from both benefits
and research costs, especially the mega-
environments associated with winter and
facultative wheat. The spring wheat areas
analyzed comprise some 56 million hectares
or 78% of the wheat area outside China. Area
and yield in each megaenvironment and
region (Table 32) were based on the CIMMYT
megaenvironment database, adjusted to
reflect the 1977 area and production of wheat
given in the FAO database. The allocation of
area by megaenvironment was then updated
to 1990 based on secondary statistics (e.g.,
trends in irrigated wheat area in South Asia)
and informed opinion.

3. The third step was to allocate the aggregate
area under MVs in each region to the various
megaenvironments. In some cases this was
relatively easy, because good statistics are
available on the adoption of MVs at the state
or district level (see Byerlee and Siddiq, 1990,
and Byerlee 1992a). In other cases, we used
subjective estimates based on the established
pattern of adoption by megaenvironment
(adoption occurs first in irrigated areas and
then in more marginal areas). Available
evidence showed the adoption of MVs in the
acid soil and drought megaenvironments to

12 For details, see Traxler and Byerlee (1993).

13 Megaenvironments (MEs) listed in Table 2 were aggregated in the following manner: irrigated, ME1 + ME5B; high rainfall, ME2;
acid soils, ME3; drought, ME4.
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be negligible in 1977. This process provided a
breakdown of MVs by region and mega-
environment at the beginning (1977) and the
end (1990) of the period (Table 32).

4. Benefits from the adoption of MVs in each
megaenvironment and region were calculated
for 1990, with 1977 as the base year. Benefits
were divided into two categories: benefits
from switching from old varieties to MVs
(Stage 1) and benefits from replacing the
original MVs with newer generations of MVs
(Stage 2).

a) The contribution of Stage 1 adoption to

increased production, ∆Q1, for each region and

megaenvironment over the period is given by:

∆Q1 = (MV1 - MV0) A rY0 ,

Table 32. Distribution of spring wheat area, average yields, and area sown to modern varieties, by megaenvironment
and region, 1977 and 1990

Mega- Sub-Saharan West Asia/ South Latin
environment Africa North Africaa Asia America All

Area, 1977 Irrigated 0 2.9 22.5 0.5 26.0
(million ha) High rainfall 1.0 3.8 0 4.4 9.2

Acid soil 0 0 0 1.9 1.9
Drought 0 10.1 5.3 3.5 18.9

Yield, 1977 Irrigated na 2.5 2.1 4.5 2.2
(t/ha) High rainfall 1.3 2.3 na 2.5 2.3

Acid soil na na na 1.4 1.4
Drought na 0.9 1.0 1.3 1.0

Percentage of Irrigated na 65 85 80 83
area sown to High rainfall 22 30 na 48 38
MVs, 1977 Acid soil na na na 0 0

Drought na 0 0 0 0

Area, 1990 Irrigated 0 2.9 27.7 0.5 31.1
(million ha) High rainfall 1.3 3.8 0 4.1 9.2

Acid soils 0 0 0 1.9 1.9
Drought 0 11.1 5.3 3.5 19.9

Percentage of Irrigated na 90 100 100 99
area sown to High rainfall 52 60 na 100 77
MVs, 1990 Acid soils na na na 60 60

Drought na 23 25 69 32

a Excludes winter/facultative wheats.
na = Not applicable.

where:

MV1 and MV0 = the proportion of

area sown to MVs at

the beginning and

end of the period,

A = the average wheat

area over the period,

Y0 = the wheat yield in

period 0, and

r = the proportional

yield gain due to

adoption of MVs.

b) The contribution of Stage 2 adoption to

increased production, ∆Q2, for each region

and megaenvironment was estimated by:

∆Q2 = MV1Ar Y0e
gt,
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where:

g = the annual rate of yield gain from

replacing older MVs by newer MVs,

e = exponential term,

t = the period of analysis (in this case 13

years),

and all other variables are as defined
above.

The key parameters for these equations, r and
g, are given in Table 33 for each environment
and region. The parameter r was based on
estimates given in Dalrymple (1977), Byerlee
and Siddiq (1990), and Sidhu (1974).
However, it has been adjusted downward in
irrigated areas to reflect the fact that in the
period under consideration less-favorable
irrigated areas were brought under MVs (e.g.,
partly irrigated or saline areas). In rainfed
areas, the value of r is lower, declining to 0.1
in drought environments. The parameter g
was based on estimates in Table 24. In
addition to genetic gains in yield in Stage 2
varietal change, a factor was added in
irrigated and high-rainfall environments to
reflect the contribution to breeding for
improvement and maintenance of disease

Table 33. Assumed rates of gain in yields in Stage 1 and Stage 2 adoption of modern varieties in each megaenvironment
and region

Sub-Saharan West Asia/ South Latin
Megaenvironment Africa North Africa Asia America

Stage 1 (percent gain over local variety)

Irrigated na 25 25 25
High rainfall 20 20 na 20
Acid soils na na na 25
Drought na 10 10 10

Stage 2 (percent per year gain)a

Irrigated na 1.2 1.2 1.5
High rainfall 1.2 1.2 na 1.5
Acid soils na na na 3.0
Drought na 0.5 0.3 0.5

a Includes gains in yield potential as well as maintenance of disease resistance.
na = Not applicable.

resistance, as discussed in Chapter 7. For
example, in irrigated areas the estimated
yield gain was (conservatively) 0.6% per year,
and an additional 0.6% per year was included
as the contribution of maintenance research.

5. The total production gains, ∆Q, from the
adoption of MVs were then calculated as the
sum of Stage 1 and Stage 2 impacts:

∆Q = Σ(i = 1-4) Σ(j = 1-4) (∆Q1
ij + ∆Q2

ij) ,

where:

i = region and

j = environment.

6. Finally, the increase in production in each
year was valued by multiplying by the price
of wheat in that year. For WANA and sub-
Saharan Africa, an import price of wheat,
based on the Rotterdam CIF price (expressed
in US$ 1990) was used. For South Asia, where
most countries are relatively self-sufficient,
and for Latin America, where one major
producer, Argentina, is an exporter, the
average of the import price above and the
FOB Gulf Ports export price was used.
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These calculations led to the results given in
Table 34. The bottom line is that the adoption of
MVs of spring bread wheat over 1977-90 resulted
in about 15.5 million tons of additional wheat
production in 1990, valued at about US$ 3 billion.
For the spring wheat areas under consideration,
this amounts to a production increase of 16% (an
increase of about 1.1% annually over the period).
Stage 1 adoption accounts for more than half of
the gains in all regions except South Asia, where
most of the area was already sown to MVs by
1977. However, because of the dominance of
South Asia (60% of all gains) in the calculations,

Stage 1 gains account for only one-third of
production gains at the global level.

Given the distribution of wheat production
by environment and the relatively greater yield
gains in favorable areas, it is not surprising that
the distribution of gains is concentrated in
irrigated areas (70% of all gains). Drought areas
account for only 4% of the gains, although they
make up nearly 20% of aggregate production.

A rough estimate of the returns on the
investment in wheat breeding was also calculated.
Costs were based on estimates of research

Table 34. Estimated effects of breeding research for spring bread wheats on production, by region and
megaenvironment (ME), in the post-Green Revolution period, 1977-90

Sub-Saharan West Asia South Latin
Africa North Africaa Asia America All

Increase in production in 1990 (million t)
Stage 1

Irrigated ME 0 0.36 1.45 0.09 1.90
High rainfall ME 0.09 0.49 0.00 0.99 1.57
Acid soils ME 0 0 0.00 0.40 0.40
Drought ME 0 0.21 0.13 0.31 0.65

Stage 2
Irrigated ME 0 0.89 7.76 0.42 9.08
High rainfall ME 0.06 0.49 0 1.18 1.74
Acid soils ME 0 0 0 0 0
Drought ME 0 0 0 0 0

Total production increase in 1990,
Stages 1 and 2 (million t) 0.15 2.45 9.34 3.40 15.34

Percentage of production
increase due to Stage 1 adoption 57 43 17 53 29

Average wheat price (US$ 1990/t) 210 210 195 195 198

Total value of production
increase in 1990 (US$ 1990 million)a 31 515 1,822 662 3,030

Percentage of germplasm
having CIMMYT originb 39 52 44 60 49

Value of production
increase attributed to
CIMMYT (US$ 1990 million)b 12 268 802 397 1,485

a Excludes winter/facultative wheats.
b Varieties released since 1972 are weighted as follows: CIMMYT cross, 0.85; NARSs cross with CIMMYT parent, 0.50.
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expenditures by NARSs and CIMMYT, discussed
in Chapter 4.14 Benefits were calculated by
apportioning the aggregate gains linearly over the
period, approximating the near-linear adoption
curve for MVs (Figure 10). All costs and prices
were deflated by the US wholesale price index to
a 1990 base. For CIMMYT, a lag of 10 years was
assumed from the time that research is initiated to
the time that the first benefits are received. To
account for this 10-year lag, costs were estimated
for 1968-81 and benefits for 1977-90. In the case of
NARSs, a five-year lag was assumed. The
resulting flows of net benefits are given in Figure
22. The estimated internal rate of return in
investment in wheat improvement was calculated
as 53%. This figure is high compared with the
rates of return of the order of 20-40% often
calculated for crop research programs at the
country level (e.g., Hayami and Ruttan 1985,
Evenson and Rosegrant 1993).

