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Directors' Introduction
B.C. Curtis and A. Klatt

World wheat production each year
continues to exceed the previous
year's record. Worldwide
production stood at 522 million
metric tons (MMT) in 1985 (With
203 MMT in developing countries).
In 1986 a new record level of 534
MMT was reached (206 MMT of it
in developing countries). These
figures show a remarkable rise
from the 319 MMT produced in
1970.

Roughly half of this increased
production over the past 16 years
has been grown in the Third
World, where wheat consumption
rose dramatically during the
1970s. driven by rapid population
growth, urbanization, and rising
incomes. During the 1980s the
economic fortunes of many
countries have declined sharply,
causing Third World wheat
imports to level off in recent years.
Even so. developing countries
remain the largest wheat
importing group. having received
54 MMT (including China) in 1985
out of the total shipments of 84
MMT.

By 1986, CIMMYT's 20th
anniversary year, bread wheats,
durum wheats, and triticales with
CIMMYT germplasm were planted
on more than 45 million ha in the
developing world and another 15
million ha in developed countries.
The tremendous surge of
improved germplasm since the
early days has truly transformed
the agricultural scene of many
cooperating countries. With the
proper agronomic practices, it has
helped double and even triple the
wheat production of many
developing countries, providing
food for millions of people.

The bread wheat, durum wheat,
and triticale breeding programs
have even longer histories in
Mexico than the Center itself.
Bread wheat breeding completed
its 43rd year in the country in
1986. The first efforts in durum
wheat breeding started in the
early 1950s, with major work
occurring in the late 1960s.
Triticale breeding began in 1965.

Biennial Form t
This is the first CIMMYT Biennial
Report on Wheat Improvement.
Several reasons entered into the
decision to change from an annual
to biennial reporting format:

• The high cost of producing a
technical report on an annual
vs. biennial basis.

• Unavoidable delays in the
production process, making it
difficult to produce an annual
report in a reasonable time
frame.

• A strong desire to upgrade the
scientific content of the report
by giving the scientists a better
opportunity to synthesize and
analyze results.

• A belief that the formal
reporting of research results
every 2 years, in combination
with other forms of delivery, is
sufficient to meet the needs of
cooperators.

Art Klatt (left) and Byrd Curtis. associate director and director of the Wheat Program. inspect bread wheat lines at
Ciudad Obregon.
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For the most part, this biennial
report covers the period of three
crop cycles in Mexico,
approximately November 1984
through May 1986:

• 1984-85 Cd. Obregon winter
cycle

• 1985 Toluca summer cycle
• 1985-86 Cd. Obregon winter

cycle

Activities and Structure
of the Wheat Program
At the close of 1986, the
Program's multidisciplinary team
consisted of 20 international staff
at CIMMYT's headquarters and 18
posted at locations outside of
Mexico. Most staff at headquarters
are engaged in germplasm
improvement, crop management.
and training within the bread

wheat. durum wheat, and triticale
improvement programs or the
support programs that primarily
contribute to them. Those working
in outreach concentrate mainly on
direct support to national
agricultural research programs.
See the structure of the Wheat
Program in Figure 1.

Crop improvement programs
Three crop improvement
programs-bread wheat, durum
wheat, and triticale, based in
Mexico-are the core of the Wheat
Program. The germplasm
developed in these programs is
distributed to collaborating
scientists in national agricultural
research systems (NARSs) through
the international nurseries.

Joint collaborative programs
The wheat program currently
participates in three joint
collaborative ventures-two with

the International Center for
Agricultural Research in the Dry
Areas (ICARDA) and one with the
Government of Turkey:

• The ICARDA/CIMMYT
Collaborative Project based in
Mexico is oriented to the
development of barley
germplasm for national
programs in Latin America. The
ICARDA barley breeder at EI
Batan emphasizes the
incorporation of disease
resistance into barley
germplasm having good
agronomic traits.

• The CIMMYT/ICARDA
Collaborative Projects based in
Syria emphasize the
development of bread and
durum wheats for the dry areas
of West Asia and North Africa.
Two CIMMYT breeders are
stationed at Aleppo.