These rough calculations show that the
momentum of the Green Revolution has been
maintained, at least with respect to wheat

research. The average annual increment in benefits
of US$ 235 million (undiscounted) for 1977-90 is
comparable to the annual increment in benefits
calculated by Dalrymple (1977) of US$ 260 million
(in 1990 constant prices) for 1966-73. In the Green
Revolution period, all benefits resulted from Stage
1 adoption. In the post-Green Revolution period
analyzed here, Stage 2 adoption makes the major
contribution to benefits.

A crude measure of CIMMYT’s contribution
can also be estimated from the data provided
above. Benefits were apportioned to CIMMYT
following a modification of Brennan’s (1989)
approach. Varieties from CIMMYT crosses were
given a weight of 0.85, based on the share of
wheat breeding expenditures incurred up to
advanced generation selection (Brennan 1988).
Varieties with CIMMYT parents were given a
weight of 0.5, assuming that half of the germplasm
came from CIMMYT (Brennan 1989). Using these
weights, the share of benefits in each region was
apportioned according to the origin of varieties
released in the region between 1975 and 1990 (see
bottom of Table 34). The internal rate of return to
CIMMYT’s investment was calculated as 54%.

Looking to the future, it is clear that
further gains in spring wheat areas will
result largely from Stage 2 replacement of
current MVs by newer MVs. Projecting
our calculations to the year 2000 and
assuming no Stage 1 benefits, the rate of
return on global investment in wheat
breeding falls to 48%. Since the rate of
genetic gain in spring bread wheat yields
has slowed in the 1980s (K. Sayre, pers.
comm.), the projections were also made
with only half the rate of yield gain used
above. In that case the rate of return falls
to 36%.

14 Time-series data on costs of wheat improvement research in NARSs were not available. Data on costs for 1990 were extrapolated
over time, assuming that wheat improvement expenditures had increased at the same rate as all research expenditures (see
Traxler and Byerlee, 1993b, for details).
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Figure 22. Discounted net benefits generated by national and
international wheat breeding research in developing countries in
the post-green Revolution period, based on research costs, 1968-81,
and benefits, 1977-90.

Discounted net benefits
(US$ 1990 million)



49

On the other hand, substantial scope for
Stage 1 adoption of MVs remains, and success in
winter wheat could also offset any tendency for
global rates of return to wheat improvement
research to fall. Nonetheless, these rough
calculations highlight the need for continuous
monitoring of the investment in wheat
improvement research and the benefits that are
realized.

WHO GAINS FROM WHEAT RESEARCH?

The Green Revolution provoked
considerable controversy about the distribution of
benefits from adoption of improved wheat
varieties. That literature is summarized
comprehensively in various publications (for
example, see Lipton with Longhurst 1989). The
general consensus is that adoption of MVs has in
nearly all cases been favorable for income
distribution. Although the distribution of benefits
of research is best examined at the country level
rather than at the global level, a few observations
can be made about the distribution of more recent
advances in wheat research at the global level.

Semidwarf wheat varieties were adopted
throughout Brazil and Egypt in the 1980s. In
Brazil wheat is produced mostly on relatively
large commercial farms, which average 80 ha in
Paraná, the largest wheat-producing state. In
contrast, Egyptian farmers have holdings that are
among the smallest in the world, averaging less

than 1 ha. This is further evidence that MVs are
scale-neutral.

Farmers in the post-Green Revolution areas
began to replace older MVs with newer MVs
during the 1980s. This has occurred more quickly
on larger farms, as shown by data from a recent
survey in Bangladesh (Table 35). All farmers
there (all small-scale) have now adopted MVs,
and most farmers have replaced the original
Green Revolution variety with newer MVs
released in the 1980s. Although farmers with
larger holdings have been somewhat quicker to
adopt these newer MVs, note that all wheat
producers in Bangladesh are very small scale
(having mostly less than 1 ha of wheat).

This lag in adoption reflects the fact that
seed and information about new varieties are
diffused mostly from farmer to farmer. Farmer-
to-farmer diffusion was rapid during the Green
Revolution because the original MVs’ yield
advantage was so impressive, but rapid diffusion
of newer MVs, which give only modest yield
gains over the older MVs they replace, will not
occur through farmers alone. Improved seed and
extension systems are needed to speed the rate of
varietal replacement, especially among
smallholders.

One important aspect of the distribution of
benefits is interregional differences in adoption of
MVs. In the case of wheat research, the largest

Table 35. Percentage of wheat area planted to different wheat varieties in Bangladesh, by farm size, 1993

Wheat area in Percentage of area in this farm size category planted to:
Farm-size this category
class (%) New MVsa Old MVb Otherc Total

<0.2 ha 28 65.4 34.0 0.6 100
0.2-0.5 ha 40 67.0 32.2 0.8 100
0.5-1.0 ha 19 74.6 25.4 0.0 100
>1.0 ha 13 86.7 13.3 0.0 100

Source: 1993 International Food Policy Research Institute/CIMMYT survey of 2,000 wheat producers.
a Kanchan and Akbar, released in 1983.
b Sonalika, released in 1973.
c Includes tall varieties and minor MVs.
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share of benefits (70%) has been received in
irrigated areas, which have the greatest
concentration of poor people. Up to half of the
world’s population living in poverty is located in
the large irrigated tracts of South Asia alone.

Nevertheless, several areas or regions have
yet to share in the benefits of wheat research,
despite the diffusion of new varieties into more
marginal environments characterized by drought,
soil problems, or poor infrastructure. Many poor
farmers live in these areas, which include
highland areas from Turkey to Afghanistan,
dryland areas of WANA, much of Ethiopia, and
dryland areas of central and southern India. It is
sometimes argued that MVs’ limited success in
marginal areas results from researchers’ emphasis
on wheat varieties for favorable areas. In fact, at a
global level and for some countries, it appears
that wheat improvement research may have
invested substantially in developing MVs for
more marginal areas (Byerlee and Morris 1993).
New varieties can play a role in these areas, but it
is likely that the greatest gains will result from
improved crop and resource management,
especially measures to conserve and utilize
moisture in marginal rainfed areas (Morris,
Belaid, and Byerlee 1991).

Often poor consumers benefit most from
research on a staple food crop such as wheat,
since increased productivity leads to lower food
prices. In theory, in an open economy that imports
wheat, increases in productivity are captured
largely by producers, whereas in a closed or self-
sufficient economy, consumers receive most of the
benefits because of the effect of increases in
productivity on domestic wheat prices. In
practice, governments intervene extensively in
wheat markets by controlling prices to producers
and consumers, so it is often difficult to determine
to what extent producers or consumers benefit. In
large economies close to self-sufficiency in wheat,
such as India, it is likely that consumers have
gained the most (Figure 23). In India real wheat

prices to producers have fallen by more than 3%
annually. The decline in real prices has closely
followed an overall downward trend in the cost
of wheat production, brought about by technical
change. Consumer prices have followed this
general trend, so poorer consumers who depend
largely on wheat as a staple food, especially in
northern India, have been major beneficiaries. A
similar situation prevails in Pakistan, although
increases in real land prices in that country
suggest that producers have been able to
capitalize on some of the gains (Renkow 1990). In
other, smaller countries that import large
quantities of wheat, producers or in some cases
the government probably have been the major
beneficiaries.

It is also important to remember that a large
number of small-scale farmers are net wheat
consumers — that is, their wheat purchases
exceed their sales. This group includes many
smallholders in favored areas, such as Egypt, as
well as many farmers in marginal areas. In this
way farmers, particularly those in marginal
areas, have captured some of the benefits of
technological change in favored areas (see
Renkow 1991).
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Figure 23. Relationship between producer price and
cost of production for wheat in Punjab, India.
Source: Sidhu and Byerlee (1991).

Producer price

Cost of production



51

Three main conclusions emerge from this
study. First, the adoption of modern wheat
varieties has maintained its momentum in the
post-Green Revolution period. Second,
CIMMYT germplasm continues to be used
extensively as source material for the varieties
that have diffused in the post-Green Revolution
period. Third, investment in international wheat
breeding research has continued to provide high
rates of return.

Although the initial adoption of MVs in
irrigated areas was described widely, it is not
generally appreciated that this was only the
beginning of a much longer and more far-
reaching process that came to affect the great
majority of wheat producers in the developing
world. In the Green Revolution areas, most
farmers have replaced the initial Green
Revolution varieties at least twice. These newer
varieties have enabled yields to increase by
about 1% annually and at the same time have
helped maintain disease resistance in the face of
evolving pathogens. Success with spring bread
wheat was followed by success in spring durum
wheat. The area sown to MVs has expanded
steadily, especially in rainfed areas, so that some
50 million hectares of wheat, or 70% of the total
wheat area in the developing world outside of
China, are now sown to MVs. In the 1980s alone,
an estimated additional 16 million hectares of
wheat in the developing world were sown to
MVs — an area equivalent to the area brought
under wheat MVs in the Green Revolution
period, 1966-73 (Dalrymple 1977). Adoption of
MVs in the period from 1977 to 1990 contributed
an additional US$ 3 billion to wheat producers
and consumers in the developing world in 1990.

CHAPTER 9
CONCLUSIONS

←←←←←←←←←←←←←←←←←←←←←←←←←←

Varietal replacement in the Green
Revolution areas and the expansion of MVs into
rainfed areas has been possible because of the
continuous release of a stream of newer and
better adapted varieties. CIMMYT, as the center
of an international collaborative wheat research
network, has played a vital role in this process.
About one-half of the nearly 600 varieties
released in developing countries between 1966
and 1990 were derived directly from crosses
made by CIMMYT. Another 25% came from
crosses made by NARSs using one or more
CIMMYT parents.

The impact of these newer varieties on
yields has been less dramatic than in the Green
Revolution period, when MVs were estimated to
have provided a one-time jump in yields of 35-
50%. In rainfed areas the yield advantage of MVs
is more modest, varying from 10% to 25%.
Nonetheless, yield gains of this magnitude over a
larger area have resulted in production increases
and benefits as high as in the Green Revolution
period. Rough estimates of the rate of return to
investment in wheat research in 1977-90 indicate
that national and international wheat research
continues to provide very high returns of the
order of 60%.

Since most wheat farmers in developing
countries now grow MVs, the benefits of wheat
research have been distributed widely. More
than half of the benefits of wheat research have
been captured by farmers and consumers in
South Asia, which has the world’s largest
concentration of poor people. However, the
aggregate share of benefits captured by farmers
in drought environments is still small, partly
because the diffusion of MVs in these areas is
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incomplete and partly because adoption of MVs
makes only a modest impact on yields in such
environments. Although CIMMYT and NARSs
appear to have devoted an increasing share of
their resources to marginal environments in
recent years (Byerlee and Morris 1993), the extent
to which wheat breeding can be expected to lead
to a technological breakthrough in these areas is
a strategic issue that should be examined.

The results of this study also raise other
issues that must be addressed by CIMMYT and
NARSs. First, there is probably no crop in history
where germplasm from one source, in this case
CIMMYT, has been so widely used. This places a
special responsibility on CIMMYT and NARS
breeders to use every means possible to maintain
and widen genetic diversity. This effort is
reflected in the use of germplasm from an
increasingly broad range of sources (including
wild relatives) in CIMMYT’s wheat breeding
program. As a wider range of materials becomes
available, NARSs are releasing more varieties
from different crosses, thereby increasing
diversity. Compared with the domination of
varieties from one cross over an area estimated at
13 million hectares in the Green Revolution
period, in 1990 the largest area covered by
varieties from one CIMMYT cross was 4 million
hectares. In 1990, varieties from CIMMYT crosses
were sown on 23 million hectares; these varieties
were derived from more than 100 crosses,
indicating a movement toward much wider
diversity in released varieties.

Diversity is not only increased by providing
a wider range of varieties of diverse origins to
farmers, but also by encouraging diversity across
space and over time in farmers’ fields. There is
still a tendency for farmers to plant one variety
over a wide area, and in some locations, the rate
of varietal replacement over time is very slow
(Chapter 6, Heisey 1990, and Souza et al. 1993).
Efforts to promote greater diversity will require

not only greater awareness by breeders, but also
stronger extension and seed systems to promote
more rapid varietal replacement over time. This
is particularly true in parts of South Asia where
varietal replacement is slow and where only one
variety is grown over wide areas for many years.

Another issue that is increasingly important
in many countries is grain quality for bread
making and other industrial uses. Emphasizing
increases in yield potential and stability, breeders
have made no discernible progress in improving
quality (except in durum wheat). Most countries
paid support prices for wheat regardless of
quality, providing little incentive for breeders to
screen for higher quality, but recent liberalization
of markets in many countries has encouraged
greater attention to this characteristic. However,
given that the majority of poor people consume
wheat in forms other than bread (and especially
as chapatis), emphasis on bread-making quality
should not come at the expense of progress in
yield potential and stability.

A final question emerging from this study is
whether the spectacular gains achieved in the
recent past can be maintained in the future.
There are still opportunities to expand the area in
MVs, especially in the more favorable winter
wheat areas that began to receive attention in the
1980s. However, the expansion of MVs into more
marginal areas will surely be very slow and the
impacts modest. In favored areas, the major
source of growth will be in genetic gains in areas
already sown to MVs. It will be important to
monitor progress in yield potential closely and to
seek new techniques, especially through
molecular biology, for increasing the efficiency of
breeding. The gains in developing durable
resistance to major diseases, especially leaf rust,
and breakthroughs in other more localized
diseases will make important contributions to
yield stability in the years ahead, as well as free
resources to work on increasing yield potential
and grain quality.
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These appendices provide information and
list data sources for specific countries where
more data are available on the impacts of wheat
breeding research. The information available
varies from results of varietal evaluation trials
over time to in-depth economic studies of returns
to research. More background on the
introduction of modern varieties into these and
other countries is given by Dalrymple (1986).

Although durum wheat is discussed
throughout the appendices, Appendix M
summarizes information on yield gains and
adoption of durum wheat, as well as future
issues in durum wheat breeding.

Two additional appendices contain the
countries surveyed for the Global Wheat Impact
Study and their corresponding wheat areas, as
well as the area sown to different types of wheat
varieties in developing countries. A final
appendix reproduces the questionnaire used in
the survey.
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APPENDIX A
ARGENTINA*

* Prepared with the assistance of L. Macagno, Director de Planificación Operativa y Asignación de Recursos, Instituto Nacional de
Tecnología Agropecuaria, Buenos Aires, Argentina.

Argentina is the developing world’s fifth-
largest wheat producer and an important wheat
exporter. Practically all wheat produced in
Argentina is spring bread wheat, grown under
rainfed conditions. A considerable proportion of
the wheat area is subject to severe drought early
in the growing season.

Argentina has long had a strong wheat
research program, including a very active
research program in the private sector. Overall
some US$ 9 million are spent annually by the
public and private sectors on wheat research, or
about 1% of the total value of wheat production.
These research programs steadily increased
wheat yield potential at a rate of about 0.5%
annually over the period 1912-64 (Slafer and
Andrade 1989). Beginning in the late 1960s, the
national wheat program began to incorporate
CIMMYT germplasm into its materials through a
shuttle breeding program between Mexico and
Argentina. This program emphasized the
development of varieties for rainfed conditions
and especially sought to obtain resistance to
septoria tritici blotch. In 1971, the national
agricultural research institute (Instituto Nacional
de Tecnología Agropecuaria, INTA) released the
first successful semidwarf variety, Marcos Juárez
INTA. This variety was accepted throughout the
higher rainfall areas (the Humid Pampa, or
Regions II and III) and, by 1980, was grown on
more than 60% of the wheat area there. Marcos
Juárez INTA provided a significant yield gain as
well as improved yield stability compared to

Klein Atlas, the previously dominant variety
(Penna, Macagno, and Navarro 1983). Marcos
Juárez INTA and other new varieties possessed
an additional characteristic perhaps more
important than their yield advantages: their
earlier maturity facilitated double cropping of
wheat and soybeans.

Until 1980, semidwarf varieties based on
CIMMYT germplasm were not used in the drier,
colder Pampa further inland (Region V South),
which is Argentina’s largest wheat-producing
region (see “Rainfed Areas” in Chapter 6).
During the 1980s, 52 new varieties were released,
half of them derived directly from CIMMYT
crosses and another one-third possessing
CIMMYT parentage. These varieties moved
steadily into Argentina’s drier colder regions; as
a result, more than 90% of the total wheat area in
Argentina is now sown to semidwarf varieties
(Macagno and Gómez Chao 1992).

However, the diffusion pattern of these new
varieties demonstrates the importance of testing
and adaptation by a local breeding program. The
varieties first adopted in the Humid Pampa came
from crosses made in CIMMYT. In contrast,
varieties based on CIMMYT crosses had very
little success in the Dry Pampa. Only after
adaptive breeding by the local program, which
used CIMMYT materials as parents, did the
new varieties spread widely in this region
(Figure A.1).

←←←←←←←←←←←←←←←←←←←←←←←←←←
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These newer varieties have raised yields of
varieties released in Argentina by an average of
nearly 1.9% annually since the early 1970s, a
considerable jump from the gains achieved in
the period before semidwarf varieties appeared
(Figure A.2). Under farmers’ conditions the
yield advantage of the new varieties is less than
under experimental conditions, ranging from
14% in Region II North (the Humid Pampa) to
8% in Region V South (the Dry Pampa)
(Macagno and Gómez Chao 1992). Nevertheless,
the increase in yield potential is reflected in
yield gains at the national level. Annual growth
in yields was below 1.0% prior to 1973 and rose

to nearly 2.0% in the period 1973-90. Macagno
and Gómez Chao (1992), economists with the
national research institute, estimate that the
value of the benefits from the adoption of these
new varieties exceeded US$ 100 million annually
in the late 1980s and that the average rate of
return on wheat research expenditures was 42%
(Figure A.3).
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Figure A.3. Net benefits generated by wheat research
in Argentina, 1967-89.
Source: Macagno and Gómez Chao (1992).
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Figure A.2. Trends in yield potential of varieties
released in Argentina, 1966-89.
Source: Wheat research program, INTA, Marcos Juárez, based
on trials over three years.
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Figure A.1. Adoption of wheat varieties of different
origins in two major wheat-producing regions of
Argentina.
Source: Calculated from CIMMYT database.
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APPENDIX B
BRAZIL*

←←←←←←←←←←←←←←←←←←←←←←←←←←

* Prepared with the assistance of M. Kohli, Regional Wheat Breeder, CIMMYT, Asunción, Paraguay.