Barley
(ICARDA/CIMMYT

Collaborative Program)
I

Support Programs

• GermQ.\asm
development

• Germplasm bank
• International

nurseries
Training- • Crop management

• Industrial quality
• Seed health
• Wide crosses
• Pathology

I Di~~ct.ors'
~fice

~~~;;;;;;;

National Agricultural Resellrch
Systems
(NARSs)

I I
Bread Durum
wheat wheat

Base

Outreach

NARSs

Wheat for the dry areas of
West ASia/North Africa
(CIMMYT/ICARDAj
Winter Wheat
(Turkey/CIMMYT)

Andean
EasUSouthern Africa
Southern Cone of South
America
South Asia
Southeast Asia

Regional programs

\Joint Collaboration

Figure 1. Structure of the CIMMYT Wheat Program.
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• The new Turkey/CIMMYT
Collaborative Project in Turkey
emphasizes the development of
winter wheat germplasm. This
venture, which stations two
CIMMYT breeder/pathologists at
Ankara, is the first of a number
of unique breeding partnerships
the Wheat Program plans to
initiate with advanced national
programs. See more on winter
wheat improvement later in this
introduction.

Regional and bilateral
programs-The research done
within the crop improvement and
joint collaborative programs is
reinforced and complemented by
CIMMYT's regional and bilateral
programs. The Program has staff
located at 11 outreach sites
around the world (Figure 2). The
outreach staff playa vital role in
developing and disseminating the
Program's research products.

Workinp; with NARS personnel,
outreacIi staff help identify
regional and national needs.
expedite the exchange of
germplasm, participate in an
advisory capacity in crop
improvement and crop
management research, and assist
with the training of technical
personnel from national programs.
The exchange of information
among NARS scientists and
CIMMYT staff in Mexico and
abroad is crucial for the rapid
development of widely adapted,
improved wheats suited to a wide
range of environments.

New South Asia Regional
Program-This program, based in
Kathmandu, Nepal, was
established in 1985 to:

• Focus on helping to minimize
the possibility of wheat disease
epidemics in South Asia.

• Assist national programs in
germplasm development,
training, technical backup,
increased communication
within countries and regionally,
and small equipment
requirements.

Lisbon office closed-In 1986
the Prop;ram's post in Lisbon,
Portugal, for North Africa and the
Iberian Peninsula was closed. The
final report for this region is in
this Biennial Report. The region
will continue to be administered
by the CIMMYT personnel
assigned to the CIMMYT/ICARDA
collaborative projects based at
Aleppo. Syria.

Support programs-The nine
support programs at headquarters.
not only serve the crop
improvement, regional, and
bilateral programs. but also
provide the NARSs with a wide

6

1. EI Batan. Mexico 5. Lisbon. Portugal
2. Quito. Ecuador 6. Ankara. Turkey
3. Lima. Peru 7. Aleppo. Syria
4. Asuncion, Paraguay 8. Nairobi, Kenya

Figure 2. Locations at which CIMMYT wheat staff are based.

9. Islamabad. Pakistan
10. Kathmandu. Nepal
11. Bangkok. Thailand
12. Dhaka. Bangladesh
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array of technical assistance in
breeding, pathology, crop
management, and training. The
ICARDA barley breeder posted in
Mexico also makes use of these
support services.

Winter Wheat
Improvement
Large areas of the developing
world depend on winter wheat.
Improved germplasm could
contribute significantly to
increased production in these
areas. CIMMYT initiated its winter
wheat program in 1985 and it is
still quite small with only three
(two core-funded and one special
project) staff members assigned
and with limited input from
national and regional program
staff. Current financial resources
allocated to winter wheat research
represent 2% of the base budget
and 14% ofthe total outreach
budget. This 14% is primarily the
costs of the three staff members in
Turkey and the Turkish bilateral
program.

Partnership with Turkey
Obviously, winter wheat research
deserves a greater input of
resources, and part of this
requirement is being addressed by
the winter wheat partnership
arrangement with Turkey. This
partnership makes available a
large array of scientific and
financial resources with which to
meet the requirements for winter
wheat in the developing world.
The purpose of the partnership,
which has been implemented
under the eXisting bilateral
agreement between the
government of Turkey and
CIMMYT, is to develop broadly
adapted, high-yielding winter
wheat germplasm for the
extensive winter and facultative
wheat areas of Turkey and other
parts of the world. Another
objective is to train wheat
researchers from the target
~ountries in the principles of crop
Improvement and crop manage
ment practices.

4

This effort is international in
scope, involving selected
agricultural research centers of
excellence located in winter wheat
environments around the world.
especially in the central and
southern Great Plains of the
United States. Cooperative
programs on winter wheat
research have been developed with
Texas A&M and Kansas State
Universities who will supply
germplasm and training. The
current cooperation with the
spring x winter wheat program at
Oregon State University is
continuing, and research linkages
between Turkey and the national
programs of other developing
countries that grow winter wheat
are being strengthened. Turkey's
diverse wheat environments and
its strong national wheat research
program make it an ideal location
from which to conduct such a
joint international effort.

CIMMYT envisions a full working
partnership between its staff
posted in Turkey and national
program scientists engaged in the
improvement of winter wheat. The
objective is to help support
training of Turkish scientists and
scientists from other countries,
purchase of necessary equipment
and supplies, travel to selected
workshops and conferences. and
provide consulting services of
experienced Turkish scientists in
target countries.

CIMMYT is making every effort to
ensure the introduction of
~eneticallydiverse germplasm,
mcluding all available spring
wheat materials requested by the
Turkish national program.
CIMMYT is also handling all
aspects of the international testing
of germplasm developed by the
Turkey/CIMMYT partnership.

Chinese collaboration
Considering that a large portion of
the total winter wheat area is in
China. CIMMYT is negotiating
with the Chinese Academy of
Agricultural Sciences to develop
an additional partnership in the
overall winter wheat research
effort.

Progress to date-To date,
winter wheats originating from the
Turkey/CIMMYT partnership have
been evaluated. Superior lines
have been selected for
international testing in the
International Winter Wheat
Screening Nursery, which was
sent to 40 locations in 1986.

Also in 1986. a small winter
wheat breeding project in Mexico
complementing the larger program
in Turkey was at the F6 level.
Some of these lines will be
distributed in 1987-88 for
evaluation.

For additional information on
winter wheat improvement, see
the section on Turkey in this
biennial report.

Wheats for
Warmer and More
Marginal Environments
An extra-core UNDP grant, which
completed its fourth and fifth
years in 1985-86, has been
supporting an effort to develop
germplasm and technology for
warmer regions. Significant
resources are also supplied from
the core budget to supplement
these activities in breeding,
pathology, training, and crop
management. About 25% of the
outreach budget is allocated for
wheat in marginal environments.
with a large proportion
represented by the UNDP funds
and support for the regional
agronomist in Southeast Asia.

South America-The regional
program for developing wheats for
the warmer and more marginal
areas in South America was
initiated in 1986 and now has
staff based in Paraguay. They are
concentrating their efforts on
developing wheats and technologies
for the warmer wheat areas of
Paraguay, Brazil. Bolivia, and
Argentina. They will also give
limited input to germplasm
development for other countries of
South America's Southern Cone.
The challenge lies in identifying
and screening appropriate



germplasm that can adapt and
produce under high. dynamic
disease and insect pressures at an
economic level. Regional staff are
working with the national
programs to identify problems. set
up priorities and goals. and assist
in developing appropriate research
strategies.

Southeast Asia-The regional
program, based in Thailand,
concentrates on developing
germplasm and crop management
research programs in Thailand.
Indonesia. Burma. and the
Philippines. To date working
relationships with many of these
countries have been established
for the exchange of germplasm
and information. Special
international nurseries have been
set up and distributed to national
programs.

Germplasm for
Mella-environments
In 1985 and 1986, the process of
identifying and describing the
mega-environments (agro
ecological zones) for which the
Wheat Program develops its
materials continued. Through the
years. this task has been an
evolving process as more
information has become available
on the predominant character
istics, such as moisture
availability. biotic and abiotic
stresses. and soil types. that
differentiate one mega-environ
ment from another. As a result of
this ongOing exercise. the
descriptions of the mega-environ
ments discussed in the bread
wheat, durum wheat. and triticale
sections of this biennial report
have been and will continue to be
refined.

Staff Changes
The list of Wheat Program
Personnel at the back of this
biennial report reflects a number
of staff changes over the past 2
years:

• Osman S. Abdalla. breeder.
completed his postdoctoral
fellowship at CIMMYT and
joined the triticale program at
headquarters.

• Hans-Jaochim Braun.
breeder/pathologist. completed
his postdoctoral fellowship at
CIMMYT and moved to the
Turkey collaborative/winter
wheat program.

• H. Jesse Dubin. breeder/
pathologist. completed a study
leave and assumed the
leadership of the new South
Asia regional program
established in 1985.

• Santiago Fuentes S., pathol
ogist/breeder. moved from the
closed Lisbon office of the North
and West Mrica and Iberian
Peninsula Region to the Andean
Region.

• Lucy Gilchrist, pathologist.
completed her postdoctoral
fellowship at CIMMYT and
joined the bread wheat
pathology as an associate
scientist.

• Mengu M. GuIer. agronomist.
completed his contract in the
Bangladesh bilateral program
and returned to the national
program in Turkey.

• Eugene P. Hettel joined
Information Services as the
science writer/editor for the
Wheat Program.

• Gerbrand Kingma. training
officer. left the wheat training
program.

• Edwin B. Knapp. training
officer, transferred to the
CIMMYT Maize Program and is
based in Colombia.

• M.M. Kohli. breeder. transferred
from Santiago. Chile. to
Asuncion. Paraguay. within the
Southern Cone Region.

• Mathew A. McMahon.
agronomist. transferred from
the regional program in the
Southern Cone of South
America to Headquarters to
head the agronomy program.

• Eugene E. Saari. breeder/
pathologist. transferred from the
triticale program at
headquarters to the Turkey/
CIMMYT collaborative program.

• Kenneth D. Sayre. agronomist.
joined the agronomy program at
headquarters.

• Ravi P. Singh. pathologist/
breeder. completed his
postdoctoral fellowship and
joined the bread wheat
program.

• Douglas G. Tanner, agronomist,
transferred from the base
agronomy program to the East
Africa Regional Program.

• Reynaldo Villareal. breeder.
transferred from the bread
wheat program to the training
program at base.

• Wolfgang H. Pfeiffer. breeder.
completed his postdoctoral
fellowship and assumed duties
in the bread wheat program.
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Bread Wheat
S. RaJaram, w.n. Pfeiffer, R.P. Singh, G. Bekele, L. Gilchrist, and O. Abdalla

Introduction
During the last 25 years,
continuous advances have been
made in bread wheat yields in
many geographic regions of the
world. Incorporation of the Rhtl
and Rht2 dwarfing genes in many
cultivars has revolutionized the
wheat ideotype with subsequent
refinement and improvement in
spike fertility, harvest index, and
biomass production. These yield
characters when combined with a
high degree of disease resistance
produce superior cultivars that are
highly responsive to improved
agronomic practices.

Conventional plant breeding
methodology continues to
contribute to higher genetic yield
potential although the Rht 1 and
Rht2 phenomenon appears to be
over. However, geneticists, plant
physiologists, and plant breeders
will continue to give attention to
genetic manipulations for higher
yield. At the same time, research
on yield stability and
sustainability warrants a high
priority. Genetic vulnerability will
threaten the gains made in high
productivity, if we are not
successful in deploying disease
resistance strategies.

In 1985-86, CIMMYT's bread
wheat breeding program played a
significant role in adding to the
genetic variability of available
germplasm that has high yield
potential, resistance to disease,
and tolerance to heat, drought,
and acid soils. More than 30
cultivars of CIMMYT origin with
different genetic backgrounds
were released by national
programs during the period.

The bread wheat program team
consists of plant breeders and
pathologists. Thus, this bread
wheat report is divided into
breeding and pathology sections.

Bread Wheat Breeding
Wide adaptation vs specific
adaptation-From the beginning,
CIMMYT has emphasized high
yielding cultivars with high
stability for particular ecological
niches. In the early years of the
bread wheat breeding program,
photoperiod insensitive genes
incorporated with the Norin 10
dwarfing genes (Rhtl and Rht2)
demonstrated that adaptation
across different environments
could be achieved. These traits
were utilized to broaden the
genetic base of wheat cultivars.

Wide adaptability, a by-product of
high stability, high yield potential,
and photoperiod insensitivity,
played a key role in the Green
Revolution by triggering the
acceptability of certain germplasm
on a Wide scale. However, wide
adaptation has its own limitation
when a single cultivar
predominates within one
epidemiological zone. CIMMYT is
aware of this problem and, for this
reason, distributes thousands of
advanced lines emanating from
hundreds of crosses.

These lines, which display diverse
genetic variability, are distributed
to national program collaborators.
Indeed, some of these lines are
Widely adapted, but a large
majority fit into only specific
environments. This fact is
demonstrated in Tables 1-6 where
53 specific sites on five continents
show the performance of CIMMYT
bread wheats compared to locally
adapted wheats. In 52 of the
locations, CIMMYT gennplasm
showed higher yield performance
than the local checks.

CIMMYT's wheat breeders have
emphasized the concept of wide
adaptation and stability because
specific adaptation falls into the
domain of the national programs.
CIMMYT does not compete with
national breeding program
initiatives by developing
specifically adapted cultivars.
Instead, national breeding
programs in such countries as
India, Pakistan, Turkey,
Argentina, Brazil, Chile, and
Egypt tailor cultivars for their
particular local needs by
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S&nJaya RaJaram, head of the bread .heat breediag program, ezamlnes some
outstanclinl winter wheat at the Fa legel in Toluca, This small winter wheat
breeding project in Mezico complements the larger program in Turkey.



incorporating specific traits into
CIMMYT's widely adapted
materials.

Unfortunately. widely adapted
cultivars do tend to occupy large
areas and CIMMYT views this as a
violation of sound principles of
pathology. The Wheat Program
actively promotes the
diversification of the genetic base;
it does not promote genetic
homogeneity in any environment.
large or small-that is a major
reason why it disseminates
thousands of advanced lines and
segregating populations to
collaborating countries each year.

Breeding strategies for mega
environments-In 1985-86, the
bread wheat program continued to
refine the identification and
description of the five mega
environments for which it has
devised different research agendas
to support national programs:

• Well watered environments
with no obvious soil problems
that may be irrigated or rainfed.
They occupy approximately
60% of the developing world's
spring bread wheat areas.
Rusts, powdery mildew. and in
certain cases, septoria tritici
blotch are prevalent.

• Semiarid environments occupy
about 15 million ha of
developing world bread wheat
areas. Drought resistance and
heat tolerance are major
breeding constraints. Some
spring x winter materials are
showing improved tolerance to
drought and may be a
promising avenue of
exploration. Advanced lines are
now being selected under
reduced moisture regimes, and
the best of these lines are
distributed through the
international nursery program
for additional testing.

• Acid soil environments with
mineral toxicities/deficiencies
associated with acid soils are a

problem on less than 5% of the
developing world's spring bread
wheat areas. Aluminum toxicity
is usually the main problem in
this mega-environment. In order
of importance. the rusts, the
septorias, head scab,
helminthosporium. and BYDV
are the main disease
constraints. A number of high
yielding bread wheat lines with
tolerance to the problems of
acid soils and with improved
resistance to the diseases found
in these environments are being
developed through the shuttle
breeding program with Brazil.

• High-temperature environ
ments, including rice-wheat
rotation areas, make up more
than 20 million ha (about 20%)
of the developing nations'
spring bread wheat areas. In
1985-86, the bread wheat
program continued its research
on the problems encountered in
producing wheat for the
warmer, nontraditional
environments. In addition to
focusing on the development of
greater resistance to certain
diseases, this breeding effort is
giving attention to improved
tolerance to heat stress, which
can adversely affect tillering
and grain filling abilities.
Helminthosporium, fusarium
head scab, and the rusts are the
main disease constraints in this
environment.

• Winter wheat areas make up
approximately 27% of the
developing nations' bread wheat
areas. In 1985-86. CIMMYT
began a winter wheat program
on a partnership basis with
Turkey.

The balance of the section on
bread wheat breeding concentrates
on the well-watered. semiarid. and
acid soil mega-environments. Our
efforts in the high temperature
and winter wheat mega
environments are relatively new
undertakings and there is little
data to report at present. For more
information on our objectives for

the high-temperature environ
ments, see the chapters on the
Southern Cone of South America
and Southeast Asia. For winter
wheat, see the chapter on the
Turkey/CIMMYT Bilateral and
Collaborative Winter Wheat
Programs.

Results for 1985-86-Tables
7-14 list the highest yielding lines
of bread wheat for 1985-86. Tables
7 and 8 list the lines found to be
equal to or better than the cultivar
Seri 82 at the irrigated desert
environment of the Yaqui Valley
Agricultural Experiment Station of
the Northwestern Agricultural
Research Center (CIANO) near Cd.
Obregon. For a discussion of the
Mexican locations that CIMMYT
uses in its multilocation shuttle
breeding program. see p. 4 of the
"CIMMYT Report on Wheat
Improvement-1984."

Seri 82 has been found to be high
yielding not only in northwestern
Mexico. but also in many other
world locations. Figure 1 shows
the yield response of this world
class cultivar at 56 locations. At
most sites. the yield of Seri 82 is
higher than the site's mean yield.
In 1985. there were lines equal or
superior to Seri 82 (Table 7); in
1986. there were 62 lines (Table
8). We plan to further evaluate
and distribute these lines to other
sites in 1987.

Tables 9 and 10 present the
advanced lines superior in yield to
the check cultivar Toluca 73 at
Toluca in 1985-86. The rainfed
Toluca station is characterized by
high humidity and high disease
incidence (septoria tritici blotch,
fusarium leaf blotch, and bacterial
stripe). There were 29 advanced
lines superior to Toluca 73 in
1985 (Table 9) and 31 lines
superior to the check cultivar Seri
82 in 1986. These lines have
tolerance to septoria tritici blotch,
a breeding objective since 1970.
These lines also represent
adaptation to the highland
environment (2640 masl).
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Tables 11 and 12 present
advanced lines that showed high
yield perfonnance in the rainfed
environment of EI Batan in
1985-86. In 1985. 11 lines equaled
or were superior to the yield of the
check cultivar Pavon 76 (Table
11); in 1986. two lines equaled
and one was superior to the check
cultivar Seri 82 (Table 12).

Table 13 presents six advanced
lines that had high yield
perfonnance in reduced irrigation
trials dUring the Cd. Obregon
1985-86 cycle. Table 14 presents
five advanced lines that had high
yield perfonnance after being
sown late in the growing season of
the 1985-86 Obregon cycle. This
implies that these lines have heat
tolerance.

In 1985-86. we have also
attempted to study. classify. and
quantify pathogens such as
Septoria tritici. Helminthosporium
sativum. Fusarium graminearum.
and Ustilago tritici as well as
resistant types concurrent to these
pathogens. Much more research is
required before resistance
breeding to stabilize productivity
is completed. however. moderate
progress can be reported.

Regarding the three rusts. the
objectives are global stabilization
of resistance and better
understanding of the various
aspects of genetic. pathological.
epidemiological. and host-parasite
interactions to provide gUidance in
successful breeding. Artificial

epidemics of leaf rust and stem
rust are created each year at three
major breeding locations in
Mexico-Ciudad Obregon. EI
Batan. and Toluca; selection for
stripe rust is done solely at
Toluca. Since one or more rusts
pose a major threat to production
in most wheat growing areas of
the world. all gennplasm
distributed through the
International Nursery System
usually has an acceptable level of
resistance to the Mexican
pathotypes of all three rusts.

The program gives emphasis to
the major wheat pathogens in
developing countries listed in
Table 16.
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Figure 1. Yield of Seri 82 in 56 sites of the 21st ISWYN.

Bread Wheat Pathology
Genetic vulnerability caused by
pathogenic fungi. bacteria. and
viruses continue to pose serious
setbacks in stability of bread
wheat productivity. Though no
serious epidemics on a mega
environment basis occurred on
wheat genotypes possessing Rhtl
and Rht2 dwarfing genes from
Norin 10. there is no guarantee
that modem cultivars of bread
wheat would not succumb to
newer biotypes of rust fungi and
numerous other pathogens that
attack wheat.

In the last decade. noteworthy
research progress has been made
on generalized resistance in
various host-pathogen systems. In
the CIMMYT bread wheat
program. the Triticum aestivum 
Puccinia recondita system has
received paramount attention.

The advanced lines in Tables 7-14
actually represent a very small
percentage of the gennplasm
disseminated in 1985-86 by the
bread wheat program. Table 15
summarizes the approximate 10
number of entries in each of the
bread wheat nurseries distributed
dUring 1985 and 1986 to national
program cooperators.
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In 1986. CIMMYT established
various collaborative research
programs in pathology with
institutions of excellence in both
developed and developing
countries (Figure 2).

The folloWing sections report on
research findings for the rusts.
fusarium, helminthosporium, and
loose smut.

Leaf r st (Pucclnla recondlta
tritlcl)-Using 20 lines. each with
a single gene for resistance, seven
pathotypes were identified in
Mexico during 1984-86 (Table 17).
Resistance genes effective to all
isolates included Lr3Ka. Lr9,
Lr16, Lr19, Lr21. Lr24. Lr25 +
Lr29. and Lr30. Genes Lr14a,
Lr14b. Lr15. and Lr20 were
ineffective to all isolates.

Table 18 summarizes the ACI
classifications of 188 high yielding
entries distributed worldwide in
the 18th IBWSN. Seventy-one
entries had very low ACls (range
0-5.0), indicating that these
entries were very resistant
worldwide. Another 73 entries had
resistance levels better than the
mean of the local check cultivars.
The results clearly show that
gennplasm distributed by
CIMMYT has a high percentage of
entries resistant to leaf rust
worldWide. Table 19 lists 20 of the
most leaf rust resistance entries
with their ACIs and highest
reported infection.

A trial was conducted at the
CIANO research station dUring the
1985-86 crop cycle to determine

the loss associated with leaf rust
on cultivars with different types of
resistance under a heavy
epidemic. Ten cultivars were
planted in a split-plot design with
three replications. The main plot
treatments were with or without
fungicide treatment. whereas the
subplots were composed of
cultivars. The controlled plots
were kept disease free by spraying
Bayleton 250WP at IS-day
intervals at the rate of 0.6 kg/ha.

The first artificial inoculation to
establish the disease was
accomplished at the crop's boot
stage. Disease progress was
measured periodically until
physiological maturity. At
maturity, six central rows of 8-m
lengths were harvested from eight
row plots. Analysis of results

Wheat Plant Pathology Network for:
1. Pathogenicity Analysis (P.A.)
2. Disease Resistance (D.R.)

I Fusarium-----

Brazill
Israel
D.R.

Thailand Nepal
D.R. D.R.

Helminthosporium

Holland
PA

Stripe Rust

I Bacterial Diseases/Xanthomonas Pseudo

'" Belgium CIMMYT
P.A. D.R.

I
Stem Rust

. Leaf Rust

Minnesota
P.A...-.. -

China
D.R.

Canada
P.A. D.R.

I Septoria
1----:;....--

Israel
D.R.

I BYDV~ 4

8 Collaborative Research Projects
in Industrial Countries. Plus Cooperative

Projects in 3rd World P.A. & D.R.

CIMMYT/Global Project on Disease
Monitoring 1986-1989----

Supported by Consultant
Services University of Giessen. Germany.

for Data Analysis------
Developing Countries in Asia. Latin

America. Africa. and Middle East

Figure 2. Plant Pathology Network.
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showed that the cultivars differed
in response to rust control. Leaf
rust progress assessment, yield
loss, hectoliter weight, and 1000
grain weight for each cultivar is
summarized in Table 20. Of the
two very resistant cultivars, Ciano
79 suffered significant losses of
642 kg/ha in yield and 0.95 kg/hi
(9.3%) in hectoliter weight,
whereas Oasis 86 had no
significant losses. Ciano 79's
losses may be due either to
susceptibility to some other minor
disease(s) or because of the
formation of some large necrotic
flecks on the leaves attributed to
the leaf rust.

The susceptible cultivars Yecora
70 and Siete Cerros suffered heavy
losses in grain yield (29.5 and
22.9%, respectively), hectoliter
weight (6.9 and 5.9%), and 1000
grain weight (25.9 and and
20.2%). Other cultivars with

variable levels of resistance
responded differently. Slow
rusting cultivars Pavon"S" and
Pavon 76 with higher area under
the leaf progress curve (AULRPC)
compared to Tonichi 81 and
Junco"S" had a lower yield loss.
Other slow rusters, Genaro 81 and
Seri 82, had nonsignificant yield
losses of 1.3 and 3.0%,
respectively. High correlation
occurred between the three yield
components. These were:

• Yield loss and hectoliter weight
loss (r=0.906)

• Yield loss and 1000 grain
weight loss (r = 0.876)

• Hectoliter weight loss and and
1000 grain weight loss
(r=0.934)

The experiment will be repeated
and extended to various planting
dates to evaluate the effects of
temperature on the AULRPC and
on yield loss and to further
understand the effects of different
kinds of resistance on yield.

Stem rust (Pucclnla gramlnls
trltlcl)-Using 18 lines, each with
a single gene for resistance, nine
pathotypes were identified during
1984-86 (Table 21). Since all
commercial cultivars in Mexico
are highly resistant to stem rust,
samples of the disease could not
be obtained from the commercial
cultivars. Furthermore, stem rust
was not found on susceptible
cultivars. All samples studied
came from artificially inoculated
nurseries.

Table 22 summarizes the ACI
classifications of 188 high yielding
entries distributed worldwide in

Wolfgang Pfeiffer, breeder in the bread wheat program (right), leads a group through the Aluminum Screening
Nursery at Cd. Obregon.
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the 18th IBWSN. Eighty-eight
entries had very low ACIs (range
0-5.0) and another 44 had ACIs
lower than the mean of the local
check cultivars. The germplasm
developed at CIMMYT, in general,
has a good level of stem rust
resistance. Table 23 lists 20 of the
most stem rust resistant entries
along with their ACIs and highest
reported infection.

Stripe rust (Puccln1a
strllformls)-Selection of stripe
rust in Mexico is mainly confined
to the natural epidemic conditions
of the Toluca research station.
However, in certain years, stripe
rust can also occur at EI Batan
and Huamantla. Some samples
analyzed at IPO, Wageningen, the
Netherlands, have indicated that
different races have predominated
in different years and at different
locations. The races identified at
IPO during 1984-85 were:

• 8(IO)E2

• EO

• 72(74)E2

• 64EO

• 14E206

These races were also virulent on
additional differentials,
Kalyansona and Anza. Race
14E206 was the most virulent
culture and also included
virulence for cultivars Tobari 66
and Pavon 76.

Table 24 summarizes the ACI
classifications of 188 high yielding
entries distributed worldwide in
the 18th IBWSN. Forty-eight
entries had a very low ACI (range
0-5.0), and an additional 88
entries were better than the mean
of the local check cultivars. Table
25 lists 20 of the most stripe rust
resistant entries with their ACIs
and highest reported infection.

Fusarium head scab-Scab is
caused by various Fusarium
species, such as F. graminearum,
F. equiseti, F. culmorum, F.
a venaceum, and F. nivale. F.
graminearum (perfect stage:
Gibberella zeae) is responsible for
most major scab epidemics and
yield losses.

Three high-altitude locations in
Mexico-CIMMYT's research
station at Toluca and on-farm sites
at Patzcuaro (State of Michoacan)
and EI Tigre (State of Jalisco) have
been found to be excellent sites for
natural scab screening. At Toluca,
artificial scab epidemics are also
created.

It might be useful at this point to
describe how CIMMYT cultures,
inoculates, and scores scab.

Pure cultures are prepared from
spores isolated from infected
wheat heads, principally from
infected grains or glumes from
infected spikelets. Each year. the
isolates are obtained from the
three locations mentioned above.
Infected grains or glumes are
pulverized into fine fragments.
which are then plated on com
meal agar (CMA) medium in Petri
plates. Petri plates are incubated
for 10 days at 10°C. Plated
specimens are checked for any
contamination at the end of
incubation and the pure culture is
obtained from noncontaminated
plates. The growth of pure culture
is enhanced by placing the Petri
plates under a fluorescent light at
21-23°C. Large increases of
inoculum are made from the pure
cultures either on sterilized com
stalk-node or in mungbean extract
(ME) media, or on sterilized wheat
kernels (methods commonly used
in Brazil and China, respectively).

All of the above media produce
large quantities of spores in a
short time. A spore suspension is
extracted by blending the medium
with distilled water and filtering
through several layers of sterilized
cheese cloth. The spore

concentration is then standardized
(still under further investigation)
to 30,000 to 50,000 spores/m!.

CIMMYT currently uses two
different scab inoculation methods
suitable for greenhouse and field
and is evaluating a third:

• The cotton method (developed
at CIMMYT). At the mid-point of
the wheat head, a tiny tuft of
cotton permeated with the
inoculum suspension is placed
in a floret by opening the
lemma and palea with a fine
pair of tweezers in the middle
part of the head. The head is
then covered by a glassine bag
to prevent any damage.

• The spray method (modified at
CIMMYT). The inoculum
suspension is applied over the
heads in the form of a mist by
using a sprayer. Any kind of
sprayer can be effectively used.

• Currently under evaluation is a
method Widely used in China.
Scab-infected wheat kernels are
scattered between rows of
plants at the rate of 60 kg/ha
using a split application at the
crop's boot and flowering
stages.

Supplementary humidity for all of
these methods is prOVided at
intervals when rain moisture and
cloud cover are limiting by using a
fine mist system from an overhead
sprayer. This has helped to
accelerate disease development
and to avoid disease escape due to
a lack of moisture. The
greenhouse is also equipped with
mist-forming equipment to prOVide
humidity for disease development.

Disease scoring is done 6 weeks
after inoculation according to the
scale in Table 26. This method is
commonly used at CIMMYT and
by other scab researchers in Brazil
and China.
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Of the several thousand advanced
bread wheat lines and cultivars
screened during 1985 and 1986.
some showed a good level of scab
resistance. Tables 27 and 28 list
the most resistant entries
identified in 1985 and 1986.
respectively. Germplasm
introduced from China. in general.
was superior to CIMMYT's high
yielding germplasm for scab
resistance. These resistant
Chinese cultivars are currently
being extensively crossed with
CIMMYT's bread wheat
germplasm of diverse origin to
combine the high-yield potential
and rust resistance with scab
resistance.

The resistant germplasm selected
in Mexico was distributed to 40
and 61 scab-affected locations in
the 1st and 2nd Scab Resistance
Screening Nurseries. respectively.

Septoria tritici blotch-The
Toluca research station and a
farmer's field in Patzcuaro (State
of Michoacan) are locations in
Mexico used for selecting Septaria
tritici-resistant germplasm.
Artificial epidemics are created at
Toluca by spreading infected
straw at the tillering stage. The
straw is collected dUring the
previous year from heavily
infected fields. Since germplasm
from the alternate segregating
generations is selected in Toluca.
several high-yielding. semidwarf
entries have good septoria
resistance. This refutes the
opinion that the semidwarf trait is
inherently linked to disease
susceptibility. Table 29 lists the
10 most septoria-resistant entries
from the 18th IBWSN.

12

Each year the International
Septoria Observation Nursery
(ISEPTON) is also assembled. This
nursery includes the most
septoria-resistant wheats from
Toluca and Patzcuaro. Table 30
lists the 10 most resistant wheat
cultivars or crosses in the 15th
ISEPTON.

Helminthosporium spot blotch
(Helminthosporium satlvum)
Screening and selection for this
disease in this disease in Mexico is
done at Poza Rica where the
moderate mean temperature and
high relative humidity during the
crop cycle are conducive to
developing excellent epidemics of
H. sativum. If necessary. artificial
epidemics are created by using
helminthosporium-infected straw
saved from the previous year's
crop. The straw is chopped into
pieces and scattered between the
rows at tillering. Various foliar
evaluations are made using the
0-9 scale. After field evaluation.
selected lines are harvested at
maturity and grains are evaluated
for percentage of diseased grain
and the severity of the damage.
using the 0-5 scale.

Various international bread wheat
screening nurseries. crossing
blocks. advanced lines. and
introductions provide the base
germplasm for the identification of
resistant materials. Table 31 lists
24 entries with the best resistance
to spot blotch and black point in
1985-86. Some lines from China
with good resistance to fusarium
head scab were also found to be
resistant to helminthosporium.
Resistance to fusarium.
helminthosporium. leaf rust. and
stem rust are prerequisites for
wheat cultivation in tropical and
subtropical environments.
Germplasm from these resistant
Chinese and Mexican lines are
currently being extensively
crossed with other high-yielding.
rust-resistant. and heat-tolerant
germplasm to combine the
desirable traits.

Loose smut (Ustllago tritlcl)
Although this seedborne pathogen
can easily be controlled by seed
treatments. emphasis is given to
classify the germplasm for
resistance. Advanced lines.
crossing blocks. and various
international nurseries are
artificially inoculated at Cd.
Obregon and evaluated at EI
Batan. The method currently
being used involves the cutting of
the glumes about midway at the
heading stage. The spikes are then
bagged. Four to five days later.
teliospores are dusted inside the
bags. The inoculated spikes are
harvested at maturity. threshed.
and the seeds are then planted to
determine the percentage
infection. Table 32 lists 20 bread
wheat cultivars and lines found
resistant to this disease during
1985-86.

Future Projections
As we move into 1987. yield
stability and sustainability
warrant a very high priority in
CIMMYT's bread wheat breeding
program. A wider spectrum of
disease resistance will be
necessary if we are to stabilize
yield in many disease-prone areas
of the world. We have to improve
resistances to the rusts. the
septorias. the helminthosporiums.
the fusariums. bacteria. Barley
Yellow Dwarf Virus. smuts. bunts.
and certain insects. Developing
tolerances to drought. heat. and
aluminum toxicity will continue to
be important as well.

More judicious use of winter
wheats in the spring wheat
improvement program will be a
common practice. We will also be
utilizing durum wheats in our
spring wheat improvement efforts.



Table 1. Site-specific yield response of CIMMYT germplasm in Africa compared to the best adapted local
checks (Data from 6th ESWYT)

Highest Yielding Yle! (~g/ha) % of
Country Site ClMMY germpla CIMMYT Local check Local check

Algeria Const tine Chller ' . 7]92 56 ]61
Egypt Beni Su f Genaro 81 3 4 40 128

Kafr EI h kh Pavon/Mr 70121 66 4 5-140 122
Kenya Rift Vall y Buc' 'IBJy'S' 504 380') 132
Libya Tripoli Gen8.ro 81 3 2 2560 153

Igf'rla K- 0 Mayal ae :tari 700 1 3 428
South Africa pe Province Genaro 81 786 6411 122
Tanzania 1ringa Seri 82 4186 1410 296
Tuni 'a Beja Ures 81 7095 5405 131
Zambia Central Golden

Valley Kea'S' 5804 4739 122
Zimbabwe Harare Veery'S' 5544 4291 129

Av 6060 4099 147

Table 2. Site-specific yield response of CIMMYT germplasm in Asia compared to the best adapted local
checks (Data from 6th ESWYT)

Highest Yielding Yield (~g/ha) % of
Country Site CIMMYT germplasm CIMMYT Local check Local check

A( hanl tan Kabul Ures 81 2517 1333 189
Ban ladesh Joydebpur Seri 82 5165 3954 131
Bhutan Buc'S'/Bjy'S' 1859 478 389
Bumm Pavon/Mn70121 2707 1919 141

hina Lira'S' 5058 4841 105
akislan Genaro 81 6210 5660 110

Veery'S' 6333 4533 140
Ures 81 5555 5366 104

K re Ures 81 3883 3267 119

Average 4365 3483 125

Table 3. Site-specific yield response of CIMMYT germp!asm in North America compared to the best
adapted local checks (Data from 6th ESWYT)

Highest Yielding Yield (~g/ha) % of
Site CIMMYT germplasm CIMMYT Local check Local check

guezaltenango Veery'S' 7114 6944 103
Durango Maya/Nacozari 3599 2784 129
EI Batan Trl'S' 9349 8711 107

laya Chilero'S' 10513 7544 139
Nut:'( Leon Veery'S' 3473 3204 108
Cd. Obregon Seri 82 8080 7100 114
Da\rj MayalNacozari 7194 4134 174
Oregon·Madras Buc'S'/Bjy'S' 5469 5415 101

6849 5730 120

SA

Av 'rage
--------~------------~--~

Country
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Table 4. Site-specific yield response of CIMMYT germplasm in Europe compared to the best adapted local
checks (Data from 6th ESWYT)

Highest Yielding Yield (~g/ha) % of
Country Site CIMMYT germplasm CIMMYT Local check Local check

Greece Thessalonlki Seri 82 54-61 2564- 213
Poland Warsaw Mon'S'lIMU 8 0 8688 92
Portugal Elvas hilero'S' 5291 3993 133
Spain diz yna'S' 5964- 5601 107

rdoba-Encinas res 81 9332 6444- 14-5

Average 10 5458 125

Table 5. Site-specific yield response of CIMMYT germplasm in the Middle East compared to the best
adapted local checks (Data from 6th ESWYT)

Hlgbe t Yielding Yield (~g/ha) % of
Country Sit CIMMYT germplasm CIMMYT Local check Local check

Cyprus Athai 'sa Tan' '/3/Ti/TobllAid'S' :i964- 4-569 109
Iran Fars Trt'S' 7499 5999 125
Lebanon Tel Amara Pavon/Mn70121 1157 533 217
Saudi Arabia Riyadh Veer'S' 9715 8023 121

yria Al ppo INIA'S'IOnJlIN IA/Bh/31
Jupl IBuc'S' 1 67 500 293

Derra Mouhaphaza avon'S' 2791 2058 136
Turk Y d a Pavon'S' 4-084- 3834- 107

Izmir Buc'S'!Bjy'S' 6599 5577 118
S ya Buc'S'/Bjy'S' 6621 5880 113

Average 4-98. 4-108 122

Table 6. Site-specific yield response of ClMMYT germp sm in South America compared to the best
adapted local checks (Data from 6th ESWYT)

Highest Yielding Yield (~gLha) % of
Country Site CIMMYT germplasm CI T Loc check. Local check

Argentina Criadero Buck Buc'S'lBjy'S' 4728 2896 163
C .do a K a' '/Ruc'S' 4222 2855 148

Bolivia Cochabamba eer. 'S' 3525 2934- 120
Brazil BraSilia D.l-'. !3uc'S'!Bjy'S' 7525 644-5 114-

Land a Tan'S '/S/Ti/TobllAid'S' 3880 2621 129
Paloti a Seri 82 5275 3490 151

Chile Graneros Rancagua ! ery'S' 86 8 8257 105
La Platina Pavon'S' 9462 9008 105

Colomhia Cundinamarca Very'S' 4-423 234-6 189
Ecuador Quito Lira'S' 4-451 4377 102
Peru Cuzco- aray r S 81 5882 :3979 H

Average 5578 4474 125
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Table 7. Highest yielding advanced lines of bread wheat at Cd. Obregon in 1984-85. compared to check
variety Seri 82 (Data from different yield trials)

Yield
Yield % of Height Days to Days to Leaf

Line kg/ha Seri 82 (em) heading maturity rust

Yaco'S' 7764 107 95 84 123 lOMR
CM41195-A-13M-2Y-3M-1 Y-1M-OY

Cs/E.GigIlCs/3/2* Pvn'S' 7262 109 100 99 140 30S

Vee No.8 7150 101 105 98 138 20S
CM33027-F-12M-1 Y-1M-1 Y-1M-OY

Mrl'S'/Buc'S' 6344 102 105 91 136 5RMR
CM61949-3M-4Y-1M-1Y-3M-OY

Bow'S'/Gen 6362 101 95 86 124 5MR
CM64693-3M-4Y-1M-1 Y-2M-OY

Gim'S' 6888 103 95 93 132 5S
CM64849-7M-1 Y-3M-1 Y-OM-71B-OY

Gim'S' 6927 104 105 93 133 15MS
CM64849-7M-1Y-3M-1Y-OM-52B-OY

Kauz'S' 6986 109 90 89 128 lOS
CM67458-4Y-1M-3Y-1M-OY

Kauz'S' 7016 110 90 92 128 10M
CM67458-17Y-2M-1 Y-1 M-OY

Kauz'S' 7039 112 90 89 128 lOMS
CM67458-4Y-1 M-3Y-1 M-3Y-OB

Kauz'S' 7146 114 100 95 130 lOMSS
CM67458-4Y-2M-1Y-1M-3Y-OB

Kvz/3/Tob/Cftn//Bb/4/ 6783 102 95 87 129 5MR
Bio'S'/5/Bow'S'
CM67984-7Y-2M-1Y-1M-1Y-OB

Buc'S'/Glen 6660 107 90 92 133 15MS
CM69909-2Y-1M-2Y-1M-2Y-OB

Wrm//Kal/Bb/3/Bow'S' 6922 100 105 98 137 TMR
CM70196-5Y-1M-1Y-2M-1Y-OB

Bow'S'lVee'S' 6100 100 110 93 133 10M
CM72641-17Y-2M-2Y-1M-2Y-OB

Bb/Cno67//CI12703/3/ 6670 110 100 87 130 5M
Bow'S'/4/Kal/BB//Tqfn'S'/3/Pew'S'

CM73091-B-5Y-1M-2Y-1M-2Y-OB

Vee'S'/Myna'S' 6662 102 110 97 135 5MS
CM73815-2M-1Y-03M-5Y-OB

(continued)
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Table 7. (continued)

Yield
Yield % of Height Days to Days to Leaf

Line kg/ha Serf 82 (em) heading maturity rust

Bow'S'/Ures 6632 101 105 91 130 5MS
CM74417-0M-09Y-03M-3Y-OB

F3,711TrmllF12.711Coc 6948 111 105 93 133 30M
CM74829-22M-2Y-03M-lY-OB

Vee'S'/Dove'S'/IAi Fong No, 3/Pvn'S' 6498 107 110 94 135 TR
CM75408-M-5M-IY-04M-3Y-OB

Bow'S'/AnzaJ3/IAS64/Aldan'S'IIMor'S' 6467 117 95 90 132 20MS
CM75968-E-IM-IY-07M-IY-OB

Mon'S'/Dove'S' 6756 100 115 92 128 30MSS
CM6950 1-21Y-2M-lY-IM-OY

Mor'S'/Mon'S' 6680 101 95 90 130
CM64736-6Y-2M-3Y-OM

R37/Ghl121//Kal/Bb/3/Klt'S' 6833 103 95 86 126 10M
CM64609-6Y-3M-l Y-OM

AnaJHuac'S' 7089 100 105 90 133 15M
CM49258-2Y-2M-3Y-OY

Ka'S'/Nac
-3B-4Y-IM-OY 6870 100 115 91 130 50MSS

Lfn/SdyllPvn'S' 7577 111 105 100 140 0
Swm7215-2Y-2Y-OY-3Y-OY

Vee 5'S' 6762 100 90 95 138 30MSS
CM33027-F-15M-500Y-OM-76B-OY

Buc'S'/Pvn'S' 6816 101 105 89 134 5MR
CM58766-18Y-3M-5Y-2M-OY

Gaa'S' 6947 111 105 86 130 20S
CM64224-5Y-1M-1 Y-OM

Chil'S' 7332 107 100 92 129 20MSS
CM66684-B-IM-6Y-2M-IY-IM-OY

Cno79*2/Prl'S' 8066 101 93
CM90312-A-2B-22Y-OB

Cno79*2/Prl'S' 8135 102 93
CM90312-A-2B-l1 Y-OB

Cno79*2/Prl'S' 8148 102 92
CM90312-A-2B-3Y-OB

Cno79*2/Hei 8212 108 92
CM90313-E-3B-5Y-OB

(continued)
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Table 7. (continued)

Yield
Yield % of Height Days to Days to Leaf

Line kg/ha Seri 82 (em) heading maturity rust

Coo79*2/He 1 8735 115 95
CM90313-E-2B-9Y-OB

Bow'S' *2/Prl'S' 8602 106 98
CM90319·B-6B·6Y-OB

Haho'S'*2/Prl'S' 8591 103 98
CM90320-A-1B-4Y-OB

Haho'S'*2/Prl'S' 9576 114 99
CM90320-A-1B-5Y-OB

Table 8. Highest yielding advanced lines of bread wheat at Cd. Obregon in 1985-86. compared to check
variety Seri 82 (Data from different yield trials)

Yield
Yield % of Height Days to Days to

Line kg/ha Seri 82 (em) heading maturity

Vee 3'S' 6530 104 90 86 126
CM33027-F-12M-1Y-6M -OY-83B-OY

W3918A/Jup 6736 107 85 78 125
CM40096-8M-7Y-OM

Bau'S' 7026 110 85 81 125
CM59123-3M-1 Y-2M-1 Y-2M-1 Y-OM

TsilVee 5'S' 6580 105 75 81 126
CM64335-3AP-2AP-2AP-OAP

Au/Up30111Gll/Sx/31 Pew'S'/4/Mai'S'1
Maya'S'IIPew'S' 7034 104 90 83 126

CM67245-C-1M-2Y-1 M-7Y-1 M-OY

Seri/Nkt'S' 6706 102 90 78 125
CM73994-1M-l Y-2M-7Y-2M-OY

Bow'S'/MJI//Ures/Nac 6830 101 90 89 129
CM75969·A·2M-2Y-05M-2Y-4B-OY

Bow'S'/MJIIIUres/Nac 7034 104 90 87 128
CM75969-A-2M-2Y-05M-2Y-2B-OY

Jup/Bjy'S'I/Ures 7194 102 90 88 124
CM76243-22Y-04M-02Y-2B-2Y-OB

Jup/Bjy'S'llUres 7352 104 90 89 124
CM76243-22Y-04M-02Y-2B-1 Y-OB

(continued)
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Table 8. (continued)

Yield
Yield % of Height Days to Days to

Line kg/ha Seri 82 (em) heading maturity

ErafNr/3/Pato/On//Maya'S '/4/Kea'S' 7254 108 90 80 125
CM76260-40Y-08M-04Y-5B-2Y-OB

FI2.71/Cocl/Gen 7574 105 100 84 122
CM76689-9Y-03M-012Y-1B-2Y-OB

Vee 8'S'/Ttm'S' 6802 109 95 86 127
CM76712-26Y-05M-08Y-1B-2Y-08

Vee'S'/Bow'S' 7016 107 90 82 123
CM76716-27Y-OIM-07Y-5B-2Y-OB

Vee'S'/PjN'S' 6968 111 85 83 125
CM76719-36Y-05M-0 11Y-2B-l Y-OB

Vee'S'/PjN'S' 7092 113 80 85 128
CM76719-42Y-01M-08Y-lB-2Y-OB

Vee'S'/Bow'S' 7574 107 90 87 125
CM76736-23Y·07M-08Y-1B-1Y-OB

Vee'S'/Bow'S' 7294 112 90 87 125
CM76736-36Y-06M-0 13Y-lB-4Y-OB

Mnv'S'/Vee 5'S' 6474 101 70 82 122
CM77091-14Y-04M-06Y-3B-1Y-OB

KaIlBbIlCj'S'/3/Ald'S'/4/Chel'S' 6528 101 85 84 122
CM76965-5Y-1M-06Y-IM-2Y-OB

Odk16/Pdgai/Au/Jts179/3/Nac/Chel'S' 6994 117 95 84 125
CM77331-D-3Y-04M-08Y-1B-2Y-OB

Ures/Bow'S' 6836 100 90 88 126
CM78108-1M-02Y-02M-6Y-OB

Ures/Bow'S' 6976 102 90 89 126
CM78108-1M-02Y·02M-5Y-OB

Ures/Bow'S' 6998 102 90 88 127
CM78108-1M-02Y-02M-17Y-OB

Ures/Bow'S' 7058 103 90 89 127
CM78108-1M-02Y-02M-16Y-OB

UreslBow'S' 6476 101 100 84 124
CM78108-3M-02Y-02M-8Y·OB

Jup/Ald'S'//K1t'S'/3/Vee'S' 7116 107 95 82 123
CM7951O·024Y-2M-05Y-OIM-l Y-OB

(continued)
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Table 8. (continued)

Yield
Yield % of Height Days to Days to

Line kg/ha Seri 82 (em) heading maturity

Amd * 2/Pci'S'/3/Car853/CoclIVee's' 6502 110 95 80 126
SWM 12307-8Y-OY-OY-lB-3Y-OB

Cno79/Prl'S' 7097 113 85 73 120
CM83271-18Y-IB-5Y-lB-OY

Cno79/Prl'S' 6864 114 90 77 125
CM83271-26Y-4B-l Y-IB-OY

Cn079*2/Prl'S' 7228 120 85 80 128
CM90312-A-2B-3Y-3B-OY

Cn079*2/Prl'S' 6806 107 85 72 124
CM90312-A-2B-12Y-IB-OY

Cn079*2/Prl'S' 6814 100 85 81 125
CM90312-D-2B-15Y-2B-OY

Ures * 2/Prl'S' 7160 107 80 79 122
CM90315-e-l B-2Y-7B-OY

Ures* 2/Prl'S' 7237 109 85 83 123
CM90315-A-2B-2Y-IB-OY

Ures*2/Prl 6918 110 90 79 125
CM90315-C-7B-4Y-2B-OY

Hahn'S' *2IPrl'S' 6490 118 80 79 119
CM90320-F-5B-6Y-1 B-oY

Hahn'S'*2IPrl'S' 6493 118 80 75 118
CM90320-D-I1B-3Y-IB-OY

Buc'S'/FIk'S' 6833 124 85 78 125
CM50070-24Y-IM-l Y-OY

Bow'S'/Pvn 6464 105 85 73 118
CM61830-6Y-l M-lY-IM-6Y-OM

Bow'S'/NkrS' 7272 101 90 86 123
CM67428-6M-IY-05M-3Y-OB

Kauz'S' 7366 106 85 83 121
CM67458-4Y-IM-3Y-IM-5Y-OB

Kauz'S' 7418 107 80 83 121
CM67458-4Y-1 M-3Y-1 M-3Y-OB

Vee#9 7438 101 90 86 125
CM33027-F-12M-l Y-12M-l Y-2M-OY

IAS58/4/Kal/BbIICj 'S'131AId'S'15/Yav'S' 6814 104 90 91 127
Cd58620-5M-4Y-3M-OY

(continued)
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Table 8. (continued)

Yield
Yield % of Height Days to Days to

Line kg/ha Seri 82 (em) heading maturity

Vee'S'/lH567. 71/5 * Nac/3/Vee'S' 6448 109 85 91 125
CMH81A.601-lB-6Y-IB-2Y-2B-OY

RL6040/6·Yr 7292 110 70 79 124
CMH82A.413-3B-3Y-lB-OY

RL6040/4*Yr 7372 114 70 74 117
CMH78A.669·9B-4Y-OB

RL6040/5 * Yr/lAg/5· Yr 7364 105 70 78 121
CMH82A.465-1B-2Y-OB

Vee'S'//RL60 10/2*YR/3/2 ·Vee'S' 7624 109 90 82 120
CMH81.530-1 Y-3B-2Y-OB

Bjy'S'/Coc 7161 114 95 80 125
CM55651-4Y-2Y-IM-4Y-OM

Kauz'S' 7204 100 85 80 123
CM67458-4Y-IM-3Y-IM-3Y-OB

Kauz'S' 7413 103 85 85 125
CM67458-4Y-IM-3Y-IM-OY

Hahn'S'*2lPrl'S' 7202 105 85 87 128
CM90320-A-IB-5Y-OB

Bau'S' 7008 100 85 85 123
CM59123-3M-IY-2M-IY-3M-OY

Bow'S'/Chrc'S' 7548 119 95 78 121
CM69589-3M-3Y-IM-2Y-IM-OY

Gaa'S' 7220 105 95 85 127
CM64224-5Y-IM-IY-OM-22Y-OM

Chil'S' 7052 105 100 87 126
CM66684-B-IM·6Y-IM-lY-IM·l Y-QM-2Y-OM

Myna'S'/Vul'S' 7480 108 95 87 128
CM64546-2M-IY-IM-5Y-OM-14Y-OM

Chil'S' 7524 109 100 88 129
CM66684-B-IM-6Y-IM-l Y-IM-l Y-OM-92Y-OM

Myna'S'/Vul'S' 7004 103 95 90 131
CM64546-2M-l Y-IM-5Y-OM-65Y-OM

Prl'S'/Vee #6 7324 100 75 82 131
CM64624-2Y-IM-4Y-OM-34Y-OM
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Table 9. Highest yielding advanced lines of bread wheat at Toluca in 1985 compared to check variety
Toluca 73 (Data from different yield trials)

Yield Yield % of Height Stripe
Line kgJha Toluca 73 (em) .rust

Fink'S' 7177 138 80 0
CM41860-A-5M-2Y-3M-IY-IM-l Y-OB-OPTZ

Lov23/Bjy'S'/3/BbllNorllCno'S'!7c 7386 142 95 0
CM60338-h-1 Y-IM-3Y-3M-5Y-IM-OY

TpIICno67/No/3/Bb/Cno67/4/Za75/5/TtmS'S' 6807 123 85 lOMR
CM59914-4Y-3M-3Y-IM-lY-IM-OY

TpllCno67/No/3/Bb/Cno6714/Za75/5/Ttm 'S' 6858 124 90 5R-MR
CM59914-4Y-3M-IY-2M-3Y-IM-OY

TpllCno67/No/3/Bb/Cno67/4/Za75/5/Ttm'S' 6868 125 85 0
CM59914-4Y-3M-I Y-2M-3Y·2M-OY

Bau'S' 6904 125 80 0
CM59123-3M-I Y-3M-I Y-3M-OY

Mon'S'IISis'S'/Can'S' 6805 127 5 0
CM62142-5Y-3M-I Y-2M·3Y-3M-OY

Mon'S'IISis'S'/Can'S' 6884 128 an 0
CM62142-5Y-3M-IY-2M-4Y-IM-OY

Tuc'S'/Mon'S'INee'S' 6909 129 100 0
CM62001-6Y-IM-2Y-2M-IY-2M-OY

Bow'S'/Gen 6535 131 75 0
CM64693-3M-4Y-IM-IY-2M-OY

Mn721311Mor'S' 6693 134 80 0
CM65423-1M-l Y-4M-IV-OM

Chil'S' 6038 127 0 0
CM66684-B-IM-6Y-2M-IY-IM-OY

Sn64/Ss21lAId'S'13/Ti Resei/Coc/4/IAS58/3/IAS201IWte· 3/Nar 6927 132 85 0
CM67208-B-3M-2Y-2M-3Y-IM-OY

PF70354IBow'S' 6195 135 0 0
CM6791O-7Y-IM-8Y-OZ-IY-2M-OY

(continued)
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Table 9. (continued)

Yield Yield % of Height Stripe
Line kg/ha Toluca 73 (em) rust

Kvz/3/Tob/CtfnlBb/41BIp'S'/5IUres 6563 123 85 0
CM67983-IOY-2M-2Y·IM·OY

F41.70/lKaJIBB/3/Anal4/Tow'S'/ 5IWop'S'1 ac 6344 125 85 0
CM68821-A-3Y·2M·6Y-IM·OY

Cook}Vee'S'IIDove'S'/S ri 6967 117 80 0
CM69279-C-2Y·3M·2Y-2M·OY

Psn'S'IBow'S' 6412 ]26 85 0
CM6956<>-lM·3Y·3M·lY·I M-OY

TomlPrl' ' 6513 128 100 5MR
OM69736-8M·2Y·2M·3Y·l M·OY

Mon'S'/lSls'S'/Can'S' 7225 135 90 0
CM62I 42-5Y·3M·IY·2M·3Y-IM-OY

2109.36Ne 'S'/4IWrml/KaJllBb/3IKallBbIIAld'S' 6843 143 100 0
CM66120·D·IM·IY-IM-IY-lM-oy

Yaco'S'/Jun'S' 7313 132 90 5R-MR
CM68459·7Y·2M-2Y·OM

Fink'S' 7347 148 85 0
CM41860·A·5M-2Y-3M·IY·IM-lY-OB

Bau' , 6865 132 80 0
CM59123·3M·IY·2M-2Y-]M·OY

Bau'S' 6966 133 80 0
CM59123-3M·lY·3M·lY·3M-OY

Bau'S' 7017 134 80 0
CM59123·3M·lY·2M-l Y-2M·2Y-OM

Bau'S' 7]29 137 80 0
CM59123-3M-lY-IM-IY·IM·1 Y·OM

Bau'S' 7326 140 85 0
CM59123-3M-l Y-3M-2Y-1M-QY

Gim'S' 6940 151 75 0
CM64849-1 M-6Y-4M-2Y·OM
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Table 10. Highest yielding advanced lines of bread wheat at Toluca in 1986 compared to check variety
Seri 82 (Data from different yield trials)

Yield (kg/ha)
Serf 82 % of

Line Var. (check) Serf 82

N 1223-3d-] d-(M17G-77-529)/Aid' , 5858 4755 125
SWM7736·8Ii·2H-OP

CMH77A,754/Pel.ArL 5916 4966 119
CMH77.~04·1Y·~B-4Y-1B-2Y·2PTZ·OY·OE

lAS 8/4/KallBbl/Cj'S'/3/Ald'S' 5443 4706 115
CM50464-12Y·2F·2Y·1Y-2M-IY-OY

J up/Zp/lCoc/3IPvn 5343 4683 114
CM58705-3M·] Y-I M-lY-1M-OY

Kea'S'/Tow'S' 5383 4810 111
CM58975·2Y-3M-l Y-l2M-3Y-J M-OY

Lo 23IBjy'S'/3/Bbl or/ICno' '/7e 5786 4416 131
CMG0338-H·IY-IM-4 ·lM-2Y·IM-OY

Mon'S'/G n 5916 5236 112
CM64241-3M·l Y-2M-IY-2M-OY

Maya'S'/Sprw'S'/Nee # 6 5579 3943 141
CM64958-21Y-IM-5Y·OZ·4Y·2M-OY-022AL-OY

Maya'S'/Sprw'S'INee # 6 5459 4926 110
CM64958·27Y-] M·5Y-OZ·9Y·I M·OY-023AL-OY

AU/UpSOl/IGlI/Sx/3/Pew'S'/4/Mai'S'/Maya'S'/IPew'S' 5803 4753 122
CM67245· ·lM-2Y-lM-7Y-IM-2Y-OM

Prl"S'lBow'S' 5756 4603 125
CM67363·33Y-2M-!Y-2M-lY·OB

Kauz'S' 5649 4626 122
CM67458-4Y-! M·3Y-3Y-OB

Kvz/3/Tob/C n/fBb/41B1 'S'/5/Snb'S' 5446 4553 119
CM67982-12 ·4M·2Y·IM·IY-OB

Yaco' '/Jun'S' 6049 4860 124
M68459-7Y-2M-2Y·OM

Bow' '/Chrc'S' 5656 5076 III
CM69589-3M·3Y-] M·3Y-1 M·OY

WrmIlKalfBb/3/Bow'S' 5263 4946 106
M70196-5Y-IM-IY·3M-lY-OB

(continued)
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(Table 10, (continued)

Yield (kg/ha)
Seri 82 % of

Line Var. (check) Seri 82

Vee'S'/Myna'S' 5399 5243 102
CM73815-2M-l Y-03M-IB-OY

Bow'S'/GR'S' 5723 4690 122
CM74416-20M-2Y-05M-2Y-OB

F3.711Trm/IFl2. 711Coc 5523 4910 112
CM74829·22M-2Y-03M-l Y-OB

Kvz/3/Tob/CtfnllBb/4IBIo'S'/5Nee #5/6lBow'S'/3/Yd'S'IIBb/Cha 6123 3460 176
CM75650-C-IM-IY-03M-3Y-OB

F 12.71/Coc/Gen 5723 4790 119
CM76689-9Y-03M-0 12Y-4B-OY

Bow'S'*2/Prl'S' 5753 4566 125
CM90319-B-4B-15Y-2B-OY

Hahn'S'·2/PrI'S' 5576 4843 115
CM90320-D-IIB-3Y-2B-OY

AId'S'IICNT 7/PF70354/3/PAT 2411Bb/Kai 5113 4730 108
Fl1687-2L-19L-7L-OY

LAP1144 5559 4600 120

F3.71/Trm 6163 4593 134
SwM5704-10Y-IM-3Y-3M-3Y-OB

Bau'S' 5463 4653 117
CM59123-3M-IY-2M-IY-2M-2Y-OM

Giro'S' 5099 4326 117
CM64849-1M-6Y-4M-2Y-OM

Mn721311Mor'S' 5276 4836 109
CM65423-1M-IY-4M-IY-OM

CooklVee'S'llDove'S'/Seri 5809 5036 115
CM69279-G-2Y-IM-7Y-IM-OY

PF7619IDove'S'IICEP 7670 5089 4806 105
B25813-A-IM-IY-IM-2Y-4M-OY
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Table 11. Highest yielding advanced lines of bread wheat at EI Batan in 1985 compared to check variety
Pavon 76 (Data from different yield trials)

leld % of Height Stripe Leaf St m
Line (kglha) Pavon 76 (em) rust rust rust

Ka 'S' 6 16 100 70 0 10 0
CM67458-4Y-IM-3Y-IM-2Y-OB

Kauz'S' 2 1 101 80 0 IOMSS 0
CM67458-4Y-IM-3Y-IM-4Y-OB

Pea'S' 6194 10 90 0 20M 20M
M745339-IM-3Y-IM-3Y-OB

Ve#1O/2*Pvn'S' 632-1 102 90 0 1 M lOMR
CM72866-B-4Y-IM-IY-2M-3 ·OB

Pea'S' 6372 103 90 0 208 15MR
CM74539-IM-3Y-IM-2 -OB

Buc'S'/4/Tzpp//Irn46/Cno67/3/Prt 6118 99 95 lOMR IOMRR 0
CM56744-7Y-2 -IM-IY- M

Vee#7 6232 101 95 0 20MSS 0
CM33027-F-15M-4Y-4M-3Y-2M-IY-OM

Spb'S' 6137 99 100 0 lOMS 0
C 6434o-tM-l ·IM-2Y-IM-OY

Ve#5'S' 6187 100 105 0 20MS 0
eM 3027-F-15M-500Y-OM-7B-OY

Ve# 'S' 6219 101 105 0 3 MS 0
CM33027-F-15M·500Y-OM-98B-OY

R37/GhI12I1KaIlBb/3/Klt'S' 6222 101 75 30M 10MR 0
CM64609-5Y-4M-4Y-OM

Table 12. Highest yielding advanced lines of bread wheat at EI Batan
In 1986 compared to check variety Seri 82 (Data from rainfed yield
trial)

Yield Yield % of He t
Lines (kg/ha) Sed 82 (em)

Buc'S'/Pvn'S' 6098 108 90
CM52359-2M-3Y-I Y-2M-l V-OM

Kauz'S' 5620 100 80
CM67458-4Y-IM-3Y-IM-4Y-OB

Kauz'S' 5607 99 80
CM67458-4Y-IM-3Y-IM-2Y-OB
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Table 13. Highest yielding advanced lines of bread wheat in reduced irrigation regimes at Cd.
Obregon in 1985-86, compared to variety Seri 82 (Data from different yield trials)

Yield Yield % Height Da111 to
Line (kg/ha) of Seri 82 (em) Heading Maturity

Bue'S'/4ITzpp//lrn46/Cno67/3/Prt 4506 100 95 75 122
CM56744-7Y-2Y-IM-I Y-OM

Kea'S' 4690 104 90 78 120
CM21335-C-9Y-3M-1 Y-I Y-1 Y-OB-2KE-OY

Myna'S'Nul'S' 4462 110 85 83 122
CM64546-2M-IY-IM-5Y-OM

Kauz'S' 4804 109 85 80 123
CM67458-4Y-IM-3Y-IM-2Y-OB

Kauz'S' 4804 109 85 80 123
CM67458-4Y-I M-3Y-1 M-2Y-OB

Pea'S' 4616 123 95 72 118
CM74539-1 M-3Y-1 M-2Y-OB

Vee # 1O/2*Pvn'S' 4940 132 100 77 116
CM72866-4Y-IM-l Y-2M-3Y-OB

Table 14. Highest yielding advanced lines of bread wheat that were sown late at Cd. Obregon in
1985-86. compared to variety Sed 82 (Data from different yield trials)

Yield Yield % Height Days to
Line (kg/ha) Seri 82 (em) Heading Maturity

Tob//Hd832/Bb/3/Mon'S' 6721 142 100 76 122
CM56718-5Y-2Y-3M-3Y-IM-OY

Kauz'S' 6145 132 80 81 121
CM67458-4Y-IM-3Y-IM-3Y-OB

Kauz'S' 6320 136 80 84 123
CM67458-4Y-IM-3Y-IM-4Y-OB

Vee# 1O/2*Pvn'S' 5 08 128 90 75 II
CM72866-B-4Y-IM-IY-2M-3Y-OB

Tp//Cno67/No/3/Bb/Cno67/4/Za75/5/Ttm 'S' 5753 III 95 79 121
CM59914-7Y-2M-l Y-IM-l Y-IM-OY
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Table 13. Highest yielding advanced lines of bread wheat in reduced irrigation regimes at Cd.
Obregon in 1985-86. compared to variety Seri 82 (Data from different yield trials)

Yield Yield % Height DN ,~ ___ -
Line (kg/ha) of Seri 82 (em) Headt Maturity

Buc'S'/4/TzppllIrn46/Cno67/3/Prt 4506 100 95 75 122
CM56744-7Y-2Y-IM-l Y-OM

Kea'S' 4690 104 90 78 120
CM21335-C-9Y-3M-IY-1 Y-l Y-OB-2KE-OY

Myna'S'Nul'S' 4462 110 85 83 c 122
CM64546-2M-1 Y-1 M-5Y-OM

Kauz'S' 4804 109 85 80 123
CM67458-4Y-1M-3Y-1M-2Y-OB

Kauz'S' 4804 109 85 80 123
CM67458-4Y-1M-3Y-1M-2Y-OB

ije l'S' 4616 123 95 72
'~ "74539-1M-3Y-1M-2Y-OB

Vee # 1O/2*Pvn'S' 4940 132 100 71 -' 1 51,
CM72866-4Y-1M-1 Y-2M-3Y-OB

Table 14. Highest yielding advanced lines of bread wheat that were sown late at Cd. Obregon in
1985-86, compared to variety Serf 82 (Data from different yield trials)

~'1d Yiel Height __ D.a;"'V.h-
.lIk • (kg,..:/ha) Seri 82 (em) Heaq..:Tg .. W ~\t..

Tob//Hd832/Bb/3/Mon'S' 6721 142 100 76 122
CM56718-5Y-2Y-3M-3Y-1M-OY

Kauz'S' 6145 132 80 81 ~t I

CM67458-4Y-1M-3'1hi ·tf-3Y-OB

Kauz'S' 6 320 136 80 ,84 J~c

CM67458-4Y-1M-3Y-1M-4Y-OB

Vee#1O/2*Pvn'S' 51: 128 90 ?~~ n1f, "l

CM72866·B-4Y-1M-1Y-2M-3Y-OB

TpIlCno67/No/3/Bb/Cn067/4/Za75/5/Ttm'S' 5753 111 95 79 1. '21
CM59914-7Y-2M-1 Y-1M-1Y-lM-OY
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Table 15. Approximate number of entries in the bread wheat
nurseries and segregating populations distributed internationally in
1985 and 1986

International Bread Wheat Scre Illng ur ery (lBWS ) 250

Drought Screening Nursery (DSN)

Elite Selection Wheat Yield Tdal (ESWYT)

Yield Nurseries

International Sprln

Screening Nur edes

h at Yield Nursery ([SWYN)

Appro:dmate
No. of

entries

50

30

ACid Soil Tolerance Screening Nursery (ASTSN). formerly
the Aluminum Screening Nursery (ALSN) 150

Heat Tolerance Screening Nursery (HTSN) 150

Disease Screening Nurseries

International Septorl Obscrv 'on Nu ry (ISEPTO 100

Scab Re . rance Screening Nur ry ( RS 1 70

Helminthosporium Resistance S r nlng Nurse . (HRSNJ 60

Segregating Populations

F2 Irrigated

F2 Dryland

F2 Acid Soil

F2 Helminthosporium

F2 Scab

F2 Spring x Winter

300

300

ISO

100

100

150
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Table 16. List of agroecological regions, countries and major diseases

Regio

Medit-erranean
North Africa

Middle East and Nile
Valley

East and Southern
Africa

Subcontinent

East Asia

Southern Cone of
South America

Andean region of
South America

Central America
including MexIco

Lowland tropical
nvironments

28

Countries

Morocco. Algeria. Tunt ia

Egypt. Sudan. Syria. Iran. {rag,
Afghani tan. Saudi Arabia, fsrael,
Turkey

Ethiopia, Kenya. Tanzania, Zambla,
Zimbabwe. Rwanda. Madagascar,
Uganda

India. Pakistan. Bangladesh

China. Korea

Argentina. Brazil. Chile. Uruguay.
Paraguay

Colombia. Ecuador. Peru. Bolivia

Guatemala. Mexico

Philippines. Thailand. Indonesia.
Costa Rica

Major pathogens in order of importance

Puccinia recondita. Puccinia striiformis. Septoria
tritici. Er siphe graminis. Ustilago tritici,
Pucc[nia graminis

Puccinla recondita. Puccinia striiformis. Septoria
trLttai. Erysiph graminis. Ustilago tritici.
PuceiIlia gram/nl

Puccinia lrilformJ, Septaria tritici, Puc:cinia
graminis. Puccinia recondita, Helminthosporium
aUvum

Puccinia recondi a, Pu ainla strfiforrnis. Erysiphe
graminis, Pu cinia graminis. Neovossia indica.
Ustilago tritJci

Fusarium graminearum. Erysiphe graminis.
Helminthosporium sativum. rusts

Puccinia graminis. Puccinia recondita. Septoria
nodorum. Fusarium graminearum,
Helminthosporium sativum, Xanthomonas
campestris pv. translucens, Pseudomonas
syringae

Puccinia striiforrnis. BYDV. Fusarium
graminearum. Puccinia recondita. Xanthomonas
campestris pv. translucens

Puccinia recondita. Puccinia striiformis, Septoria
tritici. Fusarium s-pp.. BYDV. Neovossia indica

Helminthosporium sativum, Puccinia recondita.
Sclerotium rolfsii. Fusarium spp.. etc.



Table 17. Pathotypes of P. recondita triticl identified in Mexico
during 1984-86

V ulence/Avirulence formula for pathotypes

• Lr3. 10. 14a. 14 . 15. 20/Lr1. 2a. 2b. 2c. 3ka. 9. 16. 19. 21. 24. 25.26.
29. 0

• rI. 2 . 10. Ha, 14-b. 15. 20/Lr2a. 2b. 3. 3ka. 9. 16. 19. 21. 24. 25. 26.
29.30

• Lr1. 2c. 3. 10. 14a. 14b. 15. 20/Lr2a. 2h. 3ka. 9. 16. 19.21. 24. 25. 26.
29. 3

• Lr. 2a. 2b. 2c. 3. 10. 14a. 14b. 15. 20/Lr3ka. 9. 16. 19. 21, 24. 25. 26.
29. 30

• Lr1. 3. 10. 14a. 14b. 15.20. (26)*/Lr2a. 2b. 2c. 3ka. 9. 16. 19.21, 24.
25. 29. 30

• Lr1. 2a. 2b. 2c, 3. 14a. 14b. 15. 20. (26J*/Lr3ka. 9. 10. 16. 19. 21. 24.
25. 29. 30

• Lr1. 2a. 2b. 2c. 3. 10. 14a. 14b. 15.20. (26J e ILT3ka. 9. 16. 19.21. 24.
25.29.30

Table 18. Classification of entries from 18th IBWSN for average
coefficient of infection (ACI) for leaf rust (data from 31 locations)

* parentheses indicate incomplete
virulence

ACI
range

0·2.0

2.1-5.0

5.1-10.0

10.1 15.0

15.1-20.0

20.1-30.0

.1 O.

40.1-1

No. entries

38

33

29

28

9

7

o

Check va ties

Tonichi 81, lAl 0 79

Dres 81

Genaro 81, Sonoita 81. 1ma 77

Pavon 76. Nacozari 76. INIA 66, Local
check

en 8 . Glennson 81, Jupateco 73,
Tanori 71

Si te Cerros
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Table 19. Twenty entries of 18th IBWSN highly resistant to leaf rust
based on data from 31 locations

Variety or cross

Vee'S'/3/Fln/Acc//Ana
CM64576-9Y-1 M-3Y-2M-OY

Anb'S'/Jup
CM68198-2 -lM-2Y-3M·OY

Kvz/3/Tob/Cftnl/Bb/4/Blo'S'/5/Snb'S'
CM67982-2M-l -2M-4Y-OM

CookfVee'S'//Dove'S'/Seri
CM69279-C-2Y-IM-7Y-3M-OY

Bau'S'
CM59123-3M-l Y-3M-l Y-2M-} V-OM

Jup/Bjy'S'
CM39992-l2M-lY-IM-lY-IM-I Y-OB

Kea'S'/Tow'S'
CM58975-2Y-3M-I Y-7M-2Y -OM

Bau'S'
CM59123-4M-I Y-IM-5Y-3M-OY

Chil'S'
CM66684-B-IM-6Y·2M-3Y-3M-l V-OM

Fink'S'
CM41860-A-5M·2Y-3M-OY

Mean Highest
Infection Score

0.3 TMS

0.3 lOMR

0.4 lOMR

0,4 5S

0.5 lOMR

0.6 lOMR-MS

0.6 15MR·MS

0.6 10MR

0.6 lOMR·MS

0.7 15MR

30

Jcam/Emu'S'/IChrc'S'/4JIAS 20//Wte·3/,.Tar
/3/Kvk'S'

CM66246-C-IM-IY-IM-2Y-OM

Jup/Bjy'S'
CM39992-12M-l Y-1M-l V-OM

Jup/Zpl/Coc/3/Pvn
CM58705-3M-l Y-lM-IY-lM-OY

Jup/Zp//Cocl3/Pvn
CM58705-3M-lY-IM·lY-2M-l V-OM

0.7

0.8

0.8

0.8

20M3

lOMR-MS

40R

40R

(continned)



Table 19. (continued)

V ety or cross

FeeS'
CM 3598-II-8Y-IM- '-2.M-2Y-oB

Mn721' IMor'S'
,M65423-1M II' -1 -OM

n72131/Mor' .
CM65 Q3·1 M-l Y-1 M·2Y-OM

CM'S
CM66684-B-IM-6Y-2M-3Y-3M-QY

Cook} ee'S'llDove'S'/Serl
CM69279·C-2Y-IM-5Y-IM-OY

MmgIBu 'S'/IBlo'S'/Psn'S'
CM6919 ·A-5Y-3M-IY-OM

an
ecUon

o.

0.9

1.0

1.0

1.0

1.1

mg est
Score

1 MS

lOMS

10MS

1OMS-

20S

15MS

Table 20. Area UDder the leal TUst progress curve (AULRPC) and 1088 in yield. hectoliter weight,
Bnd 1000 grain weight for 10 varieties evaluated in Cd, Obregon during the 1985·86 crop se son

1000
Bedolltre Grain wdg t

AULRPC Final Wc1tmt Loss Loss
EQtry for rust Actual Actu

No. Variety 54 d re c on % (~/hll % (I) %

1 ClANO 79 0 642· 9.3 O. 5· 1.2 1.33 3.9
2 0 Is 86 0 0 9 1.3 0.85 1.1 1.67 4.1

ecora 70 1780 100 1959 29.5 5.47· 6.9 10.00· • 25.9
51 te Cerro 66 1 58 100 1375·· 22.9 -l.8 •• 5.9 7.00· • 20.2

5 enaro 81 12 I5MS 85 1.3 0.57 0.7 1.3 3.7
6 5erl82 51 10MS·S 230 3.0 0.43 0.5 1.67 3.9
7 Ton.1 hi 130 lOMR-MS 514 7.9 1.23-· l. .67 4.4-

avon'S' 28 30M -S 184 3.4- 0.:/.7 0.3 0.66 2.0
Junco'S' 71 5MS 493 .2 O. 7 0.0 1.66 4.0

10 Pavon 76 356 40MS-S 257 A .12 1.4 3.00 • 8.2

• Significant at P :0.05.. signillcan at P=O.Ol
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Table 21. Pathogens of P. gramlnis tritici identified in Mexico during
1984-86

Virulence/Avirulence formula for pathotypes

• r5, ga, 9d, 36/5r7a, 7b, 8, 9b. ge. 10. ]1 1 13, 24. 25, 26. 27. 30. 37

• 8r5, 8, ga, 9d, 36/Sr7a, 7b, 9b, get 10, 11. 13. 24t 25, 26, 27, 30, 37

• 8r5, 7b. 8, ga. 9d. 36/Sr7a, 9b, ge. 10. 11. IS, 24, 25. 26. 27. 30. 37

• 5r5, at ga, 9b, 9d, 36/Sr7a, 7b, get la, 11,13,24,25,26,27.30.37

• 5rO. 8. ga. 9d o 11, 36/5r7a. Th. 9b. ge. 10. 13. 24. 2'5, 26. 27. 3 . 37

• 8r5. 7b. B. 9a, 9d o 11. 36/8r7a. 9b. ge. 10. 13. 24. 25. 26, 27, 30. 37

• 8r5. 7b. 8. ga, 9d. 11, 36/Sr7a-, 9b, get 10.13.24,25.26.27,30,37

• Sr5. 8. ga. 9b, 9d. 11. 36/Sr7a, 7b. get 10, 13. 24, 25. 26, 27, 30, 37

• 8r5. 7b. 8 0 9a. 9b. 9d. 11. 36/8r7a. ge. 10. 13. 24. 25. 26. 27. 30. 37

Table 22. Classification of entries from 18th IBWSN for average
coefficient of infection (ACI) for stem rust (data from 12 locations)

ACI No.
Tange entries Check varieties

32

0- 2.0
2.1- 5.0
5.1-10.0

10.1-15.0
15.1-20.0
20.1-30.0
30.1-40.0
40.1-50.0
50.1-10.0

21
67 Serl 82. Glennsop 81, Genaro 81. Ures B1. INIA 66
44 Pavon 76. Jupatcco 73, Tanon 71, 8iete Cerros
25 Tonichi 81. Sonoita 81. CIANO 79. Pima 77. Local check
14 Nacozart 76
14
2
1
o



Table 23, Twenty entries of 18th IBWSN highly resistant to stem
rust based on the data from 13 locations

Variety

Bau'S'
CM59123-3M-lY-IM-IY-IM-OY

Buc'S'/Bjy'S'IIGjo'S'/Emu'S'
CM60419-C·3Y·lM·5Y-2M·l Y-IM-OY

CookNee'S'llDove'S'/Set1
CM69279-C·2Y-IM·7Y-3M·OY

R37/Ghl121/1 Bb/3/Jup/Mus'S'
CM64611-4M-l Y-IM-3 -2M-OY

Kvz/3/Tob/ClfnIBb/41Blo'S'/5Nee'S'
CM67983-2M-3Y-IM-2Y-OM

Anb'S'/Jup
CM68198-2Y-I M-2Y-3M-OY

J up/ZpllCoc/3/Pvn
CM58705-3M-lY-IM-lY-2M-l V-OM

Spb'S'
CM64340-4M-l Y·2M-7Y-OM

Highest
ACI Score

0.9 5MS

0.9 lOMS

0.9 10MR

1.0 lOMS

1.0 lOMR

1.0 10MR

1.2 lOMR

1.2 20MR

Sn64/SS211Ald'S'/3/Ti Resel/Coc/4/1AS 58
13/1AS 2011Wte-3/Nar

CM67208-B-lM-3Y-3M-4Y-2M-OY

Spb' ,
CM64340·4M-l Y-2M-6Y-2M-OY

J up/ZpllCoc/3/Pvn
CM58705-3M-IY·IM·IY-IM-OY

e'S'/3/FI AccllAna
CM64576- Y-IM-3Y-2M-OY

Spb'
M 34 -4M·IY-2M-4Y-IM-IY-OM

1.2

1.3

1.6

1.6

1.7

20MR

10MR

10MR

lOMS

lOMR

(continued)
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Table 23. (continued)

Variety

Chil"S'
CM66684-B-l M-6Y-2M-lY· M·OY

Kvz/3/Tob/Ctfn//Bb/4/Blo'S'/5/Snb'S'
CM67982-2M-l Y-lM-4Y·OM

CookNee'S'//Dove'S'/Seri
CM69279-C-2Y-IM-5Y-IM-OY

Cook/Vee'S'//Dove'S'/Seri
CM69279-C·2Y-lM-5Y-2M-OY

Ttr'S'/Bow'S'
CM58857-2M-l Y-IM-2Y·OM

Prl'S'!Vee #6
CM64624-2Y·IM-4Y-OM

Cndr'S'/AnaJ/Cndr'S'/Mus'S'
CM44321-A-l Y-3M·4Y·OM

Highest
Act Score

1.7 tOMS

1.7 10MS

.8 lOMR·MS

1.9 20MS

2.0 20MS

2.0 20·25MR

2.1 i5MS

Table 24. Classification of entries from the 18th mWSN for average
coefficient of infection (ACI) for stripe rust (data from 24 locations)

34

ACI
range

0- 2.0
2.1- 5.0
5.1-10.0

10.1-15,0
15.1-20.0
20.1-30.0
30.1-40.0
40.1-60.0
60.1-10.0

No.
entries Check varieties

18 Genaro 8
30 Seri 82. [ooichl 81, CIANO 79, INIA 66
59 G1ennson 8 . Ures 81, Sonoita 81, Tanori 71
29 Pima 77, Pavon 76. Jupateco 73
27 Local Check
17 Nacozari 76

2
6 Siete Cerros
o



Table 25. Twenty entries of 18th IBWSN highly resistant to stripe
rust based on the data from 24 locations .

Mean Highest
Variety or cross and pedJgree infection se re

Tuc'S'/Mon'S'1IBue'S '/4/CMH76.1084/CMH74A.75411
CMR76.1084/3/Bow'S' 0.2 15R

CM68795-B-3Y-l M-4Y-3M-OY

Tuc'S'/Mon'S'/IBuc'S'/4/CMH76.1084/CMH74a.754//
CMH76.1084/3/Bow'S' 0.2 15R

CM68795-B-3Y-LM-5Y·2M-OY

Fi k'S' 0.4 lOMR
CM 1860·A-5M-2Y-3M·OY

Mrl'S'!Bu '5' 0.5 5S
CM61949-3M-4Y-Uv~-1 Y-IM-OY

Vee'S' 0.7 lOMS
CM33027-F-I5M-500Y-OM-7B-OY

Vee'S' 0.7 15MR
CM33027-F-15M-500Y-OM-II B-GY-oPTZ

Ve'S' 0.8 10MS
CM33027 -F- L5M-500 -OM-76B-OY

Mrl'S'/Buc'S' 0.9 lOMS
CM61949·3M-4Y-IM-IY-3M-OY

Bow'S'Nee'S' 1.0 20MS
CM64693-3M-lY·IM·IY-OM

Ve#9 1.1 20MS
CM33027-F-12M-IY-L2M-l ¥-2M·0¥

Zp'S'/Pato(B,//Chrc'S'/3/Aldan'S'/Blt'S' 1.1 lOMS
CM60482·B-IY-2M-2Y- M-2Y-I -OY

(continued)
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Table 25. (continued)

Mean Highest
Variety or cross and pedigree infection score

Mrl'S'/Buc' • 1.1 lOMS
CM£>1949·3M-4Y·IM-2Y-IM·OY

MrI'S'/Buc'S' .2 20S
CM61949-13Y·l M-2Y-IM·l Y-IM·OY

CoclBjy'S'llNac/Buc'S' 1,3 lOMS
CM63992-B-5M·!y.] M·7Y-1M·3Y·OM

Vee'S' 1.4 208
CM33027-F-15M-500Y-OM-75B·OY

Bow'S'Nee'S' 1.6 OMS
CM64693-3M-2Y-3M-2Y-OM

Sn64/KlrelINorlAz/3/Cc/4/Ju p/ZpiICoc 1.8 15M
M65170-7Y-IM-4Y-IM-OY

Spb'S' 2.0 IOMS
CM64340-4M-l Y-IM·4Y·3M-OY

Baya'S' 2.1 208
CM42374-1 Y-IM-I Y·2M-lY-OB

BzaJ2· Afm/lWw 15/3/Cndr'S' 2.2 20M
CM41336-A-IM-4Y-3M·1 V-OM

Table 26. Scab disease scoring method

36

Scale

o
T
I
2
3
4
5

Infected spikelets
in a spike

o
I

1-2
2-4
3-6

7 and above
all spike and peduncle

Resistance level

Immune
Highly resistant
Resistant
Moderately resistant
Moderately susceptible
Susceptible
Highly susceptible



Table 27. Twenty-two varieties of bread wheat found resistant to
Fusarium graminearum (scab) in Toluca and Patzcuaro, Mexico in
1985

V lely

Bow'S'
CM33203-H- M-8Y-IM-l -IM-OY·IPTZ·OY

res/Bue'S'
CM67407-8 -IM-2Y-IM-IY-2M- Y

MmgIBuc'S'IIBlo' 'I n'S'
CM 191-A-5Y-IM-IY·2 -2Y-2M-OY

Maya' 'IBon
M25732-81Y·OY-OP-IT·3T-lT· T

B w' .
CM33203-.f M-4Y·IM·IY-OM

KtlBagellFnlUl3/Bzal4r rm/5/ ldan'S'
M 7941-EE-4M-IY-6M-O

F6.741Bun' IISis'S'
M60042-M·IY·2 -2 '-IM-l ~OM

Md' '/Suc'S'
CM 1949-13Y-IM-2Y-IM-IY-IM-OY

Spb' '
M64340-4M·l Y-IM-4Y·3M-OY

LIT ' • res
CM7 14-11Y-02M-08Y-3B-OY

l'yf2A ·2/CocIIAld'S·
CITlI 6·5Y-IY-IM-3Y-IM-OY

PF79765
Late 137/81

PF7 3 411Ld/Ald'S'
oC3551-3M· -IM-IY-4Z-0Y

China 7

Scab
Score
(0-5)a

1

1

1

1

T

1

T

1

T

T

(continued)

a See Table 26

37



a See Table 26

Table 27. (continued)

Variety

Fan#1

Ning 7840
AuroraJAnl;ll11 No. ll/fSu aJ No.3

Ning 8026
AuroraJS mal No. 3f/Yangmal No.2

Ning 8331
Yangmai NoA/Nlng 7840

Ning 8343
Yangmai No. 3f3fNtnmai No. 3/Surnai No. If/Sumal No.3

Nlng 2[49
Aurora/Sumai No. 3/lYangmal No.2

Qlan Feng#2
(Powdery Mildew Res)

1683-8

Scab
Score
(o-5)a

T

T

T

T

T

T

T

T

Table 28, Forty·five varIeties of bread wheat found resistant to
Fusarium gra.m1nearum (Scab) in Toluca and Patzcuaro, Mexico in
1986

a See Table 26

38

Variety or cross

Aldan'S'/IAS 58
CM53481-6Y-1Y-4M-}Y-1M·lY-OM

Brl/3/Kvz/Gv'S'//Ka'S'/Emeck132/4/PAT 70402
/fAld'S'/IPAT 72160/Ald'S'

CM57595-A-2Y-1Y·103F·701 Y-1F-700Y·OY

F6.74fBun'S'/fSiS'S'
CM60042-M-l Y-2M-2Y-1M-ly-oM

Mrl'S'!Buc'S'
CMS 949·13Y·1M·2Y-1 M-lY-lM·OY-lB-oY

Mor'S'/Vee#5
eM67443-12Y-l M-3Y-1M-OY

PF70354/Bow'S'
CM67910-17Y-IM-4Y-2M-IY-2M-OY

Scab score
(0-5)a

2

1

1

2

2

2

(continued)



Table 28. (continued)

Variety or croSf:l

Mmg/Buc'S'IIBIo'S'/Psn'S'
CM69191-A-5Y-IM-lY-2M-2Y-2M-OY

PF70354/Al.d'S'IIYaco' ,
CM74339-043 '·013M·04AL-4Y-2AL-OY

Thb'S'/Kea'S'
CM74376-(I· )M-07Y-032M-2Y-OZ-OY-2M-OY

Gen/3/Gov/A?lMus'S'
CM77851-17Y-025H-OY-2M-OY

UreslBow'S'
CM78108-3 -02Y-02M-7Y-IB-OY

TungurabuaJ!IAS 201H567.71
CM78179- M·07Y·05M-IY-BB-OY

Vee =Ff. 5'S'/3/Gov/AzllMus'S'
CM79961-18Y-02M-OY-9M-OY

AId'S'/IAS 58.103A/IJ ob/3/CEP 76 48/4/Gen
CM81573-4Y-025H-oy-7M-OY

Snb'S'llAld'S'/Pvn'S'
M81598-26Y-025H-OY-IM·OY

Kvz/3/Tob/Ctfn/IBb/4/B1o'S'/5/Gl n/6/Bow'S'
CM83225-01 TOPM·2Y-02TP·2Y-3M-OY

PF7619/DO\'l:'S'//CEP7670
B258 3·A-lM-IY-IM-3 -7M-IY-lM-05AL-OY-2AL-OY

Tob'S' /81561/Y50E/3· K 14/Mrs11Ka1JBb/31Az
ICW82383-1 Y-02M-OY -3M-OY

F3.711 nn/13383.20
-4-1M-IY-7M-OY

Wh.'dah = Pf7748

Cab ide

China 7

Kaifeng 2/Surnai 3

Ning 7840

Scab scol'e
(0-6)8

2

2

2

2

t

2

2

TR

2

TR

TR

1

(continued)

a See Table 26

39



a See Table 26

Table 28. (continued)

Variety or cross

AuroraiAnhui No. IlllSumai No.3

Ning 8331
Yangmai No. 4/Ning 7840

Shanghai 3
-32B-OY

hanghai4
-14B-Oy

hanghai 5

Suzhoe#l
.5B.Oy

Suzhoe#S
.2lB·0

Suzhoe#4
24B-oy

Suzhoe#6
·6H·OY

Suzhoe#B
-28B-oY

Suzhoe#9
-37B-OY

Suzh #10
-388-0

Yml#6
-408-0

b score
(0-5)a

::::::::::::::::::::::::::=::=========-
TR

TR

1

T

1

TR

TR

TR

1

Table 29. The 10 most resistant bread wheat lines to septoria tritici
blotch in the 18th IBWSN based on mean infection levels over 19
locations

40

Variety or cross

PF70354/Yac 'S'
CM67911-4Y-IM-IY-OZ-13Y-OM

KV1./3/T blCfLn/Bb/4/Blo'S'/5/Snb'S'
CM67982-2M-IY·2M-3Y-OM

ean
infec 0

(0-9)

3.0

3.2

Mean
height

(em)

79.7

83.2

(continued)



Table 29. (continued)

Mean Mean
infection height

Variety or cross (0-9) (em)

Chit'S' 3.4 87.6

CM66684-B-I M-6Y-1 M-2Y-IM-O

CocJHork'S'//Pho'S'/3/ fn/ w/Fury/M 3. 84,2
CM69134-C-3Y-IM-2Y-IM·1 -OM

Mn72131/M r'S' 3.5 8 .3
CM65423-1M·IY-4M-IY-OM

Sn64/Ss2//Ald'S'/3/Ti ReseI/Coc/4/IAS 58
/3/IAS 20//Wte* 3/Nar 3.5 85.5

CM67208-B-IM-3Y-3M-4Y-2M-OY

Jup/Zpl/Coc/3/Pvn 3.7 81.4
CM58705-3M-IY-IM-IY-2M·l Y-OM

INIA'S' /On/IINIA/Bb/Jup/4/Buc'S' 3.7 79.3
CM58806- Y-IM-2Y-3M-OY

Ttr'S'/Bow'S' 3.7 86.3
CM58857-2M-l Y-IM-3Y-I M-OY

Bau'S' 3.7 79.8
CM59123-3M-IY-2M-2Y-IM·OY

Table 30. The 10 most resistant bread wheat lines to septoria tritici
blotch in the 15th ISEPTON based on mean infection levels over
15 locations

Mean of
infection

V Jety or cro 8 (0-9)

Mln69 2.8

CEP 7841 3.3

Mascarenhas 3.6

Vacaria 3.6

MhMd Tipp E2/0z 369 3.7
D244-A-21-1M-OY

Kvz/K4500 L.6.A.4 3.7
SWOI76-3M·IY-lOY-l Y
IM-OY-OPTZ

Mean of
lnIection

Variety or cross (0-9)

Pel73151 3.8

Snb'S' 3.8
C 630-D-5M-5Y-5M-
lY-lM-OY

Colotana 3.8
CIl3556

PF71131 3.9

41
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Table 31. Twenty-four varieties and lines of bread wheat resistant or
moderately resistant to HelmilJthosporium satlvum in Poza Rica,
Mexico in 1985·86

Variety or line Variety or line

V81623 Trt'S'
CM43903 CM4061O-33M-500Y-500M-500Y

OM-Pura
Ning 8201

Ningmai No. ALd'S'lfCnt7fPt70354f3fPAT 24/lBbfKal
4/01eson/fAld'S'fYangmai No.3 LD816(F11687-21-9L-121-01)

Shanghai #4 PF7035/Bow'S'
-15B·OY CM6791O-7Y-IM-4Y-OZ-2Y-2Z·0Y

Suzhoe -# 1 BH 146 3fAld'S'
.5B-OY F16896-6F-701Y-IF-702Y·IF-OY

Suzhoe -# 8 ALdan'S'fCNT 9
-12B-OY CM53512-2MM-2MM-IMM-IMM-

OMM
Suzhoe# 10

-31B-OY Coq'S'fF61.70IfCndr'S'f3/0lnf4/Pbo'S·
CM6'0907-K- I Y-2M -1 Y-2M-OY-lPTZ-OY

Ymi-#6
-40B·OY Mn72131

Lira'S' Wrm/PtmllCoc
CM43903-H-4Y-IM-IY-3M-3Y-OB-OE CM43558-N-6Y-IM-2Y-6M-2Y-IM-OY

Prl'S'/Toni Ald'S'fPvn'S'
CM67360-2Y-3M-4Y-IM·IY-2M·OY CM49901-14Y-2Y·6M·4Y·OM

CookIVee'S'lIDove'S'/Sert Kea'S'
CM69279-C-ZY-IM-l Y-IM-OY M21335-e-9Y·3M-IY·lY·IY-DB

Mn72131 CIl4227fTrmffMad'S'
M47943-V-5M-3Y-lM-lY·OY

Bjy'S'/Coc
CM55651-4Y-2Y-IM·4Y·OM

LAJ2514



Table 32, Twenty bread wheat cultivar and lines resistant to
Ustnago trltlc1 when tested for two years (1984 and 1985-86) in
Mexico

Variety or 1.lDe

Trap 1
eM 7760-e-21Y-2M·IY·3M-OY

Lira'S'
CM43903-H-2Y-IM-3Y·2M-IY-OB

Cod'S'/AnaJICndr'S'/Mus'S'
CM44321-A-IY-2M-2Y-OM

Buc'S'/Chrc'S'
CM52421-26Y-3Y-3M-1 Y-1M-OY

Mon'S'IISts'S'/Can'S'
CM62 142-5Y-2M· 1Y-IM-5Y-lM-OY

Spb'S'
CM643404M-IY-IM-6 -2M-OY

CPAC 831126

Lira'S'
CM43903-H-4Y- M-IY-3M-3Y-OB-QE

Kvz/3/T b/CtfnIBb/4/Blo'S'/5/Sob'S'
CM67982-2M-l Y-IM-2Y-IM-O

Kvz/3/Tob/CtfnllBb/4/Blo'S 15/Snb'S'
CM67982-2M-1Y-lM-2Y-Q6AL-OY·05AL-OY

l{vzl3/Tob/CtfnlIBb/4lBlo 'S'/5/Sob'S'
CM67982-2M-I Y-LM-3Y-2M- Y

Variety or 1.lDe

K z/3/Tob/C nil b/4IBlo'S'/5/Snb'S'
CM67982-2M-lY-lM-3Y·3M-OY

Kvz/3/Tob/CfUBb/41Blo S'/5/Sob'S'
CM67982-2M-l Y-1 M-3Y-5M-O

Pel'S'/Toni
CM6736 -2Y-3M-4Y-lM-IY-2M-OY

Prl'S'/Ton'
CM67360-2Y-4M-2Y-2M-l Y-3M-OY

PrJ'S'/Toni
CM67360

Aldan'S'/CNT 9
CM53512·2MM-2MM-IMM-OMM

ira'S'
CM43903·H-4Y-IM-2Y-IM·1 -0B

Kvzl3/Tob/Ctfnl/Bb/4/Blo'S '/ /Snb'S'
CM67982-1Y-2M-2Y-IM-2Y-OB

KvzI3/Tob/Ctfn//Bb/4/Blo'S'/51 nb'S'
CM67982-2M-l '- M-l V-OM
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Durum Wheat
P. Brajcich and J.M. Prescott

Introduction
The importance of durum wheat
as a major basic food is well
established for most of the
countries of North and East Africa
and the Near and Middle East. It is
also important in the Asian
Subcontinent and the Andean
Region of South America, as well
as a major crop in Canada, the
United States, Argentina, Chile,
and several countries of southern
and eastern Europe.

Approximately 30 million ha of
durum wheat are planted
worldwide, with about 11 million
ha in developing countries.
Production of durum wheat in
these Third World nations is
approximately 10 million tons
annually. Large production areas
of North Africa, the Middle East,
and the Southern Cone of South
America reflect a reduced average
yield resulting from cultivation in
mainly dry areas under rainfed
and semiarid conditions. This
reduced yield also illustrates that
the crop is often poorly managed
and that the cultivars available to
the farmers are often susceptible
to one or more major diseases.

Current Priorities
The primary goal of the CIMMYT
durum wheat program is to
develop and supply basic and
advanced germplasm to national
programs in durum wheat
producing areas of the Third
World. The program objectives are
to develop high yielding,
management responsive, and
input efficient germplasm that is
broadly adapted and disease
resistant with good quality and
tolerance to environmental and
soil stresses.

Program priorities, in order of
importance, are disease resistance;
tolerance to drought, cold, and
salt stresses, with a special

emphasis on drought; yield
components, yield potential and
stability; quality; and earliness.

One of the major limitations to
increased cultivation of durum
wheats has been the unsatis
factory levels of disease
resistance-hence the large effort
being given to this priority and
shuttle breeding activities between
Mexico and other countries, the
major research strategy needed to
achieve success in this area. The
principal diseases attacking
durum wheat include the rusts,
especially stem and leaf rusts,
septoria tritici blotch, septoria
nodorum blotch, and leaf blights
and head scab caused by
Helminthosporium spp. and
Fusarium spp., respectively.

Five MeQ:a-environments
In 1985 and 1986 the durum
wheat breeding program
continued to define and describe
the five mega-enVironments that it

is working in worldwide. These
mega-enVironments. in order of
priority, are:

Well w tered-These
environments can be irrigated,
high rainfall, or low rainf 11 with
supplemental irrigation. There are
essentially no moisture stress
problems. The rusts, septo'ria
tritici blotch, septoria nodorum
blotch, head scab, leaf blight, root
rot, and powdery mildew are
disease problems. Salt could also
be a constraint. This mega
environment encompasses about
20% of the durum wheat areas of
the developing nations.

Semiarid environments with
drought stress-These areas
have less than 400 mm of rainfall
annually. The rusts. leaf blights,
root rot, and common bunt are
disease problems. This mega
environment encompasses about
40% of the dm-um wheat areas of
the developing nations.
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Highlands more than 1000
masl-The rusts. septoria tritici
blotch. septoria nodorum blotch.
leaf blight. head scab. root rot.
and powdery mildew are disease
problems. Minor element
toxicity/deficiency caused by low
pH soils is also a constraint. This
mega-environment encompasses
about 10% of the durum wheat
areas in the developing world.

Environments where some cold
tolerance is required-The
rusts. septoria tritici blotch. leaf
blight. head scab. root rot, and
common bunt are disease
problems. This mega-environment
encompasses about 10% of the
durum wheat areas in the
developing nations.

Winter or facultative durum
wheat areas-The rusts. leaf
blight. head scab. leaf blotches.
root rot. and common bunt are
disease problems. This mega
environment encompasses about
20% of the durum wheat areas of
the developing nations. The newly
established winter wheat program
in Turkey will also give attention
to this mega-environment (see
chapter on the Turkey/CIMMYT
Bilateral and Collaborative Winter
Wheat Programs).

Research Results for
Priority Objectives
Disease resistance-Progress has
been made in improVing the level
of disease resistance in CIMMYT's
durum wheat germplasm for stripe
rust. powdery mildew. and
septoria nodorum blotch. This can
be demonstrated by observing the
disease scores of the entries of the
14th EDYT and 16th IDYN
presented in Table 1. However.
the mean disease reactions for
spike infection of stripe rust. leaf
and stem rusts. septoria tritici
blotch. head scab. and barley
yellow dwarf virus suggest the
need to further increase the
genetic Variability in CIMMYT's
germplasm for disease resistance.
All segregating populations are

artificially inoculated and screened
with enhanced mixtures of durum
wheat virulent pathogens.
representing as much as possible
the pathogen virulence present in
Mexico.

Shuttle breeding can serve a
useful purpose in germplasm
development when the severity or
magnitude of the selection
pressure for one or more traits at
one research site is not
representative of that present
worldwide. This is particularly
true for diseases. in that it is very
rare to find all of the important
pathogen variability at anyone
location. This is most evident with
the rusts (stem. leaf. and stripe).
While the virulence of the rusts.
stem and leaf rust in particular. is
quite broad in Mexico. it does not
completely represent the spectrum
found in the main durum wheat
grOWing areas around the world.
Multilocation testing has become a
vital part of the program so that
the resistance of the advanced
lines can be tested to the various
pathogen populations found
worldwide.

Several years ago it was observed
that most of the advanced lines of
the CIMMYT durum wheat
program grown in Ethiopia. one of
the centers of origin for durum
wheat. were susceptible.
Aggressive. highly virulent, and
durum wheat-specific races of
stem rust were found in the
durum wheat groWing area near
Debre Zeit. To speed up the
improvement of stem rust
resistance in durum wheat.
CIMMYT and the durum wheat
research team at the Debre Zeit
Experiment Station agreed to a
cooperative shuttle breeding effort
in 1984. The objective was
primarily to incorporate genes or
combinations of genes for stem
rust resistance. but also the other
rusts. which were effective in both
Ethiopia and Mexico. into lines
with high-yield potential, wide
adaptation. and good agronomic
type.

Each season. specific crosses are
made in Mexico using rust
resistant germplasm from both
Ethiopia and Mexico. The 24 more
frequently used lines. resistant to
the three rusts. are listed in Table
2. Seed of the resulting Fl is
shared evenly and simultaneously
planted at both locations for
testing and evaluation under the
prevailing conditions. Then the
material is again exchanged for
further testing under the other
cooperators' conditions. The status
of the exchange of material is
presented in Table 3. Four
generations in 2 years were
selected under very severe
epidemics of stem and leaf rust
resistance at the Debre Zeit
Experiment Station. Fifty-five
families in 1984 and 13 families in
1986 were selected with
acceptable levels of leaf and stem
rust resistance and good
agronomic type. Seed samples of
each family have been sent to
Mexico for further testing to the
rust virulences present. The
selected materials will be recycled
for further selection and
improvement. Also. selected
homozygous lines from these
families will be yield tested in
both countries before being
included in the international
nurseries for worldwide
distribution.

Another approach utilized to
broaden the genetic base for
disease resistance in the CIMMYT
durum wheat program is to
continue planting and testing the
segregating generations in Mexico.
but also to send 8ubsaITlples of
this material to "hot spot" disease
locations in the target mega
environments outside of Mexico.
This will subject early-generation
germplasm to as many of the
highly virulent and aggressive
pathogen populations as possible.
In 1985-86. this type of actiVity
was in operation in both Turkey
and Kenya.
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Agreement was reached with
Turkey's National Wheat
Improvement Project to grow F2
individual and F4 generations at
its Regional Agricultural Research
Institute near Menemen (lzmir) in
the 1985-86 crop season. The
prevalent diseases at this station
are the three rusts, septoria tritici
blotch, and powdery mildew. This
effort resulted in the selection of
III F2 families and 33 families
from the F4 material, all having a
high level of disease resistance
and good agronomic type (Table
4). These selected families will be
retested for one more crop cycle at
this station before a seed sample
of each is sent to Mexico for
incorporation into the base
program.

In Kenya, a similar cooperative
program was established in 1986
with the National Plant Breeding
Institute at Njoro. Three different
generations of durum wheat,
originating in Mexico, were
planted and subjected to very
severe epidemic pressure of the
three rusts, septoria tritici blotch,
head scab and, barley yellow
dwarf virus. Those lines/families
selected with acceptable levels of
resistance and good agronomic
type are listed in Table 5. Seed of
these selected lines/families were
divided into three parts for further
testing next cycle at Njoro, the
Debre Zeit location in Ethiopia,
and at CIANO.

This cooperative shuttle breeding
effort between Ethiopia, Kenya,
Turkey. and Mexico is an
excellent example of how to speed
up germplasm development and
improvement, while at the same
time increasing wide adaptation in
durum wheat.

Drought tolerance- Inadequate
moisture is one of the most
important factors limiting the full
expression of yield in 40% (4.4
million ha) of durum wheat
production areas of developing
countries. These areas are located

in the countries of North Africa
and the Middle East as well as in
India and Argentina. Development
of durum wheat germplasm for
the low rainfall or limited
irrigation environments has been
a program priority since 1984.
Selection for drought tolerance in
segregating material and
subsequent yield testing under
limited irrigation (one irrigation
for germination and stand
establishment, totaling no more
than 150 mm of additional water)
is routinely practiced in the dry.
desert-like environment at CIANO
in order to identify drought
tolerant germplasm. The durum
wheat cultivar, Mexicali 75, has
been used as the "check" due to
its well known adaptation and
wide acceptance in low rainfall
environments around the world.
Several outstanding advanced
lines have been identified with
superior performance. The best
six, with at least 6% superiority to
Mexicali 75, are presented in
Table 6. The limited irrigation
scheme resulted in severe water
stress as is reflected by the

reduced values for "days to
maturity" and reduction in plant
height.

In order to test newly selected
advanced germplasm for drought
tolerance, the 17th IDSN was
planted in two locations at CIANO
in 1985-86 to simulate two
different environments, full and
limited irrigation. Seven of the
best performing entries in both
environments are presented in
Table 7. Tancho'S', RuffS'/Fg'S'
//Yav79 and Sterna'S' had
outstanding and stable
performance with yields of at least
4.0 Uha under limited irrigation
and 7.0 Uha under full irrigation.

Huamantla, in the highlands of
central Mexico, has also been used
as an additional location to further
yield-test the advanced lines
selected under the limited
irrigation scheme initiated at
CIANO. Six advanced lines that
performed at least 10.0% better
than Mexicali 75 are presented in
Table 8. Memo'S'/Albe'S'//Cta'S'
/3/Gu'S'/Mexi'S'//Rok'S' was the
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top yielding line with 23.0%
superiority over Mexicali 75.
Bucephala'S' outyielded Mexicali
75 at CIANO under limited
irrigation by 14.0% and 18.0% at
Huamantla. These data indicate
that variability exists in the
germplasm of the durum wheat
program and that at least some
progress in increasing the level of
drought tolerance has been
achieved.

Cold tolerance-Durum wheat
producing areas in the plateau,
mountain, and transitional regions
of Turkey, Iran, Iraq, Afghanistan,
Algeria, Morocco, Peru, Bolivia,
and Chile require germplasm with
differing levels of tolerance to cold
temperatures. Therefore, crosses
were recently initiated between
CIMMYT's best advanced lines and
winter durum wheat cultivars
from Germany, France, Austria,
Italy, Rumania, and the Soviet
Union. In addition, winter and
facultative habit durum wheat
cultivars from Turkey and
Hungary are continuously used in
the crossing program to further
improve cold tolerance as well as
adaptation. Early generation,

segregating nurseries comprised of
F2 bulk spring x winter crosses
have been sent and are available
to cooperators for selection of cold
tolerant advanced lines suitable
for their own conditions. These
cooperators will be urged to share
seed of the best selections with
CIMMYT's durum wheat program
so that the genetic base of the
germplasm is extended. The
winter and facultative durum
wheat cultivars used in crossing
are also an additional source of
variability to further improve
traits, such as drought tolerance,
disease resistance, and quality as
well.

Salt tolerance-Salinity is one of
the major soil problems
encountered in irrigated areas,
particularly in the arid and
semiarid regions of the world. Salt
accumulation in the soil usually is
due to the lack of drainage,
unleached soil, and/or the use of
saline water for irrigation.
Increasing concentration of salt in
the soil causes a correspond;ng
reduction in yield.

In 1985-86, the best performing
advanced lines from the limited
irrigation trials at CIANO and from
the trials at Huamantla were
placed in a special nursery and
grown in the high-salinity soils
near Guaymas, in the state of
Sonora. The water used for
irrigation at this site is from a well
with an electrical conductivity of
6.6 mmhos/cm (Wilcox category
C4S2). The electrical conductivity
in the soil at this site ranges from
10 to 40 mmhos/cm. These
conductivity values reflect yield
limiting salinity levels. The best
performance under these
conditions was by the advanced
lines Yav'S'/Sapi'S'//Yav 79/3/
Hui'S' and Sapi'S'/Teal'S'//Hui'S'
with yields superior to Altar 84 by
17%. There appears to be an
association between advanced
lines selected for tolerance to
salinity and those selected for
tolerance to drought. Further
research should ascertain if this
phenomenon is really true. These
preliminary results indicate that
genetic variability to high levels of
salinity exist in the durum wheat
germplasm and that selection for
this trait is possible.
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Yield potential-Progress has
been made in selection of durum
wheat germplasm with high-yield
potential. A yield experiment,
conducted for three crop cycles by
CIMMYT's agronomy program at
CIANO, demonstrates that yield
potential of Altar 84 is 8.2 Uha
(Figure 1). These yield
determinations also established
that the advanced line, Carcomun
'S' has an even higher yield
potential of 8.5 Uha. The increase
in yield potential over time (5.2
Uha) is also evident from the data
presented in Figure 1 by
comparing the yield of Tehuacan
60 to that of Carcomun'S'. The
annual increase in yield potential
for the 24-year period has been
217 kg/ha.

Figure 1. Yield potential of the durum wheat varieties released in
Me:a:ico from 1960 to 1984 and Carcomun ·S'. Means over 3 years.
Agronomy program, CIANO station, 1983-84, 1984-85 and 1985-86.
Actual yields in parentheses.
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During the 1984-85 and 1985-86
crop seasons, 721 and 738
advanced lines, respectively, were
yield-tested at CIANO. The
advanced lines that performed
better than the high-yielding
check, Altar 84, have been entered
into subsequent international
nurseries to observe their yield,
adaptation and disease resistance
at many locations around the
world and in the target mega
environments. The performance of
the best of these high-yielding
advanced lines is presented in
Tables 9 and 10. These data
reflect the progress made in
selection for yield potential in
CIMMYT's durum wheat program.

Mean yield data from the
international nurseries, 16th
International Durum Wheat Yield
Nursery (IDYN), have established
Altar 84, also known by its
advanced line name Gallareta'S',
as the standard for measuring
improvement (Table 11). It was
the top yielding entry in this
nursery but was followed very
closely by the advanced line
Chen'S'. Data from the 16th
International Durum Wheat
Screening Nursery (IDSN) and the
14th Elite Durum Wheat Yield
Nursery (EDYT) have identified
three advanced lines that have
high yield, wide adaptation. and
good stability. Mallard'S' and
Gta'S'/Dur 69 both out-performed
Altar 84 in the 16th IDSN (Table
12) on a worldwide basis. In the
14th EDYT, only one entry, Sco'S'
/Mexi'S' out performed Altar 84
(Table 13). These three advanced
lines represent selections made
prior to the 1984/85 crop season.
It is expected that when data are
received from the international
nurseries on performance of
selections made in the 1985/86
season, the continued progress in
improving yield potential will be
confirmed.
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Yield and yield components
The yield potential of durum
wheat is high and even further
improvement can be expected.
The progress achieved between
1960 and 1984 with respect to
biomass, yield, harvest index, and
kernels per spike is presented in
Table 14. Carcomun'S' and Altar
84 represent the state-of-the-art in
durum wheat improvement at
CIMMYT and have become the
standards by which further
improvement is measured. Further
advances, however, are expected
by imprOVing the harvest index,
presently 42% from a biomass of
18.0 t/ha. It should be possible to
develop a more efficient durum
wheat with a harvest index of
apprOXimately 50% from an
eqUivalent biomass with yields
near 10.0 Uha.

Other components that could be
improved to increase yield
potential are kernel weight, spike
fertility, and tillering capacity.
Again, progress has been made in
identifying germplasm with high
levels of at least one of these
components that can be used as
donors in crosses to further
enhance germplasm development.
Examples of these possible donors
are Diver'S' with a 1000 kernel
weight of 73.0 g and Carcomun'S'
with a spike fertility of 4.0 kernels
per spikelet (Table 15).

Yield stability-In an attempt to
measure yield stability, the
National Durum Wheat Trial
(ENTDUR) was established jointly
by the Mexican National
Agricultural Research Institute
and CIMMYT in 1985. In addition
to obtaining information on yield
performance of advanced line
germplasm under consideration
for release in Mexico, the ENTDUR
also prOVides a preliminary
measure of yield stability of this
germplasm, planted in different
environments of Mexico, several
years before similar data are
available from CIMMYT's

international nurseries. The
nursery consists of 30 entries with
three replications and is currently
planted in 11 enVironmentally
different locations throughout
Mexico. The analysis of Eberhart
and Russell is used to detect yield
stability. An advanced line Fith
stability has a slope value (b) that
does not differ significantly from
1.0 and its deviation from the
regression line (S~) does not
differ significantly from zero. The
six top yielding advanced lines in
the 1st ENTDUR are presented in
Table 16 with this test of stability.
The analysis indicates the ability
of these six advanced lines to
perform above average in both
low- and high-fertility environ
ments. Such information suggests
that stability is often present in
the recently selected advanced
line germplasm that is evolVing
from CIMMYT's durum wheat
program. While this type of
cooperative effort proVides sound
experimental data to Mexico's
national program for cultivar
release decisions, it also provides
valuable information to CIMMYT
to help gUide future efforts in
germplasm development.

Quality-Homemade durum
wheat products require large,
vitreous kernels with high protein,
good pigmentation, and a strong
to medium-strong gluten. At the
end of each crop cycle, the seeds
of each plant selected from the
segregating generations are
inspected and evaluated for grain
appearance, yellow berry, black
point, grain type, color, and
plumpness. Seed from selected F3
and F4 generations grown at
CIANO are analyzed in CIMMYT's
Milling and Baking Laboratory for
pigment content. Only seed from
individual plants that score more
than 5.0 ppm of pigment content
are utilized for the next stage of
testing for sedimentation values.
Only those plants with good levels



of pigmentation and at least
medium to strong gluten are
retained for further selection.

Following the CIANO crop cycle
1984-85, two advanced lines,
Auk'S' and Araos'S', were
identified as having excellent
quality (Table 17). After the
1985-86 CIANO crop cycle, several
additional advanced lines were
identified possessing quality
parameters at high levels (Table
18). The advanced line Memo'S'
/Yav'S'//Auk'S' had the highest
pigmentation value (9.0 ppm)
while the advanced line
Bha'S' //Shwa'S' /Ren'S' /3/Snipe'S'
/4/Poc'S'/5/Bta'S' had the highest
sedimentation value (11.0 cc).
Tables 17 and 18 illustrate the
level of improvement in quality in
the durum wheat program. There
are now several advanced lines
with good levels of quality
combined with good agronomic
type and high-yield potential
available for further germplasm
enhancement.

Earliness-Earliness is needed in
certain regions of the world. For
example, in the Indian
Subcontinent, it prOVides a better
fit in the local crop rotation
scheme and better use of residual
moisture. At the same time,

earliness is a mechanism to
escape disease epidemics, drought
stress, and frost damage. Data for
six advanced lines with earlier
maturity and much better yield
performance than the early, high
yielding check cultivar, Mexicali
75, are presented in Table 19. The
data indicate that certain
advanced lines, for example,
Ren'S'IIDack'S'/Teal'S' and
Gavia'S', have growing cycles
(mainly the grain filling period)
that are 6-8 days shorter when
compared to Mexicali 75 but do
not have a corresponding
reduction in yield potential. The
yield of these two lines were
superior to Mexicali 75 by 33 and
37%, respectively.

International Nurseries
Each Year, the following
international durum wheat
nurseries are available, on request,
to cooperators around the world:
1. F2 Bulk-Spring x Winter
2. F2 Bulk-Dryland
3. F2 Bulk-Irrigated
4. F2 Bulk-Stem Rust Resistance
5. International Durum Wheat
Screening Nursery (mSN)
6. International Durum Wheat
Yield Nursery (mYN)
1. Elite Durum Wheat Yield
Nursery (EDYT)

The cooperator demand for durum
wheat international nurseries in
1986 was 11 % higher than in
1985. At the same time, there was
a 7 % i:1crease in the number of
cooperators interested in durum

wheat (Table 20). The increased
demand for durum wheat
international nurseries was from
the Middle East, South America,
and Asia. These nurseries
continue to be the best means of
distributing CIMMYT-derived new
germplasm around the world. The
information returned by these
cooperators is of great value to
CIMMYT in identifying advanced
lines with high yield potential,
wide adaptation, and as sources of
resistance to the various diseases
that limit cultivation and
production of durum wheat.

New Releases
in 1985-86
Twenty national wheat
improvement programs have
released and named 61 high
yielding durum wheat cultivars
based on germplasm developed by
CIMMYT. During 1985 and 1986,
four new durum wheat cultivars
were named and released by
Pakistan, Peru, South Africa, and
Turkey. The names, crosses, and
pedigrees of these are presented in
Table 21.

These newly released cultivars
were first introduced to the
various national programs via
CIMMYT's international nurseries.
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Table 1. Mean disease scores for the most important diseases of durum wheat from the two international
durum wheat yield nurseries 1984-85

14th EDYTa 16th IDYNb
Mean Mean Total Grand

Discase Observations score Observations score observations me

Stripe ru l on teaf (ACIJ 5 5.7 15 7.2 20 6.5

Stripe r lon 'Pike ( 1) 1 25.5 5 12: 6 18.9

Leaf rust (ACf) 5 19.0 7 23.1 12 21.1

Stem rust (ACI) 6 17.2 13 24.3 19 20.8

cab ('Xl) 1 77.3 1 2.7 2 70.0

Powdery mildew (0·9
cale) 17 3.0 10 3.3 27 3.2

eptona lritlci blotch
(O·g Sale) 8 4.4 10 4.1 18 4.3

Septoria nodorum blotch
(0· ea! ) 6 3.2 3 2. 9 4.3

Barley yellow dw vtru
(0· Scale) 2 3.5 8 3.8 10 3.7

a EDYT = Elite Durum Yield Trial
b IDYN = International Durum Yield Trial
c ACI = Average coefficient of infection

Table 2. Entries resistant to the three rusts from the durum wheat crossing block in Mexico

Yaqui
Entry Rust 84/85

Gr'S'!Aini/Cr'S'/3/Gta'S' Stem 5M
CM 1 7242·D·5Y-lM·2Y-2Y·OB Leaf TMR

Stripe

C pia'S' Stem 0
CDI4119·E-7Y-IM·2Y·lY·OM Leaf TMR

Stripe

hearwat r'S' Stem 0
HRL 61·2B·OY·2B·l00Y·7 -QY Leaf 0

Stripe

Snipe'S' SLem 0
CD 16895·A·3M·2Y·2M·OY·504B-OY Leaf TMR

Slrip

Mgh 72/Fg'S'IICr'S' '/llSA2299 St m 0
CD 16524·A-4M Y-IM-QY L af 5MS

Stripe

EIBatan
V8S

o
10MRR
o

5M
10M

10M
o

o
10M
o

o
5M
o

Yaq
85/86

o
TMR

o
TMR

TM
TMR

o

o
TR
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Table 2. (continued)

Yaqui EI Batan Yaqui
Entry Rust 84185 V85 85/86

Gs'S'/Fg'S'//Cndo Stem 0 0 0
CD36198-1T-2T-OB Leaf TM TM TMR

Stripe 0

Cndo/Raj911lNav'S' Stem 0 0 0
CD40511-A-2M-l Y-IM-lY-2M-OY Leaf 0 10M TMR

Stripe 0

Sungrebe'S' Stem 0 0 0
CD441321-A-2M-2Y-IM-IY-OM Leaf 5MS 5MR TM

Stripe 0

Dunlin'S' Stem TM 0 0
F4LAM-2Y-IM-OY Leaf 0

Stripe 0

Ru'S'/Cndo Stem T'MR 0 0
CD45999-5B-4Y-4M-OY Leaf TR IOMR TMR

Stripe 0

Yav'S'IlErp'S'/Ruso/3IYav19 Stem 0 0 0
CD52111-4B-lY-2M-OY Leaf lOMSS 5M TR

Stripe 0

Shwa'S'/Mal'S' Stem 0 TM 0
CD20254-8M-4Y-5M-l Y-OY Leaf 5MS 5M 5MSS

Stripe 0

USDA95IDack'S'//Rok'S' Stem lOMS lOS TMS
CD21402-D-2M-l Y-4Y-OM Leaf 5MS 10M TMR

Stripe 0

Sterna'S' Stem 5M 0 0
CD38391-B-IM-4Y-4M-2Y-IM-OY Leaf 5M 5MS TMR

Stripe 0

Yav'S'/Fg'S'//Roh'S' Stem 0 0 0
CD43139-C-2Y-IM-2Y-IM-OY Leaf 0 5MR TR

Stripe 0

Sula'S' Stem TM 0 0
CD40 159-3B-2Y-1 M-OY Leaf 5M 10M TR

Stripe 0

KhpID31108//2· Khp Stem 1M TMS 0
CMH83-880-24-14B-OY Leaf lOMRR 5M 10M

Stripe 5MS

Sandpiper'S' Stem 0 0 0
CMlOI45-52M-4Y-IM-IY-OY Leaf 5M lOMS TMR

Stripe 0

Ana'S' Stem 0 0 0
CD25241-A-2Y-3M-IY-IY-OM Leaf 0 TMR TMR

Stripe 0

(continued)
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Table 2. (continued)

Yaqui El atan
Entry R st 84/ 5 V85

Hui'S'/Tub'S' Sl 5MS 10M T
CD49320-5Y-1 M-1 Y-OM Leaf T 5M 5MR

Stripe 0

StH'S'/Yav'S' Stem TM 0 0
CD34039-2Y-3M-l Y-OM Leaf TMS 5M TMR

Stripe 0

Churrilla'S' Stem TMS <1
CD20124-11M-3Y-2M-lY-l Y-IM-OY Leaf 5MS 5MR TMS

Stripe

Yavaros 79 Slem 10 0 0
Lt:af Til 5M 5MR

trfpe 0

Altar 84 Stem TM 0 0
Le f TM TM T
Stripe 0

Table 3. Four generations of Ethiopian x Mexican durum wheat
crosses selected at the Debre zeit Experimental Station, Ethiopia,
1984 and 1986

Entries Percent F lUes
Year Generation Planted Selected selccte I cted

1984 Fl 88 46 52 46
Fl Top 30 1 57 9

1986 Fl Top 40 14 35 5
F2 Individual 1-7 11 11

Table 4. Two generations of durum whe t selected at the Regional
Agricultural Research Institute near Menemen (Izmir), Turkey,
1985-86

Generation
Percent
selected

FamUle
s Iccted

52

F2 Individual

F4 Durum

302

275

137

52 19

111

33



Table 5, Three generations of durum wheat selected at the national
plant station, Njoro, Kenya, 1986

Entrie Percent l"amUJe
Gener tiOD Planted Selec ed selected selected

F3 Durum 11 181 }]5

F4 Durum 717 57 8 34

F5 Durum 1122 152 14- 55

F4 Durum Tall 134 7 6 7

F5 Durum Tall 332 40 12 23

Table 6. Agronomic data and yield performance of the best six
advanced durum wheat lines under limited irrigation at CIANO
Station, Mexico, 1985-86

Cross and Pedigree

Tanr-ho' '
CD 055 ·D-2M-I -1 {.
OY

Stem' 'S'
38397·B-IM--l '-olM

lY-IM-l -OM

6 ] IfRgb/IWard/31
POl"S'/41Shwa'S'1

en'S'
1)5 333-C·3 1-3 ·lM·

lY·OM

eading
[d y8)

2

74

74

70

87

Maturity
(days)

17

113

113

106

117

Plant
height

(em)

85

85

85

105

100

Yield %
of Me icaH

75

114

III

110

10

107

6973/ ard7463//7411 / 70 106 100 106
3/LtlsmuUTe, . .

D49030· Y·1M-I y. M-
Y

Me-xicali 75 71 109 90 100
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Table 7. ield comparison of seven advanced tiDes from the 17th
IDSN grown under full and limited irrigation at CIANO experimental
station, 1985-86

Cross and Pedigree

Yiel
~ /haJ

~l L""'lDll"-''-'"te-d'T
irrigation irrigation Difference

Taocho'S'
CD40553-D-2M-I Y-IM-OY

Sula'S'
CD40159-3B-l Y-IM-IY-2M
lY-OM

RuffS'/FG'S'//Yav79
CD42490-1Y-l M-3Y-IM-OY

Sterna' ,
CD38397-B-IM-4Y-4M-IY-IM
1Y.{)M

Reo'S'/Bar' .
CD3RB04-5B-l Y-3M-lY-IM-OY

Co\i'S'/Ya ,'S'
CD4584 3 -4Y-IM-2Y-OM

P66.253J , ta' 'rr 60//Mexi'S'
/4/Sapl' 'f 1 175
CD44956-A-2Y·IM-IY-IM-OY

8 3

7468

7227

707

6881

6768

5815

4150

3600

3987

4090

3027

3185

3591

4180

3868

3240

2986

3854

3583

2224

Table 8. Yield as percent of Mezicali 75, test weight, and 1000
kernel weight for t e top yielding durum wheat advanced lines at
Huamantla, Mexico, Sumer 1985

1 0
Yield % Test Kernel
of¥exi W igbt Weig t

Cross and P gre 75 (g) (g)

Memo'S'/Albc'S'//Cta'S'
/3/Gu'S'/Mexi'S'//Rok'S' 123 78 45

CD54062-D-IM-IY-2M-OY

Mexi 75/Vic// av79 118 80 49
CD52335· B- 1Y-4M-OY

Bucephala'S' 118 79 46
CD28166-F-IM-l Y-4Y-OM

Corm'S'/Rufo'S' 115 79 47
CD48693-10Y-IM-l Y-OM

Ruff'S'/Fg'S'//Fg'S'/Cr'S'/3/Yav79 111 80 49
CD48054-D-IM-3Y-3M-l Y-OM

(continued)
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Table 8. (continued)

1 00
Yield % Test Kernel
of Me Weight Wight

Cross and Pe gree 75 (gl (g)

Gta'S'/Dur69 110 8 48
Hrl-O'l-6M-O'l

Mexicali 75 100 76 47

Table 9, Agronomic data and yield performance of the best six
advanced lines under full irrigation at CIANO experimental station,
Mexico, 1984-85

BeadIng
Cross and Pedigree (days)

Gta'S'lDur 69 82
Hrl-0'l-6M-O'l

RufCS'/'lav79 82
Cd424904'l-IM-5'l-IM-O'l

Stil'S'/Mexi 75 79
CD42644-5'l-2M-l 'l-OM

P66.253/3/Gta'S'/Tc60/1 8'3
M 'i'S'/4/Sapi'S'/Mexi 75
CD44956-A-2'l-IM-I'l-
IM-O'l

'lav'S'/Sapi'S'/IYav79/31 92
Hui'S'
CD56174-G-l 'l-4M-501 'l-OB

Hui'S'/Tub'S' 88
CD49320-5'l-IM-l 'l-OM

Altar 84 80

Maturity
(days)

132

130

127

136

138

136

130

Plant
height

(em)

90

95

100

95

100

90

Yield %
of Altar

84

124

123

138

124

132

124

100

Table 10. Agrono ic data and yield on percent ge of Altar 84 for the
seven top yielding advanced durum lines at CIANO experimental
station, 1985-86

Heading
Cross and Pedigree (days)

Fg'S'/Ato'S'/IHui'S'/3/Rok'S' 74
CD59105-C-5M-23'l-1 M-O'l

Tancho'S' 75
CD40553-D-2M-l 'l -1 M-O'l

Maturity
(days)

127

120

Plant
height

(em)

95

90

Yield %
of Altar

84

130

127

(continued)
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Table 10. (continued)

Plant Yield %
Heading M turity height of Altar

Cross and Pedigree (days) (days) ,(em) 84

hov'S'IWg' 'I R'S'/3IYav'S'
14/CndolYav'S'IIP~'S'/5/

Yav'S' 86 134 105 126
CD59604-E-2M-6Y-3M-OY

Guil'S'/Qfn/5/LdsmutlGta'S'II
Teal'S'/3/Kn'S'/4/Memo'S' 81 131 95 126
CD38548-A-2M-2Y-1M-
1Y-OM

Yav'S'*2/Foja'S' 89 133 90 124
CD43777-1-2Y-4M-1 Y-OM

Egreta'S' 90 131 100 122
CD42213-A-1M-1 Y-1M-
2Y-OM

Jo'S'ICr'S'IIGs'S'/Sba81131
Fg'S'/4IFg'S'ICr'S'/5/Fg'S'I
Dom'S'/61 Hui'S' 89 131 95 121
CD58238-7M-6Y-1M-OY

Altar 84 86 131 90 100

Table 11. Best yielding durum wheat lines in the 16th International
Durum Yield Nursery (IDYN), 1984-85 (Mean values)

1000
Test kernel

Yield weight weight
Cross and pedigree kg/ha (g) (g)

Gallareta'S' = Altar 84 4480 78 40
CD22344-A-8M-1 Y-1M-1Y-2Y-1M-OY

Chen'S' 4322 76 43
CD26406-3B-2Y-9Y-OM-11 Y-OB

Dw15023 4256 77 46

Yavaros 79 4228 78 46

Rokel'S' 4200 78 41
CD 1895-12Y-1Y-8B-OY

Carcomun'S' 4195 76 41
CD24831-E-3Y-5M-1 Y-OY

Grand mean 3827 76 43

n 40 23 13
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Table 10. (continued)

:elant "tr.ld, %
H~adh&' Mil tturity l.height of Mtlll ~

Cross and Pedigree l(da~1J I (days) ,(cxq.) "84

)hov·'i.c~J,f'( 'I TF..):~":, 13i'a' v'S'
14/Cnj....'l7iav·S~/:l]~·r::;·l51
\"':l"V S' 86 134 105 126
C1Nj9604-E-2M-6Y-3M-OY

Guil'S'/Qfn/5/LdsmutlGta'S'/1
Teal'S'/3/Kn'S'/4/Memo'S' 81 131 95 126
CD38548-A-2M-2Y-1M-
1Y-OM

Yav'S'*2/Foja'S' 89 133 90 124
CD43777-1-2Y-4M-1 Y-OM

Egreta'S' 90 131 100 122
CD42213-A-1M-1 Y-1M-
2Y-OM

Jo'S'ICr'S'/IGs'S'/Sba81131
Fg'S'/4IFg'S'ICr'S'/5/Fg'S'/
Dom'S'/61 Hui'S' 89 131 95 121
CD58238-7M-6Y-1M-OY

Altar 84 86 131 90 100

Table 11. Best yielding durum wheat lines in the 16th International
Durum Yield Nursery (IDYN), 1984-85 (Mean values)

moo
1h"LV kernel

lleld "weight weiUht
Cross and pedigree ~g~ha ,fg) -~g)

Gallareta'S' -Altar 84 4480 78 40
CD22344-A-8M-1 Y-1M-1Y-2Y-1M-OY

Chen'S' 4322 76 43
CD26406-3B-2Y-9Y-OM-11 Y-OB

Dw15023 4Z56 77 46

Yavaros 79 4228 78 46

Rokel'S' 4200 78 41
CD 1895-12Y-1Y-8B-OY

Carcomun'S' 4195 76 41
CD24831-E-3Y-5M-1 Y-OY

Grand mean 3827 76 43

n 40 23 13



Table 12. Best yieldJng durum wheat lines in the 16th International
Durum Wheat Screenin.g Nursery (IDSN). 1984-85 (Mean values)

Cross and edigr e

M lard'S'
COl ,4-3Y·IY-8M·l OM

G 'S'/O 69
Hrl·OY-6M-OY

G lareta'S' = Altar 84
CD22344-A-8M-l '-lM-IY-2'1-IM·OY

lidri..<;'S'
C03 934-0-3 M-IY- M-l 'l-OM

Ggovz44 IMal'S'llT '5'
C043752-F·IY· M-IY-IM-

L est val

n

1000
est kernel

Yield weight weigbt
kg/ha (g) (g)

4888 73 49

556 75 43

321 77 40

4288 76 48

4048 74 48

4044- 76 43

2833 71 38

35 8 5

Table 13. Best yielding duru.m wheat lines in the 14th Elite Durum
Wheat Yield Trial (EDYT). 1984-85 (Mean values)

1000
Test kernel

ield weight weight
Cross a d Pc gree kg/ba (g) (g)

Sc 'S'/Mex"S' 4415 79 44
CD22745-10 '-I -IY·O'!

Gallareta'S' = Altar 84 4400 79 43
C022344-A-8M-lY-I M-I Y-2'l-IM-O'l

Boy'S'/Yav'S' 43 1 76 51
CD24014-1 '-IM-IY·IY-OM

Carcomun'S' 4354 76 46
CD24831-E-3Y-5M-l Y-0'1

4276 79 48

Grand Mean 4090 77 46

n 42 21 19
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Table 14. Means over 3 years for biomass yield, harvest index, and
kernels per spike for nine durum wheat lines. CIANO experimental
station, Mexico. Agronomy Program, 1983-84, 1984-85, and 1985-86

E Y
Biomass
to / a

Yle d
12%

moisture
t/ a

K els
arvest per pike
index (.)

Car omun' 18.0
CD 4831- -3Y·5M-IY-OV

lIar 84 18.0

8.5

8.2

42

40

44

39

Yavaros 79

Mexi all 7

Cocorit 71

Jon 6

'hapal 67

OVlachlc 65

Tehuacan 60

16.4

16.4

17.3

15.2

17.0

14.9

1 .9

7.3

7.5

6.7

5.7

4.9

4.6

3.3

41

36

34

29

28

20

37

35

32

29

19

33

23
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Table 15. Yield components and yield of four advanced lines
compared to Altar 84 at CIANO experb:nental station, Mexico,
1984-85

1000 Grains
Test K-ernel per

weilht eight spikelet Yield %
Cross and Pedigree (g) (g) (No.) of Altar 4

Aix'S' 82 56 3 120
CD31119-B-lV-I Y-2M-
2Y·OM

RuffS'lFg'S'//Yav79 84 63 3 110
CD42490-lY-lM-2Y-
3M-OY

Diver'S' 79 73 2 92
CD34 7 ·E· -3M-IY·
1 -2Y·OM

Careomun'S' 80 54 4 104
D24831-E-3 ·5M-IY-OY

Altar 84 83 53 3 100



Table 16. High yield potential and table advanced durum wheat
lines tested at 11 locations in Mexico. 1st ENTDUR 1985·86

De at on • Slope not significantly different
trom from b = 1.00 for 'Tc' and

egression deviation from regression not

leld lope lin significantly different from 0 for

Cross d Pedigree kg/ha (6) Tc (S~) Fe 'Fc' at 5% level. Eberhart and
Russell Analysis

Ya aros 79 5590 1.07 1.10" 0.0415 1.48"

Chen'S' 5502 1.03 0.46" 0.6229 1.73"
CD2640 -lB-lY·2Y-
OM-9Y-OB

Carcomun'S' 5473 1.02 0.40· 0.0000 0.99·
CD2483l-A-l Y-3M-1 Y-
1Y-OM

Stil'S'/Mexi 75 5400 1.04 0.70" 0.0366 1.43"
CD42644·5Y-2M·1 y-
OM

Carcomun'S' 5310 1.08 1.32· 0.0453 1.53·

Chen'S' 5246 1.07 1.40· 0.0093 1.11 "

Table 17. Advanced lines with good quality at CIANO experimental
station. Mexico. 1984-85

1000 Pro ein
Test kernel in Plg- edi-

wigt eIght s oUna ment ment
Cross and Pedigree ( ) (g) ( ) ( pm (em)

uk'S' 85 48 11.0 8.1 8.5
CD25l26-A-l Y-3M-
lY-1Y-OM

Chen'S' 80 46 12.3 6.0 7.5
CD26406-3B-2Y-5Y-
OM-16Y-OB

Araos'S' 81 46 11.5 8.7 8.5
C 27313-F-lM-l Y-
lY-O -14Y-OB-63Y-
OB

Drama'S' 83 57 11.8 6.3 8.0
CD27737-A-3M-l Y-
2Y-OM

Hui'S'/Yav7B 84 51 11.0 6.3 7.5
CD52448-6M-2Y-
5M·OY

Sapi'S'/TeaI'S'//Hui'S' 84 48 11.4 6.3 7.5
CD52458-20B-5y-
2M-4Y-OM

Altar 84 84 45 10.3 6.0 6.5
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Table 18. Advanced durum wheat lines with good quality included in the 18th mSN, CIANO
experimental station, Mexico, 1985-86

18thlDSN
Entry

No. Cross and Pedigree

67 Cndo/4/Jo'S'/Cr'S'IIUSAI679/31
Jo'S'/Gr'S'/5/Mal'S'

CD47499-C-l M-I Y-IM-I Y·OM

Yel ow
beny (CJa)

5.

Pigment
(ppm)

7.1

Sedim ntaUon
(em)

::::::::.:==:
10.5

69 Corm'S'/Rufo'S'
CD48693-1 OY-I M-I Y-OM

139 Care'S'/Auk'S'
CD56981·4 -lM-IY-OM

141 Care' '/Auk'S'
CD569 14Y. M·3Y· M

145 Memo'S'lYav' '/lAuk'S'
CD56985·4Y-4M-2Y-OM

175 Jo'S'/Cr'S'/lGs'S'/SbA81113/Fg'S'/4/Fg'S'/Cr'S'/51
Fg'S'/Dom'S'/6/Hui'S'

CD58238-3M·7Y-6M-I Y-OM

10. ,4 9.

0.0 .5 9.0

5.0 8.0 .0

0.0 ,0 9.5

O. 7.2 9.0

208

60

Bha'S'/lShwa'S'/Ren'S'/3/Snipe' 'I IPo ' '/5/Bta'S'
CD62716-A·I Y-3M-2Y-OM

Altar 84

0.0

5.0

.9

6.4

11.0

7.5

Table 19. Agronomic data and yield performance of six early
maturity advanced durum wheat lines at CIANO experimental
station, Mexico, 1985-86

Yield %
Plant of

Heading Matllrity height Meneal!
Cross and Pedigree (days) (days) (c ) 75

avla' . 79 lIB 105 7
CD28222-D·IM·2Y·2 -OM

Tan b ' . 78 J25 85 13
CD4 553-D- M·l -IM-O

Mergu'S' 84 124 95 1.
CD3 970-IB-IY·2M·OY

Slerna'S' 84 125 100 13
03 3 7·B-IM-4Y4M·2 '.

IM·QY

(continued)
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Table 19. (continued)

Yie d %
Plant of

Heading Maturity height Mezicall
Cross an Ped.igre (days) (days) (em) 75

Reo' '/lDa k'S'/Teal'S' 77 119 5 133
CD3 37- B·2Y·' M·OY

Gui1'S'/Mexi' 'I/U 575/3/Hul'S' 78 125 95 118
CD54202·3Y·4M·2Y·IM-OY

Mexlcall 75 79 125 90 100

Table 20, Durum wheat international nurseries distribution in 1985
and 1986

Cooperators Nurseries
Region 1985 1986 1985 1986

Africa 21 22 115 104
Asia 1 17 48 57

entral America 1 1 1 1
E rope 29 30 113 105
Middle E t 13 16 64 96

octh America 8 12 18 32
a aula 4 3 10 9

outb America 15 17 57 70

Total 110 118 426 474

Table 21. New durum wheat cultivars released around the world,
1985-86

Variety

Wadhanak 85

Taray 85

Rarna

Balcili 85

Cross and Pedigree

I'S'/ nip' '//Gdoyz44
CD19711-D-l Y-3M·OY

Ato'S'11 a'S'/PIc' '/31 c'S'/Pg'S'
CD100l1·2M·3p·IM·2Y·IM·OY

Jo'S'/Aa'S'/Fg's'
CM9799·34M-1 Y-OY

Country

Pakistan

Peru

South Africa

Turkev
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Triticale
G. Varughese

Introduction
CIMMYT is the primary source of
spring triticale germplasm
worldwide. Hence it is imperative
that CIMMYT stay in the forefront
in expanding the genetic base of
this manmade crop. The crop's
stability and future depend upon
this added variability.

Past experience indicates that
triticales have an adaptive
advantage over other small grains
in acid soils. at high elevations in
the tropics. and in semiarid
environments. Hence. all these
areas are important target areas
for the crop improvement work at
CIMMYT.

Objectives and Priorities
The program's primary objective
is the production of germplasm
having stable high yield combined
with adaptation to marginal
environments. This is achieved by
a dynamic crossing program
combined with appropriate
screening methods to enhance
yield, adaptation, and test weight
in the target areas and resistance
to the diseases found in Mexico.
Sprouting resistance. earliness.
and industrial quality are also
considered important
characteristics in the improvement
work.

In 1985-86. four triticale program
priorities were identified.
Expanding the crop's genetic base
is the top priority. followed closely
by work in two targeted mega
environments-acid soils with
Al3 + toxicityltropical highlands
and semiarid conditions. A third
mega-environment and the fourth
priority. well watered areas,
receives significantly less attention
than the other mega-envi
ronments.

Expanding the
Genetic Base
Being a manmade crop. the total
variability of triticale is much
more restricted than the crops
which evolved in nature. In
addition, excessive use of a few
varieties in the breeding. which in
the early stages were more

62

promising, further restricts this
variability. Thus. the threat of
genetic vulnerability is much more
real in the case of triticale than for
any other crop. CIMMYT is trying
to overcome this problem by
combining the variability from the
putative parents as well as from
winter triticales. In 1986.
approximately 34% of the crossing
efforts were directed towards
creating variability through
interspecific crossing and the
production of primary triticales. In
addition, 21 % of the crosses were
between spring and winter
triticales. Table 1 clearly indicates
that. since 1984. a shift has been
made to the priority of expanding
the variability of the germplasm
base. This shift in emphasis will
continue and the expansion of the
genetic base shall be treated as a
principal objective for the
foreseeable future.

Production and evaluation of
primary triticales-Production
of primary triticales. their
maintenance, evaluation. and
crosses with the most promising
secondary triticales are given a
very high priority in the expansion
of the genetic base of CIMMYT
triticales. Twenty-three percent of
the crosses made in 1986 were
directed towards the production
and use of primaries (Table 1). For
use as parental sources in primary
production. priority is given to
those durum and bread wheats
with good adaptation to droughty
conditions. earliness. and
resistance to scab and
helminthosporium.

One hundred and eleven primary
hexaploids belonging to 65 cross
combinations were evaluated
during the 1985-86 crop cycle at
Cd. Obregon. Seven highly
unstable ones were eliminated.
Performance of the remaining 58
are reported in Table 2.

In general. the primaries tend to
be late. tall. and have poor test
weight. However, exceptions could
be found for all these characters.
An extremely early primary took
90 days to flower and 128 days to
ripen. Also. the shortest primary

was only 90 em. indicating that in
some combinations. dwarfing
genes express themselves. Test
weight, in general. was poor with
all primaries having wrinkled seed
coats. Variability for fertility was
good averaging 1.98 seeds per
spikelet with a range of 0.95 to
3.09. In four cases. the fertility of
the primary was greater than the
fertility of the durum wheat parent
used in the cross; in another it
was equal. These primaries may
prove to be new sources of fertility
for the future breeding program.
The best of these primaries shall
be evaluated for stability and
heritability of these characters.

Introgression of genes from
bread wheat-Bread wheat. being
the crop most Widely grown and
most researched. offers many
known valuable genes. It also
crosses easily with triticale.
Resistance to scab and
helminthosporium are found in
some Chinese wheats. Attempts
are being made to transfer these
resistances to triticale. Sprouting
tolerance is another character
which needs to be transferred.
Currently. 11 % of CIMMYT's
triticale crosses are interspecific.
Le. hexaploid triticale by
hexaploid bread wheat (Table 1).

Due to genomic differences. many
backcrosses to triticale are needed
before a true breeding triticale can
be recovered. Repeated
backcrossing tends to diminish
wheat's genetic contribution.

The triticale x wheat hybrid has
14 bivalents (AABB) and 14
univalents (D and R).
Transmission of aneuploidy is
very high through the ovules and
minimal through the pollen.
Hence. if the hybrid could be used
as the pollen source. the
probability of reconstituting
balanced hybrids is greater. To
substantiate this hypothesis. the
progeny of 32 backcrosses. 16
interspecific Fls as female. and
the same 16 as male were
evaluated in the CIANO 1985-86
cycle (Table 3).



Since pollen sterility is very high
in the interspecific hybrid. when
the Fls were used as the pollen
source. three spikes were used to
pollinate a single female spike on
the optimum date and three more
were used 2 days later. This
procedure allowed an acceptabte
seed set. There was no significant
difference between the two sets of
crosses for number of seed set in
these data. However. when
hybrids were used as the pollen

source. the percentage recovery of
viable plants and plants with 42
chromosomes was significantly
greater than when used as
females. Thus. it seems that using
interspecific Fls as the pollen
source will be a valuable means to
hasten the process of
reconstituting triticales and thus
maintaining a higher variability
from the wheat donor parent. This
observation led the CIMMYT
triticale program to change its

methodology. and at present. the
interspecific hybrids are used only
as the pollen parent.

Winter x spring crosses-The
winter triticale gene pool is very
different from that of spring
triticale. Most winter triticales
carry winter rye in their
backgrounds, which is far superior
to spring rye for many traits. Thus
combining these two triticale gene
pools prOVides enormous
opportunities to advance the
genetic base of triticale. The most
successful spring triticale
(Juanillo) with respect to yield and
adaptation is a winter x spring
derivative. Twenty-one percent of
CIMMYT's current crossing efforts
are directed towards combining
these two groups of triticales
(Table 1). Most of the winter lines
used originated from Poland. Lines
from many eastern European
countries. Sweden, USA. France,
and Canada are also used.

Breeding Strategies
for Three Mega
environments
Two major targeted areas for
triticale improvement are acid
soils/tropical highland
environments and semiarid
conditions. Well watered areas
make up a third mega
environment of lesser importance
in the triticale program. Having
targeted these areas. strategies are
now being evolved to enhance the
potential adaptation of the
germplasm to each of them.

Acid soil/tropical highland
environment-From a breeding
standpoint. the acid soils with
aluminum tOXicity and tropical
highlands have many characteris
tics in common and hence they
are treated as a single mega
environment. The central and
southern regions of Brazil. parts of
Paraguay. and the rainfed regions
of Zambia are typical acid soil
areas. Potential highland areas for

George Varughese, head of the
triticale program, makes selections
during the 1986 Toluca cycle.
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triticale cultivation include the
highlands of Mexico, Central and
South America. East Africa, parts
of China. and Southeast Asia.

Free aluminum ions (toxicity).
unavailability of phosphorus,
insufficiency or toxicity of minor
elements. high humidity during
the crop ripening phase, and
presence of numerous diseases are
typical of this mega-environment.
Rye, in general. tolerates higher
soil levels of free aluminum ions
and is capable of extracting
phosphorus and minor elements
much more efficiently than other
small grains. The adaptation of
triticale to the acid soil condition
is probably due to the presence of
the rye genome. Resistance to
sprouting and the capacity to
maintain good smooth seed after
the ripe crop is subjected to
excessive rainfall are important
characters for the acceptability of
triticale.

Tolerance to head scab,
helminthosporium spot blotch.
and septoria nodorum blotch and
resistance to stripe rust, stem
rust. and leaf rust are also
important for the Viability of the
crop in this mega-environment.

Lines and varieties with known
adaptation to acid soils with
mineral toxicity problems and/or
highland conditions are used as
the base in building the
germplasm. Parents with low
alpha amylase activity or lines
showing the potential to produce
good seed after the ripe crop has
been subjected to rain are used in
crosses. Parents with low alpha
amylase activity are listed in
Table 4. Triticales that produce
good seed after the populations
have been subjected to one month
of rain after the crop is ripe are
listed in Table 5. Tolerance to
scab and spot blotch is also given
high priority in the crossing
pro~ram. Tables 6 and 7 list some
of tne lines showing tolerance to
these two diseases. Also attempts
are being made to transfer
resistance to these diseases from
Chinese wheats to triticale.
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Segregating populations are
shuttled between Toluca and Cd.
Obregon up to the F5 generation.
At each stage. unadapted
populations are discarded; the
populations are modified by
eliminating poor and susceptible
plants. These same populations
are also evaluated at a location
near Patzcuaro. Mexico. where
soils are slightly acidic and where
there are late rains and a
moderate incidence of scab.
Information from this site is also
used to eliminate populations.
From F6 onward, pedigree
selection is practiced. Rigorous
selection pressure to enhance test
weight is applied to each selection
cycle. Use of the station at Toluca,
one of the poorest test weight
producing environments. helps to
eliminate the lines with poor test
weight. Advanced generations are
screened in Brazil and retested
under acid soil conditions in
Mexico before they are included in
international nurseries.

In addition, segregating
populations are planted at Toluca
in mid-January to be selected in
early August. This crop ripens
during the peak rain period and
thus enhances the potential to
select for sprouting resistance and
good seed. At present. this method
is mainly used in building
parental material. In the future,
this procedure will become a
routine part of the breeding
program used to develop materials
for highlands and acid soils.

Semiarid conditions-Stability of
yield and test weight under
diverse drought conditions are the
two prime considerations in
developing material for this mega
environment. Diseases are not
considered a major factor in these
environments. However, care is
taken so that the material is fairly
broad based for resistance to the
rusts and septoria. Major dryland
areas in the developing world with
potential for triticale cultivation
are in North Africa and the Middle
East. central India. the dry areas
of Afghanistan, and parts of Sind
and Baluchistan provinces in
Pakistan.

Segregating populations based on
lines and varieties showing high
test weight and yield under
drought stress environments are
shuttled thJ;"ee times through
Huamantla. a drought-prone
location with sandy soils. and Cd.
Obregon under limited irrigation
(no irrigation results in total crop
failure). During each cycle,
populations are eliminated based
on the mean value of all the plots
for yield and test weight. This
procedure eliminates many of the
nonadapted populations and shifts
selected populations towards a
better fit to the droughty
conditions. Populations selected
under drought stress are then
planted at the F5 stage under
optimal conditions in order to
identify plants with higher genetic
yield potential. Plants so selected
are re-evaluated under various
drought situations before they are
included in international
nurseries. Presently, the first
group undergoing this selection
procedure is at the F5 stage.

Well watered areas-Yield levels
of triticale are comparable to
bread and durum wheats in well
watered areas. Lower test weight
and lack of a market discourages
expansion of triticale in this mega
environment. However. under
special circumstances in some of
the high-production environments,
such as the areas in Mexico, India,
and Pakistan with Kamal bunt.
triticale might be a good alterna
tive to wheat.

Germplasm under development for
the acid soil/tropical highland and
semiarid mega-environments are
cycled through, and evaluated at,
various stages in high-production
environments. This permits the
program to identify lines haVing
potential for the well watered
areas. In addition, a small portion
of time is devoted to developing
substituted triticales with high
yield, rust resistance, and
industrial quality.



Relative Performance
of Complete and
Substitute Triticales
The discovery of Armadillo in
1968, its excellent performance in
crosses, and the success of Maya
IIIArmadillo (M2A) selections in
yield and adaptation gave an
Impression that 2D for 2R
substitution is beneficial and
essential to the success 0

lrHicales. In the late 19705, the
cr sses Beagle and Drira (complete
triticales) looked promising and
performed well in international
trial . A few more completes were
included in the 10th ITYN in
1 78-79 and since then the top
performers of the ITYNs have been
complete triticales. Results from
the 10th to 16th ITYNs are
presented in Table 8. The data
clearly demonstrate the
superiority f complete triticales
over substituted types.

A total of 425 advanced triticales
were evaluated dUring the 1985-86
season in five differen t ecological
conditions In Mexico. Rhino,
CIT-1367. a complete line

identified in 1985, has an
exceptionally high and stable test
weight. The proportion of
advanced lines haVing test weigh
above Rhino in these five different
environmental conditions is
reported in Table 9. At CIANO,
under optimal rop production
conditions. the proportions of
complete and substiruted were
comparable. However. in the four
marginal environments (El Batan,
dry; Huamantia. extremely dry
and sandy soils; Saltillo, extremely
dry and alkaline soils; and Toluca.
extremely wet), the proportion of
complete triticales with high test
wights was extremely hlgb.
indicating that under stress
conditions. complete triticales
produce better test weight t an
substituted types.

Yield and Adaptation
As already discussed. the CIMMYT
tritl aJe program is oriented
toward developing germplasm for
marginal environments. The new
breeding strategies outlined above
will help obtaln genetic material to
achieve this goal. However.
evaluation of yield potential under
optimal conditions is essential

because, in all stress
environments, there are nonstress
years. Thus modified reeding
strategies and the evaluation
under optimal conditions help to
identify lines with high and stable
yield potential or marginal
conditions.

Five hundred and forty advanced
lines were evaluated for yield
pot nUal at Cd. Obregon during
the 1985-86 cycle. Based on the
yield, test weight, and disease
resistance, 95 complete and 70
substitute lines were selected to
form the 18th International
Triticale Screening Nursery (ITSN)
for 1986-87. he top 10 completes
and substitutes are listed in able
10. (The first 10 lines are
complete and the last 10 are
substituted.) As observed in tile
previous section. the completes
show' a higher yield potential than
substitutes. Highe t test weights
were recorded by the substitutes.
However, the proportion of lines
haVing test weights above Rhino
(the highest test weight check)
wa greater in the complete than
the subStituted lines.

La 'al Check

Dryland
(10 sites)

Highland
(14 site)

Mediterranean
(20 sites)

20

140

40

100

12Q--

T p 5 1'riUca1e

C 80
Il)
()....
~ 60

Irrigated
Subtropical

(4 sites)

Figure 1. Relative performance of the top five tritJcales. the bread wheat check (Seri 82). and the local
check in six different agrocUmatic conditions. Data based on 16th ITYN.
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among the top yielding families in
this nursery, indicating that they
may also have good stable
productivity.

.27%

Earliness
Triticales in general are late and
have a long grain filling period.
They often flower about the same
time as the wheats, but usually
ripen much later. Earliness is
influenced by both photoperiod
and temperature. "Ardilla," a line
identified in 1984, is a very early
maturing complete triticale. Figure
4 compares the relative
performance of Ardilla to five
other varieties in three different
environments.

At Cd. Obregon the days are
shorter and cooler during early
plant growth, but hotter during
the grain filling period. This
makes the crop flower late but
ripen very fast. At Toluca and EI
Batan, days during the early crop

More selection pressure at Toluca
should enhance test weight
stability. Also, selection among
segregating populations destined
for highlands/acid soils are
screened for sprouting tolerance
and the potential to produce good
seeds after rainfall. This selection
pressure should further enhance
the test weight for the wet crop
grOWing conditions.
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Test Weight
Poor test weight and poor stability
of test weight are major global
problems facing triticale breeders.
Progress in both of these
parameters has been slow, but
steady. Figure 3 depicts progress
in test weight made during the
past 20 years at CIMMYT. At
present, test weight is not
considered a major problem for
optimum crop condition sites such
as Cd. Obregon or for dry
condition sites such as EI Batan.
However, when the crop ripening
coincides with wet conditions, test
weights drop considerably. The
Toluca station has this type of
environment and produces the
lowest test weights. Even in
Toluca, test weight among the
best lines has improved from 58 to
69 kg/hI over the past 20-year
period. Table 12 lists the
advanced triticale lines having
high and stable test weight.
Rhino, the most advanced line of
this group, is approximately 10
kg/hI above Cananea.
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The International Triticale Yield
Nursery (lTYN) and the ITSN
provide information on the
adaptability of various lines and
varieties to different agroclimatic
conditions and also serve to help
measure yield potential and yield
stability. Fifty-eight locations
reported yield data for the 16th
ITYN (1984-85). Eronga 83 once
again was the top yielder based on
all locations. In the previous
ITYNs, Eronga or its close sister,
Juanillo 97, was number one for 3
years and number two for 1 year.
This consistency in yield over the
years and locations demonstrates
the excellent stability of yield for
the cross, Juanillo. The 58
locations were subgrouped into six
agroclimatic regions. In two
regions, Juanillo was number one
and in the other four, it was
among the top five, which
illustrates the wide adaptability of
the cross.

Yield data from the 16th ITYN for
the agroclimatic regions (acid
soils, irrigated subtropical,
drylands, highlands, Mediter
ranean, and winter regions with
spring planting) are presented in
Figure 1. Except in the irrigated
subtropics, the average yield of
the top five triticales was higher
than the bread wheat check. A
comparison of data between the
ITYNs and the International
Spring Wheat Yield Nurseries
(ISWYN) for the past 16 years
indicates that bread wheat tends
to yield about 8% below its
potential when grown among
triticales (Figure 2). In the winter
region with spring planting, both
triticales and bread wheats were
far inferior to the local checks.
This indicates that germplasm
developed at CIMMYT lacks
adaptation to the extreme
northern latitudes.

Forty locations reported yield data
for the 16th ITSN. The 20 best
yielding lines are listed in Table
11. Beagle and Eronga, known for
their wide adaptability, were
ranked number two and three in
this nursery. The crosses Gnu,
Stier, Nutria, Civet, and Hare were

3.0
---- X ISWY

--X llYN
I I I I I r r I I I I r I r I r
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ITYN
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ISWYN

Years

Figure 2. Relative performance of bread wheat varieties when grown
in ISWYN and ITYN. Results based on all locations and all years.
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growing season are long, and the
grain filling period is relatively
cool. The main difference between
these two locations is that the
temperature during the early crop
growing cycle is hotter at El Batan
and cooler at Toluca. This
combination of long days and
relatively warm periods during the
early crop cycle causes the crop to
flower earlier at El Batan. In
contrast, the days are equally long
at Toluca, but cool temperatures
make the crop flower later.

Triticale at both El Batan and
Toluca flowers earlier than at Cd.
Obregon. The grain filling period
at both El Batan and Toluca is
long due to cool temperatures.
Thus the combinations of day
lengths and temperatures make
these three stations distinct in
terms of earliness. Cd. Obregon
has late flowering with a short
ripening period; Toluca has a
relatively longer time to flower
with a long grain filling period; El
Batan has a short period to flower
and a long grain filling period. It is
interesting to note that all
genotypes in this study behave
similarly in each of the three

environments. The late lines are
late in all conditions; the
intermediate lines are inter
mediate at each site; the early line
Ardilla is early under all three sets
of conditions.

Ardilla is being used extensively
in the crossing program in order
to incorporate its earliness into the
germplasm base. In addition, two
new primary octoploids (lNIA x
extra early rye and Sonalika x
extra early rye) and a new
primary hexaploid (CeIta x Alikurt
Rye) are also being used as new
sources of earliness.

Collaborative Research
Stem Rust-Because triticale is a
new crop, there is not much
selection pressure available today
against many diseases. With the
expansion of area in Australia,
stem rust also started evolving. As
a result, good Virulence is now
available to screen material. Each
year CIMMYT sends the screening
nursery to the University of
Sydney to be screened against the
virulences available in Australia.
Table 13 lists the lines and
varieties from the 17th ITSN

(1985-86) shOWing good levels of
resistance. It appears that many
lines are segregating for resistance
and susceptibility. This indicates a
lack of selection pressure in
Mexico.

Cytogenetics-CIMMYT and the
University of Missouri collaborate
in analyzing the genomic
constitution of triticales. In
1985-86, it was found that the
families Gnu, Stier, Uron, Ardilla,
and Merino have the 6A
chromosome substituted by 6D.
All of them carry the full
complement of rye chromosomes.
The family Tetal has two
substitutions, 2R by 2D and 6A by
6D. The families Rhino, Tatu, and
Jaunillo are normal and have all
the ABR chromosomes.

Intergeneric hybrid embryo
rescue through tissue
culture-A small experiment was
conducted in 1985 at the
University of Florida to investigate
the feasibility of using new tissue
culture techniques as a means to
enhance the rescue of hybrid
embryos. This method also could
increase the probability of

100 L 1965
11

1975 1111 1980 1985

Mean of the 3 locations

74

Toluca

58

76

Batan

60

76

CIANO
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Figure 3. Progress in test weight over the last 20 years in three different environments in Mexico.
Average test weight (kg/hI) of the best triticale produced in each of the periods and measured during
1985 and 1986 in these three different conditions.
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obtaining many more plants from
a single embryo. Four crosses
involving two durum wheats and
two ryes at various stages of
embryonic development were
investigated. Transporting the
hybrid spikes from Sonora to
Mexico City and then to Florida
tended to complicate the study.
However, successful hybrids were
obtained in all four crosses using
this method. Hopefully this
method can provide an easier
means of producing primary
triticales.

Future Projections
Except for Tunisia, Argentina,
Brazil, and Mexico, all major
triticale producers are developed
countries. As awareness of the
crop's potential in certain
environments becomes more
Widespread, and as more favorable
pricing policies are introduced, the
area devoted to triticale is likely to
expand into developing countries.

More than 3 million ha currently
in wheat, barley, or rye could be
sown to triticale because of its
superior productivity. Another 15
million ha. which do not now
support small grain production,
could become available to crop
production in the future. These

areas mainly comprise the
Cerrados of Brazil, the northern
regions of Zambia, and the
tropical highlands found in many
Southeast Asian countries.
Triticale is also a potential crop for
the semiarid areas of Asia, the
Middle East, and North Africa.

Other potential production areas
comprise the tropical highlands
and acid soils of East Africa,
Brazil, and Southeast Asia.
Triticale clearly out-performs
wheat in these environments and,
if only 25 % of the land in these
locations were shifted from wheat
to triticale production about 1
million ha could qUickly be
devoted to the crop. In addition,
these regions possess an
enormous potential for expanding
agricultural area and output in the
future. If only 10% of this
expanSion were devoted to
triticale, some 15 million ha would
come under this crop. Eastern
Europe is another region in which
triticale area is expanding rapidly.
Here winter triticales are replacing
winter rye.

Targeting the potential areas for
production, as was done above,
and modifying the shuttle
breeding procedure to enhance the

adaptation of the germplasm to
these target areas should further
increase the potential of triticale.
Shuttle breeding for the fut re
may well include, among others,
Brazil and Paraguay for screening
for the complex of problems
associated with acid soils,
sprouting resistance, and scab and
helminthosporium screening and
Morocco for drought screening and
Hessian and sawfly resistance.

As we move into 1987. more than
1 million ha throughout the world
are now planted to triticale. It is
expected that this area will grow
significantly in the next decade as
awareness of the crop's usefulness
increases and markets expand.

Future gains in food production
will depend greatly on farmers'
ability to enhance the productiVity
in marginal, stressed environ
ments. In these locations, triticale's
excellent performance offers the
possibility of imprOVing food
availability where this has been
difficult in the past. The crop that
once was a biological oddity is now
a commercial reality, and may
become an ever more important
factor in improving rural welfare
in the world's more difficult crop
production environments.
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Figure 4. A comparison of days to anthesis and maturity of six triticale genotypes under three different
enVironments.
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Table 1. Type of crosses and their percentages in 1984 and 1986

Type of crosses
Perce.ot of crostle made

1984 1986

1) Single and topcross s I 'clVI g ClMM'r
TeL Lines

2) Winter x spring crosses

3) Triticale x whe t and back-crosses

4) Primaries and primary x secondary

78

6

5

11

4

21

11

23

Table 2. Average performance of 58 primary hexaploid triticales
during the 1985-1986 crop cycle

% %
Above Below

ge Me Mean Mean

1) FlowerIng (days after 88-111 100.5 66 34
emergen )

2) Maturity (days after 128-145 137.6 60 40
em rgence)

3) Height (em) 90-175 151.2 60 40

4) Test weight (kg/hI) 019-68 60.7 47 53

5) Fertility (No. of seeds/ 0.95-3.09 1.98 48 52
spikelet)

Table 3. Reciprocal differences in the use of interspecific Fl'S in
backcrossing. Average of 16 reciprocal backcrosses

Fl as Fl as
Female Male

1) M number of seed sel/eros 18.9 19.8

2) Percent recovery of viable plants 34.0 81.7

3) Percent recovery of o12-chromosome plants 18.6 35.6

4) M an yl Id per plant (gl 17.1 22.7
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Table 4. Advanced triticale lines showing stable high falling number
(FN), indicating low alpha-amylase activity

a The prefixes B. CT. X. and CIT Source FN FN
are cross designations used by MV-86 Linea 1984·85 1985-86
CIMMYT at various times

C1353 tier' '
13-6712 38 330

6 Uron'S'
B-6811 393 334

CB63 noa'S'
CT.4699 372 371

C892 ivet'S'
13-2658 479 432

C8125 Jlo' '/Ptr'S'
13- 63 422 322

8133 Gnu'S'
13·6912 491 418

8141 ml'S'lPlr'S'IIGpr'S'/Toro'S'
X·63260 464 383

CB143 Taplr'S'llPnd' 'IRm'S'
·J833 28 434

81 Otter
CT-5229 650 566

C8153 DnraiGlenlea
CIT-lOI6 352 302

C8158 Eda'S'/lM2A/ZA75
-61039 304 368

C8167 Hare'S'
13-2700 44 31

C13I77 Juanillo-j 00
_ 21295 39 400

Table 5. Lines and varieties
which contribute good seed after
1 month of rain

Table 6, Lines showing good tolerance to helminthosporium spot
blotch, based on 16th ITSN results from three locations

I) DF/PFT7717 = PFT803 0
2) Abn' '/lM2A/lR 131Bok' ,

·60342
3) rvet

13-2658
4) au y/8gl'S'

X-16215

a Selection of CNPT/EMBRAPA,
Brazil

70

Variety or Line and Pedigree

I) Stier'S'
8-6712-170-1OY-3Y·OM

2) Ptr' '/Ca tor'S'118ta'S'
X-60839-3M-I Y-IM·I Y-l Y-OB

3) Gnu'S'
8-6912-062-11 Y·I Y-OM

SPTB
O·9a

1.7

2.

2.3

(continued)



Table 6. (continued)

SPTB a 0 = most tolerant, 9 = most
Variety or Line and Pedigree ().g8 susceptible

4) Gnu'S'
B-6912-071-20Y-1Y-OM 2,3

5) Gnu'
B-6912-078-27Y-IY..QM 2.3

6) Uer'S'
B-6712-170-IOY-2Y-OM 2.3

7) Slier'S'
8-6712-171-11 Y-lV-OM 2.3

8) Zebra
8-2672 2.7

9) Jlo235/BgI' 'Ems-Z176.3
84565-1-2Y-OY 2.7

10) Pu'S'/Castor'S'IIBta'S'
X-60839-3M-IY-lM-2Y-1Y- 8 2.7

11) H277.691ITot"S'/Tob66/3/F 1029/4/Merino'S'
B-4605-3·1Y·2Y-OB 2.7

12) Gnu'S'
B-6912-057-7Y-3Y-oM 2.7

13) Sti r'S'
B-67I 2-159·2Y-2Y-OM 2.7

14) tier'
B-6712-166-6Y-4Y-OM 2.7

15) tter'S'
B-6712-167-7Y-IV-OM 2.7

16) Stier"S'
8-6712-168- Y-2Y-OM 2.7

17) Stier'S'
B·6712-171·11 Y4Y·OM 2.7

18) Taw'
B-5644-777'1 Y-1y-oM 2.7

9) Tatu'
B-5644·778-2Y-1 V-OM 2.7
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Table 7. Advanced triticale lines showing acceptable levels of scab tolerance in Toluca and Patzcuaro

l a PFT.80125
2FG-OYO-IFM-1. 10 M-3F

2a PFT.80295
B-199-2FGS-3FGS-3FS

3a PFT.80380
FT031-6YO-13FGS-2FGS

4a DriralM2A/3/Cml'S'/Patoll7C/PI
X28906-1F-2FS-I1FS-IFS-12FGS-OBS-FGS

5 Merino'S'/Jlo/3/Bgl'S'ICin'S'IIMus'S'
B8413-0M-2B-OY-2B-0'

6 PFT7711Dgo'S'
CTM-14669-055Y-OM-OY-22M-OY

7 Reh'S'/Hare 212
CTM-13241-016Y-OM-OY-IM-OY

8 Reh'S'lHare 212
CTM-13241-016Y-OM-OY-14M-OY

a Selections of CNPT/EMBRAPA, Brazil

9 Reh'S'/Har 212
CTM· L3241-0 16Y-OM- -16M-OM

10 Reh'S'/Hare 12
CTM- 324 -OlBY-OM·OY-21 M-OY

11 Reh'S"lHare 212
CT -13241-01 ·OM-0 -23.M-O

12 Hare'S'/Mono'S'
CTM-7435-015Y-019M- ¥-18M-3 -lM-O'

13 Octo N '/Ma/lBto'S'/3/Bgl'S'Erns Dwf
B5922-526-2Y-3Y-IM-2Y -5M-lY-0

14 6TA876/6TB16411Pn 'S'l"Rm'S'/3/Tesmo'S'
CMT·H329-2M- Y-IM-OV

15 Banteng'S'
B807 t-163-1 Y-2Y-1M-l Y-2M-OY

Table 8, Relative performance (mean yield in kg/hal of complete and
substitute trltJcales in international nurseries 1978·1986

a Data based only on Y85-86 Source Complete SubsUt te
yield trials

1) 10th ITYN top four of each type;
56 locations 4163 3917

2) 11 th ITYN top five of each: ype;
62 locations 4176 4093

3) 12th ITYN top four of each type;
58 locations 3974 3739

4) 13th ITYN top five of each type:
44 locations 4398 4220

5) 14th IT N top five of each type:
56 locations 3660 3436

(continued)
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Comp et Sub -titu e

Table 8. (continued)

SOlU'ce

6) 15t tTY top ive of each type;
49 location

7) 16th ITVl op Iiv of ea h type;
5.8 lotaUo

8) 16tb IT T top 25 of each type:
4010 atia I

91a laU ITSN Ulean yield of all 95
and 70 su stilute entries

plete

885

4266

4055

4/8

6

3788

3658

5048

a Data based only on Y85-86
yield trials

Table 9. Proportion of advanced triticale lines having test weight above the highest test
weight check variety Rhino under five different environments in Medco in 1985-86

Number Proportion of
Test Wt. of lines Un above
of RhIno above RhIno

LocatioD& J!:nvtronment (~/ha) Rhino Complete ubstitute

Cd. nigared 77.6 34- 59 41

, Bat ainfed 74.6 34- 82 18

Tolu'a ery wet 69.7 61 92 8

Hu' tJa Dry and sandy 73.8 22 100 0

Navllad Dry and alkaline
Sal 10 soil 69. 42 95 5

Table 10. Performance of the top 10 complete and ubstltute triticales based on 1985-86
yield trials at Cd. Obregon

18th
ITN

No. Line and Pedigree

7 S 'er'S'
B6 12-167-7 .3Y-2M-l -3M-0

29 Faro-15

33 0706 //P12 374 /Spy/3/ oza/
Pi243741/6/CitiU 90E3/5/Tob/
8156// c/ IlNIA/4/Spy

CTM-914 -7 -OB-OY-16M-OY

47 Rhln 4-1

Yield
(kg/ha)

5981

6522

6338

6086

% over the
best check

5

13

10

13

Test eight
( g/h)

74.2

75.1

73.0

77.6

(continued)
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Table 10. (continued)

18th
ITSN Yield % over the Test weight
No. Line and Pedigree best check (kg/hI)

59 Merino'S'/JIo'S'/3/BgI'S'/Cin'S'/I 5382 4 76.5
Mus'S'

B8413-0M-OB-3M-OY

76 Buffalo'S' 6143 8 74.6
CT-4161-0M-OY-OM-IY-9M-OY

83 Mus'S'/Bta'S' 5830 6 74.8
X-65985-5M-3Y-2M-lY-4M-lY-2M-OY

87 PIy'S'/4/C5/Angelon 8A206//
Tob/3/Dominant 6182 7 74.2

B-8329-01OY-020M-OY-IM-4Y-OM

94 Anoas'S' 6334 1 72,4
CT-4699-0M-OY-OM-16Y-OB-2Y-OM

95 Tatu-5 6133 4 74.6

108 Bok'S'/GIeniea 5035 4 78.4
CIT-1093-1Y-3Y-2M-3Y-OY

114 Tcl95/M2A//M2N3/Eda'S' 5106 5 74.0
CTM-6091-014Y-041M-OY-3M-OY

117 Lechon's'//Lmg'S'/3/Tapir'S'
//PND'S'/RM'S' 5240 8 76.2

CT-5250-L-3M-4Y-IM-2Y-2M-OY

119 Tapir'S'/4IE3/Arm'S'//M2A/3/Adx'S' 5148 4 76.9
CT-1829-0M-OY-OM-I0Y-IM-OY

131 Lechon'S'/PrI'S' 5639 16 75.8
CIT-1751-1M-1Y-2M-3Y-2M-OY

141 Pnd'S'/Bcm'S'//AIamos83 5613 18 76.9
CT-1809-QM-OY-OM-8Y-1M-IY-OM

143 Tapir'S'/PFT77l7 6265 32 78.4
CT-l826-0M-OY-OM-9Y-lM-2Y-OM

149 IraiNuri'S'//M2N3/Tapir'S' 5536 12 77.3
CTM-6734-023Y-035M-OY-5M-4Y-OM

161 PoI'S'//Pnd'S'/Mpe'S'
CT-598-1 Y-2M-2Y-IM-2Y-2M-2Y-OM

164 Tetal'S' 5645 18 78.0
CT-I017-2Y-4M-l Y-IM-l Y-2M-2Y.QM



Table 11. Top 20 yielding lines in the 16th ITSN based on 40
locations

Mean
VTY yield
No. Variety or Cross and Pedigree (kg/ha)

50 Gnu'S' 4336.3
B-6912-078-27Y-1 V-OM

1 Bg1'S' 4326.1

2 Eronga 83 4259.5

17 Nutria 401 4199.8
B-2709-0Y-18

46 Gnu'S' 4160.2
B-6912-062-11Y-1V-OM

51 Stier'S' 4135.7
B-6712-159-2Y-2Y-OM

53 Stier'S' 4123.8
B-6712-167-7Y-IV-OM

215 Caborca 79/Ptr'S'/ILmg'S'/Toro'S' 4100.9
CT-2500-C-1 Y-1M-1 V-OM

10 Mus'S'/IDriralKgr 4077.7
B-2658

24 Hare 265 4074.0
B-2700-291

21 Civeti'S' 4053.1
B-2658

60 Uron'S' 4049.0
B-6811-251-9Y-3Y-OM

47 Gnu'S' 4045.6
B-6912-071-20Y-1 Y-OM

44 Gnu'S' 4042.5
B-6912-055-5Y-3Y-OM

57 Stier'S' 4029.3
B-6712-171-11 Y-1 V-OM

13 Nutria 7272 4025.8
B-2709-0Y-111

39 J10235/1BGL'S'EMS/Z 176.3 4025.1
B4565-1-2Y-1Y-OB

15 Khobe 95 4023.5

5 Civet'S' 4021.1
B2658

43 Gnu'S' 4021.1
B-6912-054-4Y-2Y-OM
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Table 12. Advanced triticale families showing stability in test weight (kg/hl) across five different
environments in Mexico

P.C. IANO EI Bat Toluca Huam nUa Saltillo
No. Cross and Pedigree 85·86 8 86 86 86 X

Cananea 68.8 63. 57.1 65.1 60.4 63.0

2 Alamos 72.3 68.4 61.8 68.5 61.4 66.

3 Eronga 713 69.1 61.4 6 4 63.6 66.8

4 Rhino 77.6 74.6 69.7 73.8 69,6 73.1

122 Yogui'S' 77.4 75.2 69.6 74.8 70.0 73.4
B-2734

155 Hare'S'llMus'S'/Jlo 73.2 76.6 71.3 75.6 72.0 73.7
B-8232

157 Jlo/Ptr'S'112 *IRA/BGL 73.9 74.1 69.6 74.8 69.0 72.3
B-8402

221 Mithan'S' 75.2 74.0 70.0 72.8 73.0 73,0
CTM-9120

247 CmI'S'/PatoIIBgl'S'/3/Ita Bul
14lDriralFas204/5/Yogui'S' 77.1 74,9 71.3 68.0 72.8

250 BgI'S'/Jlo'S'INogui'S' 75.3 75.8 69.1 72.8 68.0 72.2
CTM-13818

251 Panehe 424/Yogui'S' 73.1 73.6 70.1 72.8 73.0 72.5
CTM-13832

268 Reh'S'/Hare 212 74.5 73.9 73.8 74.0 73.0 73.8
CTM-13241

286 Yogui'S'/Anteater 62 74.8 73.7 68.9 73.6 70.0 72.2

287 Zebra 32/Eronga 83 75.0 74.6 71.1 74.0 71.0 73.1
CTM-9754

288 Mus'S'/Lynx'S'IIYogui'S' 74.4 75.0 70.4 74.4 72.0 73.2
CTM-10166

295 PFT7717/Euro'S' 72.3 73.6 69.5 72.4 72.0 72.0
CTM-9686

333 Carman/Yogui'S' 75.8 74.2 70.5 74.8 70.0 73.1
CT-3906

356 Gaur'S' 71.2 73.6 70.7 73.2 70.0 71.7
B-7011

362 Hare'S'/2*Mus'S' 74.6 75.9 71.6 75.6 69.0 73.3
B-8411

396 Roh'S'I/CenL Blaneo/Spy/3IVee'S' 73.5 74.4 69.3 72.0 68.0 71.4
CIT-3013

P.C. "Parcelas Chieas," a CIMMYT nursery. Small multiplication plots of lines in the yield trials.
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Table 13. Lines from the 17th ITSN showing good levels of
resistance to stem rust in Australia

1) ka' '/ JE3/ rm'S'/IM2A/3JAdx'S'
TlO17-2Y-4M-lY-IM-l V-OM

21 LU 76.73JLt696.75/1M2N3/Tapir'S'
:I'M. 310-504M-500Y-5B-OY

3) TjlB "S'

41 Tatu' ,
·5644-777· 1Y-2Y-3M· lY-OM

5) DrtraJGl olea
CI ·101· -I -2M-2Y-OM

6) Drira/Glenl a
IT 101 -4Y·2Y-2M-IY·OM

7) Anoa'S'
CJT-46 9·OM· Y·OM.2Y·OM

8) Anoa'S'
CIT-4699.Q 1·0 -OM- Y·OM

9) AnOaB'S'
CIT-4699.QM-OY-0 -4 -OM

10) Mus' '/Bta' .
-65985-3M-I Y-2M·2Y-IM-OY
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Pathology
P.A. Burnett, M. Mezzalama, E.J. Warham, H.S. Dhaliwal·, D.V. Singh·, and J.M. Prescott

Introduction
The major responsibilities of the
Wheat Program pathologists are
to:
• Conduct applied research on

causal agents of major small
g;rain diseases.

• Multiply. collect, and store
pathogens, using them to
induce artificial epidemics to
assist breeders in screening
newly developed germplasm.

• Support the resistance
screening work of the
international nurseries program.

• Train promising scientists from
developing countries.

• Conduct disease monitoring and
surveillance.

Since the 1970s, CIMMYT has
conducted a disease surveillance
program. This network of

cooperators has helped monitor
and survey prevalent diseases and
races that exist throughout the
world. Preliminary results of the
survey have been distributed to
cooperators. During 1986. work
began to publish the complete
data from the program. The
results should help identify
epidemiological zones around the
world. It will also help scientists
obtain some insight on the
dissemination of new races from
one country to another.

For the report on advances in
1985-86 as related to the rusts.
fusarium. helminthosporium. and
loose smut, see the pathology
section of the bread wheat chapter
of this biennial report. This
chapter reports on barley yellow
dwarf virus, Karnal bunt, and the
Seed Health Unit.

Barley Yellow Dwarf
Virus
Barley yellow dwarf (BYD) is a
disease of cereals that is currently
the most important and
widespread virus disease of small
grains. This disease is caused by
an aphid-transmitted virus
belonging to the luteovirus group.
members of which cause the
yellows diseases. The virus.
known as barley yellow dwarf
virus (BYDV). is actually a group
of closely related viruses. BYDV is
persistently transmitted. meaning
that once an aphid acqUires the
virus, it will transmit it for life.

• Visiting scientists, senior scientist
cum director. Regional Research
Station. Punjab Agricultural
University, Gurdaspur. Punjab, India;
and wheat pathologist. Division of
Mycology and Plant Pathology. Indian
Agricultural Research Institute, New
Delhi, India.

H.S. DhaUwal, visiting scientist from Punjab, India (right), discusses new discoveries about Kamal bunt with W.C.
James, CIMMYT Deputy Director General for Research.
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The virus is not known to
multiply in the insects. The
newborn nymphs (young aphids)
are virus-free and acquire the BYD
by feeding on infected plants.

BYDV attacks all small grain
cereals including bread wheat,
durum wheat, barley, oats, and
triticale. The virus also infects at
least 100 other grass species
including maize and rice and
these hosts can act as reservoirs
for the virus and the aphids.

BYD has been recorded in most
areas of the world. Losses due to
the disease vary. Estimates range
from 1 to 3% annually in the USA,
although in some years and some

locations, losses may be as high as
20-30%. In some cases, crops have
been totally destroyed.

Because its presence is often
masked by other diseases, such as
the rusts, BYD effects often
become much more apparent once
resistance to these diseases has
been developed. The virus
partially plugs the phloem,
interfering with translocation;
infection can cause severe
stunting of plants, inhibit root
formation, delay heading, and
reduce yield. Disease symptoms
vary depending on the crop
species or cultivar affected. On
oats and some wheats, the leaves
of diseased plants show a

yellOWing or reddening, but often
the symptoms of BYD in bread
wheat, durum wheat, and triticale
are not particularly apparent. One
of the disquieting facts emerging
from recent reports is the number
of asymptomatic BYDV-infected
cereal plants that are being
discovered.

Formerly, the only practical
method for diagnosing BYD was
by aphid transmissions to
indicator plants with the resulting
development of typical disease
symptoms. With the development
of the enzyme-linked
immunosorbent assay (ELISA) and
complementary DNA (eDNA)
probes (radioactive or
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Figure 1. Barley Yellow Dwarf Network.
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nonradioactive). alternative
methods of diagnosing the disease
have become aVailable. In
cooperation with other
laboratories. CIMMYT has begun
to use ELISA. In many parts of
the world. however. BYDV must
still be diagnosed on the basis of
symptoms.

The BYD research project supports
the transfer of technology
currently available in developed
country institutions to developing
countries. via CIMMYT. in an
effort to reduce losses caused by
BYD. The project is funded by the
Dipartimento Cooperazione Allo
Sviluppo (DCAS) of the Ministry of
Foreign Affairs of the Republic of
Italy. An international research
network (Figure 1). in which
Italian institutions playa
significant role. is being formed to
further the development and
exchange of germplasm and
research procedures for controlling
BYD. especially in developing
countries.

To successfully transfer
technology developed through this
project to developing nations,
three interrelated objectives are
being pursued:

• Establishing and/or
strengthening relationships
among developed and
developing country research
institutions.

• Offering training opportunities
for national program scientists
from developing countries
where BYDV causes significant
economic losses.

• Screening germplasm
extensively to develop BYDV
resistant/tolerant materials, and
establishin~a means of
delivering this germplasm to
national program collaborators.

Virus isolates and aphid
vectors in Mexico-Preliminary
work has been completed on the
identity of the aphid vectors in
Mexico and the virus isolate they
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are transmitting. The main aphid
species so far identified in Mexico
that feed on small grains include:

• Rhopalosiphum padi

• R. maidis

• Sitobion avenae

• Shizaphis graminum

• Metopolophium dirhodum

• Diuraphis noxia

The work to date also indicates
that there are two main isolates of
the virus present in Mexico. These
are PAV (transmitted non
specifically by R. padi and S.
avenae) and MAV (transmitted
specifically by S. avenae). There
may also be some RPV
(transmitted specifically by R.
padi). The isolates may occur
alone or in mixtures. Most of the
testing shows that MAVis the
prevafent virus variant. However.
this needs further work because
there does appear to be some
variation of variants between
winter and summer.

Dr. Richard Lister. Purdue
University. West Lafayette.
Indiana. USA, and Drs. Ian Barker
and Roger Plumb of Rothamsted
Research Station. Harpenden
Herts. England. are aiding in this
work. which is still in the
preliminary stages. Plans are to
establish an ELISA facility at
CIMMYT headquarters at EL
Batan.

Transmission tests using aphids
were initiated in the greenhouse to
biologically type the common
BYDV variant in Mexico. So far.
we have not found D. noxia to be
a vector of BYDV.

Germplasm screening-CIMMYT
has utilized Toluca with its
natural epidemics of BYD as a site
for screening both winter and
spring materials. BYD
observations in the winter are still
taken on the breeders' plots
because of limited space. Materials
that exhibit resistance in Toluca

are included in BYD screening
nurseries and have been
distributed to other selected sites
for re-evaluation.

More recently in 1984 and 1985. it
has been possible to use Toluca as
a spring BYD screening site if the
materials for testin~ are sown as
spaced plants (15-2l> cm apart)
later in the growing season.
around the middle of June (about
1 month later than normal). The
plant spacing increases the
intensity of BYD infection. In the
spring plantings. the entries are
hand-seeded in two-row plots of 1
m with five to six seeds per meter.
The plots are separated by a
50-cm gap; two replicates are
planted. Sin~le rows of 2 m have
been tested.out the two-row plots
have proven to be superior in the
Toluca environment. Observations
on symptoms are taken using a
0-9 scale. where 0 is resistant and
9 is fully susceptible. Spraying the
plots every 2 weeks with
fungicides to eliminate the
symptoms of other diseases has
made notetaking of BYD
symptoms much easier. Currently
the program is concentrating on
screening advanced lines of the
CIMMYT breeding programs plus
materials reported to be BYD
resistant elsewhere. Materials
appearing resistant to BYD in our
tests are selected and maintained
by the program for retesting and
distribution.

Spring bread wheat-The
preliminary bread wheat nursery
for BYD was obtained from initial
screening in Toluca during the
1981-82 winter cycle. It contained
89 entries that had appeared
resistant to BYD at Toluca. Two
resistant check cultivars. Anza
and Nacozari, were included every
20 entries. Usable data were
obtained from only three sites:
Canada. New Zealand. and the
USA. Table 1 lists the eight lines
that appeared to exhibit resistance
at all three sites. There was
apparent variation of resistance
across sites with many reversals
being observed where lines that



appeared resistant at one site were
susceptible at another. This
stresses the need of multi-site
testing for BYD resistance.

Screening of CIMMYT's advanced
lines began in earnest in Toluca in
the summer of 1984 and
continued in the summer of 1985.
In the first year. 228 lines were
selected in Toluca and in the
subsequent year these were re
tested in Toluca and in Davis.
California. Table 2 lists lines that
exhibited resistance in Toluca in
both 1984 and 1985, and also at
Davis in 1985. These lines will be
tested in Quebec and the best
lines from this will be distributed
for testing at other sites.

Table 3 lists nine lines from the
16th IBWSN that were selected in
Sainte-Foy, Quebec as having a
level of resistance in 1983 and
have now been re-tested at both
Toluca and Davis, showing
resistance at both sites.

A second BYD screening nursery,
containing 146 lines, has been
assembled for distribution to
selected BYD sites. This nursery is
composed of selections from the
original BYD nursery plus some of
the 228 lines that were selected in
Toluca in 1984. As more
information becomes available,
reselections for the succeeding
nurseries will be carried out.

During 1985, approximately 2800
spring bread wheat lines were
screened in the BYD program.

Winter bread wheat-Many
nurseries have been scored for
their visual resistance to BYD at
Toluca. The lines that have
exhibited resistance over a
number of years are in Table 4.
The best lines will be used as
parents in Mexico for making
winter x spring crosses in an
attempt to transfer BYD resistance
to spring wheats.

Durum wheat-Resistance in
durum wheat seems to be limited.
During the last 2 years, most of

the nurseries have been checked
but only a few durum lines were
found to show promise. Table 5
lists those entries that showed
good resistance at Toluca in 1984
and 1985 and also exhibited
resistance in Sainte-Foy, Quebec.

A preliminary BYD screening
nursery of 29 durum wheat
entries has been distributed to
sites that normally experience
BYD epidemics for further testing.

Wide crosses-The material
being produced in CIMMYT's wide
cross program has been screened
and some lines involving crosses
with Elymus gigantus show
promise. However, results are
preliminary and further testing is
required.

Spring barley-Barley lines for
inclusion in the BYD screening
nurseries have been originally
selected at Toluca. There have
been four BYD barley screening
nurseries distributed. To date,
final data have been received from
two and preliminary data from the
third.

The first nursery consisted of 169
entries (129 spring and 40 winter)
and was distributed in 1982.
Usable data were received from
Canada, New Zealand, and Spain.
Table 6 lists the spring materials
that exhibited resistance at all
sites. Again, there were many
notable reversals and this again
accents the necessity for
multilocation testing.

The second barley BYD screening
nursery was distributed to 51 sites
(see Table 7 for list of countries)
and had 43 entries known not to
contain the Yd2 gene for
resistance. This is a gene obtained
from Ethiopian landraces of barley
that has appeared to be both
strong and durable for resistance
to BYD. It was first exploited by
Dr. C.W. Schaller of the University
of California at DaVis and now has
been used worldwide to proVide
resistance for BYDV. Table 8 lists
the 10 best lines with the scores
from the eight sites where usable
data were obtained. Even within

this limited group, scores vary
greatly across sites. For example,
Nigrinudum and Gaw125.5 48k
Fincha scored 7 (susceptible) at
site 2, but at the seven other sites
they showed resistance. Again this
accents the need for across-site
testing because resistance at one
site does not necessarily mean
resistance at another site. Many
other lines looked good at five or
six sites, but received high scores
at the other sites.

Table 9 lists three of the checks
that were included in the second
BYD screening nursery: Triumph
and the isogenic lines Atlas 57
(-Yd2) and Atlas 68 (+ Yd2). Also
included in the nursery were
California Mariout (-Yd2) and
CM67 (+ Yd2), but it appears that
these two lines are poor indicator
test lines because they mature too
rapidly and the onset of maturity
often is mistaken for BYD
susceptibility. These check lihes
also reveal the great variation in
BYD scores.

The best entries from the Barley
Crossing Block for their reaction to
BYD in 1984 are listed in Table
10. These have been tested again
and they do exhibit good
resistance in Mexico. Some also
exhibit good resistance at other
sites.

Little resistance was found among
lines that have been coming
through the general barley
program and the IBON. With the
incorporation of the more resistant
lines as parents, it is hoped that
BYD resistance can be built into
the template of resistance that has
been established in the
collaborative ICARDA/CIMMYT
Barley Program.

Winter barley-During the
1983-84 and 1984-85 winter
cycles at Toluca. approximately
50 barley lines were identified that
had BYD scores in both years of 5
or below. Some of these lines are
known to be resistant to BYD in
other areas of the world, but are
not known to contain the Yd2
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gene, for example, Post, a winter
barley from Missouri. These lines
will be crossed with lines known
to contain the Yd2 gene in an
effort to combine both types of
resistance.

Triticales-During 1985,
approximately 650 lines of triticale
were screened. Waterlogging was
a problem and lines will require
re-screening. In general, triticale
seems to exhibit a high level of
resistance which most probably
comes from rye.

The BYD program so far has
concentrated on selecting parents
that appear resistant to BYDV in
Mexico. Many other research
establishments throughout the
world have conducted BYD
screening for a number of years
and it is now planned to cycle this
material through the CIMMYT
program to check resistance in
Mexico.

Current data are preliminary and
further testing is required at a
greater range of sites before
reliable data are obtained. The
strength of the CIMMYT program
is the network of cooperators that
have been screening materials for
BYD resistance.

Karnal Bunt
A special research project within
the Pathology Program deals with
Karnal bunt (KB), a disease of
wheat and triticale caused by the
fungus, Tilletia indica (syn.
Neovossia indica). The disease was
first reported from Kamal in
northern India in 1930 (10). This
disease remained at negligible
levels of importance for many
years with the intensification of
agriculture. KB has assumed
epidemic proportions in many
pockets in northwest India. Also,
it is an important problem in
Pakistan and Mexico. There is an
urgent need to develop KB
resistant wheat varieties to avoid
deterioration of wheat product

NTHOH&JUH fi4T VlJM
(SFOT LOrcH)

LliRA AfFfCITn
BREAD UHEAT

DUK/m HEAT
TRmCMf

BARLEY

quality and to prevent the spread
of the pathogen to other parts of
the world.

Research activities in
1985-86-Principal activities in
1985-86 included:

• Screening bread wheat, durum
wheat, triticale, and wide
crosses germplasm for
resistance to T. indica under
artificial inoculation conditions
(in the greenhouse at El Batan
and in the field at Ciudad
Obregon) and natural infection
(at Ciudad Obregon and 15
locations in farmers' fields in
the YaqUi and Mayo Valleys in
the state of Sonora, plus two
locations in northern Sinaloa).

• Epidemiological investigations
on KB in the states of Sonora
(Ciudad Obregon, Hermosillo,
and several locations in the
YaqUi Valley) and Sinaloa (near
Los Mochis and Guasave).

Ravi Singh. pathologistlbreeder in the bread wheat program (center). and Byrd Curtis. director of the wheat program.
assist Lucy Gilchrist. associate scientist. during a field presentation at Cd. Obregon.
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• Investigations on fungicides to
control KB.

• Studies with the CIMMYT wheat
agronomy group to determine if
modification of cultural and
management practices will
eliminate or reduce levels of KB
infection.

• Cooperative research on KB
with USDA-ARS groups at
Logan, Utah, and Frederick,
Maryland, the All India
Coordinated Wheat Program
(Punjab Agric. Univ., G.B. Pant
Agric. Univ., and the Indian
Agric. Research Institute), and
the Pakistan Agricultural
Research Council's Cereal
Disease Research Institute.

Updated life cycle-Evidence
gathered by visiting Indian
scientist H.S. Dhaliwal has shed
further light on the life cycle of T.
indica. On the basis of the new
information, the life cycle of T.
indica has been revised and
updated (Figure 2). As part of the
ongoing research program on KB
at CIMMYT, Dhaliwal's
conclusions will be tested in the
field and under different
conditions in the laboratory to
establish the range of circum
stances, if any, that may limit
their validity.

The soilborne teliospores
germinate to give a stout
promycelium, which produces a
tuft of long, sickle-shaped primary
sporidia (7). Until recently, little
was known of what occurred in
nature dUring the period between
the production of primary sporidia
and the appearance of infected
grains in the mature wheat spike.

In several publications on the life
cycle of T. indica (2, 8, 11, 16,
and 17), frequent references have
been made to the haphazard
infection of individual grains by
airborne primary sporidia at the
time of anthesis. There are
grounds to believe that secondary
sporidia playa major role in
infection.

On potato-dextrose-agar (PDA)
medium, the primary sporidia
within the tuft, and while still on
the promycelium, germinate to
produce hyphae, which in turn
produce two types of secondary
sporidia:

• Falcate (allantoid) which are
released forcibly (6, 9); and

• Filiform-like the primary
sporidia-which can be easily
distinguished from the allantoid
form (4).

LiqUid cultures of T. indica mainly
produce filiform secondary
sporidia which, when transferred
to PDA again, produce allantoid
sporidia (4). Colonies produced on
wet soil from allantoid sporidia
yielded only filiform sporidia, but
the colonies produced on soil
under limited moisture had only
the allantoid form.

Laboratory studies indicate that
only allantoid sporidia are released
from the colonies (4). Spore-trap
studies using the Burkard spore
trap under various field conditions
trapped what apparently were
allantoid sporidia of KB between
midnight and sunrise. Under
laboratory conditions, the allantoid
sporidia of KB germinate on
sterilized leaves of bread wheat,
durum wheat, triticale, barley, rye
and Phalaris, and produce
superficial colonies on maize leaf
segments, which generate more
allantoid or filiform sporidia. A
very low incidence of KB from
needle inoculation at the boot
stage and spray inoculation at or
near anthesis was obtained using
a high concentration of filiform
sporidia from liquid cultures,
whereas artificial inoculation with
suspension of allantoid sporidia
with a hypodermic syringe at the
boot stage results in high
incidence of KB (1, 3, 18). The
results indicate that the allantoid
sporidia are the most common
incitant of KB in nature.

According to the newly proposed
cycle, airborne allantoid sporidia
germinate on the glume surface
and become partially systemic in

the rachis and rachilla. There are
still a few unknown steps in the
life cycle of T. indica such as the
stage of the dikaryotic hyphae
formation and the mode of
penetration and establishment in
the rachis.

From an epidemiological
standpoint, it is still unclear what
specific weather pattern might
trigger KB outbreaks in MeXico.
Nevertheless, substantial
differences have been observed in
the incidence and severity of KB
in different years. In 1986 KB
occurred naturally at high levels
in the wheat fields of the YaqUi
Valley. By contrast, in 1987, the
disease was nearly absent in the
same area.

Germplasm screening for
resistance-Breeding for
resistance may be the most
effective and feasible method of
controlling the disease. Inoculation
at the boot stage with a
suspension containing 10,000
secondary sporidia/ml gives fairly
high incidence of the disease in
susceptible checks (1, 18). While
most of the bread wheat lines are
susceptible to KB, a larger
proportion of durum wheat and
triticale shows resistance (4, 8).

Lines that had been free from KB
in field or greenhouse screening
tests prior to 1984 were grouped
into the first Kamal Bunt
Screening Nursery (KBSN) that
was planted in the 1984-85 crop
cycle at Ciudad Obregon. Every
year the lines in· the KBSN are
evaluated for resistance using
needle inoculation at the boot
stage at different dates of sowing
and under natural field incidence
at the hot spots of KB in the YaqUi
Valley of Mexico and India and
Pakistan. Usually the lines that
are free or have five or less
infected grains per 10 inoculated
spikes (roughly less 1.25%
infected grains) are retained for
testing the follOWing year. Newly
developed lines from CIMMYT or
other sources shOWing some
resistance are added to the KBSN.

83



Tellosporcs
(SOil borne)

Parts""
yslAlmlc
,pl'elId

SublletlUeru
s~dtl'JllIl

lUltrs

wheat. The other approach to
exploit durum wheat resistance
would be to find KB-resistant lines
of Ae. squarrosa (DD), which may
not suppress resistance of durum
wheat. Amphiploids between
resistant durum wheat and Ae.
squarrosa lines may offer
possibilities of developing KB
resistant bread wheat cultivars.
The triticale lines probably
obtained resistance from both rye
and durum progenitors. A high
proportion of rye lines have been
found to be resistant to KB under
boot inoculation. The resistance of
triticale controlled by the rye
genome could be transferred to
wheat by induced homoeologous
chromosome pairing through
chromosome substitutions or
translocations.

Research for components of
incomplete resistance-A total
of 105 lines, including 88 bread

CcrmlnaUng
Il'Ilospo

1,1.
\ "

(. ~

G rmlnllling I
Pr1m;tty ~la 1

Oil Whorl I
1!>lckl lip)

Mulllpll LIar IllI r~
wh l 8< OlhUI' /
plllrll ll'2.ves , ~

AllllJ1Wld~~~
sportdia - Y

(SoU urfu.clll flllft,lnn secondarY
spOrtdla

Durum wheat (AABB) possesses
resistance to KB and is readily
crossable with bread wheat
(AABBDD). Table 12 lists durum
wheat lines completely KB-free
over 2 years of testing. Yavaros
79, Ward, Mexicali 75, 68111, and
Dack'S' appear to be promising
parents for transferring KB
resistance to bread wheat. The
resistance of durum wheat may
not express in a bread wheat
background because of the
additional D genome which is
perhaps the reason for not finding
as high a level of stable resistance
in bread wheat as that of durum

technique may be useful to screen
for physiological (total) resistance.
The scarcity of this resistance in
bread wheat suggests the need to
expand the screening to
intermediate resistance and to
attempt the transfer of total
resistance from related species.

The second and third KBSNs were
planted and screened in the
1985-86 and 1986-87 crop cycles,
respectively, and they were also
tested at hot spots for KB in India.
Table 11 shows the number of
lines of bread wheat, durum
wheat, and triticale tested in the
second and third KBSNs and the
number of lines selected in each
season. The proportion of lines
completely free from KB was
consistently higher among
triticales (2591710 = 36.5% in the
second KBSN and 192/303 =
63.4% in the third KBSN),
followed by durum wheat (92/488
= 18.9% and 107/303 = 35.5%),
and bread wheat 0/278 = 0.3%
and 18/139 = 12.9%). Since all
lines in the third KBSN came from
the second KBSN, the higher
absolute number of KB-free durum
wheat and bread wheat lines in
the third KBSN reflects the
magnitude of variation that still
remains out of control in the
testing methods. Also, the number
of triticale lines that were
discarded in the third KBSN
exceeds the number of lines that
had been observed with slight
infection in the second KBSN.
Therefore, some KB-free triticale
lines in the second KBSN
exceeded the tolerance level of
1.5% infected grains in the third
KBSN. All these inconsistencies
illustrate the need for further
refinements in the screening
techniques.

No bread wheat line was
completely free of KB over 2 years
of testing. There were, however,
41 of 488 durum wheat lines and
151 of 710 triticale lines that were
completely free from KB for both
years.

A number of lines of each crop
free of KB under natural
inoculation became susceptible
with boot inoculation, indicating
that the boot inoculation

Figure 2. Updated life cycle of T. indica.
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wheats, 7 durum wheats, and 9
triticales were selected for good
agronomic type from more than
4000 lines planted for KB testing
at Ciudad Obregon in November
1986 to conduct a detailed search
for any indication of incomplete
resistance. Three susceptible
bread wheats (Seri 82, Sonalika,
and WL711) were included as
checks. Ten spikes from each line
were needle-inoculated during the
boot stage. After harvest they
were threshed by hand and the
florets evaluated individually. In
.each spike, the position and
number of infected grains and the
total number of grains were
recorded.

Each of the infected grains was
rated on a 1 to 4 scale based on
the extent of damage by KB: grade
1 for grains with a point infection
and 4 where most of the grain had
turned into a bunt sorus; grades 2
and 3 represent intermediate low
and intermediate high levels of
damage, respectively. To compute
the Kamal bunt infection index
(KBn), the numerical values of
0.25, 0.50, 0.75, and 1.00 were
given to grades 1 to 4,
respectively; the number of
infected grains in each grade was
multiplied by the numerical value,
and then the sum of the products
divided by the total number of
grains was multiplied by 100.

Of the 88 bread wheat lines
selected, 59 were affected with
KB, whereas all seven durum
wheat and all nine triticale lines
were KB-free. This study of
components of resistance was
pursued on the 59 infected bread
wheat lines and on the three
susceptible checks (Table 13).

Similar infection data, generated
under greenhouse conditions, are
available for 27 experimental lines
which originated from the second
KBSN and for the susceptible
checks Sonalika and Seri 82. The
KBn was computed with a slight
modification in that six grades
were used with the numerical

values of 0, 0.2, 0.4, 0.6, 0.8, and
1.0 for grades 1-6, respectively.
The results are shown in Table
13.

Observations on the degree of
clustering of infected grains in a
spike suggest the possibility that
cultivars vary in the number of
primary infection sites from which
the fungus may spread to other
grains. This suggestion, made by
visiting scientists Drs. D.V. Singh
and H.S. Dhaliwal, can be of
paramount importance as a basis
to study the nature of resistance,
and it will be further explored by
hystopathological methods.

The KBn and percentage of
infected grains are shown in Table
13. The percentage of infected
grains of bread wheat lines under
study varied from 0.19 to 34.91 %,
while the KBII ranged from 0.049
to 22.09 when assessed under
field conditions. A high correlation
was found between the two
variables as indicated by the r
value of 0.9893. Ranking of the 62
cultivars to each variable was
analyzed by Spearman's approach.
The rank correlation coefficient
(rs) was 0.97 with a significance in
excess of P = 0.01, which is also
indicative of a close association
between the two variables. Similar
results were obtained under
greenhouse conditions for the
susceptible entries. The
percentage of infected grains
ranged from 0.62 to 24.92%, while
the KBn varied from 0.29 to
14.35%. Both correlation analysis
and Spearman's rank correlation
coefficient suggest again high
association between the two
variables, with r = 0.9857 and rs
= 0.9726.

Interpretation of these results in
light of the random selection and
origin of the lines, and the
circumstances under which the
data were generated (in terms of
enVironment-greenhouse vs.
field-and the two different rating
scales), leads to the conclusion
that the KBn and percentage of
infected grains do not measure
different resistance components or
mechanisms. Until such time that
new evidence becomes available

that modifies this conclusion,
CIMMYT feels it is unnecessary to
further assess the KBn as a
method to find components of
resistance.

Rank comparison of the 26 lines
available for field and greenhouse
conditions show a complete
disassociation of data, which
indicates that both sets are rather
irrelevant to each other. This can
be confirmed by the relative
ranking and the absolute values of
outstanding lines in each
environment. The most resistant
line in field studies, Mor'S'/Mon'S'
(0.19% infected grains, KBn =
0.049), was one of the most
susceptible in the greenhouse
(19.39% infected grains, KBn =
10.58). The Indian selection,
WL1562, which was reasonably
acceptable under field conditions
with 1.03% infected grains and a
KBn of 0.323, was the most
susceptible in the greenhouse with
24.92% infected grains and a KBn
of 14.35. WL1562 is being
recommended for cultivation in
KB-prone regions of Punjab, India,
on the basis of its reputed field
tolerance. Other major
inconsistencies in ranking and
absolute values can be pointed out
(e.g., Her/Sap'S'/Nee'S' and
PF'70354Nee'S'), which suggest
the need to revise procedures for
greenhouse KB testings to make
them more closely comparable
with field screenings.

With all the KB research to date,
we have come closer to
understanding the disease, but
many unknowns and
discrepancies remain. Future
research will concentrate on these
subjects.

Seed Health Unit
The massive movement of
germplasm around the world each
year obViously has many positive
benefits. However, there is the
potential for the inadvertent
dissemination of seedborne
diseases and pests to areas of the
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world where they do not occur.
This is of prime importance to
CIMMYT or any other responsible
organization involved in seed or
germplasm exchange.

General summary-In September
1984, a central Seed Health Unit
(SHU) was established to serve
CIMMYT's various germplasm
development programs as well as
our many cooperators worldwide.
Prior to the establishment of this
central Seed Health Unit, seed
health activities were the
responsibility of each individual
crop improvement program. With
the SHU. a more comprehensive,
uniform and coordinated seed
health program is being realized.
with the following responsibilities:

• All standard tests for seedborne
pathogens and pests on all
germplasm received or destined
for international distribution.

• Development of improved
methods of detection of
seedborne pathogens and pests.

• Experiments to determine the
efficacy of chemical seed
treatments.

• Determination of improved seed
treatment methods and policies.

• Examination and treatment of
all germplasm received and
distributed by CIMMYT.

• Basic and applied research on
the nature of resistance to
seedborne diseases;

• Liaison with plant protection
and quarantine organizations.
national crop improvement
organizations. etc.. on matters
relating to seed health.

• Training in seed health.

The actual distribution of
germplasm is the responsibility of
the international nursery
programs and the germplasm
storage units of each crop
improvement program.
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When the SHU was established, it
was envisioned that manpower,
activities, etc., would be equally
divided between the Maize and
Wheat Programs. However,
compared to wheat, maize is a
relatively "clean" crop with
respect to seedborne diseases.
Therefore, it was decided that
approximately 25% and 75% time
would be spent on maize and
wheat activities, respectively.

In 1985-86, the SHU activities
were divided as follows:

• All seed health testing.
culturing of fungi/bacteria, etc.,
were done in the "clean"
laboratory in the Laboratory
complex.

• All seed germination and seed
treatment with chemicals will
be done in the new laboratory
in the Wheat International
Nursery/Germplasm Storage
building.

Activities in 1985-86-CIMMYT
staff assigned to the SHU were
engaged in the folloWing activities
dUring 1985-86:

• Visual inspection and seed
health tests (percent
p;ermination and standard tests
for seedborne pathogens) of
random samples from all maize,
wheat. and triticale germplasm
either received by or sent from
CIMMYT/Mexico.

• Research to determine the best
fungicide seed treatment for
maize, bread wheat, durum
wheat. triticale and barley to
prevent the inadvertent
distribution of seedborne
diseases present in Mexico to
other parts of the world
(laboratory studies at EI Batan
and CIANO plus field
experiments at CIANO).

• Fungicide treatment of 1) all
germplasm destined for
international distribution by the

Wheat Program (in cooperation
with the Wheat International
Nursery Program), 2) the barley
germplasm distributed by the
ICARDA/CIMMYT barley group
based at CIMMYT/Mexico, and
3) all germplasm selected by
visiting scientists for shipment
to their respective countries.

• Liaison and cooperative projects
with plant protection and
quarantine (PPQ) organizations
worldwide, especially the PPQ
groups in Mexico (Sanidad
Vegetal), USA (USDA-APHIS),
Canada (PPQ), and India
(NBPGR).

• Research to determine which
organisms are present on/in
maize, bread wheat, durum
wheat, triticale, and barley seed
in Mexico, which are
pathogenic, and improved
methods of control.

• Research to determine if
freeZing temperatures for
different time intervals or sonic
scrubbing/hot water treatment
is effective in killing teliospores
of T. indica infesting seed
stored in the Wheat Germplasm
Storage Facility.

• Research to determine if it is
possible to "clean up",
eradicate, or reduce Fusarium
spp. infection of durum wheat
seed produced at the CIMMYT
research station near Toluca.

• Advising students for thesis
research in seed health.

• Responsibility for KB research
in the Wheat Program (see
section on KB above).

• Training of Banrural, INIFAP,
Sanidad Vegetal, CIMMYT staff,
visiting scientists and in-service
trainees in plant protection and
quarantine regulations and
policies, seed health
methodology, and KB
recognition, life cycle, and
control.
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Table 1. Entries in the
preliminary BYD bread wheat
screening nursery that showed
resistance at Saint-Foy, Quebec,
Canada; Palmerston North, New
Zealand and Davis, California,
USA

Table 2. Bread wheat selections that showed resistance to BYD in
Toluca over 2 years, 1984 and 1985, and then exhibited resistance
at Davis, California, USA

PC
BYDNo,

4 Tonichi 81
Fin/Ace/Ana
PrJ'S' (2 lines)
Jup/Emu'S'I/Gjo'S' (3 line)
Dodo'S'
EralMn691461/Pum 'S'

12

27

Amd'S'/Hn41ICoc
SWM6838-35Y-IY-IY-2Y-OY

Buc'S'/Pvn'S'
CM52359-2M-3Y-1 Y-2M-l V-OM

88

38 Mrl'S'/Buc'S'
CM61949·3M·4Y·IM·.2Y·1M.OY
Other lines from th ame cross also looked good

47 RrvfWw 15/3/Bj'S'12·OnI/Bon/4/Nac
CM65202-3M-2Y-lM-1Y·OM
Other lines from the same cross also looked good

58 Anb'S'/Jup
CM68198-2Y-IM-2Y-3M-OY

74 But'S'/Cep75195
OC3229-1M-IY-4M-IY-OM

76 12.71/Coc
SWM5784-17Y-IM-4Y-5M-IV-OB

82 Yaco'S'
CM41.95-J-7M·l Y-OM.12Y·OB

87 Buc'S'/Flk'S'
CM50070-24Y-IM-l Y-OY

93 Nepal 183

114 Lira'S'
CM43903-H-2Y-IM-5Y-2M-IY-IM-OY

121 Bjy'S'/Coc
CM55651-4Y-2Y-1M4Y·OM

124 R37/GHL.12l1/Kal/Bb/3tKlL'S'
CM64609-6Y·3M-I -OM

141 Thb'S'

142 Thb'S'
F1l915
Other lines from same 0 s also looked good

144 Thb'S'
F1 1915-A-502M-8Y-2F-702Y-2F-700Y

(continued)

Table 1. Entries in the
preliminary BYD bread wheat
screening nursery that showed
resistance at Saint-Foy, Quebec,
Canada; Palmerston North, New
Zealand and Davis, California,
USA

FIJI 4t~ tArt.a
Prl'~ (.l'lin " :'
J'''fti;: lllJ' 'S'!~Jjo'S' (3line )

III :>oo'S
E,iaJMn69146!!Pum'S'

88

Table 2. Bread wheat selections that showed resistance to BYD in
Toluca over 2 years, 1984 and 1985, '.and 1ihe..:.n_ce~hibi-ted resistance
at Davis, California, USA

4 Tonichi 81

l~G ~mc'JS'/r.'ln4f/C~ :
SWIII~83B~$E iY-IY!H-2Y-OY

27 B- 'S'/Pvn'S'
~2~l;\9-2M-3Y-l ,-:&Iv1 :-IY-OM

38 Mr's', IBuc'~ ,
CM61949·;:tM·4Y·IM~Y;ltV1.lty-·

Other lines from lh'it anlf: \:ros:s iaiSl ) IdJukedgood

ftl RrvlWw 15/5/~~: S'/':J ':nl//Bon/4I a~

ell.( (fE'·202-31- ~YH Vll ~.( )~

fiLlerl lnes 'fmn 'thoe.samf- ~ crossaL~ looked good

58 Anb'S'/Jup
aM6&198?.¥.l!\·11-2Y~3M-OY

74 But'S'/Cep75195
@C3229-1fl,4') Y-4M-IY-OM

76 1!~1,71/Coc

3\,\/M5784-17Y-IM-4Y-(MdY-OB

82 . /S'
C~ 141 ~~Rf-J'::7r Vfl Y·OM.12Y·OB

87 'luc'S'/F Id'S'
1.U~C,,~!70:14-Y-IM:l 'i:Oy

93 N<pa',l~

114 Li?~S'

'U,VI43903-};iZY -TM-5Y:2M- IY, IM-fW

121 Bjy'S'/Coc
CM556514Y-2Y::f\4.4Y,OM

124 R37/GHL.121/lKaIlBi/3tKlL ~.:..

CM64609-6"l.3 MIYo\.OM

141 Thb'S'

142 Thb'S'
F1l9r5
Other lines from sane _ 0 l qJso 100keLgood

14;4 ThbS'
~J If; L5-A-502M-8Y-2F-702Y-2F-700Y

(continued)



Table 2. (continued)

PC
BYD No.

145 Thb'S'
LOTE137/81

156 E7408/Pam'S'//Hork'S'/PF73226
FI3906-F-2Y-4M-l V-OM

166 Rc720 112·BR2
FI3796-4F·IF·IF-703Y-IF-701Y-7F-OY

168 Alv 11012 • lAS 54/6/TP/4/Tzpp/Sn64//Napo/3/
Cno67/5/PF6968
FI5183-A-901F·901F-903F·3026F-OY
(2 Hnes from this cross looked good)

175 Sap'S'/Mon'S'
CM40392-17M·I Y-OM-191M-OY

184 Mascarenhas

187 Rp8709.71/Coc
SWM6845-9Y-lY-1 Y-lY-OY

189 R37/Gh1l21//KalIBb/3/KIt'S'
CM64609-5Y·4M·4Y-OM

193 Anb'S'/Yaco'S'
CM67618-2Y-3M·3Y·2M·OY

197 Anb'S'
CM20707·A-lY·8M·IY-OY-4PTZ-OY

198 Prl'S'
CM25988·8Y·3Y·2Y· I M-OY

202 F35.70/Mo1INac
CM43367-E-3Y-1M·3Y·6M·l Y·2M-OY

203 Par/H567.71
CMH77A. 260.2B-l Y-7B-l Y-IPTZ·OY

206 YRlTrfS'
CM36749-IOY-3M-5Y-2M-lV-OM

210 Cin'S'/M2N/Ttm'S'
CIT·616-lB-2Y-2Y·OM

17 Flk'S'/Hork'S'
CM39816-1S-IAP·OAP
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Table 3. Bread wheat lines that exhibited BYD resistance at Toluca,
Mexico; Sainte-Foy, Quebec, Canada (A. Comeau) and Davis,
California, USA (C.O. Qualset). Originally selected from 16th IBWSN

arlety or Crolls and Pedigree

Jup/4l7C/Pato (B)/3/Lr 41 IA66/IINI 66/Bb/5/Ana
M37760-C-21Y-2M-IY-3 - Y

Patol nIlMaya'S'/3/Bbl nllMa a'S'
CM4 739-36M-l Y-IM-! Y-l ~OY

Mus'S'/PlmllMayalAld'S'
CM44740-A-3Y·IM-IY-2M-l Y·2M·OY

PF70354/Ald'S'
CM470 0·14M-IY-IF-703Y-lOF-705 -3F·OY

TobllCc/Pat I IBb/Gll/4/Nac
CM 9624-14Y-5M-IY-IY-2M- -OM

Buc'S'/Flk'S'
CM50070· -IM·n·OY

Buc'S'/Chrc'S'
CM524 I-I M·6Y-IY-IM-l -OM

IA 5 lIAS 55I1Ald'S'I3IMrng/41 d'S'/IAS 58.103NIAld'
M55517-B·IF-701Y·1F-707Y-I -0

Ald·S·/PlDlal3/CMH74A.6 O/Bul' 'IICMIi74A.630
CM57542·H-BY-8B-4y-oB

Table 4. Winter wheat lines that
have shown resistance to BYD at
Toluca over a number of years

Line or Cultivar

Table 5. Durum wheat lines
selected in Toluca in 1984 and
1985 for BYD resistance that
have also exhibited a level of
resistance in Sainte-Foy, Quebec,
Canada
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Ns974/Nb69565

Pyn

Ok771

dy

r72.B37

F .72

AnzalSutllCtk
COB 1000I-3M

AnzalSuUlCtk
COB I 0002-1 M

4 yeaTS

4 years

4 years

4 years

4 years

3 years

2 years

Variety or Cross and Pedigree

Cr'S'/G 's'/IPg's'
CM I 3434·5Y-lM-4Y·OY

It 71

Moa'S'
CD-3985-1 y -1 M·O

fn'S'/Ib1S'S'IIC o'S'/3/Go 'S'
CD-22951-5Y·IM-IY-2Y-lM-oy

Care'S'
CD-248 - 3Y-3M-IY-IY·OM
22Y-OB

Gs'S'/Cr'S'I/Sba8113/Ho/4/Mexi'S'/51
Memo'S'

CD·27215-5B-2Y-lY -OM

(continued)



Table 6. Lines from the 1st barley BYD screening nursery
that appeared resistant at three sites: Sainte-Fay, Quebec
(Canada); Palmerston North (New Zealand); and Madrid (Spain)

pUCM6711 pm/lBS-/3/ApilCM67/1
11266,L2966. 9/41Ben
CMB7?-125-1Y·l B-1 Y-2B-l 'I-OB

Table 5. (continued)

Variety or Cross and PecUgree

SeQ'S'/RabrS 'IIMexl/75
CD-28164-B-2M-lY -2y-oM

Mo'S'
CD·29063·3Y-4Y-3M-OY

Prom

Caca'S'
CMB78-304-500Y-500B-OY

Llgn o

Gedl.z'S'/Clt 71
-32575-18-1Y-I r-tt:OY

Yav' '/Snipe'S'/3/Mexi' '/P66.27011
Gta'S'

D-338 3-1B-3Y·2M-OY

PI 178083/Frig'S'IIGoo'S'
CD·34957·D-2Y·3M-IY- M

Gfn/Mema'S'/BIOyca'S'IIRufrS'lFg'S'
CD·35212-A·} '1- M-2Y-OM

Zud
} ·74122-2L-} AP·OAP·lKE·OY

S tter

Ben.4d

Chino' ,
CMB79 -1032-A-500B-l Y-18

Assel acktaJlViUa RabledQ/3/Pyd
CMB79 -] 052-A-500B·} y. JB

Oj1'S' (2 lines)
CMB79A·I362·B-501B-3Y-1B

Ore'S'11 pi/CMS7
MB76-322-13H·lY-IB-IY-I B-OY

Ore'S'llIndian Dwarf/CM67
MB76-254-1?Y-IB-IY-IB-IY-OB

Apil M6711Ager
MB76-408-27Y·IB-4Y-IB-IY-OB

Table 7. Country locations of the second BYD screening nursery

1 Deja Tunisla Africa
2 Beijing China Asia
3 M ntpellier France Europe
4 Ueida Spain Europe
5 Madrid Spain Europe
6 olnca Mexico North America
7 Pendleton-Oregon USA orth America
8 Manawatu New Zealand Oceania

Table 8. Scores (0-9 scale) of selected lines from the second barley
BYD screening nursery

:::--_:::---=C,=O:.=UD=!!y' Locationsa
1 234 567 8 Mean

a See Table 7 for country locations

P 12325/Mafl 0211
Cos' k

CMB78-452-2 ·IB-I -
1B-IV- B 3

7 W41762

Teran 7

3

3

4

1

4 1

I

a

o

o

5

2

4

2

3

6

3

2

3

2

2,0

2.4

2.5

(continued)
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Table 8. (continued)

a See Table 7 for country locations Country Locatlons&
1 2 3 4 5 B 7 8 Mean

G 134/Apml/CI08971/31
APIIl1012.211P71386

CMB76A-1362-A-l B-
lY-IB-2Y-lB-OY 5 6 0 3 4 2.

Duchicela 5 3 2 3 3 2 2.9

Lignee 640 5 3 1 5 3 3 2.9

Gus 5 5 2 3 3 3 2 3.0

Nigrinudum 3 7 3 5 3 1 3.0

78W40785 5 5 2 0 5 4 3 I 3.1

P1382411
GAW125.548K
Fincha 3 7 5 3 2 3 3.1

Table 9. Scores (0-9 scale) of check lines from the second barley BYD
screening nursery

a See Table 7 for country locations Country Locationsa

b More often 7 at this site
1 2 3 4 5 6 7 8 Mean

Triumph 9 8 2 1 3 5 b 7 7 -.3

Atlas 57 9 5 4 6 3 6 8 5 5.

Atlas 68 5 5 1 7 1 4 3 2 3.5

Table 10. Scores (0-9 scale) of barley lines showing resistance to
BYDV in Toluca in 1984

a Highest score from 2 dates of
scoring on two reps

92

Line and Pedigree

Dorada

Mcu33/Fza/ITib/3/P 1356456
DII-3958-34D

CI2325/CI 1222511Boy·2/3·Surb
III-5263-3PT-3V

Boy/Mcu3048.Id/ICII463.3D
11-14127-IPT-5V

PIl4116.13D/CIl22251ICIl2917.37D
II-15156-IPV-IPV-IV

C 12375/CT 1222511Can/Mcu29/3/Tib/4/CI 12225.23D
III-4845.3V

Scorea

4

3

4

4

3

4

(continued)



Table 10. (continued)

L ne and Pedigree

Boy·2/3· urb//C1l2225.2D
II·15199-IPV-BV

Row 06.73

Proctor/l rtor// osplck
-ll-69·117-5E-2E-7E

ESC.II.72. 3.3E. 7E,5E.l E

Cedro'S'
CMB77-1267·B 1Y·lE-IY-1B-} Y-IB-OY

CM72

SutL T

UC566

CI 90 .1

Prom a

79 W 40762

79 W 41762

PI382406
GAW123.10 lO3K NW AMBO

79 An/Mn
123-NV-IB-OY

M66.85/Aths/3/Api/CM67I1Ds/ pro
CMB75A-I617A-7B·500 ·5008·0'1'

Api/CM67//Ager
CMB76-408-27Y-1B-4Y·IB·I Y·OB

Yoa'S'
CMB77- 125-1Y-1B-1 Y·2B-1 Y·OB

Brea'S'/SuUerllF3 Bulk Hip
CMB79A-I062-C-501B-1 'I'-1B

OJL'S'
MB79A-1362-B-501B-1Y-lB

OJL'S'
CMB79A-1362·B-50 1B-3Y-1 B

P.Sto'S·
CMB79A-1524-D·500B-IY-1B

C13208.2

Yori'S'
CMB·77A-402-1 B-1 'I'-4B· Y·IB·

PI2325/Mag102//Co k
CMB78-452-2Y-1B-l '1'·1&1 Y·OB

Scorea a Highest score from 2 dates
of scoring on two reps

5

5

5

2

4

3

4

3

5

3

3

3

5

4

5

3

4

2

5

5
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Table 11. Performance of triticale, durum wheat, and bread wheat lines over 2 consecutive years of
testing in the KBSN for resistance to Tilletia indica

Performance in 2nd KBSNa Number of Performance in 3rd KBSN Number of
Discarded Retained. Uns Discarded RetaIned llnes

Number of Unes NotKB forwarded NotKB forwarded
carried forward free, KB to ee, KB to
into 2nd KBSN >1,6% KB <1.5% KB free 3rd KBSN >1.5% KB <~.6% KB free 4th KBSN

Triticale 710: 407 44 259 - 303: 50 61 192 __ 25

Durum
Wheat 488: l85 211 92 -303: 64 132 107 - 289

Bre d
Wheat 278: 139 138 1 -- 139~ 7 48 J -- 66

a KBSN 1985-86 was tested under four conditions in fields with high incidence of Kamal bunt in the Yaqui Valley and