Because of these difficulties, much of the
Brazilian wheat area (especially acid soil areas)
was covered by old tall varieties that tolerated
aluminum well, including BH1146 (released in
1967) and IAC5-Maringa (released in 1972).
Semidwarf wheat varieties covered only 37% of
the wheat area in 1985, primarily in locations
unaffected by aluminum toxicity.

In the 1970s, Brazil and CIMMYT, Mexico,
initiated a shuttle breeding program to
incorporate the older Brazilian varieties’
tolerance to aluminium into semidwarf wheat,
along with improved resistance to the foliar
diseases common in the region (Rajaram and
Villegas 1990) (Table B.2, Figure B.1). By the early
1980s, semidwarf varieties with these
characteristics, such as BR14, were released.

Much of Brazil’s wheat crop is produced on
acid soils. An estimated 95% of the wheat in Rio
Grande do Sul and 50% of the wheat in Paraná
(the two major wheat-producing states) are sown
on acid soils having levels of aluminium toxic to
wheat growth. In addition, high humidity and
temperatures encourage disease epidemics,
especially foliar spot/blotch diseases
(Helminthosporium and Septoria spp.), powdery
mildew (Erysiphe graminis), the rusts, and scab
(Fusarium spp.). This disease complex may causes
losses averaging 40% (Table B.1, Kohli 1985), of
which rusts and Helminthosporium are the
major contributors in the state of Paraná. Finally,
early- to mid-season drought in some years,
excessive moisture in others, and sometimes frost
later in the growing season all increase risks in
wheat production.

Table B.2. Effect of shuttle breeding on the development
of wheat varieties in Brazil, 1984-92

Number of varieties
recommended for:

Acid Nonacid
soils soils

Varieties released 73 24
Varieties from Brazilian cross 63 1
Varieties from CIMMYT cross 10 23
Varieties with all Brazilian

selections 50 2
Varieties with one or more

CIMMYT selections 23 22
Varieties carrying CIMMYT

progenitor in cross 41 24

Source: M. Kohli (pers. comm.).

Table B.1. Effect of chemical control on reducing losses
to disease, Paraná, Brazil, 1976-83a

Yield (kg/ha)

Check Recommended
(no chemical chemical control Yield loss

Year control) (3 applications)b (%)

1976 1,347 2,170 38
1977 1,880 2,410 22
1980 834 2,054 59
1982 768 1,220 37
1983 1,390 2,618 47

Average 1,244 2,094 41

a Average of 14 experiments conducted by Y.R. Mehta,
Instituto Agronómico do Paraná, Brazil.

b First and second application for control of leaf rust and spot
blotch; third application for control of scab.
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From 1982 to 1990, Brazil released more than 30
varieties developed through this shuttle breeding
program. These varieties gave yield increments
of 25% over older varieties such as IAC5-
Maringa in Rio Grande do Sul; their yield

advantage in Paraná was 15%. Overall, yield
gains from the release of new varieties have
averaged 1.5-3.0% per year in acid soil areas
since 1968 (Figures B.2), as high or higher than
the yield gains seen in irrigated areas when
semidwarfs were first released.

Equally important, Brazilian wheat
breeding programs incorporated improved
resistance to foliar diseases. Newer varieties
available in the late 1980s experienced much
lower disease losses, even when they were not
treated with fungicide (Table B.3). These
improvements in disease resistance have not only
almost doubled yields in untreated plots but
have also reduced the number of fungicide
applications — which lowers the costs of
production and reduces environmental costs.

Adoption of these varieties has been rapid:
by 1990, 63% of the area was planted to
semidwarf varieties. These data indicate that
Brazil is one of the major successes of wheat
breeding efforts in the 1980s.
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Figure B.1. Origin of wheat varieties recommended
in Brazil in specific years.
Note: Other = imported from other countries or pedigree
unknown.
Source: da Sousa (1993).
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Figure B.2. Genetic gains in yield of wheat varieties
in acid soil areas of Rio Grande do Sul, Brazil.
a Yield relative to CEP-14, released in 1987. Mean of 20

locations.
Source: J.C.S. Moreira (pers. comm.).

g = 3.1%

Table B.3. Advances in breeding for disease resistance,
Brazil, 1989

Yield (t/ha)

Without With Difference
fungicide fungicide (%)

Checks
Anahuac 2.87 3.92 37
IAPAR-17 2.42 3.92 62

Advanced lines
OC17 3.53 3.78 7
IOC878 3.84 4.16 8
PF85628 4.19 4.63 10
IOC872 4.41 4.90 11

Source: F. Franco (pers. comm.), Organizaçaõ das
Coperativas do Estado do Paraná, Palotina, Brazil, 1990.
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APPENDIX C
CHINA

←←←←←←←←←←←←←←←←←←←←←←←←←←

China is the largest wheat producer in the
developing world. However, wheat varietal
requirements in much of China differ from most
other areas of the developing world. A large area
is sown to winter and facultative wheat, and
high-latitude spring wheat. Even the area sown
to low- and mid-latitude spring wheat (<35°
latitude) has special disease problems, such as
scab and spot botch. And throughout China,
most wheat is sown in intensive double or triple
cropping patterns that require particularly early
maturing varieties.

Given these special requirements, early
efforts to introduce spring wheat varieties based
directly on CIMMYT crosses were not successful,
and the area under these varieties peaked in the
early 1980s (Dalrymple 1986). However, China
has pursued an active program of developing
semidwarf varieties for both spring and winter
wheat areas, based on Rht8 dwarfing genes. By
the mid-1980s, it was estimated that about 60% of
the total wheat area was sown to semidwarf
varieties (CIMMYT 1988).

In this study, we surveyed wheat varieties
and area in seven provinces that produce mostly
spring wheat, and account for about 30% of the
total wheat area in China. These provinces can be
grouped into three agroecological zones:

1. Low-latitude subtropical wheat areas below
25° latitude, where a small area of wheat is
grown in relatively hot, humid conditions
(Megaenvironment 5A) (the provinces of
Guangdong, Guanxi, and Yunnan).

2. Mid-latitude areas (25-35° latitude),
corresponding to Megaenvironments 1 and 2
(and some facultative wheat in ME7) (the
provinces of Anhui, Jiangsu, and Sichuan).

3. High-latitude (> 40°) spring-sown spring
wheat areas of northeastern China (the
province of Heilongjiang).

The results of this survey are shown in
Tables C.1 and C.2. As expected, varieties
derived directly from CIMMYT crosses are used
only in South China, where the bulk of the
varieties are either based on CIMMYT crosses or
parents. In the other provinces, a small
percentage of varieties is based on crosses with
CIMMYT lines in their parentage. Although the
proportion of the total wheat area sown to
varieties from CIMMYT crosses or parents is
small, the absolute area with CIMMYT
germplasm is still substantial, totalling 0.8
million hectares in these seven provinces.

In the late 1980s, CIMMYT began a more
active collaborative program with Chinese wheat
breeders in the main spring wheat areas, with
emphasis on early maturity and incorporating
resistance to scab. It is expected that, with these
efforts, there will be even greater use of
CIMMYT germplasm in China in the future.
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Table C.1. Type and origin of wheat varieties released in selected provinces of China, 1966-90

Percentage of varieties that are:

Number of Local cross,
varieties released, Spring CIMMYT CIMMYT

1966-90 habit Semidwarf cross parent

Subtropical spring
wheat areas, South Chinaa 84 88 85 27 35

Mid-latitude, spring
wheat and facultative wheat areasb 97 69 57 0 3

High-latitude spring
wheat areasc 82 100 76 0 12

Source: CIMMYT Wheat Research Impact Survey.
a Yunnan, Guanxi, and Guangdong Provinces.
b Anhui, Jiangsu, and Sichuan Provinces.
c Heilongjiang Province.

Table C.2. Distribution of wheat area by type and origin of wheat in selected provinces of China, 1966-90

Total area
cropped

Percentage area planted to: to varieties
of CIMMYT

Total wheat Local cross, origin (cross
area, 1989d Spring CIMMYT CIMMYT or parent)

(million ha) habit Semidwarf cross parent (million ha)

Subtropical spring
wheat areas, South Chinaa 0.6 98 29 19 10 0.19

Mid-latitude, spring wheat and
facultative wheat areasb 6.5 83 66 0 2 0.09

High-latitude
spring wheat areasc 1.7 100 40 0 34 0.52

Source: CIMMYT Wheat Research Impact Survey.
a Yunnan, Guanxi, and Guangdong Provinces.
b Anhui, Jiangsu, and Sichuan Provinces.
c Heilongjiang Province.
d Based on Chinese Agricultural Science Yearbook (1988, 1990).
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APPENDIX D
INDIA*

←←←←←←←←←←←←←←←←←←←←←←←←←←

India has had an active wheat breeding
program since 1905. Varieties developed by this
program were grown widely by farmers in many
areas of India. Although these varieties appear to
have provided only modest yield gains
(Kulshrestha and Jain 1982, Pray 1984), they had
other advantages, especially their resistance to
rust and improved grain quality.