boot inoculation at three different dates of planting

b KBSN 1986-87 was tested under field conditions and boot inoculation but selection was only on the basis of boot
inoculation of three planting dates as there was no incidence of Kamal bunt in the Valley

Table 12. Parentage and pedigree of durum lines from the 3rd KBSN
completely free of Karnal bunt under field conditions and boot
inoculation in 1985-86 and 1986-87

Variety or Cross and Pedigree

• Ill/Rgb/lWard Re eIl3/SUI'S'
CD39~12-8B-IY-2M-2Y·1M-OY

sa Ill/ gby/JWard

6811l/lRg fWarcl/3/Fg'S'/4/Rabi'S'
CD34886·G-3Y-4M-IY·I M·lY-OM

68112/Ward
D72114

Bto

Cby

Citl7lfCpt
CM 16999-3L-OL-lB

CptfGediz'S'/3fGod'S'//Jo'S'/CR'
CD44811-A-l Y-2M-OM

(continued)
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Table 11. Performance of triticale, durum wheat, and bread wheat lines over 2 consecutive years of
testing in the KBSN for resistance to Tilletia indica

Pede mlaDce in 2nd :KBSNa N er 01· 'PJer anee iLlu3rd KBSN N~er_of.

Discarded Retained. llils 'lJsca: ~d RetaIned I\lies
Numb. ~l'Ot UDet:; '!'fot JtB 'trwu(led . tiot ItB f(JJV8 uled .

ried forwartl [tl ee, KB tl () t ~e, KB ;4 )
uno 2nd KBSN ;1.&' "tCB <1.5% KB :tee ~ 3' USN >1:.5%' KB<.~.5~" KB free 4th IlaSN

Triticale 710: 407 44 ~9 -- 303: 50 61 19~~ __ 25~1

DUlo"m

WI ~leat 488: 1 0, <-2H 92 ....... 30·3: f~ f 132 .07 ---.--. '!.3 9

cJ;e~ ld
lAi'!lJ _at 278: TJ~J ~~ 1 -- - 9~ 7~ t 48 J - --.--.. 6..;::

a KBSN 1985-86 was tested under four conditions in fields with high incidence of Kamal bunt in the Yaqui Valley and
boot inoculation at three different dates of planting

b KBSN 1986·87 was tested under field conditions and boot inoculation but selection was only on the basis of boot
inoculation of three planting dates as there was no incidence of Kamal bunt in the Valley

Table 12, Parentage and pedigree of durum lines from the 3rd KBSN
completely free of Karnal bunt under field conditions and boot
inoculation in 1985-86 and 1986-87

Variety or Cross and Pedf,ee

• 1 l1/Rgb/'.'IWard' R e l~td'&~'

CD39~12-of I-IY-~,~:t 1M-OY

6alll1 .JgbYIJ'/W~c..i

68 D.IIIRg fWarU;.A1Fg'S'{lJfQ< bi'S'
'\;}34886.G-3Y-4M-] Y·'1 W11' Y-OM

68J~/Ward
01.",'!< l

Bto

Cby

Citl71/Cpt
..m 116999-3L-OL-IB

Cpt..'P'eJ,n:; "S'f/?-IGod 'S'//Jo'S' /C!Y:S.'.
cFi4E hi~] Y-2M-OM

(continued)
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Table 12, (continued)

Variety or Cross and Pedigree

D67 2/866 270

Daek'S'/Kiwi'S'/lWard/3/RufrS'/Fg' ,
CD43551-E-5Y-IM-l V-OM

Odov516

Lek59.6l
Cl·013758-2M

Magh72/Fg'S'//Cr'S'/USA2299/3IYav'ST/4/
Dac'S'/Rabi'S'/lWin'S'

CD38397-B-IM-2Y-IM-OY

Mexi75/T Monoe 2433
CMH79 1793A-3B-2Y

Rabi'S'//Gs'S'/Cr'S'
L599-3L-lAP-lAP-OAP

Sba81/Ctr'S'//Cit'S'/3/Chi'S'/4/PaJ'S'
CD44257-G-IY-2M·lY·2M-lY·OM

Sea'S'
CM18537-1¥-OL-OAP

Sea'S'
eM 18537·1y-oL

nipe'S'/Yav'S'/IDack'S'/Teal'S'
CD40535- -2M-l Y-3M-OY

TIl: Sn1081

Trn

Yar'S'
L619-0L·5AP-2Ap·OAP

Yav'S'/Tez'S'
CD42270-11Y-5M-IY-IM-OY

Yav'S'/Tez'S'
CD42270-11Y-5M-IY-2M-OY

Yuk
ICD·74128-1 L-2AP-OAP

AIg86/4/Fg'S'/Pa!es//Mexi'S'/3IRuffS'/Fg'S'/5IEnt 'S'
CD37674-B-2M-2Y-IM-OY

(continued)
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Table 12, (continued)

Variety or Cross and Pedigree

DOyl

Gr' '!Boy'S'
D20345-2AP-2AP-QAP

Gr' '/Boy'S'
D20345-2AP-2-AP-OAP

68111IRgbilWard

Aos'S'
CD2731 ·F·IM·lY·,lY·OM·14Y·OB4IY·OB

Fg/USA2111
CM9163-L-OK

Gan'S'
CD4015 -14B-IY-2M-OY-1IY·OB

Gan'S'
CD40150-14B-lY-2M-OY-49Y,OB

Memo'S'/Mexi75
CD26132-2B-l Y·l Y-OM

Mexi!VicJlYav79
CD52349-9B,2Y·} M·OY

MexilVlc/lYav79
CD52as ·58-IY· M·OY

ty/Cta'S'I/Pal'S'/3/Stn'S'
CD5505 ,3Y·IM-14Y-OM

Yav'S'/IDaek'S'/Rabi'S'/3JSnipe'S'
CD48008-B-3M-lY·2M·lY,OM

Yav' '1ISco'S'IIJo'S'/Cr'S'/3/Ya,v79
CD52621-4B-lY-lM·OY



Table 13. Data showing the close correlation observed between percentage of Karnal bunt-infected
kernels and Karnal bunt infection index (see text for details on computation procedures), as well as
between rankings of bread wheat lines to these two variables, from needle inoculation at the boot stage,
for 62 lines under field conditions and 26 under greenhouse conditions, in 1986

No. of years Field Data Greenhouse Data
of previous Percent Infection Percent Infection
tests to KB infected Rank index Rank infected Rank index Rank

Cross and Pedigree in Medco grains (1-62) (0-100) (1-62) grains (1-26) (0-100) (1-26)

H.546.71·2/H567.7l/1Aufn/4/Emu'S·
13/Tob/EraJ/Tob/Cn067 4 0.23 2 0.059 2 4.50 7 :t19 9

CM61636·A·5Y·IM·IY·IM·I Y-IM-
OY·OB

1\lor'S'/1\Ion'S' 4 U.19 0.049 19.39 24 105!:! 24
Cl\164736·6Y·2l\1-3Y·OM·OB

l':ing :'-10.8180 0 O.:.!, 3 0_222 4
:'Iiing No.263/Fanxiu 1'\0.5/1
!\"ingmai No.4/3/Ning No.7840...

T. Aesti\'um WLl562 4 1.03 13 0.323 8 24.92 26 14.35 26
1\183·1811

Trm/Ald'S'/3/Pmf/LfnllEmu' 4 0.38 5 0.241 5 1.36 2 0,56 2
CM61328-C·I Y·IM-4Y·I 1'.1·3"·1 M-OY

HcrISap'S'/iVec'S' 4 0.30 4 0.192 3 8.32 18 4.18 17
CM74849·2M-2Y-3M·2Y-OB

Aid'S' 0 0,84 II 0.265 6

China 7 4 0.77 8 0.288 7 11.83 20 5,88 21

Sis'S'/Can'S'/iAld'S' 4 1.28 16 0.555 II 7.36 13 4.56 18
CM62319-32LB-IB·2Y·IM·IY-41\1-
OY·OB

Snb'S'/Buc'S' 4 1.37 18 0.619 12 2.74 4 1.87 7
CM70159·18Y-IM-IY·IM·2Y·OB

Impeto 4 0.79 9 0.498 9 0 0

Cs'5/Red EgyptiBII 0 0.83 10 0.627 13
C1l4167

ForlanilAeciaiollAna75 0 0.67 6 0_544 10

Trm/Ald'S'/3/Pmf/LfnilEmu'S' 4 1.00 12 0.705 \5 7.35 12 3.76 12
CM61328·C-IY-IM-4Y·IM-3Y-IM-
OY·OB

Rpb705,75fBuc'S' 4 J.J I 14 0.694 14 4.82 8 1.77 5
SWMI0396-2Y-I Y·O'1'·9'1'-OB

Bw5829 4 1.18 15 1.481 ~3 0 0
CM5827a-D-2Y-5'1'·1 M-OY

Hpo'S'/Yaco'S' 4 2.72 35 3.038 45 12.42 22 5.35 20
CM72251-6M·IY-02M-IY-OB

Shanghai 13 1.64 21 0.824 19
-16B-OY

Sonalikaa (Susceptible Cheek) 3.27 37 1.45-' 32 10.81 19 5.32 19

F 12.71/Coc/iGen 0 0.76 7 .766 16
CM76689·9Y-03M·0 12Y-I B-2Y ·OB

Raya'S'/Tan'S' 4 1.28 17 .77 17 14.23 23 7.22 22
CM64813·1 ,·nY-IM-I\' IM-OY

(continued)
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Table 13. (continued)

No. of years Field Data Greenhouse Data
of previous Percent Infection Percent Infection
tests tp KB infected Rank index Rank infected Rank index Rank

Cross and Pedigree in Mexico grains (1-62) (0-100) (1·62) grains (1·26) (0-100) (1-26)

BW5784 = f<ulfBbllAld' 'rB7408 4 1.72 23 1.024 25 0 0
M53595·1 M·3Y·2 ·4M·I Y·OM

Gt'n/Pew'S' 4 157 20 .834 20 5.09 9 2.41 8
M64387-t I "·3M-2Y·IM·IY·OB

PF703541 Id'S' 4 1.76 24 .933 22 0.62 0.29
CM47090·1 M·lIOPR·1 T·OT

Vee'S'/Mjl 4 1.45 19 .909 21 9.23 16 4.02 16
CM73822·2M·I Y·03M-l Y·OB

F63.70/Aldan·S· 4 1.70 22 .815 18 7.43 15 3.87 14
SWM9945-3Y·l Y·OY-11 Y·OY·OB

K4500.2/Bl 'S'/lCn/Ald'S' 1.96 27 .935 23
CM78723·6M·03Y·05TT·5Y·OB

Bow'S' 2.08 28 .960 24
CM33202·K·lOM·7Y·3M·2Y·I M·OY

Shangha 4 2.38 30 1.242 28
-4B-OY

Ald'S'/Bow'S' 4 4.19 42 1.515 34 3.09 5 1.23 3
CM6731 ·lY·2M·2Y·IM·l Y·OM

Ymi#6 1.80 26 1.080 26
·40B-OY

Gaa'S' 2.58 34 1.247 29
CM64224-5Y-IM·IY·OM-74Y·OM

Agatha 0 2.46 32 2.376 39

Bau' , 0 1.79 25 1.121 27
GM59123-3M-l Y·IM-4Y·IM·IY·OM

Coq'S ·/F41.70/lCndr'S'/3/01n/4/Pho'S' 4 3.59 38 1.346 31 6.76 11 3.75 11
CM60907-B·IY·6M·6Y-IM·2Y·IM·
OY·OB

Ve 'S'/Myna'S' 2.16 29 2.594 40
CM73815·2M-l Y·03M·4Y·l B·OY

PF70354/Yat'o' . 4 2.40 31 2.022 37 7.38 14 4.01 15
CM67 11-4Y·IM·I¥-OZ·12Y·OM

hanghal 7 4 2.48 33 1.313 30 2.66 3 1.30 4

Kea'S'JCh'S' 3.99 41 2..043 38
CM76226·1Y·OIM·02Y·2B·2Y·OB

F12.711CoeJICno 79 4.66 44 2.005 36
CM76688-9Y·03M·02Y·2B·IY·OB

Gov/Bjy'S' 4 2.73 36 1.674 35 6. 6 10 3.53 10
SWM8993 Y·IY·OY·IY·IY·OB

Triticum Spelta Saharensc 0 8.30 50 5.284 50

EraflYr/3/Pato/On//Maya'S'/4/Kea'S' 7.20 47 3.400 4
CM76260·40Y·08M·04Y·5B·3Y·OB

(continued)
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Table 13. (continued)

No. of years Field Data GreenhoDsc-Data
of previous Percent Infection PerceDt Infectlon
tests to KB infected ank:. lndex Rank Infected Rank index Rank

Cross and Pedigree -lnMexlco grains (1·62 (0-100) (1-62) gralDs (1-26) (0-100) (1-26)

4777' 2/1Fkn/GB/3fV ' '/4/Bu 'S'!pvn'
S' 4 4,52 43 3.125 44 8.77 17 3.79 13

CMG6684 JB· J M·6V·2M·2Y·OM

Tsh' 'IIPci'S'/Pvn'S'/3/ q'S'/Nac 7.43 48 3.717 47
M77457·P·3Y·Q4M·03Y·3B·2Y·OB

CNT 8lBow' . 4 5.76 45 2.982 42 1205 21 7.52 23
CM72535·15Y·IM·3Y·1M·OY·OB

Cajeme 71 0 3.92 40 2.718

Anb' 4 $,82 39 .005 43 4.09 6 178 6
CM20707·A·l Y·8M·l Y-oY-4PTZ·OY

Lov 23/Bj , 'I3IBb/NorIlCno'S'/7C 0 7.56 49 4.459 49
M60338·H·l Y·M·3Y-3M·5 -1M·OY

l'p//Cno67/No/3IBb/Cno67/4/Za75
/511'tm'~ . 6.20 46 4.156 48

CM59914T7Y·2M·IY·IM·3Y·IM·OY

Papago 86 0 10.19 51 7.099 51

BR lJAld'S'/IPAT 72160/Ald' 17.07 55 9.070 52
B19789·H·508M·JY·IOF·702Y-IF-o
·OA·OY

Vee'S'l/RLGOLOf2' Yr/3J2' ee'S' 0 13.20 52 10.377 55
CMH81.530· I Y·38-4 ·3B·1 y.oB

WI.. 711 ( useepllbl~ Cbe k) 15.27 53 9.571 53

amut 0 23.64 60 18.120 60

l{alyansona 0 1 .89 57 11.405 56

Kenya Paa 0 16.23 54 9.981 54

Pjb SI 0 21.05 58 l6.00 5
PK 6841·2A·2A·IA·0

lAS 63/Aldan'S' 0 23.58 59 16.940 59
M47046·1 OM·6Y·16M·I Y·I Y·IM·OY

Sen 82 (Susc 'pUble heck) (row 700) 18.46 56 12.340 57 20.6j 25 10.94 2'5

:AzllKallBb 0 29.76 61 20.014 61
CM37231·6Y·17M·2Y·IM·OY

CMH73A.497/2·Cno79 0 34.91 62 22.090 62
CMH811\.15·2B·2Y·lB·2Y·lB·OY

Cr tical valu<l& for r= .9893 .9857
stalistical correlation a: .3654 .7137

b= 1.452 1.757

rUleal valu s for rank
cOlTtllallon oemel-nt rs= .9690 .9726
(Spearman"sl

IgnlOcan t = 30.39" 20.51··
t degre Qf freedom df= 60 24

a Field data for Sonalika come from one plot. whereas greenhouse data represent a composite of 16 plots
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Table 13. (continued)

-Fled .Data
1.1 Clfection

ank:. ln, Ill{ lank
(1·62 (('400i; it·f'Jl.

3.79178.77

=-_---.-_ JreenboD...:;:e:..;L~4ta= _
PerceJl infectIon
iDfected Ranll; indel [
gt::alDs /1/161(1)-100)

443.I~J"

'P~rcent

I Iiectled .
grakns

4 •

No. of years
fi:r )erio 1&

teSLt! t.O KB
·L.Tftdexico

'47P2,';I!Fkn/Gffi81 '/4/li Q;S'!pvn
S'

CMGt6i!:tl<F l"'rt'h6V·'JM·2Y,!M

Cres • Ind PedJgree

T" 11 '<1, 1c, ;'SVlln"j~31 q'S'/Nac
I"....'~7" ..5'i'<lf :n04M·03Y·3B·~Y·OB

CNT 1£)r;' AI:
eM"; ,7~3f >l~Y IM·:W,lM·OY.OB_,

4 ... ;'./6

48 3.717

'2,982

47

42 21 752

eajem : 71 o :~,B2 . 'l:71R..

IIlb'
CM20707,.Ar.Y·. -:M.J Y. ~.4-':I'TZ·OY

4 39 ;005 40JC. 6 t :78.:
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Wide Crosses
A. Mujeeb-Kazi

Inter~eneric
Hybrfdization
CIMMYT became actively involved
in wheat wide hybridization
starting in 1980. The immediate
major problems then that
restricted the use of wide hybrids
were barIiers of crossability and
embryo development. These initial
constraints have been significantly
overcome and since then we have
produced over 200 intergeneric
hybrids that are either perennial
or annual. The alien species that
have contributed to this diverse
array of hybrid germplasm belong
to the genera Aegilops, Agropyron,
Elymus, Haynaldia, Hordeum, and
Secale.

The practical ramifications of the
wide cross genetic base available
enables us to pursue three disease

resistance objectives (Fusarium
graminearum, Helminthosporium
sativum, and Tilletia indica) and
three mineral stress-related
objectives (salt, aluminum, and
copper). The material could
undoubtedly be screened for other
situations as well if such a
necessity artses.

Hybrid Production.
Validation. and Breeding
Methodology
In intergeneric hybrid production,
a post-pollination floret treatment
with 75 ppm aqueous gibberellic
acid solution was Significant to
success. All hybrids were
identified by a somatic root-tip
count procedure (9) followed by
meiotic analyses that identified

low or high recombination types
and determined the breeding
strategy to be adopted. The
examples of the recombination
types are:

• Low recombination in F 1 eg., T.
aestivum/A. curvifolium
(n = 5x = 35; 31.5 I + 0.02@ +
1.7l.!!J+ 0.01 III; Chiasmata
1.75 cell).

• High recombination in F 1 eg., T.
aestivum/A. scythicum
(n=5x=35; 15.31 1+ 2.25@+
6.92l.!!J + 0.32 III; Chiasmata
12.06/cell).

For advancement of the F 1 hybrid,
the breeding methodology adopted
is as follows:

A. MuJeeb-Kazi. head of the wide crosses prolJ'aDl (right). and R. Asiedu. postdoctoral fellow. lDapect Hme prOll'UD
material at Cd. Obregon.
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• Variety A/Alien specieslln·
Variety A@(Academic interest).

• Variety A/Alien specieslln·
Variety B@(Earlier approach
now of limited use).

• Variety AIAlien species IIVariety
B/3IVariety C@(Current
approach that simulates the
conventional breeding F 1 top
cross methodology and is
extensively used).

The choice of wheat varieties is
influenced by the elite lines of the
CIMMYT bread and durum wheat
programs.

Disease Resistance
Objectives
Helminthosporium sativum
Alien species exhibiting excellent
seedling resistance that have been
hybridized with T. aestivum andl
or T. turgidum are A. junceum, A.
elongatum, A. yezoense, A.
scabrifolium. Ae. squarrosa
(several accessions), Ae.
triuncialis, H. villosa, (All scored
1; Le.. Resistant = 1,
Susceptible =5). A. campestre,
A. scirpeum, A. rechingeri, A.
trachycaulum. A. scythicum. and
E. dahuricus (scored 2). Field
testing until maturity has enabled
selection of advanced derivatives
in the 1984-85 and 1985-1986
Poza Rica cycles from T. aestivum
combinations with A. curvifolium.
A. distichum (BCI source Dr.
Pienaar), A. elongatum (decaploid),
and E. giganteus. The leaf
infection scores observed at the
milk stage were 4 or less (0·9
scale) with the black point grain
infection type range from 1 to 3
(0-5 scale). The bread wheat
check. Ciano 79. was 9 (foliar), 5
(grain infection). Program
selections were scored 5-6 for
foliar and 1-4 for grain infection.

All wheat varieties utilized in the
wide cross advanced germplasm
were susceptibler but it cannot be
categorically inferred that the
alien species have solely
contributed to the selected
resistance lines. We hope that
these basic refinements shall
emerge in the future.

Fusarium graminearum
Advanced backcross derivatives
from Elymus giganteus.
Agropyron distichum, and A.
curvifolium have enabled
selections of resistant plants from
field testing sites in Poza Rica
(1984-1985. 1985-1986) and
Toluca (1985. 1986) crop cycles.
The early generation material has
yielded resistant segregates from
other alien species. We will
continue with our applied
approach and curtail alien transfer
documentation at this stage.

Tilletia indica (Karnal bunt)
Several alien species have been
identified as excellent sources of
resistance to the pathogen (10).
The spike structure of these alien
species may be a contributory
factor towards the observed
resistance. Despite this fact. we
have decided to hybridize some of
the species with Triticum spp. and
advance the F 1 hybrids to
determine the inheritance of the
resistance. Sources being utilized
are Ae. umbellulata (IA). Ae.
ovata (3A,4E). Ae. triaristata (6G).
Ae. biuncialis (lOA.llB). Ae.
variabilis (l3E). and Ae. ventricosa
(43A). The alphabet accession
source is from the Plant Breeding
Institute (PBI). Cambridge U.K..
and the number designation is
CIMMYT's. Other sources of
resistance are E. giganteus. A.
fibrosum, and H. villosa. The
severe greenhouse boot
inoculation technique will be
initiated from the stage that the
backcross derivatives are self
fertile. Using this inoculation

procedure, all bread wheats,
durum wheats, and even the
generally field-resistant triticales
emerge as susceptible.

Mineral Stress
Objectives
Salt tolerance-The alien species
identified as salt tolerant in the
literature and by our collaborators
(G.W. Jones' group, Wales) are A.
junceum (2x, 4x), A. sCirpeum
(4x), A. elongatum (lOx), and
Elymus sabulosus. We are
advancing the BC derivates from
T. aestivumlA. junceum (2x and
4x) and T. aestivumlA. scirpeum.
In advanced progenies, salt
tolerant segregates have been
identified from A. junceum
(2x, 4x) and A. scirpeum. The
mode of inheritance is quite
complex, but it does not thwart
our dual attack to the problem:

• Systematic approach via
addition line production,
translocation induction. and
development of a synthetic
genome for A. scirpeum.

• The applied controlled and field
testing effort intermixed with
cytology and electrophoresis.

Aluminum tolerance-Several
Aegilops species accessions
obtained from PBI were screened
at CIMMYT. Aluminum-tolerant
wheat selections are conducted at
46 ppm. Several Aegilops species
emerged tolerant at 46 ppm. but.
at 50 ppm. the accessions were
narrowed down to Ae. uniaristata
and Ae. ventricosa, which now
have to be hybridized with
Triticum spp.

Copper efficiency-The 5A/5RL
stock from Mr. T. Miller (PBI) has
been hybridized with several T.
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aestivum varieties and advanced
via selfing for one generation.
Plants possessing the hairy neck
marker (associated with the 5RL
arml are to be advanced further
and eventually tested in sites
where soils are copper deficient.

Cytoj!enetics
Aadidon line production-C- or
N-banded karyotypes of A.
junceum (2xl, Ae. variabilis, H.
villosa, and E. giganteus produced
at CIMMYT are serving as initial
gUides to readily identify the
addition lines produced.
Monosomic additions obtained for
each species are 3,0,3, and 6.
Disomic additions with good
fertility for each species are 1,0,1,
and 2. The disomic substitution
line of chromosome M of E.
giganteus tentatively identified to
be for 6D of T. aestivum has good
fertility, bold seed, large spikes,
and medium-tall plants but with a
detrimental leaf rust susceptibility.

Synthetic genome
development-Agropyron
sCirpeum (E1E1E2E2l was
hybridized with T. aestivum cv.
Chinese Spring and then advanced
to BCI by pollinating the F 1 with
cv. Pavon 76. The BCI possessed
56 chromosomes with quite
normal meiosis and was self
fertile. The material has been
advanced further by satisfactory
plant type field selections and
three selfings (CS/A. scirpeum//
Pvn 76@l. This hopefully is an
attempt to rearrange the complex
polygenes in a synthetic genome.
After another selfing, we will
introduce additional backcrosses
for the addition line development.
The tetraploid A. junceum is
another candidate but the
production of 56 chromosome BCl
derivates is substantially lesser
than that of A. scirpeum.
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Potential of rapid alien gene
transfers-T. aestivum hybrids
with A. scythicum and A. stipfolia
are the two major combinations
where high pairing occurs in the
F1, i.e. 15.31 I + 2.25@ + 6.92l.!!J
+ 0.32 III and 10.6 I + 7.08@ +
4.41l.!!J + 0.54 III, respectively.
Such meiotic associations are
beneficial for rapid alien transfers
and advances in a wide cross
breeding program. We have hence
initiated a program to combine the
CSPhPh stock with the alien
species and, as a consequence,
hybrids have been obtained with
the A. intermedium complex
subspecies, A. junceum (4xl, A.
scirpeum, A. curvifolium, E.
junceus (4xl, A. elongatum, and
several Aegilops species.

Translocation induction in wide
cross derivates-A model system
involving T. aestivum/A.
junceum//T. turgidum is being
tested for producing D genome
and the alien genome trans
locations. The normal cytogenetics
up to the above stage is
encouraging since the plants with
42 chromosomes are associated as
14 bivalents + 14 univalents, the
univalents inferred to be
predominantly from the D and the
alien genomes.

Service Cytology-Progress in
1985-86 has been made in the
following areas:

• Service cytology has identified
several 1B/1R bread wheat lines
where the donor 1B/1R sources
have been Kavkaz, Aurora,
Weique-Red Mace, or their
derivatives.

• Veery 5 or Seri 82 with the
1B/1R is being used to develop
an isogenic 1B1B stock for the
CIMMYT bread wheat program.

• Crosses have been initiated to
transfer the 1B/1R chromosome
to some durum wheats for the
CIMMYT durum wheat breeding
program.

• Approximately 200 primary
triticales have been produced
and advanced one generation in
the greenhouse for the CIMMYT
triticale program.

Interspecific
Hybridization
This area of investigation was
initiated in February 1986 dUring
the Obregon crop cycle. The
species involved are comprised of
several accessions of Triticum
urartu, T. monococcum, T.
boeticum, T. araraticum, T.
dicoccoides, T. dicoccum, Ae.
speltoides, T. tauschii (Ae.
squarrosa), and T. carthlicum.
Though some hybridization
between these species and T.
turgidum or T. aestivum were
made, the main emphasis set for
the next 2 years has been for seed
increase, species identification and
disease or stress screening.
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Basic Germplasm Development
Ricardo Rodriguez R.

Bread Wheats
Protein content and bread loaf
volume-A yield trial was
conducted during the 1984-85
cycle at Ciudad Obregon, Sonora,
comparing 23 different lines with
CIANO 67, a variety used as a
check for protein content and
bread-making quality. Sixteen of
these lines outyielded CIANO 67.
Fifteen produced more protein;
while only four had better loaf
volumes than CIANO 67. CIMMYT
milling and baking laboratory
tests showed excellent values for
most of the 23 lines in this aspect.
Data for the highest yielding lines
in this trial are presented in Table
1. The highest yield is almost two
tons above that of CIANO 67,
contains an equal percentage of
protein, but by virtue of its
superior yield produces 138 kg/ha
more protein overall. This line also
has better loaf volume than
CIANO 67, while possessing the
same earliness measured in days
to flowering.

Another trial conducted at CIANO
dUring the same cycle gave similar
results with respect to grain yield,
protein content and loaf volume,
compared to CIANO 67. These
lines also had yields equal to those
of the checks CIANO 79 and Tesia
79, but slightly earlier with more
protein and greater loaf volume
and earliness (Table 2).

The highest yielding lines in Table
1 have been tested during two or
three cycles in 1982-83, 1983-84,
and 1984-85. These lines have
shown consistently high values in
grain yield, protein quantity and
loaf volume (Table 3). Because of
these traits and their good
agronomic type, this material is
now being used in the
conventional bread wheat
breeding program.

These results complete the work
on developing wheats with good
agronomic traits, grain yield and

Ricardo Rodriguez R" head of the
germplasm development program,
inspects some of the exotic material
in his collection,
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greater protein content, that will
be used to improve the bread
making quality of bread wheats.
At the request of the bread wheat
program, we are presently trying
to incorporate these improved
protein and loaf volume qualities
in to varieties such as Genaro 81,
Ures 81, Seri 82, and more
recently Kauz, Garuda, Gimpel
and Opata 85. Here again, efforts
will focus on maintaining high
yields while improving the
breadmaking quality of these
varieties.

Since the 1983-84 cycle, the bread
wheat breeding program has been
conducting parallel efforts to
incorporate the lines with the
highest protein levels and greatest
loaf volumes into its crossing
programs.

Early maturity-Early maturity
is Widely recognized as a decisive
factor in determining whether or
not wheat is grown in a given
region. An early-maturing variety
can be grown in an area where
favorable conditions exist only for
a limited period, or where fields
are left fallow for brief periods.

With this in mind, early-maturing
wheats have been developed using
Sonalika and CIANO 67 as checks.
Special mention should be made
of lines derived from the
CMH73A.497 cross, which head 5
to 8 days earlier than these two
varieties. This cross indeed
represents the greatest
achievement to date in this
respect, and some of its progeny
are being used in interspecific
crosses to try to transfer the



earliness to durum wheats and
triticales. It has also been used to
develop isogenic lines of CIANO
79, in an attempt to combine
short growth cycle with yield
potential. Mter several
backcrosses to CIANO 79, lines
that are agronomically similar to
the recurrent parent, but earlier
maturing, have been obtained.
Table 4 clearly shows the
difference in heading between
these lines and CIANO 79. A
considerable number of these lines
were sent to the bread wheat
breeding program during the
1984·85 and 1985-86 cycles for
testing and subsequent use in the
crossing programs.

Aluminum tolerance and
disease resistance-The thrust
of this project has been to develop
material with the aluminum
tolerance and disease resistance of
the Brazilian wheats, but in plants
whose superior agronomic type
makes them easy to work with in
conventional breeding programs.

To achieve this, backcrossing has
been used to obtain isogenic lines
similar to the Brazilian varieties.
Thus, dwarf and semidwarf
wheats with aluminum tolerance
have been selected both under
laboratory and Brazilian field
conditions (Table 5). While further
investigation of its disease
resistance qualities is reqUired,
this germplasm is already being
distributed in nurseries for its
specific traits, and is now
available to interested breeders.

Outstanding lines are currently
being intercrossed to combine
aluminum tolerance with
resistance to the greatest possible
number of diseases such as
Septoria, Fusarium, Helmintho
sporium, Erysiphe and Puccinia
recondita. At the same time.
efforts are being made to improve
the straw strength and increase
spike yield components in these
wheats. This thick-stemmed,
large-spiked material is being sent
to Brazil. where it will be tested
for aluminum tolerance and
disease resistance.

Leaf rust resistance-Leaf rust
(Puccinia recondita) is presently
one of the most troublesome
wheat diseases. Thus. it was
decided to use a few simple,
dominant genes known from the
outset to confer resistance to a
wide range of leaf rust races. The
basic donor materials for these
genes were the follOWing:

RL60 10 donor gene Lr9

RL6040 donor gene Lr19

Agatha donor gene Lr19

Axminster donor gene Lr20

LR6043 donor gene Lr21

Agent donor gene Lr24

These genes were incorporated
into conventional wheats through
backcrossing and individual
selection. In this way. isogenic or
near-isogenic lines of susceptible
varieties such as Yecora 70. INIA
66. Sonalika. Jupateco 73.
Nacozari 76, etc. were obtained.
These once popular wheats have
largely fallen into disuse because
of their high susceptibility to leaf
tust. Backcross lines of Yecora 70
possessing the Lr19 gene from
Agatha are outstanding in that
they combine the former's yield
potential with the effectiveness of
the Lr19 gene (Table 6).

In these backcross lines, the array
of resistance genes present in the
recurrent parent has been
strengthened by the new
resistance gene from the donor
parent. For the pathogen to
overcome this complex of
resistance genes. it has to evolve
from old races (capable of
attacking the largely unused
varieties) via the acquisition of
additional virulence for the new
resistance gene. It is unlikely that
such old races have persisted at a
Significant level in the pathogen
population for that evolution to
occur. Considering the present
importance of leaf rust as a
constraint to wheat production.

the protection offered by these
strengthened sets of resistance
genes should be thoroughly
explored and exploited.

In the second phase of work on
this monogenic type of resistance.
varieties such as CIANO 79.
Genaro 81, Seri 82. Ures 81.
Veery 10. Bobwhite. Hahn, etc.
and. more recently. Kauz. Garuda.
Gimpel and Opata 85, have been
added. Here again, the aim is to
develop isogenic lines combining
the high productivity of these
varieties with the resistance
conferred by the new genes.

In addition to developing this
material. specific crosses are being
made to try to combine several of
these genes (e.g.. Lr9 and Lr19,
Lr9 and Lr24. and Lr19 and
Lr24). The resulting advanced
lines are ready to be tested for
resistance to determine whether or
not the desired combinations were
actually achieved.

Yield components-At the
beginning of this project. two
characters were handled
separately: grains per spikelet
(Gis). and spikelets per spike (siS).
These were later merged. and
spikes with more grains per
spikelet and more spikelets per
spike (G/s/S) were obtained.
Consequently. wheats with good
agronomic type, large spikes, thick
stems. better tillering and large.
plump grain have been produced
(Figure 1). CMH79A.1380.
CMH79A.1384. CMH81A.1315.
and CMH82A.1350 are examples
of crosses which have segregated
this type of material. Some of the
resulting lines are being used in
new crosses with the aim of
improVing tillering and grain
filling capacity.

Although lines with large spikes,
good agronomic type and large.
plump grain are now available.
their yield potential has yet to be
determined. This task will be
carried out in collaboration with
the agronomy program, where the
lines will be studied under
different fertility. moisture.
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spacing and plant density
treatments. Regardless of the
results of these studies,
germplasm developed to date can
already be of great use in
obtaining higher yields. given its
high production capacity in terms
of grain per spike and its grain
characteristics. This is actually an
excellent opportunity to
significantly increase wheat yields,
and the basic germplasm
development program (BGDl is
endeavoring to take advantage of
it through interspecific crosses
with triticale. Other wheat related
species will also be used,
whenever possible.

The outstanding lines from this
project have already been
incorporated into the conventional
bread wheat breeding program.

Other projects-Other minor
projects involve working on
extensive root systems. longer
coleoptiles. round grains.
recovering useful germplasm from
outmoded varieties. etc.

Durum Wheats
BGO's main focus in working with
durum wheats has been to try to
incorporate such traits as
dwarfism. solid stem. thick straw,
earliness. and good industrial
quality. as well as to improve yield
components. Lines with a good
expreSSion of these traits and an
acceptable agronomic type are
then transferred to the
conventional durum wheat
breeding program. ImproVing yield
components and materials with
good industrial quality are areas of
current attention.

Yield components-This project
is attempting to iIilcrease the
number of spikelets per spike and
grains per spikelet. As in the case
of bread wheats. several different
grain types are handled. The
follOWing are examples of crosses
with improved agronomic type
and better yield component
expreSSion:

CMH79A.1194 produces
+ 30 sIS

CMH84.706 produces
+ 28 sIS. lax

CMH84.723 produces 5-7 GIs

CMH84.3815 produces 5-7 GIs
and 22-25 sIS

CMH83.2887 produces larger
grain than Carcomun

CMH83.2876 produces larger
grain than Carcomun

Industrial quality-Currently in
development are some short
stemmed, early-maturing lines
derived from Quilafen and Senator
Capelli, with the hope that the
new lines will possess the good
industrial quality of these two
durum wheats.

In addition. a project was begun to
produce tetraploid durum wheats
with bread-making quality similar
to that of the hexaploid bread
wheats. For this purpose. we are
using Kharkov 5. Kharkov 5/Bto.
and Tetraprelude. provided by the
durum wheat program. These
materials have their drawbacks,

Long-thin

Wide

Long-wide

Small

Round

Varieties

but are reported as haVing
excellent bread-making quality. A
few of the first crosses-from the
1984-85 cycle-are listed below:

• Kharkov 5/Altar 84
• Kharkov 511CMH73A.4971

2*Mexi. 75
• TetrapreludellCMH73A.497/2 *

Mexi. 75
• Kharkov 5/BtollAltar 84
• Kharkov 5/BTOIICMH73A.497

12*Mex.75
• CMH73A.497/2*Mex. 7511

Kharkov 5/Bto
• CMH73A.497/2*Mex.

7511Kharkov 5

The first F3 populations were
sown in the summer of 1986.
Some of these were bulk harvested
and sent to the milling and baking
laboratory. where several showed
good loaf volume. a satisfying
initial result. A few of the
outstanding values are listed here:

• TetraperludellCMH73A.497/2 *
Mex. 75-loaf volume 800 cc

• Kharkov 5/BtollAltar 84-loaf
volume 775 cc
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• Kharkov 5/BtollAltar 84-loaf
volume 765 cc

• CMH73A.497/2* Mex.75I1Khark
ov 5/Bto-Ioaf volume 720 cc

By the 1986-87 cycle, enough
material should be available to
allow more extensive laboratory
testing, in order to check
observations of the F4 seed, made
during the summer of 1985.

Developing tetraploid wheats with
good bread-making quality is a
useful and feasible alternative for
both increasing grain production
capacity and broadening disease
resistance, especially considering
the good resistance of the
tetraploids to Kamal bunt (Tilletia
indica).

New projects-In agreement with
the durum wheat program, work
was begun in the summer of 1986
to incorporate the leaf rust
resistance of bread wheats to
tetraploid durums by transferring
simple genes such as LI9, Lr19,
Lr20, Lr21, and Lr24. To this end,
interspecific crosses were
performed between bread wheat
carrying these genes and
outstanding durum materials. The
principal materials being used are
the follOWing:

• RL60 10/6*INIA 66
• RL601O/6*Yr 70
• Agathal6*Yr 70 x durum wheat

varieties and lines
• Agathal4*Yr 70114*Her. 77
• RL6043/4*Yr 70
• Agent/6*INIA 66

The F 1 lines will be backcrossed
to the durum wheats. and in the
segregating populations we will
try to recover durums with simple
gene rust resistance, which will be
easier if the genes in question are
located on the A or B genome.

A second project involves
transferring fusarium head scab
resistance of hexaploid wheats to
tetraploids. Finally, in a third
project work is being done on
incorporating aluminum tolerance
into tetraploid wheats through the
same bread wheat x durum wheat
interspecific crossing technique.

Triticale
As with wheat. BGD has worked
on changing or correcting triticale
characteristics such as height,
earliness, fertility, grain-filling
capacity, grain quality, etc.,
which, under certain conditions or
for certain purposes, may be
unfavorable. Hence, triticales
possessing short stems, solid
stems, vitreous grain, or early
maturity have already been
developed and passed on to use in
the appropriate program.

BGD is now crossing triticales
with bread wheats to improve or
change undesirable traits of
conventional triticale varieties. In
this way. dwarfism from Norin 10,
S948A1 and Tom Thumb, as well
as solid stem, earliness, lack of
awns and stability, have been
transferred from wheat to triticale.
Also, pubescent peduncle. rust
resistance, and more spikelets per
spike have been observed in
wheat-type plants. There is still
much room for research on
materials from these crosses, and
many other characteristics may be
reciprocally transferred.

Dwarf and semidwarf triticales
derived from triticale x wheat
crosses show excellent agronomic
type, but produce grains which
are less plump than those of the
tall triticales, whereas among the
semi-tall triticales, some lines
show well-filled grains with a
minimum of shriveling, under
conditions at Ciudad Obregon and
EI Batan. Some of these lines
appear to be complete types, but
earlier-maturing with better
agronomic structure and more
uniformity in all of their
characteristics.

Semi-tall triticales should be
grown in marginal wheat areas.
while the semidwarf varieties
should be planted in regions
where it is possible to use all the
inputs needed to obtain maximum
grain yields. Thus, besides
possessing suitable agronomic
traits and good grain quality,
semidwarf triticales should also
have good industrial quality so
they can be used both for food and
feed.

Triticales derived from triticale x
wheat crosses show a significant
improvement in protein and dry
gluten content, and their falling
number values indicate low alpha
amylase activity; a good number
of these lines also have hard grain
(Table 7). Several of these
triticales have good test weights,
and one line of the CMH80.1157
cross produced bread with a loaf
volume of 725 cc, well above
values for the check varieties.
Since many of triticale's traits can
eVidently be improved through
crosses with wheat, the following
types of crosses are being made:

• Dwarf wheats
• Wheats with high fertility
• Wheats with good grain quality
• The best-performing high

yielding wheats.

Conventional triticales are being
crossed with:

• Wheats with good bread-making
quality and high protein content

• Early-maturing wheats
• Brazilian wheats

If indeed triticale possesses
superior yield potential, perhaps
wheats with the high yield of
triticale could be developed, or
triticales with the agronomic type
and quality of wheat, so that the
resulting plants could be grown
not only in marginal wheat areas,
but also in high-input, irrigated
regions. Obtaining this type of
material would be important for
three reasons:

1. Yield potential of wheat
would be increased;

2. Disease resistance in wheat
would be broadened, including
resistance to Karnal bunt,
which at present is a serious
problem; and

3. Development of triticales for
irrigated conditions would
increase the range of crops and,
thus, the fleXibility of crop
rotation programs.
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All of this suggests that triticale x
wheat crosses are a good way to
increase genetic variation and
improve some of the less favorable
aspects of both crops.

Rye
In this project, improved spring
ryes are being sought to facilitate
the development of new primary
triticales.

Considering the types of triticale
required, several years have been
spent on identifying ryes with
short straw, earliness, good
fertility, good grain, disease
resistance, etc. At first, open
pollinated populations of the
Snoopy variety were indiVidually
selected to obtain uniform lines
with the above-mentioned traits.
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Later Snoopy-derived lines were
reselected mainly for good
uniformity for varying degrees of
earliness and height, although a
few multifloral types not present
in the original population were
also obtained.

Other varieties such as Prolific.
Varrug II. Centeno Blanco.
Gazelle. Pancerne, Brasov, Lisitin.
Zenith. etc.. later underwent the
same reselection process. Crosses
are now being made with the best
lines of this germplasm to give
them the greatest number of
desirable characteristics. In other
words. we are trying to develop
ryes with short straw, earliness.
disease resistance. good fertility.
large. plump grain. and good
crossability. Future projects
include producing self-fertilizing
ryes and establishing a program

for crossing spring ryes with
winter ones in order to increase
genetic variation within the rye
breeding program.

International Nurseries
For the past several years, bread
and durum wheat nurseries for
yield components. rust resistance.
disease resistance. and aluminum
tolerance have been assembled.
These nurseries are sent out to the
most adequate sites for testing
their performance. as well as to
cooperators who have requested
them. Thus. in the past 2 years.
92 and 83 shipments of rust
resistant material and 57 and 41
shipments of material with disease
resistance and aluminum
tolerance have been made in
1985-86 and 1986-87.
respectively.



Table 1. Performance of wheats with high-protein content and high grain yield, experiment XI, 1984-85

Rank Y84·85 Protein Loaf Days
in Entry Yield content Flour volume to flow-

yield Variety or cross No. (kg/ha) percent (kg/ha) (cc) edng

1 Cal/NHIICMH73A.497/3/Her77 273 6356 13.3 578 1025 82
CMH79.196-6Y3B-4Y·lB-OY

2 CMH75A.66/Cno79 253 6156 12.3 535 925 82
CMH80.15-3Y-5B-4Y-2B-3Y-OB

3 Pmn511Agal4*T171 263 5852 13.5 581 1025 82
CMH80.70-1Y-5B-5Y-3B-lY-OB

4 Pmn511Agal4*T171 262 5756 13.7 558 1025 82
CMH80.70-1 Y-5B-5Y-IB-2Y-OB

5 CallNhIl2*Pvn"S" 261 5748 12.4 478 915 82
CMH78A. 195-1OB-2Y-1B-1 Y-3B-OY

6 Pmn511Agal4*T171 264 5611 13.4 546 1025 83
CMH80.70-1Y·6B-OY

7 CMH75A.66 256 5585 14.4 551 930 82
CMH75A.66-8B-lY-4B-l Y-5B-OY-
5B-OY

8 CMH75A.66 258* 5452 14.7 570 940 82
CMH75A.66-8B-lY-4B-lY-5B-OY-
5B-OY

9 CMH75A.66/Her77I1CMH75A.66 260 5337 14.0 525 1010 84
CMH80.127-2Y-5B-lY-IB-OY

10 Ron2/FndllNac76 254 5133 13.2 477 835 82
CMH77A.11-3B-3Y-4B-l Y-IB-2Y-lB-
lY-lB-OY

11 CMH75A.6611Cno79 255 5130 12.9 455 860 81
CMH79A.21-5B-4Y-7B-3Y-2B-7Y-OB

12 CMH76.217/Imuris 267** 5100 11.9 343 855 82
CMH80.90-6Y-4B-OY

17 Cno67 274 4533 13.3 440 1025 82

• DMS 5% 997 kglha.
•• DMS 1% 1331 kg/ha.

C.V. = 12.17%
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Table 2. Performance of wheats with high protein content and high grain yield, experiment XII, 1984-85

Rank Y84-85 Protei Loaf Days
in Entry Yield ~ontent Flour volume to flow-

yield Vwetly or cross No. (kg/ha) percent (kgJha) (ccl ering

1 CMH75A. 6/3 Cno79 277 6 70 12.4 605 850 82
CMH80.15·3Y·lB-lY·1 B·l Y-3B-OY

2 Tesia 79 300 6559 11.3 542 820 86

3 CMH75A.66/Cno7 278 6389 12.5 583 65 82
CMH80.15-3Y·5B-4Y-2B-4Y-1B-OY

4 Cno79 298 6185 9.6 422 700 86

5 CMH75A.66/3 ·Cno79 276 6067 1]_4 473 725 82
CMH82A.67-B-1B-3Y-OB

6 CMH75A.66/Cno79//CMH75A.66 287 6030 13.5 57 900 83
CMH81A.4-lB-lY-3B-OY

7 CMH75A.66/Cno79 285 5956 12.8 543 830 82
CMH79A.21-5B-4Y-7B-3Y-2B-7Y-
3B-OY

8 CMH75A.66/Cno79//CMH75A.66/3/
CMH75A.66/Cno79 292 5944 12.7 553 845 83

CMH82A.5-2B-3Y-OB

9 CMH75A.66/Cno79//CMH75A.66 289 5811 14.1 592 925 82
CMH81A.4-1B-5Y-4B-OY

10 CMH75A.66/Cno79 280 5800 2.8 520 820 82
CMH79A.21-5B-1 Y-4B-3Y-4B-3Y-
1B-OY

(continued)
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Table 2. (continued)

Rank Y84-85 Protein Loaf Days
in Entry Yield content Flour volume to flow-

yield Variety or cross No. (kg/ha) percent (kg/ha) (ce) ering

11 CMH75A.66/Cno79 282 5748 12.3 498 800 81
CMH79A.21-5B4Y·7B-3Y·2B-5Y-
1B-OY

12 CMH75A.66/Cno79/1CMH75A.66 290 5715· 13.6 539 950 82
CMH8 1.66-8Y-lB-l Y-3B-OY

13 CMH75A.66/Cno79 279 5700 12.5 490 845 82
CMH79A.21-5B-l Y-4B-3Y-lB-3Y-
IB-OY

14 CMH75A.66/Cno79//CMH75A.66 291 5563 13.9 535 915 83
CMH8 1A.70-8B-3Y-lB-OY

15 CMH75A.66/Cno79 284 5511 12.7 496 800 82
CMH79A.21-5B-4Y-7B-3Y-2B-7Y-
2B-OY

16 CMH75A.66/Cno79//CMH75A.66 288 5489 13.8 530 900 82
CMH81A.4-lB-5Y-2B-OY

17 CMH75A.66/Cno79//CMH75A.66 286 5474 13.2 506 895 82
CMH81A.4-lB-5Y-1B-2Y

18 CMH75A.66/Cno79 283 5426** 12.7 493 795 81
CMH79A.21-5B-4Y·7B·3Y·2B-7Y-
1B-OY

22 Cno67 299 4804 12.9 464 960 76

• OMS 5% 1159 kg/ha.
•• OMS 1% 1547 kg/ha.

C.V. = 12.51
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Table 4. Early-maturing lines of the CIANO 79 type

Rank Days to
in flowering Origin

yield Variety or cross Y85-86 BV-86 BV-86

1 MH75A.66/2*Cn079 67 60 E-9002
CMH83.9-1 -3B·lY·2B·OY

2 MH75 .66/2*Cn079 73 60 E·9003
CMH83.9·1 -3B.l Y·3B·OY

3 CMH75A.66/2· 07 80 63 E· 004
MH83.LO-2Y-IB-IY·IB·OY

4 CMH75 .66/2 Cno79 80 63 E-9005
MH83.1 0·2Y-1 B-1 Y-28-oy

5 CMH78.168/2*Cno79 63 57 E·g 42
CMH82A.80· ·2B·2Y·l B·3Y·
IB·O

6 MH78.168/2*Cno79 73 57 E-904-1
MH82A.80- -2B·3Y-l B·} Y-

28-0Y

1 Hell ·Cno79 60 6 PH· lOS
CMII 2A.361·C-2B·4Y·3B·OY

8 He 1/3- n 79 67 58 PH·337
CMH 3.2369- B·1Y-2B- Y y

9 Cn 79 83 7 PH·5-

10 Sonallka 67 57 £·9062

11 n067 66 57 E· 060

Table 5. Aluminum tolerance in isogenic lines of Brazilian wheat
varietiesa

E try No. Variety or cross

E·g H567.71JP.ARI31
CMH77.308-1Y·48·1Y·58-1Y·3B·OY

E·lO P.AR/CJ7111P.AR (5)
CMI-{80.278-1 Y-4,B·OY

Al+ + +
Tol~ance

1

(continued)

a Data from the aluminum tolerance
and disease resistance nurseries in
Cruz Alta. Rio Grande do SuI. Brazil.
1984-85

b 1 to 5 scale: 1 = tolerant.
5 = susceptible
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a Data from the aluminum tolerance
and disease resistance nurseries in
Cruz Alta, Rio Grande do SuI, Brazil,
1984-85

b 1 to 5 scale; 1 = tolerant.
5 = susceptible

Table 5. (continued)

Entry No. Variety or cross

E-11 lAS 20/H567,7111lAS 20(4)
CMH79A.209-7B-2Y-!B·OY

E-12 lAS 20/H567.71lllAS 20(4)
CMH79A,209-11B·4Y-OB

AI+ + +
Tolerance

1

1

E-13

E-14

E-15

E-45

E-46

E-49

E-50

E-51

E-54

E-56

lAS 20/H567.71/11AS20(4)
CMH79.243-1Y-5B-1Y-OB

lAS 20/H567.71/11AS 20(5)
CMH78A.544-1B-1Y-4B-1 Y-2B-OY

CMH78.390
CMH78.390-2Y-2B-1 Y-1B-7Y-OY

CMH76A.977
CMH76A.977-1B-9Y-1B-1Y-5B-1 Y-1B-OY

H569.71/P.ARlITRA(6)
CMH81.276-2Y-4B-OY

Pel 13298.651H569.71/1PeI13298.65(3)
CMH80.303-2Y-2B-1Y-5B-OY

S20/H567.71/1S20(3)
CMH80.304-6Y-1 B-2Y-2B-OY

S20/H567,71/1S20(3)
CMH80,304-6Y-1B-5Y-2B-OY

H569.71/Jacui(5)
CMH80.288-2Y-3B-1 Y-3B-OY

H569.711Jacui(5)
CMH80.288-2Y-3B-1Y-5B-OY

1

1

1

1

2

2

2

2

1

1

E-57 GralH567.7111Gra
CMH79.336-2Y-2B-3Y-4B-1 Y-OB
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E-58

E-59

E-60

E-61

E-63

E-65

E-66

E-67

Gra-H567.71/1Gra
CMH79.336-2Y-2B-3Y-lB-OY

Iasul 20 (local check)

Pelotas Arthur (local check)

Alondra"S" (local check)

Genaro 81 (local check)

Maringa (local check)

Jacui (local check)

Guirua (local check)

1

1

1

5

4

1

1

1



Table 6. High-yielding lines containing simple genes for leaf rust resistance (P. recondita).
experiment II. 1984-85

Rank in Y84-85 Yield Days to Height
yield Variety or cross Entry No. (kg/hal flowering (em)

I RL6040/S*Yr70IlAGENT/S*Yr70 36 7678 82 75
CMH82A.465-1B-j Y·OB

2 Agal6*YT70 27 7633 83 75
CMH79.724-9Y·lB·3Y-0B-lY-2B·OY

3 Aga/3 Yr70 28 7617 82 75
CMH77A.485·4B·3Y-IB·OY

4 AgaJ3* r70 32 7506 82 70
CMH77A.485·8B-5Y·l B-1 Y-OB

5 AgaJ3*Yr70 30 7400 82 75
CMH77A.485-8B-5Y·IB·OY

6 RL6040/S*Yr7011AgenU5· Yrr70 37 7356 82 70
CMH82A.465-1 B-2Y·OB

7 AgalS*Yr70 31 7344 83 75
CMH77A.485·8B·5Y·1B-OY

8 Oen 81 49 7261 90 100

9 Sen 82 50 7233 88 95

10 AgaJ3·Yr70 29 7200 82 70
CMH77A.485-8B-2Y-IB·OV

11 AgaJ4*Yr70 33 6806 82 75
CMH78.61 0·5Y·6B·OY

12 CMH8JA.564 41 6694 82 90
CMH81A.564·5B·3Y·2B·IY·OB

13 Nac 76 48 6694 79 90

14 CMH8lA.564 43 6589 79 90
CMH81A.564-5B-3Y-2B·3Y·OB

15 HS67.711S·Nac76/1R16010/2a Jup73 44 6567 82 90
CMH80.433·5Y·48·1Y·4JB-2Y-OB

16 RL6043/2 Yr70 39 6561 74 65
CMR8l A.590·8B-lY-1 B-1 Y-OB

22 Yr70 47 6217 74 70
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Table 7. Quality parameters in triticale lines derived from hexaploid triticale x hexaploid wheat crosses

Percent
Hard- Falling of

Rank ness n mber Percent protein Loaf
in index sec. of dry content volume Origin

yield Variety or cross % (F.N.) gluten In flour (cc) kg/hi Y85·8

1 CMH16.13301/M2AJSar'S' 63.0 513 9.4 12.3 665 75.2 PH-242
CMH79.1398-7Y-1 B·1Y-3B-
2Y-2B-lY-lB·OY

2 CMH72A.576/FS47711Gd/31
CMH77A.1165 36.0 334 9.3 11.7 460 77.2 PM-57

CMH8lA.1 167-5B-5Y-2B-3Y-
IB-IY-OB

3 CMH72A.576/FS47711Gd/31
CMAH77A.l165 33.0 301 10.3 14.0 410 76.6 PM-59

CMH81A.1167-5B-5Y-2B-3Y-
2B-4Y-OB

4 Pnd6/CMH77A.l1651lYogui'S' 33.0 348 7.8 11.8 440 76.6 PM·60
CMH83.1006-3Y-IB-l Y-OB

5 Pnd6/CMH77A.1165/IYogui'S· 33.0 395 7.4 11.5 455 77.2 PM-61
CMH83.1006-3Y-IB-2Y-OB

6 Pnd6/CMH77A.11651IYogui'S' 33.0 399 7.7 11.4 500 77.4 PM-62
CMH83. 1006-3Y-1B-4Y-OB

7 Pnd6/CMH77.1 13511Pnd6 54.0 164 7.4 11.2 10 74.2 PM-66
CMH80A.l196-7B-6Y-3B-1Y-
2B-IY-OB

8 CMH72A.576/Fs477IIGd/31
CMH77A.1165 36.0 412 9.4 12.6 505 78.4 PM-68

CMH81A.1167-5B-5Y-IB-OY

9 CMH80.1157 36.0 359 10.3 13.5 650 74.0 PM-70
CMH80.1157-5Y-IB- Y-3B-
2Y-OB

10 CMH77A.1165 33.0 423 9.8 13.1 430 74.0 PH-224
CMH77A.1165-1B-2Y-IB-
5Y-OY

11 Pnd6/CMH77A.11651IYogui'S· 33.0 393 9.0 13.6 490 76.4 PH-225
CMH83.1006-3Y-lB-5Y-OB

12 Pnd6/CMH77 .113511Pnd6 33.0 393 8.3 12.4 555 70.6 PH-226
CMH80A.1 196-7B-6Y-3B-1 Y-
2B-OY

(continued)
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Table 7. (continued)

Percent
Hard- Falling of

Rank ness number Percent protein Loaf
in index sec. of dry content volume Origin

yield Variety or cross % (F.N.) gluten in flour (ee) kg/hI Y85-86

13 CMH77 .1135/2* CMH77A.1165 54.0 107 6.9 10.8 615 72.0 PH-233
CMH81A.1239-2B-8Y-IB-OY

14 CMH80.1212 36.0 289 7.6 12.3 475 74.0 PH-384
CMH80.1212-3Y-IB-2Y-3B-
1Y-OB-4B-OY-3B-OY

15 Pnd6/CMH77.1135//Pnd6 36.0 568 8.6 11.9 605 70.8 PH-393
CMH80A.1196-7B-6Y-3B-l Y-
2B-OY-6B-OY

16 CMH80.1157 33.0 320 10.5 13.5 725 74.0 PH-394
CMH80.1157-5Y-IB-3Y-3B-
2Y-OB-2Y-OB-2Y-OY

17 Pnd6/CMH77A-1165//
2*Yogui'S' 36.0 441 6.5 10.8 495 77.4 PH-398

CMH83.3161-B-3B-8Y-4B-OY

18 Pnd6/CMH77A.1165//Hare 57
/3/CMH72A.576/2 *Nac76 33.0 424 8.7 12.7 520 73.2 PH-403

CMH83.3166-C-2B-lY-4B-OY

19 Pnd6/CMH77A.1165//Yogui'S· 36.0 369 7.8 11.5 580 78.0 E-12895
CMH83-1006-3Y-IB-3Y-OB

20 Pnd6/CMH77A.1165//
2*Yogui'S' 36.0 439 6.6 10.5 525 75.2 E-12897

CMH83-3161-B-3B-7Y-OB

21 Bgl//S948Al/4 *Bza/3/
2*Mza/Cml 51.0 250 7.1 10.5 600 75.8 VAR-541

CMH81A.1192-11B-lY-lB-
2Y-OB

22 Yogui'S' 39.0 357 6.3 10.1 460 77.2 PH-194
B-2734

23 Hippo'S' 36.0 76 6.7 10.1 650 76.8 S-650
X-62468-B-2M-2Y-4M-4Y-OY CB Tel

24 Rhino'S' 42.0 110 5.3 8.8 425 77.6 S-648
CIT-1367-1 Y-5Y-3M-OY CB Tel

25 Eronga 45.0 256 5.8 9.6 575 72.2
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Germplasm Bank
H.A. Sencer

Introduction
ClMMYT's wheat germplasm bank
program was started in October
1981. The bank's physical
facilities became operational at the
end of 1983.

Base collection-The base
collection of the bank consists of
bread wheat, durum wheat,
triticale, and barley entries with
desirable characters and both
spring- and Winter-type growth
habits. The international screening
and yield nurseries, spring and
winter crossing blocks. primary
triticales, progenitors, and
interspecific and intergeneric
crosses are the sources of the base
collection. Advanced lines from
ClMMYT nurseries, commercial
varieties of the cooperators and
progenitors identified and utilized
by ClMMYT form the base
collection. They are selected on
the basis of their superior
characteristics and included in the
nurseries which prOVide
introductions to the base
collection.

In 1982. about 5500 bread wheat,
durum wheat, and triticale entries
from the base collection were
evaluated for resistance to leaf.
stem, and stripe rusts; septoria
tritici blotch, and fusarium leaf
blight at Ciudad Obregon, Toluca,
Patzcuaro, and Rio Bravo in
Mexico; about 2700 barley entries
were evaluated at El Batan for
resistance to leaf and stem rusts.
fusarium and helminthosporium
in cooperation with the pathology
program. In 1983. about 3000
barley entries from the base
collection were evaluated for the
leaf rust resistance at Cd.
Obregon, Mexico. The same year
two pilot disease evaluation
nurseries, consisting of 383 bread
wheat and 210 durum wheat
entries from the base collection,
were sent to the cooperators in
disease "hot spots" around the
world.

H. Ayla Sencer. curator of the wheat
germplasm bank. checks inventory in
the storage facility.
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By the end of 1984. the bank's
base collection was brought up-to
date in seed introduction,
increase/rejuvenation, morpho
agronomic evaluation, and storage
of materials with a spring-type of
growth habit. At the end of 1986,
the base collection contained
26,175 entries (Table 1).

Active collection-The active
collection of the bank consists of
various species of wheat, triticale,
barley and Aegilops with known
or unknown characteristics for
crop improvement and both
spring- and Winter-type growth
habits. The national cooperators
(both gene banks and
improvement programs) and
CIMMYT regional and base



program nurseries are the sources
of the active collection. Land races
and wild species, advanced lines,
and selections from land races and
wild species form the active
collection. They are introduced for
screening and selected by
CIMMYT programs (regional and
headquarters) on the basis of
desirable characteristics. They are
of a semi-improved or unimproved
nature.

The relatively small active
collection, consisting of potential
germplasm entries from past
(1969-81) breeding nurseries, was
inherited by the bank in 1981.
The active collection was enlarged
as of 1982 by introductions of
various natures. Parental
collections and potential
germplasm material were received
from the CIMMYT outreach
programs. Collections of primitive
land races and wild species,
originating from Turkey, Ethiopia,
Pakistan, China, etc. were
introduced upon request from the
breeding programs, to be screened
for stress tolerance and disease
resistance. Entire sets of Triticum
aestivum materials with a spring
type of growth habit were
introduced from the national small
grains collection (NSGC) of the
USDA.

Over 2000 entries from the active
collection of the bank were grown
at EI Batan during the winter
season of 1983-84 for seed
increase/rejuvenation and morpho
agronomic evaluation, while they
were being screened for other
characteristics by the breeding
programs. By the end of 1986, the
active collection contained 35,182
entries (Table 1).

Information management-The
information management of the
bank has been manual since its
initiation. Elimination of
duplicated entries, preparation of
books, labels, bags, and updating
of information were all handled
manually. Towards the end of
1984, entry of part of the

introduction data (names,
pedigrees and origins) to the
computer was started and the
process of complete computeri
zation was continued in 1985-86.

The activities of the bank, during
the period of 1981-1986 are
summarized in Table 1.

Seed Introduction
The number of new entries added
to the inventories of the bank in
1985-1986 totaled 13,786; 6,668
to the base collection and 7,118 to
the active collection, respectively
(Table 2). The new entries added
to the base collection originated
from different nurseries of the
bread wheat, durum wheat,
triticale, barley, and basic
germplasm development
programs.

The new entries added to the
active collection consisted of
wheat materials from Winnipeg,
Canada; durum wheat entries with
a spring-type growth habit from
the NSGC of the USDA; wheats
originating from Ethiopia; wheats
with a Winter-type of growth habit
from the Italian gene bank; wheats
from the Japanese gene bank;
wheats from CIMMYT's programs
in Turkey, Portugal, Chile,
Ecuador, and Brazil; and wheats
from Australia and Morocco.

Seed Increase/
Rejuvenation
More than 17,000 entries were
increased, rejuvenated, and
evaluated in 1985-86 (Table 2). A
seed increase/rejuvenation nursery
of 3508 winter-type entries of
bread wheat, durum wheat,
triticale, barley, and introductions
from the base and active
collections, was grown at
Cuauhtemoc, Mexico, during the
1984-1985 winter season. Due to
late frost and flowering time,
generally insufficient quantities of
seed (less than 500 grams of seed
per entry) were harvested.

During the 1985-1986 winter
season, a seed increase/
rejuvenation and evaluation

nursery of 9519 spring-type
entries of bread wheat, durum
wheat, triticale, and barley from
the base and various species from
the active collection was grown at
Cd. Obregon. This nursery
contained approximately 5000 and
2000 new introductions from the
base and active collections,
respectively; 1500 entries for seed
increase; and 1000 entries for
rejuvenation purposes originating
from the base collection.

Also during the 1985-1986 winter
season, another seed increase/
rejuvenation and evaluation
nursery of 3983 wheat entries,
sent by CIMMYT program in
Portugal consisting of breeding
lines, was grown at EI Batan.
Since germination of most of the
entries under field conditions was
impossible, another set of these
seeds was germinated in the
laboratory with treatment to break
dormancy and provoke germina
tion. Only 510 entries could be
germinated.

Seed Storage
The seeds of 11,141 entries (Table
2), harvested from the seed
increase/rejuvenation nurseries,
were processed (cleaned and dried)
and stored in three sets (for long
and medium-term storage and
distribution) at CIMMYT. A fourth
set was prepared for long term
storage at the USDA National Seed
Storage Laboratory (NSSL).

A pilot study was conducted in
1985 to find out if there were any
significant differences in Viability
among the same entries stored at
different times under different
storage conditions. Data analysis
indicated that a majority of the
bread wheats had 96-99%
Viability, the durum wheats
90-95% viability, the triticales
90-99% viability, and the barleys
90-99% Viability.
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Viability tests for more than
28,000 entries (Table 2) were
conducted with one replicate, 100
seeds per entry. The tests were
repeated with four replications,
100 seeds each, for those entries
which showed less than 80%
viability.

Seed Distribution
More than 29,000 entries were
distributed from the bank upon
request from CIMMYT breeding
programs and cooperators
(Table 2). There were 46 and 43
independent dispatches froni the
bank in 1985 and 1986,
respectively. Quantities varied
from 5 to 500 g.

The largest dispatches in 1985
were sent to programs in Japan,
Chile, and China and to the
CIMMYT Wide Crosses Program
and, in 1986 to programs in
Japan, China, India, and Kenya
(CIMMYT regional) and to the
durum wheat (CIMMYT base)
program.

Evaluation
Morpho-agronomic characteristics,
taxonomic identification, and
growth habit of about 3500 entries
sown at Cuauhtemoc during the
1984-1985 winter season and of
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about 9500 entries sown at
Obregon during the 1985-1986
winter season were determined.

In addition, the infection types of
both leaf and stem rusts were
determined for about 3000 entries
from the active collection during
the 1985-86 Yaqui Valley winter
season. Hexaploid wheats and
Triticum carthlicum with resistant
reactions were passed to the bread
wheat and wide crosses programs,
respectively. Assistance was
provided for morpho-agronomic
evaluation as well as determin
ation of taxonomic identification,
growth habit, and leaf and stem
rust resistance in a nursery of
6000 wheat entries (mostly single
plant collections) which were
collected in Turkey and grown at
Yaqui Valley by Dr. R.J. Metzger,
during the 1985-86 season.

Information
As in previous years, elimination
of duplicated entries, preparation
of field books, distribution lists,
bags and labels, and updating of
information were carried out
manually.

Entries of introduction data
(names, pedigrees, and origins) to
the computer were continued and
data from a total of 104,167
entries were entered in 1985 and
1986 (Table 2). Correction and
updating of data were not done in
1986.

During the second half of 1986,
the distribution lists and nursery
books of the bank were printed by
the computer for the first time.

To provide relevant information,
requested along with the seed,
disease data were retrieved
manually for over 800 entries
which were sent to CIMMYT's
East Africa Program based in
Kenya. In tum, up-to-date disease
data are expected from Kenya.

Disease data for more than 17,000
entries of bread wheat, durum
wheat, and barley were copied
from the CIMMYT wheat
international nurseries reports and
sent to Japan, along with the
entire duplicate sets of bread
wheats, durum wheats, and
barleys from the bank's base
collection.

Seed Health
The seed shipments from the bank
in 1985 and 1986 were treated
with a mixture of chemicals
recommended by the Seed Health
Unit.

Towards the end of 1986, an
investigation to find out the
effectiveness of deep freezing as a
quarantine measure for the
germplasm bank material was
started jointly with the Seed
Health Unit.



Table 1. CIMMYT's whel;lt germplasm bank activities (no. of entries) in 1981-1986

Sed S ed Stor~e

Seed Increase Base Base Active Viability Seed No. of
Intra. Rej •• Eva!. C!MMYT NSBLa CIMMYT Tests Distr. Entries

Bread Wheat 11512 13572 IOI8g 998 11851 8517 15741 23081
Durum Wheat 4824 39 4738 4701 6139 4084 5332 13533
Trtti ale 5375 6539 5412 5382 5699 3728 1677 11860
Barley 4837 10061 4931 4801 6498 4130 5410 13231
Interspecific
crosses 2561 1236 906 894 906 114 5004
Introductions 26654 9726 4089 11154 41478

Total 55763 47573 26175 25776 35182 20573 39314 108187

a National Seed Storage Laboratory. Fort Collins. Colorado

Table 2. CIMMYT's wheat germplasm bank activities (no. of entries) in 1985-1986

Seed
New Increasel Seed Viability Seed No. of

Crop Entries Rej., Eva!. Storage Tests Distribution Entries

Bread Wheat 2311 3613 3400 10526 12310 19061
Dwum heat 886 1902 1875 5166 4480 13533
Trl lcale 1146 1981 1861 5394 128 11860
Barl y 465 1155 1125 4912 4503 13231
lnterspe lfie Crosses 1860 812 791 905 5004
CIMMYT Wheat Int. 7118 7547 2089 1462 7827 41478

Total 13786 17010 11141 28365 29248 104167
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Training
R. Villareal and M. McMahon

Introduction
CIMMYT wheat training programs
in improvement. production, and
cereal technology are character
ized by close working relations
between the Center's senior
scientists and a limited number of
trainees from national crop
improvement and research
programs in the developing world
(Table 1).

Although trainees learn first hand
about the Center's methods and
materials, the purpose of this
training is not to transplant
CIMMYT methodologies into
national programs. Rather, the
intention is to allow each national
program. through the trainees that
come to CIMMYT, to borrow as
much or as little of the research
approach as is useful.

Wheat Improvement
(Breeding and pathology)
The principal product of
CIMMYT's wheat research
programs (bread, durum. triticale
and ICARDA barley) is new and
improved genetic materials or
germplasm. These programs have
developed particular breeding or
crop improvement strategies. as
well as research methodologies
and techniques, that are well
suited to most developing nations.

Objectives-The main objectives
of the wheat improvement training
program are to:

I) Impart to trainees the research
skills and knowledge used at
CIMMYT to develop improved
germplasm;

2) Encourage and develop the
trainees' ability to synthesize
new forms of wheat technology;
and

3) Foster specific types of
attitudinal change among
trainees.

The major thrust of the wheat
improvement training program is
directed towards middle-level
research workers. The trainees
tend to comprise very diverse
groups. with some common
elements in their backgrounds.
These common elements largely
reflect the selection criteria
established by CIMMYT. that is
tile new trainees are required to
be fully employed. have a B,S,
degree or equivalent. have a
working knowledge of either
English or Spanish, and not be
older than 35 years.

Ray Villareal, head of the wheat improvement training program (left), discusses breeding concepts with trainees
Paulino Matamis (Philippines), Maria Teresa Badilla (Chile). and Mohammad Hassan Malikzai (Afghanistan) at Toluca.
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Training methodologies-The
training methodologies used
continue to emphasize the
philosophy of "learning by doing,"
using the field as the center of the
training effort. Each trainee is
assigned to a work team with a
crop interest (bread wheat, durum
wheat, triticale, or barley). With
the objective of turning trainees
into an "army" of crop
improvement specialists, all
trainees, regardless of their areas
of specialization, are given the
opportunity to work across
disciplines at the field level. This
process of integration includes all
phases of crop improvement
including choosing parental
material, making crosses,
screening for tolerance and
resistance to diseases and
tolerance to environmental
stresses, selecting improved
progeny, nursery management,
and grain quality evaluation.

An important phase of this
training is learning how to create
artificial epidemics by inoculation
to enhance selection of disease
resistant materials. In
nontraditional wheat areas,
diseases other than rusts are of
major importance. Consequently,
disease identification and
diagnosis, critical skills for these
areas, are also taught.

During the training period, most
of the trainees select improved
genetic materials to take or send
to their national programs. The
concept of international
cooperation-the exchange of
information as well as
germplasm-is a significant part of
CIMMYT training. Later, CIMMYT
senior staff try to visit these young
scientists in their home countries
at regular intervals to consult with
them about germplasm and to
offer advice and support.

As part of the training program,
each participant is prOVided a
number of text books, manuals,

and other publications that cover
the basics of plant breeding,
genetics, plant pathology,
statistics, and crop management.
Upon returning home, the trainees
have a basic library for future
reference.

Countries of origin-The
number of trainees from countries
where wheat is not a traditional
crop continues to increase. As
expenditures for imported grains,
mostly wheat, rise rapidly, more
and more of these countries are
increasing their consumption of
wheat and want to conserve their
foreign exchange through
producing their own wheat.

During 1985-86, 53 in-service
trainees from 25 countries
participated in the 32-week course
(Table 2). From 1971 to 1986,
CIMMYT has trained 335
scientists from developing
countries in wheat breeding and
pathology. The impact of this
training on human resources in
the developing world has been
substantial. Today, breeders and
pathologists trained by CIMMYT
are active in over 100 national
programs. Many of the research
leaders in national programs today
are former CIMMYT trainees and
visiting scientists.

Wheat Production
(Agronomy)
The wheat production training
program started in 1970 and in
1985 and 1986 completed its 19th
and 20th cycles. Initially, training
was done totally on the CIANO
Experiment Station near Cd.
Obregon in the Yaqui Valley of
northwestern Mexico. In 1973,
work was initiated on farms in the
YaqUi Valley. In 1975. the first
dryland course was organized in
the central Altiplano of Mexico.
This course began with a strong
"on-farm research" approach and
has continued with this
orientation ever since.

Objective-The objective of the
production training program is to
develop an agronomist conversant
with all aspects of crop

management. Trainees are
generally young wheat scientists
from developing countries and
generally have very little
experience in research. Ideally,
after the 6-month course, trainees
return to their research programs
to execute a research program in
wheat agronomy that is relevant
to the agronomic and economic
circumstances of their countries.

On-farm research
emphasized-Trainees work on
the experiment station and in
farmers' fields. On·farm research
is emphasized to maintain a high
level of consciousness of the
relevance of agronomic research to
farmers' problems. Interdis
ciplinary competence is achieved
through trainees' exposure to a
wide range of field problems and
through field and classroom
lectures by CIMMYT staff from
many disciplines. All steps in the
research process are taught in a
sequence ranging from problem
diagnosis to research planning,
field execution, agronomic and
economic analysis, and extension.

The 1986 course-The best way
to explain the present production
course is to summarize what was
done in 1986. The trainees were
given experience in on-farm
research and on-station trials. In
addition. various topics were
covered in the classroom to
complement the reqUired field
work. Also classes were held on
field survey techniques and
diagnosis. The trainees were
divided into five groups. Each
group had responsibility for four
on-farm trials:

I) N x P fertility (soil test
calibration).

2) Variety x disease.

3) Tillage x sowing method x
sowing rate.

4) Superimposed herbicide trial.
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This provided 20 trials in 12
farmers' fields. Each trainee
within each group had
responsibility for a particular trial
to encourage his/her interest. Once
the on-farm trials were
established, selected sites were
visited at least once per week.
Thus, approximately 30-35% of a
trainee's time was involved in the
establishment, management, and
harvest of the on-farm trials.

In addition, each group had a
production block on a farmer's
field for which they had to make
all management decisions. This
trial involved all aspects of crop
management and its aim was to
show how to use resources in the
most efficient way possible.

On-station trials included a
variety x density x spacing, a
multiplication plot, and a
herbicide screening trial. The aim
of these trials was to demonstrate
station trial management and the
important differences between on
farm and on-station trials.
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A major and highly instructive
training tool was the field survey
trip to Jalisco which tested the
skills developed both in the
classroom and in the field. The
trainees visited an area unfamiliar
to them. By interviewing a farmer
and reviewing secondary data
(soils, climate, etc.) combined with
field observations (at tillering and
heading), they attempted to
determine the major factors in the
area that limited wheat
production. Each trainee group
presented a report on the limiting
factors and the types of trials they
would design to solve these
problems.

Shift in participating
countries-The participating
countries have changed quite a bit
over the years. This reflects the
wheat program's ever extending
network of collaborators and also
the extension of wheat into new
areas. At the beginning, in the
early 1970s, participants were
from the more traditional wheat
growing areas such as the Indian
Subcontinent and the
Mediterranean region, while today
many trainees come from the

nontraditional wheat areas. As can
be seen in Table 3, between 1972
and 1986 the emphasis has
changed with trainees from
"tropical" countries now
predominating.

The future-Beginning in 1987,
part of the field component of the
course will be done near Chalco,
State of Mexico, where wheat is
the main crop. The experiment
station part of the course will be
strengthened, because strong
research on the station is essential
to the success of on-farm research.

The course is now taught under
dryland conditions, but an
irrigation component will be
incorporated in the future. More
time will be spent on field
diagnosis, on the basis of which
trainees will be asked to design
and implement a research
program. Greater emphasis will be
given to cropping systems in
relation to wheat production; this
segment of the course will be
taught using case studies of
situations encountered by
CIMMYT agronomists in their
work throughout the world.
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WHEAT CROP MANAGEMENT TRAINEES
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Table 1. Countries of origin of wheat in-service trainees, 1966-86,
and for the 1985·86 cycles

1966-86 1985 1986

Latin America 260 21 19
Argentina 18 2
Bolivia 28 1 3
Brazil 21 1
Chile 13
Colombia 9 1
The Dominican Republic 4 1
Ecuador 28 3 1
Guatemala 15 1 1
Guyana 2
Honduras 1
Mexico 67 9 5
Panama 1
Paraguay 11 1 2
Peru 40 5 2
Uruguay 1
Venezuela 1 1

North Africa/Middle East 233 9 8
Algeria 54
Cyprus 2
Egypt 18 1 2
Iran 10 1 0
Iraq 5
Jordan 7
Lebanon 4
Libya 4
Morocco 25 1 2
Saudi Arabia 2
Sudan 5 1 1
Syria 9 1
Tunisia 28
Turkey 57 4 3
Yemen 3

Sub-Saharan Africa 124 2 21
Burkina Faso 1 1
Burundi 1
Cameroon 6 1
Chad 1
Ethiopia 26 6
Ghana 1 1
Ivory Coast 1 1

(continued)



Table 1. (continued)

1966-86 1985 1986

Kenya 16 I 2
Lesotho 2
Madagascar 4
MalawI 4 I
Mali 3
Mozambique 1
Nigeria 22 4
Rwanda 2
Senegal 2
Somalia I
Tanzania 15 1
Tran kef 1
Uganda 3 2
zaire 2
Zambia 7
Zimbabwe 2

Asia 252 21 21
Afghanl tan 13
Bangladesh 53 2 2
Bhutan 1 1
Burma 2
China 3 3
India 19 1
Indonesia 4 2 2
Korea 19 1
Nepal 26 3 2
Pakistan 76 4 6
The Phillppln 18 3 4
Sri Lanka 2
ThaHand 15 2 4
VIetnam 1

Other Countries 30 2 0
France 1
Hungary 2
Norway 1
Poland 5
Portugal 5 1
Rumania 2
Spain 6 1
USA 4
USSR 4

Total tralniDg fellows 899 55 69
Total countries 77 26 32
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Table 2. Participation and national origin of 1985 and 1986 wheat
improvement trainees

Africa (13) 1985 1986 Middle East (7) 1985 1986
Egypt 1 2 Iran 1
Ethiopia 3 Turkey 4 2
Kenya 2
Madagascar 1 Europe (2)
Malawi 1 Portugal 1
Morocco 1 Spain 1
Sudan

Asia (14) No. A erica (5)
Bangladesh 1 Mexico 1
Indonesia 1
Nepal
Pakistan 2 So. America (11)
Philippines 1 Argentina 1
P.R. of China 3 Bolivia 2
Thailand 1 Brazil 1

Colombia
Ecuador 2
Paraguay 1 1
Peru 1 1

Central America
(1)

Guatemala 1 Total Countries 25
Total Individuals 53

Table 3. Countries of origin of trainees participating in the
production course in 1972-73 compared with 1986
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1972-73

Country

Chile
Egypt
Turkey
Ecuador
Nigeria
Afghanistan
Libya
Paraguay
Bangladesh
Kenya

1986

Number Number
of Partid- of Partici-

pants Country pants

2 Bhutan 1
1 Ecuador 1
1 Ethiopia 2
1 Guatemala 1
1 Indonesia 1
1 Mexico 1
1 Nigeria 4-
1 Pakistan 1
1 Peru 1
1 Philippines 2

Sudan 1
Tanzania 1
Thailand 1
Turkey 1



Agronomy
M.A. McMahon and K.D. Sayre

Introduction
This report is a collection of
selected projects done by the
CIMMYT Wheat Agronomy team
at the CIANO station in Ciudad
Obregon. Sonora, and at the
CIMMYT station at El Batan
during 1985-86. During this
period, the program has mainly
concentrated on yield potential
work, evaluation of breeders'
advanced material, drought stress
work (line source), management of
breeders' nurseries and problems
specific to the station. The team
also takes responsibility for
production agronomy training
organized at El Batan during the
summer cycle.

Drought Stress
Line Source
The objective of this trial was to
evaluate the response of a number
of bread wheat. durum wheat, and
triticale genotypes to different
levels of drought stress using a
ine source sprinkler. The design

was a randomized complete block.

The bread wheats had four
replicates and the durum wheats
and triticales had two replicates
each. Each 15.5-m long plot had
six rows with a 20-cm spacing.
Plots were sown perpendicularly
to the line source of irrigation.

Each plot was divided into five
equal lengths away from the line
source and, within each of these
areas, a 2.8-m strip was harvested.
The seeding rate was 80 kg/ha
and fertilizer rates were 150-46 kg
N-P205/ha. The seeding,
irrigation. and harvest dates are
presented in Table 1. Table 2
shows the amount of water
applied over the five moisture
regimes. There was no natural
precipitation following sowing.

A spatial method for assessing
the yield stability of genotypes
under line source irrigation
The interaction between genotypes
and the environments in which
they are grown are difficult to
describe and measure. Various

statistical models have been used
to assess such interactions.
Though several are appropriate for
certain situations, none can be
considered ideal under all
circumstances.

A spatial method was proposed by
Westcott (2) to analyze yield
stability of genotypes across
environments. This method was
compared with the linear
regression analysis on the basis of
its consistency in assessing the
stability of maize varieties (I). It
was found that the spatial method
gives more satisfactory results
than the regression analysis in
detecting genotypes that perform
well and remain stable under
different enVironmental
conditions.

With the spatial method. the
analysis can be carried out for all
environments at once where the
environments are ranked from
lowest to highest based on a
parameter such as precipitation or
irrigation level or they can be
subdivided into groups according
to the mean yields (lowest and
highest). In this study, the
environments were ranked from
lowest to highest. based on
irrigation level (Table 2).The
analysis of genotype performance
was done in cycles. The first cycle
included only the lowest yielding
environment (Ll); the second
cycle included the two lowest
yielding environments (LI + L2)
and so on up to the fifth cycle.
which included Ll. L2, L3. L4,
and L5.

For each cycle of analysis. a two
dimensional diagram was
developed (Figure I). Points that
are furthest from the center of this
diagram. such as 13, 15, and 17.
are those that have the best
performance in that analysis cycle.
Points indicating genotypes that
show less than average
performance would be clustered

Line source experiment at Cd.
Obregon.
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The research methodology utilized
essentially attempted to eliminate
yield reducing factors related to
plant nutrients, moisture, disease,
insect, weed, rodent, and bird
damage, and lodging (by use of
support nets).

Triticale Yield
Potential Trials
Trials to investigate the potential
yields of selected triticale
genotypes under the high
production conditions that
characterize the irrigated YaqUi
Valley of Sonora, Mexico, were
conducted in 1984-85 and
1985-86.

only genotype 15 was stable
across all environments. While
genotypes 14, 24, and 20 did well
under stress c nditions, only
genotype 20 had a positive
response to the intermediate
moisture regimes. Genotypes 2
and 23, on the other hand,
performed well only at the two
highest irrigation levels.

Stability analysis of triticale
under line source irrigation
(1985-86)-Stability analyses of
triticale showed genotype 4
(Hare'S'I2·Mus'S') as being the
most stable across environments.
Genotype 12 (Crg//Au/Dove)
performed well under the
unfavorable moisture regimes
(cycles 1 and 2). Genotypes 1
(Eronga 83), 2 (Gun'S'), and 7
(Mus'S'lBta'S') responded well
under the favorable moisture
regimes (cycles 4 and 5). The
results also showed that genotype
8 (Tatu'S') yielded well in the
intermediate to no stress
environments.

Genotypes 8 and 19 performed
relatively well under intermediate
drought stress; genotype 20
outyielded all the others under DO
stress conditions.

Stability analysi of durum
whe t under line source
irrigation (1986-S6)-Results of
the analyses for the five irrigation
regimes showed that genotype 15
(Carc'S', CD24831-E-3Y-5M-IY-OY)
had a clear pattern of stability
from cycles 1 through 5. Genotype
20 (RuffS'/Fg'S'/lYav 79, CD
42490) was stable at the
intermediate and low irrigation
levels (cycles 2, 3, and 4).
G notypes 3 (Altar 84) and 23
(Erp/Ruso, CD 10437) were far
from the center in cycles 4 and 5,
that is, they performed well under
the favorable moisture regimes.
Genotypes 14 (Carc'S', CD
24831-A-IY-3M-IY-IY-OM) and 24
(CanolBoy'S', CD 19011)
performed well only under severe
drought stress conditions (they
were isolated points in cycle 1). In
summary, these results show that

near the center. Genotypes that
consistently show above average
performance over consecutive
cycles of analyses are the highest
yielding and most stable
genotypes.

StabUity analysis of bread
wheat under line source
irrigation (1985·86)-Genotypes
13 (Junco'S') and 15 (Glennson
81) were the most remote points
throughout all cycles of analysis
and therefore the most stable over
all environments. They were the
highest yielding genotypes in the
two lowest irrigation levels.
Genotype 17 (Yecora 70) was far
from the center in cycles 1 and 2.
On the other hand, genotypes 8
(Kea'S'lBuc'S') and 19 (Genaro 81)
were outlying points in cycles 3
and 4, while genotype 20 (Civet
71) showed a hi h response in
cycle 5 only. In summary, these
results show that while genotypes
13, 15, and 17 perform dwell
under stress conditions, the first
two also had the ability to respond
to favorable moisture conditions.
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Table 3 lists the triticale
genotypes included in the trials
conducted dUring 1984-85 and
1985-86. The triticale genotypes
were selected to include
representatives of advanced
lines/released varieties of
substitutes, normal completes,
and short completes.

Figure 1. An example of a stability analysis diagram (Westcott 1986)
as used for the line source experiment. Numbers with circles
correspond to genoptypes.
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Although the complete triticales
(both normal and short), as a
group, had consistently both
higher grain and phytomass yields
as compared to the substitute
triticales, there was poor
consistency in ranking within
groups between the 2 years (an
apparent large year x genotype
interaction). This interaction may
be attributable to the markedly
different weather conditions (Nov.
May) of the two crop seasons.
There were 162 mm of rain during
1984-85 and only 21 mm dUring
1985-86. In addition, the monthly
average maximum temperatures
for 1985-86 were 2.9°C, 6.3°C,
1.8°C, 3.0o C, and 3.0°C higher
for December, January, February,
March and April, respectively.

There were interesttng differences
in yield components (Table 4),
especially comparing the
substitute triticales with the
complete triticales (both normal
and short types). The completes
had higher numbers of grains/
spike and higher 1000 grain
weights, whereas the substitutes
had a higher number of spikes/m2 .
and tended to have a higher
number of grains/m2 .

In general, all these types of
triticales were lower in yield
compared to the bread and durum
wheats under this production
environment (Table 5). Average
triticale phytomass production
was considerably higher than the
bread wheats. The short
completes had an advantage in
grain yield and phytomass
production over both normal
completes and substitutes. The
harvest indices of all the triticale
groups were less than for bread
wheats and durum wheats which,
combined with the high
phytomass production, would
suggest that the increasing
harvest index in the triticales
could lead to increases in grain
yields.

Comparison of yield components
across the crop types (Table 5)
suggests the following: 1) low
number of spikes/m2 for

completes, 2) low number of
grains/spike for substitutes and
durum wheats, 3) high number of
grains/m2 for bread wheats and
substitutes, especially in 1984-85,
and 4) high WOO-grain weight for
durum wheats and low grain
weight for substitutes.

Bread Wheat
Yield Potential Trial
A trial to determine the yield
potential of a series of bread wheat
varieties released in northwesterrt
Mexico over a 35-year period was
conducted during 1985-86. Similar
trials have been conducted at the
same irrigated, high-production
potential location in previous
years. The results of those trials
as well as a description of the
research methodology used are
detailed by Waddington et al. in
Crop Science 26:698-703.
Essentially, the management of
the trial attempted to eliminate
plant nutrients, moisture,
diseases, insects, rodents, birds,
and lodging as possible yield
constraints, so as to allow an
estimation of the genetic yield
potential of the included
genotypes.

The results in Table 6 largely
confirm those obtained in previous
trials and reported by Waddington
et al. Grain yields have steadily
increased for varieties released
over the time. There has been a
corresponding increase in
phytomass production and harvest
index, which has resulted in
improved grain yields.

The yield component that appears
to have changed most markedly
has been the number of
grains/spike. This has led to a
substantial increase in the number
of grains/m2. Spikes/m2 and
WOO-grain weight do not show a
consistent trend over time for the
varieties included in the trial.

Durum Wheat Yield
Potential Trials
Trials were conducted to
determine the yield potential of
durum wheat genotypes which
included a series of durum

varieties released in northwestern
Mexico from 1960 through 1984
plus several advanced lines under
test for possible release. The trials
were carried out dUring the
1984-85 and 1985-86 growing
seasons. The research
methodology attempted to
eliminate plant nutrients,
moisture, diseases, insects,
rodents, birds, and lodging (by use
of support nets) as possible yield
constraints. All genotypes were
seeded at the same number of
viable seeds per m 2 to remove
seed size as a confounding factor
in achieving uniform stand
establishment.

All genotypes except two were
common to both trials. In
1985-86, Barrigon Yaqui, a tall
traditional durum wheat variety
grown in northwestern Mexico for
many years prior to the release of
improved varieties in the late
1950s, was included and the
advanced line Hois/Tob'S' replaced
the line Wulp·S'.

Comparing the results of the two
trials (Tables 7 and 8), genotype
rankings for grain yield were quite
similar with a few minor
exceptions. Some differences in
phytomass production and harvest
index occurred for some
genotypes, which may be partially
explained by the abnormally dry
and warm conditions in 1985-86.

The trials confirmed earlier
investigations conducted at the
same location, which indicated a
dramatic increase in grain yield
potential over the period
represented by the included
varieties. This has been
accompanied by corresponding
increases in phytomass production
as well as harvest index.

Yield components that have been
markedly improved over time
include increases in the number of
grains per spike and number of
spikes per m 2, which in turn have
resulted in a striking increase in
the number of grains/m2 .
Thousand grain weight has been
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maintained for many of th more
recently released varieti sand
advanced lines being considered
for release. The high phytomass
production of the more rec ntly
developed genotypes ombined
with their modest harves indices
might suggest that further
increases in grain yield may result
from selection for increased
harvest index.

On-Farm Advanced Line/
Variety Trials
The agronomy/production group
seeded a series of advanced
line/variety trials on farmers' fields
in the Yaqui Valley of Sonora.
Mexico dUring 1985-86. The trials
were implemented to help assess
the performance of new advanced
lines of bread and durum wheats
in comparison with released
varieties being grown by farmers
in the area. The varieties/lines
included in the trials were bread
wheats: Buk/Fik. BukJPvn,
Yaco'S'. AgalYr, Junco'S',
Glennson 81. Seri 82; dururn
wheats: Mexicali 75, Yavaros 79,
Altar 84, Sterna'S'; and the
substitute triticale Alamos.

Trials were planted in six farmers'
fields as well as the CIANO
experiment station. The trials also
provided an opportunity for the
agronomy group to better
understand current farmer wheat
production practices in the Yaqui
Valley. All production practices for
the trials were the individual
farmer's methods including,
seeding. seed rate, irrigation, and
fertilization.

All the farmers applied high levels
of Nand P, although the soils
already have high levels of
available P as a result of long-term
annual or twice yearly P
applications. Most farmers planted
after irrigation and cited this as
the most feasible and economic
method of weed control, especially
for wild oats (A vena [atua) and
Canary grass (Phalaris minor). All
sites had soybeans as the previous
crop.

There were sizable and significant
differences between location
means as well as varietv/line
means across locations '(Table 9).
Hig est yields occurred in tb trial
planted at the C ° station. Th
durum wheal varieties (especially
Altar 84) yielded highest In most
locations. The genotype x location
interaction was not Significant.

Leaf rust was observed on bo
Gl nnson and Seri bread wheat
varieties and was most s vere at
the later planting dates. Buc/Pvn
appears to have good promise as a
potential new bread wheat variety
for the irrigated areas of northern
Mexico. Sterna'S' shows potential
as a new durum wheat variety.

Eff ct of Delayed
Top Dress
A trial was conducted during
1985-86 to determine the effect of
delayed nitrogen top dress
applications on the Dour protein
content and loaf volume of five
Mexican bread wheat varieties
INIA 66, Tonichi 81, SeTi 82,
Genaro 81, and CIANO 79. INIA
66 was selected because of Its
recognized higher grain protein

Ie els and superior bread-making
qualitie . The ther fOUf varieties
are still Widely grown in the YaqUi
Valley.

All varieties and lreatm nt
re eived a broad as ted and
incorporated pr ,pla t appli alion

f 150 kg N/ha as (NH4)2S04 and
46 kg P205lba as trip! super
phosphate. Standard irrigation and
w ed and in ect control measures

re folio ed. Two fungicide
applications (Tilt) were made at
recommended times and levels to
pr vide protection against foliar
di as s. e pectally leaf rust.
Th e tOp dress applicati ns (0
and 30 kg N/ha N and 60 kg N/ha
N urea) ere appli d a the mid-to
late boot sta e immediately prior
to a Dood irrigation.

There were no Significant effects of
top dress applications on grain
yield. The variety x N-top dress
rate interaction was not
signifi ant. although Sen 82
appeared to demonstrate a yield
response to increasing levels of top
dress tr atm nL Ther . were
significant diff rences between
vari ties wi lNIA 66 showing the
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highest levels. There was a highly
significant increase in flour protein
level as top-dressed N increased.
The linear regression between
flour protein percent and N-rate
was highly Significant. There was
no significant variety x N top
dress rate interaction. INIA 66
produced the highest loaf
volumes, as expected, but all
varieties included in the trial
showed significantly increased
bread loaf volumes with increasing
levels of delayed N top dress. The
linear regression between loaf
volume and N-rate was highly
significant.

This trial clearly indicates that
delayed top dress applications of N
can markedly increase both flour
protein content as well as baking
quality as indicated by increased
loaf volume. However, yield
increases by delayed application of
N appear to be minimal.
Therefore, until there is a bread
wheat purchasing policy in Mexico
that takes into account grain
protein to help establish prices
(premium price for higher protein).
there will be little economic
incentive for farmers to apply
delayed N as a top dress even
though this would lead to
increased grain protein and
improved bread-making quality.

Effects of Spacing
and Seed Density
Recently developed bread wheat
~enotypes that have been selected
for small, erect leaf habit may
demonstrate a yield advantage
over genotypes with a more
"normal" leaf habit-especially
when planted in narrower rows at
higher than normal seeding rates.

A trial to test this hypothesis was
conducted in 1985-86 involving
three small, erect-leaf bread wheat
genotypes (two sister lines of
Hahn'S'*2/Prl'S', genotypes 1 and
2; and Cno*2/Hei, genotype 3)
plus a more normal leaf genotype
(Seri 82, genotype 4). All were
planted at three row spacings (10,
20, and 30 cm) and three seeding

densities (200, 350, and 500
plants/m2). Number of seeds
planted per treatment was
determined based on genotype
grain weights and germination
test results. The trial was laid out
as a randomized complete block
with three replications. The
treatment design was a split-split
plot design with row spacing as
main plots, genotypes as the sub
plots, and density as the sub-sub
plots.

The trial was fertilized at the rate
of 150-46-0 kg N-P205-K20/ha
applied before planting as a
broadcast basal followed by
immediate incorporation. Normal
weed, insect, and disease control
practices were followed and
irrigations were scheduled when
50% depletion of available water
in the top 60 cm of the soil profile
occurred. Plant counts were taken
folloWing emergence and before
tillering was initiated. No lodging
was noted in any trial treatments.
Grain yield, above ground dry
biomass, harvest index, and yield
components were obtained. Two
applications of Tilt (0.5 liter/hal
were applied after anthesis to
proVide protection against
potential foliar diseases.

Established plant densities
Although targeted plant
population densities were 200,
350, and 500 plants/m2, actual
densities established (based on
plant counts 11 DAE) and
averaged across the row spacing
and genotypes were 220, 376, and
514 plants/m2. The erect leaf
genotypes, which had smaller
seeds (36 g/1000 kernels).
corresponded to approximate seed
rates of 80, 135, and 185 kg/ha of
seed. Seri 82, which had a larger
seed weight (41 g/1000 kernels).
had approximate corresponding
seed rates of 90, 154, and 211
kg/ha of seed. The slightly higher
number of plants established
compared to targeted densities is
explained by the 10% additional
seed planted above what was
calculated from each genotype's
seed weight and germination

percent to assure establishment of
close to or slightly higher than
targeted populations.

Row spacing itself had no effect on
number of established plants, but
there was a tendency for higher
plant populations for the three
erect-leaf genotypes. There was
also a Significant row spacing x
genotype interaction for
established plant population. This
was largely explained by the
markedly lower established plant
population for Seri 82 and the
higher plant population for
genotype 1 at the 30-cm spacing.

Plant height-There were
significant differences between
genotypes for adult plant height.
Genotypes 1 and 2 (73 and 80 cm,
respectively) were shorter than
genotypes 3 and 4 (90 and 87 cm,
respectively). The interaction of
row spacing x plant density was
the only other significant factor
from the AOV and indicated that
plant height was tending to
remain stable as row spacing
increased at the 200- and
350-plant/m2 densities, but was
increasing as row spacing
increased at the 500-plant/m2
density. This height increase
would reflect the rapidly
increasing within-row interplant
competition at the 5OO-plant/m2
density as row space increased to
30 cm.

Days to heading and
physiological maturity-Days to
heading and physiological
maturity (days after planting)
differed between genotypes.
Genotypes 3 and 4 headed
earlier-79 and 80 days after
planting (DAP). respectively
compared to genotypes 1 and
2-87 and 86 DAP, respectively.
Genotypes 1, 2, and 3 were later
to physiological maturity (118,
119, and 118 DAP, respectively)
than genotype 4 (115 DAP). Plant
density also significantly affected
both of these factors, with
increasing density decreasing the
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Figure 2. Grain yield as affected by irrigation and nitrogen rate.
Ciudad Obregon. Sonora. Mexico. 1986.

Genotype and plant density
demonstrated significant
treatment differences for
grains/spike. Genotype 4 had the
highest number of grains/spike
followed closely by genotype 3.
Genotypes 1 and 2 produced the
fewest grains/spike, Grains/spike
decreased as plant density
increased. No first or second order
treatment interactions were
significan t.

No main treatment or treatment
interactions were significant for
grains/m2 , although a decrease
was observed as row spaCing
increased from 10 to 20 and 30
cm. The erect. small-leaf types
(genotypes 1, 2, and 3) tended to
have a higher number of
grains/mZ'than genotype 4.

Only genotypes differed in
1000-grain weight. Genotype 4
had a larger 1000-grain weight
than the three small, erect-leaf
genotypes. No treatment
interactions were significant for
this yield component.
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Finally. number of spikes/plant
was calculated by dividing the
number of established plants/m2
into the number of spikes/m2 . As
expected. as established plant

As row spacing increased from 10
to 20 cm and beyond. there was a
significant decrease in total above
ground dry biomass production.
There were no genotype or plant
density effects nor were any first
or second-order treatment
interactions Significant for biomass
production. Grain yield reacted
the same as biomass. As row
spacing increased from 10 to 20
'cm, there was a Significant
decrease in grain yield. Although
there were no grain yield
differences between genotypes or
plant density, nor significant
interactions, there was a tendency
for higher yields for the small.
erect leaf genotypes at the 10-cm
row spaCing. No significant
treatment effects or interactions
were significant for harvest index.
There was, however. a tendency
for harvest index to increase as
row spaCing increased.
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days to heading and maturity. No
first or second order interactions
were significant.

If days to heading are subtracted
from days to physiological
maturity to provide an indication
of grain filling period. it is
interesting to note that genotype 3
had a considerable longer filling
period (39 days) compared to
genotypes 1, 2. and 4 (31, 33. and
35 days. respectively). As will be
seen later, however, this did not
lead to a demonstrable yield
advantage.

Canopy light interception
Canopy light interception was
measured 75, 79. 82. 88, 98. and
117 DAP. Numerous dates were
used to study the changes in light
interception over time and to
assure that readings for all
genotypes were recorded soon
after flowering when maximum
leaf area was achieved. There was
an approximate 8-day range for
the genotypes for days to heading.
Light readings were taken at the
soil surface beneath the leaf
canopy at the center axis between
plot rows using a bar sensor of
about 1 m in length. Looking at
the data across all the dates for
which readings were taken. the
only significant differences were
for the different plant densities. As
expected. the light interception
increased as density increased.
Except for the row spacing x plant
density interaction for readings
taken 82 days after planting, no
other main treatment effects nor
first or second order interactions
were Significant. No consistent
differences or trends were
apparent for the genotypes.

Yield components-All main
factor treatments demonstrated
significant differences for
spikes/m2 . Spikes/m2 decreased
as row spacing increased and
increased as plant density
increased. The erect. small-leaf
types had higher spike numbers
(especially genotypes 1 and 2)
than the normal-leaf genotype 4.
No first or second order treatment
interactions were significant,
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density increased, spikes/plant
significantly decreased. There
were no significant genotype, row
spacing or treatment interactions
for this trait.

Conclusions-The results of this
trial verify the breeders' field
observations that the small, erect
leaf genotypes do markedly differ
from more "normal" leaf habit
genotypes in several traits. Some,
such as high tillering, may be
useful under certain growing
conditions. However, they differ in
some traits such as lower
1000-grain weight and fewer
grains/spike that could cause
deleterious consequences,
especially under stress (or
marginal) conditions.

This trial showed no biomass or
grain yield advantage for the
small, erect-leaf types under a
high-production environment,
such as CIANO, although there
was a tendency for their better
performance under the narrow,
10-cm row spacing. It would
appear that the future use of
small, erect-leaf genotypes, if