The semidwarf wheat varieties that became
available from CIMMYT in the early 1960s
precipitated a rapid increase in the adoption of
MVs, which covered more than 85% of India’s
wheat area in 1990. This area encompasses a
significant expanse of rainfed wheat land, with
the exception of the very dry and hot areas of
central and southern India.

Although many of the first-generation MVs
originated in CIMMYT, Indian wheat breeders
quickly incorporated the materials into their own
crossing programs, leading to a quick succession
of locally developed MVs (Table D.1). From 1965
to 1990, India released more than 175 varieties,
nearly 80% of them semidwarfs. Since 1965
nearly all varieties developed for irrigated areas
have been semidwarfs, and since 1970 the
proportion of semidwarfs in varieties for rainfed
areas has also increased, so that now nearly all
varieties released in India are semidwarfs
(Table D.1). Another notable trend is the rising
number of varieties recommended for late

planting. This trend reflects the growing
importance of late planting, which is a result of
increased cropping intensity in many systems,
especially the rice-wheat system.

Jain (1993) recently conducted a detailed
analysis of the genetic gains in yield achieved
during the post-Green Revolution period through
the release of newer generations of MVs. For all
the varieties released, gains in yields have
averaged 0.4-0.9% per year in the irrigated areas,
when these varieties are sown on time (Table
D.2). However, if only important varieties are
considered, the rate of yield gain is somewhat
higher. For example, for wheat sown on time in
irrigated areas, genetic gains have averaged
about 1.0% annually, similar to gains registered
in irrigated areas of Mexico. The higher rate of
gain shown by successful varieties reflects the
fact that farmers have been adept at choosing the
highest yielding varieties to grow.

Jain also found that gains have been slower
under late sowing in irrigated conditions, and in
dry rainfed areas, although gains in rainfed areas
with adequate moisture have been substantial. In
the very dry and hot areas of the Central and
Peninsular Zones, no genetic gains have been
recorded. In these zones semidwarf varieties
have not been adopted, and improvement in tall
varieties is likely to be the most appropriate
strategy for these areas.

* Prepared with the collaboration of K.B.L. Jain, Wheat Breeder, Indian Agricultural Research Institute, New Delhi, India.
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Table D.1. Trends in the development of wheat varieties released in India, 1966-91

1966-70 1971-75 1976-80 1981-85 1986-91 All

Number of varieties released
per year 2.8 6.6 6.2 10.8 6.3 7.0

Percentage of varieties:
Bread wheat 93 85 84 87 95 86
Durum wheat 7 15 16 9 5 12
Othera 0 0 0 4 0 2

100 100 100 100 100 100

Percentage of varieties
developed from:

Indian crosses 57 64 68 72 79 72
Selections/introductions
  from abroad 43 36 32 28 21 28

Percentage of varieties
that are semidwarf:

All areas 64 70 90 85 97 77
Rainfed areasb 0 40 57 67 93 47
Irrigated areasb 90 94 100 94 100 89

Percentage of all varieties
developed for rainfed areasb 29 46 23 28 40 38

Percentage of all varieties
developed for late plantingc 14 12 16 26 32 21

Source: Jain (1993).
a Includes emmer wheats and triticale.
b Includes varieties for both rainfed and irrigated areas.
c Includes varieties for both timely and late sowing.

Table D.2. Summary of the average rates of genetic gain in yields (%/yr) of spring bread wheat varieties released in India,
1967-90

Irrigated and Irrigated and
sown on timea sown latea Rainfedb

All Successful All Successful All Successful
varieties varietiesc varieties varietiesd varieties varietiese

(%/yr) (%/yr) (%/yr) (%/yr) (%/yr) (%/yr)

Northwestern Plains 0.52 1.05 0.33 0.36 0.50 0.93
Northeastern Plains 0.52 0.79 0.59 0 0.18 0
Central Zone 0.39 0.75 0.22 0.73 0.09 0
Peninsular Zone 0.63 0.48 0.07 na 0.15 0.6
Northern Hills Zone 0.87 1.22 na na 0.75 na

Source: Jain (1993).
a Includes only semidwarf varieties released in 1967 or thereafter.
b Base is pre-1967, i.e., a tall variety.
c Relative to Kalyansona.
d Relative to Sonalika.
e Relative to C306, a tall variety.
na = Not applicable/insufficient data.
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APPENDIX E
NEPAL*

←←←←←←←←←←←←←←←←←←←←←←←←←←
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Figure E.1. Yield gains in wheat varieties released in
Nepal, 1978-88.
Source: Morris, Dubin, and Pokhrel (1992).
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* Based on Morris, Dubin, and Pokhrel (1992).

Nepal has conducted a small wheat
research program since the early 1950s. The
program focuses mostly on screening varieties
and lines from India and CIMMYT.

The impact of Nepal’s wheat breeding
program was assessed in a recent study (Morris,
Dubin, and Pokhrel 1992). Although semidwarf
varieties such as Lerma Rojo 64 had been tested
and grown in Nepal since the mid-1960s, it was
not until RR21 (the variety Sonalika, selected in
India from a CIMMYT cross) was released in
1968 that adoption of MVs became widespread.
The early maturity of RR21 made it particularly
appropriate for the rice-wheat rotation and
allowed wheat to expand into new areas,
especially the Terai. The superior rust resistance
of RR21 started to break down in the mid-1970s,
and in 1978 Nepal released UP262, an Indian
variety. Half of the wheat area in the Terai was
sown to UP262 in 1990.

The main benefit of both RR21 and UP262
was not increased yield potential but improved
disease resistance and, in the case of RR21,
earlier maturity. Since the release of UP262, a
steady stream of newer varieties, with an annual
yield gain of 1.25%, has been released (Figure
E.1). These varieties will have their major impact
in farmers’ fields in the 1990s.

Although the most successful wheat
varieties in Nepal were developed elsewhere,
Morris et al. argue convincingly that the main
benefit from the local wheat research program is
to speed the identification and diffusion of new
varieties which eventually would have been
adopted through diffusion across the Nepalese-
Indian border. They estimate that the benefit of
this accelerated diffusion provided a rate of
return of 75% on Nepal’s modest investment in
wheat research over the period 1960-90. Morris et
al. also estimate that, in the future, when the
effect of MVs on area expansion will be limited
and benefits will be derived largely from
increased yields and maintenance of disease
resistance, the rate of return will fall to a still
very respectable 40%.

Growth rate = 1.25% per year



63

APPENDIX F
PAKISTAN

←←←←←←←←←←←←←←←←←←←←←←←←←←

Pakistan was one of the early beneficiaries
of the Green Revolution in wheat. Beginning in
1966, farmers in irrigated areas took up
semidwarf wheat varieties quickly; farmers in
rainfed areas followed suit in the 1970s. More
than 90% of Pakistan’s wheat area is now sown
to MVs. Pakistan has released more than 50

semidwarf varieties since 1966 to replace the first
semidwarfs as well as to fit into specific
agroecological niches. More than half of the
varieties released in Pakistan are derived from
CIMMYT crosses after varying degrees of local
selection. This use of CIMMYT germplasm,
together with the great agroclimatic similarity
between Pakistan’s irrigated wheat areas and
those in northwestern Mexico, explain the fact
that genetic gains in yield are quite similar in
both countries.

An analysis of yield gains from the release
of newer varieties over 1957-65 was done by
Byerlee (1990); results are summarized in Table
F.1. As in Mexico, gains in yields approach 1.0%
per year for wheat grown at the optimum
planting date. Because a growing proportion of
wheat in Pakistan is planted late (in increasingly
intensive cropping systems), breeders have
responded by developing earlier maturing
varieties for late planting. However, no gains in
yield potential have been registered for these
earlier varieties.

More recent estimates of yield gains are
available from 12 years of variety by planting
date trials conducted on large plots on a seed
farm in the southern Punjab. These results have
four striking features.

First, the overall rate of yield gain in the
second generation of semidwarfs has been low,
because varieties released in the 1980s yield less
than Pak-81, the Veery wheat released in 1981
(Figure F.1). Yield gains in varieties released for
late planting have been negligible (Table F.1).

Yield (t/ha)
6.0

5.0

4.0

3.0

2.0
20-30 Nov. 10-20 Dec. 1-10 Jan.

Date of planting

Figure F.1. Yield by date of planting for the four
most popular varieties grown in the Pakistan
Punjab, 1980-91.
Source: Calculated from unpublished data from the Khanewal
Seed Farm.
a Varieties of normal maturity. Yecora was released in 1973,

WL711 in 1978, and Pak-81 in 1981.
b Early maturing variety released in 1971.

Yecoraa

Pak-81a

Table F.1. Rates of yield gain due to plant breeding,
Pakistan

Yield gain
(%/yr)

All varieties (1957-86)a 1.9
All semidwarf varieties (1965-86) 1.0
Normal to late maturing varieties (1965-86)

Sown on time 0.8
Sown late 1.0

Early maturing varieties (1971-86)
Sown late -0.8

Source: Byerlee (1990).
a Includes one tall variety released prior to 1966.