20.00

13.33

6.67

0.00

merited, should be directed to
high-production, well-managed
situations.

Effect of Irrigation
and Nitrogen Levels on
Yield and Yellow Berry
in Duru Wheat
A field experiment was established
in 1985-86 to evaluate irrigation
and nitrogen levels on grain yields
and percent yellow berry in 38
durum wheat genotypes. The soil
at the site is an unclassified clay,
low in organic matter (10 mg/g)
with a slightly alkaline pH (7.7),
adequate K fertility and moderate
P fertility. The experiment was
conducted in a split-split plot
arrangement with main plots
being irrigation (no-stress, post
anthesis stress and pre-anthesis
stress) and sub-plots applied with
an N rate of 0, 75, and 150 kg
N/ha. Within sub-plots, 38 durum
wheat entries were completely
randomized (Table 10).

In December 1985 the entire area
was disk-harrowed 8-10 cm deep
to incorporate the broadcast

150

@ 75

N
@ 0

fertilizer. Grain was hand- .
harvested each year in early May
by cutting four 20-cm rows 3 m in
length at ground level. Bundles
were allowed to dry in the field
and threshed with pullman grain
threshers. Percent yellow berry
(PYB) was determined by
subsampling 100 ± 1 g of wheat
grain from each plot. separating
grains shOWing yellow berry
symptoms. weighing, dividing by
the subsample weight. and
multiplying by 100.

Main effects of irrigation and
N rate could not be interpreted
separately due to the presence of a
N rate x irrigation interaction for
all variables excluding plant
height. Grain yields did not
increase with increasing nitrogen
rate under no-stress conditions,
but were decreased with
increasing N rates under pre- and
post-anthesis stress (Figure 2).
Plant height decreased with
increasing N rate and increased
when changing from stress to no
stress conditions. PYB decreased
with increasing N rate under no
stress conditions, but was
unaffected and near zero under
pre- and post-anthesis stress
(Figure 3). Days to maturity (DTM)
were unaffected by N rate under
pre- and post-anthesis stress, but
were significantly altered under
no-stress by N rate. PYB was
found to be different among the 38
genotypes only under no-stress
conditions.

Due to the large variation in PYB
found among the 38 durum
genotypes. separation of top 10
yielders and the lowest PYB was
needed to obtain the best entries
across both variables. Selection for
maximum yields and minimum
PYB was accomplished by cross
elimination from both categories.
Since the coefficient of variation
was low (17.0) for an experiment
with' three replications and a total
of 756 experimental units. finding
three genotypes (Table 11) which

No-Stress Post-anthesis Stress Pre-anthesis Stress

Figure 3. Percent yellow berry as affected by irrigation and nitrogen
rate, Ciudad Obregon, Sonora, Mexico, 1986.
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appeared in all the top 10 lists
was surprising. In an experiment
such as this, where soil
heterogeneity and experimental
error are expected to be high,
consistency is seldom found.

However, it is important to note
that the main effect of N was not
significant and that essentially
there was no response of grain
yield with increasing N rate.
Therefore, N supply above 0 kg
was in the luxury consumption
range. Finding decreased PYB
with increasing N rates under no
stress conditions demonstrated a
direct N nutrition-PYB
relationship.

Plant height was found to be
positively correlated with grain
yield (r = 0.55 and 0.65) under pre
and post-anthesis stress,
respectively. No significant
correlation between plant height
and grain yield was found when
no-stress conditions were present.
Yields were not increased when
plant heights were more than 95
and 106 em for pre- and post
anthesis stress, respectively
(height peaks established from
quadratic regression). Plant height
was also positively correlated with
PYB, which could mean that
shorter varieties should be
selected for yellow berry
resistance.

Effect of Soil
Sterilization on
Agronomic Performance
and Incidence of Root
Rot Pathogens
Concern has been expressed that
there has been a "build-up" of
soilborne pathogens affecting
cereal crops in fields at the El
Batan Experimental Station that
have been continuously summer
cropped with cereals for the past
20 years. This concern has been
supported by frequent observation
by CIMMYT wheat pathologists of
plants infected with Fusarium and
Helminthosporium spp. as well as
other root rot fungi including
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Gaeumannomyces graminis Lsp.
tritici (Take-all). There also exists
the possibility that pathogenic
nematodes may be present.

It is possible that these pathogens
may be present at levels that
could cause latent or chronic yield
reductions without demonstrating
severe symptom expression. It is
of interest to investigate this
possibility particularly as this
could lead to reduced estimations
of genetic yield potentials under
the El Batan environment. For this
reason, a trial was conducted
during the 1986 summer cycle at
El Batan that compared the
performance of cereals in soil
sterilized plots versus
nonsterilized plots.

The trial was established in Block
H-9 at the El Batan station.
Previous sampling in the oat cover
crop planted in this field during
the 1984-85 winter cycle had
shown 30% of the sampled oat
plants infected with root
pathogens (mainly Helmintho
sporium spp.). The granular soil
sterilant, Dazomet (commercial
name-Gyzomet), was used in the
trial. It is a broad-spectrum
sterilant affecting nematodes, soil
fungi, soil insects, and weed seeds
present in the soil.

The trial area received normal
land preparation and 75 kg N/ha
as (NH4)2S04 was broadcasted
over the whole area and
incorporated by disking on May
23, 1986. Dazomet was broad
casted at the rate of 400 kg/ha on
May 28 and immediately
incorporated to a depth of
approximately 20 em. The area
was then roller-harrowed to
proVide a slightly compacted soil
surface to enhance the action of
the Dazomet. Adequate moisture
from almost daily rain showers
was present in the soil to activate
the sterilant.

On June 13, the area was disked
to release the sterilant-produced
fumes (17 days after application)
and rota-tilled on June 16 for final
seed bed preparation. Plots

receiving the sterilant and those
without sterilant were tilled in the
same manner to rule out tillage
effects as a factor confounding the
soil sterilant treatments.

The experiment was laid out as a
randomized complete block with a
split-plot treatment design. Soil
sterilization treatments (with and
without) were main plots and Seri
82 (bread wheat), Altar 84 (durum
wheat), Rhino'S' (complete
triticale), and Gloria/Comanche
(barley) were included as sub-plots
with six replications.

The trial was planted on June 23
(Reps 1, 2, and 3) and on June 25
(Reps 4, 5, and 6). Rain forced the
delay of planting the last 3 reps.
Small grain plots were 8 rows, 20
em apart and 5 m long.

Plant samples (six plants/plot)
were taken from the border rows
first at the end of tillering and
second, near physiological
maturity for observation of root
rot pathogens on the roots.
Isolations were performed in
specific medium for identification
purposes.

Days to heading, days to
physiological maturity, plant
height, and lodging were noted
during the growing season.
Harvest was performed shortly
after physiological maturity for
each treatment and grain yield,
above ground dry biomass,
harvest index, and yield
components were measured.
Harvest area included 3 m of the
six center rows (3.6 m 2).

Results-There were no
significant differences for any
cultivar in days to heading or
plant height between the
treatment with sterilant versus
without. Only Seri 82 showed
significantly fewer days to
physiological maturity in the
treatment without sterilization. No
lodging was observed for Seri 82,
Altar 84, or Rhino·S'. However,
Gloria/Comanche, the barley



cultivar. showed lodging that was
markedly more severe in the plots
treated with the soil sterilant. This
may be the result of a greater total
biomass and larger number of
productive tillers for the
sterilization.

Regarding grain yield. above
ground dry biomass, harvest
index. and yield components for
the small grain cultivars with and
without soil-sterilant (Table 12),
the durum wheat, Altar 84.
showed the least response to the
application of the soil sterilant.
However, Seri 82 (bread wheat)
and Rhino'S' (complete triticale)
both demonstrated strong positive
responses to the application of the
soil sterilant; especially in grain
yield, biomass production.
productive spikes/m2 and
grains/m2. Grains/spike,
1000-grain weight, and harvest
indices were only modestly
affected by soil sterilization for the
wheats and triticales.

The barley cultivar. Gloria!
Comanche'S', demonstrated a
markedly contrasting response to
soil sterilization for many of the
yield factors as compared to the
wheat and triticale cultivars. Grain
yield, grains/~ike, harvest index,
and grains/mZ were higher
without sterilization. Biomass,
spikes/m2, and 1000-grain weight
were slightly increased where the
soil sterilant had been applied.
Since untreated seed of Gloria/
Comanche'S' was used. it is
suspected that pathogens were
present on the seed and were able

to multiply more extensively in
the sterilized plots as a result of
reduced competition from other
soilborne organisms in the
sterilized soil.

Pathological considerations-As
mentioned above, six plants were
sampled from each plot at
immediate post-tillering and again
prior to physiological maturity and
scored for visual root disease
damage. The scores show that
application of Dazomet as a soil
sterilant did reduce the incidence
and severity of root rot disease
damage in all cases. It also
appears that Gloria!Comanche'S'
more commonly demonstrated
root disease symptoms as
compared to the wheats and
triticales. However, as seen in
Table 12. it was apparently able to
compensate for the root damage.
perhaps because of its high
tillering ability. As mentioned
earlier. the seed of Gloria!
Comanche'S' had not been treated
before planting and appeared to be
carrying root pathogen inocula.
Sampled plants of this cultivar
showed more immediate damage
to the hypocotyl and seminal roots
at first sampling. This was noted
more in plots that had received
soil sterilant and may be the
result of reduced competition from
other soil micro-organisms.

Generally, the extent of root
development for all cultivars was
markedly better in plots receiving
the soil sterilant at the first
sampling. Spot isolations made
from diseased roots from the first
sampling produced colonies of
Helminthosporium sativum,
Fusarium equiseti. and
F. graminearum.

At the second sampling just prior
to physiological maturity, Seri 82
showed root disease damage for
almost all plants. but severity was
greater with no soil sterilant
applied. Rhino'S' appeared to have
less visual damage than Seri 82.
but yield data given in Table 12
indicate a similar reduction in
grain yield and biomass. Altar 84
demonstrated the least root
damage and its agronomic
performance supports this
observation.

This study clearly shows that
there is cause for concern about
the build up of soilborne
pathogens at EI Batan and the
possible effect these may have on
expression of genetic yield
potentials. Serious thought needs
to be given towards improving the
field management to reduce this
problem.
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Table 1. Seeding, irrigation, and harvesting dates, line source
drought stress experiment, Ciudad Obregon, 1985-86

Seeding date
Seeding irrigation

Emergence

Irrigations
1st

2nd

3rd
4th
5th
6th
7th
8th
9th

Harvesting

All genoty es
Bread wheat
Durum and triticale
Bread wheat
Durum and triticale

Bread wheat
Durum and triticale
Bread wheat
Durum and tri cal
All gen t. s
All g notypes
All eno !pes
All genotypes
All nolypes
All genotypes
All genotypes

All genotypes

2/27/85
12/28/85
1115/86
II 6186
11'/8
2/13/8
2/24/86

13/
3110/86
3117/8
3/24/8

4J 10/ -4/17/86

Table 2. Amount of water (mm) applied ver five moist re
regimes in the line source experiment, CIANO, 1985-86
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Moisture Regime

Bread Wheat

Ll

L2

L3

L4

L5

Durum Wheat and
Triticale

Ll

L2

L3

L4

L5

Dlst8.Qce from
tiDe cm)

3

6

9

12

15

3

6

9

12

15

Amount of
t (mm)

388.4

28 .2

162.7

7~.3

21.9

336.5

63.0

174.

75.1

20.



Table 3. Triticale entries in yield potential trials for 1984-85 and
1985-86 at CIANO Station, Sonora, Medco

Entry No. Typea

1 Grizzl'S'//Ptr'S'/Castor'S'/3/64599-4Y-IM-4Y-OY S
2 Tapir'S'/Boa'S'

CT 1 0-4Y- M-3Y-OM S
3 Pnd'S'/Abn'S'/IIga-Ira-47171-Y·4M·7Y-2M·2Y·9M-OY S
4 PFT 7717//M2A/Bn'S'//Bok'S'/Lmg'S'

CT5136·1-12M-3Y·OM S
5 Ram'S'/Eronga 83

CT-1252-3Y·3M-OY C
6 Faro'S' 13-2264-103-0Y C
7 Civet'S' 13-2658 C
8 Eronga 83 C
9 Gnu'S'

B6912-073-22Y-3Y-OM SC
10 Stier'S'

B6712-159-2Y-2Y-OM SC
11 Mula'S'/Ram'S'//52913·42Y-1M-2Y-OB SC
12 Baer'S'/B5586//462-11Y-2Y-2M·OY SC
13b Rhino'S'

CIT-1367-5Y-2Y-3M-OY C
14b Stier'S'

B6712-171-114·4Y·OM C

a S = Substitute, C = Complete, SC =
Short Complete

b Entries 13 and 14 were not included
in the trial conducted during the
1984/85 season

Table 4. Grain yield. above ground phytomass, harvest index. and yield components for triticale
genotypes grown at CIANO Station, Sonora. 1985-86a

Yield Components
Above No. of

Gr ground Harvest grains/ 1000-grain
ntryb TypeC yield phytomass index (%) Grains Spikes spike dry weight (g)

(b o/m2

6 7.-3 a 19.89 a .3 a 1 .585 a 316 cd 58 a 35.8 dc
1 7.29 ab 2104 a 0_7 be 17.1 7 a 330 cd 53 abc 37.5 bcde
13 C 1.07 ab 193 a 32.3 ab 16,447 abc 343 cd 48 bcd 37.8 bcd
12 SC 6.85 al c 18.69 a 32, ab 15,405 be 299 cd 52 abc 39.2 ab
3 S 6.77 a cd 19.0 a '2.0 ab 15.792 be 356 c 45 cde 37.8 bcd

11 SC 6.73 abed 18.10 a 32.7 ab 14.37 bed 333 d 43 def 1.2 a
I SC 6.72 ab 19.49 a 30.71 bc 16.030 abc 297 ed 4 ah 36.9 cde

SC 6.64 abed 19.39 a 30.3 abe 14,37 bed 286 d 4 ad 38.2 be
C 6.48 abed 17.58 a 32.4 ab 14.200 cd 280 d 51 abed 0.4 a

7 C 6.28 bcd 20.29 a 7.8bcd 15,152bc: 418 b 36 fgh 36. cde
2 S 5,94 cde 18.73 a 28.3 abcd 14.797 bed 457 b 3 gh 35. e
4- S 5.93 e 17.10 a 3 .7 abc 15,9 3 be 559 a 29 h 2.8 r
] S 5.6 d 21.07 a 2 .0 d 16.679 ab 442 b 3 erg 30.0g
5 C 5,22 17.21 a 26.8 cd 12A77 d 2 5 d 45 cde 36.8 cde

a Means within a column followed by the same letter were not significantly different at the 0.05 probability level according
to Duncan's Multiple Range Test

b Genotype entries are ranked from highest to lowest grain yield at 12% moisture

c S = Substitute. C = Complete, SC = Short complete
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Table 5. Grain yield, above ground phytomass. harvest index. and yield components averaged over the
four highest yielding bread wheats, durum wheats, substitute triticales, complete triticales and short
complete triticales, from yield potential trials at CIANO Station, Sonora

Yield Com~nents
Above No. of

Grain ground Harvest grains/ lOOo-grain
Crop Year yield phytomass Index (%) Grains Spikes spike dry weight (g)

--t/ha __ No/m2 .__

Wheats
Br ad 1985/86 7.53 16.20 41.6 18,720 377 50 35.6
Durum 1985/86 8.07 18.90 37.7 15,848 417 40 45.2
Durum 1984/85 8.05 17.61 40.3 16.684 415 42 41.3

Triticales
Su "lule 1985/86 18.98 28.9 15.793 53 36 34.0
SubsUlule 198 185 16.30 35.9 18,189 402 46 32.2

omplete 1985/86 18.74 30.1 15.103 324 47 37.4
Complele 1984/85 18.47 32.8 16.834 340 50 36.0
She rt complele 1986.1 6 18.92 31.5 15.292 304 51 38.9

hart omplele 1984/ 5 19.70 31.2 16.86 50 4 36.2

Table 6. Grain yield, above ground phytomass. harvest index, and yield components for bread wheat
genotypes grown at CIANO Station, Sonora, 1985-86a

IOOO-grain
dry weight (g)

Yield Comp,,:o~llJo::.e=nts=7- _
No. of
grains/
spikeGrains Spikes

--No/m2

Above
Grain ground Harvest
yield phytomaS8 index (%)
-- tlha:------

Geno ypeb

Ie n on 1
pata 5

Genar() )
CIA 079
Sle c erros 66
Mill,'
Seri 2
N cotaTI 76
Yecora 70

upateco 73
Pitl 62
Nalnari 60
CIANO 67
YaqUi 50

7.0 a
759 ab
7.41 b
7.34 ab
7.32 ab
7.12 abe

.96 abe
6.87 be
6.70 bed
6.30 ede
6.02 de
5.73 e
5.60 e
3.22 f

16.70 abc
16,01 abed
IS 1 bed
16.95 ab
18.81 a
16.21 ab d
12.95 d
15.97 ab d
17.23 ab
14.79 bed
15.64 abed
14.93 bed
14.76 bed
13.49 cd

1.5 abed
43.0 ab
43. ab
38.1 b d
34.9 d
38. bed
47.5 a
38.0 ed
34.4 d
37.7 bed
34.4 d
35.3 ed
33.4 d
21.0 e

17,322 be
20,997 a
18.181 b
18.738 b
19.177 ab
15.570 ed
14.666 de
17.3 12 be
15.368 cd
14.666 d
14.053 de
12.336 c
13.575 de
8.849 r

335 cl
397 de
385 edefg
389 edef
416 abede
487 a
296 g
350 derg
479 ab
431 abed
375 defg
369 defg
471 abe
302 fg

52 a
53 a
47 a
48 a
47 a
32 b
48 a
50 a
32 b
35 b
38 b
34 b
29 b
30 b

39.6 bed
31.8 I
36.0 fg
35.0 gh
33.6 hi
40.2 be
42.9 a
34.8 gh
38.4 ede
37.8 def
37.7 def
40.9 ab
36.3 erg
32.1 I

a Means within a column followed by the same letter were not significantly different at the 0.05 probability level
according to Duncan's Multiple Range Test

b Genotypes are ranked from highest to lowest grain yield at 12 % moisture
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Table 5. Grain yield, above ground phytomass, harvest index, and yield components averaged over the
four highest yielding bread wheats, durum wheats, substitute triticales, complete triticales and short
complete triticales, from yield potential trials at CIANO Station, Sonora

Yield Com~nents
Above No. of

Grain ground Harvest grains/ lOOO-grain
Crop Year yield phytomass Index (%) Grains Spikes spike dry weight (g)

--t/ha __ No/m2 .__

Wheats
Bread 1985/86 7.53 16.20 41.6 18,720 377 50 35.6
Durum 1985/86 8.07 18.90 37.7 15,848 417 40 45.2
Durum 1984/85 8.05 17.61 40.3 16.684 415 42 41.3

Triticales
Su stitute 1985/86 18.98 28.9 15,793 453 36 34.0
SubsUlule 1984/85 16.30 35.9 18.189 402 46 32.2

oroplete 1985/86 18.74 30.1 5,103 324 47 37.4
Complele 1984/85 18.47 32.8 16,834 340 50 36.0
Shl rL complete 19861 6 18.92 31.5 15.292 304 51 38.9
Shon omplete 1984/ 5 19.70 31.2 16,86 350 4 36.2

Table 6. Grain yield, above ground phytomass, harvest index, and yield components for bread wheat
genotypes grown at CIANO Station, Sonora, 1985-86a

lOOO-grain
dry weight (g)

Yield Compc;;::o~n:.ents==:f-- _
No. of
grains/
spikeGrains Spikes

--No/m2

Above
Grain ground Harvest
yield phytomass index (%)
--tlba------

Geno ypeb

Ole n on 1
pata 5

Genar I
CIANO 79
Siele erros 66
MIL\'
Seri 82
N cozarl76
Yccora 70

upalt:co 73
Piti 62
Nainari 60
CIANO 67
Yaqui 50

7.0 a
759 ab
7.41 b
7.34 ab
7.32 ab
7.12 abe

.96 abe
6.87 be
6.70 bed
6.30 edc
6.02 de
5.73 e
5.60 e
3.22 f

16.70 abc
16.01 abed
15 1 b d
16.95 ab
18.81 a
16.21 abed
12.95 d
15.97 ab d
17.23 ab
14.79 bed
15.64 abed
14.93 bed
14.76 bed
13.49 cd

1.5 abed
4 .0 ab

3. ab
38.1 b d
34.9 d
38.9 bed
47.5 a
38.0 cd
34.4 d
37.7 be-d
34.4 d
35.3 cd
33.4 d
21.0 e

17.322 be
20,997 a
18.181 b
18.738 b
19.177 ab
15.570 cd
14.666 de
17,392 b
15.366 cd
14,666 cJ
14,053 de
12,336 e
13,575 de
8.849 r

335
397 de
385 cdefg
389 cdef
416 abcde
487 a
296 g
350 defg
479 ab
431 abed
375 defg
369 defg
471 abc
302 fg

52 a
53 a
47 a
48 a
47 a
32 b
48 a
50 a
32 b
35 b
38 b
34 b
29 b
30 b

39.6 bed
31.6i
36.0 fg
35.0 gh
33.6 hi
40.2 be
42.9 a
34.8 gh
38.4 edc
37.8 def
37.7 def
40.9 ab
36.3 efg
32.1 i

a Means within a column followed by the same letter were not significantly different at the 0.05 probability level
according to Duncan's Multiple Range Test

b Genotypes are ranked from highest to lowest grain yield at 12% moisture
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Table 7. Grain yield, above ground phytomass, harvest index, and yield components for durum wheat
genotypes grown at CIANO Station, Sonora, 1985-86a

Yield Comp.onents
Above No. of

GJ'ain ground Harvest grainsl 1000-grain
Genotypeb yield phytomas8 Index (%) Grains Spikes spike dry weight (g)

--l/ha --No/m2

Altar 4 8.4.8 a 18.32 ab 41 a 18.187 b 417 ab 44 ab 41.0 (
arc' . 8.11 ab 17.81 ab 40 a 20.604 a 429 ab 49 a 34.9 g

Mexical1 75 8.01 ab 17.16 bc 41 a 14,711 cd 429 ab 34 ede 48.0 be
Tancho'S' 7.59 abe 17.16 be 39 a 16.234 be 385 be 42 ab 41.2 ef
Yavaros 79 7.52 be 16.73 be 40 a 14,650 d 372 be 39 bed 45.3 cd
Chen'S' 7.47 bc 16.74 be 39 a 16,014 be 392 b 41 be 41.3 ef
WuJp'S' 7.33 be 19.69 a 33 b 14.726 ed 428ab 34 cde 43.8 de

ocont 71 6.82 e 15.63 ed 38 a 14.806 ed 468 a 32 def 40.5 f
Sterna'S' 6.67 e 15.76 cd 37 a 13.107 d 400 b 3 def 45.0 cd
Jeri 69 5.08 d 15.47 cd 29 b 8,743 e 337 cd 26 fg 51.4 a
OvtaclIie 65 4.97 d 14.42 de 31 b 9,638 e 299 d 32 clef 45. ed
Cll3pala 67 4.23 de 13.47 e 31b 8,543 e 422 ab 20 g 48.9 ab
Tehuacan 60 4.05 e 14.62 de 24 c 8.344 e 299 d 28 ef 42.8 def

a Means Within a column followed by the same letter were not significantly different at the 0.05 probability level
according to Duncan's Multiple Range Test

b Genotypes are ranked from highest to lowest grain yield at 12% moisture

Table 8. Grain yield, above ground phytomass, harvest index, and yield components for durum wheat
genotypes grown at CIANO Station, Sonora, 1985-86a

Yield Comp'onents
Above No. of

Grain ground Harvest grainsl 1000·gratn
Genotypeb yield phytomas8 index (%) Grains Spikes spike dry weight (g)

--l/ba --No/m2--

Car 'S' .57 a. 18.42 abed 41.1 a 18.077 a 439 a 41 ab 41.7 e
Altar 84 8.04 ab 18.52 abed 38.2 a 15.708 b 431 abc 37 abe 45.3 abc
Hoi !Tabs 7.89 ab 18.75 abc 31.0 ab 14.093 be 405 abe 36 abe 49.4 abe
Tancho'S' 7.79 ab 19.92 a 34.6 ab 15.515 b 391 abed 44a 44.2 de
Chen'S' 7.42 be 17.97 abed 36.5 ab 15,291 b 414 be 38 abe 42.7 e
Mexicali 75 7.33 be 1783 abcde 36.4 ab 13,899 be 424 ab 33 abed 46.4 bcde
Y aros 79 7.1 be 17.16 abcde 37.3 ab 13,032 ed 392 abed 35 abe 48.5 abed
Coeont 71 7.17 be 18.89 ab 34.1 ab 14,298 be 429 a 34 abed 44.2 de
Sterna'S' 6.60 16.63 ab de 34.9 ab 11,780 de 446 a 26 ede 49. abc
Jori 69 5.70 d 14.68 de 36.4 ab 9,889 ef 315 bede 31 bede 51.8 a
Oviaehie 65 4.52 14.92 cae 27.8 b 9,212 f 286 de 35 abe 43.4e
Chapala 67 4.45 e 16,88 abede 24.0 ed 7.814 f 453 a 17 e 50.2 ab
Barrigan Yaqui 4.26 e 15.56 bede 24.4 ed 8.448 f 306 ede 28 bede 44.7 de
Tehuacan 60 2.77 f 14.06 e 17.3 d 5.270 g 374 e 21 de 42.5 e

a Means within a column followed by the same letter were not significantly different at the 0.05 probability level
according to Duncan's Multiple Range Test

b Genotypes are ranked from highest to lowest grain yield at 12 % moisture
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Table 9. Results from the on-farm variety/advanced line yield trials conducted in the Yaqui Valley
during the 1985-86 growing season

Genotype Jt
CIANO location

6/12/85 2/12/85 18/12/86 14/12186 teractlon

Buk/Flk IBW)b 7.73 4.27 5.59 473 6.21 6.52 5.93 be
BuclPvn IBW) 8.06 4.75 6. 2 4.76 6.48 6.06 6.15 b
YaC IBW) 6.74 4.09 .29 4.62 6.39 5.98 5.64 ed
Agr/Yr (BW) 6.57 4.56 6.0 . 3 7.05 5.72 5.89 bed
Juneo IBW) 6.28 4.51 5. 9 4.62 5.62 6.07 5.55 d

1 n son 81 IBW) 7.40 4.26 5.76 4.25 .40 .07 5.75 bed
Ti 82 (BW) 7.44 4.11 6.69 4.25 5. 7 5.14 5.53 d

Me leah 75 (D) .91 -l.73 6.52 5.00 .86 5.95 .94 be
Yavaros 79 ID) 6.23 4. .48 5.15 6.96 .46 .11 b
Altar 84 (D) .20 5.01 6.34 7.41 5.77 7.76 7.08 6.79 a
Sterna {Dl 7.56 5,02 5.78 6.16 5.02 6.66 6.88 .15 a
Alam s (TeL) 6.94 .37 5.' 9 . 7 4.42 5.98 5.33 5.21 e
Location X 7.17 a 4.55 d 6.09 6.01 e 4.78 d 6.5 .9 5.89

a Means followed by the same letter are not significantly different at the 0.05% level according to LSD

b BW - Bread wheat. D - Durum wheat. TeL - Triticale

Table 10. Durum and bread wheat entries for experiment on
nitrogen rate/irrigation'level effects on yellow berry, Ciudad
Obregon, Sonora, 1985-86

Entry No. Durum Wheat

1 Yay' .
2 Gedlz'S' av'S'
3 Yav'S'/3/Wll.sl651501D67.2{4/Fg'S·/ alesme l' ·llRabl'... ·

Chen'S'
5 Ab-'S'
6 Wln'S'/SbaB1 IStil'S'
7 Goo z469/Pcl' '/IU A/3/Fab' 'I ISw
8 gen/G y'S'llErp' 'fRu
9 SUn' ,

10 S ' ,
11 Sula'S'
12 WuJp'S'
13 1 bo' .
14 be'S'
15 Yav'S'//Ruff '/Fg'S"
1 Yav' "/Tez'S'
17 RuW '/Fg; 'l!Yav 79
18 Snipe' '1/ eal'S'/Dumal3/Ya
19 Rulf' '11" ' '/lTrob' '/'J1Y v'S'
20 Altar 84
21 P66.253/31 ta'S'1T 601Me. i' 'I lsapr '/Mexi 7
22 6973/Ward.74631174-1 O/3/Ldsmutl'real' ,
23 Mem 'S'/Ya: 7
24 Memo'S'/Yav 79
25 Memo'S'/Yav 79
26 aV'S'/GuU'S'/fRu[rS'/Fg'S'
27 MexiIViel/Y v 79

(continued)
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Table 10. (continued)

Entry No. Durum Wheat (cont'd.)

28 Hui'S'/Y v 79
29 R143/RuIr '11 W'S'/3IYav 79
30 Yay'S'/51 Ic'S'/Cr'S'IIRabi' '/3/CIII4/KifS'/6/Snipe'S'/7/Yav 79
31 Yav'S'llE 'S'/Ruso/3IYav 7
32 Mexi 75/GedIz' '/S/PU' 'II IS/Cr' '/4/Yay 79
33 C rS'/4/Qen/3J61. I OfLdsI/GII'S'/!5/ til'S'
34 A595/3lD67.3/Rabi' '//Cr'S'/4/Alo'S'/5/Hui'S'lYav'S'
35 Guil' '/M ., '/~ r 0 575/3/Hu 'S'
36 Yav'S'/Sapi'S'1I av 79/3/Hui'S'
37 Me 'icali 75
38 Yavaros 79

39
40
41
42

Seri 82
Nainabi
Tonichi
CIANO 79

Bread Wbeat

Table 11. Durum wheat entries ranking in the top 10 for maximum
yield under no-stress, pre-anthesis stress, and post-anthesis stress,
and minimum PYB under no-stress conditions at all three N levels

Entry No. PYB average
over irrigation

and Nate

1. 2
0.994
1. 3
0.21

Grain yield
tlha a g,

over itTigation
and N Rate

5.54
5. 4
5.6
6.10

a Did not enter at N = 75 kg for 10
lowest PYB genotypes

Note: See Table 10 for entries

Table 12. Grain yield, above-ground dry biomass, harvest index, and yield components for the soil
sterilant trial conducted at El Batan during the 1986 summer season

Gtabl yield Ikillhal Blomaas
at ill IIl<llat.ure lkf/ba \tryl HaTVeat ""de" plke m2 Guma/splke Gralna/m2 lOOO-grain _t III

illtlv... Wltha Wlthol1ta With Wlthol1t Ith lholli Whb Wlthollt With Without Wltb Wlthollt With W I1t

&1>182 ~06' b J4.4 a 10.064 a 7.969 b 0.378 0.883 342 a 243 b 39a 40a 13.372 a 9.884 b 27.6 31.1

All. , !I-l 4987 a 729 a 11.760 a 11.7411 0.38 a 0.;1' II 418 a 37~ a 34 a 34 a 14.017 a 12.527 a 31.3 33.1

hino' 5 13. 4901 b 14.510 a 12..,.,8 b 0.35 ... M'I ~83a 243 a 40 a 39 a 11.431 a 9.337 a 44.7 46.1

OIM manr/te'S' :\ 8a 4386 a 12.007 a 10 14 b 0.34 a 0.6' 416 a 360 b 34 a 35 a 12.935 a 11.732 a 32.6 a 34.1 a

M.-.m 47:18 a 6a 12.007 a 10.914 b 0.35 a 0.36 a 416 3 1.0 :lolll 35 a 12.93 11.732 a 32.6 a 34.1 a

a With = Application of 400 kg/ha Dazomet soil sterilant: Without = No soil sterllant

b Means in rows comparing with and without soil sterilant for each factor followed by the same letter are not significantly different by LSD (5%1
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Industrial Quality
A. Amaya and R.J. Pena

Introduction
Very often, when CIMMYT wheat
and triticale lines are introduced
Into some countries. the industrial
quality characteristics of the
experimental lines are as
important as their agronomic and
disease resistance characteristics.
Therefore, CIMMYT gives special
attention to developing wheats
and triticales that represent
various industrial quality types.

To accomplish these objectives. it
is necessary to evaluate the
quality parameters of progenitors.
segregating lines, and advanced
lines included in the yield trials.
For this reason, the industrial
quality program uses techniques
that evaluate quality parameters
on small grain samples in a short
period of time, and that produce
quality data useful for
characterization and screening of
experimental materials.

Methodology
New advances in chemistry and
the functionality of wheat and
triticale grain components have
resulted in the further refinement
of grain quality testing techniques
and in the development of new
techniques. During 1985-86 the
wheat quality laboratory examined
some of these advances that could
improve the evaluation of the
quality of CIMMYT's experimental
material. This effort has led to
modifications in procedures used
to estimate grain hardness, gluten
strength. alveographic
characteristics, and gluten
content.

Estimation of grain hardness
with the grinding time
method-Grain hardness is a
characteristic often used in wheat
classification. Hard wheats and
hard triticales require more water
than soft wheats and soft triticales

for proper flour milling. Therefore,
the quantity of water added to the
grain during the conditioning for
milling is often based on the
hardness of the grain.

Among the many different
methods used to measure grain
hardness, the pearling resistance
index has been found to be useful
as a screening method for
breeding programs (8). However,
when measuring the pearling
resistance index with a Strong
Scott Barley Pearler, the pearling
time varies depending on how old
the machine is. For example,
Obuchowski and Bushuk (8)
showed that an old pearler took
three times as long as a new
pearler to obtain a similar pearling
index value. The variation on
pearling time due to the age of the
pearler could be difficult to
control. The pearling resistance
index is also influenced by the
size and shape of the grain.

Arnoldo Amaya C.• head of the Industrial Quality Laboratory (left), consults with cereal technology trainees from
China-Lin Xiaoman. Zhou Xi Dan. and Chen Wei Wei.
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Introduction
Very often. when CIMMYT wheat
and triticale lines are introduced
into some countries. the industrial
quality characteristics of the
experimental lines are as
important as their agronomic and
disease resistance characteristics.
Therefore, CIMMYT gives special
attention to developing wheats
and triticales that represent
various industrial quality types.

To accomplish these objectives. it
'is necessary to evaluate the
quality parameters of progenitors.
segregating lines, and advanced
lines included in the yield trials.
For this reason, the industrial
quality program uses techniques
that evaluate quality parameters
on small grain samples in a short
period of time, and that produce
quality data useful for
characterization and screening of
experimental materials.

Methodology
New advances in chemistry and
the functionality of wheat and
triticale grain components have
resulted in the further refinement
of grain quality testing techniques
and in the development of new
techniques. During 1985-86 the
wheat quality laboratory examined
some of these advances that could
improve the evaluation of the
quality of CIMMYT's experimental
material. This effort has led to
modifications in procedures used
to estimate grain hardness, gluten
strength. alveographic
characteristics, and gluten
content.

Estimation of grain hardness
with the grinding time
method-Grain hardness is a
characteristic often used in wheat
classification. Hard wheats and
hard triticales require more water
than soft wheats and soft triticales

for proper flour miIling. Therefore,
the quantity of water added to the
grain during the conditioning for
miIling is often based on the
hardness of the grain.

Among the many different
methods used to measure grain
hardness, the pearling resistance
index has been found to be useful
as a screening method for
breeding programs (8). However,
when measuring the pearling
resistance index with a Strong
Scott Barley Pearler, the pearling
time varies depending on how old
the machine is. For example,
Obuchowski and Bushuk (8)
showed that an old pearler took
three times as long as a new
pearler to obtain a similar pearling
index value. The variation on
pearling time due to the age of the
pearler could be difficult to
control. The pearling resistance
index is also influenced by the
size and shape of the grain.

Arnalda Amaya C.• head of the Industrial Quality Laboratory (left), consults with cereal technology trainees from
China-Lin Xiaoman. Zhou Xi Dan. and Chen Wei Wei.
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In 1981. Miller. et al. (6)
demonstrated the suitability of the
Brabender Hardness Tester to
evaluate grain hardness in wheat.
This instrument measures the
time (in seconds) it takes to grind
4 g of grain. The apparatus is
simple to operate and factory
calibrated. allows for temperature
control. and gives direct grinding
time values. In 1982. Milfer et al.
(7) showed that the grinding time
method. using the Brabender
Hardness Tester, was superior to
other sensitive grain hardness
methods in differentiating between
different U.S. wheat classes.

The Brabender Hardness Tester
was evaluated in CIMMYT's wheat
quality laboratory to estimate
grain hardness in wheat and
triticale with the grinding time
method. We observed the
following advantages of the
grinding time method over the
pearling index method:

• The grinding time method
requires 6 g of grain while the
pearling resistance index
method requires a 20-g sample.
This sample size difference
becomes important when only a
small grain sample is aVailable.

• Grain hardness values are
obtained considerably faster
with the grinding time method
than with the pearling index
method. This difference in
testing time is very important
because the laboratory handles
large numbers of samples in a
short period of time.

• Highly significant correlation
values obtained when
comparing both hardness
methods using wheat and
triticale samples (Table 1)
indicated that the grinding time
method is at least as efficient as
the pearling index method.

Therefore. in 1985. the Brabender
Hardness Tester replaced the
pearling index method to
determine grain hardness in both
bread wheat and triticale in the
CIMMYT laboratory.

Sodium dodecyl sulfate (SDS)
sedimentation test-The SDS
sedimentation test evaluates
gluten quality (strength) and
follows the same basic principle as
the Zeleny-sedimentation test. The
disgregating effect of lactic acid (in
the Zeleny-sedimentation test).
which allows the gluten protein to
absorb water and form an
expanded protein mass, is
enhanced by the presence of the
detergent SDS so that the
difference in the sedimentation
value between strong and weak
gluten-type wheats is larger with
the SDS-sedimentation test than
with the Zeleny test (Table 2).

CIMMYT has adopted a modified
version of the SDS-sedimentation
test of Dick and QUick (3) to
replace the Zeleny-sedimentation
test. based on the following
findings:

• The SDS-sedimentation test is
applicable to either flour or
whole meal. while the Zeleny
test is applicable only to flour or
to whole meal only after a
sifting operation to eliminate
excess bran. Using whole meal
without sifting is faster and
more economical than using
sifted meal or flour. This is an
advantage when screening for
the gluten strength of large
numbers of bread wheat and
triticale lines in the F2 to F6
generations.

• Thirty-seven bread wheats and
26 triticales with bread-making
qualities ranging from poor to
good were evaluated for gluten
strength with both the Zeleny
and the SDS-sedimentation
tests. using 3.2- and 1.0-g
samples. respectively. Highly
significant correlation values
between Zeleny- and SDS
sedimentation in both flour or
whole meal were found in bread
wheat and triticale (Table 3).
indicating that the SDS
sedimentation test is as good as
the Zeleny test to estimate
gluten strength in both crops.
Additionally. the correlation
coefficients were larger between
bread loaf volume and SDS-

sedimentation than between
bread loaf volume and Zeleny
sedimentation. for both bread
wheat and triticale (Figure 1).
This indicated that the SDS
sedimentation test is more
reliable than the Zeleny
sedimentation as an estimator
of bread-making quality.

• A rapid test to evaluate
numbers of individual durum
wheat plants in the F2 to F6
generations was not available
until recently when QUick and
Donnelly (10) demonstrated that
the SDS-sedimentation test of
McDermott and Redman (5)
could be used to evaluate gluten
strength in durum wheat. using
either flour or whole meal.

The relationship between the
sedimentation value with flour
and with whole meal for a given
durum wheat cultivar was
investigated at CIMMYT's wheat
quality laboratory using 33 durum
wheat cultivars. A correlation
coefficient of 0.96 indicated that
the SDS-sedimentation value
obtained with flour is very similar
to that obtained with whole meal.
Therefore. the SDS-sedimentation
test was adopted at CIMMYT in
1985 to screen for the gluten
strength of durum wheat whole
meal from individual plants in the
F3 to F6 generations. The addition
of this quality parameter in the
screening scheme for durum
wheat should result in a gradual
decrease in the proportion of
advanced lines having weak,
undesirable (for the production of
pasta) gluten type.

Alveographic characteristics
The alveograph is a physical
dough-testing instrument that
measures the resistance to
extension and the extensibility of
a wheat flour dough. With this
instrument, a flattened piece of
dough is air-blown into a bubble
to the breaking point. The
resistance to this force. as well as
the dough's extensibility. are
registered in the form of a curve
called an alveogram.
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The shape and area of the
alveogram provide information
that helps to define the end use of
the tested wheat flour.

Therefore. the alveograph is used
extensively at CIMMYT to evaluate
progenitors and advanced lines
with the aim of improving the
industrial quality of CIMMYT's
bread wheat materials.

Wheat flours with strong gluten
absorb more water than those
with weak gluten. Therefore. when

the constant water absorption
condition (50%) recommended by
the alveograph's manufacturers is
used to evaluate wheat flOUTS.
some strong-gluten flours produce
tenacious-type alveograms that do
not correspond to their large bread
loaf volume values. This
disagreement can mislead the
plant breeder when selecting
progenitors. or characterizing
advanced lines based on the
alveographic information.

Considering that CIMMYT's bread
wheat germplasm includes wheat
ranging from soft with weak
gluten to hard with strong gluten.
it seemed more convenient to use
a variable water absorption
condition in the alveographic
assay to evaluate the
alverographic characteristics of
our materials. In 1985. upon
examination of the variable water
absorption condition. it was found
that two levels of water
absorption. 50 and 52.5%. were
appropriate for flours haVing weak
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Figure 2. Effect of using a water absorption level according to gluten
strength determined by the sedimentation test.

tested In the laboratory for gluten
content. Those lines having the
higher gluten values are crossed
with those shOWing deficiency in
this respect.

The most common method to
determine gluten content includes
hand- or machine-washing of a
flour·water dough. AACC methods
38-10 and 38·11. respectively (1).
This method Is consIdered
somewhat crude since experi
mental error is rather large and,
therefore. in the United States. it
has been largely replaced by more
precise chemical methods (9).

Recently, the Swedish company.
Falling Number AB. marketed an
automatic gluten washer (The
Gluto-Matic) which was claimed to
be highly accurate (11). The
manufacturer's procedure to
determine gluten content takes
about 7 -8 minutes. including 5
minutes of actual washing.
However. Kazatseva and Bordulina
(4) found that 15 minutes. fnstead
of 5 minutes washing time was
necessary to obtain accurate and
reproducible values.

To determine if indeed a longer
washing time 1s required to get
better gluten content values.
various washing times (5, 15. 20,
and 30 minutes with and without
a 5-minute hand-washing step)
were examined using triticale.
bread wheat. and durum wheat
samples. To form the doughs. 10 g
(14% mb) of flour were mixed
with 4.7 ml (fOT triticale) and 5.2
ml (for wheat) of a 2% salt
solution for 40 seconds. Better
reproducibility and lower (less
contaminated) gluten content
values ere obtained when the
hand-washing step was included
(Figure 3). This Indicated that the
Cluto-Matic in itself is not capable
of eliminating most of the starch
and soluble material from the
gluten mass. even if washing is
done for 30 minutes. On the other
hand. it was observed that 5 and
up to 30 lninutes washing time
gave similar gluten values if the
hand-washing step is included.

LV=875
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Therefore, in 1985, CIMMYT's
wheat quality laboratory adopted
the variable water absorption
condition to evaluate alveographic
characteristics of bread wheat
samples.

5

observed at the two water
absorption levels (Figures 2-1, 2-4.
and 2-5).

Determination of gluten
content with the Gluto-Matic
gluten washer-Low gluten
content is an important
technological limitation of triticale
because it is partially responsible
for the undesirable weakness of
the bread doughs made with
triticale flours. CIMMYT considers
the improvement of gluten content
in triticale an important task. So.
triticale progenitors as well as
advanced lines shOWing good
agronomic characteristics are

2

4

LV =880
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to moderately strong and strong to
very strong gluten types,
respectively.

The effect of using a water
absorption level according to the
gluten strength as determined by
the sedimentation test (Table 4) is
shown in Figure 2. Flours with
strong gluten type, when tested at
the constant water absorption
condition of 50% produced
tenacious-type alveograms that did
not agree well with their
corresponding bread loaf volumes
(Figures 2-2A, 2-3A). However.
adjusting water absorption
according to the sedimentation
value resulted in an alveogram
that corresponded well with the
high loaf volumes of the samples
(Figures 2-28. 2-38). In the case of
the other wheat-flour types, a good
agreement between alveographic
type and bread loaf volume was
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Therefore, it is obvious that 5
minutes of washing time followed
by the hand-washing operation is
the most practical procedure to
routinely evaluate gluten content.
The laboratory has been using this
procedure the past 2 years to
evaluate gluten content in wheat
and triticale.

Bread Wheat
For bread wheat, it is the
laboratory's goal to maintain
variability in quality ranging from
the weak type for cookie and cake
production. to the medium to
strong types for the production of
leavened breads. A greater
proportion of medium-strong over
strong and weak types is desirable
within CIMMYT's germplasm
because these have a direct use in
the bread production. In addition,
bread wheats having the tenacious
gluten character are the most
undesirable since their bread·
making or pastry making doughs
lack extensibility and do not

expand during the baking process,
a characteristic that results in
unacceptably dense and compact
baking goods.

High yielding. wide adaptation
material-During 1985-86, 3000
bread wheat lines from the
1984-85 and 1985-86 CIANO crop
cycles were evaluated from milling
to baking. This included: Crossing
Block (CB). International Bread
Wheat Screening Nursery
(IBWSN), International Spring
Wheat Yield Nursery (ISWYN). and
other miscellaneous materials.
With respect to the CB, the
1984-1985 CIANO CB included a
high proportion of strong,
medium-strong, and weak types
and the medium-strong wheats
predominated. This was similar to
that of the 1983-1984 CIANO CB
population. In contrast. the
1985-86 CIANO CB contained
more weak than medium-strong
wheats than in the previous 2
crop cycles (Table 5). This was

mainly due the inclusion of 108
(about 25% of the nursery)
Chinese lines which were
generally of the weak type.

In the case of the IBWSN, in both
the 1984-1985 and 1985-86
CIANO cycles, the proportion of
medium-strong and weak wheat
types increased favorably with
respect to the 1983-84 CIANO
cycle. Even more important was
the decrease in the proportion of
wheats with the tenacious gluten
(Table 5). Therefore, the number
of wheats with good bread and
cookie qualities increased to
desirable levels. The improvement
in the proportion of lines with
good gluten quality was due to
selection as well as to
improvement in the testing
conditions used with the
alveograph, which led to a better
characterization of the materials.

Highland material-The high
moisture conditions that prevail in
many highland areas of the world
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promote high incidences of several
wheat diseases and grain
sproutin~. Grain sprouting is
undesirable because it is
accompanied by excessive
production of the enzyme alpha
amylase. This enzyme, when in
excess, causes deterioration in the
quality of baking products.
Therefore, wheats for the high
lands should not be susceptible to
sprouting. To improve sprouting
resistance, 229 lines grown in the
summer of 1985 at Toluca, a
location where sprouting is a
problem. were evaluated for
sprouting resistance with the
Falling Number (FN) test, which
indirectly measures alpha-amylase
'1ctivity. Lines that presented FN
values reflecting good sprouting
resistance (above 400 sec.) were
recommended as progenitors in
new crosses for the highlands
(Table 6).

Karnal bunt-Kamal bunt (KB) is
a minor wheat disease. but in
some areas it can become a major
one if the environmental
conditions are favorable for its
development. At certain levels of
infection. KB-affected grain is
unacpeptable for the manufacture
of baking goods because it imparts
unacceptable organoleptic (color.
odor. and taste) characteristics to
the end product. In previous
studies conducted in CIMMYT's
quality laboratory. we found that
flour from clean. ready-to-mill
grain. mixed with infected
capsules up to 3 % KB infection.
can be utilized without any
ne~ative effect in the baking
industry. However. 3% infection in
grain samples as they come from
the field will certainly end up with
less infection once the grain has
been cleaned and prepared for
milling. A further decrease in the
infection level can be expected if
the grain is first washed prior to
conditioning for milling. In 1986,
to investigate what could be the
maximum acceptable level of KB
infection in grain samples as they
are received in the mills, the
laboratory evaluated for milling
and baking quality wheat samples

of the variety Seri 82 from
commercial fields having O. I, 3,
6. 9. 12, and 15% KB infection.
This study also included
evaluation of the effect on the
quality of washing the grain before
milling. The results are
summarized in Table 7.

The level of infection and washing
treatment did not have an effect
on flour yield. In contrast. a
slightly darker color in the flour
was noticed as infection increased
from 9 to 15%. but to a lesser
extent in the flours from washed
grain samples. Thus. flour from
9% infected, washed wheat
showed less darkening than flour
from 6% infected, nonwashed
wheat. With respect to bread
making quality. the loaf volume
was practically not affected by the
level of infection and washing
treatment. Crumb color was
similar to the control in samples
with up to 3 % infection. with and
without washing. In general, the
darkening effect on bread crumb
due to KB infection was less when
the grain washing step was
included.

According to scoring of 7 panelists.
a slight fishy smell was noticed at
9% infection, regardless of the
washing treatment. This fishy
smell was clearly noticed in
samples with 15% infection.
Similar slightly unpleasant taste
was noticed in breads from
nonwashed samples with 6 to 15%
infection. but could not be
detected in breads made from
washed grain samples with up to
9% infection. These results
suggest that the level of infection
observed in a grain sample as
received in the mill is reduced due
to cleaning operations. A further
important reduction on the
infection level is accomplished by
washing the grain before milling.
Our observations indicate that a
maximum level of infection in
grain samples for the milling and
baking industry lies around 6% if
the sample goes only through the
normal cleaning operation. and
9% if. additionally. the grain
sample is washed before milling.

Basic germplasm development
bread wheat material-Bread
wheat material from the
germplasm development program
is characterized for including a
fair number of lines haVing
excellent bread making quality.
During 1985-86. 376 lines from
the 1984-85 CIANO crop cycle and
54 from the 1985-86 cycle were
evaluated for industrial quality.
Several lines showed high flour
protein content (12 to 15%) as
well as large bread loaf volume
(:=:850 cc). In 1985. seed from 41
lines of the germplasm
development 1984-85 CIANO
group haVing from weak to strong
type and desirable gluten
extensibility characters were
recommended as sources of good
industrial quality for use in new
crosses in the bread wheat
program.

Durum Wheat
Two characteristics highly
associated with good quality pasta
products are gluten strength and
yellow pigment. Transferring both
quality characteristics into high
yielding durum wheats is feasible
and it is a goal of CIMMYT durum
wheat breeders. Screening for both
gluten strength and yellow
pigment is done in the segregating
materials. Evaluation of these and
other quality parameters such as
semolina milling and spaghetti
making qualities is done in
progenitors and advanced lines.

Segregating material-After
selection for seed type. 5342 and
8053 samples in the segregating
stage (F3 and F4) from the
1984-85 and 1985-86 CIANO crop
cycles, respectively. were screened
in the laboratory for yellow
pigment and gluten strength, A
flow diagram (Figure 4) shows the
proportions of lines selected in
each step.

As expected. due to selection
pressure. the proportion of
discarded lines for both yellow
pigment and gluten strength
decreased in 1986 compared to
1985.
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Advanced material-Some 2143
(955 from the 1984-85 Cl 0
cycle and 1188 from the 1985-86
CIANO cycle) samples of advanced
materials were milled into
semolina and tested for yellow
pigment. protein content. and
gluten strength (with the SDS
sedimentation test). The materials
examined included progenitors.
high yielding advanced lines and
some miscellan ous lines.

Approximately 25% of the lines
included in the CB nursery
(1984-85 and 1985-86) combined
both good yellow pigment (> 5
ppm) and gluten strength (> 8 cc)
characteristics. This ensures a
good germplasm base for quality
improvement. In the case of the
high yielding lines included in the
International Durum Wheat
Screening Nurseries. the
proportion of lines combining good
quality characteristics was larger
in the 1985-86 group (29.3%) than
in the 1984-85 (16.0%) group. A
further increase in the proportion
of good quality advanced lines is
expected in the near future as a

result of the intensive pressure
applied to the segregating
material. Some of the best quality
durum wheat lines are listed in
Table 8.

Triticale
Since the triticale breeding
program was established in 1965.
the agronomic characteristics of
this cereal have been gradually
and steadily improved. At present,
widely adapted lines with plump
grain. high test weight. and high
grain yield are commonly found
among CIMMYT's triticale
germplasm.

Although during the past decade.
breeders have been able to create
Variability with respect to
characteristics related to the
milling and baking performance of
triticale. there are few triticale
lines combining various good
quality characteristics. Grain
sprouting susceptibility and low
gluten content still remain the
serious constraints that limit a
large-scale utilization of triticale in
the manufacture of baking goods.
particularly bread.

CIMMYT's aim is to improve these
quality characteristics. The
laboratory evaluates parameters
associated with the industrial
quality of triticale. Lines having
one or more deSirable quality
characteristics are used as
progenitors in new crosses.

Durinp; 1985-1986. 687 and 611
triticaIe lines from the 1984-85
and 1985-86 CIANO crop cycles.
respectively. were evaluated for
alpha-amylase actiVity. milling.
gluten quantity. and quality of
bread- and cookie-making. among
other characteristics. The
populations tested included the
Crossing Block. the International
Triticale Screening Nursery. the
International Triticale Yield
Nursery. and other miscellaneous
groups. Additionally. 20 lines from
the 1984-85 Toluca crop cycle.
harvested at maturity and after
exposure to rainfall for several
days; and 76 lines in the F6
generation from the 1985-86
Toluca cycle were tested
specifically for alpha-amylase
actiVity as an index of sprouting
resistance.
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Milling-With respect to flour
yield, tbe material of the 1984-85
CIANO cycle was characterized by
lines that, in general, produced
low flour yields « 68%). How
ever, many lines had plump grains
and, therefore, they should have
shown better than observed flour
extraction rates. For this reason,
we conducted a study on triticale
milling conditions (2). The results
(Table 9) showed that new
adjustments in the rolls-settings of
the Buhler mill (Rolls Setting II)
were necessary to obtain higher
extraction rates in triticale.
Therefore, the new rolls-settings
were used to evaluate the 1985-86
CIANO triticale populations. The
improvement in the flour milling
conditions used in CIMMYT's
wheat quality laboratory was
reflected in the large increase,
with respect to the 1984-1985
CIANO results, i.e., in the
proportion of lines of the 1985-86
CIANO nurseries having flour
yields similar to or above 68 %
(Table 10). Thus, it is evident that
the flour potential in triticales
with plump grains is promptly
approaching that commonly found
in bread wheat.

Grain sprouting-As indicated
earlier, grain sprouting persists as
one of the major industrial quality
problems in triticale. Although the
number of lines grown under
irrigation (CIANO) with low
(desirable) alpha-amylase activity
values (Falling Number values 2:
300 sec) has increased consider
ably with respect to earlier years,
most of these lines show
undesirable high alpha-amylase
activity (Falling Number values <
150 sec) when cultivated in areas
characterized by rainfall at
harvesting time (Toluca location).
This sprouting-promoting
location's effect on quality was
confirmed by testing the quality
characteristics of 28 triticale lines
grown at both the CIANO
(1985-86) and Toluca (1985-86)
locations. All triticale lines grown

at Toluca had inferior bread- and
cookie-making quality than their
counterparts grown at CIANO.
Quality data for some of the lines
are shown in Table 11.

Bread and cookie quality-A
substantial number of triticale
lines having good bread making
potential were included as
progenitors in the CBs of the
1984-85 (18 lines) and 1985-86
(14 lines) CIANO cycles. These
included most of the best sources
of bread loaf volume available at
CIMMYT: Tatu'S', Eda'S', EserS',
and Eda'S'//M2A/Za75.

Earlier crosses including
progenitors with good bread
making quality have resulted in
the production of new good bread
making triticales. Seventeen lines
were included in the 17th ITSN
and 19 in the 18th ITSN; the top
10 bread making triticales are
listed in Table 12.

With respect to cookie quality,
while the 1984-85 CIANO cycle CB
and the 17th ITSN included a fair
proportion (14%) of lines showing
very good cookie quality, the
1985-86 CIANO materials were
characterized by having a very
large proportion (52% in the CB
and 69% in the 18th ITSN) of
lines with very good cookie
quality. These include, among
others, various sister lines of Stier,
Uron, Gnu, and Lechon/Prl.

Among the recently developed
triticales, 36 lines combining
acceptable bread and cookie
quality were included in the
1984-85 and 1985-86 CIANO CB
and ITSN nurseries. These are
listed in Table 13.
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Table 1. Correlation coefficients between grinding time and pearl1ng
index in wheat and triticale samples grown in Sonora, Mexico in
1984/1985

---::=_--,---:-_-=Pc.;:e:.:ar==.li=ng .=I=n:.::=cc::,x.:-:-:----::,...-:-__
Wheat Group Triticale Group

Goa IBWSNa GO ITSN8

a GD = Germplasm development;
IBWSN = International Bread Wheat
Screening Nursery; ITSN = Interna
tional Triticale Screening Nursery.

b Significant at P =0.001 rindlng time -0.93b -0.S4b -O.SSb -O.87b

Table 2. Zeleny- and SDS-sedimentation values (cc)a of four bread
wheat 111tivars and one triticale cultivar

a 3.2 g of flour used in both
methods

Cultivars
Hermosillo Pavon'S' Trt'S'

Z leny-
edJm Iltation 51

SDS· edimematlon 70
40
63

30
43

28
42

20
30

Table 3. Correlation coefficients between Zeleny- and SDS-sedimentation values in bread wheat and
triticale

Wheat
SDS-Sccllm.

Zeleny-Sedim. (F)a (WM)a

Triticale
SDS-Sed m.

Zeleny-Sedim. (V)a (WM)a

Wheat
Zeleny-sedim.
SDS-Sedim. (F)
SDS-Sedim. (WM)

Triticale
Zeleny-Sedim.
SDS-Sedim. (F)a
SDS-Sedim. (WM)a

a F =flour; WM =whole meal
b Significant at P=O.OOI

1.0 o.gob
1.0

.73b
0.82b
1.0

1.0 0.93b
1.0

0.70b
O. 6 b
1.0

Table 4. Alveograph's water absorption based on flour's sedimentation value

Zeleny
Sedimentation

(cc)a

SDS
Sedimentation

(cc)b

Glut"Cn
S ength

Type

Alveograpb'8 Assay
Conditionc::,s=----:-__

MIx.ing Water
Time Absorption
(miD.) (%)

-<: 40
40 - 49

>49

<IS.5
15.. - 0.0

>20.0

weak to medium
moderately strong
strong to very strong

5
5
7

50.0
50.0
52.5

a 3.2 g testing sample
b 1.0 g testing sample
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Table 5. Distribution (%) of lines by strength typea and gluten characteristic of recent crossing block
(CB) and International Bread Wheat Screening Nursery (mWSN) materials. CIANO cycles

Strengt---Type Gluten Ch
Medium-

Group Strongb Strongb Weakb Tenacious

CB-1983-84 27.9 40.9 31.2 41.2 58.8
CB-1984-85 24.5 42.0 33.5 17.5 88.5
CB-1985-86 26.7 34.5 38.8 28.9 71.1

18th IBWSN
(1983-84) 50.3 40.4 9.3 64.9 35.1

19th IBWSN
(1984-85) 21.1 53.2 25.7 31.7 68.3

20th IBWSN
(1985-86) 21.5 47.7 30.9 34.0 66.0

a Strength type and gluten character as interpreted from the alveogram's shape and Wand PIG values
b Strong: W>300; Medium-strong: W = 200-300, Weak: W< 200

Table 6. Bread wheat sprouting-resistant lines from the crossing
block. 1985 Toluca cycle

Bjy'S'/Coc
CM55651-4Y-2Y-1 M-4Y-OM

MrslIKalIBb/31Az
CM4329-H-l Y-I M·I Y-2M-l Y-OB

Ald'S'/CEP 756301lCEP 75234/PAT 7219
B22867-0Z-0A-2A-3A-OY (Susceptible check)

Kvz/Jup//Dh2206/3/Sis'S'
CM44062-Q-9Y-I M-2Y-l M-l Y-OB (Susceptible check)

Aid'S'IfCNT7IPF70354/3/PAT24/Bb/Kai
LD816(Fl1687-2L-9L-12L-OL (Susceptible check)

1000

839

788

702

620

530

528

515

498

429

406

67

60

62
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Variety or Cross Name and Pedigree

P. AR*2/H567.71
CMH78.421-3Y-3B-I Y-18-0Y-IPTZ-OY

IA78 103
CM20707-A-IY-8M-2Y-OY

Polo 01

Mn 1129

M 7643

Maya/Mon'S'IIKvz/Trm
CM 4083-N-2Y-2M-IY-IM-IY-IN-OY

Vee'S'
CM33027-F-12M-l Y-12M-l Y-IM-OY

Mn7357

Wheaton

Grain Falling (FN)
Number Value

(sec.)a

a The FN value is an indirect
measurement of sprouting
resistance. FN values below 200 sec.
clearly indicate sprouting
susceptibility



Table 7. Effect of levels of Karnal bunt infection and grain washing on quality characteristics of the
bread wheat Seri 82

Bread·m _QualitY.:
Level of Grain Flour Flo r Loaf Crumb
Infection washing yield color olum Color

(%) treatmenta (%) (L)b fcc) (L)b OdorC T tee

0 NW 76.0 86.8 45 77.2 28 21
W 72.0 87.7 610 78.2 24 22

NW 75.0 87.4 Q 77.6 27 25
W 75.2 87.7 62 77.8 26 22

3 NW 75.0 87.2 575 76.2 28 28
W 76.2 87.4 0 76.3 23 25

6 NW 76.0 86.1 610 73.8 22 18
W 73.9 86.7 645 74.2 26 26

9 NW 75.2 85.7 550 70.0 17 15
W 74.9 86.3 580 71.4 16 24

12 NW 74.9 84.9 565 69.8 17 17
W 75.0 85.6 620 71.4 12 13

15 NW 75.8 84.2 605 67.8 14 18
W 74.5 85.3 615 69.4 10 20

a NW = nonwashed: W= washed

b Hunter Lab Color measurement, the lower the value the darker the color

c The value is the sum of the score given by seven panelists from a scale of: 4 = same as the check; 3 slightly
different: 2 = different and unpleasent: 1 = very different and very unpleasant
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Table 8. Durum wheats with very good yellow pigment and gluten strength characteristics

Pigment SDS-
Content Sedimentationa,b

Variety or Cross Name and Pedigree (ppm) (cc)

guilafen 9.3 12.0

Bin 7,4 11.0

RlI'S'/Fg'S'/3/Gr'S'/Afnl/Ch67/Gta'S'/4/Boy'S'
C024803-A-IY-IM-2Y·OY 5,8 11.5

Ora'S'
C027737-A-3M-lY-l Y-OM 6,8 11.0

Ora'S'
0027787-A-3M-l Y-2Y-OM 6.6 11.0

Medium/KifS'//Sapi'S'
0027945· B·lY -2Y-OM 7.4 12.5

Ore'S'/Odo Vz 39411Mal'S'
CD 19556-A-2Y-lAP-OAP-2M 7.4 11.0

Gdb Vz 516 6.9 12.5

Lila'S'/Mal'
CD27382 6.6 11.0

Bla'S'
C028166-F-IM-lY-4Y-OM 5.6 11.5

BhaJl hwa' '/Ren'S'/3/Snipe'S'/4IPoc'S'/5lBd1543/Inrat691ICoo'S'
13/0TA'S'

C062716-A-IY-3M-2Y-OM

Magh72/RufO'S'IIAlg86/Ru'S'
C062897-A-l Y-1 B-4y-oM

Tgd73

Memo'S'/Mext 75
CD26132-8B-l Y-BY -OM

Mo'S'
C029063·3Y·4Y· M-OY

Lima'S'
CD27381-H·3M·l Y-OY

Gdo V,? 574/USA1658
L OO-lL-l P-IAP·OAP

Vlnv/lWdl/Ldn
D84046 A

a SOS == sodium dodecyl sulfate

b Test to estimate gluten strength

6.9 11.0

6.6 11.5

6.1 12.0

6.9 11.5

6.3 11.0

6.6 12.0

7.8 11.5

8.4 11.0
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Table 9. Effect of tempering moisture and rolls setting on the flour yield and ash content of triticales
differing in grain hardness

Cultl'Var
and Hardness

Type

TeL-l (Soft)

TeL·S (Semihard)

TCL-6 (Hard)

Rolls Setting 18 Rolls Setting na
B1-0.S8 mm C1-0.04 mm B1-o.5S mm C1-0.0S mm
B2-o.06 mm B2-o.15 mm
~S-o.04 mm CS-0.04 mm ~S-0.10m.m CS-o.04 mm

Tempering Flour Flour
Moisture Yield Ashb Yield Ashb

% % % " %

12.5 61.9 0.57
13.5 60.1 0.62 6 .7 0.02
14.5 60.9 0.66

14.5 62.1 0.72 70.9 0.55
15.5 61.6 0.68 72.6 0.62

15.5 3.1 0.78 63.2 0.81
16.5 49.3 0.75 54.3 0.72

a Figures correspond to gap distances between rolls of break (B) and reduction (C) passages in a Buhler
Pneumatic Mill

b 14% moisture basis

Table 10. Proportion (%) of
triticale lines with flour yield
similar to or above 68% in the
1984-85 and 1985-86 CIANO
materials

160

a CB = Crossing Block,
ITSN = International Triticale
Screening Nursery

b CB 1984-85 and 1985-86 CIANO
cycles included 225 and 220 lines,
respectively. ITSN 1984-85 and
1985-86 CIANO cycles included 250
and 175 lines, respectively

Crop Year

1984-85

1985-86

CBa,b

3.6

56,4

ITSN8;b

0.8

56.6



Table 11. The effect of location on the grain. alpha-amylase activity. and bread and cookie quality
characteristics of some triticale cultivars

Grain Falling Bread Loaf Coolde Spread
Number (Bec)a Volume (cc) Factor (%)C

Cultivar 1985-86b 1986-86 1986-86 1985-86 1985-86 1985-86
CIANO Toluca CIANO Toluca CIANO Toluca

ogui'S'
8·2734·0M·OMI·OMJ-12MI-OY 316 60 440 400 72 61

nteater'S'
X·l 350·0M.QMI.QMI·2MI-OY 314 62 580 420 75 66

J\Dtealer'S'
X-I 6350-0M -0 I-OMI-19ML-OY 252 60 615 475 75 66

Dt99I1TJb~'S'/3/0ctonvIIM2NBgl'S'
88217.Q -OMI-OMI·9MI-OY 335 61 715 580 82 68

M2AJBg1'S'tJlo/6JFury/7CII
Wrc31/3/MtzI/4C8825/4/EralCno' 'II
Gallof5lDl1raIMa
B8415·0M-OMl.QMI-9MJ-OY 388 62 575 525 67 62

a The falling number test measures Indirectly alpha-amylase activity

b CIANO, a nonsprouting promoting location; Toluca, a sprouting promoting location

c Cookie Spread Factor is a measure (%) of the ratio Width (W)/Thickness (T) of the sample divided by the WIT ratio of
the check

Table 12, Top 10 bread-making triticale lines included in the 17th
and 18th ITSNs

Variety or CroBs Name and Pedigree

17th ITSN (1984-85 CIANO)

Pnd'S'/Rm' '1IPnd'S'ILn 'S'
CT·3576·0M-OY-OM· y-oM

Pnd'S'/Lnc'S'/3lYe751lla1Bush
CT-379I-OM-OY-OM-IIY.QM

Pnd'S'/Abn'S'/3/Tohf tIO'S'/M2A/4/Tral rn1112·M2A
x· 779 ·A·IM-2Y-4M-2Y-3M-OY

Lmg'S'llPnd'S'l1mpe'S'
• ·64305-2Y-2M-6Y-3Y-IM-OY

Bread
Loaf

Volume
(ec)

740

760

750

750

(continued)
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Table 12. (continued)

Variety or Cross Name and Pedigree

18th ITSN (1985-86 CIANO)

lalM2AIIBcm'S'/3/Pnd'S'/Castor'S'/4/Lmg'S'
X63335-B-1 Y-IM-lY-7Y-1M-OY-OM-OY

Tc195/M2AIIM2A/3/Eda'S'
CTM6091-o14Y-0141M-OY-3M-OY

L.echon'S'/Prl'S'
C1T·1751-1M-IY-1M-1Y-IM-OY

L.echon'S'lPrl S'
CI -1751-1M-lY-2M-3Y·2M-OY

AnzaJPI24374l11USA Ivs.718/Spy
T5078-014Y·03JM·QY·IM·IY-OM

Bread
Loaf

Volume
(ee)

765

775

770

805

800

Table 13, Triticale lines combining satisfactory bread and cookie quality included in the 1984-85 and
1985-86 CIANO Crossing Block (CB) and International Triticale Screening Nursery (ITSN)

Variety or Cross Name
and Pedigree

CB 1984-85 ClANO

Bread
Loaf Volame

(ce)

Cooki
Spread
Factor& Seoreb

Mizar

PFT8162
X-2 32-24N·6M·1M-1M-OY

T1.859

Mos' '1M2
T-} 07· M-OY- M-3Y·OM

Eda'S'
.. ·34824-801M-500Y-504B-500Y-501 Y·OM

Eda'S'I1M2NZ 75
.. ·61039-6M-l Y·IM·1 • y

pd'S'/Pvn76
·54268·7Y·] M·1 Y·6M·OY

162

73

715

706

705

735

710

700

88

110

86

84

92

90

G

VG

G

G

G

VG

G

(continued)



Table 13, (continued)

Bread Cookie
Variety or Cross Name Loaf Volume Spread
and Pedigree (cc) Factora Scoreb

CB 1985-86 CIANO

Eda'S'
X -34824-501 M-500Y-501B-503Y-501Y-OM-
OMI-OMI-2MI 730 103 VG

Tatu'S'
B-5644-778-2Y-1 Y-OM 755 88 G

Esel'S'
X-50408-B-5Y-2Y-1M-1Y-OB 755 106 VG

Eda'S'
X-34824-50 1Y -500Y-504B-500Y-501 Y-OM 735 100 VG

Eda'S'
X-34824-501M-50Y-504B-504Y-501 Y-OM 715 93 VG

Eda'S' //M2A/Za75
X-61039-6M-1 Y-1M·1Y-OY 755 89 G

17th ITSN. 1984-85 CIANO

Spd'S'/Chat'S'
CIT-47-3Y-2B-1 Y-5Y-2M-2Y-OM 710 94 VG

Sps'S'/Chat'S'
CIT·47-5Y-1B-2Y-2Y-1M-OY 720 88 G

Pnd'S'/Inc'S'/3IYe75//IalBush
CT-3791-0M-OY-CM-11 Y·OM 760 87 G

Rm'S'/Ptr//Bvr
X-59236-1M-1Y-2M-1Y-4Y-lB-OY 705 88 G

Rabi'S'/Rye9//Rm'S'/3/Katze'S'
X-63558-D-4Y-2M-1 Y-1 Y-1 M-OY 710 86 G

T.aestivum F9.70/Kustro Winter/3/INIA/
Tk//H616.71/4/Am'S' /Ptr'S' //Bsn 'S'

X-63617-A-2Y-1M-2Y-2Y-IM-OY 725 82 G

Lmg'S'//Pnd'S'/Mpe'S'
X-64305-2Y-2M-6Y-3Y-IM·OY 750 88 G

Up30 l/Spy//Tge 'S'
X-65219-2Y-3M-4Y-3M-4Y-3M-2Y-2B-OY 710 88 G

(continued)
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Table 13. (continued)

Variety or Cross Name
and Pedigree

18th ITSN 1985·86 CIANO

Bread
Loaf Volume

(cc)

Cookie
Spread
Factora Scoreb

IaJM2A//Bcm'S'/3/Pnd'S'/Castor'S'/4/Lmg'S'
X-63335-B-1 Y-1M-1 Y-7Y-1M·OY-OM-OY

CmI'S'/Pato//Lmg'S'
X-59462-16M-2Y-1M-2Y-2Y-1B-OY-OM-OY

M2A/Rm 'S'//Tge'S'/3/Tapir'S'//Pnd'S'/Rm'S'
CTM-8805-0M-030Y-OB-OY-23M-OY

Tcl.95/M2A//M2A/3/Eda'S'
CTM-6091-014Y-041M-OY-3M·OY

Pnd'S'/Rm'S'/3/Ye75//IraJCml'S'
CT-3573-0M-OY·OM-4Y-2M-OY

Mse'S'/3/Ksk46//PeI72380/Atr71/4/Topo 123
CIT,22221-1Y-2Y-2M-2Y-6M-OY

Mse's' /3/Ksk46//PeI72380/Atr71/4/Topo 123
CIT-2221-1Y-2Y-2M-3Y-4M-OY

M2A//Zz 'S'/Sjm'S'
CIT-988-3Y-1 Y-2M-3Y-1M-OY

Lechon'S'/Prl'S'
CIT-1751-1M-1 Y-1M-1 Y-1M-OY

Lechon'S'/PrI'S'
CIT-1751-1M-1 Y-3Y-2M-OY

Lechon'S'/Prl'S'
CIT-1751-1M-1Y-1M-1Y-1M-2Y-OB

Tapir'S'/Pft 7717
CT-1826-011 Y-038M-OY-2M-3Y·OM

AnzaJPi24374111USA Ivs,718/Spy
CT-5078-0 14Y-031 M-OY-1M-1 Y-OM

765 82 G

735 81 G

700 95 VG

775 95 VG

715 87 G

700 87 G

710 90 G

705 83 G

770 112 VG

805 102 VG

705 108 VG

725 95 VG

800 85 G

Tge'S'/4/Arm 'S'105/BgI'S'//2 *M2A/3/Ye75/5/Lmg'S'
/3/Alamos 83/Lma'S'

CT-5168-C-2M-1 Y-2M-2Y-1 M-1 Y·OM 725 97 VG

a Cookie spread factor is a measure (%) of the ratio width (WI thickness (Tl of the sample divided by the WIT ratio
of the check, The lower the value the poorer the cookie quality score

b Cookie quality score includes spread factor and general appearance of the cookie surface. VG:= very good;
G:=good
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Internationa Testing
M. Alcala

Introduction
The International Testing Program
in wheat. triticale, and barley at
CIMMYT was initiated as a result
of the very successful First
International Stem Rust Nursery.

In 1950, a stem rust epidemic
struck the wheat crop in United
States and Canada. In 1953. 60%
of the U.S. durum wheat crop was
destroyed. and in 1954. 75% of it
was destroyed. The primary cause
of the disease, race 15B. was
capable of destroying any
commercial wheat variety then in
commercial use. The U.S.

Department of Agriculture
appealed to seven countries
(Mexico, Colombia. Ecuador, Peru,
Chile. Argentina. and Canada) to
join in testing 1000 lines from the
world collection as a possible
source of resistance to the disease.
CIMMYT's predecessor
organization in Mexico (The Office
of Special Studies) was an active
participant.

Today. much of the stem rust
resistance in commercial varieties
can be traced to resistant breeding
materials identified from the early
international stem rust trials.

In 1960, the formal exchange of
germplasm was started by the
Inter-American Spring Wheat
Trial. Two years later. the Near
East Spring Wheat Yield Nursery
was added. Response from
cooperators was so encouraging.
that it was decided to continue
testing internationally promising
advanced lines and varieties of
wheat, triticale. and barley. Later
on, F2 populations. disease
nurseries, and special nurseries
were also added. Some of these
nurseries were later discontinued
after one to several years of trials.
depending upon the impact to the
national programs.

Another relevant benefit from
these early international nurseries
was the mechanism for
widespread distribution and
testing of wheat. triticale. and
barley germplasm. Before the
creation of the 1st International
Stem Rust Trial. breeders were
reluctant to release advanced lines
from their breeding programs to
fellow scientists for fear that new
cultivars would be named and
released without proper
recognition to the breeder and
organization responsible.

1985-86 Activities
In the summer of 1985. CIMMYT
sent 2467 bread wheat, durum
wheat. triticale. barley. germplasm
development, BYDV, and special
nurseries to 97 countries. In 1986.
2925 nurseries were distributed to
97 countries.

A nursery consists of a set of
varieties or lines. Each nursery
focuses on specific features. such
as yield stability under a wide
range of environmental conditions
or disease and insect resistance.

The nurseries are a mechanism
for distributing germplasm
because local breeders may use
any entry to cross with local
varieties. make selections or
multiply for release to farmers.

Max Alcala. head of the
International Testing Program.
prepares a nursery for shipment.
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When directly released as a
commercial variety. CIMMYT
requests that the origin of the
gennplasm be recognized.

The nurseries distributed by the
international testing program for
bread wheat, durum wheat.
triticale. and barley include
segregating materials. advanced
lines. and released varieties. Some
of the sets are replicated yield
trials and include advanced lines
and commercial varieties. Others,
such as screening nurseries.

include the best advanced
material from the CIMMYT
program.

The type of nurseries and number
of entries distributed during the
1985 and 1986 cycles are listed in
Table 1. The nurseries distributed
by the international nurseries
program for bread wheat. durum
wheat. triticale, germplasm
development, and special
nurseries around the world are
listed in Table 2.

Operation of
International Nurseries
The operation of the international
nurseries involves a series of
sequential steps which integrates
the efforts of CIMMYT scientists,
support staff, and a network of
hundreds of collaborating
scientists around the world. The
operation is divided into three
major areas:

• Nursery preparation

• Data analysis

JnformaUon
on Seed Bags

List of Entrtes

R ndom1zatIans
for Yield Nur eties

Field-
book
Preparation

Seed
Preparation

Nursery
Delivery

Typed Cover
Sb Is

Fieldbook
Original

FieJdbook
Multiple Caples

Cooperators

1_

Materials

j.p.r.e.p.a.r.a.ti.o.n

Nurse Summary
Tevi u Yar

Cooperator
ASSignment

Stamped
Seed Envelop

Information on Bo (Sets
of Individual u ry)

Nursery Identification
Labels

Phytosanitary
Certificates

---+-----I~Cooperator
Li t

--.......----1~ Mailing Labels

Nursery R qu ts

Summari s of
Avail ble cd

Experlmental
Informal1on

Figure 1. Steps followed by the International Testing Program for preparation of nurseries.
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Nursery preparation-Nursery
preparation (Figure I) requires
established schedules and
procedures for transmitting the
lists of experimental entries for
each nursery from the breeding
programs to the international
testing program, producing the
field books on the computer, and
making multiple copies, if
necessary. To avoid introduction
of foreign diseases and pests, seed
selected for inclusion in the

international nurseries is cleaned
and treated with the appropriate
fungicides and insecticides before
being packed.

Data analysis-To handle the
vast amount of data collected each
year from cooperating scientists
from the international yield and
screening nurseries as well as
disease and special nurseries, the
Data Processing Service (DPS)

provides computer facilities to
analyze and summarize the data
(Figure 2).

Report production-Figure 3
illustrates how nursery reports are
produced in a joint program effort
between the International Testing
Program and Information Services.
In 1985-86, 26 nursery were
produced and distributed to
cooperators (Table 3). In 1985, an
instruction bulletin for the

Filter Table

....... InformatIon on..
Stngle Nurseries

Entered Singler------...·~ lLe Data

+ / Filler Re orts

Carre lions '
......t---- nlered Data

~ Filter dl orrectcd
Single Site Oat,

Data
Preparation

Processing
Preparation

Comment T ble

Nursery Tabl

ope:raLor

artable Table

ariety Table

Data
Analysis

CorrecUons
/to ata5e'

___...~ Computer Produced
Repor

~ 1agnetic Tape
Fil of 0 t et

~
-----~~ Fleldb ok

X lOx 0 Jes of ~ Status Board
Reports

t_________ /"~ Wall haT. Record ~

r ~ Keeping ----lI.~ International Nursery
t ..------ dex ofC op t rs

put r Tap
UlJmr 1 'I lern InfonnaU n

'-- --1~ Ent r dingle
- .. Sil Data

Figure 2. Procedures for analysia of data by the International Testing Program.
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management and reporting of
results for the CIMMYT wheat
program was published in English
and Spanish with the cooperation
of several wheat staff. This
publication standardizes the
recommended management
practices. evaluation techniques,
and reporting procedures for all
international nurseries.

Achievements
The International Testing Program
serves the practical needs of
national wheat programs in three
ways:

• The program has been a vehicle
for distribution of advanced
lines and commercial varieties
for evaluation under local
conditions. This is particularly
useful in countries where
resources for large-scale
breeding programs are scarce.

• The program offers the
opportunity for improvement
through selection. With
considerable variation within a
given nursery. scientists have
the opportunity to select the
best plants that fit a local
condition, minimizing time and
expenses.

• The continuous exchange for
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Figure 3. Handling of nursery reports by the International Testing
Program and Information Services.
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Table 1. Number of entries (lines) and sets in each of the 1985 and
1986 nurseries

~ntries Sets
Nurseries 1985 1986 1985 1986

Bread Wheat
F2 AlumJnum 57 40

F2 Dryland 177 40

F2 HelmiTithosporium 41 30

F2 HIghland 60 40

F2 Irrigated 246 45

F2 SprIng x Winter 85 45

F2 Scab 124 45

Aluminum Screening Nursery
(4th and 5th) 65 57 65 65

Drought Screening ursery
(4th and 5th) 48 123 100 110

Heat Toleran e Screening
Nursery (3rd and 4th) 138 50 85 100

Helminthosporium R.esistance
Screening Nursery (4th and 5th) 59 59 60 85

Scab ResIstance Screening
Nursery (4th and 5th) 53 45 45 65

International Bread Wheat
Screening Nur ery (IBWSN.
19th and 20th) 264 268 200 185

International eptoTi,a
Observation Nursery (ISEPTON.
16th and 17th) 1 4 90 85 90

International Spring Wheat
Yield Nursery (lSWYN. 22nd and
23rd) "3 replications" 50 40 130 100

Elite Selection Wheat Yield
Trial (ESWYT. 7th and 8 )
"3 replication " 30 20 125 71

Parcela chlca (PC) early 19 40

Advanced Lines. Yangtze 93 90

Parcela chlca (PCl residual 557 15

(continued)
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Table 1. (continued)

Nurseries Entries Sets
1985 1986 1985 1986

Durum Wheat
F2 Dryland 120 40 45 50
F2 Irrigated 158 8S 20 SO
F2 Spring x Winter 40 SO 55 60
F2 Stem Rust Resistance 74 20 S5 40

International Durum Screening
Nursery (IDSN. 17th and 18th) 144 224 105 120

International Durum Yield
Nursery (IDYN. 17th and 18th)
..S replications" SO SO 95 100

Elite Durum Yield Trial
(EDYT. 15th and 16th)
"S Replications" SO SO 95 100

Crossing Block 22S SO

Advanced Lines 157 67S IS 15

Crossing Block Winter 58 7

Triticale
F2 Spring x Winter 60 71 64 70

F6 Modified Bulk 150 67 75 60

International Triticale Screening
Nursery (ITSN, 17th and 18th) 250 175 ISO 120

International Triticale Yield
Nursery (ITYN, 17th and 18th)
"S Replications" 25 25 105 120

ITYN (Short Set, 1st and 2nd) 25 25 20 40
Small Multiplication Plot (PC) 729 425 5 15

Barley (ICARDAICIMMYT)
F2 Spring x Spring lS9 221 40 50

F2 Spring x Winter 221 69 50 50

F2 Zona Andina 181 15

International Barley Yield Trial
(lBYT, 8th and 9th) "4 Replications" 25 25 89 90

International Barley Observation
Nursery (lBON lSth and 14th) 100 185 100 100



Table 1. (continued)

Nurseries Entries Sets
1985 1986 1985 1986

Germplasm Development
Rust Resistance Material 78 61 99 95

Aluminum-Tolerant and Disease Material 174 132 5 60

Special Nurseries
International Dise - Trap
Nurseries (IDTN) 292 264 300 250

Kamal Bunt Screening Nursery 1539 777 20 40

Kamal Bunt Resistant Collection 1539 20

Barley Yellow Dwarf Virus (BW) 146 92 20 60

Barley Yellow Dwarf Virus (DW) 33 34 20 50

Barley Yellow Dwarf Virus (TCL) 173 68 20 50

Barley Yellow Dwarf Virus (BAR) 157 86 70 60

Totals for all nurseries 8295 5890 2701 3119

Table 2. Bread wheat. durum wheat. triticale, germplasm development. and special nurseries distributed
by the International Testing Program in 1985 and 1986

Germp am
Bread Wheat Durum Wheat Triticale Barley Dev. pecWNurL BYDV
1985 1986 1985 1986 1985 1986 1985 1986 19815 1986 1.985 1986 1985 1986

Latin America 183 348 69 81 78 83 34 25 29 23 70 6 14 26

Ar/tt:nUltd 28 65 19 18 9 .. 2 t 3 2
1 II'L 21 25 8 11 .. 5 I :J I
BnuJl ..9 72 :l .. 2H 20 6 1 6 3\ 2S! 3 4
-till 19 24 11 20 10 10 3 4 .. 9

olombla 7 15 3 2 5 3 :3 3 I I
OSI Ric 3 9 1 1 1 1 1

Ecuador 10 11 2 5 .\ 1 1 2 2 3 2 3
GU"Ir:mal~ 7 10 3 3 :1 2 2 ~ 1
'uycanll 1
~It,"l('n 1:1 41 9 W 9 18 8 8 :1 6 1 3

uay 6 :36 .. 2 2 :1 2
'm 16 26 1.. l-t 7 10 3 :l 6 .. 2 2

llrug.uay .. 8 2 3 2 1 I I
' ..n zu<'la (; 1

Africa 235 268 115 104 72 74 66 64 28 29 84 611 16 38

Ig, 17 9 1-t 2 6 3 6 3 2 6 -t 2
Anglllu 2 1 2 1 I 1 1
ffurhi .l Faso 2 1 1
Cllmrl' H 5 2 ~ :)

"'/1go 7
Egypt 18 2J I lot 9 8 9 -t -t 7 6

thiopla 11 T2 1Q 9 3 2 7 2 .. 2 6 6
Gabon 1 1
Kenya 16 26 7 10 6 5 .. 5 1 -t -I '7
l.;b) 22 12 II 15 I 5 2 13 1 1 :3 :.! 4
hd'-""j :; 1:1 .. 3 2 :1 1 2 2 2 2
~hll :.! 7 5 2 2
M ro('('O 1:1 10 13 11 3 5 :3 5 8 ·1 -i ..

(continued)
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Table 2. (continued)

Bread Wheat
Germplasm

Durum Wheal. TdtlcJl1e Barley_ Dev. ..§pecJaJ Nurs.a BYDV
1985 1986 1985 1986 1985 1986 1985 1986 1985 1986 1985 1986 1985 1986

Mozambique 8 9 4 4 4 4 2 2 2 2
1geria 5 10 J l I 2 2 2

Rwanda 4 14 2 5 2 2 I I :1
Senegal .3 I I
Somalia :1 1 I
Soulh Africa 17 23 9 10 6 9 6 7 .\ 6 8 I 4 6
Sudan 10 9 4 3 I 3 3
SwazJland 2 I 1
'tantanta 15 14 3 3 6 3 6 8 4 6 4 2 2
Tunlsla 18 15 14 16 7 7 8 7 3 6 4 2 8
Uganda 4 5 1 1 2 2 I 3 3
Zaire 6 21 4 2 2
Zambia II 27 5 3 I 4 4
Zimbabwe 6 6 I 2 6 2 2 4 4 2

Middle Eut 95 116 64 96 33 35 38 44 16 20 42 36 10 19

YPrU!> 5 2 4 4 3 2 2 2 2
Iran 8 4 2 3 1 6 3 5 4
Iraq I 1 2 2 2
Israel 13 18 8 6 3 3 5 7 3 2 1
Jordan 7 13 8 18 4 6 3 5 1 2 3 2 4
Lebanon 3 I 3 4 2 2 2 2
Qatar :I 3 2 2 2
Saudi Ardbl 4 4 2 I 1 I 3 3
S'rf 21 18 14 22 6 6 5 II 6 4 7 6 2 8
Turkey 29 41 25 33 12 14 17 16 3 4 13 9 5 6
Yemen. North 2 8 7 3 2 2
Yemen. South 3 2 2

ABla 181 311 48 57 51 56 64 50 26 25 66 59 23 29

Afghanistan 2 6 2 6 3 4 2 2 3 3
Banglad h 15 34 I 1 2 1 1 5 5
Bhutan 4 6 2 I 2 2 I 2
Burma 5 10 2 2 I 2 2 2
China 55 100 12 19 13 20 30 22 6 II 30 20 II 17
India 16 29 10 16 6 2 2 6 2 4 7 :3
Indon 18 6 II 2 2 I 2 I I
Japan I 3 I I
Korea. North 5 I I I
Korca. South 2 3 2 1 2 2 3 3 1 1
Nepal 8 19 2 1 2 1 I 1 I 5 5 I
Pakl t n 28 36 8 5 10 8 11 12 9 4 II 9 5 6
PhilippInes 12 19 I 3 3 I 3 3
Sri·Lank 2 I I
Taiwan 5 2 2 2 I 1
Thailand 20 27 6 4 8 9 10 2 3 3
Vlel1laJn I I

OcelUlla 37 33 10 9 14 11 7 7 2 2 17 4 13 12

Austra.lla 30 25 4 2 8 6 4 4 2 9 2 7 4
ew Z alan 7 8 6 7 5 5 2 3 8 2 6 8
. Caledonia I I

Europe 103 124 113 105 88 114 61 51 34 21 60 39 22 29

1barlla 5 4 6 7 4 5 3 3 2
Au trfa 4 5 I I 1 1
Belgium I 1
Buillaria 6 7 2 4 4 3 4
Czechoslovakia 4 3 2 2 3 3 2 I I
England 3 5 4 5 2 2 2 2 I
Finland I 3 I I
franc 5 14 5 8 6 13 2 2 2 3 4 2 2 3
Germany. 0 m. I 3 3 3 3 3 2 I I 1 I
Germany. F {I. I 6 11 2 7 3 2 I
Crc:ece 7 II 6 8 5 4 4 4 2 2 :1 2 4
Hungary 4 2 4 3 3 I 1· I
Ireland 4 3 2

(continued)
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Table 2. (continued)

GenDJlwm
BUild Wheat Dwum. Wheat TrlUcale Bllrll:y_ De•. !peetall\l\ll'1S.a RYDV
1981S 1988 1981S 1986 1985 1986 1985 1986 1985 1988 1985 1986 1985 1986

8 .. 16 14 5 5 6 3 2 U 6
I I I I 2 I 2 2.. 3 2 2 3 3
4 5 2 7 8 I 2 2 ..

12 8 19 6 3 3 2 7 3 4
3 6 I 3 .5 6 I 3 .'3 2 J 3

24 36 28 34 23 27 16 14 2 1'7' 7 10
2 3 I 3 3
2 2 I 2 I 3 I I
3 .. I I

II 7 6 6 6 5 4 5 2 7 5 2

North America 2 58 0 22 3 21 14 14 5 5 7 0 0 0

Canada 14 3 6 6 4 I I 0 0 0
U.S.A. 2 44 16 15 B 19 5 4 8 0 0

Total Hun.crII!B 838 U88 419 474 3S9 393 284 255 "139- 126 S62 267 .98 us
Total CountrIes 84 8.8 58 61 70 79 62 66 49 50 78 75 3'7 40

a Includes International Disease Trap Nurseries and Kamal Bunt Screening Nurseries

Table 3. International nursery reports distributed in 1985 and 1986

1985
19th International Spring Wheat Yield Nursery
4 h Ellte election Wheat Yield Trial
16th International Bread Wheat Screening Nursery
14th International Durum Yield Nursery
14th International Durum Screening Nursery
12th Elite Durum Yield Trial
14th International Triticale Yield Nursery
14th International Triticale Screening Nursery
5th International Barley Yield Trial
10th International Barley Observation Nursery
13th International Septoria Observation Nursery

1986
20th International Spring Wheat Yield Nursery
5th Elite Selection Wheat Yield Trial
17th International Bread Wheat Screening Nursery
15th International Durum Yield Nursery
15th International Durum Screening Nursery
13th Elite Durum Yield Trial
15th International Triticale Yield Nursery
15th International Triticale Screening NUTsery
6th International Barley Yield Trial
11th International Barley Observation Nursery
14th International Septoria Observation Nursery
1st and 2nd Aluminum Screening Nurseri
2nd Drought Tolerance Screening Nursery
2nd Helmint osporium ~eslstanceScreening Nursery
1st Early Maturity Screening Nursery
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Andean Region
P.N. Fox and P.C. Wall

Introduction
Traditionally, small grain cereal
production in the Andean Region
was confined to the intennountain
valleys and mountainsides of the
Sierra. These zones were most
affected by the land reform
movement of the 1960s and 1970s
when much of the large areas
previously sown to wheat and
barley were divided into small
units. Small grain cereals are still
grown on many of the resulting
small farms, but normally as a
secondary crop in a rotation and
not as a principal cash crop
commanding the necessary inputs
and management.

During the past two decades. per
capita consumption of wheat has
doubled in the Andean Region as
a whole. while at the same time
wheat production has dropped by
almost 50%. These seemingly
contradictory situations have been
largely due to the same forces Le.,
large importations of wheat food
aid in the 1960s and 1970s and
subsidies on imported wheat,
especially in Ecuador and Peru. In
addition, wheat production has
also been affected by land refonn,
while consumption has increased
with urbanization.

shown in Peru, as research is very
much in an embryonic stage in
the other countries of the region.
Also. within the traditional areas.
many months are shown for
seeding and harvest, reflecting the
natural variability in rainfall
patterns in different parts of the
Sierra within the four countries.

Germplasm
Tables 1 and 2 list varieties
released in the region during 1985
and 1986.

Both Moyja and Pirai, CIAT bread
wheats released in Bolivia. have
very good resistance to P.
recondita. Moyja also shows better
resistance to Helminthosporium
spp. than the current commercial
variety. Saguayo.

A total of 158 and 148 nurseries
from CIMMYT Mexico were
received in the region for 1985-86
and 1986-87 sowings, respectively.
The figure for 1986-87 does not
include barley nurseries, which
were distributed by the ICARDA
program based at CIMMYT,
Mexico. In addition. the 9th wheat
VEOLA (Latin American Disease
and Observation Nursery) and the

8th barley VEOLA wer prepared
at the regional base in Ecuador
and distributed to 14 countries in
1985 and the 10th wheat and 9th
barley VEOLAs were distributed to
the same countries in 1986.
Entries comprise the most
promising advanced lines from
national programs within the
region. The nurseries are widely
distributed within the Andean
countries and to other key
locations. The data from the latter
sites principally serve to identify
broadly based resistances Within
Andean lines. uch resistances are
actively sought because they
remain effective longer in the
region. From worldwide data
returned for the 6th wheat
VEOLA. an Ecuadorean line with
low ACls for all three rusts was
identified. For this reason, the
line, By//Tob/Cno' . (E-II-73-8691
7e-2e-2e-2E). was crossed
extensively by INIAP Ecuador in
1985.

Interestingly. the 8th barley
VEOLA had the lowest ACI for
stem rust of any barley nursery
sown at the CIANO station.
Sonora. Mexico. in the 1985-86

Given this scenario. interest is
now being shown for wheat
production in the nontraditional
areas of the Andean Region. These
areas include both the very high
altitude areas where frosts and
hail are prime problems, and the
low-lying warmer areas where
wheat may be grown as an
extensive crop or under irrigation.
filling a vacant part of the
rotation.

These considerations. together
with the natural environmental
conditions (mainly variability in
rainfall patterns and extremely
broken mountainous terrain). lead
to the diversity of cropping
calendars shown in Figure 1. In
this calendar, winter wheat is only
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cycle. As barley stem rust is not a
common disease in the Andes. this
result is surprising. Two
hypotheses have been postulated.
One is that most Andean
programs have widely used
European varieties to obtain
resistance to stripe rust. and. that
in doing so. they have also
incorporated European stem rust
resistance, present at a much
lower frequency in the North
American material which
represents the bulk of other
nurseries. The other hypothesis is
that stem rust resistance genes
are linked to some other trait,
possibly a resistance to an
environmental stress. for which
Andean breeders are selecting.

Since a specific barley crossing
program targeted towards the
Andean countries was begun by
the ICARDA breeder based at
CIMMYT Mexico, improvement in
adaptation and resistance of
available barley germplasm for the

TradJ anal Areas (SpriJIg wheat )

region has been observed. The
first phase of selection in
segregants from these special
crosses was completed in 1985 in
Ecuador and Bolivia. Resistant
selections were sent to Mexico
where they will be advanced by
Single-seed descent and then
returned to the region for
evaluation as potential varieties.

In October 1985, the 1st
International Winter Wheat
Screening Nursery (IWWSN) from
Turkey, and a collection of winter
and facultative wheats from Chile
were sown at the Santa Catalina
Station in Ecuador, where spring
wheats are normally sown in
January for harvest in July/
August. The idea of the October
sowing was to ascertain whether
the winter or facultative types
could make better use of the lonj::(
grOWing (rainy) season than do tne
spring wheats. All the Chilean
introductions and 90% of the
IWWSN lines flowered and

produced grain, suggesting that
the use of the longer season
wheats may hold potential for
other parts of the Sierra, other
than the Peruvian high plateau
(Altiplano), where their feasibility
has been established.

The seasonal conditions in both
1985 and 1986 appeared to
exacerbate problems of soil acidity
associated with high soluble
aluminum levels and waterlogging
at Santa Catalina Experiment
Station in Ecuador. A general
yellowing associated with poor
early plant development wa
noted. The problem appeared to
be very irregularly distributed in
the experimental fields, causing
selection and evaluation
difficulties. However, locally
derived materials, the Aluminum
Tolerance Screening Nursery from
Mexico, lines from Passo Fundo in
Brazil, and triticales in general
appeared most tolerant. Liming

Bolivian ierra

Colombian Si rra (lsl seme I r)

Colombian Sierra (2nd m leT

Ecuadorian Sierra

Peruvian Sierra

- -

-------
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Figure 1. Wheat cropping calendar in different areas of the Andean Region.
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part of the nursery area in late
1985 did not improve the 1986
nurseries and trials are planned
for the 1987 season to examine
the liming and tillage options to
improve nursery uniformity.

Patholol!Y
The generally dry conditions in
1985 in the traditional small grain
growing areas of the Andes were
associated with severe and
Widespread attack of Barley Yellow
Dwarf (BYD) in wheat and barley,
and in 1986 symptoms were
equally Widespread but generally
less severe. While the intensity of
BYD is extremely variable, these
observations reinforced previous
studies indicating its potentially
serious impact. In 1985, BYD
readings in Ecuador tended to be
confounded with yelloWing
thought to be associated with
drought and, on the Santa
Catalina station, soil acidity.
However, analysis of leaves,
conducted by I. Barker, using the
ELISA test. showed that all leaves
with symptoms tested positively
for virus (BYDVj, while all those
without symptoms were negative.
This reinforces the contention that
visual screening is effective,
especially in highland regions of
the world such as the Andean
Region.

In the ELISA tests, viral rods were
observed in one sample of triticale
from Ecuador, and one wheat
sample from Peru. The rods are
suggestive of Wheat Soil Borne
Mosaic Virus (WSBMV). Further
samples will be collected and
analyzed to determine whether
WSBMV, or another virus, is
present. and whether this is
implicated in the high incidence of
leaf flecking observed in wheat in
the Andean countries.

Pat Wall. agronomiat in the Andean
Region. takes a close look at some
wheat in northern Thailand.
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With improving resistance to
cereal rusts in the Andean
varieties, more emphasis can be
placed on BYD. However,
variability in natural infection
hinders field selection for genetic
resistance. In this context. the
Andean Regional Program is
increasing collaboration with
CIMMYT, Mexico, and other
countries to introduce resistant

gennplasm and increase screening
efficiency. As some farmers (for
example, in the provinces of
Narino and Boyaca in Colombia)
routinely apply chemicals to
con 01 insect vectors of BYDV and
other pathogens, a primary goal of
BYD research will be to reduce or
eliminate chemical control and to
increase yield stability where
pesticides are not applied.
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Nariiio Dwarf Disease (Enanismo
de Nariiio) is a common,
sometimes serious, disease of
wheat in southern Colombia and
northern Ecuador. It is
characterized by severe plant
dwarfing, together with leaf
enations and twisted leaves. The
disease is transmitted by the
leafhopper Cicadulina pastusae,
but the causal agent has not been
identified, although viruses,
mycoplasms, and toxins have
been suggested. There is some
evidence to suggest that the leaf
symptoms are produced by a toxin
and are not directly related to the
agent causing the dwarfing. In
March 1986, the characteristic leaf
symptoms were found in Huaraz,
Peru, but no dwarfing was
observed. Further evidence is
needed to decide whether Nariiio
Dwarf Disease exists in Peru.

Other deviations from the
pathological norm associated with
the warmer drier conditions in the
Andean Sierra during the 1985
season included outbreaks of stem
rust (P. graminis tritici) in Peru at
altitudes over 3000 m where the
disease is rarely recorded.
Outbreaks of Rhynchosporium in
barley crops were less severe than
normal and artificial inoculations
at the Santa Catalina Experiment
Station in Ecuador produced only
minor symptoms.

At Santa Catalina, barley
germplasm was screened under
extremely heavy pressure from
stripe rust (P. striiformis hordei)
and leaf rust (P. hordei). From the
International Disease Trap
Nursery (IDTN) data, a change in
stripe rust virulence genes to the
Mazurka variant of race 24 was
inferred. There was moderate to
high infection of barley stripe (H.
gramineum). A very severe
epidemic of wheat stripe rust (P.
striiformis tritici) occurred in
breeding materials. Initial field
observations suggested a race
change in the pathogen as there

was a marked susceptibility in
preViously resistant materials.
Some selected comparisons using
lines from the IDTN in 1984,
1985, and 1986 illustrate this
(Table 3). Strain identification did
not confirm the existence of new
stripe rust races. Two samples
were identified by RW. Stubbs as
race 70EO which was present in
Ecuador in 1980.

Previously, triticale had been
considered highly resistant or
immune to P. striiformis, but
several lines in 1985 showed
severe leaf and spike infestation at
Santa Catalina. Two samples from
triticale were identified by RW.
Stubbs as race 6EO which had
been identified from Ecuador in
1979, 1981, and 1982. As no new
stripe rust race was identified,
efforts are underway to establish
what precipitated the increased
susceptibility of many lines of
wheat and triticale. It is
tentatively hypothesized that an
interaction between the genes
involved and the somewhat
unusual environmental conditions,
particularly with respect to
temperature. may be involved.
The situation parallels to a degree
the increased susceptibility of
wheat variety 19-INIAP observed
in 1982 when no new race could
be identified in greenhouse
studies. An alternative explanation
may be that new races are in fact
involved, but that the European
differentials are not effective for
detecting the Andean races. This
may occur if resistance genes and
virulences from South America are
uncommon or do not exist in
Europe.

It has been observed in the region
that programs routinely inoculat
ing breeding nurseries have been
successful in incorporating more
stable resistances than programs
relying on natural epidemics even
when infection is severe.
Inoculation with spores collected
off a broad host range in the
previous crop cycle probably
serves to maximize pathogen
variability, while natural

epidemics may result from one
predominant race of pathogen.
Despite shifts to susceptibility, a
feature of the 1985 and 1986
cycles at Santa Catalina was the
wealth of advanced material
remaining resistant. highlighting
the success in achieving relatively
stable resistances through an
ongoing inoculation program. A
major priority of the regional
breeder/pathologist continues to
be encouragement and assistance
in establishing inoculation as a
routine breeding procedure in all
the Andean countries.

Classic "tan spot"·type lesions
were observed in bread and
durum wheat nurseries in
Cochabamba, BoliVia, in 1985, but
no H. tritici-repentis could be
isolated in laboratory diagnosis
conducted by L.I. Gilchrist. The
majority of the symptoms were
attributed to S. nodorum with
some damage caused by H.
sativum.

Helminthosporium leaf diseases of
barley appear to be increasing in
Peru and Colombia.

In Ecuador 1986 was
characterized by high levels of
infection of Septoria tritici and
Fusarium nivale. Severe head
infection of Fusarium spp. was
observed in the Peruvian Sierra.
The species identified were: F.
poae, F. moniliforme, F.
acuminatum, and F. nivale.

Nontraditional Areas
As competition from other
agricultural activities is small, the
use of winter wheat germplasm in
the higher and colder zones may
represent the greatest potential for
expansion of cereal growing areas
in the region. Evaluation of winter
and facultative types in the
Altiplano of Peru is well advanced
and very promising yields are
obtained. Emphasis must be
placed in developing a
management system which can be
readily adopted by small farmers
without recourse to irrigation.

177



There have been some limited
sowings of winter and facultative
types in Ecuador, where the
traditional spring wheats do not
use all the available growing
season in some regions, and the
national programs of Bolivia and
Colombia plan to investigate
winter germplasm.

In the Department of Santa Cruz
in the Bolivian lowlands, approxi
mately 14,000 ha of wheat were
sown in both 1985 and 1986. The
predominant variety, Saguayo, is
susceptible to leaf rust and is
showing increasingly high levels of
Helminthosporium diseases in the
leaves. The local Bolivian
organization, CIAT, has released
two new varieties to replace
Saguayo (Table 2), and plans to
release Genaro 81 (Veery 3).
Improvement in the levels of

resistance to Helminthosporium
diseases in the nurser'es is ery
evident, and varieties with
considerably more resistance
should be aVailable within a few
seasons.

Collaboration continues in the low,
hot, acid soil conditions of the
Llanos of Colombia where
commercial wheat production
must be viewed as a very long
term project. Nevertheless
Significant improvements in the
1985 nurseries were seen. More
lines headed and formed grain
than in the previous year. This
was probably due to an earlier
sowing date, Sept. 14, than in
1984 when the nurseries were
sown on Oct. 10 when minimum
ternperatures are 1-2 °C higher.
Nonetheless, temperatures were
extreme for wheat growing in

1985 with only two minimum
temperatures below 20°C recorded
between sowing and the end of
November. The earliest lines
flowered in 47 days. In 1986,
extremely high rainfall, coupled
with the high temperatures and
acid soils led to the death of
almost all plants in the nursery.
Although the soils are free
draining, the intensity of the
rainfall and the level terrain can
lead to waterlogging for
considerable periods as occurred
in 1986. Future work will include
pollen survival studies as well as
sowings in soils without high
soluble aluminum. Although
wheat production in the Llanos is
not considered for these better
soils because of competition from
other crops, such trials should
indicate whether temperature or
aluminum toxicity is the major

Paul Fox, breeder/pathologist in the Andean region (right), and Eugene Saari, breeder/pathologist assigned to the
winter wheat improvement program based in Turkey, inspect the BYD plots at Toluca.
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limitation to wheat development.
Most of the better lines identified
to date come from the cross lAS
63/Ald'S'//Gto/Lv.

Starting in 1985, nurseries were
also sown at the Motilonia station
of ICA, near Valledupar, in the
Atlantic Coast region of Colombia.
Temperatures there are
approximately 1DC higher than in
the Llanos, but the soils have a
high base status, whereas the
Llanos soils are Oxisols. Rainfall
was adequate in 1985, but was
scarce in the first crop semester of
1986, leading to severe moisture
limitation and loss of the
nurseries. Under these extremely
hot conditions (mean min. temp.
during growing season = 22.9°C),
the crop cycle is very short (65-80
days) and the grain does not fill
well. The average kernel weight of
130 lines selected in 1985 was
only 23.8 mg. However, many
lines set grain and had kernel
weights above this mean (Table 4).

Many triticales also showed
promise under these extreme
conditions. Kernel weights were
lower in the triticales (mean of
150 selections was 15 mg/kernel)
but the best line had a kernel
weight of 25.4 mg).

Crop Management
Generally, most agronomic
research in the various programs
of the Andean Region has been
conducted along disciplinary lines
(e.g., soil fertility, plant pathology,
weed control) reflecting the
organization of the research
institutes. While much excellent
work has been done, and is being
done by these programs, the
adoption of their recommendations
has often been limited by the lack
of an integrating phase of
research, where the results of the
disciplinary agronomic researchers
are validated or adjusted under
conditions representative of those
of the farmers. Also, in this phase,
priorities for extension are placed
on the various components of the
"technological package" on the
basis of their pay-off and risk
under farmer conditions.

CIMMYT and some other
institutions working in the Andean
Region have put major emphasis
on bridging this gap by helping
convince research directors of the
need for the work, training of
personnel, and follow-up once
integrated agronomic research
efforts are begun. Obviously this is
time consuming and results, in
terms of adoption of modified
practices by farmers, are slow,
especially when the diversity of
farming conditions, the compleXity
of the farming systems, and the
general economic hardships of the
region are taken into account.

Given this background, the
following sections summarize the
status of integrated agronomic
research in the small grain
cereals, the most important
biological limiting factors and,
where applicable, some of the
more recent results.

Bolivia-Most of the integrated
agronomic work in the traditional
areas of the intermountain valleys
has come to a temporary standstill
due to the transfer of the very
limited personnel to other
activities.

In the nontraditional areas in the
"Department" of Santa Cruz, two
organizations are carrying out
some agronomic work. In northern
Santa Cruz where wheat shows
promise in rotation with soybeans,
the main limiting factor at present
is foliar diseases, principally
Helminthosporium spp., and
research work concentrates on
selection for resistance. At the
same time, limited work has been
done on chemical prevention and
control of these diseases. Once the
foliar blight problem is overcome,
or reduced, the next limiting
factor appears to be moisture, as
the crop depends largely on
residual moisture with some
rainfall dUring the season. Plans
are being made to initiate some
work on moisture conservation
and cropping calendars to

optimize the use of the available
moisture. Green bug, Schizaphus
graminum, can also be a serious
problem in this area, and work on
the integrated control of this pest
is being initiated.

The soils in the Bolivian Chaco are
heavy clays with a large
percentage of kaolinite. Wheat is
grown as an irrigated crop and
low infiltration of water continues
to be one of the major limiting
factors. Work continues on tillage,
seeding methods, and irrigation
methodology to try and
economically overcome the crops'
drought stress, particularly at the
end of the season when high
winds dry out the crop and soil
profile rapidly.

Colombia-The CIMMYT regional
wheat program has interacted in
the past with the Integrated Rural
Development Program (DR!) of the
Colombian Institute of Agriculture
and Livestock (ICA) "Technology
Adjustment" effort in Pasto,
Nariflo, the country's most
important wheat-producing
province. During 1986, work
continued with DRI-ICA and also
with the National Cereal Growers'
Federation (FENALCE). Trials
seeded in two municipalities of
Nariflo provided the base for a
course on applied research for
scientists from FENALCE and ICA.

An analysis of past results of the
DRI-ICA program in Nariflo
province, coupled with the results
of the 1986 trials of both ICA and
FENALCE, showed that the
fertilizer recommendations for
wheat in many rotations and in
various parts of the province could
profitably be changed from
26-52-12 to 50-50-0 N-P205-K20
kg/ha. There is no evidence of a
response to potassium even at a
high level of 100 kg K20/ha.
However, as most farmers use a
complete fertilizer, potassium will
probably continue to be applied in
small doses.

Experimental yields with these
fertilizer levels in some areas (for
example, Yacuanquer and Tangua)
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are in the range of 2.5-3.5 t/ha,
with little, if any, response to
higher fertilizer dressings. The
demonstrated potential yield in
this area is, however, in the order
of 5 tlha, and therefore attention
must be focused on other limiting
factors. Soil pH has been shown to
be low (4.6 to 5.0) but preliminary
results with lime applications (1.5
tlha) gave no yield response.
During the 1986 season, two
disease problems that could
account for this lack of
achievement of potential were
identified. Root rots, including
Gaeumannomyces graminis,
Fusarium spp., and probably
Pythium spp. were observed in the
majority of trial sites and farmers'
fields. Studies are planned for the
first semester of 1987 to evaluate
the importance of these diseases.
Many fields were also severely
infected with bacteriosis (species
not identified).

Alongside the course conducted
dUring 1986 for FENALCE and
ICA agronomists, participants
conducted their own research
programs in their areas of
influence. This produced a large
amount of information on the
various limiting factors in the
diverse environments of the
Sierra. Grass weeds are becoming
an increasing problem in several
of the traditional wheat groWing
areas. The principal weeds are
A vena spp., Phalaris minor, and
Lolium spp. Herbicides available
in Colombia for control of these
weeds are limited, and there is a
need for research on grass weed
control by both cultural and
chemical means.

Difenzoquat is available on the
market and in three trials
conducted in the Bojaca and
Mosquera municipalities of
Cundinamarca gave excellent
control of wild oats and highly
profitable yield increases,
especially with a dosage of 0.72 kg
a.i.lha (Table 5). This is a dry area
and trials are installed at the
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moment to evaluate the
effectiveness of cultural control of
weeds during the fallow in the
second semester. It is hypothe
sized that this will benefit the
crop, not only in reducing weed
populations, but in soil moisture
reserves.

Ecuador-In general, fertilizer use
has been the most limiting factor
to yields and economic benefits
from wheat in the various areas of
the Sierra where the INIAP
Production Investigation Program
has conducted research. However,
in 1985, with a slight change in
trial methodology in the Cayambe
area, where fertilizer trials were
managed completely by the
farmers except for the actual
fertilizer application, a severe
limiting factor was found in the
quality of seed being used by
farmers. Trials in 1986 showed
that conducting a germination test
on the farmers' seed and adjusting
the seed rate accordingly gave
very worthwhile results-more
uniform stands and better
response to fertilizer applications.

PerU-Integrated agronomic
research on wheat is now under
way in several areas of the
Peruvian Sierra, and also in the
high plateau around Lake
Titicaca. Much emphasis still
needs to be placed on further
training and follow-up with the
agronomists so that the programs
remain dynamic and orientated
towards farmers' problems.

In the Sierra, in general, the main
limiting factors are fertilizer use,
and, in many areas, weed control.
Varieties are a limiting factor with
respect to disease resistance, but
not necessarily with respect to
yield (Table 6). The resistance of
the most common wheat varieties,
Ollanta and Cahuide, to both P.
striiformis and P. recondita, is still
generally acceptable, even though
these varieties were released in
the early 1960s. However, there is
a need for varieties with better
resistance to guard against
epidemics. Seed production is,
however, of prime importance in

Peru and the farmers' crops are
very mixed due to a lack of a
source of pure seed. One of the
major weed control problems is
wild oats, A vena spp., but at
present there is no commercially
available herbicide for wild oat
control in wheat or barley in Peru.

Efforts in the Puno plateau are
directed towards finding a suitable
"technological package" needed
for the introduction of winter
wheat, a new crop, into the area.
However, testing of varieties to
evaluate their performance under
the severe conditions of the
plateau away from Lake Titicaca
where conditions are not
moderated by this large body of
water is still the highest priority.

Training Courses,
Conferences, and
Workshops
Fourteen young scientists from the
region completed in-service
training in Mexico in 1985 and
1986. Of these, six took the
Production Agronomy Course, six
the Breeding and Pathology
Course, and two the Cereal
Quality Course. During the period,
13 scientists and two
communications specialists visited
Mexico as short-term visitors.

In June 1985, a I-week seminar
was held in and around Quito for
all the wheat and barley extension
agents of the National Cereals
Program of the Ministry of
Agriculture. The emphasis was on
informal discussion during the
visits to the INIAP cereal breeding
programs and seed production
unit, a commercial seed company,
an example of INIAP's on-farm
research program, and some of the
extension agents own trials and
demonstrations. The week ended
with a planning session for the
trials and demonstrations for
1986.

The CIMMYT Economics Program
and the regional agronomist held a
two-part workshop in Ecuador in
mid-1985 for all professionals of



INIAP's Production Investigation
Program. This workshop attacked
the theory and practice of trial
analysis and planning in a
dynamic on-farm research
program.

In August 1985. a workshop was
held in Santa Cruz. Bolivia. for all
wheat and barley researchers in
the country. in an effort to
increase cooperation among
researchers. especially important
in light of the present financial
problems of the research
institutions. The Bolivian
researchers took advantage of this
opportunity to organize inter
institutional. countrywide variety
trials and future meetings.
fulfilling admirably the objectives
of the workshop.

Starting with a survey of farms
and farmers in the Yacuanquer
and Tangua municipalities of
Narino. Colombia. in January
1986. a course on applied.
integrated agronomic research was
conducted in four parts for 25
agents of FENALCE and eight
scientists from ICA. Emphasis was
placed on conducting research in
farmers' fields. A month after the
survey. participants spent a week
revising the survey results.
analyzing local problems. and
designing trials to attack these
problems. Some trials were seeded
before the participants returned to
their work areas to design and
seed their own trials. a process
which enabled them to immerse
themselves more in the process
and discover where their problems
lay. Trial and farmer field
evaluation was the focus of the

second part of the course. Field
evaluation was oriented by classes
on crop diseases and diagnosis of
field problems. The final part of
the course was to have been held
at the end of the harvest season
when participants could analyze
the data from the first harvested
trials. and harvest and conduct
farmer field days on the latest
trials. However. it had to be
delayed until October when
participants were assisted in
conducting agronomic. statistical.
and economic analyses of the
results from Yacuanquer and
Tangua. This was followed by
further sessions on trial planning.
After this course. all the FENALCE
personnel returned to their bases
to analyze their own results and
plan their trials for the coming
year. These results and plans were
presented at a meeting of all the
FENALCE small-grain cereal
personnel in December. which
allowed further revision of the
main processes. It is hoped that
this meeting will become an
annual event. as it allows a forum
for new ideas and peer
surveillance of the direction of
research work in all areas.

A CIMMYT-sponsored regional
cereal researchers workshop was
held in Peru in March 1986. with
participants from all four small
grain cereal producing countries of
the Andean region. and from the
CIMMYT base program. The group
visited the breeding and agronomy
programs of INIPA in Huaraz and
Cuzco. the barley and winter
wheat nurseries of the National
Agrarian University (UNA) in
Huaraz and the program of the
breweries in Cuzco. Although the
program was interspersed with
seminars. the emphasis was on
informal discussion among
participants. This workshop

grouped researchers from various
disciplines-breeding. agronomy.
and pathology. However, this
strategy will have to be reassessed
in the future, as generally not all
the aspects of a national program
can be treated adequately in the
week that is financially aVailable.
On top of this, agronomic research
has lagged behind breeding and
pathology to such an extent in the
region that a more intensive
agronomic workshop would
appear worthwhile. Unfortunately,
separating the disciplines would
also limit the exposure of
researchers to other disciplines,
and probably limit the
discussions.

Publications and
Presentations
1. Borlaug, N.E., and P. Fox 1986.
Tritjcale. In: Colliers'
Encyclopedia. Pp. 484-5.

2. Fox, P.N. 1986. i,Donde tiene el
triticale su potencial? Seminar
presented at the Andean Regional
Workshop on Small Grain Cereal
Research. Peru.

3. Fox. P.N., H.J. Braun. and W.
Pfeiffer. 1985. Examination of
adaptation and diversity in
breeding using cluster analysis.
Presented at the 77th Annual
Meeting of the American Society
of Agronomy, Chicago. Ill., U.S.A.
Dec. 1-6.

4. Fox, P.N.. A.A. Rosielle, and
W.J.R. Boyd. 1985. The nature of
genotype x environment
interactions for wheat yield in
Western Australia. Field Crop Res.
11:387-398.
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a Numerals do not ref1ect year of
release

Table 1. Varieties released in Peru in 1985-86a

Bread wheats released. by INIPA for the Sierra

Pach~utec 85 == S-76641 (cross unknown)
Titicaca = Chat'S'

Released by INIPA for the high plateau

Salcedo 77 LeU
Sale do 78 = Huenofen
Sal edo 79 = Maris Huntsman
Salcedo 80 = WWP 7147
Salcedo 81 = Budifen

Durum wheat released by INIPA for the Sierra

Taray 85 == Yav'S'-Aa'S' CP32617-IB-3Y-IM-OY

Barley released by Universidad Nacional del Centro for Buaneayo

Zegarra 85 = CI9716

Table 2. Varieties released in Bolivia in 1985-86

Bread wheats released by the Abapo-Izozog Project for the
irrigated areas of the Chaco

PAl Cupesi == Bobito'S' II 38837-9Y-2M-IY-3M-500Y-QM
PAl Comomosi == Nacozart 76
PAl Mistol = Bow'S' CM32203-K-9M-19Y·3M-3Y-QM
PAl Aurora = Au/Up301//Gll/Sx
PAl Alcaparra == Kea'S' CM21335-9Y-3M-IY-IY-IY-OB

Released by the CIAT program for the nonirrigated areas
of Santa Cruz

Moyja·CIAT == Kvz/K4500 L.A.4
SWM 176-3M-lY-4Y-IY-I M-OY-IPTZ-OY

Pirai·CIAT == Lira'S' CM43902-H-2Y·IM·4Y-OM

Table 3. Selected entries from IDTN and their leaf reactions to P.
strllformls trltlcl at Santa Catalina Experiment Station, Ecuador in
1984, 1985, and 1986 using the Modified Cobb Scale

Reaction
No. Entry 1984 1985 19

33 Vemstein 0 40S 60S
35 Cs(51/Tc3B tR 60S 5MS
39 rsr16ra 5MR 80S 40S
44 Wrt238.5 tR 60S lOMS
54 Tobari 66 5MS 100S 40S

202 Tungurahua 5MR 20S 15MS
203 Chimborazo 5MR 30S 20MS
204 "150" 20MS 60S 20MS
208 AId'S' 40MS 30MS tMS
209 Pvn'S' 5MR 80S 30MS
210 ChinoH 70 30M 60S 40S
211 Valluno 78 40M 60S
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Table 3. (continued)

Reaction
No. Entry 1984 1985 1 86

212 Sag ayo 7 30MS 60 0
215 E. Dorado 1OMS OS 30M
216 Eo T~IaJias lOMS 80S 30MS
21 E. Homero lOMS 60s
2 TG2240 5MR 405 60S
225 Bobllo'S' 5MR OS
235 Le 2094 30M 60s 20MS
2 7 La paz INTA 105 60S 30
23 Le 2087 10M 60S 20MS
241 I 63/Ald'S'//Gto/Lv 5MR 305 15MR
242 PF7 91 tR 40MS 10MR
243 BR4 lR 0 20M
245 T8 tR 40 tMR
246 BR 8 lOMS 80S 4 S
248 PF80139 30MS LR 0

Table 4. Characteristics of five of the best wheat lines selected at
the MoUlonia Station, ICA, Cesar, Colombia, in 1985a

Kernel a Souree:-A. Gutierrez T. Annual
Days to Day to Plant weight Report. C.R. I. Motilonia, 1985B-1986A

Line/eros anthesis maturity 8t. (em) (mg)

Genaro 81 43 75 7 2~U

Pvn'S'/lNtA 49 78 43 27.2
Olen on 81 2 75 40 27.2
CD/Pchll/ es 48 75 41 26.2
Seri 82 41 75 44 26.1

Table 5. Yields of wheat with different doses of Difenzoquat at three
sites in Cundinamarca, Colombia, 1986a

Yield t/ha a Source: S. Merino. FENALCE.
Dif nzoquat (kg/ha) Site 1 Site 2 Site 3 MeaD b Cundinamarea. Colombia

0 1.63 1. 0 1.76 1.73 b Marginal Rate of Return,
0.4 (2 lite pr duct) 1.66 2. 1.89 1.85 D D =dominated
0.72 (3 liters product) 2.46 2.6 2.09 2.41 279
0.96 (4 liters product) 2.42 2.83 .15 2.47 54

Table 6. Yields (t/ha) of wheat with and without fertilizer in the area
of Maras, Cuzco, Peru, 1985-86. Mean of three sitesa

Fertilizer AppUed (~~2_ -K2Q)
none 80·80-0 MUDVariety

~Uanta

Gavilsn
Pachacutec
F rm r . varletyb
Mean

1.25
1.16
1.07
1.32
1.20

2.04
1.74
2.29
2.43
2.13

1.64
1.45
1.69
1. 8
1.67

a Source: B. Rojas and J. Parra.
INIPA. Cuzeo. Peru
b Variety varied with site
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North and West Africa a d Iberian Peninsula
s. Fuente F.

Introduction
Since July 1981. CIMMYT's
regional program for North and
West Africa and the Iberian
Peninsula has provided a link
between national cereal programs
and the research and training
units at CIMMYT Mexico. Regional
staff have visited wheat programs
in Algeria, Tunisia, and Morocco
every year, sometimes after the
wheat was planted and always at
the grain filling stage of the crop.
The wheat programs of Portugal
and southern Spain were visited
more than the others in the region
during the cropping season. With
the closing of the Lisbon office,
the region, starting in 1987, will
be administered by personnel
assigned to the CIMMYT/ICARDA
collaborative projects based at
Aleppo. Syria.

Production and Varietal
Situation
Bread wheat production in
Portugal showed some decrease in
the 1984-85 season (Table 1), due
perhaps to dryness in March at
the time of grain filling. and to
heavy rains in April and May
which caused some harvesting
problems. Monthly rain recorded
at Elvas. Portugal. was 7.5 mm for
March and 96.0 mm in April; the
30-year average for these months
is 59.5 mm and 47.2 mm,
respectively. These enVironmental
conditions apparently had little
effect on Spain's bread wheat
production. The harvest was only
slightly less in 1984-85 than the
previous season (Table 1).

The weather conditions during the
1985-86 crop cycle in the region
were characterized by late frosts
and a reduced amount of rain in
certain areas. In Portugal.
minimum temperatures of 1.0 to
2.6°C were recorded 4 days in
April; in Spain, 6 days of frosts in
Cordoba and -1.5°C on April 13 in
the Guadalquivir Valley were
registered for the first time this
century. The frosts occurring at
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the flowering period of the wheat
crop resulted in extensive flower
sterility and/or poor setting of the
grain. The damage was severe to
many commercial wheat fields in
southern Spain, especially to those
planted late due to heavy rains at
the end of November and
December 1985.

These conditions diminished the
total wheat production in Spain
(Table 1) compared to the
excellent crop in 1984-85. In
Andalucia where 35% of Spanish
grain is produced. the harvest in
1986 was 1.48 million tons
compared to 1.38 million tons in
1985. In Portugal most of the crop
escaped the effects of the low
temperature in April since
planting was normal from mid
November to mid-December. In
1985-86. wheat production was
about 80,000 tons greater than in
1984-85 (Table 1).

Over the two cropping seasons,
the variety Anza continued to be
the leading cultivar planted
commercially in Portugal along
with some of the old Italian
varieties. Cocorit is planted in
most of the total acreage devoted
to durum wheat. The triticales

Bacum, Arabian, and Beagle are
becoming popular for feeding
purposes.

Some of the new Portuguese
cultivars are preading among
farmers of the Alentejo and Beja
areas in the south. including Tejo
and Caia for bread wheats, Faisca
for durum wheats, and Borba and
Juanillo 97 for triticale. All of
these materials were selected by
breeders of the National Plant
Breeding Statton (ENMP) at Elvas.
ENMP also proposed that three
bread wheats derived from
CIMMYT's nurseries be added to
the National Variety Catalog of
Portugal in 1986:

• Mondego = Justinl7C
• Not named = Veery 15M

(CM33027)
• Not named = 5270/CalllTobl

8156/3/7CIIBb/Cno
(CM5813-B-lY-500M-500Y-OM)

In Spain, the area seeded with
Anza diminished sharply in view
of its increasing susceptibility to
PuccinJa recondita. The cultivars
Cajeme and Yecora now occupy
80% of the area for bread wheat in
the south; Mexicali and Yavaros
are the predominant durum



wheats. North of the Guadalquivir
Valley, some French varieties are
still used.

New cultivars with better yields
and resistance to diseases have
been selected in the Spanish
breeding programs. The list
includes Cartaya (= Veery # 5),
Arganda (= Veery # 3), Betres,
and Albares for bread wheat;
Nuflo and Vitron (both =
Yavaros'S'), Waha, and Peflaflor
for durum wheat; and Montanche,
Tentudia, Trujillo, and Miranda for

triticale. These materials have
already been proposed to, and
some approved by, the National
Varietal Catalog of Spain. Their
utilization by farmers, however,
has been slow due to problems in
seed certification and multiplica
tion. However, farmers do have
interest in improved cultivars. In
Andalucia, approximately 6500 ha
were planted to Cartaya in
1985-86; 600 tons of the durum
wheat, Gallareta'S', were
harvested in the same period, and
enough seed of another durum

wheat, Carcomun'S', is available
to plant about 2000 ha in
1986-87.

Breeding
In the course of yearly visits to the
wheat programs of the Mediter
ranean area, the cultivars and
lines in screening and yield
nurseries were rated Visually for
agronomic characters such as
tillering, height, resistance to
diseases, fertility, and maturity.
The best looking bread wheat,
durum wheat, and triticale
genotypes from CIMMYT
international nurseries for the
1984-85 and 1985-86 cycles are
listed in Tables 2 and 3.

Some specialized nurseries, such
as the Drought Screening Nursery
(DSN) and the Heat Tolerance
Screening Nursery (HTSN) are best
observed in the warm semiarid
desert conditions of North Africa
and Sudan. Sudan has experi
enced drought over the last five
crop seasons and rain was almost
absent in the wheat growin~ areas
of all these regions from early
March to the end of the 1985-86
crop season. Most of the cultivars
and lines listed in Tables 4 and 5
are short and of early maturity.

Pathology
1984-85 crop cycle-An
abundance of rain in the early
stages of plant growth favored an
intense ephiphytotic of septoria
tritici blotch in the nurseries at
Elvas, Portugal. Stripe (yellow)
rust developed late in the season
and attacked highly susceptible
cultivars, but was arrested by the
warmer temperatures and drier
conditions in March. Leaf rust,
although severe in some cultivars,
developed close to the crop's
maturity stage and was difficult to
assess due to the masking effect of
the septoria symptoms.

Santiago Fuentes F. (left) and Lucy Gtlchrist. pathologist.. consult at Cd.
Obregon. Fuentes was the pathologist ••signed to the North and West Africa
and Iberian PeninBula Region unW the Lisbon office as closed in 1986. He
is currently assigned to the Andean Region.
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For septoria tritici blotch, the
most resistant bread wheat lines
are listed in Table 6. As in
previous seasons, Bobwhite'S',
crosses with PF73504 (a Brazilian
line from the Passo Fundo wheat
program), and Veery'S' provided
good resistance to the disease. Ten
lines of PF70354/Yaco'S' (cross
CM67911) were most outstanding
in the 1984-85 season.

No stripe rust developed in the
barley nurseries nor in the barleys
of the 2nd International Disease
Trap Nursery (IDTN) in Portugal.
According to Table 7, the response
of single-gene differential lines
indicates the effectiveness of Yr2,
3, 5, 8, 9, 10, and Su92 for stripe
rust resistance in the field
conditions of Spain and Portugal.
The same pattern was observed in
southern Morocco where Yr1 was
also effective.

Leaf rust virulence from samples
of rust collected in commercial
and experimental fields in
different countries was analyzed
for virulence in the greenhouse of
the National Plant Breeding
Station (ENMP) at Elvas, Portugal.
Seedlings of 21 Lr-isogenic lines
obtained from CIMMYT-Mexico
and nine hexaploid wheats
(selected for low coefficient of
infection to leaf rust) were
inoculated with mono-uredial
isolates of the fungus. Five bread
wheats from the cereal program in
Portugal were also included in the
tests (Table 7).

Among the 21 Lr-isogenic lines
tested, only Lr17, 19,20, and 24
were effective in the seedling stage
against all isolates of P. recondita.
An exception was found in a
sample from Monterotondo, Italy,
which produced a 3 reaction on
Lr24. Compared to 1983-84, there
was no major change in the
virulence pattern of leaf rust in
the area in 1984-85. For Spain
and Italy, Lr2a was not effective in
1985.

In Spain and Morocco, the reaction
of adult plants to natural
populations of this fungus differs
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somewhat from the seedling
reaction. On one hand, there is
evidence for erosion in
effectiveness of Lr17 and Lr20
(Table 7); on the other hand,
Lr3Ka and Lr15 appear quite
effective in adult plants.

Environmental conditions around
Cordoba in the south of Spain
favored development of powdery
mildew caused by Erysiphe
graminis. This is perhaps the only
place in the region where an
intense attack of the fungus
permits good screening of wheat
and barley cultivars. Observations
of the 2nd International Disease
Trap Nursery are in Table 8.

1985-86 crop cycle-Stripe rust
was severe on artificially
inoculated plots in Portugal and
southern Spain. Leaf and stem
rusts appeared late in the season,
but their symptoms were masked
by stripe rust. In commercial
fields, the effects of any of the
three rusts were negligible.

No stripe rust symptoms were
evident in experimental and
commercial barley fields. Scald
and Helminthosporium teres were
severe in susceptible cultivars of
the international nurseries.

For the Iberian Penisula, the stripe
rust genes (Yr-gene) operating in
the Yr-isogenic lines of wheat and
barley in the 3rd IDTN were Yr2,
3,5,8,9, 10, Su92, and Choti
Lerma. The susceptible cultivars
Morocco, Soltane, T. spelta
saharense, Mexipak, and Giza 155
showed 80-100SMS. With the
exception of Yr1 (lOMS at Elvas in
1986), the pattern of virulence of
stripe rust was similar to 1985.

Leaf rust in Morocco was severe
only in experimental fields. The
country's commercial crop
suffered mainly from drought
starting in early March. The
symptoms of stunting, poor
tillering, yellowing and scorching
of leaves, and weak spike
development were often confused
with the incidence of barley yellow
dwarf (BYD) and/or Hessian fly.
Hessian fly was particularly severe

in the central and western coastal
areas of the country. Some of the
international BYDV barley and
triticale nurseries from CIMMYT
were assessed in Morocco and
Spain; the most resistant
materials are listed in Tables 9
and 10.

Again in 1985-86, leaf rust
virulence analysis was conducted
in the ENMP greenhouse facilities.
In 1986, a total of 231 mono
uredial isolates of the fungus from
samples collected in seven
Mediterranean countries were
inoculated on seedlings of 17 Lr
isogenic lines plus Thatcher and
Morocco as susceptible checks. In
addition, seven hexaploid wheats
from CIMMYT's international
nurseries and three Portuguese
selections were used in the test.
The CIMMYT materials were
chosen by a low coefficient of
infection to leaf rust from
worldwide data. The Portuguese
cultivars have been highly
resistant to the three rusts under
Portuguese conditions (Table Il).

Comparing the results of two
previous seasons, certain changes
were observed in the fungus'
virulence pattern. In 1986, four
isolates from Gravina, Italy, were
virulent on Lr24, which up to
present, has been considered a
highly effective gene; eight isolates
from Jordan gave a mixed
Virulent/avirulent reaction. While
in Portugal, Lr1, 2a, 2b, and 16
(Lr1 and 16 not shown in Table
11) were effective at the seedling
stage, they were overcome by the
Spanish isolates. In addition, Lr16
was also not effective against all
other isolates.

In agreement with the results in
1984 and 1985, there was no
virulence (= effective genes in the
host plant) in all isolates in 1986
to overcome Lr17, 19, 20, and
mostly to Lr24. Lr3Ka was
frequently effective across the rust
isolates.

For the third consecutive year, the
CIMMYT cultivars of unknown Lr
gene composition were mostly



resistant to all of the leaf rust
isolates tested. The same results
were observed on the Portuguese
genotypes-selections also from
CIMMYT nurseries and used for
the first time. Even though the
analysis does not represent a
thorough survey of the rust in the
area, it does indicate a good
amount of resistance to leaf rust
in the "genetic soup" of the
advanced lines assayed.

The adult plant reaction to leaf
rust on Lr-isogenic lines was
recorded in the 3rd IDTN grown at
the Agricultural Experimental
Station of Jemaa Shain (lNRA)
Morocco. As in the seedlings,
Lr3Ka. 17. 20, and 24 were
effective genes in adult plants. A
deviation from the seedling
reaction trend was Lr19 showing
certain susceptibility (lOS) in the
field. Although Lr12 and Lr14b
did not react in seedlings, they
appeared to work effectively in
adult plants.

For the first time, leaf rust was
observed in wheat in Sudan. In
February 1986 in the vicinity of
New Halfa in eastern Sudan,
several commercial fields of
presumably the variety Condor (an
Australian cross of Anza) were
found with traces S to 20MSS of
leaf rust. The disease was also
identified in experimental plots at
the New Halfa Agricultural
Research Station. Traditionally.
the area is known as endemic for
Puccinia graminis tritici. mostly
from spores carried over from the
mountain regions of East Africa. If
leaf rust becomes established in
Sudan. it will add a new
dimension to the breeding efforts
for wheat in the country.

Most of the commercial cultivars
planted by farmers in the Iberian
Penisula and North Mrica are
moderately resistant to moderately
susceptible to S. tritici. In 1986.
the epiphitotic appeared rather
late in the crop season and caused

no appreciable yield losses. The
best hexaploid cultivars of the
16th ISEPTON resistant to S.
tritici are listed in Table 12. The
nursery was artificially inoculated
at Elvas, Portugal and Rinconada
Seville, Spain. In Radzikow.
Poland, S. nodorum is more
prevalent than S. tritici.

Training
In early May 1985, a traveling
workshop to Morocco and Portugal
was organized in collaboration
with ICARDA. It included seven
scientists from Morocco; four each
from Portugal. Spain, and
CIMMYT; tfiree from ICARDA; and
two from Tunisia. The workshop
visited the experimental stations
at Guich. Cidera, Merchouch,
Tassaout. and Jemaa Shain of the
National Institute of Agricultural
Research in Morocco as well as
ENMP at Elvas, Portugal. The
workshop provided a good
opportunity for the scientists to
interchange ideas and to assess
germplasm of wheat. triticale, and
Darley under different environ
mental conditions.

In 1986. the traveling workshop
started in Tunisia where the
wheat breeding programs at the
experimental stations of Beja and
EI-Kef were visited as well as the
varietal trials and herbicide and
fertilizer experiments at Bou
Salem. The trip ended in Morocco
where participants attended the
International Wheat Conference in
Rabat. Other stops in Morocco
included the INRA experimental
plots at Guich, Tassaout, and
Jemaa Shain and the facilities of
the Mid-America Agricultural
Consortium in Settat. Three
Algerians, four Tunisians, four
Moroccans. five Spaniards, and
three Portuguese along with
CIMMYT and ICARDA staff
members particiapted.

In 1985, CIMMYT sponsored the
traveling of the follOWing
personnel:

From Portugal
• Eng. Agron. Bemvindo Martins

Macas visited Mexico for
breeding training.

• Eng. Agron. Maria Julia
Goncalves visited the septoria
program at the University of
Tel-AViv. Israel.

• Engs. Agron. Manuel Barradas,
ENMP director, and Jose
Francisco Martins Chicao.
Direcao Regional de Agricultura
do Ribatejo e Oeste. visited the
Wheat Program at Cd. Obregon,
Mexico.

• Engs. Agron. Pedro Magalhaes
Carvalho and Jose Norberto
Prates Coutinho attended 2
weeks in Ankara for a workshop
on computer operation and the
use of the MSTAT program.

From Spain
• Ing. Tee. Fernando Perea

Villalon, Experimental Station
of Tomejil, Andalucia, Spain,
visited Mexico for breeding
training.

• Ing. Tee. Francisco Perez Rojas,
Experimental Station La Orden
in Badajoz, and Ing. Agron. Ana
Guerrero, Experimental Station
EI Encin in Alcala de Henares,
worked for a month in the
industrial quality laboratory at
CIMMYT Mexico.

• Ing. Agron. Carlos Conradi, in
charge of field operations of the
Experimental Station at
Rinconada. Sevilla. spent 5
weeks in experimental station
management at CIMMYT
Mexico and Cd. Obregon.

• In 1986, Ing. Agr. Jose
Marinetto Quilez, breeder from
the Experiment Station at
Granada, andlng. Tee. Juan
Perez Garcia, extensionist for
the Jerez area, visited the
wheat program at EI Batan and
Cd. Obregon.
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Table 1. Wheat production in the Iberian Peninsula over three crop
seasons

Area Production Average yield
(1000 hal (1000 t) (tlha

1983-1984 308 465 1.51
Portugal 1984-1985 302 385 1.27

1985-1986 292 463 1.58

1983-1984 2142 5618 2,62
Spain 1984-1985 2025 5326 2.63

1985-1986 2083 4169 2,00

Cros and cUgree

Screening Nursery (mWSN)8th International Bread Wh
(rated in 13 sites)

Table 2. Genotypes of bread wheat, durum wheat, and triticale
assessed for good agronomic characters in most of 13 agricultural
experimental stations in five countries of the Mediterranean region
and in Sudan during 1984-85a

Nursery
and.

Entry No.

a Locations: Sudan, Wad Medani;
Spain, Seville; Sudan, New Halfa;
Spain, Jerez; Algeria, El-Khroub;
Spain, Carmona; Turkey, Adana;
Spain, Cordoba; Turkey, Izmir: Spain,
Alcala de Henares; Morocco, Cidera;
Portugal, Elvas; Morocco, Merchouch

1 Seri 82

3 Gcn~aro

39 # 7 = Kvz/Buho//Kal/Bb
CM33027-F-15M-4Y-4M-3Y-2M-I V-OM

46 prau'S'
M3821 'l-I-7Y-2M-IY-3M-2Y-OM

55 Fcl
CM43598-II-8M-l Y-5M-2M-2Y-OB

75 Dove'S'lBu S'
C 58808-27Y-2M-6Y-2M-OY

71:l Dove'S'/Bue'S'
CM588 -27Y-2M-9Y-IM-3Y·O 1

79 Vee'S'/3/Kito/PAT 19/1Mo/Jup
CM58824-1Y-IM-l V-OM

92 Buc'S'/Bjy'S'/IGjo'S'/Emu'S'
CM60419-C-3Y-IM-5Y-2M-l Y-IM-OY

9 Mrl'S'/Buc'S'
CM61949-3M-4Y-IM-lY-I M-OY

103 Mrl'S'Buc'S'
CM61949-3M-4Y-IM-3Y-IM-OY

174 r F70 54/Yaco'S'
CM67 11-4Y-IM-3Y-OZ-IY·OM

(continued)
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Table 2. (continued)

2 t International SprJDg Wheat Yield Trial (ISW
ites)

Nur ery
and

E try No. Cross and pedigree

) (rated in 11

a Locations: Sudan, Wad MedanJ.;·
Spain. Seville; Sudan, New HaIfa;
Spain, Jerez; Algeria, El-Khroub;
Spain, Carmona; Turkey, Adana;
Spain, Cordoba; Turkey, lzmir; Spain,
Alcala de Henares; Morocco, Cidera;
Portugal, Elvas; Morocco, Merchouch

16 Buc'S'lBjy'S'
CM49641-9Y-IM-IY-lY-OM

18 Prau'S'
CM38212-1-7Y-2M-IY-3M-2Y-OM

26 LAJ2484 (Argentina)

34 Almansor 1
CM22099

6th Elite Selection Wheat Yield Trial (ESWYT) (Rated i 7 sites)

8 Buc'S'/Bjy'S'
CM4964l-9Y-lN-lY-5Y-OM

9 Buc'S'/Bjy'S'
CM4964l·9Y-lM-4Y-OM

10 Buc'S'/Bjy'S'
CM4964l-32Y-4M-2Y-OY

13 Kea'S'/Tow'S'
CM58975-2Y-3M-lY-3M-2Y-OM

16t International Durum Screening Nursery (lDSN)
(rate in 11 sites)

1 Gta'S'/Dur69
HRL-OY-6M-OY

11 Ga'S"
CD22344-A-8M-lY-iM-lY-2Y-lM-OY

15 Gediz'S'IYav'S'
CD24242-4Y-IM-l Y-OY

16th International Durum Yield Nursery (IDYN) (rated in 10 sites)

4 DWL 5023 (India)

20 Swan'S'
CD16707-E-lM-2Y-5M-OY

22 Chen'S'
CD26406-38-2Y-9Y-OM-II Y-OB

26 Chen'S'
CD26406-3B-2Y-7Y-OM-24Y-OB

46 Somo'S'
CD32038-B-IY-4Y-3M-OY

(continued)
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Table 2. (continued)

a Locations: Sudan, Wad Medani:
Spain, Seville; Sudan, New Haifa;
Spain, Jerez; Algeria, EI-Khroub;
Spain, Carmona; Turkey, Adana;
Spain, Cordoba; Turkey, Izmir; Spain,
Alcala de Henares; Morocco, Cidera;
Portugal, Elvas; Morocco, Merchouch

Nursery
and

Entry No.

116

Cross and pedigree

Gdo VZ448/Mal'S'//Tez'S'
CD43752-F-1 Y-1M-1 Y-1M-OY

126 Yac'S'/3/CMH72A.173/Trm'S'//CMH72A.109
/4IYav'S'/5fYav 79

CD44512-D-2Y-1M-3Y-1M-OY

137 Tern'S'/Yav'S'//Gra'S'
CD47474-A-1M-3Y-5M-4Y-OM

140 Cta

23 Carcomun'S'
CD24831-3Y-5M-1Y-OY

27 Gallareta'S'
CD22344-A-BM-1 Y-1M-1 Y-2Y-1M-OY

14th Elite Durum Yield Trial (EDYT) (rated in 5 sites)

7 Boy'S'fYav'S'
CD24014-1 Y-1M-1Y-1 V-OM

9 Carcomun'S'
CD24831-E-3Y-5M-1 Y-OY

21 Mindum//Kif/Sapi'S'
CD27045-5B-1Y-2Y-OM

27 Gallareta'S'
CD22344-A-8M-1 Y-1M-1 Y-2Y-1M-OY

16th International Triticale Screening Nursery (ITSN)
(rated in 6 sites)

190

20

39

44

46

88

126

136

Merino'S' /Jlo'S'
B2736-298

Jlo235//Bgl'S'EMS/Z176.3
B4565-1-2Y-1 Y-OB

OctoNV/lDriraIBgl'S'/3/Bch'S'/Spy rye
B6912-055-5Y-3Y-OM

Bch'S'/Spy rye//Bgl'S'/4/Bb/5/Son64/An64//
Nad/3/Jar'S'/6/WRC3117/0cto Bulk/Cin'S'

B6712-171-11 Y-1 Y..()M

Ptr'S'//Cml'S'/FS 1377/3/IA//Cin 'S'/FS658
X51038-D-4Y-3Y-5M-1 Y-1M-OY

Cit'S'/Spy/3/ININTK//CMH73A,785
X60529-2MP-7YIMP-9YP-2MP-2YP-OM

Ptr'S'/Gzl'S'//Pnd'S'/Abn'S'
X61038-3M-2Y-lM-OY

(continued)



Table 2. (continued)

Nursery:
and

Entry No.

163

Cross and pedigree

Plr'S'//M2AJFS1377/3/IA//Cin'S'/FS658
X51038-D-4Y-3Y-5M-IY-1M-OY

a Locations: Sudan. Wad Medani;
Spain. Seville; Sudan. New Halfa;
Spain. Jerez; Algeria. EI-Khroub;
Spain. Carmona; Turkey. Adana;
Spain. Cordoba; Turkey. lzmir; Spain.
Alcala de Henares; Morocco. Cidera;
Portugal, Elvas; Morocco. Merchouch

184 Rat'S'/Lmg'S'
X59454-12M-2Y· M-2Y-2Y-OB

Merrno' '/Jlo'S'
B27;3-29B-QM

6 Piatypu5s'S'
B2824

10 CurreI1~CV (Au al a)
Xl5552

21 Wombat'S'
X39 97·7Y-lM-2Y-OY

Tajuana (Esp fla)

25 R quillo
XR770063-2R

215 Cab rca 79/Ptr'S'/ILmg'S'/Toro'S'
CT2500- -lV-1M-1 V-OM

Table 3. Genotypes of bread wheat, durum wheat, and triticale
selected for good agronomic characteristics and disease resistance in
most of nine sitesa in five countries in North Africa and the Iberian
Peninsula during 1985-86

Nursery
and

Entry No. Cross and pedigree

19th International Bread Wheat Screening Nursery (IBWSN)
(rated at eight sites)

7 MeXico 82

, 1 Yaco'S'
M4l195-A-13M-2Y-3M-1Y-1M-OY

37 Buc'S'/Bjy'S'
CM49641-9Y-lM-lY-5Y-OM

74 ManatialllCno67/Pj/3/Nac/4IEmu'S'/Dga
CM60960-B-1Y-4M-1Y-lM-lY-lM-OY

8 Mrl'S'/Buc'S'
CM61949-3M-4Y-1M-3Y-lM-OY

(continued)

a Locations: Sudan. New Haifa;
Tunisia. EI Kef; Morocco. Merchouch;
Spain. Cardeno. Barcelona; Morocco.
Tassaout; Spain. Rinconada. Sevilla;
Tunisia. Beja; Spain. La Merced;
Portugal. Elvas
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Table 3. (continued)

a Locations: Sudan, New HaIfa;
Tunisia, EI Kef; Morocco, Merchouch;
Spain, Cardeno, Barcelona; Morocco,
Tassaout; Spain, Rinconada; Sevilla;
Tunisia, Beja; Spain, La Merced;
Portugal, Elvas

Nursery
and

Entry No.

87

Cross and pedigree

Spinebill'S'
CM64340-4M-1Y-1M-4Y-3M-OY

192

94 Garuda'S'
CM64224-5Y-1M -1 Y-OM

III Ti/TobilAId'S'/3Nee'S'
CM64849-7M-I Y-3M-1 Y-OM-71B-OY

114 Maya'S'/Sprw'S'INee'S'
CM64958-27Y-1M-5Y-OM

122 47771lFkn/Gb/3Nee # 5/4/Buc'S'/Pvn'S'
CM66684-B-1M-6Y-2M-2Y-IM-OY

127 AId'S'/Bow'S'
CM67318-17Y-3M-1Y-1M-OY

138 Vee'S'/Bow'S'
CM67394-78Y-1M-1 Y-2M-1 Y-OB

145 Bow'S'/3IYd'S'IIBb/Cha
CM67416-14Y-2M-1 Y-2M-l Y-OB

150 Mor'S'Nee'S'
CM67443-12Y-1M-3Y-1M-OY

161 Jup/Bjy'S'llUres
CM67458-4Y-1M-3Y-IM-5Y-OB

219 Bb/CnollCI12703/3/Bow'S'/4/KallBbllTqfn'S'/3/Pew's'
CM73091-B-5Y-1M-2Y-IM-4Y-OB

222 Gz156/NacllPsn'S'/Ures
CM73394-A-1Y-2M-2Y-1M-OY

223 Gz156/NacllPsn'S'/Ures
CM73394-A-1 Y-2M-2Y-1M-l Y-OB

229 Tan'S'Nee'S'
OM73922-6M-1 Y-02M-2Y-OB

230 Bow'S'/Buc'S'
CM74005-8M-1 Y-03M-4Y-OB

239 Tui'S'
CM74849-2M-2Y-2M-1 Y-OB

241 Tui'S'
CM74849-2M-2Y-2M-3Y-OB

(continued)



Table 3. (continued)

17th International Triticale Screening Nursery (ITSN)
(rated at five sites)

Nursery
and

Entry No. Cross and pedigfee

a Locations: Sudan, New HaIfa;
Tunisia, El Kef; Morocco, Merchouch;
Spain, Cardeno, Barcelona; Morocco,
Tassaout; Spain, Rinconada; Sevilla;
Tunisia, Beja; Spain, La Merced;
Portugal, Elvas

3 Tob/Cno//M2A/4/Cno/7C//KaI//Bb/3/PCrS'
CIT-202-4Y-lB-lY-l Y-3M-OY

14 Bok'S'/GIenIea
CIT1093-1Y-3Y-2M-3Y-OM

15 Coorong//Au/Dove'S'
CIT1312-3Y-2Y-IM-1 Y-OM

16 Coorong//Au/Dove'S'
CIT1312-3Y-4Y-3M-501 Y-OM

19 Alamos 83//F6.74/Trm
CIT1352-1 Y-3Y-IM-l Y-OM

25 Lechon/Prl'S'
CIT1751-lM-l Y-2M-3Y-OM

26 Lechon/Prl'S'
CIT1751-lM-2Y-lM-1 Y-OM

48 Eda'S'/4/E3/Arm'S'//M2A13/Adx'S'
CIT1829-1Y-IM-l Y-2M-2Y-OM

50 Eda'S'/Boa'S'
CIT1830-0M-OY-OM-5Y-OM

93 Ptr'S'/GzI'S'//Pnd'S'/Abn'S'
X61083-3M-l Y-3M-2Y-3Y-2B-OY

94 Pnd'S'/Spd/4/Tge'S'/3/Pg'S'/Cent.BuIk//Abn'S'
X62468-B-2M-2Y-4M-4Y-IY-IB-OY

107 Lmg'S'/4/Cit'S'/Spy//2*M2A/3/Rm'S'/castor'S'
X63181-C-l Y-6M-12Y-5Y-IM-OY

109 Lmg'S'/4/CifS'/Spy//2*M2A/3/Rm'S'/Castor'S'
X63181-C-IY-6M-15Y-3Y-IM-OY

112 Pnd'S'/Abn'S'/lYe 75/3/Eda'S'/Castor'S'
X63298-A-l Y-3M-3Y-1 Y-2M-OY

116 M2A/Arm'S'/lBgl'S'/3/Caborca 79/4/Lmg'S'/Fawn'S'
X63355-B-9Y-2M-4Y-2Y-2M-OY

117 Ptr'S'/3/CitlSpy//2 *M2A/4/Ira/CalIlYo'S'/3/M2A/Pi62
X63358-B-3Y-4M-l Y-2Y-2M-OY

(continued)
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a Locations: Sudan. New HaIfa;
Tunisia. EI Kef; Morocco, Merchouch;
Spain. Cardeno, Barcelona; Morocco.
Tassaout; Spain. Rinconada; Sevilla;
Tunisia. Beja; Spain, La Merced;
Portugal. Elvas

194

Table 3. (continued)

Nursery
and

Entry No. Cross and pedigree

136 Ted'S'l/Cin' 'fM2A
X6469S·4Y·1M· Y-2Y-2M.Q

164 Hare'S'
B2700·54-0Y·lY·2B·lY·OB

168 Baer'S'
B5586·463·12Y-1Y-3M·OY

180 TJfBgI

188 Stier'S'
B6712·166·6Y-IY-2M-500Y-OB

193 Octo NVIHare'S'ffBch'S'fSpy rye
B6811-245-3Y-2Y-3M-OY

211 DrS'fOcto NVffHork'S'fSpy rye
B-7011-294-7Y-1Y-3M-1Y·OM

245 Abo' 'f1M2AfIRA/3fBok'S'
X60342-500M-5OOY-500B·5OOY-501Y-4B-OY

17th International Durum Screening N rsery (lDSN)
(rated at five locations)

250 Mu 'S'lBta'S'
X65985·5M·3Y·2M·l Y-4M-2Y-OM

8 Gediz'S'/Fg'S'flGta'S'
DI6706·C-7M-3Y-2M·IY·OM

21 Chen'S'
CD26406-IB-1Y-2Y·OM·1Y-OB

23 Chen'S'
CD26406-3B-2Y-5Y-OM·1 Y·OB

26 Chen' ,
CD26406·3B·2Y-7Y-OM·16Y· B

38 Sco'S'63fBD181411BD1708fBDl543/4/Rok'S'
CD27658·LM·l Y·OY-49Y·OB

46 Soma'S'
CD32038·B-IY·4Y·3M-OY

59 Ren'S'lfDack'S'/Tea)'S'
CD3 837·9B-2Y-IM-OY

68 Wulp'S'
CD40509-A-IM-3Y·1M-OY

(continued)



Table 3. (continued)

a Locations: Sudan, New Halfa;
Tunisia, El Kef; Morocco, Merchouch;
Spain, Cardeno, Barcelona; Morocco,
Tassaout; Spain, Rinconada; Sevilla;
Tunisia, Beja; Spain, La Merced;
Portugal. Elvas

Cross and pecUgree

71 Tcho'S'
CD40552-D·2M·1 Y·1 M-OY

89 Gediz'S'/Fg'S'IIGta'S'/3/Cndo
CD45987-5B-1Y-1M-OY

Nursery
and

Entry No.

101 Hui'S'/Tub'S'
CD49320-5Y-1 M -1 Y-OM

119 Yav'S'/Tez'S'
CD52495-2B-1 Y-2M-2Y-OM

123 RI43/Ruff'S'IIStil'S'/3/Yav 79
CD52645-6B-2Y-2M-OY

138 Dack'S'/3/Cfn5/Fg'S'//Ptl'S'/4/Yel'S'/5/
Rtte/Lds/6/Apo'S'/7/Yav79

CD53672-D-1M-3Y-1M-OY

143 Yav'S'/Sapi'S'/lYav 79/3/Hui'S'
CD561 74.0-1 Y-3M-501 Y-OB

Table 4. Bread wheat cultivars selected for early maturity in North
Africa, Turkey, and Spain during the 1984-85 crop cycle

2nd Heat Tolerance ScreenJ1lg Nurserya

5 Veerv'S'
CM33027-F-12M-l Y-l M-l Y-l M-OY-60B-OY-IPtz-OY

Nursery
and

Entry No. Cros and pe igree

a Ratings made in: Wad Medani,
Sudan; Jmaat-Sahim, Morocco

b Ratings made in: New Halfa, Sudan;
Merchouch, Morocco; Jmaat-Sahim,
Morocco; Izmir, Turkey; El Encin,
Alcala de Henares, Spain; La Merced,
Jerez. Spain; Tomejil. Carmona,
Spain

10 Veerv'S'
CM3~3027-F-15M-500Y-OM-115B-OY

21 Buc'S'/Pvn'S'
CM52359-12M-l Y-2Y-3M-l Y-3M-OY

23 Ald'S'/Sap'S'/-l/L.S.3,I/Pi62//2 *Maya'S'/3/Trm73
CM57828-A-2Y-l Y-1M-1 Y-1M-4Y-OM

25 Spineiail'S'
CM58-l76-B-2Y-1 Y-2M-2Y-OM

36 Kea'S'/Tow'S'
Cl'v158975-2Y-3M-1 Y -7M-2Y-OM

(continued)
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Table 4. (continued)

a Ratings made in: Wad Medani.
Sudan: Jmaat-Sahim, Morocco

b Ratings made in: New Haifa, Sudan:
Merchouch, Morocco: Jmaat-Sahim,
Morocco: lzmir, Turkey: El Encin,
Alcala de Henares, Spain: La
Merced, Jerez, Spain: Tomejil,
Carmona, Spain

Nursery
and

Entry No.

56

105

Cross and pedigree

Vee'S'lBuc'S'
CM61950-9Y-3M-1Y-1M-5Y-OM

Tuc'S'/Mon'S'//Buc'S '/4/CMH76.1084/CMH74A. 754//
CMH76.1084/3/Bow'S'

CM68795-B-3Y-1M-4Y-3M-OY

196

108 Psn'S'/Bow'S'
CM69560-1 M-3Y-3M-5Y-OM

112 Bow'S'/PrJ'S'
CM70307-9M-3Y-1M-2Y-OM

3rd. Drought Screening Nursery

2 Myna'S'
SWM4589-7Y-18M-1Y-OM-56B-OY

18 Klim/1D630 1/Nai60/3/Kal/Bb
SWM7134-2Y-2Y-1 Y-OY

37 Veery #8
CM33027-F-12M-1Y-1M-1 Y-1M-OY

45 Veery'S'
CM33027-F-15M-500Y-OM-75B-OY

48 Veery'S'
CM33027-F-15M-500Y-OM-98B-OY

49 Veery'S'
CM33027-F-15M-500Y-OM-115B-OY

69 Ald'S'/Pvn'S'
CM49901-14Y-2Y·6M-4Y-2M-OY

70 4777(2)/IFKN/Gb/3/Pvn'S'
CM49912-37M-1 Y-1 Y-1 M-2Y-OM

72 Patio/Ald'S'//PAT 72300/3/Pvn'S'
CM49922-1M-2Y-1Y-1M-3Y-OM

86 Dove'S'!TsJ'S'
CM58952-3Y-1M-1 Y-2M-OY

97 Mon'S'//Sis'S'/Con'S'
CM62142-5Y-3M-1 Y-2M-1 V-OM



Table 5. Bread wheat cultivacs selected for earliness and good plant
type during 1985-86 crop cycle

4th Droaght ScreenlDg Nurserya

Nursery
and

Entry No. a aJ1d pedigree

a Ratings made in New Haifa, Sudan,
and EI-Kef, Tunisia

b Ratings made in Tassaout, Morocco;
New Haifa, Sudan; and EI-Kef, Tunisia

2 Kea'S'
CM21335-C-9Y-3M-1Y-1Y-1 Y-OB

17 Mon'S'/Ald'S'
CM53460-4M-1Y-5Y-4M-1 Y-OM

23 Cno67I7C//Nor/3/Cal/Cno67/4/Bch'S'/5/H499.71A/2Jup
CM58053-R-RS-OR-05X-02

26 Pam'S'/Buc'S'
CM58797-4Y-1M-1Y-2M-2Y-2M-OY

36 Mrl'S'/Buc'S'
CM61949-12Y-6M-4Y-1M-3Y-2M-OY

37 Mon'S'//Sis'S'/Can'S'
CM62142-5Y-2M-1Y-1M-3Y-1M-OY

3rd Heat Tolerance Nurseryb

18 Buc'S'/Pavon'S'
CM52359-12M-1Y-2Y-2M-4Y-1M-OY

22 Aldana'S'/IAS 58
CM53481-6Y-1 Y-4M-1Y-1M-1 Y-OM

30 PF70354/Ald'S'//Mes'S'
CM57597-2-1Y-3M-2Y-1M-2Y-OM

35 Pam'S'/Buc'S'
CM58797-4Y-1M-1 Y-2M-1 Y-1M-OY

50 L2266/1406.101//Buc'S'/3/Vpm/Mos 83. 11.4.11/Nac
CM61550-C-1 Y-1M-1 Y-1M-1 Y-1M-OY

61 R37/Gh1121//Kal//Bb/3/Klt'S'
CM64609-5Y-4M-4Y-OM

62 R37/Gh1121//Kal/Bb/3/Klt'S'
CM64609-6Y-3M-2Y-OM

67 PF70354/Vee'S'
CM65063-9Y-1M-2Y-OM

70 Pvn'S'/Prl'S'
CM67277-3Y-1M-1 Y-1M-OY

71 Pvn'S'/Prl'S'
CM67277-3Y-1M-1 Y-1M-1 Y-OB

84 Jup/Bjy'S'/lPrl'S'
CM67457-6Y-1M-1M-1Y-1M-IY-OB

(continued)
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Table 5, (continued)

a Ratings made in New Halfa. Sudan.
and EI-Kef. Tunisia

b Ratings made in Tassaout, Mo....occo:
New Haifa, Sudan: and EI-Kef. Tunisia

Nursery
and

Entry No.

118

Cross and pedigree

Cno61//MfdIlMon'S'/3/Bow'S'
CM12518-13Y-IM-IY-l -OY

119 Cnoll7/Mfd/lMon'S'/3/Bow' ,
CM7251B·15Y-2M-l -lM-2Y-OB

123 F tJ/PAT 7268/Hork'S'
CM12113-21 Y-2M-lY-2M-3Y-OB

129 Bow'S'/Prl'S'/lTtm'S'/Ald'S'
CM15511-A-IM-2Y-6M-IY-OB

Table 6, Wheat cultivars resistant to septoria tritici blotch (reaction
4 or less. scale 0-9) at the Experimental Stations of Cidera (Morocco).
Seville (Spain). and Elvas (Portugal). December 1985

Nursery
and

Entry No. Cross and PedIgree

198

15th International Septori Nursery (ISEPTON)

5 CEP 1841

13 NprlFlrllGtolKzm M12
CM26918-2M-300Y-OS

19 Bobwhite'S'
CM33203-K-9M-9Y-4M-4Y-IM-l V-OM

23 Bobwhite'S'
CM33203-K-I0M-7Y-3M-2Y·IM·OM

25 Bb/G Il1/Cj/3/F35.70/lKallBb
CM34555-B-IM-4Y-IM-IY-2M-OY

40 lAS 20

41 PF10354/Mus'S'
CM47091-1M-l Y-IF-IY-OY

130 D67.54/4A-9A/3/Jo'S'/IRDI19-200-4Y (Durum)

131 RBC (Durum)

133 65150/Lds (Durum)

134 Lds MutfGta'S'/lGs'S'f3/Lds MutfGta'S'/lRok'S' (Durum)
CD28220-G-IM-2Y-5Y-OM

152 N163 (Durum)

(continued)



Table 6. (continued)

18th Inter:oational Bread Wheat Screening Nursery (IBWSN)

Nursery
and

Entry No. Cross d Pedigree

46 Pfau'S'
CM38212-1-7Y-2M-lY-3M-2Y-OM

47 HD2206/Hork'S'
CM39808-58M-2Y-4M-IY-IM-OB

74 Dove'S'/Buc'S'
CM58808-27Y-2M-6Y-I M-OY

76 Dove'S'/Buc'S'
CM58808-27Y·2M-6Y-2M-2Y-OM

123 Myna'S'IVul'S'
CM6446-2M-1 Y·IM-5Y-1M-2Y-OM

158 4777(2)IIFKN(Gb/3IVee'S'/4/Buc'S'/Pvb'S'
CM66684-B-IM-6Y-2M-3Y-3M-IY-OM

164 PF70354/Cucurpe86
CM67911-4Y-1M-IY-OZ·1Y-OM

165 PF70354/Cucurpe86
CM67911-4Y-IM-IY-OZ-2Y-OM

166 PF70354/Cucurpe86
CM67911-4Y-1M-1 Y-OZ·3Y-OM

167 PF70354/Cucurpe86
CM67911-4Y-IM-1Y-OZ-6Y-OM

168 PF70354/Cucurpe86
CM67911-4Y-1M-IY-OZ-7Y-OM

169 PF70354/Cucurpe86
CM67911-4Y-IM-IY-OZ-8Y-OM

170 PF70354/Cucurpe86
CM67911-4Y-IM-IY-OZ-lOY-OM

171 PF70354/Cucurpe86
CM67911-4Y-IM-1Y-OZ-11Y-OM

172 PF70354/Cucurpe86
CM67911-4Y-IM-1Y-OZ-12Y-OM

173 PF70354/Cucurpe86
CM67911

192 Coc/Hork'S'IIPho'S'/3/NfnNkwilFury/Mo
CM69134-C-3Y-1M-2Y-IM-IY-OM

195 Cook/Vee'S'I/Dove'S'lVec'S'
CM69279-C-2Y-IM-5Y-1M-OY
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Table 7. Analysis of virulence of stripe rust (Puccinia strlHormJs) and leaf rust (PuccLoJa recondlta) from
samples and d t collected in nIne countries. Effective genes are Indicated either In seedlings or adult
plants: in the latter case, data were taken from the 2nd IDTN. Elvas. Portugal. December 1985

Reaction
on Effective genescountry

Stripe Rust

Morocco (Tassaout)
Spain (Seville)
Portugal (Elvas)

LeafRu t
(number of isolates)

Portugal (16)
Spain (12)
Italy (45)
Yemen (4)
Egypt (4)
Syria (14)
Algeria (16)
Tunisia (4)
Morocco (33)

Spain
Morocco (Sidera)
Morocco (Merchouch)
Morocco (Tassaout)

Adult
Adult
Adult

Seedling
Seedling
Seedling
Seedling
Seedling
Seedling
Seedling
Seedling
Seedling

Adult
Adult
Adult
Adult

}'r1. 2, 3, 4. 5. 8. 9, 10, Su92, 2(Selpek)
same
Yr2. 3, 5, 8. 9. 10. Su92. 2(Selpek)

Lr3ka. 17, 19, 20. 24
Lr17. 19. 20. 24
Lr17. 19,20.24
Lr13. 17, 19.20.2
Lr2a, 3ka, 13. 17. 19. 20, 24
Lr2a. 3ka. 17. 19.20. 4
Lr17. 19.20.24-
Lr2a. 3. 3ka, 17. 19. 20. 24
Lr3ka, 13, 17, 19. ~O. 24

Lr3ka. 15, 19. 4. 25
Lr3ka. 15, 19. 20, 24. 25
Lr3ka. 13, 15. 19
Lr3ka. 19.24.25

Tester Resis ant LlnesB

hoti Lerma, Giz 155
sa e

e

Ml to M9; P12
Ml ; P12
Ml to M; 12. P1.3
M2 to M ; PI . I'll. 12, P14
M2. 5 to M9; Pl2

. 5 to M9; PI
M1 to M6. M8; P12
Ml to M9; P12
~ 1 to I 9; 10, P12. P14

o data for Mexican lines; P12
No d ta for Me i n lines: P12

o data for M 'ica lines; P12
No ta for Mexi 'nes; P12

a Tester Iines-CIMMYT crosses

Ml. Tob/BMan//Bb/3/Cd1l4/Sx
CM8972-F-9M-1 Y-1M-1 Y-OM

M2. An/My74//Ti71
CM 15928-3M-1Y-500M-OY

M3. KtzM12/UP301l3/B ManI7C//Cdl
CM24160-GG-1M-1Y-1 Y-1 Y-3M-OY-1Ptz-OY

M4. Maya'S'/Moncho'S'
CM29251-3M-17Y-1M-1Y-1B-OY

M5. Bobwhite'S'
CM33203-K-1M-2Y-1M-1 Y-1M-OY

M6. Sunbird'S'
CM3430-D-5M-2Y-1M-1Y-2M-2Y-OM

M7. Chiroca/Ana
CM40111-19M-500Y-500M-502Y-500B

M8, HD2205/Ald'S'
CM40629-500M-500Y-505M-500Y-OM

M9. ClementlM073//Trm73
CM43381-D-1 Y-1M-3Y-OM

200

a Tester lines-Portuguese cultlvars

PlO. Anza (= LR/N lO8//An e
118739-4R-IM-1R

P 11. Caia ( = Azt/M ucaba)
No pedigree available

P12. Lima 1 (= Veery # 3 = Kvz/Buho//Kal/Bb)
CM33203-F-12M-1 Y-6M-OY

P13. Mira (=Y50E/3'Kal)
CM35188-5M(F 1)-39Y-OM-24M-OY

P14. Tejo (=2193113/Ch53/An//Gb56/4/An64)
H20985-5h-2h-11h



Table 8. Genotypes of wheat and barley most resistant to powdery
mlldew (scoring 2 or less on the 0-9 scale of Saari and Pre cott).
Data from the 2nd IDTN p1a.Dted at the experiment station of EI
Obispo, Cordoba. Spain, 1983

Cross d pedl ee

Bread wbeat. sprin t e

Entry
No. Cro and pedigree

read wheat, wi ter type

3
2

6;
69
88
92
98
99

101
136
141
1.:12
1 3
146
147
151
156
1
16
16,
170
17l
178
181
182

Trar (CTl4149) 7
s(5jfR("d g. tI (CI4167) 77

C (5l/Hope (Cn 177) 81
Sel~k 82

ot" Lenna 96
Olaf 97
K4500
Ralyans nalAldan'S'
A P 30111 ll/Sx 52

U6
lIB

183
= ChoU'S' 184

57
9

61
2

185
198

Hybrid 4
Tritt m sp Ita Album
C<:lmpair
Clement
Ka kaz
Bezo taya

Dur m wbe t, spring t pc
hapH

INRA 69
ValnQ

Triticale
M pache
Beagle

Barley, spring type
miT

Mazur a
Varunda
C brtnor

elr All
Belort

Table 9. Cullivars of spring-type barley selected from two CIMMYT
nurseries (or resistance to barley yellow dwarf virus (scoring 5.0 or
less On the 0-9 scale). Crop cycle 1985-1986

1St IDte at onal Barley Observ lion ur ery (mON). Oat from
GtmeneUs. Barcelona (Spain)

12 1 r" 'S'/Capal'S'
CMB 1-29 -30B-2 -2M-l -OM

Cross pe gree

a Resistant to scald and leaf rust in
Beja, Tunisia

b Susceptible to powdery mildew

13 Gloria'S'/Copal' ,
GMBBI·295·30B-3Y-1M-l V-OM

16 Glori 'S'/Copal'S'
CMBBl·29 -SOB-4Y-18M-IY-OM

35 bak 2 MS/Btl'S'
B81A-l '3- 6 -3B-l -OM

(continued)
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Table 9. (continued)

a Resistant to scald and leaf rust in
Beja, Tunisia

b Susceptible to powdery mildew

Nursery
and

Entry No. Cross and pedigree

42 Gloria'S'/Come'S'
CMB81-294-4B-5Y-7M-IY-OM

66 Rillo'S'/Amapa'S'
CMB82-189-4Y-2B-2Y-OM

71 Gloria'S'/Come'S'
CMB81-294-23Y-IB-l Y-OM

4th BYDV-Barley Nursery. Data from Cidera (Morocco) and
Rinconada, Seville (Spain)

202

3

7

11

14

15

25

30

42

48a ,b

54

59

Mzq//Mazawi/Bon
CMB76A-17-500M-OY

Manker/Shabetl/4BN.73B
CMB79-1377-G-500B-OY

Ball 16/Pro//Apam/Dwarf 1I.IY/3/Api/CM67/4/Deir Alla 105
CMB77A-74B-IH-3Y-2B-l Y-IB-OY

78W40785

79W41762

Duchicela

PI382406

Ben.40

Atlas 68

11012.2/Minn 907/4/SP"2H"//CRl15/Por/3/5106
CMB74A-1287-B-3B-l Y-IB-l Y-IB-OY

H251
500B-500Y-500B-OB

UNA1614

HW202

Row906.73

Atlas 57

(continued)



Cr 8S and pedigree

Table 9. (continued)

N suy
and

EntJ'yNo.

63 utter

6 Api/CM67//Ager
CMB76-408-27Y-IB-4Y-IB-lY-OB

79 Abn CI2376

80 78W40794

83 Api/CM67//0re
C B75-94-9Y-500B-500Y-500B-OY

84- M67/Bus//Muller 4534/3/Maris Dingo/NeLh Ian s 14
CMB77A-2796-A-lOB-l Y-2B-IY-2B-

98 Robur/142//Astrix/Sutter 332.3

100 56B//ScotialStepto 8901

III ESC.II72,607.l4B.9B,6B

12 ToTS'
MB79-l3l2-F-lY-lB-lY-lB-l Y-OB

l35a CM67//Bus//Muller 4534/3/Maris Dingo/Netherlands 14
CMB77A-2796-A-l OB-l Y-2B-l Y-2B-OY

145 HJA C4715//011i/M64.69/3/Apam/IB65/4/M'nn 480/Gv
CMB78-346-8Y-1B-2Y-lB-l Y-OB

Table 10. Triticale genotypes selected from the 1st BYDV Screening
Nursery t t are highly resistant (scoring 2.0 or less on the 0-9
scale) to barley yellow dwarf in Cidera, Morocco. Crop cycle
1985-1986

a Resistant to scald and leaf rust in
Beja. Tunisia

b Susceptible to powdery mildew

Entry
No. Cro s and pedigree

1

2

8

Whale'S'
X33470-C-l Y-3M-2Y-2M-OY

FS 1795/Lnc'S'
X24369 -IY-IM-IY-OM

Mula'S'/Ram'S'
• 'r;2913-42Y-lM-2Y-IM-2Y
-2Y-OB

Entry
No. CrOBB and pedigree

90* Hare 337
B-2700-449-0Y

95 * Panche 408
B-2671-2l83

96* Bta'S'/Lnc'S'
X36535-2H-2 -1 -2Y-oy

(continued)

* Very good plant type
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Table 10. (continued)

° Very good plant type Entry Entry
No. Cross and pedigree No. Cross and pedigree

11 Bgi Deriv.sel Bulk/3/Mtz Tell lOO- M2AIIIRA/Call3/Iga
Trigo good seed//Bgi good seed X40994-AB-1Y-1M-2Y
14/Nutria -lY-OM

B5644-778-2Y -1 Y-OM

12 Bgi Deriv.sel Bulk/3/Mtz Tell 106 DF99//Cin'S'/Bgl'S'
Trigo good seed//Bgi good seed B-3481-2489
14/Nutria

B5644-778-2Y-3Y-OM

51 Ptr'S'/3/Rm'S'/IRA//FS477/4/ 108- Mus'S'/Jlo'S'
Welsh/Bgl'S' B2659-376

X53893-E-2Y-1M-1Y-1M-1 Y
-lY-OB

55 Tapir'S'//Pnd'S'/Rm'S' 110- Plys 157
CT1833-14Y-3M-1 Y-OM B-2824

62 Lmg'S'/4/Cit'S'/Spyl12 °M2A131 118- Gnu'S'
Rm'S'/Castor'S' B6912-071-20Y-2Y-1M

X63181-C-1 Y-6M-15Y-5Y-OM -500Y

76 Zebra 31 119· Gnu'S'
B-2672-0Y B6912-071-20Y-2Y-1 M

-501Y

77 Anteater'S'lDF'S' 120- Gnu'S'
B-2666-345 B6912-081-29Y-4Y-1M

-500Y

81* Ptr'S'/2- M2A 122· Stier'S'
X44650-12M-1Y-1 Y-2M-2Y B6712-166-6Y·5Y-2M-50 1Y
-lM-OY

82- Hare 212 123· Qka'S'/4/E3/Arm'S'/1
8-2700 M2A/3/Adx'S'

CT1017-2Y-4M-1 Y-2M
-500Y

83- Hare 55 140- Castor'S'//M2A/Arm'S'
B-2700-0Y X44621-4Y-2Y-1M-1 Y

-5M-OY

85- Hare 286 149 Panehe'S'
B·2700 B-2671

86· Hare 267
B-2700-293

87- Hare 268
B2700-294

204



Table 11. Seedling reaction on Lr-isogenic lines and selected hexaploid wheats from ClMMYT and
Portugal breeding programs to mono-uredial isolates of Puccinia recondlta from various countries. ENMP.
Elvas, Portugal, 1986

Country and num. Genes in the r-set CIMMYT (~) and Portuguese (~) wheats
of isolates 2a 2b 3ka 17 18 19 24 Cl C2 C3 C4 C5 C6 C7 PI P2 P3

Portugal (69) + F+ + + + + + no data available

Spain (28) 0+ + + + + + R M R R R R R R R M

Italy. Policoro (32) F+ + F+ + + + + R R R R R R R R R R

Italy. Gravina (30) F+ + + + + + R R R R R R R R R R

Italy. Rome (12) F+ ::t F+ + + + + R M R R R R R R R R-

Turkey (8) F+ + + + + + + R R R R R R R R R R

Syria (16) 0+ 0+ + + + + + R R R R R R R R R R

Jordan (16) + F+ + + + + R R R R R R R R R R-

Morocco (20) F+ F+ F+ + + + + R R R R R R R R R R

+ effective genes
- noneffective genes

F + frequently effective
0+ occasionally effective
R resistant
M moderately resistant

C 1 Tob/BMan//Bb/3/Cdl/4/Sx
C2 KtzM 12/UP30 1/3/BManI7C//Cdl
C3 Bobwhite'S'
C4 Sunbird'S'
C5 Chiroca'S'/Anahuac'S'
C6 HD2205/Ald'S'
C7 Clement/Mo73//Trm73
PI Lima 1 (= Veery # 3)
P2 Veerv 15M
P3 Gal!<i:reta'S' (durum)

CM8972-F-9M-IY-IM-IY-OM
CM24160-GG-IM-l Y-l Y-l Y-3M-OY-IPtz-OY
CM33203-K-9M-2Y-IM-IY-IM-OY
CM34630-D-5M-2Y-IM-IY-2M-2Y-OM
CM40111-19M-500Y-500M-502Y-500B-OY
CM40629-500M-500Y-505M-500Y-OM
CM3381-D-IY-IM-3Y-OM
CM33027-F-12M-l Y-6M-QY
CM33027-F-15M-500Y-OM-90B-OY
CD22344-D-4M-l Y-4M-l Y-OY
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Table 12. Genotypes of l>read wheats selected from the 16th
ISEPTON that are re&istant to Septoria trltlcl (seoring less than 6.0
on the 0-9 scale) in most of four locadonsa

a Locations: Merchouch, Morocco:
Radzikow, Poland: Elvas, Portugal;
Rinconada-Seville, Spain

Entry
No. Cross and edigree

Car 337/Pho'S'
SWM9694-2Y-IY-OY-2Y-OY

206

9 Spinetail
CM58478-B-2 -1Y-2 -2Y-OM

23 BaguIa'S'
CM59123-3M-l Y-3M-2 . M-O

2-l Bagula'S'
CM59123-3M-l Y-3M-2Y-3M- Y

41 MrI'S'/Buc'S'
CM619-l9-12Y-6M-2Y-3M-5Y-1 M-OY

-l2 Vee'S'/Buc'S'
CM61950-9Y-3M-l Y-6M-2Y-IM-OY

52 Mon'S'Nee'S'
CM64241-3M-l -2M- -2M-OY

54 Bow'S'/Ald'S'
CM64690-9'{-IM- -2M-OY

61 Bow'S'/Gh'S'
CM64697-8Y-IM-IY-IM-l y.

66 Ti/Tob//Ald'S'/3Nee'S'
CM6 849-1M-6Y-2M-2 '-lM-OY

91 Prl'S'/Toni
CM67360-2Y-4M-2Y-2M-l ·2M-OY

92 Prl'S'/Toni
CM67360-2Y-4M-2Y-2M-1 Y -3M-OY

(continued)



Cross and pedigree

Table 12. (continued)

Entry
No.

102 Mor'S'/Vcc'S'
CM67443-12Y-1 M-3Y-2M-OY

103 Dovc'S'/Bow'S'
CM67449-12Y-3M-2Y-IM-OY

132 Yaco'S'/Pho'S'/3/CaIlChkw//Vcc'S'
CM69135-A-2Y-2M-2Y-IM-OY

133 Mrng/Buc'S'//Blo'S'/Psn'S'
CM69191-A-5Y-IM-l Y-2M-2Y-OM

136 Mrng/Buc'S'//Blo'S'/Psn'S'
CM69191-A-5Y-IM-l Y-2M-2Y-3M-OY

137 Mrng/Buc'S'//Blo'S'/Psn'S'
CM69191-A-5Y-IM-3Y-IM-OY

138 Mrng/Buc'S'//Blo'S'7Psn'S'
CM69191-A-5Y-IM-3Y-IM-IY-OM

144 Cook/Vce'S'//Dove'S'/Vce'S'
CM69279-C-2Y·IM-7Y-3M-OY

145 Psn'S'/Bow'S'
CM69560-1M-lY-IM-l Y-2M-OY

150 Psn'S'/Bow'S'
CM69560-1M-IY-IM-2Y-IM-OY

156 Bow'S'/Gh'S'
CM69598-11Y-IM-IY-2M-OY

182 PF74354//Ld/Ald'S'
OC3551-1M-l Y-OZ-2Y-IM-OY

a Locations: Merchouch, Morocco;
Radzikow, Poland; Elvas, Portugal:
Rinconada-Seville, Spain
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East/Southern Africa
E. Torres, D.L. Danial, and D.G. Tanner

Introduction
The bulk of this account deals
with result'> from research
activities conducted by CIMMYT
Staff on behalf of and in
association with national wheat
improvement programs in East
Africa that are relevant to the
1985 and 1986 crop seasons. It
also includes our involvement in
facilitating the access of wheat
workers to training opportunities.
Almost all the firsthand data and
observations have originated from
handling wheat and triticale
introductions received at the
National Plant Breeding Station
(NPBS), Njoro. Kenya, for this has
been our share of responsibility
within the Kenyan Cereal
Improvement Program. The
section on agronomy covers the
period from July 10. 1985 when
the project agronomist arrived.
Fourteen countries are included in
the East Africa Cereals Program
(see map).

Germplasm Development
Burundi-During 1985-86,
Burundi shifted wheat research
priorities from germplasm
screening to crop management.
All other countries kept the usual
pace in germplasm evaluation.

Ethiopia-Gara (= Bow·S·. CM
33203-K-9M-19Y-3M-3Y-OM), one
of the recent (1984) releases in
Ethiopia was severely damaged by
leaf and ear infections of yellow
rust and it will be withdrawn. The
repercussion is that other Bow'S'
selections. already in final stages
of evaluation. will be further
scrutinized before they can be
recommended for release.

Kenya-Screening procedures
were described OLl page 130 of the
CIMMYT Report on Wheat
Improvement 1984. In essence.
when lines are selected in one or
more of the five sites that
constitute the Kenyan
Multilocation Screening System.
they become candidates to enter
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either a regional screening nursery
(SN) for all-round acceptable lines.
or the East African Parental
Collection (PC), for lines with
specific desirable traits. Regarding
segregating populations, subse
quent offspring of selected plants
are evaluated at critical screening
sites until they reach satisfactory
uniformity; then they take one of
the routes indicated above. SN or
PC.

Table 1 summarizes introductions
tested and retained in 1985 and
1986. The overall rates of
selection differ strikingly between
advanced lines (about 12.3% for
1985 and 1986) and segregating
populations (27.1 % for 1985;
CIMMYT did not release F2
populations in 1986). For both
groups. the lowest level of
retention was associated with non
CIMMYT nurseries (3.9% in the
case of fixed lines, and 14.3% for
segregating germplasm). Looking

into the selection of advanced
lines, it appears as if CIMMYT
international nurseries (CIMMYT
A, Table 1) get a higher rate of
retention than CIMMYT regional
nurseries (CIMMYT C. Table 1) for
1985 and 1986 (8.4 to 10.4% vs
4.8 to 6.4%. respectively). Ad hoc
selections in MexiCO by visiting
scientists from the region
(CIMMYT B. Table 1) gave erratic
performances relative to CIMMYT
A. There is a definite superiority
for those nurseries that are
sequels to introductions screened
in Kenya previously (CIMMYT D,
Table 1), with 30.8% retention in
1985 and nearly 40% in 1986. All
the differences. however, are
much less evident within
segregating populations (26 to 28
to 31 %). This pattern of overall
differences applies also to bread
wheat introductions (durum wheat
and triticale data may be skewed
due to the small magnitude of the
base numbers).

Madagascar



These results confirm the wide
adaptability of CIMMYT wheats.
Regarding screening procedures,
they point at the greater efficiency
of selecting in situ for local
conditions and of using segre
gating populations. The
conclusion, looking into future
priorities for the East African
highlands, is the need to
strengthen shuttle breeding
activities which combine the two
best procedures.

In 1985 and 1986, we assembled
the 9th and 10th Re~ional

Screening Nurseries Tor Africa
(SNACWYT) respectively. The 9th
SNACWYT consisted of 20 bread
wheat lines, 13 triticale, and one
durum wheat that had undergone
selection in Kenya since 1983-84.
With performance data from
Ethiopia, Kenya, Madagascar, and
Tanzania, the follOWing lines were
the best entries across sites:

Bread wheat

• Seri 82

• Ald'S'/4/Bb/Gll//Cno 67
/7C/3/Kvz/Ti
(CM53450-3Y-2Y-2M-1 Y-OM)

• Dove'S'lTtm'S'
(CM58952-3Y-1M-1 Y-2M-OY)

Triticale

• Drira/M2A
(X-15893-0AP)

• Tesmo'S'
(X-39860-7Y-2M-2Y-OY)

• Ira/No 66//Lmg'S'/3/Pnd'S'
/Castor'S'
(X-61302-S-2M-5Y-2M-OY)

• Chiva'S'/Lmg'S'
(CT-1557-3Y-4M-OY)

The 10th SNACWYT, resulting
from selections made originally in
1985 and further reassessed in
1986, contained 42 bread wheat
lines, seven triticale, and one
durum wheat. Table 2 lists the
best bread wheat lines based upon
their yield from unreplicated seed

increase plots at NPBS and their
disease scores from observation
plots at five sites in Kenya (bread
wheat checks Seri 82 and Vee =It
5'S' [75BI were the absolute top
yielders, and they are not included
in Table 2). The selections from
Gov/Az//Mus'S' and Fink'S' have
been submitted to the Wheat Yield
Trials section of NPBS for
inclusion in the 1987 preliminary
yield trials.

Regarding the evaluation of lines
for suitable parents, at the end of
1986 the first edition of the East
African Parental Collection
(EAPAC) was assembled,
consisting of 85 lines. Selections
for this nursery have been made
at five sites over 5 seasons in
Kenya. Thirty-eight of the lines
have moderate resistance to
Septoria tritici blotch; 16 appear
to have tolerance to acid
soils/manganese tOXicity; 14 are
resistant to stem rust in Kenya; 10
are resistant to stripe rust; four
are resistant to leaf rust; three are
early-maturing lines. Table 3 lists
entries that combine any two of
these traits.

New selections, initiated from the
international nurseries in 1985
and further evaluated in the
1985-86 off-season at NPBS and in
the 1986 main season at five sites
in Kenya, have now entered the
pre-EAPAC nursery for additional
multilocation testing before they
are incorporated in the EAPAC.
The current pre-EAPAC consists of
97 bread wheat entries, three
triticales, and 29 durum wheats.
This latter group contains 24 lines
selected several years ago at Debre:
Zeit. Ethiopia, for their resistance
to the local stem rust disease
situation; their resistant reaction
still holds finn.

Enrique Torres, breeder/pathologist
for the East Africa region (left),
Inspects new release Mbunl In Kenya
with F. Gatere. Kenyan pathologist
and 1986 CIMMYT trainee (center),
and D.L. Danlal. CIMMYT associate
scientist assigned to East Africa.
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Consecutive local selection on
segregating populati ns starting
with F2s received from CIMMYT
Mexico in 1983 and 1984. have
resulted at the closing of 1986 in
13 entries for the pre-SN in 1987.
These entries represent the
following crosses:

• Yaco'S'/3fIAS 63/Ald'S'//
Gto/Lv (CM76270)

• Cno79/3/Rvz/Cno//
Pj62 (CM7779l)

• Ures//F3.71/Trm (CM77829)

• Seri//MayaiNac (CM77902)

• Ures/Lira'S' (CM77833)

• Seri/Buc'S' (CM78032)

• SeTi/Bow'S' (CM78034)

• UresfNkl'S' (CM78128)

• Mus'S'fPtm//MayaiAld'S'
/3/Cno//Pj 62 (CM78207)

From introductions received in
1986, 94 bread wheat lines, 36
triticales, and 32 dururn wheats
were selected for the pre-SN and
147 bread wheats, 26 durum
wheats, and six triticales for the
pre-PC of 1987. Among bread
wheat selection . the cross, VS
73600/MrI'S'/3/B 'S'//Yr/TrfS'
(CM75113), is of special interest
for its outstanding leaf hygiene,
including resistance to Septaria
tritici under a very conducive
environment for a disease
epidemic at Timau. Other crosses
highly resistant to Septaria tritici
are Bow'S'/Tan'S' (CM 68159),
Psn'S'lBow'S' (CM 69560),
Sdy/Chrc'S'/3/Au/UP301//Bow'S'
(CM 75043), Vee'S'/Bow'S' (CM
76736), and Bow'S'/PrI'S' (CM
90319).

Large groups of segregating bread
wheat and durum wheat
populations were screened in
Kenya during 1986, with the
object of initiating a shuttle
breeding program. Over 2000 F3

bread wheat lines ere tested at
N BS and Eldoret under moderate
pressure of yellow (stripe) r st and

tern ru t. A total of 3437 durum
wheat families from FS to F5 were
screened at NPBS nd rase ere
yellow rust epidemic and light
pressure from stem rust. Selected
entries. approximately 10% of the
total, will b observed and
screened concurrently by th
Kenyan and Ethiopian wheal
programs and CIMMYT breeders
at base; the respective progenies
will be shared am ng the various
participants. This exposure of
early egregating populations to
the local disease situalions is
expected to enhance the resistance
level in the final product of the
wheat improvement programs,
while the alternate selection at a
more sustaining environment will
allow the retention of improve
agronomic type and high yielding
capacity of CIMMYT-deri ed
whealS.

During the report period, evalua
tions were made for U1e 21st and
22nd lSWYNs and the 6th and 7th
ESWYTs for bread wheat. the
16th and 7l IDYNs and the 14th

and 15th EDYTs fOT durum wheat,
and the 16th and 17th ITYNs for
triticale. In addition to exposing
su erior germpla m to a range of
enVironments, and making such
g rmplasm a ailable to local
breeders, C[Ml\1YT yield trials can
gaug the performance of local
ch cks and the favorableness of
th' physical en ironment. Tables
4 and 5 show some relevan t data
from the above yield trials.

The yi ld advantage of "elite"
trials (ESWYT, EDYT) over
simultan ous "international" sets
(lSWYN. IDYN) has been observed
regularly in the last few years in
Kenya. A cursory look at
published results from some of the
pa t nurseries indicates that this
di1Terence is of frequent
occurrence (e.g.. regional averages
for the 18th [SWYN vs the
simultan ously-tested 3rd ESWYT
in the Middle East. Southeast
Asia, Andean Zone. Southern
Cone 0 Sou h America. and the
U.S.). This pattern may be
dismissed a trivial, being possibly
deriv d from the homogeneous
make-up of elite yield trials with
better adapted lines. A related
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Douglas Tanner. agronomist for the East Africa Cereals Program (center),
consults with national staff In an EthIopian wheat field.



phenomenon, which has been
observed equally often in Kenya,
is the tendency of some lines to
yield better in terms of grain per
unit area in the uniform sets than
in the more heterogeneous trials
under identical management.

A superficial examination of
published results from yield trials
indicates that CIANO 79, Pavon
76, Nacozari 76, and Tonichi 79
yielded better in the 3rd ESWYT
than in the 18th ISWYN in the
Middle East, South America, USA,
and Southeast Asia; similarly,
Pavon 76, Seri 82, and Ures 81
yielded better in the 4th ESWYT
than in the 19th ISWYN in the
Indian Subcontinent and the
Southern Cone of South America
where the ESWYT outyielded the
ISWYN, and also in Europe where
the nursery means were not
different. The phenomenon was
noticed dUring 1985 and 1986 for
local checks K. Tembo (bread
wheat) and K. Njiwa (durum
wheat = Fg'S'/Lds) (Tables 4 and
5). During this period, it was also
evident for Genaro 81, Seri 82 and
CIANO 79 in 1985, and for Seri 82
in 1986.

Aggregate yields from trials were
40% higher in 1986 than in 1985;
reported by nurseries, this
difference is 50% for the ISWYN
and ESWYT, 60% for the IDYN,
30% for the ITYN, and close to
10% for the EDYT. This difference
encompasses genetic and
environmental gains. The most
important and appreciable climatic
differences from 1985 to 1986
were the amount and distribution
of rainfall over the wheat-growing
period. There were 370 mm of
rain between May and September
of 1985, and 666 mm in the same
period of 1986. Rains were more
regular in 1986, with 14% of the
total rainfall in May, 23% each in
June, July, and September, and
17% in August; whereas 1985 had
monthly distributions of 28, 35,
13, 18, and 6% for each
consecutive month from May.

Looking at the local bread wheat
check K. Tembo (Table 4), it is
evident that it did not benefit from
any environmental advantage,
while both the ISWYN and
ESWYT entries yielded more. In
1985, K. Tembo had percentile
scores of 67 and 69 for the ISWYN
and ESWYT with yields equivalent
to 117-128% of the mean; in
1986, its scores fell precipitously
to 41 and 7 for ISWYNand
ESWYT, respectively, with yields
representing 65 to 83 % of the
mean. Field notes suggest that K.
Tembo was severely affected by
miscellaneous foliar spots and
blotches, including Helmintho
sporium spot blotch. While K.
Tembo is still the most common
wheat variety grown in Kenya, it
is quite inferior to any of the
various top yielders in Table 4.

In marked contrast, the local
durum wheat check K. Njiwa
(= Fg 'S'/Lds) was favorably
influenced by the environmental
conditions prevailing in 1986. K.
Njiwa yielded 60% more in 1986
than in 1985, and it moved from
the 20th and 23rd positions in
1985 to the 2nd and 4th in 1986
(Table 5).

For triticale, no valid comparison
can be made between the 16th
and 17th ITYNs due to a massive
washout of the nursery in 1985.
All four top yielders in 1986 had
superior seed type and tolerated
heavy rains after heading without
lodging, whereas the local check,
T-65, lodged in excess of 90%.

In conclusion, CIMMYT Yield
Nurseries offer an ample repertoire
of choices for Kenya to expand the
yield capacity of commercial
varieties of bread wheat and
triticale.

Madagascar-An epidemic
outbreak of stem rust in
Madagascar was evident during
the 1986 rainfed crop (January
June), and then extended into
much of the irrigated crop (June
October). Recommended wheat

varieties for the two seasons,
Pat//Kal/Bb and Kal/Bb,
respectively, were highly
susceptible. Commercial and
experimental triticale varietiesl
lines remain resistant. From a first
virulence analysis conducted at
the USDA Cereal Rust Laboratory
(CRL), it appears as if the current
stem rust population does not
differ substantially from samples
identified between 1970 and 1974
at Elvas, Portugal. Nevertheless,
the outbreak is cause for concern,
as it has affected much of the
advanced wheat germplasm,
including crosses 4777*211Fkn/Gbl
3/Pvn'S' (CM49912), PF77391
Dove'S', and PF-73391IDgalPvn'S'.
On the positive side, cross
PF70354IVee'S' (CM65063), one of
the most outstanding and highest
yielding materials prior to the
stem rust epidemic, is still free
from the disease.

Malawi-Malawian farmers grow
small-scale rainfed wheat. The
main instability factor is leaf rust.
Introductions from CIMMYT,
NPBS, and the Republic of South
Africa are continually assessed by
the National Wheat Team. One
South African line, W82/1,
performed well in the 1986
National Wheat Variety Trial.

Rwanda-Cereal research
resources in Rwanda have been
allocated primarily to germplasm
evaluation of wheat and triticale.
Advanced bread wheat lines have
originated in local selections from
F2 introductions from CIMMYT.
The best entries in multiplication
during 1986 were selections from
the cross Prl'S'IIDga'S'/Bjy'S' (CM
67359). Triticale is the crop of
choice for over 5000 ha of acid
soils in the Gikongoro Highlands,
but yellow rust has taken a toll on
this crop. Four triticale lines that
were being considered for
immediate release (Octo Bulk
Bush, W.74.103.a, W74.103.b,
and Delfin'S') were severely
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attacked by yellow rust, and
entries in the 17th ITSN ranged
from moderately susceptible to
susceptible to this disease. Given
the relatively insignificant
contribution of wheat to food
intake in Rwanda now, it is
imperative to have a realistic
diagnosis of its potential role in
the food pool, and then decide
whether wheat breeding ought to
continue, in the context of
competition for resources with
staple local crop plants.

Tanzania-At the close of 1986,
Tanzania was the only country in
the region preparing for imme
diate variety release. With the
1986 yield data in, the slate
consisted of Pavon 76, Kvzl
K.4500.1.6.A.4., Veery II 8, and
Fink'S' (CM41860-A-5M-2Y
-2M-1 V-OM).

Zaire-Zaire is stimulating small
scale rainfed wheat production in
the highlands of North Kivu (to
the east of the country), where
wheat was grown in colonial
times. CIMMYT-derived wheats are
gradually replacing traditional
varieties that are lodging prone
and susceptible to common bunt.
Fink'S' (CM41860-A-5M-2Y-3M
-lY-1M-1Y-OB-OPtz) and two
selections from the cross
PF70354/Yaco'S' (CM67911-4Y
1M-1Y-OZ [2Y-OMj and [13Y-OMJ
are now available to farmers.

Zambia-Zambia has achieved
substantial advances towards
developing suitable varieties for
rainfed cultivation. On visual
appraisal, one selection from the
local cross PdgaiNacllWhydah
(MM81O 1-79MM-OMM-3MM-OMM)
[Code G-74] appeared to surpass
Whydah at three,sites in the 1986
National Coordinated Rainfed
Wheat Trial. Data for the 1985
Rainfed Advanced Wheat Trials
confirmed the superiority of this
selection over Whydah in yield, as
well as in resistance to lodging,
helminthosporium spot blotch,
and bacterial stripe. Three
selections from the CIMMYT cross
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lAS 64/Aldan'S' (CM47207)
outyielded Whydah in the 1985
National Rainfed Trial, and at
least one line has been carried
forward for further evaluation.
Triticale introductions are
screened under intense disease
pressure in highly acid soils. In
1986, only a few lines from the
17th ITSN were equal to or better
than the local checks Puppy/Bgl
and Whydah. Particularly
excellent were crosses Bgl'S'
Deriv. SeI. Bulk/3/Mtz Tcl/Trigo
Good SeedllBgl'S'Good
Seed/4/Nutria (B-5644-777-1 Y2Y
3M-1Y-OM) and M2A*21
Cin'S'IIBgI'S'/3/Merino'S'
(B-6069-870-6Y-IY-3M-1 Y-OM).

Adequate disease screening
Disease outbreaks like those
reviewed above for Ethiopia,
Rwanda, and Madagascar, albeit
apparently unrelated, should be
seen as episodes in a series,
flashing repeatedly the same
message: "adequate screening for
disease resistance was neglected."
Hopefully, the affected programs,
and others as well, will enhance
the sensitivity of their disease
monitoring systems, and the
selection pressure in their
breeders' nurseries.

Disease situation-The East
African highlands have been
regarded as a hotbed for rusts and
other foliar diseases of wheat.
Resistance to stem rust has long
been recognized as a particularly
indispensable trait of wheat
varieties bred for Kenya. More
recently, yellow (stripe) rust has
been acknowledged as a serious
yield depressant for wheat grown
at medium to high elevations
(2000 m and above). Yellow rust
of wheat in Kenya can also cause
a distinctive infection of the inner
surface of the glumes (ear
infection).

As a complement to Kenyan
conducted studies in stem rust,
small-scale virulence surveys were
conducted on stem rust in Kenya,
and on yellow rust in Ethiopia,
Kenya, Rwanda, and Zambia. Both
surveys depended upon the

technical assistance and physical
facilities of specialized laboratories
abroad. Stem rust was analyzed at
the U.S. Department of
Agriculture Cereal Rust
Laboratory (CRL), St. Paul,
Minnesota, with the assistance of
Dr. Alan P. Roelfs. Yellow rust
samples were race-determined at
the Research Institute for Plant
Protection (IPO), Wageningen,
Holland, with the guidance of Dr.
Ron W. Stubbs. These surveys,
which will be reported in full in
separate publications, are
summarized below.

Forty-five samples of yellow rust
collected dUring 1986 and
covering the major wheat growing
areas of Kenya, yielded two races:
6E16, which overcomes resistance
genes Yr6, 7, and 8, and 134E150
which overcomes Yr2, 6, 7, 8, and
9: These two races were also
identified in Ethiopia. One other
race found in Ethiopia could
counter Yr6, 7, and 10. This race
is virulent on the wheat variety K.
Popo, commonly regarded as
resistant in Kenya. Two samples
from northern Zambia were
determined as race 132EO, which
can overcome Yr6 and 9. Yellow
rust collected from triticale in
Rwanda was identified as race
6(38)E150; this isolate makes Yr
2, 6, 7, and 8 ineffective, and
induces variable reaction on Yr9.

The response induced by single
pustule isolates obtained from 12
stem rust samples collected at
NPBS from different wheat lines
was uniform on single gene
differentials carrying Sr5, 6, 7a, 8,
9d, 10, 12, 14, 16, 17, ";", or U
(susceptible reaction), or Sr11, 21,
24, 35, Tmp-1, or Tt-3 (resistant
reaction). Differential reactions
were observed for genes Sr9a, 8b.
lb, ge. 36. 9b. 15, 20. 23, Wst-2,
and 30 (Figure 1).

A major conclusion from these
surveys is that the current yellow
rust and stem rust populations in
Kenya appear to exhibit little
diversity. Furthermore, these
results do not deviate sub
stantially from data obtained



Kenyan Stem Rust Cultures

1 2 3 4 5 6 7 8 9 10 11 12

Sr9a • • • • • • • • • • • 0

8b • • • • • • • • • • 0 0

7b • • • • • 0 • • 0 0 0 0

ge 0 • 0 • • • • • • • • •
36 • • 0 0 0 0 0 0 0 0 0 •
9b 0 0 0 0 0 0 0 • • • • 0

15 0 0 0 0 0 0 0 0 0 0 0 •
20 • • • • • • • 0 0 • • •
23 0 0 0 0 • • • • • • • •
Wst-2 0 0 0 0 • • • • • • • •
30 0 0 0 0 0 0 • • • • •

• susceptible r action o resistant reaction

dUring the late 1970s and early
1980s. Bonthuis, in his epidemio
logical studies on yellow rust in
Kenya, found race 6E16 to be very
common. Stem rust cultures from
Kenya preserved at CRL induced
nearly identical reaction patterns
to those of 1986. These
conclusions must be moderated by
the understanding that sampling
was limited in magnitude and
scope to the major commercial
varieties for yellow rust or to the
relatively few highly susceptible
entries for stem rust.

Another important observation is
the wide gap between Kenya and
other countries in regards to
yellow rust races. This confirms
the results of the Bonthuis studies,
which grouped East Africa races of
yellow rust in a different cluster
from the Ethiopian, Middle
Eastern. and North Mrican ones.
A similar pattern of differences
was obtained at CRL with old and
new stem rust cultures from
Ethiopia, Zimbabwe, Republic of
South Africa, and Madagascar.
Virulence analysis for stem rust
carried out at Ambo, Ethiopia. in
1985 also indicated marked

differences with the results
obtained at CRL for Kenyan
isolates of 1986. This observation
tends to negate or diminish the
importance of rust inoculum
spread into or out of Kenya.

The East Mrican Highlands
constitute a living paradox, being
a hotbed for wheat rusts while
lacking a markedly wide array of
races. This apparent contradiction
may eventually be resolved by
more detailed, systematic, and
genetically unbiased surveys.
Alternatively, it can be answered
now by the very favorable
environment and the long time
available for disease epidemics.
The quaSi year-round wheat
cultivation, coupled with cool
moist weather in the upper
elevations, are likely to perpetuate
constantly high initial inoculum
levels and to allow extra
F?;eneration cycles to the pathogen.
These two factors may overwhelm
disease resistance mechanisms
based solely upon a general
decrease of effective inoculum or a
slOWing down of the disease
progress. The implication is. thus,
that germplasm evaluation will be

of much greater value when
effected under local
epidemiological conditions.

During 1985 and 1986, wheat
introductions and subsequent
selections planted in Kenya were
screened under severe epidemics
of stem rust. yellow rust, and
septoria-induced speckled blotch.
Wheat entries selected under a
heavy pressure are likely to carry
adequate resistance to these
diseases.

Regionally important diseases.
whose outbreaks affected
commercial fields or advanced
breeders' lines. include yellow rust
(on wheat in Ethiopia, 1985; on
triticale in Rwanda, 1985-86),
stem rust (on wheat in
Madagascar, 1986), and barley
yellow dwarf (on barley in Kenya,
1986).

Training-Wheat improvement
programs in the region range in
size from minuscule with one
wheat-designated scientist charged
with other duties, to medium with
3-4 scientists devoted to wheat
with the support of twice as many
technicians. Such modest size
prevents compartmentalization of
knowledge and duties. and calls
instead for versatility in meeting
the demands from research. In the
execution of CIMMYT policies, we
have sponsored the participation
of scientists from the region in
activities that strengthen their
professional competence while
preserving a broad horizon of
ideas.

Our most intense involvement was
the planning and execution of the
Regional Wheat Workshop in
September 1985. This Workshop,
hosted by the Kenyan National
Wheat Program. brought together
42 national scientists from 10
countries in the region, 13
expatriates attached to national
programs in East Africa, one
observer from Canada. 3 CIMMYT
staff from the reF?;ion. one more

Figure 1. Reactions induced by 12 Kenyan stem rust cultures, 1986.
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from Southeast Asia and two from
Headquarters. Thirty-six papers
were presented that covered
biological and physical constraints
on wheat production, crop
management, and industrial
utilization of wheat and triticale.

We have further fostered the
exchange of scientists by
arranging visits to CIMMYT
headquarters or to research
centers in the region or abroad.
The list of visitors to Mexico
during 1985-86 includes three
Kenyan scientists, and one each
from Ethiopia, Madagascar,
Uganda, and Zimbabwe. We also
brought one Malagasy researcher
to Zambia, and one Zambian and
one Ugandan to Kenya. There
were also participants from Kenya
(3), Ethiopia (3), Malawi (1), and
Madagascar (1) at the 1985 and
1986 in-service training courses in
Mexico on wheat improvement or
wheat production. The Malagasy
trainee also had the opportunity to
visit CRL at St. Paul, Minnesota,
USA. Finally, one Malagasy
delegate attended the International
Triticale Symposium held in
February 1986 in Australia and

. one Kenyan attended the
International Wheat Conference in
Morocco in May 1986.

Agronomy
Tile CIMMY1' small grains
agronomy project for East Africa
funded by CIDA has as its
principal objective increased
wheat and triticale productivity in
seven countries: Burundi,
Ethiopia, Kenya, Rwanda,
Somalia, Tanzania, and Uganda.
The project is intended to facilitate
the development and adoption of
improved wheat production
technology, primarily through
improVing agronomic research
capabilities and strengthening the
NARSs' on-farm research
activities.

As shown in Table 6, these seven
nations differ dramatically in the
area of wheat produced and in the
production system followed.
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Ethiopia has a cultural association
with wheat extending back
throu~h recorded history, while for
the otner countries wheat was a
crop introduced by the
missionaries or the colonialists. In
the varied production systems,
wheat seed is sown and covered
by hand, by ox plow or by grain
drill and harvested by sickle or by
combine harvester. Wheat is
grown on state farms or on private
plots managed by large- or small
scale operators.

Similarly, differences exist among
the seven nations in terms of their
scientific manpower available for
and commitment to the type of
on-farm agronomic research
program that the CIMMYT project
was designed to assist.

Thus, the relevant information on
wheat production and agronomic
research and training activities is
summarized for each constituent
nation.

Burundi-Burundi produces
about 9000 t of wheat annually on
14,000 ha of small fields (many in
the order of 0.1 to 0.2 ha in size).
Virtually all this wheat remains in
the local economy; the mill in
BUjumbura imports 10,000 t of
wheat for flour production
annually, plus an additional 3000
t of flour are imported each year.
Imported wheat costs apprOXi
mately U.S. $400/t due to
overland transport while "home
grown" sells for up to twice that
price on the local market.

In Burundi, wheat is grown during
periods that are too cool or too dry
for maize, and is basically a
subsistence crop of last resort. The
crop calendar is as follows: maize
is planted to utilize the full rainy
season, followed by peas, wheat,
and sweet potatoes, in succession.
Frequently, at the higher
altitudes, wheat is grown as a
relay intercrop in maize. The
wheat cycle lasts about 125 days
from seeding to harvest.

Two improved bread wheat
cultivars have been released:
Romany is recommended for the
lower range of altitudes where leaf
rust is prevalent; Cowbird is
utilized in the higher areas where
yellow rust is a problem. On the
acid soils high in aluminum
content, which are common in
Burundi's wheat growing areas,
these two cultivars yield 40%
more than the local germplasm.
Two triticales have also been
released (Bvr/Arm and Mizar) for
production on acid soils. Only the
latter cultivar has acceptable
properties for home consumption
by the subsistence farmer (Le.,
palatability).

Several selections from CIMMYT
nurseries promise even p;reater
yield improvements in tIle future
(Le., Mrng/Aldan, lAS 54/Bnq).
The most promising lines should
be released and multiplied for
distribution in 2 or 3 years.

Planting date trials have been
conducted in the past by the
Institute of Agronomic Sciences of
Burundi (ISABU), but farmers
have not adopted the optimum
practice. Density/seed rate trials
have also been conducted; 110
kg/ha is adequate in this area
where compensation due to
tillering is limited. Line sowing
has been found to improve yields
by 22 % due to the enhanced
ability to handweed the crop. If
fertilizer were to be applied in the
row, the response would be even
greater; in fact, with the increased
weed vigor under high fertility
conditions, row planting would be
essential to enable handweeding.

The traditional production
methods used for wheat in
Burundi involve extremely low
levels of management, resulting in
yields ranging from 500-800
kg/ha. With experimental yields
under high management reaching
4.5 Uha, there is a substantial
potential to be tapped. However,
improvements in wheat
production technology must be
tailored to small farmers'



objectives in wheat production, to
the system being followed by
farmers, and to the need to supply
the flour mill with raw materials.

Within ISABU, wheat research
(centered at the Kisozi Research
Station, at 2175 masi) has had a
major input from Belgian technical
assistance. The current focus is on
agronomic research using varieties
selected from CIMMYT nurseries.
Complementing the research effort
is an EEC program of on-farm
trials and demonstrations with
wheat and peas.

The project agronomist visited
Burundi in June 1986 to review
future involvement in ISABU'S
wheat program. Improved varieties
are available but there is a need
for more work in agronomy
especially on the acid soils where
wheat is grown. Despite limited
staff numbers and resources, the
ISABU wheat research team is
carrying out a well-balanced
research program.

The ISABU agronomist was
sponsored to attend the Regional
Networkshop for on-farm
researchers, held in Ethiopia in
August 1986. Furthermore, the
director general of ISABU has
received an assurance that any
newly employed wheat staff will
oe given a high priority for in
service training in Mexico.

Ethiopia-Wheat occupies about
600,000 ha in Ethiopia with
durum wheat covering 60 to 65 %
of this area and bread wheat the
remainder. Durum wheat, indige
nous to Ethiopia, is produced
primarily by the peasant farmers.
Bread wheat is a more recently
introduced crop and at present is
somewhat less widely grown; the
state farms account for
approximately 25% of total bread
wheat production. The area of
durum wheat has declined since
the 1970s from over 1 million ha,
due to the low yield of durum
wheat and the high free market
price for the traditional grain, teff.

Bread wheat, with a hip;her yield
potential, has expanded in area at
the expense of both durum wheat
and barley. Barley occupies about
842,000 ha currently. Teff
occupies some 1.4 million ha,
making it the principal cereal crop
in Ethiopia. Wheat is the only
imported food grain.

Government policy in early 1986
focused on three major cereal
crops for food self-sufficiency;
maize, wheat, and sorghum. This
will have major repercussions on
the balance of research and
development activities in wheat as
one of the selected crops. The
specific aim in wheat is to raise
yields from 0.8 to 3.0 tlha. Field
scale yields in excess of 3 t/ha for
bread wheat have sometimes been
obtained on state farms. On
experimental plots, yields of 4-5
t/ha are common.

A major reason for low wheat
yields in the country is the low
genetic potential of the local
durum wheat varieties, grown by
most farmers. The traditional
durum wheat varieties are
generally tall (125-150 cm) and
weak-strawed. The dominant local
(mltivars are also vulnerable to
diseases and respond poorly to
fertilizer. Their merits are good
adaptation, drought tolerance, and
good quality. Also, they may be
more tolerant of the prevalent
poor agronomic practices than the
improved varieties.

Agronomic practices impose
additional constraints on yield.
Under small farmer management,
the traditional wooden ox plows
penetrate the soil poorly resulting
in poor seed beds; plant stands are
thin and the date of sowing is
often delayed due to restricted
drainage. The use of fertilizer,
herbicides, and insecticides is
minimal except on state farms.
Harvesting is done by sickle and
threshing by animal trampling. All
these practices contribute to low
production from varieties with low
potential. The major rust diseases,
helminthosporium, septoria and
fusarium are Widespread in the

country; most of the bread wheats
released toJarmers have adequate
resistance, but continuous
maintenance research is
necessary.

The Institute of Agricultural
Research (IAR) is a strong national
research organization with the
major responsibility for
agricultural research in Ethiopia.
In 1985, IAR initiated a World
Bank-funded project seeking to
expand the research establishment
and develop new research stations
including two (Le., Adet and
Sinana) in small grain-producing
regions.

Because of the very traditional
wheat management practices,
agronomy research geared to local
farmer conditions is a priority
requirement. It will partly be met
by the establishment of farming
systems research teams at each
research station to assist in the
identification of technologies
relevant to farmers' needs.
Additionally, IAR created an
Agronomy Department in
December 1985 and, as the staff
in this department increases in
experience and in number, great
strides in agronomic research
should be possible.

Because of the importance of
small grains (wheat, barley, and
tefO in Ethiopia, the CIMMYT
project agronomist has visited
Ethiopia frequently to assist in the
planninp; and implementation of
the small grains agronomy
program. The primary contact
organization has been IAR but
contact has also been made with
the other institutions involved in
small grains agronomic research:
the Agriculture Development
Office of the Ministry of
Agriculture (MOA/ADD), the Debre
Zeit Experimental Centre, the
Ministry of State Farms, and the
agronomy program of the
International Livestock Centre for
Africa (ILCA) which deals
primarily with Vertisol soil
management.
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Holetta has been the principal
station for Ethiopia's wheat
research, and houses the national
wheat research leader who is
responsible for coordinating all
research on bread wheat, durum
wheat, and barley. The
coordinating center for wheat
research will be changed to
Kulumsa in the future.

The CIMMYT project agronomist
has worked with the Holetta-based
wheat commodity team, and
members of the IAR Agronomy
and Socio-economics Departments
monthly to assist with diagnostic
farmer surveys, and to plan and
implement trials on small grains
agronomy. The research themes
include rotation studies, on-farm
fertilizer trials, the use of grain
and forage legumes to break up
continuous small grain cultivation,
minimum tillage, the use of rock
phosphate and bone meal, seeding
rates, herbicides, on-farm variety
verification, double cropping,
intercropping, and improved
drainage technology for Vertisol
soils.

A series of training calls on
OFRIFSP were organized by IAR
and CIMMYT's regional economics
program and the CIDA agronomy
project.

Two candidates, were sponsored
to attend the Wheat Production/
Agronomy training course at
CIMMYT in Mexico, from April to
November of 1986. The two
trainees are from the Socio
economics and Agronomy
Departments of IAR, respectively.

A weed scientist with Alemaya
University at Debre Zeit went to
CIMMYT Mexico, CIBA-Geiby
headquarters in Switzerland, and
the International Plant Protection
Center at Oregon State University
in June 1986 on a CIBA-Geigy
fellowship arranged by CIMMYT.
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Jamal Mohamed, an agronomist
working on irrigated wheat as a
double crop with cotton, has been
sponsored to visit the irrigated
wheat agronomy program of
Sudan and Egypt in January
1987.

Kenya-Kenya is the second
largest wheat growing country in
the East Mrican region. A decline
has occurred in the area of wheat
planted, however, due largely to
the division of large farms into
small holdings. Kenya produced
approximately 250,000 t of wheat
from 110,000 ha in 1985, and
imports the balance of its wheat
requirements. Government policy
is to double wheat production by
the year 2000, by which time even
assuming no increase in per capita
requirements, wheat consumption
will be in the order of 630,000 t.

With average yield levels
approximately 2.5 tlha, much of
the emphasis has been on
maintenance research for stable,
disease-resistant varieties.
However, the changing structure
of the wheat industry, with small
farmers increasing in number,
demands restructuring of the
wheat research program,
particularly in agronomy.
Currently, technology is not
available to advise small farmers
how to sow, control weeds, and
harvest without the use of large
scale (and foreign exchange
expensive) machinery. At present,