WL711a

Bluesilverb
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Second, there is a strong interaction
between variety and date of planting (Table F.2).
The early maturing varieties show an average
yield loss of 0.66% for every day that planting is
delayed, compared to a yield loss of 1.06% per
day for the later maturing “normal season”
varieties. However, the higher yield potential of
the Veery lines means that even at very late
planting in January, Pak-81 yields better than the
early maturing variety, Bluesilver (significant at
the 10% level), and all other varieties (either
normal or early maturing) (Figure F.1).

Clearly, the most important genetic gains in
wheat in Pakistan have been the higher yields
provided by newer varieties of normal maturity
even if they are planted late. These results are
important, because planting wheat late has
become a standard practice in many areas as the
frequency of double cropping has increased
(Figure F.2). When planted in January, Pak-81

yields 50% more than Yecora and 15% more than
WL711, two of the varieties it replaced, and 14%
more than Bluesilver, the main early maturing
variety. Because farmers generally use only one
variety over all planting dates, these results
indicate that there are advantages to providing a
variety such as Pak-81 that yields well over a
wide range of planting dates.

Third, the adoption of varieties in Pakistan
closely correlates with the relative yields of those
varieties. The correlation between the deviation
of the yield of a specific variety from the trend
line fitted to yields of all varieties, and the
percentage of the wheat area occupied by a
variety at its peak, is 0.67. However, the fact that
no new variety can surpass Pak-81’s yield is
worrying, because it suggests that Pak-81 will
continue to be planted on a wide area well into
the 1990s.

Table F.2. Mean yields of major wheat varieties by date of planting, Khanewal, Pakistan, 1978-90

Yield (t/ha)a when planted on Average Yield loss
Year of yield to late planting
release 20-30 Nov. 10-20 Dec. 1-10 Jan. (t/ha)b (%/day)

Early maturing varieties
Bluesilver 1971 4.73 4.36 3.55 4.35 -0.64
Bahalwalpur-79 1979 4.98 4.19 3.43 4.35 -0.83
Faisalabad-83 1983 4.41 3.71 3.38 3.92 -0.59
Faisalabad-85 1985 5.12 4.57 3.94 4.67 -0.58

Normal season varieties
Yecora 1974 5.45 4.10 2.67 4.36 -1.59
WL711 1978 5.98 4.80 3.44 5.00 -1.23
Punjab-81 1981 5.13 4.22 3.24 4.39 -1.02
Pak-81 1981 5.81 4.90 4.02 5.09 -0.82
Punjab-85 1985 5.21 4.58 3.72 4.66 -0.74

Average yield
Early maturing varieties 4.81 4.21 3.57 4.32 -0.66
Normal season varieties 5.52 4.52 3.42 4.70 -1.06
(Percent difference) (14.7) (7.4) (-4.4) (8.7)

Source: Calculated by the authors from unpublished data provided by the Khanewal Seed Farm.
a Calculated by least squares method (see Chapter 3).
b Calculated assuming 40%, 40%, and 20% of the area is planted in November, December, and January, respectively.
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Rice-wheat system Cotton-wheat
system

1969-70 76-77 84-85 87-88 1969-70 76-77 84-85 87-88

Figure F.2. Percentage of wheat planted late
(after 1 December) in the Punjab of Pakistan.
Source: Byerlee (1992).
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Fourth, the Varietal Improvement Index
(which weights relative yields by the area sown)
suggests that the rate of yield gain in farmers’
fields resulting from the adoption of newer
semidwarfs has been of the order of 1.0%
annually from 1978 to 1990, because farmers
have selected the highest yielding varieties. It is
estimated that new wheat varieties are
contributing returns on investment in wheat
breeding of the order of 25% (Byerlee 1990).
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A trial sown at seven sites in Paraguay in
1990 and 1991 evaluated the impacts of wheat
breeding. Figure G.1 shows average yields over
all sites by year of release and an estimated
annual rate of yield gain of 1.6% (significant at
the 1% level) from 1972 to 1992 for varieties
released in Paraguay. All of the varieties
included in the trial are semidwarfs, although
the earlier varieties are tall semidwarfs. As in
other countries, Veery wheats are well above the
trend line.

APPENDIX G
YIELD GAINS IN IMPROVED VARIETIES IN PARAGUAY*

←←←←←←←←←←←←←←←←←←←←←←←←←←
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Figure G.1. Yields of popular wheat varieties by year
of release, Paraguay.
Source: M. Kohli (pers. comm.).
* Veery

Itapua-40

Cordillera-3*

* Prepared with the assistance of M. Kohli, Regional Wheat
Breeder, CIMMYT, Asunción, Paraguay.

Itapua-30
IAN-5

Cordillera-4
Itapua-25

IAN-8
Itapua-35

IAN-7

Itapua-1

281/60

Lapacho

g = 1.6%
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Wheat production in Sudan started
expanding in the 1960s, when wheat was
introduced into the Gezira irrigation scheme as a
rotation crop with cotton and groundnuts. High
temperatures throughout the growing season —
even in January, the coolest month — are the
major limitation to wheat yields in Sudan.

Figure H.1 shows progress in increasing
yields of wheat varieties released in Sudan from
1967 to 1987. This information is taken from
results of successive yield evaluation trials
conducted by the Wheat Research Group at the
Agricultural Research Center, Wad Medani.

The annual rate of yield gain from 1967 to
1987 has been 0.76-0.90%, depending on the
method of calculation (note that this time period
spans the switch from tall to semidwarf varieties
from 1972 onwards). The rate of yield gain in
semidwarf varieties alone has been slightly
higher, 1.1% per year. Most of the older
Sudanese semidwarf wheats are introductions
from Australia, Pakistan, and India. The recently
released variety, Wadi el Neel, is an Egyptian
cross of Giza-155 (from Egypt) and Chenab-70
(from Pakistan).

APPENDIX H
YIELDS OF WHEAT VARIETIES IN SUDAN

←←←←←←←←←←←←←←←←←←←←←←←←←←

The major varieties grown by farmers in
1990-91 were Condor (Australian introduction)
(grown by 55% of farmers) and Debiera (an
introduction from India) (40%). Adoption of
these varieties and associated improvements in
crop management practices have the potential to
double farmers’ yields in Sudan (Hassan and
Faki 1993).

Relative yield
130

120

110

100

90
1965 70 75 80 85 90

Year variety released

Figure H.1. Yield of wheat varieties relative to
Giza-155, Sudan.
Source: Wheat Research Program, Wad Medani, Sudan.

Wadi el Neel

Mukhtar
Debiera

Condor
Anza

Giza-155
Flachetto

g = 1.0%
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APPENDIX I
SYRIA

←←←←←←←←←←←←←←←←←←←←←←←←←←

Table I.1. Adoption of semidwarf wheat varieties by moisture regime, Syria

Percentage of area sown to MVsa,b

1991 survey 1992 survey

Durum Bread Durum Bread
wheat wheat All wheat wheat All

Full irrigation 100 100 100 100 100 100
Supplementary irrigation 99 100 99 91 100 92
Rainfed (>350 mm) 76 100 85 90 100 92
Rainfed (250-350 mm) 50 95 59 75 82 78

Total na na 87 83 92 85

Source: Tutwiler and Mazid (1992) and ICARDA (unpublished survey data).
a Percentage of total wheat area in wheat type/moisture category.
b MVs (modern varieties) include only semidwarf varieties.
na = Not available.

Spring durum wheat grown under rainfed
conditions dominates the wheat area of Syria,
although the area of wheat under full or
supplementary irrigation has increased rapidly in
recent years.

Beginning in 1970, Syria released a number
of new varieties of durum and bread wheat.
Most of these varieties incorporated semidwarf
lines originating in CIMMYT, Mexico, or the
CIMMYT/ICARDA program in Syria. These
MVs were first widely adopted in irrigated areas,
but in the late 1970s they began moving into
rainfed areas (see Chapter 6).

Recently Tutwiler and Mazid (1992)
completed a nationwide survey of the adoption
of MVs in Syria’s four major wheat-producing
zones, stratified by moisture regime. Results of
these surveys confirm the widespread adoption
of semidwarf durum and bread wheat (Table I.1).
The recent adoption of MVs in the dry rainfall
zone, where annual average rainfall ranges from
250 and 350 mm, is especially striking.

Overall, ICARDA (pers. comm.) estimates
that irrigation and improved technology have
increased wheat production by 1.15 million tons;
0.31 million tons (valued at about US$ 50 million
annually) of this increase can be attributed to
improved varieties alone.
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APPENDIX J
TUNISIA*

←←←←←←←←←←←←←←←←←←←←←←←←←←

Wheat is grown in Tunisia almost entirely
under rainfed conditions. Most of the wheat
produced (over 80%) is in the Northern Region,
where annual rainfall varies from 350 to more
than 500 mm. Durum wheat is the dominant
wheat type, covering 70-80% of the area, and is
also the main food staple.

Semidwarf bread wheat was introduced in
Tunisia around 1970. A 1976 study of the impact
of MVs found that the area covered by
improved varieties in the Northern Region was
less than 5% for small-scale farmers (< 15 ha)
and about 25% for large-scale farmers (> 40 ha)
(Gafsi 1976). Other early assessments of the
impact of the “Green Revolution” in Tunisia
were generally negative (Purvis 1973), and
Tunisia was cited as an instance of the failure of
semidwarf wheat varieties in rainfed areas,
especially since their adoption was confined to
large-scale farmers (Pearse 1980).