small wheat growers are serviced
by contract machinery provided
by large-scale growers who
account for more than 90% of
total wheat production. With the
reduction of large-scale com
mercial wheat growing, these
contract services cannot be
guaranteed over the longer term.
Pilot work on ox and human labor
management for wheat has been
minimal and should be expanded.
Finally, many of the large-scale
wheat farms now split into small
farms are in the high potential
wheat growing areas. Of late,
contractors, often former
commercial wheat farmers, have
moved wheat into more marginal
areas with less reliable rainfall.

There are some 1.5 million ha in
such potential wheat growing
areas. Wheat production there will
require a high level of manage
ment using adapted varieties and
new technologies to achieve
sustainable yields under marginal
conditions.

Agronomic research on wheat is
vital to maintaining production
levels in the traditional wheat
production areas of Kenya where
the few large farmers are giving
way to many small-scale farmers
and in the new marginal areas
being given over to wheat
production. Weed control, fertility
maintenance, and soil moisture
conservation are areas of the
utmost importance. The project
agronomist has been involved in
the planning and implementation
of the following experiments: the
evaluation of crop response to
copper (applied to soil, seed or
foliage); tillage methods on wheat
stubble and grass ley stubble;
herbicide combinations for
applications dUring crop or fallow
periods; lime x phosphorus trials
on acid soils; use of a legume
(medic) in rotation with wheat;
fertilizer and seed placement
methods for small-scale wheat
growers; hand weeding technology
for small farmers; methods of
harvesting for small farmers; and
the effects of delayed timing on
yield.

Many of these experiments were
planned for the National Plant
Breeding Station (NPBS, Njoro) in
1986; in future years, if promising
results are obtained, appropriate
experiments will be designed for
farmers' fields. The agronomy
group at NPBS Njoro is new and
inexperienced in wheat growing in
Kenya.

Most of the agronomist's time in
Kenya has been spent in the
Njoro/Nakuru area, the Eldoret
area (wheat on acid soils),
Ngorengore (marginal rainfall
area), Mau Narok (high-altitude
barley area), and Timau (mid to
high altitude wheat area). This



fragmentation of the wheat
production area taxes the ability
of the NPBS wheat agronomy
team to cover the ground.
Therefore, a big task has been to
help the team identify and work
on priority areas of research with
the greatest potential benefits.

Some work has been done with
agronomists employed by Kenya
Breweries in the evaluation of
herbicides for barley production
under minimum tillage and on the
possibilities for irrigated barley
production in the Naivasha area.

Dr. J. Longmire (CIMMYT
Economics, Mexico) and Dr.
Lugogo (Egerton College, Njoro)
conducted a survey on large- and
small-scale wheat production in
Kenya. They confirmed the
observation that, while small
farmers prefer growing wheat
rather than maize (in the
traditional wheat growing areas).
harvesting delays are serious
because they must wait for the
custom combine operators who
concentrate on the large wheat
tracts first. Unlike those in
Ethiopia and southern Tanzania,
small-scale wheat growers in
Kenya appear reluctant to adopt
any technology that is more labor
intensive because they regard
wheat as a cash crop rather than a
subsistence crop.

All in-country training has been of
the informal collaborative type,
carrying out field work with the
wheat staff. One Kenyan
agronomist attended the Regional
Networkshop on OFR, held in
Ethiopia in August of 1986.

Rwanda-Wheat is a minor crop
in Rwanda although there is an
increased demand for wheat
products. particularly by the
urban population. Although
domestic production tripled
between 1970 and 1984, the
country's wheat imports (11.000 t
in 1984) are also increasing.
resulting in a drain on foreign
exchange. Approximately 4100 ha

are planted to wheat. involving up
to 10,000 farmers. Government
policy is to expand the crop to
about 10,000 ha by the end of the
century. Expansion will be
encouraged in the 6000 ha of acid
soils in the Gikongoro highlands
in southwestern Rwanda. A new
thrust in wheat and triticale
research is needed to identify
germplasm and agronomic
practices for this area.

Currently. wheat yields are on the
order of 800 kg/ha. This compares
with 2.0 t/ha at the Seed
Production Services farm and over
5.0 tlha for wheat and 6.0 tlha for
triticale on research station plots.
The yield gap between the station
and the farm is real and offers a
significant potential for improved
production. However. fertilizer.
pesticides, and herbicides are not
currently available. Low fertility is
also a major problem on the
nonvolcanic highland soils. and.
while some improvement may be
made from better crop rotation
and erosion control. chemical
fertilizers will be necessary in the
long run.

The program of the Institute of
Agronomic Sciences of Rwanda
(lSAR) has concentrated on the
identification of superior materials
from introductions. Six new
varieties were released over the
1983-84 period, four from Mexican
and two from Kenyan material.

The agronomist visited Rwanda in
January 1986 to assess the wheat
and triticale research activities
and needs of ISAR, and confirmed
that the production problems for
wheat in Rwanda are agronomic,
not varietal. It was recommended
to the director general of ISAR
that the next wheat scientist to be
recruited should be an agronomist
rather than a breeder. as was
previously intended. We shall
continue to support the Rwandese
wheat program in terms of
occasional visits. training, and
material purchases. once the ISAR
agronomist is in place.

Somalia-The Somali Ministry of
Agriculture is interested in
increasing domestic wheat
production in order to reduce the
annual importation of approxiately
180.000 t of bread wheat and
durum wheat. Wheat products
such as spaghetti, injera, bread,
and cakes are the preferred food in
Somalia; thus, as incomes rise,
consumption of wheat is expected
to rise disproportionately as per
capita maize and sorghum
consumption decreases.

At present, only 4000 ha of wheat
are produced by small farmers in
the Northwest Region of Somalia.
Yields are approximately 350
kg/ha. The Agricultural Research
Institute (ARI) has had no wheat
research program in recent years.
primarily due to discontinuity in
staffing. Given Government
interest in increasing domestic
wheat production to save foreign
exchange, ARI established a small
national wheat research program
in 1986.

Wheat has two potential niches in
Somalia: as a rainfed crop in the
highlands of the Northwest, and as
an irrigated crop in lowland areas
nearer to the coast. With current
small farm yields in the highlands
at 350 kg/ha, there is clear scope
for improvement. Irrigated wheat
in the lowlands is seen as a short
season crop (less than 90 days to
maturity) to be produced between
the maize crop (harvested in mid
July) and sesame (planted in late
October during the second rainy
season). However. the successful
production of wheat in the tropical
lowlands poses a major research
challenge in the identification of
cultivars that will tolerate mean
temperatures ranging from 24
28°C, and maximum tempera
tures up to 34°C.

A former dean of the Faculty of
Agriculture at the University
initiated limited trials with
irrigated wheat 2 years ago. Seed
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of bread wheat and durum wheat
cultivars supplied by FAa were
planted in irrigated lowland areas.
Management was variable but the
cultivar Belbec yielded over 3 tfha
in one trial.

The long-neglected rainfed wheat
growing area in the Northwestern
Region will benefit from a planned
increase and upgrading of staff at
the Aburein Station of the ARI:
the mandated crops of the station
include sorghum and wheat.
Wheat is grown in this area at
2000 masl and above with a
seasonal precipitation of 500 mm.

Somalia was visited twice in 1986.
CIMMYT's future involvement in
wheat research was discussed
with ARI and Ministry officials.
The project agronomist requested
the shipment to Somalia of
improved germplasm (i.e.,
"tropical" wheats) from CIMMYT's
regional program in Southeast
Asia and from CIMMYT Mexico.
Other important areas of
assistance discussed were the
training of new staff members in
the in-service training program at
CIMMYT, periodic consultation
visits, and the provision of equip
ment and inputs for agronomic
trials.

Arrangements have been made for
Dr. M.T. Haji to visit the irrigated
wheat agronomy programs of
Sudan and Egypt in January
1987. One candidate for in-service
training in Mexico in 1987 has
been identified.

Tanzania-In Tanzania, approxi
mately 40,000 ha of wheat are
grown under rainfed conditions.
Of this, 28,000 ha are grown in
the northern highlands on the
CIDA-assisted Hanang wheat
complex. This location is
characterized as having marginal
and erratic rainfall (long-term
annual/average of 600 mm) at an
elevation range of 1300-2000
masl. The farms on the highlands
have long and undulating slopes
which are suitable for large-scale
mechanized wheat production.
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The remainder of the wheat crop
is grown in the southern
highlands where rainfall exceeds
1000 mm per season. Because of
the extremely steep slopes in
much of this area, a significant
proportion of the wheat is
produced by small farmers using
hand implements.

Wheat yields on the mechanized
state farms have risen steadily
from 0.5 t/ha in 1975-76 to 1.7
tlha by 1983-84. Nonetheless,
research aimed at maintaining
yields at their currently profitable
levels is important. Particularly
given the mechanized, monocrop
characteristics of wheat produc
tion in northern Tanzania,
agronomic research is essential.
High yield levels will only be
sustained if suitable management
practices can be developed to
address the worsening grass weed
situation and to minimize the
serious problem of soil erosion and
deterioration. As much of the
wheat is produced without added
fertilizer, monitoring of the soil
fertility status over time is also of
obvious importance.

Wheat research in Tanzania is
relatively strong with the
Tanzania-Canada (Tan-Can) Wheat
Project (CIDA-funded) in the North
and with additional research at
the TanWat Company in Njombe
and at the Uyole Agricultural
Centre in Mbeya (both in southern
Tanzania). The Tanzania-Canada
Wheat Project research staff
includes three Canadian
agronomists and four Tanzanian
counterparts.

The CIMMYT project agronomist
made two visits to Tanzania
during 1986, the first in February
for the National Wheat Research
Coordinating Meeting in Arusha.
The second visit in May 1986 was
for the annual field day at the
Hanang wheat complex of the
Tan-Can Wheat Project.
Armyworms had damaged many
early-planted crops at the Hanang
complex, stripping the plants of all
tillers, and high rainfall increased
disease pressure and weed

incidence. No foreign exchange
had been available for pesticides,
so yields were low relative to
previous years. The Hanang
complex has been growing wheat
in monoculture for 15 years
despite trial results showing
significant yield increases due to
the use of rotations.

Again, with wheat research so well
covered by the Tan-Can Wheat
Project, there has been little need
for direct training support from
the CIMMYT project. However, all
logistical arrangements for
trainees supported by the CIDA
Tan-Can Project are made by the
CIMMYT Nairobi office (one
agronomy trainee was sent in
1986).

Two Tanzanian agronomists were
sponsored to attend the Regional
Networkshop on OFR, held in
Ethiopia in August 1986.

Uganda-Wheat production plays
a relatively minor role in Ugandan
agriculture. The wheat crop is
rainfed and 10,000 t are produced
from 5000 ha. In 1984, an
estimated 15,000 t were imported
and consumed in addition to
domestic production. Most of the
domestically produced wheat is
grown on cooperatives derived
from former commercial,
mechanized farms close to the
Kenyan border on the slopes of
Mount Elgon. The rest is produced
folloWing traditional methods, on
small farms in the highlands of
western Uganda. Both wheat seed
and grain are imported, and the
government is interested in
stemming this outflow of foreign
exchange.

Yields of wheat in the former
commercial farming areas of
eastern Uganda are approximately
2 tfha, while research plots have
been reported to yield as high as 9
tlha. Although, this level could not
be achieved commercially, it
indicates that current farm yields
could probably be increased
significantly by improving
management practices. In the



smallholder sector, poor seed bed
preparation, low plant density,
and high harvesting losses are
reported as important causes of
poor yields.

A wheat breeding program was
initiated in 1980 at Buginyanya
Coffee Research Station, on the
slopes of Mount Elgon, in eastern
Uganda. at an altitude of 2000
masI. This program aims to select
widely adaptecf varieties. with
emphasis placed on evaluating
germplasm received from
CIMMYT. At present, all research
is conducted by one wheat breeder
who has had CIMMYT training.

Support iIi agronomy and
pathology. as well as research
facilities, are required to
strengthen the program. The
Ugandan wheat breeder went to
CIMMYT Mexico as a visiting
scientist in August/Sept. 1986.

No agronomists are currently
assigned to work with the wheat
crop in Uganda. If an agronomist
is appointed in the future, then an
appropriate program of training
and consultation can be
developed.
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Table 1. Comparative rates of retention of wheat lines among nurseries of different origins in Kenya
during 1985 and 1986

Bread Wbeat Durum Wheat Tritic..Je Overall
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Table 2. Outstanding bread wheat entries from the 10th SNACWYT on the basis of their performance
during 1986 in Kenya

Reaction to:
Septoria Puccinia Puccinia Acid

Parentage and Pedigree triticia graminisb striiformisb SoUsc

Vee'S'/IRL60 10/2 ·Yr/3/2 ·Vee'S' 98(5) tR 0 .p
CMH 81,530-1Y-B-4Y-2B-l'Y-2B-OY

Kit'S' 81(MR) tR 0 4
CM 33089-W-3M-7Y-IM-OY-1ke-Oke

HD2206/Hork'S' 85(MS) tMR 0 3
CM39808-58M-2Y-4M-1Y-1M-1Y-OB

Gov/AzllMus'S' 21(R) tR 0 4·
CM41257-1-8M-2Y-1M-3Y-lM-1 Y-1M-OMo

Fink'S' 51(MR) 5MR 0 3·
CM41860-A-5M-2Y-2M-1Y-OY

Fink'S' 52(MR) 20MR 0 3
CM41860-A-5M-2Y-3M-OY

(continued)
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Table 2, (continued)

Parentage and Pedigree

Fink'S'
CM41860-A-5M-2Y-3M-1 Y-1M-1 Y-OB-Optz

Ma lon'S'//Kvz/Trm
eM 083-N-2Y-2M-1Y-1M-1M-OY

Myna'S'!Vul'S'
CM64546-2M-2Y-lM-5Y-OM-ONg

Septoria
trlt1cla

83 (MR-MS)

87(S)

51 (MR)

Reaction to:
Pucclnla Pucclnla Acid

gramlnlsb strllformlsb Soilsc

tMR 0 5

lOMS 0 4

5MS 0 3

a Two digit score, first digit indicates plant height for disease infection (0 = nil; 9 = f'=aching ears), and second digit
degree of defoliation (0 = nil; 9 = total destruction). Letters in parentheses give an interpretation in terms of resistance (R
= resistant, MR = moderately resistant, MS = moderately susceptible, S = susceptible)

b Scores using modified Cobb's scale

c Visual scale 0-5 (3-5 are acceptable levels of tolerance) tolerance to acid soils around Eldoret, Kenya. where soil pH is
4.7 (2:0.1) and soluble manganese ranges from 27.6 to 58.4 ppm; these manganese levels are regarded as toxic to wheat

* indicates outstanding plant type for that score

Table 3. Lines from the 1st East African Parental Collection that
combine resistance or tolerance to combinations of three and two
major wheat production constraints

Tolenuu:e to acid soils, manganese toxicity,a and resistance to
stem rust

PF70402//P T 72160/Ald'S'
B 1978 ·HO·501M·3Y-5F-1Y-OY-OZ-OMo

PF70402//PAT 72160/Ald'S'
B 19789-H 504M·7Y-7F-Iy-oy-oZ-OMo

PF7i 402/IPAT 72160/AJd'S'
B 19789-H-5Q2M-60 IPr-2T-2T-OT-OMo

lAS 58IMad'S'
CM50412-2Y-J M-2 -3 -oz-OY·OM

oleranc to acid solls, manganese toxicity,a and resistance to
Jeaf rust

Ald'S'/PF7326
F 10330-BF-OF-2F·OR-4F-OR-9F-OMo

Tolerance to acid soils, manganese toxicity,a and resistance to
Septaria trltlcl

S-7326-1

Had/2·BR 5
F 11874-4F-OF-3F-OR-IF-OR-OF-OMo

Tow'S'
CM34709-K-11M-3Y-OM-IPtz-Oy-Oke

(continued)

a See footnote c in Table 2
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Table 3. (continued)

Resistance to Septaria tritici and leaf rust

Bow'S'
CM33203-H-BM-8Y-lM-lY-l M-OY-Ptz-Oy

Resistance to Septaria tritici and yellow rust

F-78l7-l

Kvz/3/Bb/Cha//Trm/4/Temu 36-78
T-l50l5-T-2P-lT-OMo

Kvz/3/Bb/Cha//Trm/4/Temu 36-78
T-l5105-T-3P-2T-OMo

FinkS
CM..J,l860-A-5M-2Y-2M-l Y-OM-OMo

Fink'S'
CM4l860-A-5M-2Y-3M-l Y-lM-OB-Optz-OnJ

Bow'S'/Pvn
CM6l830-6Y-lM-l Y-lM-5Y-lM-ONa

NDIVG 9l44//KallBb/3/Yaco'S'
CM6266l-D-lM-lYAM-l Y-OM-OMo

Resistance to Septaria tritici ano.d stem rust

Sannine/Ald'S'
L932-4L-2AP-2AP-6Ke-Oke

Table 4. Comparison of the 1985 and 1986 wheat seasons at NPBS. Njoro. Kenya for yield data from
CIMMYT international bread wheat yield trials

Measurements 1985 1986
and units 21st ISWYN 6th ESWYT 22nd (SWYN 7th ESWYT

Overall mean (kg/ha) 2·HI 3233 :37·l5 5055
St.andard error of mean
(kg/hal 336 276 578 5-l8
C- . (p,.n'eolagt") 13.8 8.5 15.-l 10.8

Yield of local 'h ck
(kg/hal K J'cm/)o :3136 n. Tembo 3807 K. Tenlbd 3118 K Tcm/)o 332-l
Relall e to mean (h J 128 117 83 65
Pere,.nlfle score 69 67 ·11 7

Top Yielders
/St YI ttl (kg/hal \\'L 2265 -l323 Buc'S'IBiy'S' 5048 Cilef 'S' 6559 Tui '5' 6807

(V.'l·l1 (V.81 (V.II) (V.281
2nd Yield [kg/hal BU("SlHjy'S' -lO92 S1tI'i 82 -l581 Sar/lad 82 6173 \'~"e '5' 6-l-l5

[V.161 ( 31 (V. 2) ( I
3r.1 Yield {kg/hal T'T;mt 'S' -lOBO Gc:'naro 81 -l573 Gh'[Ul:::iOn 81 6137 S'T! 82 6·~O3

(\1131 [V.II (V7) (V.I)
-JIll Yi"ld [kg/hal .. \lnllLn."'ior ·-lO5:3 Mun'S '//nw'S' 4·l0H lCT/, Sara 57,,1 Gaa'S' 617t>

IV.341 (V.261 IV.:!,,) (V.2:J)
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Table 5. Comparison of the 1985 and 1986 wheat seasons at NPBS, Njoro, Kenya for yield data from
CIMMYT international durum wheat and triticale yield trials

Me••arements Durum Whut TrIticale
and units 16th IDY"N 14th ED 17l.h IDY"N l~th EDYT f6thiTYa 17th ITYN

OvcC'dlL metro lkg/hal n76 31"18 3701 -1097 J 2 5033
S andard c r of
m nIl-gills) :l " :J87 39.\ 37 342 -196
C.V. ('l,J I 0 Ill. 3 I .6 9.2 89 9.8

Y I1d I at eh k
IkgthJl) K. Njiwab :2 l3 K. , ~tlA' 3302 K. NJi " 4SH K N1' ...... 5\ T65 5096 T6.~ 4362
RelallY tom n 1'K.1 123 88 In 125 13-1 87
Rank {Total no.
enJrtesl 20tW30 23rd/:1O lhI30 :lnlll3O Islf2! 20thl25

Four top yielders
(in excess of local
t.h.llcll)

1st yield Ikg/hal Car" 'S' ·POI RaWS' 4940 Phibirot 80l 5371 L ()tj:J 51 Llx.a' ehe k F. wn"S "IBsn"S' 62 II
IV.23) IV.20) IV.171 IV.I) IV.WI

:Jnl) yIeld (lqrIha) OIen'S' 4424 Gta'S'/ -1913 Sham 1 52-14 Local cl1eck SUer'S' 6160
(V~2l Durum 69 1\'.16) (V.7)

IV.16)

jrd ~'ield (kg/l1a) Gallareta'S' 4019 CD '6637 4-121 McmO!Coo'S' 4734 B-681 I 5843
(V.27J (V.I:» 118 IV.Z,l) 1\' 1<11

41h yield (kg/l1a) Mexl75 3781 M~~i 75 I Local ehe k Gnu'S' 5802
(V.25) I .:.!5l IV.61

a In 1985, the 16th ITYN was damaged by a severe washout. Only 21 enlries could be salvaged for the analysis

b K. Njiwa = Fg'S'lLds

Table 6. Statistics on wheat in East Africa (1986)

Wheat area % of.r~on's Yield Productiona a Production systems ranked in order
Country ('000 hal wheat area (t/ha) systems of importance and coded as follows:

LM = Large-scale mechanized.

Elhlopla 600 77.2 1.2 SAH/LM SM = Small-scale mechanized,
SAH = Small-scale animal traction

Kenya 110 14.2 2.2 LM/SM and/or human labor
Tanzania 40 5.2 1.5 LM/SAH
Burundi 14 1.8 0.6 SAH

ganda 5 0.6 2.0 LM/SAH
Rwanda 4 0.5 0,8 SAH
Somalia 4 0.5 0.4 S i

Total 777 100

223



South Asia
H.J. Dubin

Introduction
CIMMYT's South Asia Regional
Wheat Program was started in
December 1985 with Kathmandu,
Nepal, as the regional base. A
primary objective of this program,
at present, is to help minimize the
possibility of wheat disease
epidemics in South Asia.
Emphasis, initially, is on wheat
rusts, especially leaf and stripe
rusts, followed by foliar blights
and Karnal bunt. A second major
objective is to assist the national
programs in the region, especially
Nepal, in germplasm development,
training, technical support,
communications improvement
within countries and the region,
and small equipment acquisition.
The focus is on breeding and
pathology without neglecting other
disciplines. These objectives are to
be integrated with the base
program objectives for its
worldwide mandate and with
other CIMMYT regional programs.

In the first year, emphasis was
given to establishment of the
regional base program in Nepal
and establishing contacts with
wheat scientists in South Asia.

Until the end of World War 1.
Nepal had little contact with the
Western World and was closed to
foreigners until 1951. Due to this
isolation, its physical infrastruc
ture, especially in the hill areas, is
still poorly developed. A most
critical factor is the lack of roads
in the hills; however, several large
development projects are trying to
improve this situation. For the
time being, almost everything of
value is carried into most hill
areas on the farmers' backs.

Nepal has an area of about
142,000 sq. km., of which
110,760 sq. km. is in the hills and
mountains. The fertile strip of
Indo-Gangetic plain (the Terai)
runs east-west at 100 to 300 masl
on the southern frontier bordering
with India. About 55% (1.2 million
hal of the total arable land is in
this region. About 55% of the total
land area lies in the mid-hills and
these hills contain 40% (960,000
hal of the arable land, but are also
the major food-deficit area in
Nepal. The high mountains,
mostly snow-covered year around,
contain about 23% of the
country's total land area.

Nepal can be divided into thr e
broad ecological zones, running
east-west, on the basis of climate
and geography. The south (Terail
is subtropical; the mid-hills are
principally temperate with
subtropical valleys; the mountains
are alpine. Within these broad
belts, there are Wide variations in
temperature and rainfall.

Agriculture is the basis of Nepal's
economy and it accounts for more
than 60% of the Gross Domestic
Product (GDP). The GDP grew by
about 3% during 1984-85 vs. a
7% increase in the previous year.
Food grains were worth about 4.2
million Nepalese rupees (Rsl in
1984-85, down 1.8% from the
previous year; cash crops
accounted for more than Rs 0.95
million, a decline of 4.5 %. Most
trade is with India and the open
border influences real prices
t:!:reatl . Inflation slowed down
from about 14% to 4% in 1984-85;
whereas the trade deficit grew by
7 %. Foreign debt service
payments are small since most
loans are given at concessional
rates.

Nepal
Background information-Nepal
is a landlocked Hindu kingdom in
the southern Himalayas, mostly
mountainous with a population of
about 17 million. The population
growth rate is estimated to be
2.7% annually, but there are areas
in the Terai where the rate may
be as high as 3.5%. More than
90% of the active economic
population earn their living from
agriculture. Most of the farming is
of a subsistence type. Communica
tions and industry are poorly
developed as are health and
sanitary conditions. Daily caloric
intake averages 2100 calories.
Average life expectancy is 46
years. Annual per capita income is
estimated at US$ 170.
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Production of food grains in 1984
was: paddy. 2.7 million MT;
maize. 0.8 million MT; heat. 0.5
million MT; finger millet. 0.1
million MT; and barley. 0.02
million MT. The principal cash
crops in Nepal are sugarcane,
oilseeds. tobacco. jute. and
potatoes. Wheat production was
down about 16% compared to
previous years. possibly due to a
low real price and lack of

irrigation water in the Terai.
Overall food grain production
dipped 1.8%. mainly due to the
large wheat decline. Monsoon rain
was not very good in 1984-85 and
due to this. overall agricultural
production decreased by 2.3%.
However. there were increases in
maize (8%). finger millet (8%). and
barley (9%) due to increased area
planted. Paddy production

decreased slightly also; however
about 52,000 MT of rice from the
previous year was exported.

The basic cropping pattern in the
Terai (partially irrigated) and the
mid-hills is rice-wheat. In the
Terai. mustard is often mixed
cropped with wheat. In the mid
hills. a maize-wheat cropping
pattern is also planted under
rainfed conditions. but it appears
that the area devoted to this
pattern is not large compared to
rice-wheat. Although general
fertilizer recommendations are
80-40-20 (N-P-K) for irrigated areas
and 60-30-0 for rainfed conditions.
these levels are rarely applied.
Nonetheless. when available,
fertilizer is applied on wheat in
both the Terai and mid-hills.

The Land Resources Mapping
Project. supported by Canada and
the Nepalese government (l.)
recently published some
interesting survey information on
wheat production (Table 1). These
data should be interpreted with
caution as they relate to absolute
values; however. general trends
and conclusions appear accurate.
Salient points are that farmers are
using a fair amount of improved
wheat seed and that it comes from
their previous crop. Compost and
chemical fertilizer are applied to
wheat in both areas and some
irrigation is available. particularly
in the mid-hills. Land area, per
family. planted to wheat is small.

The Terai is a grain surplus region
and the hills area a deficit area. In
general, Terai gniin does not move
much to the hills due to a lack of
the residents' disposable income
and the poor infrastructure.

H. Jesse Dubin, breeder/pathologist
for the South Asia region, uses a
hand lens to identify a disease
problem at Toluca, Mexico.
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The main use of wheat flour is for
chapatis, tsukupa (noodles), momo
(steamed dumplings), pani roti
(dumplings), and bread. Wheat
straw is used for fuel, composting,
and thatching roofs.

Wheat breeding-Breeding
efforts in Nepal for the Terai
environment have met with
considerable success in recent
years. However, only within the
last year has priority been given to
wheats for the hill niches. A major
objective of CIMMYT's South Asia
Regional Program is to support
the national breeding program to
obtain appropriate wheat cultivars
for conditions in Nepal.

during grain filling, leaf rust
resistance, and large white grains.
Some effort has been made to
obtain resistance to the
Helminthosporium complex of
foliar blights, but there has been
little success to date.

The following cultivars have been
released since 1983 for use in the
Terai:

• Siddhartha = HD 2204
• Vinayak = LC 55
• Vaskar = Nacozari'S'
• NL 297 = HD 2137/HD

2186//HD 2160

In all cases. these cultivars have
higher yield potential than RR 21.
However, this yield potential is not
generally realized in farmers'
fields due to poor management
and low inputs. The new cultivars
are resistant to leaf rust whereas
RR 21 is not. Only NL 297
approaches the grain weight of RR
21. Wheats with the higher grain
weights may receive a better price
in local markets.

Each of the above cultivars has
some adaptation limitation in
certain Terai areas or lack of a key
character. Vinayak. for example, is
not well adapted to the Jhapa and

Germplasm with good yield
stability and potential over the
diverse environments of the Terai
is now available to farmers. For
the hills, there are a few interim
lines that appear competitive with
RR 21, the major hill cultivar.
Original data used for the analyses
in this section corne from the
National Wheat Development
Program's (NWDP) annual reports.

In the Terai, wheat productivity is
constrained by the rice-wheat
cropping pattern mainly due to
the crop management needs of
rice cultivation and the types of
rice cultivars planted. Also, wheat
productivity is reduced by mixed
cropping with mustard. In 1986
the Terai had about 55% (265,000
hal of the wheat area in Nepal. UP
262 covers about 60% of this area;
RR 21 is slowly decreasing in
area.

Breeding and selection strategies
to date have concentrated on
obtaining wheats that flower about
the same time as, RR 21 and yield
reasonably well under late
planting conditions-mostly
during December. Some
commercial planting may even be
done in January. Other desirable
characters include heat tolerance
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Morang districts. Vaskar yields
best in the midwestern Terai, but
not so well in other areas. NL 297
is highly susceptible to loose smut
and is a low tillering cultivar;
however it does appear to be
tolerant to some sterility problems
that occur in the Terai.

Four new lines have been tested in
recent years with success:

• HUW 251 = WH 147/HD
2160//2 * WH 147

• NL 410 = HD 2204/114-1-1
• HUW 234 = HUW 12/Sparrow//

HUW 12
• BL 1022 = Pvn'S'/Buc'S'

The first three are Indian lines
and the fourth is derived from
CIMMYT F2 material.

A combined analysis of variance
was made in the 1985-86
Advanced Varietal Trials (AVT).
Five experimental stations, typical
of most of the Terai environments
were used. The sixth site was
represented by a late December
planting at Bhairahawa, the main

station of the wheat program. An
18 % decrease in mean yield was
observed due to late planting.
Locations, lines, and interaction of
locations x lines were all highly
significant. Trial mean yields
ranged from 2168 to 3439 kg/ha
at the different stations indicating
a diversity of environments and
managements.

A comparison of yields of selected
entries in the combined ANOVA
shows that seven of the new
candidates and recently released
cultivars outyielded (P =0.05) RR
21 (Table 2). Because UP 262 is
highly susceptible to Kamal bunt.
it is hoped that the new cultivars
will replace it in areas where
Kamal bunt is endemic. All the
lines indicated in Table 2 except
RR 21 are resistant to leaf rust.

In the late-sown AVT noted
earlier, HUW 251, Vinayak, NL
410, and HUW 234 remained
among the top five entries in rank.
As observed in previous years,
these entries appear well adapted
to timely and late-sown plantings
under Terai conditions.

Keeping in mind the cautionary
notes on linear regression methods
to determine yield stability across
environments' 1\5), this analysis is
used to present some comparisons
of yield stability. The seven new
lines and recently released
cultivars listed in Table 2 have
nonsignificant mean square
deviations from the regressions
and t-tests of slope not
significantly (P =0.05) different
from 1. Although HUW 251 's
slope is somewhat low, its mean
yield at all sites is superior to RR
21 except at one site where they
were equal (Figure 1). It also
appears superior to UP 262 at
most sites (Figure 1). This
advanced line possessed above
average stability in Terai
environments coupled with high
mean yield in 1985-86.

National efforts to develop wheat
cultivars for the hill areas had
been minimal until very recently.
This was primarily due to limited
resources, poor infrastructure in
the hills, and emphasis on
developing wheats for the Terai. In
this report. hill environments refer
to elevations between 1000 and
2000 masl. that is, the mid-hill
areas.

3500

1! 3000
bb
~

1500

HUW 251

UP 262

RR 21

•

•

•

Although survey and ecological
data for the hill ewironments are
sparse, it appears that hill-adapted
wheats should have the follOWing
general characters:

• Broad adaptation with a yield
equivalent to or better than RR
21 under low inputs .

• Maturity similar to RR 21.

• Resistance to stripe rust. leaf
rust. and loose smut.

• Tolerance to low temperature at
flowering.

• A height of 1 m or greater.

• Toierance to drought. micro
element deficiencies, and hail in
some areas.I

3000
I

2000
I

2500
Site mean - kg/ha

Figure 1. Comparison of linear regressions of cvs. HUW 251, UP 262,
and RR 21 yields vs site mean yields at nine localities in the Terai
region of Nepal, 1985-86.
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The 1985-86 hill Advanced
Varietal Trial (AVT) consisted of
germplasm principally screened
and developed at the NWDP in
Bhairahawa under semi-tropical
conditions. The materials were
generally dei-ived from CIMMYT
F2 lines, Indian lines, and some
homozygous CIMMYT introduc
tions. Even though selections had
not been made under hill
ecological conditions, many lines
yielded well in the areas tested,
indicating underlying broad
adaptation.

NL 459 = Vee'S'(CM33027-F-15M
500Y-OB-98B-OY), NL 460
(CM33027-F-15M-500Y-OM-11OB
OY), and NL 496 = CPAN 1796 =
NPO/TOB'S'//8156/3/Kal/Bb
significantly outyielded (P =0.05)
RR 21 at the four sites tested in
the hills. All three are being
considered for release in certain
hill areas. Two weaknesses of
these candidates are lateness and
partial susceptibility to stripe rust,
although they are less susceptible
than RR 21. Lateness in hill
wheats appears to be more of
problem with respect to early
rains and/or hail at harvest in May
rather than impinging on rice
planting.

Future efforts in hill wheat
breeding will attempt to:

• Systematize the variety trials in
the hills.

• Obtain and analyze agroclimatic
data-especially as related to
germplasm screening.

• Increase efforts to obtain better
stripe rust and leaf rust
resistance.

• Incorporate loose smut
resistance via local crosses.

Breeding strategies in the hills will
maximize the use of segregating
materials from various interna
tional and regional sources.
Selection of segregating materials
will be done at several locations in
the hills with the help of Overseas
Development Administration
(ODA) programs. Modified bulk
selection methods are being

5000

initiated with appropriate stress
tests in the F3 or F4 generations.
Tolerance selection for drought,
low fertilizer levels, and late
planting may be done. Local
crosses will be made mainly to
incorporate specific characters not
present in international materials,
e.g., loose smut resistance, or to
incorporate genes from local land
cultivars.

Pathology-South Asia
During the 1986 wheat season, in
country visits were made with
pathologists and breeders
associated with NARSs in South
Asia. Discussions were also held
with participants in all interna
tional projects relevant to our
objectives. The Australian Center
for International Agricultural
Research (ACIAR), USAID, FAO.
the Research Institute for Plant
Protection OPO), and ODA all have
projects working towards reducing
the dangers of wheat disease

•

•
x Yield of NL 459

•

•
•

•

X Yield of RR 21

I
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Figure 2. Graph of yield of NL 459 over yield of RR 21 at 21 sites in
the mid-hills of Nepal 1985-86. Regression line indicated is where b
= 1 and all data points below the line are where RR 21 outyielded
NL 459 and all points above are where NL 459 outyielded RR 21.

The NWDP carries out on-farm
trials and in 1985-86 it sent out
sets of Farmers' Field Trials
(FFTs) to many hill locations. One
replication is planted at each
location, and fertilizer (40:20:0 N
P-K) is applied. The seed is line
sown rather than broadcast, which
is the farmer practice. Notwith
standing the anomalies with
respect to farmer practice, Figures
2 and 3 show that NL 459 is
clearly superior to RR 21 and
Dhabdi Local when tested at 21
sites in the Nepal hills. Dhabdi
Local, a composite of local land
cultivars, has shown adaptation in
various localities and is being used
in these trials as an example of a
local tall cultivar.
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epidemics in the region. It has
been agreed to network as closely
as possible to increase our
efficiency and maximize the
organizations' collective impact.
The organizations will keep each
other informed about project
status and results. Country visits
will be coordinated for maximum
participation. For example,
CIMMYT has participated in an
ACIAR visit to India and IPQ visits
to Pakistan and Nepal.

In 1987, the CIMMYT program
will sponsor a regional workshop
with rust researchers invited from
Bangladesh, India, Nepal,
Pakistan, and CIMMYT-Mexico. A
major goal of the workshop will be
to arrive at concrete ways to
integrate efforts in decreasing the
dangers of wheat rust epidemics
in the region.

Stripe rust on RR 21 was reported
to be common throughout the
Nepal hills in 1985-86. Insufficient
data are available on prevalence
and severity to conclude much
about its effect on production.
However, collections of stripe rust
from the Kathmandu area were
made and identified by IPQ. All
collections were typed as race
7EI50 (pYrl, 2, 6, 7,8, Reich. 42,
H. Peko, A, and Mex). This
pathotype predominated in
northern Pakistan and Himachal
Pradesh, India. The Indian
designation is 4 7S 102.

We have received several reports
of virulence on NL 459 and NL
460, both assumed to possess Yr9.
A report from Kabre (1700 masl)
area located 5 hours from
Kathmandu indicated high
severity on these lines, but
unfortunately collections made to
determine if p Yr9 racers) are

present were not Viable.
Collections from Lele, near
Kathmandu, where their reactions
varied from 10-20 HM, proved to
be race 7E150, which is notpYr9.
Since the presence of p Yr9 in
South Asia has not yet been
reported, it is important to
confirm these reports and type the
collections. It may be that the
unusually wet season coupled
with cooler temperature reduced
the resistance of these lines.
Surveys and collections of stripe
rust will be made from these areas
in 1987.

At the wheat breeding station in
the Terai of Nepal, Helmintho
sporium tritici-repentis and H.
sativum were commonly found
causing foliar blights. Evidence is
lacking as to which organism
plays the most important role in
the foliar blight syndrome in the
Terai. At the Khairenitar
Experiment Station (580 masl), H.
sativum severely affected the
nurseries.

I , I I I , I

500 1000 1500 2000 2500 3000 3500
x Yield of Dhabdi Local (kg/ha)

Figure 3. Graph of yield of NL 459 over yield of Dhabdi Local at 21
sites in the mid-hills of Nepal 1985-86. Regression line indicated is
where b = 1 and all data points below the line are where Dabdi
Local outyielded NL 459 and all points above are where NL 459
outyielded Dhabdi Local.

bdi Local
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In Nepal, leaf rust infection in
breeding nurseries was adequate
but little was observed in farmers'
fields. As noted. UP 262 is now
covering the majority of the Terai
and it continues to be resistant.
RR 21 is susceptible but had
insignificant amounts of leaf rust.

Stripe rust. leaf rust. H. tritici
repentis. H. sativum. Septoria
nodorum (lMI 312840),
Aschochyta spp .. and probably S.
avenae triticea were observed in
the summer (July) wheat
plantings in Nigale (2550 masl). 3
hours east of Kathmandu. This
area may serve as a .,green
bridge" for oversummering of
stripe and leaf rusts.

A minor disease of wheat with
viral-like streaking and stunting
symptoms has been observed in
several hill areas of Nepal.
How ver. preliminary diagnosis at
Rothamsted Agricultural
Experiment Station (U.K.) yielded
no viral particle associated with it.
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Efforts are being made to improve
the wheat disease survey in Nepal
to help prioritize pathology
research and breeding for
resistance. Plant stand establish
ment appears to be a problem in
many areas of South Asia
including the Terai of Nepal.
Studies to determine the role of
soil-inhabiting wheat pathogens
with regard to this problem will be
initiated in 1987.

Observations on wheat diseases in
Islamabad, Pakistan, indicated the
presence of the follOWing plant
pathogens in breeding nurseries:
Xn. campestris pv. translucens. S.
nodorum. Fusarium nivale.
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Puccinia striiformis. and P.
recondita. Barley yellow dwarf and
the aphid, Sitobion avenae. were
observed sporadically. Race 7E150
of P. striiformis evidently
predominated in breeding
nurseries and farmers' fields,
based on field observations in
northern Pakistan and growth
chamber studies done at IPO. The
IB/IR wheat lines appeared
resistant to this pathotype. but
some cultivars contained a low
percentage of off·types and
mixtures susceptible to it.
Collections were made from these
for race typing.
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AJ:eas
Mid-Mountain Terai

Table 1. Data on some factors relating to wheat production in Kheta
areas of Nepalb

Fanners using i proved (% 1

Sour.c of ed prevfou cr p (%)

ompost used (kg/ha)

Chemj 1 fertilizer (kg/ha)

AI' a plant (ha)

Farmers with some irrigation (%)

Table 2. Yields of some pre
release wheat lines in Terai,
Advanced Varietal Trial
(6 sites) 1985-86a

56 2~ 5 + 21

73 + 14 82 + 8-
5713 + 1590 5131 + 2745

189 + 44 126 + 26

0.31 : 0.06 0.76 + 0.18

69 + 14 33 + 19

a "Khet" land is bunded and water
can stand in these fields. It may be
upland or lowland

b This table is abstracted from data
presented in publications of the
Land Resources Mapping Project
published by the Government of
Canada and HMG/N. (1). It is based
on a survey of 692 farming families
in Nepal's development regions

c Terai includes main and upper Terai

d Figures are means + standard
deviations of all the development
regions in the respective areas. No
transformation was done on % figures

Entry

In yak
iddharUla

HUW 251
N 297
BL 1022

L 10
H W 234-
U 2 2 (Check)
RR 21 (Check)

LSD .05 = 0.34 t/ha

Yield
(t/ha)

3.14
3.11
3.10
3.06
3.00
2.99
2.99
2.84
2.41

a Trial composed of 25 lines.
replicated 4 times in an RCB design.
Fertilization was 80-40-20-N-P-K
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Wheats for Warmer and More
Marginal Environments, UNDP-CIMMYT- Southeast Asia

C. Mann and D. Saunders

Introduction
The regional CIMMYT staff
concentrates its efforts mainly in
Thailand, The Philippines,
Indonesia. and Burma although
periodic visits are made to the
countries of South Asia for
consultations with CIMMYT
bilateral program personnel and
national scientists.

In the tropical countries of
Southeast Asia, only Burma, with
about 140,000 ha in 1984,
produces significant quantities of
wheat. However, in recent years
Thailand, the Philippines, and
Indonesia have indicated strong
desires to produce wheat
domestically to save foreign
exchange.

Germplasm Development
Wheat breeding objectives for
Southeast Asia are given in Table
1. Highest priority is given to heat
tolerance, late drought tolerance,
earliness, and resistance to
Helminthosporium sativum,
Sclerotium rolfsii. and Puccinia
recondita. This indicates
overlapping with the well known
requirements of some areas of
South Asia such as southern
Bangladesh and the Terai of Nepal
and India. However the degree of
heat and disease pressure from
unconventional diseases such as
Helminthosporium and Sclerotium
makes Southeast Asia a distinct
macroenvironment. Nevertheless,
germplasm from the Subcontinent
proves extremely useful for the
recent efforts to produce wheat in
this part of the warmer,
nontraditional wheat mega
environment.

Breeders in national programs
have basically three options to
obtain suitable varieties (Table 2).
As wheat is still mostly a
noncommercial crop, research
budgets are small and breeders
tend to utilize the first method.
Experience shows however that
methods two and three, although
increasingly laborious, hold much
higher promise if based on
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sufficiently variable material. Most
programs still rely heavily on
straight line introduction, but
have started some selection in
introduced segregating materials
and some have entered a modest
crossing program. These depend
heavily on CIMMYT germplasm as
components for future adapted
lines.

ThaUand-The technical
competence of research staff to
grow wheat experiments has
further increased so that data of
the national wheat and barley
yield trials could be based on an
extended number of locations
representing all potential wheat
groWing areas of the country.
Results of an ANOVA for those
lines submitted by breeders in
both crop cycles are presented in
Table 3. After consideration of
available disease and quality
information, lines # 1015, KUHR #
12, and CMU 26 were chosen as
variety candidates during the
1986 Thai Wheat Workshop. Final
decisions will be made after
testing in small plots in farmers'
fields.

Breeding institutions started to
diversify their target areas such
that the Department of Agriculture

continues to work for conditions in
northern Thailand in low-lying,
relatively cool environments and
on mid-elevations, Chiang Mai
University transferred all breeding
plots to rice paddies (waterlogged,
late-sown), and Kasetsart Univer
sity concentrates on the Northeast
through shuttle breeding between
droughty or very hot sites and
optimum conditions. This appears
necessary because data from
1985-86 analyzed separately for
locations in the North, Northeast,
and on high elevations showed
rather specific adaptation for some
of the highest yielding wheat
varieties in the overall analysis. In
the Northeast with its slightly acid
soils, two triticales also showed
good promise in 1985-86: ST
24 = IralBeagle/lDriralKang and ST
46 = 24.

Leaf rust appears to increase with
the extended area under wheat in
the country. The race spectrum is
not known so far. Neither have
intermediate hosts been found. It
is assumed that spores arrive from
the Subcontinent every year via
Bangladesh and Burma, or from
South China passing over Laos.

---::",-.:...----Sou theh iIIa
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the Northeast with its slightly acid
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~ood promise in 1985-86: ST
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C. Mann, breeder 8nigned to the UNDP-CIMMYT marglD.al environment
project in Southeast Asia (center), makes a point in a farmer's field in
Thailand.

Besides rust. Sclerotium rolfsii
was the only serious disease. It
occurred spottily and no genetic
control seems available. However,
screening of lines proved difficult
because of the pathogen's strong
interaction with small micro
environment changes.

Barley has a better assured
market than wheat and all
breeders and the country's biggest
brewery are running small barley
selection programs. Barley is
severely affected by Helmintha
sparium sativum every year, and
is much more susceptible to S.
rolfsii than wheat. Results of
common entries to the Thai
national tIial in both 1985 and
1986 were analyzed and are
presented in Table 4.

The Philippines-Breeding and
selection are performed in two
institutions in the Philippines, the
University of the Philippines at
Los Banos (UPLB) and the Bureau
of Plant IndustIies (BPI) through

its Cagayan Valley Experiment
Station at San Mateo, Isabela.
UPLB started its program in 1962
and has developed a number of
lines adapted to the hot climate.
However they are prevented from
wider use in other countries due
to their susceptibility to leaf rust
which does not exist in the
Philippines so far. BPI depends
completely on CIMMYT material.
In the national tIial, direct
introductions tend to occupy the
last ranks. During the report
period, selections from introduced
segregating lines entered this trial
for the first time and yielded well,
though not superior. Observations
in segregating generations suggest
that more recent crosses may
improve that picture (CM58803,
CM64301. and CM64612). Table 5
lists the best yielding entries of
the 1985-86 National Cooperative
TIial. Respective agronomic data
were added to illustrate the effect
of heat on wheat cultivation.

Trigo 3 was released in 1985 by
the Philippine Seed Board and has
thus become the third variety in
the history of wheat in the
country. It is earlier than Trigo 1
and Trigo 2, has about the same
yield potential, and a markedly
better tolerance to late sowing.

Indonesia-During the report
period, a change in wheat
coordination tended to give more
emphasis to wheat research
outside heavily populated Java,
where many competitive crops
exist. Most introductory nurseIies
are still handled at Kuningan, .
West Java. Selections from these
are now tested at experiment
stations in West Sumatra, which
represent potential production
areas. These require germplasm
suitable for rainfed uplands.
highlands, and acid soils on low
elevations in the tropics. A visit to
Sulawesi revealed that wheat
could be grown there, too.

The national yield trial was
comprised of lines from India,
Pakistan, and the Philippines and
grown at six locations. Results
were not statistically satisfactory,
but confirmed experience of
previous years that HI 784, SA 75,
and Trigo 1 would be suitable
varieties for Java; Punjab 81.
C85-6 (sister of Trigo 2), and Trigo
1 show some adaptation in
Sumatra. Small plots in farmers'
fields are the next step to be taken
towards release and commercial
production.

Burma-During the report period,
the two institutions doing wheat
research within the Agricultural
Corporation, the Agricultural
Research Institute (ARI) and the
Applied Research Division (ARO),
started to cooperate more
intensively. Pankon Station at Ye
U handled the majority of the
introduction nurseries and had a
small crossing program. Heho
Farm conducted screening for
dryland farming at the high
elevations of Shan State. Zaloke
Seed Farm and others made yield
trials of their own, too. All lowland
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research, however. is done under
irrigated conditions where the vast
majority of the farmers grow
rainfed wheat. This might be one
reason why the recently released
varieties Lyp 73, SA 75, V1287
(Punjab 81), LU 26, and Blue
Silver were accepted only by those
farmers having access to
irrigation. The major variety in
rainfed conditions is still Monywa
White = IP4, which is very
susceptible to leaf rust.

Crossing at Ye U started to use
V1287 and Monywa White as
pollinators for the most adapted
high-yielding lines including the
above mentioned new varieties as
well as Vee#I, Vee#2, Vee#5,
Vee#7, Car/Ana. UP 262, BAW
28, Mxp. and a few others. Staff
training for rust inoculation in
segregating generations together
with shuttling these between dry
and irrigated conditions is
reqUired in order to replace the
established dryland variety in the
near future and broaden the base
of germplasm used in the country.

Results of a yield trial grown in
four locations using introduced
material are given in Table 6. The
cooler weather as compared to
other countries in Southeast Asia
is reflected in the longer time to
maturity and higher thousand
grain weight (TGW). Vee # 5 is
considered a strong candidate for
variety release.

Work on barley has Virtually
halted as the government stopped
procuring barley in Shan State.

Wheat Agronomy
The objectives of the regional
agronomy program are to
familiarize national scientists with
the growth and development of
wheat. to develop with the
researchers a rational priority list
for agronomic research, to aid in
the implementation of research
and in the interpretation of the
results, and to assist in the
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extension of wheat management
techniques to all levels of the
agricultural community.

During the initial stage of the
Regional Agronomy Program
(1983-84), the follOWing immediate
or potential problems were
identified:

• Seeding is often late. While this
is often a result of late
(preceding) rice harvest, it is
compounded by the extended
turn-around time reqUired for
seedbed preparation. This
results in the grain-filling period
coinciding with rapidly increas
ing temperatures in March (in
Burma, Thailand. and the
Philippines), leading to small,
shrunken grain (down to 20
g/lOOO kernels).

• Irrigation management.
particularly in the heavy clay
soils of rice paddies. needs
investigation. This is particu
larly critical in the plant
establishment phase.

• Soil fertility is universally poor.
Wheat cannot produce a viable
crop without the application of
(at least) nitrogen. However,
heavy nitrogen fertilization
appears to intensify Helmintho
sporium sativum attacks.

• In some areas, particularly in
the Philippines and Indonesia,
weeds are a serious problem.
Grassy weeds. including
volunteer rice. are usually
dominant.

• Helminthosporium sativum is
the limiting factor to stable,
high yields in the Philippines
and Indonesia. In the latter. the
increased rainfall also encour
ages severe attacks of Fusarium
graminearum, head scab.

• Sclerotium rolfsii can
significantly affect stand
establishment, in extreme
cases. to zero.

• Rice stem borers can
substantially reduce yields.

• Experimental results are often
difficult to interpret due to
attacks by birds, rodents,
buffalo, etc.

Throughout the region, three
major divisions of land type for
wheat production may be
delineated:

Rainfed upland-This ranges
from a very dry environment
(Burma and Thailand) in which
the crop will be dependent mainly
on stored soil moisture to a moist
environment (Cagayan Valley,
Philippines) in which a number of
useful rains can be expected
during crop growth, to a wet
rainfed upland (Indonesia) where
rainfall is substantial throughout
the crop growth.

In Burma and Thailand, the most
consistent problems are those of
late seeding (due to excessive time
being required for seedbed
preparation) and shallow seeding.

Timely seeding is critical to utilize
the stored soil moisture. However,
seeding cannot be so early that
plant development is affected by
the high temperatures at the end
of the wet season. In 1984-85,
seeding date experiments
indicated that the earliest dates
utilized (first week of October) are
optimal. Other observations
suggested that crop development
from mid-September sowings
could be superior. This was
further investigated in 1985-86 at
two locations with eight varieties
and results showed that October
15 is marginally superior to
September 30. Earlier seeding
(September 15) resulted in poor
stands due to waterlogging in this
(wetter than average) year.
Sclerotium rolfsii and Helmintho
sporium sativum were more
problematic at the earliest seeding
date. As seeding is delayed beyond
October 15, the yield benefit of



seeding rates greater than 100
kglha becomes significant. The
factor most affected by seeding
date was grains per spike, ranging
from 15 with the September 15
seeding date. to 29 for October 30.

In 1984-85, fertilizer kits
containing treatments of two N
rates (30 and 60 kg N/ha) and
omission treatments of P. K, and
lime were distributed to farmers.
At the majority of sites, wheat
responded to N up to the higher
rate while no consistent responses
to the other elements were
obtained.

In 1985-86, small variety demon
stration kits were distributed in
the rainfed project site at Fang.
northern Thailand, along with
fertilizer to supply 50 kg N/ha.

Table 7 shows the reactions of the
varieties to different management
conditions. Although all farmers
receIved the same instructions.
mean yields between farmers
exhibited nearly five-fold variation
in the extreme cases. The
variations were mainly due to
differences in seeding date,
seeding depth, weed control. and
care in harvesting. The results
demonstrate that under these
marginal conditions. small errors
in management techniques can
result in substantial yield
differences.

In replicated experiments at two
research locations within this area
but with higher inherent or
applied fertility. UP 262 yielded
62 % higher than INIA 66 and
Sonora, which were not
statistically different.

At optimum seeding time,
broadca t seeding has proved
equal or superior La row seeding.
there being no advantage of
increasing seed rate beyond 100
kg/ha.

Ammonium sulfate appeared more
efficient as a source of nitrogen
than urea, particularly at low
rates. Optimum N application rate
was between 40 and 60 kg Nfha
under these dryland conditions.
However. farmers in northern
Thailand who use fertilizer tend to
apply N:P:K compounds. At
eqUivalent N rates. there were no
significant differences between the
locally aVailable compounds.
Furthermore. farmers are familiar
with banding or placing fertilizers
with the seed. In other crops, this
apparently causes no problems.

.PTR t PRO~ECT

TOW~ROS H'~H[R PROnUC11~m ~MD
PROf\1~B\LlH IN ~ TOBACCO

B~SED CROPPING SYSllM

Frederick Tabije, 1986 CIMMYT trainee (right), and Gene Hettel. science writer/editor In Information service. for the
CIMMYT Wheat Program (2nd from right) Inspect wheat plots with FlUplno 1'C8Car CTS at Marlano Marco State
University in Ilocos Norte, Philippines.
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but with wheat the experimental
banding of compound N:P:K
fertilizers reduced stand
establishment by 28% at 20 kg
N/ha equivalent. up to 67% at 100
kg N/ha. there being no differences
between compounds.

At the project area in the Cagayan
Valley. the Philippines in 1985-86.
rainfed wheat was grown in
upland paddies (in other years this
project area has been partially
irrigated). Superimposed trials
confirmed the recommended
package of technology (row
seeding at 100 kg seed and 60 kg
N/ha). Broadcasting seed or
increasing either seed or nitrogen
rate decreased yield. In this area.
Helminthosporium sativum is a
constant threat.

Field studies at UPLB under low
disease pressure. indicated that
both propiconazol and mancozeb
partially controlled the organism
when applied 50 days after
sowing. the former being more
effective. However. propiconazol is
not commercially available and
mancozeb is recommended.
Although where inoculum loads
are high, mancozeb efficacy is
unsatisfactory. Under medium
inoculum conditions. a strategic
spray at about 50 days after
seeding (immediately before
flowering) appeared to retard the
disease sufficiently to allow
reasonable grain-filling to occur.

Agronomic factors may be
manipulated to aid with helmin
thosporium control. It has been
noted that wider row spacing
reduces disease intensity. Nitrogen
application may be restricted in
high disease incidence areas in
order to avoid excessive vegetative
growth. thus reducing the level of
humidity maintained within the
crop. In addition, some farmers
are convinced that the use of
compound NPK fertilizers (in areas
where no P or K responses have
been obtained under controlled
conditions) reduces the severity of
disease.
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Weeds cause various yield losses
in most target areas, particularly
where soil fertility is reasonable
(recently developed areas).

The lower yields of wheat
currently attained in rainfed
conditions preclude intensive weed
control measures. Experiments in
the Philippines show that weed
control is essential in the first 4-5
weeks of crop growth. Mechanical
aids to weeding such as rotary
hand weeders, hinged hand hoes,
shallow plows and harrow weeders
are being promoted.

Irrigated paddies-This sector
can be further divided into
partially irrigated paddies in both
the uplands and higher lowlands
where irrigation system storage is
not sufficient to supply water for
the complete dry season.
Typically, in Thailand, the
irrigation supply may be depleted
by mid-January. This is not
sufficient for the profitable
cultivation of traditional crops
with the possible exception of
mungbean. Under these condi
tions. with two irrigations to the
wheat crop during the first 30
days of crop growth (December),
yields of up to 1.9 t/ha were
obtained.

No specific management research
has been pursued on this land
class as the general problems
which exist are similar to the
fully-irrigated paddies with the
exception of drainage-upper level
paddies are generally better
drained and do not suffer extreme
waterlogging problems.

The fully-irrigated lowland paddy
is thought to be the largest
potential area for wheat produc
tion. In many irrigation project
areas. the dry season tempera
tures are too low for economic rice
production. Furthermore, where
temperatures are satisfactory for
rice, its cultivation is being
discouraged due to world
marketing problems. In still other
situations. where. in fact. water is
limiting in the irrigation system,
larger areas of fully irrigated

wheat can be grown than many
other crops, including rice, due to
its relatively lower water
requirement for satisfactory crop
production.

Although 4-5 Uha on-farm yields
have been attained in Thailand
and the Philippines in crop-cut
surveys. the variability among
farmers using the same input
technology within relatively
restricted areas (Table 8) is high
(as with rainfed wheat production).
Again. this highlights the fact that
small management mistakes, in
this case, water management and
weed control. result in large yield
reductions in more marginal
environments.

Water management is of critical
importance on the lowland
p(j.ddies. Excessive water
application particularly in the
germination-seedling phases can
cause extreme crop loss by:

• Waterlogging that reduces the
oxygen supply to the
germinating seed/plant, and

• Surface crusting in many
(structureless) soils.

Results during the report period
suggest that a bed system of
cultivation is required unless
drainage and water control are
adequate. Water should not be
flooded over the bed in structure
less soils to reduce surface
crusting. Rather. it should stand I
in the drainage ditches and soak
across the bed. A bed width of
about 1.5 m was found most
appropriate in the heavy soils of
lowland paddies in northern
Thailand. Wider beds resulted in
too long a time for water to reach
the center of the bed, thus
waterlogging the outer rows of
wheat near the drainage ditch for
excessive periods. Narrow beds
caused the effective wheat area
relative to ditch area to be
uneconomically small. The effect
of crusting was also reduced by
increasing the seed rate to 150
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Phosphorus content in soils is low,
particularly in Thailand (down to
4 ppm, Bray II). However. even
with these low levels, results
during this period have been very
inconsistent and obviously require

p. and K were investigated. Most
soils in the project areas in
Thailand and the Philippines
appear to contain currently
adequate potassium from soil tests
and experimental results. One
apparent response to K in
Thailand was probably due to a
fertilizer contaminant, possibly
sulfur.

more investigation. Responses
were obtained at Phrae, Thailand.
in 1984-85 in which banding of
triple superphosphate (TSP) with
the seed was approximately 100%
more efficient than broadcast
applications with incorporation.
The following year under similar
initial fertility conditions, no
responses were observed either
using TSP or indigenous rock
phosphate at equivalent available
rates. No phosphorus responses
were recorded in the Philippines.

In all experiments. responses to N
were obtained. However. efficiency
of N use is low. Figure 1 shows
various responses obtained, the
lower three curves obtained from
irrigated lowland while the
topmost curve is from fully
irrigated upland in which soil
structure (and overall fertility) is
superior and drainage. hence
waterlogging. is not a problem.

In the lowland paddies, yield
response is often restricted by
some obvious external factor. For
instance at CLSU in the
Philippines in 1985-86. high yields
were not possible due to weed
competition and hot winds during

_--------....--------~. grain-filling while, at Phrae in
1984-85. there was a severe attack
of rice stem borer (Chilo
polychryslls) .

2.80

2.40

2.00

In most of the paddies, fertility is
low, particularly in Thailand.
During the report period, only N,

kg/ha. Following elongation,
waterlogging did not appear to be
a critical problem.

In one region of the Philippines
(Hocos Sur), a system evolved in
which farmers avoid waterlogging
during early growth by hand
watering the wheat furrow with
hoses from pumps. (This has the
added advantage of reducing weed
germination between the wheat
furrows.) After elongation, flood
irrigation is done.

Diseases and weeds cause more
intense problems under fully
irrigated conditions, particularly in
the Philippines. The increased
yield potential of fully irrigated

Under farmers' conditions. the N
efficiency (0 to 60 kg N/ha) was
estimated at 6-8 kg additional
yield/kg of N applied.

In 1985-86 at Phrae. when no
observable factors restricted yield.

U30 peak N efficiency (0 to 60 kg N/ha)
was merely 6 kg/kg N, in a soil
from which virtually no available
N could be extracted. No
responses to various split
applications or to different forms
of N fertilizers were observed.

I
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(M 84)

I
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Phrae 85/86
(P85)

I I I I
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Figure 1. Examples of nitrogen responses in experiments carried out
during 1985 and 1986.

Data for Figure 1

CLSU 85186
(C 85)

CLSU Central Luzon State University. Philippines
Phrae Phrae Rice Research Centre. Thailand
MMSU = Mariano Marcos State University. Philippines
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wheat may allow herbicides to be
viable in commercial production.
Previous experiments showed
that. of the limited range of
chemicals available. butachlor and
alachlor have the most promise.
However. observations of field use
indicated that there may be
potential hazards associated with
these chemicals related to soil
moisture and seeding depth.
Experiments were carried out to
investigate these factors. It was
verified that. if irrigation was
applied after butachlor or al~chlor

application. yield could be reduced
about 30% compared to that
obtained when the chemicals were
applied after the germination
irrigation. This has relevance not
only to irrigated conditions but
also to rainfed upland application
during periods when rainfall
incidence is high. No relationship
between seeding depth and
phytotoxicity of the two herbicides
was obtained.

Table 8 shows that the differences
between potential yield and the
actual grain yield recorded by
farmers are substantial. even
allowing for discrepancies caused
by the sampling methodology.
Most likely. many of these
differences were caused by poor
recovery of grain in threshing.
Data from the Philippines
documented that traditional
harvesting and threshing methods
resulted in grain recoveries of
53-60%. This remains one of the
constant complaints of farmers
and researchers-the lack of
availability of suitable. high
recovery threshers. The threshing
difficulty is compounded by the
rice farmers' tendency to cut the
crop too early. All farmer training
seminars highlighted the need to
harvest the crop after it has
naturally dried in the field.
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The Production Situation
Burma-The area sown to wheat
expanded rapidly from the
mid-1970s to 1984 when 143.000
ha were sown with a record
national average yield of 1594
kg/ha. Although the Government
would like to expand the wheat
area still further. there is
considerable competition from
another agricultural objective
increasing maize and oil-seed
production.

Indonesia-This diverse country
has not been featured in this
report as wheat production
research is still in its infancy.
While selection of adapted wheat
genotypes is proceeding. an
attempt to initiate a program of
agronomic research in a
potentially large target area (West
Sumatra) during the 1985
cropping year (April-August) failed
due to exceptionally dry weather
in May and June.

The Philippines-Yields in the
pilot areas. coordinated by the
Philippine Council for Agricultural
Resources. Research. and
Development (PCARRD) increased
sharply in 1985-86 to a mean of
1549 kg/ha from 1110 kg/ha in
1984-85. The probable reasons are
many-the concentration of wheat
plots into contiguous areas rather
than being randomly scattered
throughout an area. making
extension and supervision more
efficient; more committed farmer
cooperators; more experienced
extension personnel; and less
helminthosporium.

However. over the same period.
total area sown fell from 52 ha (81
farmers) to 12 ha (57 farmers)
dictated by the Pilot Project
coordinator. due to expected
difficulties with procurement of
the wheat crop. anticipated from
restructuring of the roles of some
government agencies involved in
the Project.

Thailand-Of the nontraditional
wheat-growing countries. Thailand
is the most advanced with well

developed programs in applied
research on wheat management in
research and farmers' fields.

Technology for the rainfed upland
has been developed and verified.
Two pilot production areas were
established in 1984 and expanded
in 1985. in addition to farmer test
sites throughout the eight
northern provinces.

In 1984-85. a concentrated effort
commenced on the development of
management technology for heavy
lowland paddy soils. The problems
encountered are difficulty of soil
preparation leading to long turn
around time between crops and
hence. late seeding; waterlogging.
particularly in the seedling stage;
extremely low soil fertility and rice
stem borer damage. Partial
solutions have been achieved but
more research is required to
further resolve the problems
within the constraints of the
farmers' circumstances in terms of
available equipment and finances.

In 1984-85. a pilot production area
on lowland paddy was established
with four cooperating farmers.
expanding to 20 farmers the
follOWing year. Yields of up to 4
Uha were attained.

Within the wheat program in
Thailand. the local utilization of
wheat is being promoted. In the
first phase of this project.
prospective wheat growers are
made aware of the nutritional
aspects of the addition of wheat to
their diet; they are also shown
preparation methods for incorpor
ation of wheat into their
traditional food habits. A second
phase is to introduce the
opportunities for the development
of new local (village) industries.
such as small bakeries and noodle
manufacturing.

Other countries. in particular the
Philippines and Indonesia. are also
keen to pursue this method of
encouraging wheat growing.



Table 1. Wheat breeding objectives for Southeast Asia

Genetic
variability
avallablea

Screening
techniqae
avallableb

a + = genetic variability available.
+ + = ample variability available.
? = not known

E rly heat tolera ce + +
t he t tolerance + +

Earliness ++ +
T I fa ce to lale dr ught + +

aC"ld SOils + +
alt soils + +

waterlogging ? +

e istance to Puccinia recondita ++ +
Helminthosponum sativum + +
Sclerotium rolfsii ?
Fusarium spp. (head scab) + +
foot rots ?
stem borers +

Table 2. Three variety development methods followed in Southeast
Asia

b + = some effective screening
techniques available; - = no
techniques available

Method I
llllro uCUon of
advance lines
r r dire t e

t
IOlr ducu n and
(:V luaUon of lines

YIl'ict trials
t

V' riely rele se

Method 2
Introduction of segre
gating populations for
local sel ction

Selection in introduced
segregating populations

t
Yield trials

~
Variety release

Method 3
Local crossing of
introduced lines and
subsequent selection

+
Introduction and
evaluation of parents

t
Crossing of parents with
desired characters

•Selection in segregating
populations

t
Yield trials

•Variety release
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Table 3. Ranked mean yields of common entries of 1984-85 and
1985-86 Wheat Thai Yield Nurseries (WTYN)

Ranldngbln
WTYN WTYN
84-85 85-86

a Duncan's Multiple Range Test:
Figures followed by the same letter
are not significantly different from
each other

b 1984-85 WTYN had 30 entries:
1985-86 WTYN had 25 entries:
ranking is based on 9 and 18
locations, respectively

Variety

#1510
#144
KUHR#6
#1015
KUHR#2
KUHR#l
KUHR# 12
SW 23
#121
UP 262
CMU 26
SW 29
CMU 245
CMU 20
CMU 10
INIA 66

Mean
yield

(kglha)

1977
1973
1967
1935
1934
1931
1922
1845
1840
1804
1799
1788
1781
1768
1665
1661

DMRTa

a
a
a
ab
ab
ab
abc
abed
abed

bed
bed

ede
de
de

e

1
8
3
2
5
4
9

16
17
10
19
6

24
II
21
18

9
1
4
3
2
7
6

14
10
12
15
20
17
22
18
21

Table 4. Ranked mean yields of common entries of 1984-85 and
1985-86 Barley Thai Yield Nurseries (BTYN)

#309
!BON 118
Jyoti
!BON 47
Vljay
SB 3
FNBL 7704
SB 2
FNBL 7702

Ranklnga......:;:in====
BTYN BTYN
84-85 85-86

a Ranking among 12 entries based on
four and seven locations for the
1984-85 and 1985-86 BTYNs,
respectively

Yield

vari_e-,tY,,--========(kg/ha)

2719
2606
2453
2424
2411
2405
2349
2323
2129

2
1
5
4
8
3

10
11
6

2
8
3

11
4

10
5
1
6

Table 5. Best lines of the national cooperative yield trials of the Philippines in 1985-86

Test
Yield Days to Days to Height TGW weight

Variety Pedigree (kg/ha) heading maturity (em) (g) (g)

L W-3 Florello/Ae .11 4 1783 45 80 8 5 71
C278·9 Ace. 1790/Acc.6681 1737 51 89 96 33 71
C448·1 Acc.4073flFiorello/NP823 1623 54 87 98 35 71
C152-7 C2 l(India)/N 12/1

Ac .4073 1599 4 83 94 35 72
213-36 Acc.4073fAee.1790 1587 52 8 97 37 71

UPL W-2 Fiorello/Ace. 13089 (ch ck) 1574 57 89 103 31 69

Note: Yields represent means over four environments: all other data means over three environments
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Table 6. Best lines in a wheat variety trial grown in four locations in
Burma in 1984-85

Yield Days to TGW
Variety (kglba) maturity (g)

Veery # 5 2497 109 34
Vee #2 2293 113 33
V1287 2189 100 39
V ery# 1 2082 113 33
LyalJpur 7 1995 106 37

onywa WhHe 1938 110 35

Table 7. Yield from rainfed on-farm wheat variety demonstrations at
Fang, northern Thailand, 1985-86

Location SoDora 64 IN1A 66 # 1510a UP 262 Meanb a # 1510: Nepal Advanced Lines
73/74 NS73 (from 4th RDISN #

1 1280 1224 1323 1293 1280b 1510)

2 07 644 509 1277 835cd b Figures followed by the same letter
3 680 792 1223 1528 1055bc are not significantly different from
4 1245 472 401 910 757cd each other
5 398 629 385 877 572d
6 600 469 874 806 687cd
7 5 5 378 293 352 405d

596 236 568 428 456d
9 2289 1927 1601 2350 2042a

10 1300 1563 2290 2362 1879a

Meanb 989ab 33b 947ab 1218a 997

Table 8. Potential yields (from a crop-cut survey) and actual yields
within the Wheat Pilot Production area at Dingras, Ilocos Norte,
Philippines, 1985-86

Crop-cut yield No. Crop-cut yield Harvest yield "Loss"
estimate (tlba) farmers mean (kg/ha) mean (kglba) (%)

1-2 1 1790 1473 17.7
2-3 9 2764 1607 41.9
3-4 10 3330 1771 46.8
4-5 3 4407 2349 46.7

241



Wheats for Warmer and More Marginal
Environments, UNDP-CIMMYT-Southern Cone of South America
M.M. Kohli. L.T. van Beuningen. ana M.A. McMahon

Introduction
After a slight decrease in 1985.
wheat production in the Southern
Cone region of South America
increased again in 1986. The total
production of 17.2 million metric
tons (MMT) is second only to the
all-time record production of 1982.
but on about 1 million fewer
hectares. However. compared with
the average of the 1979-81 period.
the region produced 43% more
wheat on only 9% extra land
(Table 1). While the wheat
production capacity of the region
has been well demonstrated over
the years. the steady build up of
international wheat stocks has
been strongly influencing year to
year production.

Argentine wheat production has
been cut drastically due to the
smaller area seeded compared to
1982. The lower price level fixed
by the government neither
stimulated farmers to increase the
area under wheat nor to use
fertilization to any large extent.
On the other hand. the high prices
fixed by the governments of Brazil
and Chile, combined with
successful production years. have
been primarily responsible for the
increased wheat area and
production in these countries.
During the 1986 crop cycle,
Paraguay maintained its wheat
production program and became
self-sufficient for the first time in
its history. Depending on the
economic policies followed in the
future and the market availability,
Paraguay has definite potential to
become a small exporter. The
Uruguayan wheat area and
production have been decreasing
in the past several years, which
has reqUired this preViously
exporting country to start
importing during 1985-1986. The
principal reason for this decrease
is the high cost of production and
lower productiVity. However. the
improved technology available in
Uruguay has the potential to
increase production substantially.

The 1985-86 crop cycles were also
a turning point for the activities of
the CIMMYT Southern Cone
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program. In order to attend to the
grOWing needs of farmers in the
nontraditional warmer areas who
wish to produce wheat. the
CIMMYT breeder and pathologist
team was transferred from its base
in Chile to the new CIMMYT
location in Asuncion, Paraguay.
The new program serves as the
second location for the UNDP
CIMMYT Program on wheats for
warmer and more marginal
environments with the purpose to
identify problems and priorities of
these wheat groWing regions in
Latin America. The regional
activities of this program will
cover northern Argentina. Brazil,
the lowlands of Bolivia. and
Paraguay.

1985-86 Crop Cycles
Argentina-The amount of
moisture was the most important
aspect dUring the Argentine wheat
cycles. The heavy rains starting
soon after flowering during the
1985 cycle were not only

responsible for heavy crop losses
caused by disease epidemics. but
also seriously promoted nutrient
leaching and weed problems. The
outcome was that an expected
crop of 11 MMT was lowered to an
8.7 MMT-crop of reduced quality.

The 1986 wheat crop. on the other
hand. enjoyed good moisture
conditions in most parts of the
country except for the Cordoba
region where drought and high
temperatures hastened ripening of
the crop. In spite of the abundant
moisture. the 1986 crop developed
in near disease-free conditions.
Argentina has recently started
exploring the production potential
of irrigated wheat for the northern
and warmer states of Jujuy. Salta.
and Tucuman. The first
commercial seedings have
demonstrated the need for more
adapted varieties and appropriate
water management and
fertilization technology. Well
managed fields in the northern



region have the potential to
produce twice the national average
yield.

Brazil-Brazil harvested two
record crops of 4.3 and 5.4 MMT
during 1985 and 1986,
respectively. The increased
utilization of the recommended
production technology. favorable
pricing policy, and weather
conditions were primarily
responsible for this success. The
enthusiasm caused by the record
1985 crop was the biggest
motivating factor for a 42%

increase in availability of seed.
Both crops developed in relatively
favorable climatic conditions and
were free of the disease pressures
except in localized areas. The
heavy rainfall during the harvest
period in the states of Parana and
Rio Grande do SuI during 1986
resulted in some production losses
and leaching of the grain.

The new economic policies
adopted by the government dUring
1986 such as reducing the level of
credit given to the farmers,
payment for the harvested crop in

installments. and a further
reduction in the level of subsidies
received by the farmers and the
millers are likely to influence the
1987 crop to a great extent.

Chile-The successful
commercialization policy adopted
in 1983 went on paying its
dividends, making Chile very
nearly self-sufficient in wheat
production during the 1985-1986
cycles. The attractive fann price of
over US$ 200/MT has not only
been responsible for approxi
mately a 50% increase in area
seeded in 1986 compared with
1983, but also for utilization of a
higher level of technology during
these years.

The dry weather affected the
spring-seeded crop in the southern
region dUring 1985. However,
drought effects during 1986 were
much more damaging over the
central south and a part of the
southern regions: thereby
seriously reducing the yield
potential.

A serious leaf rust attack on the
increased durum wheat area
during 1986 appeared late in the
season and caused significant
damage to commercial production
and grain quality.

Paraguay-Government support
to the National Wheat Plan has
continued to help farmers gain
confidence in the crop and
increase production. The self
sufficiency level achieved during
1986 created a tremendous impact
on the national scene. Second
generation problems of lack of
storage capacity and commercial
ization have already started to
surface. The high production has
also brought up the long awaited

M. Mohan Kohli. breeder assigned to
the UNDP-CIMMYT Program in the
Southern Cone (right). consults with
Moacil Alves de Souza. wheat
breeder for the Minas Gerais
Enterprise of Plant and Animal
Research (EPAMIG) at EPAMIG's
Patos de Mina/J research station in
the state of Minas Gerais.
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issue on industrial quality, which
will need some attention in the
future.

The 1985-86 crop cycles were
favorable in terms of climatic
condiUons for the wheat
production. Heavy initial rains
during 1986 delayed planting and
the crop to some extent. A wet
harvest resulted in poor grain
quality. However, both years were
fairly disease-free which helped
lower the costs of production.

Since 1982, Paraguay has more
than doubled its area under wheat
and increased its production by
approximately 50% (Table 2).

Uruguay-The 1985-86 crop
cycles in Uruguay were less than
favorable for wheat production.
The above-normal winter
temperatures and higher spring
precipitation during 1985 were
primarily responsible for severe
disease epidemics. The early
build-up of leaf rust on the variety
La Paz INTA, and bacterial stripe
and scab on the commercial fields
seriously affected total production
and grain quality.

A majority of the 1986 crop was
planted late due to heavy rains at
seeding time. Land preparation
was poor resulting in serious loss
of nutrients from the soil in the
initial crop development stages.
The excess rainfall up to the grain
filling period and above normal
temperatures favored the
development of leaf rust and other
foliar diseases. In spite of some
improvement later in the season,
production was seriously affected.
Two crop losses in a row have
caused serious concern among
national authorities who are
looking for immediate solutions.

Germplasm Development
Bread wheat-The new regional
responsibilities of the CIMMYT
team require not only germplasm
selection under different
agroclimatic conditions. but also a
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complete identification of the
different factors that limit
production under warmer
conditions. This part of the
Southern Cone Region is made up
of several subregions based on soil
type, moisture availability and
relative humidity. temperature
regime, and disease spectrum. An
apprOXimation of these
environments is given in Tables 3
and 4.

While the presence of acid soils
with problems of aluminum or
manganese toxicity is widespread
in Brazil and limited to some
areas in Paraguay, the problem of
phosphorus fixation and deficiency
is more general. Germplasm
sources with high phosphorus
uptake efficiency such as PG-l,
Toropi, and Alondra are being
utilized in the breeding programs
in Brazil to transfer this character
to high yielding and adapted
materials; some varieties with this
characteristic have been developed
through the shuttle breeding
program between Brazilian
institutions and CIMMYT.

Although little variation exists
among the warm subregions with
respect to maximum
temperatures. the minimum
temperatures are, in general. a lot
higher than in the temperate areas
of the Southern Cone (Table 5).
Higher average minimum
temperatures and evapotrans
piration rates, combined with
heavy cloud cover and drought.
seriously reduce the yield
potential of the crop by causing
significant reduction in the total
number of tillers and tillers
producing heads, grain size, and
grain weight.

Strong genotype x environmental
interactions have been observed in
the germplasm under study in
these areas. While a majority of
the Widely adapted germplasm of
CIMMYT origin such as Veery,
Bobwhite, Hoopoe, Chilero, etc. do
well under these conditions. there
is a strong need for local selection
and/or breeding to identify or

develop better adapted
germplasm. The Widespread
commercial cultivation of
Anahuac. Cocoraque, and Veery 3
in various parts of this region
testify to their ability to
successfully withstand higher
temperatures. Table 6 lists a
group of advanced Mexican lines
selected for their tolerance to high
temperatures during 1985-86. The
preeminence of spring-winter
crosses in the pedigree of the heat
tolerant materials is Significant
and suggests more attention to
such crosses in future breeding.

The poor root development of the
wheat plants is another common
problem in these warm
subregions. While some selected
germplasm performs well under a
set of moisture conditions, such
performance often changes under
different environmental
conditions. It is immensely
important that appropriate soil
management practices be
identified and developed for these
areas.

Irregular drought pressure and the
lack of adequate screening
techniques based on known
parameters make the identification
of superior germplasm difficult.
Wide variation in drought
occurrence from 1 year to another
is exemplified by the rainfall
pattern of Chaco. Paraguay, over
the last 6 years (Table 7). The
unstable rainfall pattern in some
of these regions not only makes
the seeding very difficult, but also
results in crop failures. According
to a study conducted by Dr. Ady
Raul da Silva in central Brazil. the
Cerrados soils have poor water
retention capacity thus making
them very drought-prone. Because
of frequent rainfess periods dUring
the wheat crop season, the
Cerrados suffers from drought
virtually every year (Table 8).

Because of the extremes of
moisture availability from location
to location and year to year,
multilocationallong-term testing



of germplasm will be necessary to
provide useful results. SOIDe
advanced lines identiJied that
appear promising dUring the
1985-86 cycles are presented in
Table 9. No particular trend with
respect to common sources of
gerrnplasm is evident among these
lines. However, the presence of
widely adapted materials such as
the Veery lines is quite reassuring
regarding the value of such
germplasrn.

Additional germplasm
development problems of this
region, such as pre-harvest

sprouting and frost tolerance at
the flowering stage plus wide
based disease resistance. will also
need to be addressed soon in order
to develop superior varieties for
the region.

Durum wheat-As reported in
previou years, there is only a
limIted area under durum wheats
in the Southern Cone Region and
virtually none in the warmer
areas. Whether this is due to
inadequate selection programs or
to their extreme susceptibility to
fohar and spike diseases still
needs to be clarified.

Meantime. Argentina. a one time
durum wheat exporting country,
is at a stage where it will need to
import durum wheat to meet local
needs (Table 10).

Dururn production for 1986-87 is
expected to be approxima ely
35,000 MT. The lack of high
yielding, good quality, and
disease-resistant durum wheat
varieties adapted to the southern
Pampas region has contributed to
this decreasing production trend.
However. should durum wheat
production be moved west to the
drier regions where the diseases.
especially scab, are a lesser
problem, it may be easier to
identify long-cycle. high-yielding
varieties which wil produce a
good-quality product.

The area under durum wheat has
been steadily increasing in Chile
due to a higher price level
support. This has promoted the
release of new high-yielding
varieties for irrigated conditions.
While stem rust and BYD have
been the only two diseases of any
importance attacking durum
wheats in the past, a severe leaf
rust infection during 1986
attacked all commercial varieties.
However. the damage was low due
to late rust appearance. A group of
leaf rust-resistant lines identified
in Chile are presented in Table 11.

Triticale-The official support
given to the ultivation of triticale
and the release of three varieties
for commercial production in
Brazil helped increase the area
under the crop to approXimately
16,000 ha in 1986. All the triticale
produced was purchased by the
state agency CTRIN (responsible
for wheat commercialization) at
the wheat standards and wheat
price. In spi e of this support.
farmers were concerned about the
long distan es they had to travel
and long delays for delivering to
the few triticale receiving stations
aVailable. CTRIN in turn is selling
triticale to the millers in a certain

Matthe McMahon, agronomlat In the Southern Cone (right). IDllpects a field
in Temuco, Chile, with Cesar Venegas, INIA wheat agronOmist. In 1986.
McMahon was transferred to baBe to bead tbe Agronomy Program.
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proportion of the wheat they
receive. Approximately 6600 MT
of seed saved during 1986 was to
be planted on about 30,000 ha
throughout the country in 1987.
Chile also released two triticale
varieties for commercial
production. However, there was
very little quantity of seed
available to cover any appreciable
area.

The interest in the testing of
triticale in Paraguay, especially in
the drier regions of the country
such as San Pedro and Chaco, has
been increasing. The first trials
have given very good yields
compared with the bread wheat
checks, but more confirmation is
needed dUring the coming cycles.

The low test weight, disease
susceptibility to foliar and head
blights, and pre-harvest sprouting
problems still limit the widespread
adaptation of triticale to the
warmer regions of the Southern
Cone. A group of selected lines of
superior performance in the region
is presented in Table 12.

Southern Cone Advanced Lines
Nursery (LACOS)-The fifth and
sixth Screening Nurseries
organized under the auspices of
IICA/IDB/PROCISUR Program and
coordinated by the ININCIMMYT
Wheat Program in Chile were
distributed dUring the 1985-86
cycles. Considering that a large
proportion of the nursery is
composed of wheat germplasm
developed in the re~ion, LACOS
has gained tremenaous acceptance
among the breeders of the region
who see it as a complement to the
nurseries received from CIMMYT.
The data generated over the years
are considered very valuable for
the identification of "hot spot"
screening sites as well as for
planning future improvement
programs.
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In a recent analysis done on the 5
years of results, the follOWing
aspects became very evident:

• A large proportion of the
germplasm included in the
LACOS over the years is still
very specifically adapted.

• Long-cycle germplasm as a
group was among the least
selected materials.

• Disease resistance played the
major role in the selection
criteria of the cooperators.

A group of varieties and lines
Widely selected dUring the
1981-85 period is presented in
Table 13.

New varietal releases-Several
new varieties were released in the
region dUring the 1985-86 cycles.
As has been mentioned earlier,
CIMMYT germplasm has been an
important source of variety
development in this region. The
figures summarized in Table 14
indicate commercial utilization of
some of the CIMMYT germplasm.
Tables 15 and 16 list new
varieties released during the
1985-86 cycles.

Disease screening-The high
temperature and high relative
humidity characteristics of the
warmer areas of the Southern
Cone Region are ideally suited to
the development and spread of
severe disease epidemics every
year. Ironically, it may not always
be the same disease that comes
each year. To face the lack of all
resistant wheat varieties, farmers
have learned to use chemical
control effectively. This does
increase the cost of production for
some of the marginal return areas,
but wheat being the only
economic alternative during the
winter season to cover the land,
such cost is being justified. In the
long term however, genetic
resistance combinations are being
sought.

In rusts, the most notable aspects
have been the increase of Sonora
64 virulence of stem rust in
Argentina. Three of the most
Widely grown varieties, Marcos
Juarez INTA. Victoria INTA, and
Klein Chamaco, have been
shOWing very hi~h infection levels.
This virulence also attacks several
of the newly released varieties.
The breakdown of the Lr9 gene of
leaf rust resistance in La Paz
INTA, both in Argentina and
Uruguay, has caused serious
concern. The same virulence also
attacked CEP l4-Tapes, a newly
released variety in Brazil.
Similarly, the breakdown of Pavon
76 and several other varieties to
stripe rust has caused serious
concern in Chile. The release of
new resistant lines and their
multiplication is of utmost
priority. The increment and
movement of all of these
virulences need to be monitored
carefully in the next few years.

The loss of these single genes in
the commercial varieties. such as
Lr24 (Argentina) in the previous
year, points out the danger of
basing the resistance program on
single genes instead of gene
combinations. It is becoming very
evident that basic work to identify
the genetic basis of resistance in
the newly released varieties will
be of great importance for the
region.

Considering the region as a unit,
the follOWing single-gene rust lines
still demonstrate resistance: Leaf
rust genes Lr2a. 18, 19.21,22,
and 25; Stem rust genes Sr24. 26,
31, and Gt. However, it will be
essential to utilize these genes in
combination with other local
resistant germplasm in order to
prolong their effectiveness.

Spot blotch caused by
Helminthosporium sativum is
most prevalent and severe among
the leaf blights present in the
warmer regions. In spite of the



number of years over which
Anahuac. Cocoraque. Jupateco.
and their crosses have been grown
in certain areas of the region. they
are still commercially successful
(with the assistance of chemical
control). The identification of
resistant germplasm to spot blotch
is considered a priority in the
region. Based on the severe field
infection at several locations in the
region. the advanced lines grouped
in Table 17 show superior
resistance.

Depending on a year's climatic
conditions. septoria tritici blotch
and septoria nodorum blotch can
be quite destructive. According to
a virulence study conducted by
Dr. Zahir Eyal and colleagues in
collaboration with national
prop;rams of the rep;ion and
CIMMYT. the Soutfiern Cone
Region appears to be harboring
the most dynamic Septoria tritici
virulence spectrum in the world.
Although good sources of
resistance for S. tritici have been
identified in the past and used in
many breeding programs. the
usable resistance available for S.
nodorum is still very limited.
Considering the importance of
both septorias in the region. an
effort has been made to identify
some of those lines that present
superior performance against both
species. A preliminary set of such
lines are presented in Table 18.

One of the most difficult diseases
in terms of screening for genetic
resistance and chemical control is
scab caused by Fusarium
graminearum (Giberella zeae). The
few sources of identified resistance
and difficult field inoculation and
screening procedures have been
the major reasons for the slow
progress of research on this
disease. Yet. the disease is widely
spread in Argentina. Brazil.
Paraguay. and Uruguay and
causes undetermined crop losses
every year.

Several national programs are
depending heavily on the artificial
inoculation techniques in the
greenhouse to identify resistance.
However. the field screening
methodology is still not very
reliable and allows too many
escapes. Large-scale multi
locational testing is probably the
best alternative to identify
potentially useful germplasm.

During the 1985 crop cycle.
several locations in the region
could be considered "hot spots"
for scab infection. Based on the
observations from eight locations.
the lines presented in Table 19
could be considered to have the
most superior performance. Some
of this germplasm needs to be
combined with the Chinese
sources of resistance. such as
Shangai 3. 4. and 5 and Nanjing
7840 which have also proven to
have high scab resistance in the
region.

The heavy rains during the 1985
cycle were also. in part.
responsible for the Widespread
infection of bacterial diseases on
wheat in the region. Bacterial
stripe caused by Xanthomonas
.campestris pv. translucens and
bacterial leaf blight caused by
Pseudomonas syringae were of
major importance.

In southern Argentina and
Uruguay. later-maturity materials
and later-seeded materials looked
much better than the early
maturity and early-seeded
materials. However. it was easy to
select the clean-leaf material.
among a majority that were
severely affected. Some of the
selected materials are presented in
the Table 20.

It is surprising to note that the
lines selected for bacterial
resistance are also. in general. the
overall resistant lines for a
combination of diseases in the
rep;ion. The powdery mildew
infections in the region occur
regularly in a limited area.

Although the infections in the Sao
Paulo region of Brazil and central
Paraguay have been quite severe.
there is a large number of
advanced lines that show good
resistance. For some of these
programs. the incorporation of
genetic resistance for powdery
mildew is becoming apriority.

The severe infection of BYDV early
in the season in parts of Brazil
and Paraguay is causing some
concern. Although no appreciable
crop damage can be noticed late
in the cycle. the severe yellOWing
of the seedlings and the loss of
effective tillers are causing an
undetermined production loss
every year. The early- to mid
season crop yellOWing and
stuntinp; associated with green
bug (Scnizaphis graminum)
infection has been especially
severe in the southern parts of
Brazil and Bolivia. Some
resistance based on crosses with
Amigo and Largo varieties are
shOWing promise.

Training, Seminars, and
Workshops
Twenty-seven visiting scientists
and five in-service trainees visited
Mexico to participate in exchange
and training program activities.
Training of technical staff in the
new warmer regions is considered
of utmost priority in order to be
able to develop the local programs.
There is wide variation among the
countries of the region in terms of
manpower. resource aVailability.
and training: Brazil is the country
with the most trained staff.
CIMMYT's role in identifying the
training needs and areas of
training can serve to develop the
multidiscipline research teams