However, in the late 1970s, semidwarf
durum wheat lines that were well adapted to
rainfed conditions were introduced from
CIMMYT. The Tunisian wheat research program
released some of these materials and used others
in their local crossing program.

Information on the current distribution of
wheat varieties is available from a recent Institut
National de la Recherche Agronomique de
Tunisie (INRAT)/ICARDA survey of 240
randomly selected farmers in Northern Tunisia.
The survey data show that Karim (a variety
derived from CIMMYT’s Bittern cross) is grown
on 62% of the durum wheat area (about 300,000

ha). Semidwarfs have been adopted almost
completely, even by small-scale farmers and
farmers in semiarid areas (Table J.1.). However,
local varieties still cover a significant area in the
very dry Central Region, although this region
accounts for less than 20% of Tunisia’s wheat
production.

Maamouri and Gharbi (1992) have
estimated the yield gains resulting from the
introduction of semidwarf durum wheat in
Tunisia. The first semidwarf variety, Magrebi,
released in 1972, provided a 28% yield increase
over the widely grown tall durum variety,
INRAT-69. The variety Karim, which was to
become the main commercial variety, was
released in 1980, providing a further 10% yield
gain. Overall, the annual rate of yield gain from
the release of new varieties has been 3.0% since

* Prepared with the assistance of M. Saade, Economist, CIMMYT and ICARDA, Tunis, Tunisia.

Table J.1. Adoption of semidwarf wheat varieties in
Northern Region, Tunisia, 1990-91

Small Semiarid
farms areas

All onlya only

Semidwarf varieties as
percentage of durum area 97.9 94.0 96.8

Semidwarf varieties as
percentage of bread
wheat area 96.6 97.5 98.7

Semidwarf varieties as
percentage of all wheat area 97.5 95.1 97.3

Source: INRAT/ICARDA survey.
a Farms of less than 20 ha.
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Table J.2. Average yields of durum wheat varieties over
years, Beja Experiment Station, Tunisia

Variety Year released Yield (t/ha)a

INRAT-69 1969 3.81
Maghrebi 1972 4.88
Ben Bachir and Karim 1978-80 5.32

Source: Maamouri and Gharbi (1992).
a Rate of growth, 1969-80 = 3.0%; 1972-80 = 1.2%.

1969, and 1.2% since the release of the first
semidwarf in 1972. These gains, together with the
adoption of semidwarf varieties in all but the
driest areas, confirm the wide adaptability of
semidwarf durum wheats.
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APPENDIX K
YIELD GAINS TO WHEAT BREEDING IN ZIMBABWE

←←←←←←←←←←←←←←←←←←←←←←←←←←
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Figure K.1. Gains in yield potential of popular wheat
varieties released in Zimbabwe, 1966-86.
Source: Mashiringwani (1987).

Trade sanctions implemented in the 1970s
caused wheat production in Zimbabwe to expand
rapidly. All of Zimbabwe’s wheat is grown by
commercial farmers under irrigation; average
yields are among the highest in the developing
world.

Data on yields of commercially successful
semidwarf wheat varieties released in Zimbabwe
show that wheat breeders in Zimbabwe achieved
a rate of yield gain from the release of new
varieties of 1.0% per year from 1967 to 1985
(Mashiringwani 1987, Figure K.1). This gain is
identical to those observed in similar irrigated
environments in Mexico and Pakistan. As
elsewhere, the release of a Veery line in the early
1980s provided a significant jump in yields.

Based on area planted to given varieties in
the 1980s, the Varietal Improvement Index has
contributed 1.3% per year to yield gains in the
1980s. This compares with a rate of yield gain in
farmers’ fields of 1.5% per year over this period.
As in northwestern Mexico, genetic gains in yield
seem to be the major source of yield gains in
high-yielding, high-input environments.

g = 1.0%

Veery
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APPENDIX L
CIMMYT AND INDUSTRIALIZED COUNTRIES

←←←←←←←←←←←←←←←←←←←←←←←←←←

AUSTRALIA

Almost all wheat grown in Australia is
rainfed, and most of it is grown in areas
receiving under 500 mm of rainfall per year.
Semidwarf varieties based on CIMMYT
germplasm were released in Australia in the
mid-1970s. By 1983, they were grown on 45% of
the wheat area. Brennan (1989) estimated the
economic contribution of these varieties over this
period. Basing his calculations on an average
yield advantage of semidwarf wheat varieties of
7%, he attributed an annual additional
contribution of US$ 75 million to Australian farm
income. He apportioned at least half of these
gains to CIMMYT germplasm.

When Brennan completed his study, which
used data to 1983, semidwarf wheat had not been
adopted in the drier, very marginal wheat-
growing areas, such as Western Australia, where
yields averaged about 1.0 t/ha. Since then, the

CIMMYT is mandated to serve developing
countries, and that is where its products are most
widely adopted. Nonetheless, CIMMYT wheat
germplasm has been used extensively in
industrialized countries, especially where spring
bread wheat and durum wheat are grown. This
study has not attempted to document impacts in
these countries, but a number of sources provide
very partial information on this subject. The
following summary of information for a few
countries indicates that 20 million hectares in
industrialized countries are sown to wheat
varieties that have CIMMYT lines in their
pedigrees (Table L.1). We do not have data for
some of the countries in southern Europe, such
as Spain, Portugal, and Greece, where CIMMYT
germplasm is used widely. Using conservative
“guestimates” for these countries, it can be said
that at least 25 million hectares of wheat in
industrialized countries are planted to varieties
with CIMMYT ancestry.

Table L.1. Partial estimates of the area sown to varieties containing CIMMYT germplasm in industrialized
countries

Percentage of Total area with
Wheat area area with CIMMYT CIMMYT germplasm

Year (million ha) germplasma (million ha)

Australia 1990 8.7 85 7.4
Italy (durum only) 1990 1.7 60 1.0
New Zealand 1987 0.04 79 0.03
South Africa 1990 1.6 60 1.0
United States 1984 25.5 34 8.7
Western Canada 1992 12.3 28 3.5

Total 49.9 21.5

Sources: See text.
a Includes varieties from CIMMYT crosses as well as varieties with one or more CIMMYT lines in their ancestry (parents

or higher generations).
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release of semidwarf varieties better adapted to
these environments has led to widespread
adoption, rising from 9% of the wheat area in
1983 to 67% in 1990 (R. Wilson, pers. comm.),
with associated yield gains of up to 10% over
previously available varieties. Well over 80% of
the Australian wheat area is thought to be sown
to semidwarf varieties that carry some CIMMYT
germplasm.

CANADA

CIMMYT germplasm has not been used
extensively by Canadian wheat breeders.
However, in the main wheat-growing provinces
of the prairies (Manitoba, Saskatchewan, and
Alberta), more than 10 spring wheat varieties
have been released that have CIMMYT lines in
their pedigrees. In 1992 several of these varieties,
including Robin, Laura, Hy320, and Genesis,
were sown on some 3.5 million ha (28% of the
wheat area) in these provinces (R. McKenzie,
pers. comm.).

ITALY

Durum wheat is a major crop in Italy. In
1974, Italy released its first semidwarf durum
variety based on a CIMMYT cross. Nearly 50
durum varieties containing CIMMYT germplasm
have been released since then, and these have
been sown on some 60% of the durum wheat
area (INTERAGRES 1990).

NEW ZEALAND

New Zealand has made extensive use of
CIMMYT germplasm, beginning with selections
from CIMMYT crosses and, more recently,
moving toward using CIMMYT lines as parents
in local crosses. Burnett et al. (1989) estimated
that from 1973 to 1986 the proportion of wheat
area sown to varieties based on CIMMYT
germplasm increased from 0% to 79%. They
estimated the annual average economic benefits
of these varieties at US$ 0.5 million in this period.

SOUTH AFRICA

Some 60% of the wheat area in South Africa
was sown to varieties based on CIMMYT
germplasm in 1990 (CIMMYT 1992). Some of the
most successful varieties are based on CIMMYT
crosses, especially the Veery cross. These
varieties provided yield gains of 10% over
previously available materials.

USA

The only comprehensive assessment of the
use of CIMMYT germplasm in the USA is
provided by Dalrymple (1980, 1986). He
estimated that in 1984 34% of the wheat area was
sown to varieties based on CIMMYT germplasm,
including one of the most widely grown
varieties, Newton. Since then, this area has
certainly increased, especially in the spring
wheat environments. In the southwestern US,
most of the durum wheat area is sown to
varieties imported directly from northwestern
Mexico.
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Durum wheat is grown on some 7-8 million
hectares in the developing world, much of it in
dry areas of WANA that receive less than 500
mm annual rainfall. Research on durum wheat
has received less attention than bread wheat, and
few national programs have established strong
durum wheat programs. Work on durum wheat
in CIMMYT began later than for bread wheat,
but by 1967 the first semidwarf durum variety
was released in Mexico, and since then more
than 100 semidwarfs have been released in
developing countries. Most of these varieties are
based on CIMMYT crosses.

In this study we estimate that just over half
of the durum wheat area is now sown to MVs
(Table M.1.). However, adoption in dry areas,
some of which also suffer from severe heat (e.g.,
central India) or cold (eastern Turkey), has been
much lower.

The yield potential of improved durum
wheat varieties has grown rapidly at 1.6-2.5%
annually (Figure M.1), a rate about double that of
bread wheat. Associated with these yield gains
has been an impressive gain in quality (see
Chapter 7).

Gains under very dry conditions have been
much less than overall gains. Jain (1993), for
example, find no gains in durum wheat yields in
central India over the past 25 years, although
some newer varieties with improved quality are
grown widely. Nachit (1992) reports small yield
gains (< 10%) from a recently released variety in
on-farm trials in dry years in Syria.

APPENDIX M
DURUM WHEAT

←←←←←←←←←←←←←←←←←←←←←←←←←←

Table M.1. Percentage of wheat area sown to durum wheat and adoption of semidwarf durum wheat varieties,
by developing country region, 1990

Percentage of Percentage Percentage of spring
wheat area sown of durum area bread wheat area

Region durum wheat sown to semidwarfs sown to semidwarfs

Sub-Saharan Africa 39 18 62
West Asia/North Africa 23 51 72
Asia 3 28 89
Latin America 2 65 82

All developing countries 8 46 85

Source: Byerlee (1992b).
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Figure M.1. Yield potential of durum wheat
varieties, Mexico, 1967-89.
Source: Based on Sayre (pers. comm.) and Waddington et al.
(1987).

Sayre et al.
g = 1.6%

Waddington et
al.
g = 2.5%
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One dilemma for the future is how much
more breeding resources should be directed
toward developing durum wheat materials for
dry areas. Some of the most recent successes in
durum wheat breeding have been in varieties
with high grain quality for irrigated areas (e.g.,
India and Mexico) (Figure M.2). Since durum
wheat usually commands a significant price
premium, farmers in the dryland areas where
most durums are grown have received additional
benefits from producing durum wheat.
However, price and quality premiums are now
threatened by an increased supply of durum
wheat in irrigated areas (Byerlee 1992b).

Percentage of varieties
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Figure M.2. Percentage of durum wheat varieties
released for dryland and irrigated conditions,
India, 1960-90.
Source: Jain (1993).

Dryland

Irrigated



76

APPENDIX N
COUNTRIES AND WHEAT AREA SURVEYED FOR THE GLOBAL WHEAT IMPACT STUDY

(GROUPED BY REGION)

←←←←←←←←←←←←←←←←←←←←←←←←←←

Wheat area, Wheat area,
1989-91 1989-91

Region and country (000 ha) Region and country (000 ha)

Sub-Saharan Africa 2,430 Asia 33,653
Burundi 10 Bangladesh 584
Ethiopia 1,275 India 23,863
Kenya 683 Myanmar (Burma) 129
Nigeria 53 Nepal 599
Sudan 296 Pakistan 7,829
Tanzania 49 South China (Guangdong,
Zambia 13   Guanxi, Yunnan) 650
Zimbabwe 51

West Asia/North Africa 26,696 a Latin America 10,152
Algeria 1,534 Argentina 5,255
Egypt 799 Bolivia 92
Iran 6,243 Brazil 2,652
Jordan 54 Chile 530
Lebanon 26 Colombia 50
Libya 154 Ecuador 38
Morocco 2,663 Guatemala 16
Saudi Arabia 775 Mexico 1,021
Syria 1,283 Paraguay 207
Tunisia 830 Peru 101
Turkey 9,419 Uruguay 191
Yemen 93

a In estimates of regional area under semidwarf varieties, Iraq and Afghanistan are also included, based on 1983 data reported in
Dalrymple (1986).
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Estimated percent area sown to semidwarf wheat varieties, new tall varieties, and old varieties and landraces,
by developing world region and country, 1990

Percentage of wheat area

Semidwarf Tall varieties Old tall varieties
Region/country varieties released since 1966 and landraces Total

Sub-Saharan Africa
Burundi 40 60 0 100
Ethiopia 12 28 60 100
Kenya 100 0 0 100
Nigeria 86 0 14 100
Sudan 95 5 0 100
Tanzania 100 0 0 100
Zambia 100 0 0 100
Zimbabwe 100 0 0 100

West Asia/North Africa
Algeria 25 0 75 100
Egypt 76 24 0 100
Iran 33 1 66 100
Jordan 25 75 0 100
Lebanon 50 5 45 100
Libya 60 10 30 100
Morocco 60 17 23 100
Saudi Arabia 100 0 0 100
Syria 68 13 19 100
Tunisia 80 4 16 100
Turkey 31 40 30 100
Yemen 50 50 0 100

South and East Asia
Bangladesh 100 0 0 100
India 87 1 12 100
Myanmar (Burma) 46 0 54 100
Nepal 90 0 10 100
Pakistan 91 0 9 100
South China 34 0 66 100

Latin America
Argentina 90 0 10 100
Bolivia 33 0 67 100
Brazil 64 36 0 100
Chile 90 0 10 100
Colombia 16 22 62 100
Ecuador 44 14 42 100
Guatemala 100 0 0 100
Mexico 95 0 5 100
Paraguay 100 0 0 100
Peru 60 20 20 100
Uruguay 72 28 0 100

APPENDIX O
AREA SOWN TO DIFFERENT TYPES OF WHEAT VARIETIES IN

DEVELOPING COUNTRIES, 1990

←←←←←←←←←←←←←←←←←←←←←←←←←←
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comparable information can be provided. Some
minor changes have been made to clarify
questions in the original survey.

Attached is part of the questionnaire that
was employed to obtain data for this study. It is
included as a guide to follow-up studies, so that

APPENDIX P
QUESTIONNAIRE: GLOBAL WHEAT IMPACT STUDY

←←←←←←←←←←←←←←←←←←←←←←←←←←

CIMMYT WHEAT VARIETY DATABASE

Wheat Varietal Releases, 1966-90

COUNTRY:

RESPONDENT:

Name:

Position:

Address:

The following information is being collected as part of a CIMMYT effort to maintain a
comprehensive database on wheat varieties released by national research programs.
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WHEAT VARIETIES RELEASED DURING THE PERIOD 1966-90

Please provide a list of all varieties released in the period 1966-90 at either the
state/provincial or national level. Use the following codes to complete the questionnaire.

Code A. Type of wheat
1 = Spring habit bread wheat
2 = Winter/facultative habit bread wheat
3 = Spring habit durum wheat
4 = Winter/facultative habit durum wheat
5 = Triticale

Code B. Recommended for:
1 = Dryland areas (less than 500 mm rainfall during or immediately

before the growing season)
2 = Irrigated areas or well-watered rainfed areas
3 = Both

Code C. Semidwarf?
1 = Yes (carries Rh dwarfing genes)
2 = No

Code D. Origin
1 = Non-CIMMYT variety. [Cross made by country with no

immediate CIMMYT parent (includes many semidwarfs that only
have CIMMYT grandparents or earlier CIMMYT ancestry.)]

1a = Cross made by third country with no immediate CIMMYT
parent (e.g., Debiera, released in Sudan, from an Indian
cross with no direct CIMMYT parentage).

2 = Some CIMMYT germplasm. [Cross made by country but with at
least one parent from CIMMYT (the latter defined as above)].

2a = Cross made by third country but with at least one parents from CIMMYT
(e.g., Kanchan, released in Bangladesh, is an Indian cross with one
parent from CIMMYT).

3 = Cross made by CIMMYT (e.g., CIMMYT line, or selection
from segregating population or advanced line).

Code E. Third country of origin
Only if Code D is 1a or 2a, give name of country where cross was made.

Code F. CIMMYT Name
Only if Code D is 3 (i.e., CIMMYT cross), give name of
CIMMYT breeding line, if known (e.g., Veery 5).
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PERCENT NATIONAL AREA PLANTED TO MAJOR WHEAT VARIETIES LISTED IN PART I IN MOST RECENT CROP

YEAR.

Percent of wheat
Variety name area planted to this variety

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

Other semidwarf spring bread wheata %

Other tall spring bread wheata %

Other semidwarf spring durum wheata %

Other tall spring durum wheata %

Other semidwarf winter bread wheata %

Other tall winter bread wheata %

Other winter duruma %

Total 100%

a Include all minor varieties.
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SOURCE OF THE ABOVE AREA ESTIMATES.

National statistics

Surveys of farmers

Seed sales

Wheat market deliveries

Estimates of wheat breeders

Others (specify)

National wheat area sown to varieties with at least one dwarfing gene.

All semidwarf varieties % ha

Year correspoding to above estimates

Number of full-time equivalent scientists (BSc or above) working on developing improved wheat varieties in the
public sector* (Total for country)

Breeders** Crop Protection** Cereal Chemists Agronomists**

B.Sc.

M.Sc.

Ph.D.

Total

* Total number of full time equivalent scientists working on developing improved wheat varieties in the private sector

** Disciplines that support varietal improvement (e.g., agronomists who conduct variety-by-management trials, etc.). Agronomy aimed at
making recommendations to crop management should be excluded.

Number of full-time equivalent scientists (BSc or above) working on developing

improved wheat varieties in the private sector.
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