essential for these areas. In
addition a total of 362 man-days
were spent in consulting and
national programs assistance
activities outside the regional base
during the 1985-86 cycles.
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The average yields have been
traditionally very low-ranging
from 850 to 1710 kg/ha over an
area of 13 municipalities in the
area. As all farmers are included
in this, it can be assumed that
farmers in the lower ranges are
definitely below subsistence level.

Wheat in this area is usually
produced in rotation with
pastures. These pastures are of
very low quality, having a very
short production period and are
usually overgrazed. The intensity
of the wheat rotation depends on
size of the farm and on the
relative prices of meat and wheat.
As the farm size gets smaller and
the wheat price goes higher,
wheat is grown more often. This
ranges from a wheat crop every
second year to one every 5 years.

The area's topography ranges
from rolling countryside to deep
slopes. Erosion is a Widespread
problem and has contributed to
the deterioration of a significant
part of the area. Soil tests done in
the area have shown that these
soils are deficient in nitrogen and
phosphorus (Table 21).

The area has a Mediterranean
climate with a pronounced dry
summer season and a wet winter
season. More than 60% of the
rainfall occurs between May and
August. The coldest months are
June and July with average
temperatures of 8.0 and 7.8 D C,
with occasional frosts. The
warmest and driest months are
January and February with
average temperatures of 18.5 and
18.0 D C, respectively. From
October to May there is a moisture
deficit for plant growth (Figure 2).

Coastal
Mountain Range

111111111111111111111111111111111111111111111111111111
NonagricuI tura!
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Figure 1. Red clay soils study area in Cautin and Malleco Provinces
in Chile.

The area of the red clay soils in
Cautin and Malleco Provinces lies
between the Pan American
Highway and the Nahuelbuta
Mountains. It comprises of about
318,000 ha of arable land (Figure
1). The area has a population of
130,000.

In the region. CIMMYT supported
the participation of one technical
person per country in all the
meetings/courses/seminars
organized by the PROCISUR
program. The CIMMYT regional
staff also participated in some of
these meetings.

Agronomy
In this section. three agronomic
projects are reported on: 1) the
agronomy of wheat on the red clay
soils of southern Chile; 2) the
fertilization of wheat in the coastal
terraces of Chanco, Chile; and 3)
the effect of nitrogen and fungicide
on high yielding varieties in
Uruguay.

Agronomy of wheat on the red
clay soils of southern Chile
This work on the red clay soils of
Malleco and Cautin Provinces in
farmers' fields was started in
1978-79 and completed in
1985-86. The design and
orientation of the trials were
planned according to the results
obtained over time. The adoption
of practices emanating from the
research results was successful
due to a strong interaction with
the Technology Transfer Program
of the Ministry of Agriculture
based in the Carillanca Station of
the Instituto de Investigaciones
Agricolas (INIA).

The soils are red clays whose
major limitation is the short time
available for adequate tillage
operations. Once the soils become
saturated in the fall, it is
impossible to perform tillage
operations for the rest of the year.
In the summer, they dry out with
the same consequences. Therefore,
timely land preparation and
sowing are the main priorities for
the farmers in this area.
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Survey of farmers. The following
infonnation is based on a 1983
survey of 44 commercial farmers
whose average yield was 2350
kg/ha, which is above the average
for the area.

There are many varieties used in
the area, which has led to
confusion among the farmers.
Many v,arieties are introduced
without adequate testing and
adaptive research, resulting in
many failures. Some of the
varieties are old and unimproved
with poor agronomic character
istics, such as excessive height,
weak straw, and disease
susceptibility.

The survey showed that only six
(37.5%) of the 16 varteties used by
the farmers were recommended.
About 63% of these varieties were
commercial, 25% were selected,
and 12% were certified. The
average seeding rate was 167
kg/ha.

Fertilizer is the most important
input for the fanners as it
constitutes 35% of their total
input costs when used at the
recommended level. The levels
applied are usually low and, in the
case of the smaller farmer, none is
applied. In cases where fertilizer
was applied, the ratio of N:P205
was usually not very well
balanced. Phosphorus is applied at
sowing time, while the nitrogen is
applied in two doses, half at
sowing and half in the spring
when the wheat is shooting and
there are clear signs of deficiency.
This application is usually too
late. The survey showed that the
average amounts of nitrogen and
phosphorus applied were 40 and
60 kg/ha, respectively.

Weed control is an important
factor because weed infestation is
high. The most important grass
weeds are A vena fatua. Cynosurus
echinatus, Arrhenatherium elatius,
and Agrostis ten uis. There is also

a wide spectrum of broadleaf
weeds and the most common are
Anthemis cotula, Rumex
acetosella. Polygonum aviculare,
Vicia sativa, Brassica compestris,
and Raphanus sativus. The
normal chemical control used is
either 2,4-D or MCPA. These
herbicides only partially control
the broadleaf weeds and have no
actiVity on the grass weeds. The
subsistence farmers usually weed
by hand and take out the
cruciferous weeds very often when
they are flowering and have
already have damaged the crop by
competition. The survey showed
herbicide use to be 80% 2,4-D or
MCPA, 18% Banvel or Bladex, and
9% grass herbicides.

Designing technology for the area.
Based on the survey results, it
was decided to carry out a set of
trials on varieties, weed control,
and nitrogen and phosphorus
fertilization for the area. Results of
these trials would serve to produce
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Figure 2. Climatological diagram. Traiguen. Chile.
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a technological package for the
area where priorities and
interactions within the package
would then be investigated.
Knowing what these priorities and
interactions are would help in
extending the relevant technology
to the area farmers.

Variety trials were a constant
feature throughout the project
because many new varieties were
being released and needed testing
under farmer conditions. Results
for five growing seasons are in
Table 22. The sowing rate varied
from 120 to 140 kg/ha. Initially,
fertilizer rates used were 110 kg
N/ha and 120 kg P205/ha;
however, due to early results,
rates were changed to 150 kg N/ha
and 75 kg P205/ha. For weed
control, a mixture of MCPA (1
liter/hal and either Banvel-D (0.25
liter/hal or Bladex (0.5 liter/hal
was used.

Yields were always high and the
highest yields were obtained by
the early varieties such as
Perquenco. The maturity of
varieties such as Perquenco was
found to be best suited for the
area and reduced the risk of the
effect of spring droughts. Results
show that very high yields can be
obtained if proper varieties are
combined with appropriate
management practices-even in a
dry year such as 1981-82.

affecting wheat production in the
area. The objectives of these trials
were to determine:

• The maximum potential yield
of wheat using the presently
recommended levels of
technology.

• The yield gap between that
potential yield and the
farmers' present yields.

• How much of this yield gap
can be attributed to each of
the factors tested and
therefore set priorities within
the technological package.

• The interaction between
factors.

Nitrogen, phosphorus, and
herbicide were the factors tested.
The design used was a 23
complete factorial. In 1979-80 the
levels of each factor were 0 and
128 kg/ha for nitrogen, 0 and 160
kg/ha for phosphorus, and 0 and
Tribunil + Brominal (1.0 kg a.i. +
0.24 kg a.i.l/ha for the herbicide.
In 1983-84 the levels were 0 and
90 kg/ha for nitrogen, 0 and 120
kg/ha for phosphorus, and 0 and
MCPA + Banvel (l liter + 0.3
literl/ha for the herbicide.

8000

The results for 1979-80 and
1983-84 are shown in Figures 4
and 5, respectively. In 1979-80 the
yield gap was 2950 kg/ha-the
difference between the top yield of
4640 kg/ha and the check yield of
1690 kg/ha. Nitrogen contributed
the most to this yield gap, its
contribution being 1670 kg/ha,
while herbicide contributed 1380
kg/ha. The contribution of
phosphorus was not significant. In
1983-84 the yield gap was 2940
kg/ha, which was the difference
between the top yield of 4780
kg/ha and the check yield of 1840
kg/ha. The major part of the yield
gap was accounted for by weed
control whose contribution was
1730 kg/ha. The second most
important factor was nitrogen with
a contribution of 735 kg/ha;
phosphorus contributed only 445
kg/ha.

During the 1980-81 season,
herbicide trials established on
farmers' commercial sowings
helped evaluate two systems of
control-one normally used by the
farmers and the other a mixture of
MCPA + Banvel D. which is
recommended for the area. Results
of the trials carried out at three
locations are in Table 23. In
commercial sowings, yields were

In terms of maximum yields. there
were increases over the years
(Figure 3l due to more suitable
varieties such as Perquenco and
also a gradual change in trial
management, such as higher
levels of nitrogen and grass weed
control. The maximum yield in
1985-86 was 35.5% higher than
the maximum yield in 1978-79.

Multifactorial trials enabled
researchers to better understand
the agronomic constraints
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At the beginning, fertilizer was
seen to be one of the major
limiting factors within the
technological package because it

increased 590 kg/ha (33%) by the
use of MCPA; they were increased
1150 kg/ha (64%) by the
recommended treatment, MCPA +
Banvel-D.

The design was an incomplete
factorial with five levels of
nitrogen combined with five levels

was the biggest expenditure for
the farmers. As a result, a series of
nitrogen by phosphorus trials were
designed and carried out. From
this series of trials, researchers
hoped to get recommendations for
both large and small farmers.

of phosphorus, resulting in 13
treatments. There were three
repetitions and plot size was 30 x
5 m (150 m 2).

In 1984-85 two trials were
established at Traiguen and
Lautaro. The variety used was
Rancofen, a facultative wheat,
sown at a rate of 140 kg/ha. Triple
superphosphate (46% P205) was
applied, banded, at SOWing.
Nitrogen was applied in two doses,
one-third at sowing and two-thirds
at mid-tillering. The N source was
sodium nitrate (16% N).

Trtuunfl + Bromlnal
fl.O kg a1. + 0.24 kg a.i.)11111No Weed ControlL..

6000

5000

The efficiency (kg of extra grain:
kg of nutrient applied) was also
calculated for these treatments
(Table 25). The efficiency levels
are high for N alone and when
nitrogen is combined with lower
doses of phosphorus. Even a level
of fertilizer considered high for the
area. such as 120-40 kg N
P205/ha, gave of 19.6 kg extra
grain per kg of nutrient applied.

This type of trial was repeated in
three locations in 1985-86.
However due to previous results
and observations, the range of
nitrogen was increased to 200
kg/ha and the range of phosphorus
was decreased to 100 kg/ha. The
results (Table 26) are very similar
to those obtained the previous
year-that is a strong response to
N alone, a poor response to P
alone. and a very strong response
to the interaction of N and P.
Efficiency was also calculated for
these trials (Table 27). These
efficiency results show that
fertilization of wheat in this area is
very beneficial.

The average results for the two
sites in Table 24 show a strong
response to nitrogen alone, while
the response to phosphorus alone
is low. There is strong N x P
interaction. The highest yield
(5370 kg/hal was found at 120 kg
N plus 40 kg P205 an N:P205
ratio of 3: 1.

128-160

III MCPA + Ban el-D
(1 Il + 0.3 It/hal
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Figure 4. Response to various production factors in red clay soils of
Chile. 1979-80.
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Figure 5. Response to various production factors in red clay soils of
Chile. 1983-84.
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Partial budgets were calculated for
fertilizer use for each of the three
sites (Figures 6. 7. and 8). Even
though there were different yield
levels at each site, it is remarkable
how similar each of the partial
budgets are. The most profitable
levels of fertilizer are very similar.
These partial budgets were used
to make fertilizer recommenda
tions over a wide range of
production systems depending an
how much farmers would want to
invest.

• Levels of fertilizer recom
mended depend on yield
expectations and the amount
of money that the farmers are
willing to spend. For example.
recommendations for small
farmers (50 kg N plus 25 kg
P205 gave very high returns
(Figures 6, 7. and 8). For
larger farmers with gr ater
investment capaCity. ra es of
150 kg N plus 50 kg P205 are
feasible.

• Early facultative varieties,
such as Perquenco. are
recommended. These varieties
mature quickly and. to some
extent. escape the moisture
deficit that begins in October.

• For weed control, a broad
spectrum herbicide mixture
should be used because of the
wide range of weeds
encountered.

Extension of results to farmers.
During the course of this research,
a strong effort was made to extend
the results to farmers. The trials
were designed to develop
appropriate technology under
farmers' conditions. Many

Main conclusions and
recommendations. The data
accumulated over the years ha e
been found to be a good source of
recommendations. The main
conclusions for a profitable
production system for the area
follow:
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meet once a month on a member's
farm. First there is an analysis of
that particular fanner's enterprise.
after whkh. there is a echnical
talk on some aspect of production
which is selected by the fanners.

The technology produced in the
series of experiments described
above was extended to these
groups and the adoption results
obtained 0 er a 3-year period with
one group (Gal arino) is shown in
Table 28. rom 1982-83 to
1985-86. many technological
changes were adopted by this
group. Farmer yields increased by
1170 kg/ha (48%). Recommended
varieties increase from 25%
adoption t 100%. Nitrogen
fer lizer use increased from 57 kg
N/ha to 110 kg N/ha (93%
increase). The ratio of N:P205
increased from 0.78:1 to 1.43:1,
leading to greater efficiency of
nutrient use as seen in the
fertilizer t::rial. There was also a
high adoption rate of wider
spectrum broadieaf herbicide .
such as ladex and Banvel-D. The

160

adoption of the grass herbicide
I10xan also increased because.
willi increased use of nitrogen.
grass weeds became more of a
problem.

Fertilization of wheat in the
Coastal Terraces of Chanco,
Chile-Wheat is the most
important annual crop grown on
the Coastal Terraces of Chanco.
Climatic and soil conditions gi e
the area a very high potential for
wheat production. In trials
conducted over the years. yields
have been as high as 7000 kg/ha.
Howev r. the average fanner
yields for the area are only 1500
kg/ha. .

There are many reasons for this
low level of production. From a
technical standpoint. the decisive
factors are poor weed control. little
if any use of fertilizer. and the use
of poorly adapted varieties. On top
of thes are social factors such as
the small size of farms. share-
cr pping. and the lack of inputs
on the local market at the proper
time.

INIA has carried out a crop
management program in this area
since 1982. The results reported
here are of nitrogen and
phosphorus fertilizer trials. The
design was a 5 x 5 incomplete
factorial. which resulted in a total
of 13 treatments. In the 1983-84
season. the N levels were O. 40.
80. 120. and 160 kg/ha; P205
levels were 0, 20, 40. 60. and 80
kg/ha. In i984-85 and 1985-86.
the levels were changed to 0, 45.
90. 135. and 180 kg N/ha and 0,
15, 30. 45. and 60 kg P205/ha.
Plot size was 10 x 10 m (100 m 2 ).

The soils in this area are deep.
free draining sandy clays. Because
of good drainage. they can be
worked easily and over a long
period of time. Organic matter
varies between 2.5 and 3.5%. Soil
pH ranges from 5.2 to 6.0.

The results are shown in Tables
29 and 30. Yields ranged from
2000 to 5000 kg/ha. As can be
seen there was a strong response
to N when applied alone. buL there
was no response to P when
applied alone. However. there was
an N x P interaction.
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Based on these trials. a partial
budget for fertilizer was
calculated. The net benefit curve
(Figure 9) prOVides various
alternatives for fertilizer
recommendations for the area.
depending on the amount of
capital farmers are willing to
invest. The alternatives include:

• An application of 40 kg N-15
kg P205 or 40 kg N-20 kg
P205 for small farmers with
restricted capital. This
recommendation gives a yield
of over 3100 kg/ha-a net
benefit return of about 1550%.

• An application of 90 kg N-30
kg P20S for farmers with
some. but still limited. capital.
Many farmers in this area find
themselves in this economic

44
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Figure 8. Net benefit curve for fertillzer trial at Galvarlno,Chile.
1985-86.
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• Varieties of low yield potential.

• High disease incidence.
especially septoria tritici
blotch.

As can be seen from these data,
fertilizer use, when properly
recommended, can be highly
profitable for farmers in this area.

Effect of nitrogen and fungicide
on high yielding varieties 1n
Uruguay-Uruguayan wheat
production has been characterized
by relatlvely low yields (Table 31).
The reasons for these low yield
levels include:

level obtained by E. Cardenal
when fungicide was applied. This
yield level was 4900 kg/ha
compared with a maximum of
1900 kg/ha for E. Dorado. This
difference in yield adequately
shows the potential of the new
high yielding germplasm when
combined with proper agronomic
practices. E. Dorado reached its
maximum yield at 67 kg N/ha
with fungicide while E. Cardenal
reached its maximun at 200 kg
N/ha with fungicide. The response
of E. Dorado to fungicide was low
because of the limited potential of
this variety whereas there was a
strong interaction with fungicide
in the case E. Cardenal. At the
200-kg N/ha level, E. Cardenal
showed a response of 1550 kg/ha.
At the same level, E. Dorado
showed a response of only 300
kg/ha.

1986 results were very similar
(Figure 11), although yields were
slightly higher due to more
favorable climatic conditions than
in 1985. E. Cardenal reached a

The results for 1985 and 1986 are
presented in Figures 10 and 11,
respectively. The most striking
feature in 1985 was the high yield

In 1985 the varieties used were E.
Dorado. a traditional and Widely
grown variety, and E. Cardenal. a
new high yielding Veery line.
There were two fungicide
treatments-a check that received
no treatment and Propiconazol
(0.6 liter/hal applied every 3 weeks
along with one application of
Tiabendazol (0.7 liter/hal applied
at flowering. Nitrogen was applied
at O. 67, 133, and 200 kg/ha as
urea. Half of the nitrogen was
applied at sowing; the other half
was applied at tillering.

The trial got a blanket application
of 80 kg P205/ha. The trial was
installed in an area that previously
had a Phalaris spp. pasture. The
sowing dates were June 13, 1985
and July 9, 1986. In both years.
especially 1985, climatic
conditions promoted a high
incidence of septoria tritici blotch.

situation. This recommenda
tion gives a yield of about
4000 kg/ha and a net benefit
of 1100%.

An application of 135 kg N-45
kg P205 for farmers with
unrestricted capital. This gives
a yield level of over 5300
kg/ha and a net benefit return
of roughly 900%.

•

• Low levels of nitrogen fertilizer
use.
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Figure 9. Net benefit curve for average of four fertilizer trials
Chanco. Chile 1983-85.
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Unreliable moisture regime,
leading to uncertainty of
planting date.

•

However. data generated at La
Estanzuela Experiment Station
show how high the yield potential
can be in Uruguay and. given the
right economic conditions. how
bright a future wheat may have in
this country.

A variety x nitrogen x fungicide
trial was conducted to evaluate
the effects of various levels of
nitrogen and fungiCide on a new
high yielding variety vs. a
traditional variety. The trial was
initiated in 1985 and repeated in
1986. A split-split plot design with
four reps was used; the main plot
was variety, the sub-plot was
fungicide treatment, and the sub
sub-plot was nitrogen level.
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• Varieties of low yield potential.

• High disease incidence.
especially septoria tritici
blotch.

As can be seen from these data.
fertilizer use. when properly
recommended. can be highly
profitable for farmers in this area.

Effect of nitrogen and fungicide
on high yielding varieties In
Uruguay-Uruguayan wheat
production has been characterized
by relatlvely low yields (Table 31).
The reasons for these low yield
levels include:

level obtained by E. Cardenal
when fungicide was applied. This
yield level was 4900 kg/ha
compared with a maximum of
1900 kg/ha for E. Dorado. This
difference in yield adequately
shows the potential of the new
high yielding germplasm when
combined with proper agronomic
practices. E. Dorado reached its
maximum yield at 67 k~ N/ha
with fungicide while E. Cardenal
reached its maximun at 200 kg
N/ha with fungicide. The response
of E. Dorado to fungicide was low
because of the limited potential of
this variety whereas there was a
strong interaction with fungicide
in the case E. Cardenal. At the
200-kg N/ha level. E. Cardenal
showed a response of 1550 kg/ha.
At the same level. E. Dorado
showed a response of only 300
kg/ha.

1986 results were very similar
(Figure Ill. although yields were
slightly higher due to more
favorable climatic conditions than
in 1985. E. Cardenal reached a

In 1985 the varieties used were E.
Dorado. a traditional and Widely
grown variety. and E. Cardena!, a
new high yielding Veery line.
There were two fungicide
treatments-a check that received
no treatment and Propiconazol
(0.6 liter/hal applied every 3 weeks
along with one application of
Tiabendazol (0.7 liter/hal applied
at flowering. Nitrogen was applied
at O. 67. 133. and 200 kg/ha as
urea. Half of the nitrogen was
applied at SOWing; the other half
was applied at tillering.

The trial got a blanket application
of 80 kg P205/ha. The trial was
installed in an area that previously
had a Phalaris spp. pasture. The
sowing dates were June 13. 1985
and July 9. 1986. In both years.
especially 1985. climatic
conditions promoted a high
incidence of septoria tritici blotch.

The results for 1985 and 1986 are
presented in Figures 10 and 11.
respectively. The most striking
feature in 1985 was the high yield

situation. This recommenda
tion gives a yield of about
4000 kg/ha and a net benefit
of 1100%.

An application of 135 kg N-45
kg P205 for farmers with
unrestricted capital. This gives
a yield level of over 5300
kg/ha and a net benefit return
of roughly 900%.

•

• Low levels of nitrogen fertilizer
use.

•NlS0P60

.N160P40

N160PSO.

·NlSOPSO

• N80PSO

1

6
1

4

N180P30
N180PO •

.N120P20 ..
N120P60

N90P60,. N160PO
• N100PSO

N80P40

N40P20 • N80PO

• N4SP 15 • N40P60

1

2
55
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Figure 9. Net benefit curve for average of four fertilizer trials
Chanco, Chile 1983-85.
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Unreliable moisture regime .
leading to uncertainty of
planting date.

•

However. data generated at La
Estanzuela Experiment Station
show how high the yield potential
can be in Uruguay and. given the
right economic conditions. how
bright a future wheat may have in
this country.

A variety x nitrogen x fungicide
trial was conducted to evaluate
the effects of various levels of
nitrogen and fungicide on a new
high yielding variety vs. a
traditional variety. The trial was
initiated in 1985 and repeated in
1986. A split-split plot design with
four reps was used; the main plot
was variety. the sub-plot was
fungicide treatment. and the sub
sub-plot was nitrogen level.
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5000
..............-cardenal

•

maximurn yield of 5400 kgfba
with fungicide and 200 kg fha.
Comparable yield level for E .
Dorado and L.E. 2118 were 3050
kg/ha and 4650 kg/ha, respec
tively. Again there was no
significant response of E. Dorado
to fungicide. L.E. 2118's lack of a
significant response to fungicide
was due its high degree of
tolerance to septoria tritici blotch
which is the most important
disease affecting hese varieties.
At the 200-kg N/ha level. the
response to fungicide was 200,
300, and 1000 kg/ha for E.
Dorado, L.E. 2118 and E.
Cardenal, respectively.

These results show that, with the
use of improved germplasm and
better crop management. the
potential of wheat production in
Uruguay bas been increased
dramatically.
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_ ... Cardenal------......

- with fungicide
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Figure 10. Response of two varieties Cardenal and Dorado to
nitrogen and fungicide. La Estanzuela, Uruguay, 1985.
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Figure 11. Response of three varieties. Cardenal, L.E.2118, and Dorado to nitrogen and fungicide at La
Estanzuela. Uruguay. 1986.

255



Table 1. Wheat production statistics for the Southern Cone of South America

Area Yield Production
(1000 hal (~g/ha) l000Mt

1979 1979 197
Country 181 1985 1986 181 1985 1986 181 1985 1986

Argentina 5245 5270 5050 1547 1650 1901 8060 8700 9600

Brazil 2958 2670 3796 927 1619 1429 2613 4323 5423

Chile 513 569 676 1711 2857 25J5 882 1626 1700

Paraguay 49 127 154- 1077 1455 151 53 185 234

Uruguay 281 212 200 I 1163 1200 377 246 240

Total 9046 8848 9876 1325 1749 1713 11.985 15.080 17.197

Table 2. Paraguayan wheat production figures

Area (1000 hal

Yield (kg/hal

1982
--:::::::::==-

70

1000

1983

75

1426

1984

96

1450

1985

127

1455

1986

154

1519

Production (1000 Mtl 70 107 139 185 234

Table 3. Environmental factors affecting the wheat crop in the Southern Cone Region

Reat
Early Mid

N. Argentina

S. BoliVia

N. Brazil

S. Brazil

Paraguay

• Important
•• Very Important
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•

•

•

•

..

Frost Rains
Drou~t at at

Late Early Mid Late Flowedng Harvest

• • • • •
.. • .. •
.. •• ••

• •• ••
• • • •• •



Table 4. Disease problems of wheat in the Southern Cone Region

Leaf rust

Powdery mild w

Spot blotch

Tan spot

plod triLlcl blot

Septaria nodorum bl teb

S ab

•
•

•

••
••

••

••

••

Paraguay
:.:::=:==

•

••

••

••

••

••

••

••

Southern
Brazil

••••

Northern Lowland Northern
Argentina Bolivia Brazil

•• •• ••

•• •• ••

• • ••
• •• ••
• • ••

•

rust5t

Root rots • •

Bader! • • •• •• ••

BYD • • • •• •
• Important

•• Very Important

Table 5. Comparison of average minimum temperature (OC) between
northern Mexico and some Southern Cone locations

My June July Aug. Sept. a Months in parentheses indicate
(Dec)a (Jan) (Feb) (Mar) (Apr) crop cycle in Mexico

Mexico
d. Obregon 9.4- 6.7 6.8 8.7 10.3

Brazll
B Ilia 16.0 15.2 13.2 15.4 17.0
Form sa 14.8 3.1 12.6 13.7 16.2
Londnna 12.7 11.2 11.1 12.4 14.3

Paraguay
Ito Parana 13.0 11.0 9.7 11.0 13.1

Capitan Miranda 1 .7 9.7 10.6 11.5 13.0
,aacupe 15.1 12.5 12.5 12.0 16.8

BoUvia
Santa ruz 17 16 15 16 19
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Table 6. Advanced wheat lines with heat tolerance for the Southern
Cone

F3 71/Trm
Veery'S'
Veery'S' #9
Veery'S'
Veery'S'
Kea'S'/Tow'S'
Kea'S'/Tow'S'
Ttr'S'/Jun'S'
Sprw'S'/Pvn'S'/IVee'S'
Chilero'S'
Chilero'S'
Pvn 'S '/Prl'S'
Bow'S' /Nkt'S'
Bow'S'/ rkt'S'
Dyr/Trf'S'//Bow'S'
Yr/Trf'S'//Bow'S'
F41,70//Kal/Bb/3/Ana/4/

Tow'S'/S/Wop'S'/Nac
Mrng/Buc'S'//Blo'S'/Psn'S'
Psn'S'/Bow'S'
Tsh'S'/Bow'S'
Tab'S'/Bow'S'
Gz lS6/Nact/Psn'S' /Ures
Gz 156/Nac//Psn'S'Ures
Mad'S'/Psn'S'//PvnIVee # 5

SWM 5704-10'1'-1 M-3Y-3M-2Y-3M-O'1'
CM33027-F-12M-1Y-1M-l Y-1M-OY
CM33027 -F-12M-1 Y-12M-1 Y-2M-OY
CM33027-F-15M-4Y-4M-3Y-2M-1 Y
CM33027-F-1SM-SOOY-OM-76B-OY
CM58975-2Y-3M-l Y-12M-3'1'-1M-O'1'
CM58975-2Y-3M-2Y-IM-2Y-1M-OY
CM59123-3M-1 Y-IM-4Y-IM-1 V-OM
CM64491-6Y-1M-5Y-OM
CM66684-B-1M-6Y-IM-lY-IM-1 Y
CM66684-B-1M-6Y-2M-3'1'-3M-OY
CM67277-3Y-2M-lY-IM-l Y-OB
CM67428-11 Y-2M-1Y-IM-OY
CM67428-11 Y-2M-l Y-IM-l Y-OB
CM68228-1Y-1M-lY-3M-2Y-OM
CM68228-1 '1'-IM-1 Y-4M-1 V-OM

CM68821-A-3Y-2M-3Y-IM-OY
CM69191-A05Y-IM-IY-2M-2Y-3M
CM69560-1 M-3Y-3M-SY-OM
CM69639-9M-2Y-1M-IY-OM
CM69639-9M-2Y-2M-l V-OM
CM73394-A-1Y-2M-2Y-IM-OM
CM73394-A-lY-2M-2Y-IM-l Y-OB
CM73646-F-1Y·2M-1 Y-1M-l Y-OB

Table 7. Rainfall pattern during wheat season in Chaco. Paraguay

Rainfall (mm)
Month 1981 1982 1983 1984 1985 -1986

May 50 33 108 7 12 188
June 16 32 30 33 0 24
July a 17 117 14 37 0
August 58 5 0 115 28 10
September 16 76 14 23 79 20

Total 140 163 264 192 156 242

Table 8. Probabilities of rainless
days in the Central Brazil Region
during the wheat crop season
(average over 42 years)
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Source: CPAC - EMBRAPA, Brazil Consecutive
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Table 6. Advanced wheat lines with heat tolerance for the Southern
Cone

F3 71/Trm
Veery'S'
Veerv'S' #9
Veery'S'
Veery'S'
Kea'S'/Tow'S'
Kea'S'/Tow'S'
Ttr'S'/Jun'S'
Sprw'S'/Pvn'S'/IVee'S'
Chilero'S'
Chilero'S'
Pvn 'S '/Prl'S'
Bow'S'/Nkt'S'
Bow'S'/ rkrs'
Dyr/Trf'S'//Bow'S'
Yr/TrfS'//Bow'S'
F41, 70//KallBb/3/AnaJ4/

Tow'S'/5/Wop'S'/Nac
Mrng/Buc'S'//B\o'S'/Psn'S'
Psn'S'/Bow'S'
Tsh'S'/Bow'S'
Tsh'S'/Bow'S'
Gz156/Nac//Psn'S'/Ures
Gz 156/Nac//Psn 'S'Ures
Mad'S'/Psn'S'//PvnIVee # 5

SWM 5704-lOY-IM-3Y-3M-2Y-3M-OY
CM33027-F-12M-1 Y-1M-l Y-IM-OY
CM33027-F-12M-IY-12M-1Y-2M-OY
CM33027-F-15M-4Y-4M-3Y-2M-1Y
CM33027-F-15M-500Y-OM-76B-OY
CM58975-2Y-3M-1 Y-12M-3Y-1M-OY
CM58975-2Y-3M-2Y-IM-2Y-1M-OY
CM59123-3M-1 Y-IM-4Y-IM-l Y-OM
CM64491-6Y-IM-5Y-OM
CM66684-B-1M-6Y-IM-1 Y-1M-l Y
CM66684-B-1 M-6Y-2M-3Y-3M-OY
CM67277-3Y-2M-1 Y-1M-l Y-OB
CM67428-11 Y-2M-1 Y-1M-OY
CM67428-11 Y-2M-l Y-IM-1 Y-OB
CM68228-1 Y-1M-1Y·3M-2Y-OM
CM68228-1 Y-1M-1 Y-4M-1 V-OM

CM68821-A-3Y-2M-3Y-IM-OY
CM69191-A05Y-1M-1Y-2M-2Y-3M
CM69560-1 M-3Y-3M-5Y-OM
CM69639-9M-2Y-1 M-l Y -OM
CM69639-9M-2Y-2M-1 Y-OM
CM73394-A-IY-2M-2Y-IM-OM
CM73394-A-l Y-2M-2Y-IM-1 Y-OB
CM73646-F-1Y·2M-1 Y-IM-1 Y-OB

Table 7. RaInfall pattern during wheat season in Chaco. Paraguay

Rainfall (mm)
Month 1981 1982 1983 1984 1985 1986

Mav 50 33 108 7 12 188
June 16 32 30 33 0 24
July 0 17 117 14 37 0
August 58 5 0 115 28 10
September 16 76 14 23 79 20

Total 140 163 264 192 156 242

Table 8. Probabilities of rainless
days in the Central Brazil Region
during the wheat crop season
(average over 42 years)
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8
10
13
18
22

Frequency
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2/year
l/year
2 years in 7
1 year in 7



Table 9, Promising advanced wheat lines for drought tolerance in the
Southern Cone

Ures 81
Cordillera 3 = Veery # 3
Veery 8
Bobwhite'S'
Hahn'S'
Kvz/K4500 LA.4
CIafWramlIWs1657/31Ana
Thombird'S'
Cc/-2 Tob/lMn72131
IAS64/AIdanl/la/Mu 'S'
Bolivia 35
Buc'S'/Bjy'S'
Ald'S'/Pvn'S'
R kfMo/lEmu'S'
Mon'S'/AId'S'
Peg'S'/PF70354//KallBb//

AId'S '/3/Mrng
Au/Up30 lI/Gll/Sx
Tlr'S'/Junco'S'
Ttr'S'/Junco'S'
Lira'S'
Pfau'S'
Buc'S'/Pvn'S'
MN213l!Mor'S'

CM33027:F-12M-l Y-IM-1Y-IM
CM33203-K-9M-15Y-IM-4Y-2M-OY

M33682·1Y-IM-3Y-lOOB-505Y·OM
WO-176-3M-1Y-IOY-IY-2M-OY

CM43065-9Y·4M-1V-2M-2Y-1M-OY
F 11915-A-502M-IY-IF-701Y-2F
CM50308-5Y-1M·1V-OM
CM5I666·D·4Y·3F-lY-OY

CM49641·6M·1Y-3Y-2M· 1Y·OM
CM49901·14Y·2Y·1M·1 Y·OM
CM42202·30Y·IM·lY·1M·2Y·OB
CM53460·4MOI Y·6Y-2M·I V-OM

CM58340·A·IY·3Y-2M-2Y-OM
CM31154·N·2Y·9Y·9M·OY·OMM·OY
CM59123·4M·lY·lM·5Y·3M·OY
CM59123-3M·IY·1M·1Y·1M·OY
CM43903·H·4Y-1M-IY-3M-3Y-OB
CM38212·!·7Y·2M·1 Y·3M-2Y-OM
CM52359·2M·3Y·1Y-2M-1Y-OM
CM65423·1M·1Y-4M-1 V-OM

Table 10. Durum wheat area and production in Argentina

Area Yield Production
Year (1000 hal (kg/ha) (1000 mt)

1980-81 90.5 2150 195.0
1981·82 46.5 1500 69.5
1982·83 44.2 2200 99.5
1983-84 50.9 2190 111.5
1984-85 30.0 2630 78.5
1985·86 22.7 1890 43.0

Table 11. Good agronomic type and leaf rust-resistant durum wheat
lines in Chile, 1986

at 'S'/Dur69
Gedlz'S'/Fg'S'/lGta'S'
Carcomun'S'
Carcomun'S'
Auk'S'
Se 'S'/3/Bd1814I1Bd1708/

Bd1543/4/Rok'S'
Ruffous'S'
SOOlQTgujo'S'
Diver'S'
Dack'S'/TeaI'S'//Ma!'S'
Gan'S'

HRL-OY·6M·OY
CD 16706·C·7M·3Y-2M-1Y-OM
CD 24831·A·IY·3M·1Y·3Y-OM
CD 24831·A·IY·3M·1Y·4Y-OM
CD 25126·A·IY·3M·1Y·IY-OM

CD 27658·IM-IY·OY·45Y-OB
CD 28376·D·2M·2Y·IY·OM
CD 32038·B·IY·4Y·3M·OY
CD 34874·E·2Y·3M·1Y·1M·2Y·IM·OY
CD 39998·4B·lY·l M·OY
CD 40150· I4,B· lY·2M·OY·61Y·OB

(continued)
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Table 11. (continued)

Gan'S'
Sula'S'
Yav'S'//RuffS'/Fg'S'
Ru'S'/Cndo
Yav'S'/lDack'S'/Rabi'S'

/3/Snipe'S'
RuffS'/Fg'S'//Fg'S'/

Cr'S'/31Yav79
Memo'S'/Yav79
Memo'S'/Yav79
Yav'S'/Hui'S'
Yav'S'/Tez'S'

CD 4015014B-1Y-2M-OY-79Y-OB
CD 40159-3B-1Y-1M-IY-2M-1Y-OM
CD 42267-4Y-2M-1 Y-1M-OY
CD 45999-4B-3Y-2M-1 Y-1M-OY

CD 48006-B-3M-1Y-2M-1Y-OM

CD 48054-D-1M-3Y-3M-1 Y-OM
CD 4941O-3Y-2M-3Y-2M-OY
CD 4941O-3Y-2M-9Y-2M-OY
CD 52425-1M-3Y-1M-1Y-OM
CD 52495-2B-1 I'-2M-2Y-OM

Table 12. Selected triticale Hnes adapted to the Southern
Cone Region
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Cml/Pato//Kiss Dw/3BgI'S'//4BgI'S'
Jlo235//Bgb'S'Ems/Z 176.3
Mula'S'/Ram'S'
Octo Nv/lDrira/Bgl/3/Bch'S'Spy Rye
Eda'S'//M2NZa 75
Pnd 'S' /Castor'S' //Bsn'S'
Ia *2/3/CMH74.1211/BgI'S'//

CMH74.1211/4/Rm'S'/Castor'S'
Lmg'S'/4/Cit'S'/Spy//* 2M2A/3/

Rm'S'/Castor'S'
Whale'S'
Stier'S'
DfS'/Octo Nv//Hork'S'/Spy Rye
Hare 15/4/0cto Nv/3/FuryI7C//Wrc 31
Pn'S'/Prt'S'//Tge'S' -

B 6823
B 4565-1-2Y-1Y-OB
X 52913-42Y-1M-2Y-1M-2Y
B 6912-054-4Y-2Y-OM
X 61039-6M-1 Y-1M-1 Y-OY
X 64743-2Y-1M-6Y-1Y-OM

X 63153-B-1 Y-2M-4Y-4Y-OM

X 63181-C-1 Y-6M-15Y-5Y-OM
X 33470-C-1Y-3M-2Y-2M-OY
B 6712-166-6Y-2Y-2M-1Y-1Y
B 7011-294-7Y-2Y-2M-1Y-3M
B 8071-163-1Y-2Y-2M-OY
X 60961-13Y-1M-4Y-3Y-3M



Table 13. Most selected advanced lines from the LACOS 1981-85

Sel. Rusts Pow.
Variety/L e Country Index leaf stem Mild. Se t. Helm. Fua.

LACOS 1981 (6)a (10) (9) (4) (3) (2)
PF70354/Ald'S' Brazil 100 0.0 3.0 1.6 1.5 58.5
PF79655 Brazil 100 1.8 4.0 0.4 2.6 36.0
Cruz Alta lNTA Argentina 80 2.6 4.3 1.1 3.3 59.5
Towhee'S' Bolivia 80 14.3 17.3 5.6 3.3 23.5
PF79675 Brazil 80 1.6 1.6 0.3 2.6 18.0

LACOS 1982 (14) (18) (14) (4) (2) (2) (1)
Cruz Alta INTA Argentina 57 11.0 0.2 0.3 2.0 1.0 11.0
BR 14 Brazil 57 1.3 0.8 0.0 2.5 4.5 11.0
PF79791 Brazil 57 3.8 1.5 0.0 3.0 1.0 11.0
Cc/INIA//B20 Brazil 50 0.8 0.2 0.0 3.0 4.5 11.0
Lap 1090 Argentina 50 3.6 0.9 2.3 3.5 3.0 11.0
Hoopoe'S' Argentina 50 8.7 0.4 0.7 3.0 2.0 11.0

LACOS 1983 (16) (12) (9) (3) (8) (4) (1)
Cno'S'/GIl//Bon Argentina 56 5.3 1.3 3.7 5.7 3.5 0.0
KlftlCnt71lAld'S' Brazil 50 33.3 3.6 2.0 5.4 2.5 0.0
Au/Up30 IllGll/Sx Brazil 50 1.0 1.2 3.0 4.3 3.0 0.0

LACOS 1984 (19) (11) (10) (6) (4) (3) (2)
Bobwhite'S' Paraguay 56 9.4 0.2 3.5 7.0 6.0 45.0
Mrs/Kal//Bb/3/Az Paraguay 50 6.7 9.0 5.5 5.7 5.0 42.5
Buck Buck'S' Bolivia 50 8.4 4.6 3.0 7.5 7.0 60.0
Bv 9461/82 Argentina 50 20.0 7.4 4.4 6.5 4.7 45.0

LAC S 1985 (12) (9) (5) (3) (5) (3) (2)
Goshawk'S' Argentina 67 17.4 9.0 3.3 6.4 7.0 30.0
Titmouse'S' Argentina 67 8.5 4.2 5.7 6.2 6.5 80.0
Kvz/K4500 L.A.4 Brazil 58 21.5 0.2 3.7 5.5 6.7 4.5
Kvz/K4500 L.A.4 Paraguay 58 11.2 0.8 0.7 5.6 7.0 7.5
Cochico INTA Argentina 50 27.7 8.8 6.0 6.8 6.3 25.0
Chova'S' Argentina 50 12.6 8.6 6.3 7.0 5.5 30.0
BR 14 Brazil 50 8.3 5.6 6.3 6.6 6.3 25.0
Trap'S' Brazil 50 6.3 12.2 6.7 5.4 6.4 50.0
Bobwhite'S' Paraguay 50 3.7 4.0 7.0 6.4 7.7 15.0

a Figures in parentheses indicate the number of observations

261



Table 14. Wheat varieties released in the Southern Cone between 1978-79 and 1986

Year
Country 1978·79 1980 1981 1982 1983 1984 1985 1986

Argentina 8a (5)b 7(3) 2(1) 2(2) 5(3) 10(4) . 1(0) 6(3)
Brazil 10(3) 11(3) 7(2) (2) 7(2) 11(6) 7(1) 11(7)

hlle 11(4) 4(1) 8t ) 4(2) 10(4) 8(1)
Paraguay 2(1) 1(0) 1(0) 2( ) 1(0) 1(1)
Uruguay 1(0) 2(0) 1(0) 1(1) 1(0)

Total 32(13) 19(6) 16(41 19(111 16(71 32(14) 17(3) 19(11)

'a Total number of varieties

b Number of varieties resulting from CIMMYT germplasm

Table 15. Wheat varieties released in the Southern Cone Region during 1985-86

Argentina
Pi nero I TA *

Cruz Alta INTA *

T Caledral *

T Aconcaguab

Kl Dorado

B Poncho

Tn 0 Max 200

Brull
CEP 13-Guaiba

CEP 14-Tapes

o EPAR 12-Maitaca

OCEPAR 13-Acaua

BR 13

BR 14

BR 15

BR 16-Rio Verde
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PvI8A/Cno//Jar'S'
CM21692-1B-4B-IB-3B-OB

Kvz/Bon/7/21931/Ch53//An/3/
Gb/4/Pj/5/Soty/6/Yr Resel B

CM33729-A-IM-2Y-l Y-3Y-OM-IJ-OJ

Son 64/FnllHork
CM6275-5Y-IM-OY

Ati/5/Kla.n/4/Bh/Pnd/Mq/31
Roca Mag/6NIMar/7/Dte

Klimp/Nuri

Raf/Belen/lrap/3/Rap/Bparana//Bapet

Hybrid of unknown pedigree

PAT 19/Aldl/GtolLv

Pel 72380/Atr 71
B 13374-3Z-1A-6A-2A-OA

PF71124/Pat 72162

Mrng/3/lAS 20/Pato(BlIIBb/INIA

lAS 5l11IAS 20/Nd81

lAS 63/Ald'S'IIGto/Lv

lAS 54* 2/Tokai 861/Pf 193
P 73387-lP-37F-IF·OF-OR-lF-OR

PF70407/Ald'S'IIPat721606/Ald'S'
B 19789-4-508M-IY-lOF-701Y-IF

INTA

INTA

Toma Seeds

Tomas e ds

in

Buck

Cargill

FECOTRIGO

FECOTRIGO

OCEPAR

OCEPAR

EMBRAPA

EMBRAPA

EMBRAPA

EMBRAPA

(continued)

Table 14. Wheat varieties released in the Southern Cone between 1978-79 and 1986

Year
Country 1978·79 1980 1981 1982 1983 1984 1985 1986

Argentina 8a (5)b 7(3) 2(1) 2{2) 5(3) 10(4) . 1(0) 6(3)
Brazil 10(3) 11(3) 7(2) 6(2) 7(2) 11(6) 7(1) 11(7)

hUe 11(4) 4(1) ( ) 4(2) 10(4) 8(1)
Paraguay 2(1 1(0) 1(0) 2( ) 1(0) 1(1)
Uruguay HO) 2(0) I{O) 1(1) 1(0)

Total 32(13) 1 (6) 16(4) 19(11) 16(71 32(14) 17(3) 19(11)

'a Total number of varieties

b Number of varieties resulting from CIMMYT germplasm

Table 15. Wheat varieties released in the Southern Cone Region during 1985-86

Argentina
Pi nero I TA·

Cruz Alta INTA •

T Catedral *

T Aconcaguab

1 Dorado

B Poncho

Tn 0 Max 200

BraZil
CEP 13-Guaiba

CEP 14-Tapes

OCEPAR 12-Maitaca

OCEPAR 13-Acaua

BR 13

BR 14

BR 15

BR 16-Rio Verde
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Pv 18A/CnoIIJar'S'
CM21692-lB-4B-lB-3B-OB

Kvz/Bon/7/21931/Ch5311An/31
Gb/4/Pj/5/Soty/6IYr Resel B

CM33729-A-I M-2Y-I Y-3Y-OM-IJ-OJ

Son 64/Fn/IHork
CM6275-5Y-IM-OY

Ati/5/Klan/4/Bh/Pnd/Mq/31
Roca Mag/6NIMar/7/Dte

Klimp/Nuri

RaI/Belen/lrap/3/Rap/Bparanal/Bapet

Hybrid of unknown pedigree

PAT 19/AldllGtoILv

Pel 72380/Atr 71
B 13374-3Z-lA-6A-2A-OA

PF71124/Pat 72162

Mrng/3/1AS 20/Pato(B)llBb/1NIA

lAS 5l111AS 20/Nd81

lAS 63/Ald'S'IIGto/Lv

lAS 54* 2/Tokai 8611Pf 193
P 73387-IP-37F-IF-OF-OR-IF-OR

PF70407/Ald'S'IIPat721606/Ald'S'
B 19789-4-508M-IY-lOF-701Y-lF

INTA

INTA

Toma Seeds

Tomas e ds

Kl in

Buck

Cargill

FECOTRIGO

FECOTRIGO

OCEPAR

OCEPAR

EMBRAPA

EMBRAPA

EMBRAPA

EMBRAPA

(continued)



Table 15. (continued)

BR 17-Caiua • Tzppl/Irn46/Cno/3/II 6427 EMBRAPA

BR 18-Terena • Alondra'S' EMBRAPA

BR 19 CNT llCNT 10 EMBRAPA

lAC 28-Paraeava Lr/BH1l4611Sn 63 lAC

lAC 74-Guapore Sn 63· 2/C17 lAC

lAC 161-Taiama • KvzllGv/Tito'S' lAC

lAC 162-Tuiuiu • Hoopoe'S'
SWM 1285-2Y-3M-l Y·OM lAC

lAPAR 17-Caete • JuplBjy'S'
CM39992-8M-7Y-OM IAPAR

IAPAR 18-Marumbi PF72640/PF73261IPF7065/Ald'S' IAPAR

MG 1 • lAS 64/Aldan'S'
CM47207-16M-2Y-3F-704Y-7F-700Y EMBRAPA

Chile
Perqueneo INIA Rieb 47.511Hn11011Car12/3/Mlf/41

Car 2075/5/NAFN INIA
T 12200-t-16t-7t

Laneo INIA Temu 179-74/8/My54/NlOBI1Y50/K.Line
4/Cd/5/Buho/6/Mon" S' '171INIA INIA

T 12990-T-IT-IT

Cuneo INIA Temu 179-74/Temu 39-36 INIA
T 13003-T-2T-8T

Carahue INIA CMH 73.A.329/CMH 72.A.50811
Temu 123.75 INIA

T 12371-T-2P-5T

Malihue INIA Ns 1O.92/3/Ce/1NIAIICal INIA
T 12535-T-3P-2T

Dalcahue INIA Temu 39-76/3/Kvz/Ti11Tito'S' INIA
T 12815-T-IP-IT

LaurellNIA 7C/Cno11Ca1l3/Gns11Rbs/55.1744
4/CdIVg805811Cd/Sk INIA
SWO 73117-3A-IP-5H-S-OC

Nobo INIA • Veery'S'
CM33027-F-15M-500Y-OM-I07B-OY INIA

(continued)
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Table 15, (continued)

BR 17-Caiua * Tzpp//lrn46/Cno/3/II 6427 EMBRAPA

BR 18-Terena * Alondra'S' EMBRAPA

BR 19 CNT l/CNT 10 EMBRAPA

lAC 28-Paracava Lr/BH 1146/1Sn 63 lAC

lAC 74-Guapore Sn 63* 2/C17 lAC

lAC 161-Taiama * Kvz//Gv/Tito'S' lAC

lAC 162-Tuiuiu * Hoopoe'S'
SWM 1285-2Y-3M-l Y-OM lAC

lAPAR 17-Caete * JuplBjy'S'
CM39992-8M-7Y-OM IAPAR

lAPAR 18-Marumbi PF72640/PF7326//PF7065/Ald'S' lAPAR

MG 1 * lAS 64/Aldan'S'
CM47207-16M-2Y-3F-704Y-7F-700Y EMBRAPA

Chile
Perquenco INlA Rieb 47.51IHnI1O//CarI2/3/Mlf/4/

Car 2075/5/NAFN INIA
T 12200-t-16t-7t

Lanco lNIA Temu 179-74/8/My54/NlOB/lY50/K.Linc
4/Cd/5/Buho/6/Mon" S' '/7/INIA lNIA

T 12990-T-IT-lT

Cuneo lNIA Temu 179-74/Temu 39-36 INlA
T 13003-T-2T-8T

Carahue INIA CMH 73.A.329/CMH 72.A.508//
Temu 123.75 INIA

T 12371-T-2P-5T

Malihue INIA Ns 1O.92/3/Cc/INIA//Cal INIA
T 12535-T-3P-2T

Dalcahue lNIA Temu 39-76/3/Kvz/Ti//Tito'S' INIA
T 12815-T-IP-IT

Laurel INIA 7C/Cno//Cal/3/Gns//Rbs/55.1744
4/CdlVg8058//Cd/Sk lNIA
SWO 73117-3A-IP-5H-S-OC

Nobo lNIA * Veery'S'
CM33027-F-15M-500Y-OM-I07B-OY lNIA

(continued)

263



Table 15. (continued)

Paraguay
Cordillera 4

Itapua 30*

Uruguay
E Cardenal *

E Calandria

AepoglomlII 64.27
MN72131-0Y

Jup/Ald'S'
CM36867-18Y-21M-3Y-OM

Veery'S'
CM33027-F-12M-6Y-1 M-OY

PrellL 101IEtar

IAN

CRIA

CIAAB

CIAAB

* Varieties originating from CIMMYT germplasm

Table 16. Triticale varieties released in the Southern Cone Region during 1985-1986

Argentina
Ranquel INTA

Tehuelche INTA*

Brazil
CEP 15-Batovi*

IAPAR 13-Araucaria *

Triticale BR 1*

OCEPAR 1*

Chile
Calbuco INIA

Lonquimay INIA *

6TA 386A Selection

274/32011lLate Plant
X 21777-0YA-1BV-1BVP-P-IBV

M2A/Cml
X 8386-0-2Y-OM-100Y-103B-109Y

M2A/Cmll/Fn
X 36517-613H-OY

M2A/Cm1
X 8386-0-2Y-OM-lOIY-lOIB-107Y

M2A/Beagie
X 15490

OrirallINlA/Arm/3/M2A
TT21O-lT-T-9T

M2A *21lTejon/Ira
X 39348-1 Y-2T-lT

INTA

INTA

FECOTRIGO

IAPAR

EMBRAPA

OCEPAR

INIA

INIA

* Varieties originating from CIMMYT germplasm
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Table 17. Promising wheat lines for resistance to spot blotch in the
Southern Cone Region

R 37/Gh1l21//Ka1/Bb
F3.7l!TRM
Kea'S'
Veery#7
Veery # 8
Trap # 1
Pfau'S'
HD 2206/Hork'S'
Aldan'S'/PF70354
Bjy'S'/Coc
Kea'S'/Tow'S'
Kea'S'/Tow'S'
Vee'S'/Snb'S'
Bow'S'/Vee'S'
Chilero'S'
Chilero'S'
Prl'S'/Bow'S'
Jup/Bjy'S' //Ures
GZ l56/Nac//Psn'S'/Ures
Bow'S'/Ures

SWM 4275-4lM-lY-4M-lY-OM-OHL
SWM 5704-l0Y-lM-3Y-lM-lY-OB
CM2l335-C-9Y-3M-l Y-l Y-l Y-OB
CM33027-F-15Y-4M-4M-3Y-2M-lY
CM33027-F-12M-lY-lM-l Y-lM·OY
CM37760-C-2l Y-2M-l Y-3M-OY
CM382l2-1-7Y-2M-lY-3M-2Y-OM
CM39808-56M-2Y-4M-lY-lM-l Y·OM
CM53524-lOM-lY-lY-lY-103F-OY
CM5565l-4Y-2Y-lM-4Y-OM
CM58975-2Y-3M-lY-3M-2Y-OM
CM58975-2Y-3M-2Y-lM-2Y-lM-OY
CM6l98l-4Y-lM-5Y-2M-OY
CM64693-3M-2Y-5M-l V-OM
CM66684-B-l M-6Y-2M-3Y-3M-OY
CM66684-B-lM-6Y-2M-3Y-3M-l Y
CM67363-57Y-3M-2Y-2M-2Y-OB
CM67458-4Y-lM-l Y-IM-OY
CM73394-A-lY-2M-2Y-lM-OY
CM744l7-0M-09Y-03M-3Y-OB

Table 18. Advanced wheat lines showing superior resistance for S.
tritici and S. nodorum

Bagula'S'
Bagula'S'
H546.7l*2/H567.71//Aufn/4/

Emu'S'/3/Tob/Era//Tob/Cno67
Tan'S'/Bow'S'
K58N/Fn/3/Fr//Mp/K/4/Chr/

II.60.46/5/Bow'S'
PF70354/Bow'S'
PF703541Bow'S'
PF76l9IDove'S'//CEP 7670
PF76l9IDove'S'//CEP 7670
PF76l9IDove'S'//CEP 7670

CM59123-3M-lY-lM-2Y-lM-l V-OM
CM59l23-3M-lY-3M-2Y-lM-OY

CM6l636-A-5Y-lM-lY-lM-3Y-2M
CM65078-7M-l Y-3M-l Y-l M-lY

CM65265-lM-2Y-2M-lY-l M-OY
CM6791O-l2Y·lM-4Y-2M-l V-OM
CM6791O-l7Y-lM-4Y-2M-l Y-IM-OY
B 258l3-A-lM-l Y-lM-3Y-lM-OY
B 258l3-A-lM·lY-3M-lY-lM-OY
B 258l3-A-lM-lY-4M-lY-2M-OY

Table 19. Promising wheat lines for fusarium scab resistance

Kvz/K 4500 L.A. 4
Veery #7
Car 853/Coc//Vee'S'
Jup/Zp//Coc/3/Pvn
Bagula'S'
Bagula'S'
Bow'S'/Vee'S'
Chilero'S'
Chilero'S'
PF703541Yaco'S'
PF70354IYaco'S'
CookIVee'S'/lDove'S'/Vee'S'

SWO l76-3MIY-lOY-IY-2M-OY
CM33027-F-15M-4Y-4M-3Y-2M-IY
CM47556-EE-IM-I Y-5M-I Y-I V-1M
CM58705-3M-l Y·lM-1 Y-2M-l V-OM
CM59l23-3M-lY-2M-2Y-lM-OY
CM59l23-4M-lY-lM-5Y-3M-OY
CM64693-3M-2Y-5M-I Y-OM
CM66684-B-lM-6Y-lM-3Y-IM-OY
CM66684-B-lM-6Y-2M-3Y-3M-OY
CM67911-4Y-IM-l Y-oZ-6Y-OM
CM679l1-4Y-IM-3Y-OZ-1 V-OM
CM69279-2Y-lM-5Y-lM-OY
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Table 20. Wheat germplasm with lower bacterial infection under
natural field conditions in Argentina, 1985
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Go hawk'S'
H opoe'S'
Jup/AJd' .

ar 53/Co J ee'S'
KvzlK 45 0 L. .4
K zlK 5 I•. 1\.4
Th mblrd'S'
Fln/ cell na
I vz/Trm
Bobwhite'S'
B bwhi e'S'
lAS 62/ ld'S'

CM38795-H-12Y-9Y-lM-OM
SWM 1285-2Y-3M-IY-OM
CM36867-I8Y-17M-3Y-OM
CM47556-EE-IM-lY-2M-l Y-l Y-OY
SWO 176-3M-IY-4Y-IY-IM-OY
SWO 176-3M-IY-lOY-IY-2M-OY
F 11915-A-502M-IY-3F-701Y-15F
SWM 4578-56M-3Y-3M-2Y-OY
SWM 3879-9Y13M-3Y-lM-OY
CM33203-H-4M-IY-OM-164B-OY
CM33203-K-IOM-7Y-3M-2Y-IM-OY
CM47049-9M-3Y-6F-2Y-OY



Table 23. Wheat yields as affected by weed control at three sites.
red clay soils. Chile 1980-81

Site
Treatment Collipulli Traiguen 1 Traiguen 2 X

Yield (kg/ha)

Check 2060 1830 1500 1800

MCPA (1 liter/hal 2290 2440 2450 2390

MCPA + Banvel 3030 2720 3110 2950
(1 liter + 0.3 liter)/ha

X 2530 2330 2350

Table 24. Average yields (kg/ha) of wheat (var .• Rancofen) as affected
by various levels of Nand P205. red clay soils. Chile. 1984-85 (n = 2)

N
(kg/ha)

P20 5 0 40 80 120 160
kg/ha
---

0 2240 3930 4680

40 4110 5370

80 2630 4810 5120

120 4590 5090

160 2790 4430 4860
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Table 26. Average yield (kg/hal of wheat Ivar.. RancoreD) as affected
by various levels of N aDd P205. red clay solls. Chile. 1985-86 In= 3)

N
(kg/hal

P206
kglha ° 50 100 150 200

0 2120 3760 4350

25 3880 4590

50 25 0 4-270 5100

75 3570 5260

100 2660 4680 5530

Table 27. Average response efficiency (kg grainJkg nutrient) of wheat
(var.. Rancoren) at various levels of N and P20S. red clay solls. Chile,
1985·86 (n =3)

o

25

50

75

1

°

9.4

5.4

50

23.5

11.6

N
(kg/hal

100 150

1 .4

14.1

14.3

14.0

12.8

:100

11.2

11.9

11.4

Tab1e 28. Technology adoption by the Galvarino Technology Transfer
Group from 1982·83 to 1985-86

Practice Year
1982·83 ~985-86

Yield (kg/hal 2440 3610

Use of recommended varieties (9f,) 25 100

Fertilization
N (kg/hal 57 110
P205 (kg/hal 73 77

Relation N: P20S 0.78:1 1:43: 1

Berbi ide use (%)
MCPA 87.5 100
Banvel D or Bladex 12.5 10
loxan (grass con rol) 25.0 87.5
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Table 27. Average response efficiency (kg graJnJkg nutrient) of wheat
(ver.. Rancofen) at various levels of N and P20S. red clay solls, Chile,
1985-86 (0=3)

N
(kg/ba)

P20ij
(kg/ha) ° 50 100 150 200

0 1 .4 11.2

25 23.5 14.1

50 9.4- 14.3 11.9

75 11.6 L4.0

1 5.4 12.8 1.4

Table 28. Technology adoption by the Galvarino Technology Transfer
Group from 1982·83 to 1985-86

Practice Year
1982-83 1985·88

Yield (kg/hal 2440 3610

Use of recammende varieties (o,{') 25 100

Fertilization
N (kg/hal 57 no
P205 (kg/hal 73 77

Relation N: P20S 0.78:1 1:43: 1

Herbi ide use (%)
MCPA 87.5 100
Banvel D or Bladex 12.5 100
laxan (grass con rol) 25.0 87.5
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Table 29. The yields of wheat at different levels of Nand P205.
Coastal terraces of Chanco 1983-1984 (n= 2)

N
kg/ba

P205
kg/ha 0 40 80 120 160

0 2200 280 4150

20 3190 4480

40 2270 3850 4550

60 3150 4550

80 2800 3210 4380

Table 30. The yields of wheat at different levels of Nand P205.
Coastal terraces of Chanco 1984-1985. 1985-1986 (n = 2)

N
kg/ha

P20 5
kg/ha 0 45 90 135 180

0 2150 3950 4660

15 3110 4910

30 1850 4180 4950

45 2670 5380

60 2060 4090 5020

Table 31. Uruguay wheat situation

Year

1.97 76
198
1 1
198
19
1 84
19

Area
(1000 hal

464
227
296
221
255
226
216

Yield
(kg/ha)

1067
1349
1311
1303
1639
1544
926

Production
(1000 MT)

496
307
388
275
419
349
200

Source: Uruguayan Ministry of
Husbandry. Agriculture and Fisheries
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Peru
G. Vazquez G.

Introduction
Wheat and barley production in
Peru is carried out mainly on very
small, poor, steeply sloped,
marginal highland plots using
traditional, rainfed and completely
nontechnical methods. Not
surprisingly, yields are quite low.
Rainfall is very unreliable and
limited dUring certain years.
Drought or flooding may occur at
any given place in the highlands.
Table 1 shows rainfall data for the
major Peruvian cereal production
areas.

Limited wheat and barley
production is due to low yields
and rudimentary, nontechnolo
gical farming methods. In
addition, onfy a small area of
Peru's arable land is used for
cereals, reflecting a total lack of
support, incentives, and marketing
for nationally produced grains.
Despite this, wheat yields have
remained constant at about 1000
kg/ha, and annual domestic
production barely comes to
100,000 t. Grain imports, on the
other hand, reached a record
1,136,400 tin 1986, alarming
when compared to the 1982 figure
of 968,400.

The last 20 years have seen a total
lack of interest in local wheat
production, despite its being a
staple in the Peruvian diet. Total
planted wheat area fell from
153,150 ha in 1965 to 80,782 ha
in 1985, a reduction of 47.2%.

The major wheat producing
departments have all registered
serious decreases in planted area:
Ancash, 44.3%; La Libertad,
54.6%; Ayacucho, 78%;
Cajamarca, 28.9; and Cuzco,
46.5%.

Activities
Wheat and barley research in Peru
began more than 50 years ago.
There have been satisfactory
results in developing improved
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wheat. barley, and oat varieties, as
well as alternative technologies for
successful farming. Continued low
yields can be attributed to the lack
of quality seed, technical assis
tance, fertilizer and insecticide,
timely and sufficient credit, and
an adequate marketing system.
Under these circumstances,
growers have little incentive to do
more than settle for what they can
get using negligible crop rotation,
fallOWing their land, and applying
some manure. The National Cereal
Program (PNC) of Peru, estab
lished in 1983 to study wheat.
barley, triticale, and oats, has
from the outset concentrated its
efforts on bread wheat and durum
wheat. Its basic goal is to enhance
the production of barley and
especially wheat. by:

• Applying improved alternatives
which increase unitary yields.

• Increasing wheat area in the
highland and coastal regions.

• Opening up new, irrigated
wheat lands in coastal and
mountain valleys.

• Establishing a well designed,
aggreSSive wheat program on
the cold, highland plains of
Puno.

• After determining the feasibility
of wheat and triticale produc
tion in temperate zones at the
edges of the jungle, introducing
these crops in to the zones
studied.

To achieve these objectives, the
PNC has set up the follOWing
program:

• Breeding for Widely-adapted,
high-yielding, disease-resistant
varieties for use in highland,
coastal, and newly established
wheat areas.



• A production or improved
cultural practice program aimed
at developing better technology
or alternatives for securing high
yields.

• A promotion program to spread
and apply available technology
from diverse sources.

• Training personnel in various
disciplines of agricultural
science to enhance the success
and continuity of the program.

• Supplying foundation seed to
the institutions charged with
producing, processing, and
marketing certified seed for
farmers on a commercial scale.

Breeding
Peruvian research programs have
produced some fairly good wheat
varieties, such as San Martin 28,
Galgalos, Maria Escobar, La
Molina 82, Participacion, Cristina.

Majes 2. Huanca, Qllanta.
Cahuide, Gavilan, INIA CJ-102,
and the recently released Titicaca,
Pachacutec 85, and Taray 85
lines. Nonetheless, there is ample
room for improvement in agrono
mic traits and resistance to the
most common and destructive
diseases, including stem, leaf, and
stripe rusts; the foliar diseases
(Fusarium nivale, Septoria triUci,
S. nodorum, Helminthosporium
tritici repentis, and Alternaria
triticina), and those caused by
bacteria. Viral diseases, such as
barley yellow dwarf (BYD), barley
stripe mosaic (BSM), and head
blight (Fusarium spp.) are also
significant.

The PNC has given priority to
obtaining broadly adapted
varieties, since limited program
resources make it impossible to
develop a special variety for each
micro-region of the Peruvian
highland wheat zones.

The PNC breeding program has
relied on a limited amount of local
germplasm and a good number of
international nurseries. These
nurseries were sent by programs
and universities throughout the
world. Table 2 lists the inter
national nurseries received during
the 1984-86 period.

The combination of local and
imported materials has resulted in
around 25,000 lines in various
stages of development. These are
evaluated at the National Institute
of Agricultural Research and
Extension (INIPA) experimental
sites chosen for conditions
facilitating screening for a desired
character. In this way, about 7000
lines have been obtained for use in
291 preliminary, intermediate,
and advanced yield trials. These
have been sown, studied and
evaluated in the highland and
coastal areas of Peru. Table 3
gives the number and type of each
cereal in the trials, as well as the
distribution by cycle.

Materials are handled by breeding
processes or methods which
depend on their state of develop
ment. Second generation (F2)
materials will reqUire 10 to 12
seasons or generations to develop
a new variety, a process implying
6 to 12 years of work, depending
on the possibilities of two
alternating cycles per year in the
highland and coastal regions.
Advanced material will require
about half that time. This involves
a continuous "weeding out"
process, in order to arrive at a few
outstanding lines which will
eventually result in the release of
improved varieties.

Bread wheats-Breeding is done
by shuttling materials back and
forth between spring and summer
cycle highland locations and fall
and winter coastal ones. This
advances two generations per year

Gregorio Vazquez G., breeder
assigned to the National Cereals
Program in Peru.
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The bread wheat program
continued to put the finishing
touches on the most promising
materials, giving rise to the new
Titicaca variety (= Chat'S',
CM33090) as well as Pachacutec
85.

In the last 2 years, the breeding
program has evaluated numerous
lines for potential bread wheat
varieties through highland and
coastal yield trials. Those showing
superior yield, disease resistance,
and broad adaptability during
each cycle are included in
advanced trials. Table 4 shows the
most promising bread wheat lines.

The best varieties have already
gone through a series of increase
plots, and some may soon be
assigned names and released as
improved varieties. Among these
are:

and effectively screens for resis
tance to a greater number of
diseases occurring in these varied
and distinct environments. All
new materials are initially
subjected to rigorous screening for
stem rust in the Taray experiment
station of the PNC Cuzco head
quarters, at 2800 masl with a hot,
dry climate imposed by the
surrounding mountains. The
Andennes station, also in Cuzco,
is at 3500 masl, and has a colder,
wetter climate highly conducive to
yellow (stripe) rust, and a large
number of fungal, bacterial, and
viral diseases. Rigorous screening
for leaf rust and a variety of other
foliar diseases is performed at La
Molina, near Lima.

Highlands
Wheats

Sap'S'/Mon'S'
CM40392

Veery'S'#7
CM33027

Pavon'S'
CM8399

S.76037
Seri 82
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Coastal
Wheats

C.83038
C.83073
C.83045
C.84059
Veery'S'

CM33027

Some of the most promising
highland prospects produce yields
of approximately 4000 kg/ha,
while the superior coastal lines
give yields of about 5000 kg/ha.

Durum wheat-Durum wheat
lines have been evaluated in
various types of yield trials during
the last three highland and coastal
crop cycles. The wheats studied
were found to have little resis
tance to several of the most
common and harmful Peruvian
diseases, especially stripe rust and
head blight (Fusarium spp.), the
common Andean foliar diseases
such as those caused by Fusarium
nivale, Septaria tritici, and
Alternaria triticina, as well as
occasional BYD. Table 5
summarizes the most outstanding
materials observed in highland
and coastal yield trials for the
1984-86 period.

This research has resulted in the
new durum wheat variety Taray
85, a result of the CIMMYT Mexico
cross Yav'S'/Aa'S' (CD32617).

A good number of promising
advanced lines have been obtained
from yield trials and small
increase plots, some with yields of
up to 2800 kg/ha in highland
areas, and 5000 kg/ha in coastal
zones. Yet, the only variety
currently in the process of being
released by the PNC is the
6811l/Rugby//Ward cross, from
germplasm developed at North
Dakota State University. This
advanced line is best adapted to
the wheat areas of the Ancash
Mountain Range.

Triticale-While the triticales
tested by the PNC have shown
excellent potential at several
Peruvian locations, the best yields
and grain quality were obtained at
several central mountain sites. In
the hottest and driest parts of
Ayacucho, Huancavelica, Junin,
and Huanuco, some lines
produced more than 4000 kg/ha
1000 to 1500 kg/ha more than the
best wheats-with well filled and

formed grains. Table 6 shows the
outstanding triticale lines
observed dUring the 1984-86
period.

From the best lines of the
approximately 1500 highland
yield trials performed, some of the
more promising ones were
selected and are now in the final
stages of increase before being
released for use in the Peruvian
highlands. These include:

• Bg'S'/M2A
• Juanillo 97
• Juanillo 207

These crosses will result in the
first triticale varieties released in
Peru-particularly in Ayacucho,
Huancayo and Cajamarca-by the
PNC, INIPA, and the Central
Autonomous University of Peru.

Winter-habit wheats-This
program was very active during
the Peruvian-Canadian joint
project. Many advanced lines, as
well as varieties from allover the
world, were evaluated. The
Austrian, Chilean, and En~lish

materials proved to have tne
greatest potential, although they
seem to be facultative, rather than
strictly winter-habit wheats.

A study was attempted on the
potential of winter wheats for both
grain and combined grain-forage
production. Unfortunately, severe
weather conditions on the Puno
highland plains-three cycles of
frequent droughts, followed by two
cycles of heavy rainfall, which
flooded out producers' fields and
experimental stations-made
obtaining valid conclusions
impossible.

The Peruvian-Canadian Joint
Program began a series of
breeding and production studies
in 1977. The outstanding lines
selected in this project and
currently under study are Salcedo
77, Salcedo 78, Salcedo 79,



Salcedo 80, and Salcedo 81. The
last three are now being put into
production at diverse highland
locations.

Under favorable conditions.
varieties used only for grain
production may yield over 4000
kg/ha. Combined grain-forage
production lowers this yield as
much as 50%. Worth noting,
however, is the practical signifi
cance of this type of wheat
production for agriculture and
livestock in Puno and similar
departments of Peru. since it
proVides high-quality green fodder
during the months of July
through September, when native
grasses are not growing.

The PNC receives a constant flow
of winter wheat materials from
institutions such as CIMMYT;
American universities in Oregon,
Nebraska, and Texas; PBI in
Cambridge, England; and others
worldwide. Before any real
progress can be made, however, a
weIr planned and established
program must be undertaken.

Agronomic Research
An informal survey was carried
out in the Cuzco department to
identify and rank wheat and
barley production constraints. A
lack of quality seed, limited
fertilizer use, poor weed control,
and other minor factors were
found to limit wheat yields to
around 1000 kg/ha. Based on this
study, a research program was
established for improving
production methods to give
greater wheat and barley yields.

Before beginning this agronomic
improvement program, some
training was reqUired for the PNC
technical personnel who would
carry out the work. Thus, an in
service course on production was
given at the PNC Cuzco
headquarters. Twenty-five
agronomists attended this course
which dealt with all stages of crop
development. After each course
phase of 1 to 2 weeks, those

attending returned to their
respective work sites to put into
practice the methods they learned.
Through this course, personnel
were trained to perform the
planning, execution, analysis, and
interpretation of the production
research program.

Wheat production limitations, and
to a lesser degree, those of barley.
were studied during the 1984-86
period. Special attention was given
to the use of fertilizers, improved
varieties, weed control, and plant
density, in that order, as well as
some of the relationships between
these factors.

Fertilization-Although the data
have yet to be conclusively
analyzed, all indicate the need for
nitrogen and phosphorus-based
fertilizer. Yield suffers consider
ably when Nand P are applied at
less than 80 units per hectare. On
the other hand, wheat tests
performed at Cuzco, Sierra de la
Molina, and Huaraz locations
using an 80-80-0 N-P-K rate gave
yields of 3270, 2985, and 1865
kg/ha. Economic studies at several
sites reveal that, using an
improved variety and the fertilizer
formula indicated above, a farmer
need only obtain 1250 kg/ha to
break even. One producer's field
used as a control in the study
achieved only a 750 kg/ha yield.

In the results of an experiment in
Cuzco in 1984-85, a 120-40-0 N-P·
K rate proved to be the best
combination, with a yield of 4220
kg/ha and a minimum rate of
return of 619%, while the highest
yield-6220 kg/ha-was obtained
with a 120-80-30 rate. The use of
potassium gave unreliable results,
suggesting the need for soil
analysis prior to its application.

Comparison of varieties-The
performance of varieties is
compared with and without
fertilizer (using well known and
productive rates). Improved

wheats and barley are compared
to those currently used by
farmers. A wide range of improved
and local varieties exist in Peru,
but few show broad adaptation or
high yields, and some are
susceptible to one or more of the
country's common diseases.

One improved semidwarf variety,
Gavihin, has shown wide
adaptation, with an average yield
of 3415 kglha across eight
highland locations. In other tests,
with a fertilizer N-P-K application
rate of 80-80-0. INIA CJ-102
produced 2420 kg/ha in the
Huaraz zone, while the local
wheat, Estaquilla, yielded only
1010 kg/ha.

The recently released Pachacutec
85 proved its value for highland
areas with yields of 3665 kg/ha in
the Cuzco area-more than 1000
kg/ha greater than the wheat
check used by farmers-when
fertilized with an 80-80-0 rate. The
results of comparison trials for
improved varieties in the Cuzco
are shown in Table 7.

Excellent yields have been
observed for the improved bread
wheats, Titicaca and Pachacutec
85, as well as the durum wheat,
Taray 85, in zones where they are
best adapted. Some of the older
improved varieties perform well
only in specific locations, due to
their disease susceptibility. Such
is the case for Huanca, a variety
susceptible to stem rust, but
shOWing good performance in the
Puno area, where the disease does
not exist. Similarly, the recently
released Pachacutec 85, and the
older variety Ollanta are
successful in areas free from leaf
rust.

Plant density-A seed density of
60 kg/ha has given a combined
yield of 1900 kg/ha at several
fertilization rates, while densities
of 100 kg/ha have produced 2385
kg/ha. In other trials, densities of
100 and 130 kg/ha resulted in
yields of 1235 and 1300 kg/ha.
respectively.
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Seed density depends largely on
the cultivar's tillering capacity.
Thus. late-maturing materials with
superior tillering capacity show
more-or-Iess stable yields at both
low and high seed densities,
whereas earlier-maturing cultivars,
with generally less tillering
capacity. require higher initial
densities. The results of on-farm
tests with wheat and barley using
two sowing densities are shown in
Table 8.

In any case. because seed is the
grower's cheapest input; an
amount of seed should be used to
guarantee an adequate plant
population and avoid wasting
other more costly resources, such
as fertilizer. Furthermore. a high
plant density gives better soil
cover, helping to control the weed
population.

Weed control-The PNC has
studied two weed control methods:
using herbicides, and the hand
weeding technique more in line
with local farmers' customs and
financial situations. In fact.
convincing growers to adopt
adequate weeding practices is not
an easy task, since most of them
use weeds as forage and thus
prefer to let the plants grow long
enough to constitute a good
"harvest." Also. wild oats and
wheat are difficult to distinguish
before reaching a certain height.
So. while well applied weed
control practices of any type are of
indisputable benefit, it is
recommended that they be
presented to farmers gradually.

PNC experiments of the 1984-86
period have shown that from 1.5
to 2.0 liters of 2,4-D/ha keeps
nearly all broad-leafed species
under control, including London
rocket (Sisymbrium iriol. bur
marigold (Bidens spp.l. curled
dock (Rumex crispusl. turnip rape
(Brassica campestrisl. sunflower
(Helianthus annusl. mallow
(Malvastrum spp.l, and other
minor weeds. Cyaven at from 3 to
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4 liters/ha has also been found to
give good results with wild oats
(Avena fatual. and A. sterilis.

Weed control is ultimately more
effective when combined with
other important cultural practices.
such as fertilizer use. Table 9
shows differences of 1000 kg/ha or
more between weed control plus
fertilization and weed control
alone. It was also noted that
herbicides gave far better results
than hand weeding techniques.

Based on the initial findings of the
PNC agronomic research program.
the brochure "Recommendations
for Wheat and Barley Farming in
Highland Peru" was published to
help rural extension and agri
cultural agency workers. as well
as a few 01 the more advanced
growers. to obtain better wheat
and barley crops.

Training
During the 1983-86 period. eight
agronomists attended a 7-month
course on production and breeding
at CIMMYT Mexico. Also. under
the auspices of CIMMYT's Andean
center, two others were sent to the
National Agrarian University of
Peru for similar courses on cereal
technology and breeding.

A workshop on Andean small
grain cereal research was also held
from March 17-23, 1986. Given by
CIMMYT Mexico through its Quito
based Andean regional program,
the workshop provided scientists
from Colombia, Ecuador. Bolivia.
and Peru with the opportunity to
discuss such topics as breeding.
plant pathology. production.
industrial quality. promotion.
training. and seed production.

A small number of PNC
agronomists have also taken
advanced-level and postgraduate
courses at several national and
foreign universities. In addition,
PNC personnel have made study
visits, given workshops. and
attended different types of
conferences. both in Peru and
abroad.

Seed Production
Since its beginning in 1983. the
PNC has continued to produce and
refine foundation seed through
alternate spring-summer highland
cycles and fall-winter coastal ones
during the periods of 1983-84.
1984. 1984-85. 1985. and
1985-86. At first. smaller. more
manageable plots were used to
assure proper refinement of
existing commercial varieties.

Gradually. more significant seed
volumes were handled. reaching
totals of 787.64 t for wheat. and
128.15 t for barley.

CIMMYT Contributions

• Bread wheat. durum wheat.
triticale. and barley germplasm
in various stages of
development. Using one or
several of the known breeding
methods. this germplasm can
be used to develop improved
varieties.

• Technical assessment from the
CIMMYT-Mexico headquarters
and the CIMMYT-Andean Zone
regional center on the
organization and design of PNC
research. promotion. and
training programs.

• Support in the form of
permanent and temporary
scientific personnel, through the
necessary agreements in each
case.

• Help in training PNC technical
personnel through courses and
workshops in Peru and abroad.
The contribution of CIMMYT
was in the form of either
technical personnel,
scholarships. or the material
needed in each case.

• Machinery. materials. and
equipment necessary for the
experiments and other work
performed by the PNC.



• The contacts necessary to
establish relationships between
PNC technical personnel and
other national and foreign
institutions.

• Scientific literature produced by
CIMMYT itself or related to the
institution's activities.

Conclusions
Based on the work of the PNC
dUring the 1984-86 period, by
2000 Peru's annual wheat
production could reach a point
where it satisfies half the
country's needs. This would be
achieved through increasing wheat
area by as much as 150,000 ha in
the highland zones, and 50,000 ha
in the coastal areas and irrigated
mountain valleys. With current
technology, yields of from 2000 to
3000 kg/ha are feasible in the
highlands, and from 4000 to 5000
kg/ha in the coastal zones and
irrigated mountain valleys.

During the period covered in this
report. greater attention was given
to agronomic research, since
Peruvian growers had been using
no improved technology
whatsoever. At first, breeding
focused in increasing and refining
the existing improved varieties
needed to make advanced grOWing
techniques practicable. The next
step recommended at this point is
to establish and promote a good
certified seed production program
for both highland cultivars and
those of irrigated coastal and
mountain valleys. Otherwise, the
lack of quality seed will continue
to restrict the total land area used
for highland rainfed farming
dUring the wet months of the
spring-summer cycle, and
irrigated farming dUring the fall
winter cycle. These latter options
are promising in view of the
machinery, know-how, and
economic resources now available
for growing successful crops.

The rural extension service needs
to step up its activities, now that
better marketing outlets, cheap
credit, and acceptable price
guarantees have improved
perspectives for wheat farming.
There are good prospects for
notably increasing wheat area in
Peru's irrigated valleys, tradition
ally used for rice dUring the hot
months of the spring-summer
cycle. Small-grain cereals now
seem to be the best option for
rotation during the cool months of
the fall-winter cycle, since disease
problems, labor costs, and rising
expenses have taken away the
competitive edge once enjoyed by
maize and beans. By comparison,
we now have high-yielding,
improved wheat varieties with rust
resistance and a 5-month growth
cycle that fits in perfectly with the
rice~wheat rotation scheme. As an
added plus. the same machinery
and structures can be used for
both rice and wheat.
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Table 1. Average rainfall of several highland locations of Peru from
the 1964-65 through 1981-82 cycles

Source: R. Simmons Wheat Policy in
Peru. NCSU·INIPA. 1984

Place

Santiago de Chuco
Cajamarca
Huancabamba
Contumaza
Huaraz
Huancayo
Ayacucho
Puna

Readings
No. of years

17
17
11
12
11
15
13
18

Average
rainfall

( )

456
472
352
406
646
573
472
690
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Table 2. International cereals nurseries sent to the the PNC during
the 1984-86 period

Cycles
Type of nursery 1984-85 1985-86 Total

F2 Bulk 9 3 12

Observation and evaluation 40 35 75

Yield trials 14 15 29

Crossing blocks 1 0 1

Total 64 53 117

Table 3. Yield trials comprised of several highland and coastal
selections distributed throughout Peru during the 1984-86 period

Cycles
1984-85 1985 1985-86 1986 Total

Bread wheat 36 17 50 31 134
Durum wheat 12 5 20 6 43
Triticale 19 5 23 6 53
Barley 5 0 6 0 11
Miscellaneous 0 0 3 0 3

Total 72 27 102 43 244



Table 4. Mean yields of the best bread wheat lines of the Uniform
Regional Trial (ERUl during the 1984-85, 1985, and 1985·86 cycle

Variety or cross

1984-85 (eig t highland s tes)

Sap'S'/Mon'S'
CM40392-17M-l Y-2M-OY-OCZ

Pavon'S'
CM8399-D-4M-3Y-IM-l Y-IM-OY-OCZ

UNC.2

Gavilan (Bread wheat check)

Chr/59481IChr(4 )/31lI8156(b)141J up. 7 3
CM43054-1M-l Y-IM-OM-OCZ

Ures 81
CM33027-F-15M-500M-OM-OCZ

S.76037

Veery'S'
CM33027-F-15M-500M-OM-OCZ

Genaro
CM33027-F-12M-l Y-6M-OY-OCZ

1985 (four coastal sites)

Veery'S'
CM33027-F-15M-500Y-OM-89B-OY-OCZ

Kvz/Tl 71/3/Maya 74'S'IIBb/INIA
CM33089-W-3M-7Y-3M-OY-1 L-l L-l L

Veery'S'
CM33027-F-15M-500Y-Om-87B-OY

Bbl7 CerrosllHv/Fron
II-15170-L-4L-IL-IL-IL

Yield
(kg' a)

3706

3624

3563

3415

3383

3377

3371

3297

3294

5019

4933

.,l888

4882

(continued)
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Table 4. (continued)

Variety or cross

Veery'S'
CM33027-F-15M-500Y·OM·89B·OY·IL

Bue'S'
CM31678-R·4Y-2M-500Y-506M·501 Y·5Q2Y·OY

ParticipaclonJI I~ 66
II-15051-L-17L·5L-lL-lL-lL

Bb/7 Cerros/lTaymi
II-15171-L-6L-IL-IL-IL

Gavilan (Bread wheat check)

1985-86 (four highland sites)

Veery'S'
CM33027-F·15M·500Y-OM-Om-115B-OY-OCZ

Gavilan (Bread wheat check)

Ure 81
CM33027·F·l2M-lY-4M-2Y·2M·OY·OCZ

Sen 82
CM33027-F-15M-500Y-OM-87B-OY·OCZ

Rdg A2/Kal/Bb/4/Cal//Cno67/Son64/3/Emu'S'
CM540l7-M-2M-l Y-2Y-lM-2Y-OM-OCZ

7C/Nad/3/Tob"S"/8l56//Trm
CM4626l-llM·l Y-lY-l Y-2M-OY-OCZ

Ald'S'/Pvn'S'
CM49901·l4Y·2Y-7M-lY-OM-OCZ

Veery'S'
CM33027-F-15M-500Y-OM-98B-OY-OCZ

Chr/5948/IChr(4)/3/8156(bl/4/Jup73
CM43054-1M-lY-lM-l Y-OY-OCZ

Pavon'S'
CM8399-D-4M-3Y-lM-lY-OM-OCZ

Yield
(kgiha)

4836

4758

4680

4648

4560

3572

3450

3427

3379

3332

3292

3256

3240

3117

3052



Variety or Cross

Table 5. Mean yields of the best durum wheat lines of the Uniform
Regional Trial (ERU) during the 1984-85, 1985, and 1985-86 cycles

Yield
(kg/hal

1984-85 (six highland sites)

Ga\rilan (Br d wheal check)

Yavar s'S'
M 799-1 8M-l M·5Y·OY·OCZ

Shwa' '/Gre'S'
0231 6-1 'l-1 l'vJ- Y-l Y-2M·OY-OCZ

dovz57 /Teal'S'/4JFg'S'/CanJ2611 IQlnll u '/Fg'S'
C0351 2-C-IY-6M-IY-OM-0 Z

av'S'1 a'S'
D32617-1B-3Y-IM-OY·OCZ

Huanca (Bre

6 11) IRugb_ I/W d

ndo/Yav'S'

1985 (four coastal sites)

wheat h ck)

R 14 /Ruff •/lStill' ,
C041500·A·IM-IY·2M·OY

a'S'
CM9799-1 M-5 -OM-SAU

WIn' '/Aa' '/lSUll' .
034011-3Y-2 1-2 -OM

R k'S'/Gull'S'
CD 2494-3Y·2.M-2Y-OM

Crl tina (Bread wheal h k)

2816

2545

2520

2413

239

2347

2324

2249

5252

5059

4762

4704

4555

449

(continued)
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Table 5. (continued)

Variety or Cross

Rokel'S'
CD 1895-12Y-OY-2E-3B-OY

Gta'S'/Pg'S'//USA.0580
CD 18533-3Y-2M-2Y-OM

Yavaros 79

1985-86 (three highland sites)

Pachacutec 85 (Bread wheat check)

Ollanta (Bread wheat check)

Scar'S'/Gdo,Vz579//Mexi 75
CD26118-5B-IY-6Y-OM-25Y-OB-OCZ

Gediz'S'lYar'S'
CD2442-4Y-IM-l Y-OY-OCZ

Altar 84

Gs'S'/Aa'S'//Plc'S'/3/Cit71

Jo'S'/61.130/Lds/3/Rabi'S'/4/Yav'S'/51l50 Lds
CD30993-B-2Y-l Y-1 M-OY-OCZ

Yield
(kg/hal

4424

4269

4230

3171

2825

2350

2330

2298

2229

2165



Variety or line

Table 6. Mean yields of the best triticale lines of the Uniform
Regional Trial (ERU) during the 1984-85, 1985. and 1985-86 cycles

Yield
(kg/ha)

1984-85 (six highland sites)

Juanillo 97

Desconocido 4/0cz

Bgl'S'/Bgc
X 18705-lOM-5Y-1M-2Y-1 M-OY-OCZ

Whale'S'
X33470-C-1 Y-3M-2Y-2M-OY-OCZ

Topo 1419

Juanillo 159

Coqui/4/Ia/Mai/P 162/3/BgI'S'
X27807-7M-l Y-2M-1 Y-1M-OY-OCZ

Boa'S'
o 24560·9Y-3M-1Y-OM-OCZ

Ci <'l'S'
B-26 8-0CZ

Bcm'S'/Addax'S'
X31185· Y-1M-2Y-1M-OY-OCZ

1985 (four coastal sites)

Iraj rira 37
B.507

Chiva'S'
'.24551-8Y-3M-1Y-OM

Cristina (Bread wheat check)

3980

3885

3834

3811

3721

3675

3650

3618

3503

3452

5052

5043

5020

(continued)
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Table 6. (continued)

Variety or line

Pika'S'
X.39597-4Y-2H-IY-2Y-OH

FS.1795/Lnc
X.24369-4H-I Y-1 M-lY-OM

La Molina 82 (Bread wheat check)

Mono'S'
X.28248

Pnd'S'lYe 75
X.36521-40H-I Y-IM-OY

IralDrira 32
B.507

Cananea (Triticale check)

1985-86 (three highland sites)

M2A/lra(2)
X485240-3Y-2Y-IM-OY-OCZ

Rm'S'/Ptr'S'IIRat'S'/3/Lmg'S'/MsfS'/Ira
X63735-B-I Y-2M-OY·OCZ

IralDrira
B507-0CZ

Desconocido # 4/0cz

Juanillo 207

Civet'S'
B2658-0CZ

Coqui/4/I/Mal/P 162/3/Bgl'S'
X27807-7M-I Y-2M-l Y-IM-OY-OCZ

Castor'S'/IM2A/Arm'S'
X44621-4Y-2Y-IM-IY-2M-OY-OCZ

Faro'S'
B2264-0Y-1 03-0CZ

Ptr'S'/M2A(2)
X44650-12M-I Y-I Y-2M·2Y-IM-OY-OCZ

Yield
(kg/ha)

4788

4518

4476

4438

4390

4145

4051

4097

4009

3738

3674

3532

3498

3489

3474

3384

3358



Table 7. Variety comparison trial with and without fertilization,
Cuzco area, 1984-85 cycle

Yield (~gL!L

Fertillzatlon
80~80-0 No

Variety (N·P·X) FertlUzation Ave.

Pa haclltec 85 3665 2611 3128
Huan a 3541 2489 3015
OUanta 3357 2267 2812
Gav11an 3202 1992 2597
Farmers' varl ly 3 38 1773 2401

ahulde 2629 1606 2118
Average 3239 2123

Table 8. Yields of wheat and barley using different sowing densities
on a Cuzco-area farm during the 1984-85 cycle

Seed density Yield
Variety (kglha) (kglha)

Wheat
Paohacutec 8 60 7210
Pacruacute 85 100 7480
Ollanta 0 5660
Ollanta 100 5860

Barley
UNA 80 60 2380
UNA 80 80 2117
Grignon 60 2183
Grignon 80 2433

Table 9. Weed control trial with and without fertilization at the
Cuzco experimental station, 1984·85 cycle

Weed control treatment

Yield
(I!~a)

---:W=it=h W=it'"""h-o-ut"-
FertlUzer Fertilizer

Hand e d ( oreo) at 45 day + 2.4-0
Cyaven 3 Uha t 35 days .f. 2.4-0
Cyaven 4 I/ha at 35 day + 2.4
Cyaven 3 lIha at 45 days + 2.4-0
Cyaven 3 l/ha at 45 days + 2.4-0
Ccoreo + Cyaven at 45 days + 2.4-0

Average

3460
4790
50D0
3270
42 0
4200

·USB

3111
3140
3520
2140
4250
3820

3330

3280
3960
4260
2700
4240
4010

3741
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Pakistan
P.R. Hobbs

A new project between CIMMYT
and the Pakistan Agricul ural
Research Council (PARC) was
signed on November 15, 1984,
retroactive to October 1 to carry
out collaborative research in
Pakistan on wheat and maize
using funds provided by USAID
under the Management of
Agricultural Research Institute
and Technology (MART) project.
This report covers the activities
and major findings of the first 2
years of work in 1985-86. The
CIMMYT wheat agronomist works
in collaboration with the National
Coordinated Wheat Program with
his counterpart wheat coordinator.

Crop Research Activities
Germplasm development-The
major priority in wheat breeding
in Pakistan is to develop high
yielding. disease resistant lines
that fit the many intensive
cropping patterns and zones of the
country. Because wheat is often
planted after summer crops such
as cotton, rice, sugarcane, and
maize, varieties that perform well
when planted later than optimal
are required. This may not
necessarily mean short-duration
varieties since varieties that
perform well over many planting
dates and have heat tolerance
during grain filling may offer a
higher yield potential and be more
acceptable to farmers.

Many good materials are presently
in the breeders pipeline that
perform well under irrigated
conditions and contain resistance
to prevalent leaf and stripe rust
races. The major problem is
getting the seed multipl1ed and
out to farmers quickly.

At the National Agricultural
Research Centre (NARC) in
Islamabad. about 3000 introduced
lineS/Varieties were tested each
year and about 500 lines identified
with high yield and disease
resistance. These materials were
further tested in 10 advanced
yield trials. Similar programs
existed in the four provincial
research centers.

In 1983-84 seed of eight Yecora
backcrosses was received from
CIMMYT. These CIMMYT crosses
were made to incorporate Lr19
leaf rust resistance into a Yecora
background. This variety is still
popular ith farmers but has
broken down to leaf and stripe
rust. The bac crosses were tested
in replicated trials in 1985 and
1986 with Yecora and other
commercial varieties as checks.
Seed increase of these lines
occurred at the same time and
seed was distributed to the other
provincial programs. There was a
10-30 MRMS reaction for stripe

rust hich re mct d th m to the
stripe rust-free zones of the
country. Results are shown in
Table 1 which identifies several
high yielding lines.

More than 40% of the countries
wheat acreage is planted late after
cotton, rice, and sugarcane. Table
2 shows the performance of nine
early lines with the same maturity
as Sonalika.

Some of the promising materials
selected at NARC and the
provincial programs were shared
with the other provincial programs
through the PARC Observation
Nursery. The nursery was planted
and evaluated under the diverse
agroecological situations in the
country in 1985 and 1986. Of the
206 total entries. 58 yielded more
than 4000 kg/ha ith Pak 81
averaging 3862 kg/ha. Thirty-two
lines had a maturity less or equal
to Sonalika with an average yield
of 3758 kg/ha. One hundred and
four of the entries had zero stripe
rust and III entries had zero leaf
rust reactions.

Two Veery lines were identified in
a date of seeding trial of advanced
lines and commercial varieties
that gave higher yield potential
than Pak 81 at optimum planting
and much higher yield at late

Diseases. especially leaf and stripe
rust. are important criteria for
selection with loose smut and
Karnal bunt resistance important
in the Punjab and the Northwest
Frontier Province (NWFP).
Breeding for more adverse
conditions is becoming more
important as attention is shifted
from the high-potential irrigated
areas where several good varieties
are available to rainfed. saline,
and highland areas where
traditional varieties are still
grown. White or amber grains are
preferred for consumption and
with most of the wheat consumed
as unleavened breads, chapati
making quality is important.
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planting. This characteristic of
good performance over a range of
planting dates is important in
areas where the wheat planting
date is affected by late harvest of
previous summer crops.

The National Uniform Testing
Program evaluates the best
materials available in the
provincial breeding programs and
fOrIlls the basis for release of new
varieties. The candidate lines
developed by the breeders are sent
to the coordinator for coding and
testing for yield, adaptation,
disease resistance, and other
characters throughout the
country. The material is divided
into five different categories. The
number of sets distributed and the
results sent back from these five

nurseries are shown in Table 3.
About 50 candidate lines were
tested in these five nurseries.

InterDatioDal Nurseries
Seventy-one and 79 CIMMYT
international nurseries were
received and distributed to wheat
scientists of the country in
1984-85 and 1985-86,
respectively. The breakdown of
the nurseries is shown in Table 4;
the major emphasis was placed on
bread wheats. These nurseries
were distributed to the 10 national
and provincial wheat programs
with results from all the yield
trials returned to Mexico for
analysis. In addition to the
CIMMYT nurseries, Pakistan
received 60 and 70 ICARDA
nurseries during these 2 years,
respectively.

Two sets of the IWWSN from
Oregon were received each year in
addition to various disease
screening nurseries from the USA.

New releases-Eight varietiesl
lines were recommended for
release by the variety evaluation
commHtee in 1985-86:

• Tandojam 83 was selected by
ARt as a replacement for Blue
Silver or as a late-planted
variety following cotton or rice
in Sind. It is a head selection
from Nacozari. CM5287-J-IY
-2M-2Y-3M-OY.

• Sarsabz. preViously called P89
and selected by the Atomic
Energy Agricultural Research
Centre. Tandojam for the Sind.
looks like the old variety
Bulbul. MxpIIPi'S'!Mazoe
79-75-76.

Peter R. Hobbs. agronomist assigned to the Pakistan bUateral project (second from left). dlacune. the
Pak 81.
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• Pirsabak 85, previously called
PR-l and selected at CCRI,
Pirsabak, NWFP, was selected
from the ISWYN and is a Veery
'S' (CM33027-F-15M-4Y-4M-2Y
IM-IY-OM). It has bolder grain
and better yield than Pak 81.

• Faisalabad 85 previously called
V 81614 and selected by AARI,
Faisalabad, is a short-duration
variety for replacement of Blue
Silver. Maya/Moncho'S'//Kvz/
Trm (CM44083-N-3Y-IM-l Y
-OB).

• Punjab 85 (V81623) from AARI,
Faisalabad, is a medium
duration variety that is a pos
sible replacement for WL711.
Kvz/Trm//Ptm/Ana (CM43903-H
4Y-IM-IY-3M-3Y-OB).

• Wadanak 85 (D 80452), a
durum wheat from AARI,
Faisalabad, is a 1979-80 IDSN
selection of line 83.
Giul'S'/Snipe'S'//GdoNz 449
(CD 19711-D-IY-3M-OY).

• Niab T 183, a triticale from
NIAB, Faisalabad, was released
for Barani areas of the Punjab.
Selected from a cross of NIAB
T-n and NIAB T-103. NIAB
T-n = Maya WArm'S' (CM
2802-9N-3N-2Y-OM); NIAB
103 =(T. durum x Sp.
polonocum) T. persicum x rye
10KR.

• Chakwal 86 (V79388) was
developed by the Barani
Institutes at Chakwal and
Rawalpindi for the Barani
tracts. ForlanilAcc//Ana
(SWM-4578-56M-3Y-3M-OY).

These varieties are being
multiplied by the respective seed
agencies in the provinces where
released. However, this process is
slow and several years are often
needed before sufficient seed is
available for Widespread farmer
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testing and adoption. The two
CIMMYT agricultural economists
are studying this major seed
distribution constraint in Pakistan.
The pathologists are also
concerned with the similar genetic
rust resistance found in many of
the bread wheat lines being
released. With the Widespread
adoption of Pak 81 and lines with
similar rust resistance, there is a
possibility of future problems if
this resistance breaks down.

In both years there was continued
improvement in the management
of the high-altitude Kaghan
Summer Nursery (7000 feet). This
station enables the breeders of the
country to grow a second
generation wheat crop in a year
and to hasten the breeding. Eight
country wheat programs share the
20 cultivated acres at this station
with potato, maize, chickpea, and
oilseed programs. Efforts are made
to mechanize planting and harvest
and control weeds with herbicides.
This station proVides natural
infections of rust and powdery
mildew for screening.

Crop Management
The major activity of the wheat
agronomist is concerned with
developing stronger coordinated
on-farm crop management
research in specific agroecological
areas. The objective is to focus
research on the major limiting
factors in these selected areas and
develop recommendations that
stand a good chance of adoption.
Following are brief summaries of
the results from the selected zones
for the past 2 years.

Rainfed areas in northern
Punjab-An informal diagnostic
survey and formal crop cut
surveys each year were conducted
with socio-economists to charac
terize this area where wheat is the
major staple crop. It is grown after
fallow in most of the area, but
after maize/sorghum/millet in the
higher rainfall areas. On Lepara
land, which is close to the
homestead, yields and cropping

intensities are higher compared to
Mera land, which is away from the
homestead. Yields averaged from
1.83 t/ha in the dry year of
1984-85 to 2.49 Uha in the wetter
1985-86 season. However, these
yields are good considering that
80% of the fields are mixed
cropped with Brassica. The
Brassica is removed as fodder for
the animals from late January
onwards, as needed. There is an
increase in mechanization in the
area with most of the land
preparation and all of the
threshing utilizing contract
machinery for these activities.
Seeding by tractor-drawn drill has
also increased to speed up
planting activities that are
traditionally done by a single row,
animal-drawn seeder. Fertilizer
use is below that recommended
with an average N-P205 rate of
45-45 kg/ha for the farmers using
these fertilizer sources. About 25%
and 10% of the farmers did not
use any P or N fertilizers,
respectively, with resulting lower
yields.

Deep primary tillage at the
beginning of the monsoon with a
moldboard plow has shown a
consistent, statistically significant
benefit over traditional shallow
cultivator plowing in this area
(Figure 1). Yields increased by 36
and 25%, respectively, in 1985
and 1986 with moldboard
plOWing. The increase was
attributed to better rooting and
resultant better moisture and
nutrient availability. Many years
of shallow tillage have resulted in
a compacted layer forming below
the plow sole in some soils. This
compacted layer was measured by
soil penetrometry and was found
from 10-35 cm below the soil
surface. Yield results across sites
were variable and ranged from
equality to a 150% increase in the
2 years. Future work will try to
explain the site parameters
responsible for these differences.

Economically, the moldboard
tillage was equal or less than the
cost of the eight cultivator



In 1985-86 weed populations and
growth were greater and Buctril-M
and Dicuran MA increased yields
by 11.7 and 19.5%, respectively
when applied and averaged over
eight weedy fields. Economically,
the best returns were from Buctril
M which is much cheaper.

Annual broadleaf weeds such as
Medicago polymorpha, Melilotus
alba, Anagallis arvensis,
Asphodelus tenuifoIius, Fumaria
parviflora, and Euphorbia
heIioscopia were the major weeds
present in these areas. In 1984-85,
weed growth was poor because of
low rainfall and losses to weeds
were less than 10%. Buctril-M,
and MCPA-based phenoxy
herbicide gave barely economic
returns and Tribunil (Methabenz
thiazuron) and Dicuran MA
(Chlortoluron + MCPA), although
giving cleaner fields, were twice as
expensive and not economic.

Rice-wheat areas of northern
Punjab-Two varieties of rice are
grown in this area; IR6 on 20 % of
the land and Basmati. a tall, fine
quality, photosensitive variety on
80% of the land. IR6 is usually
harvested in late October to mid
November leaVing time to prepare
land for planting wheat in
November. Basmati. however, is
harvested at the end of November
and because it is taller, stubble
residues are a problem for good
land preparation. Even with good
investment in land preparation,
seedbeds are rough and rice
stubble residues prevent drilling
by machine. As such all farmers
broadcast the wheat seed. Planting
is late, and plant stands are ofte.n
poor. It has been estimated that
wheat yields decline by 1% per
day if planting is delayed beyond
November 20 in these areas. After
Basmati, wheat is usually planted
in mid-December and even into
January. Wheat yields, as a result,
are low and potential yields
cannot be expected to exceed 3 to
3.5 t/ha.

at the same MRR. In neither year
was there any measured response
to potash. The recommendation
for all the Barani areas is 90-60.
Phosphorus levels could be
reduced on the Lepara land that
receives farm-yard manure (FYM)
applications. The equation shows
significant contributions to
moldboard plOWing, grOWing
wheat after fallow rather than
maize, and grOWing wheat on
Lepara rather than Mera land. the
former receiving application of
FYM.

1985-86

There was a significant N by P
interaction in both years and this
emphasizes the importance of
using both elements for maximum
efficiency. The N by P interaction
was greater on Mera land that did
not receive any FYM.

Pak 81 and S19 (Junco'S') yielded
significantly better than the
farmer variety Lyallpur 73 in both
years. Pak 81 was bred for
irrigated areas but is well adapted
to the medium rainfall areas of
Rawalpindi district. The better
rust resistance of this variety is an
added advantage over Lyallpur 73.

plowings traditionally given by
farmers to the plots before wheat
planting. Moldboard plowing also
resulted in fewer weeds in winter
and summer, less dry land root rot
disease in wheat, and better
infiltration of rain water.

1984-85

An incomplete factorial N x P
fertilizer trial design was used in
both years to determine response
curves of wheat to these fertilizers.
The results of 24 trials in 1985
and 34 in 1986 in the Islamabad
region are shown in Table 5. For
comparison, results from 13 sites
in Chakwal, a lower rainfall area,
is shown for 1986. In this location,
results were similar to the results
for Islamabad in 1984-85. The
1984-85 season was a dry year
and 1985-86 was wet.

The regression coefficients were
used to calculate the optimal
fertilizer doses at different
marginal rates of return. In the
dry year of 1984-85 in Islamabad,
70-70 (N-P) was optimal at a
marginal return (MRR) of 1.
Similar figures for 1985-86 in
Islamabad and Chakwal were
127-115 and 105-105, respectively

Figure 1. A comparison of moldboard (35 cm) and cultivator (10 cm)
tillage in Rawalpindi and Islamabad districts on wheat yield in
1984-85 and 1985-86.
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To overcome the problems of late
planting. stubble residues. plant
stand. and land preparation costs.
direct seeding of wheat into the
standing rice stubble with no land
preparation was tested in 1985
and 1986. The results of 23 trials
are shown in Table 6. Essentially
there were no differences in yield
when planting occurred on the
same day.

The advantage of zero tillage is
reduced cost. earlier planting.
more uniform stands. minimal
residue problems, better use of
residual moisture. and better
distribution of fertilizer. The main
disadvantages are lack of a
suitable drill. possible rice stem
borer damage. and long-term
sustainability of yields. The local
rabi drill can probably be adapted
for zero tillage by local
manufacturers at a reasonable
cost. The stem borer problem is
being studied to determine if the
larvae that over-winter in the rice
stubble survive better in zero
tillage and therefore create a
potential problem for the next rice
crop. Long-term studies on this
system are needed to see the effect
on long-term sustainability of
yields and the effect of reduced
wheat rooting caused by the plow
pan created by puddling soils for
rice cultivation.

Table 7 shows the effect of direct
drilling on plant stand. weeds, and
infested tillers with stem borer
compared to traditional planting.
Plant stand was improved. weeds
were fewer (probably because of
less soil disturbance), but stem
borer populations were higher.
The big question to be answered is
whether these stem borer larvae
survive to infest the next rice
crop.

Similar incomplete factorial N x P
fertilizer trials were conducted in
the rice area as in the Barani
areas. The equations produced by
regression analysis are in Table 8.
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Using the regression coefficients,
the recommended N-P levels at a
MRR of 1 were 134-44 and 134-0.
respectively, in 1985 and 1986.
The response to P was much
lower than in the Barani areas. As
expected. date of seeding had a
Significant effect on yield and use
of FYM in the previous year
increased yields. There were no
potash responses at any of the 19
locations.

In 1984·85. Pak 81 yielded
significantly more than Kohinoor
83 and Faisalabad 83 when
planted in November after IR6 in
the rice-wheat area. In 1985-86.
these three varieties were equal
and better than Blue Silver with
normal planting. Pak 81 was not
planted late in 1984-85 when Blue
Silver was the highest yielding
variety. In 1985-86, Pak 81 still
yielded the highest when late
planted but the yield was not
significantly different from the
other three varieties including
Blue Silver.

Weeds are a major problem in the
rice-wheat areas with Phalaris
minor. Chenopodium album,
Melilotus alba. Medicago
polymorpha. and Rumex dentatus
being the major species. A vena
fatua is a problem in some fields
and Lolium temulentum is
becoming more evident.

In 1984·85. various phenoxy and
substituted urea herbicides were
evaluated in the area. The three
substituted urea herbicides
Tribunil (Methabenzthiazuron).
Dicuran MA (Chlortoluron +
MCPA). and Tolkan (Isoproturon)
were the most effective and
controlled the broadleaf and
grassy weeds including Phalaris
minor. It was only partially
effective against Avena fatua.
Yield increases with these three
herbicides averaged 550-1000
kg/ha more than the weedy check
or more than the 450 kg needed to
make them economic. The
phenoxy herbicides Buctril-M
(Bromoxynil + MCPA). DMA-6
(2.4D) and Envoy (MCPA +

cyanazine) only controlled the
broadleaf weeds and did not
significantly increase yields
compared to the weedy check.

In 1984-85. application of the
substituted urea herbicides by
mixing with sand or urea and
broadcasting gave results
comparable to spraying. This has
implications for farmers who do
not have sprayers available.

In 1985-86. Buctril M (broadleaf1
and Dicuran MA (broadleaf and
grass herbicide) were compared
over six locations. Once again.
Dicuran MA increased yields by
800 kg/ha (26%) over the weedy
check and effectively controlled
the weeds present. Buctril-M was
not effective in controlling the
Phalaris minor and gave a similar
yield to the control.

Broadcasting Dicuran MA was as
effective as spraying. In the rice
wheat tract. Dicuran MA was
economically effective for weed
control in the weedy fields
selected for study.

A crop cut study was done in the
area in 1984-85. Average yields
from 54 samples were 2.9 tlha and
ranged from 1.33 to 5.00 tlha. The
sampling was restricted to an area
with high wheat yield potential.
Planting was also more timely in
1984-85 because of an October
rain. The use of banned rust
susceptible varieties in this area
was common with 65% of the
sampled fields groWing Yecora.
Hopefully this variety will be
replaced by Pak81 in the future.

Maize-wheat areas of NWFP
This is one of the more complex
irrigated cropping areas of the
country. Wheat usually follows
summer maize or sugarcane and
competes with berseem fodder
(Trifolium alexandrinum). tobacco.
and sugarbeet for land. Lack of
seed of improved varieties,
broadleaf weeds. and low use of
phosphorus have been identified



as major constraints to increased
yields. However. yields average
close to 3 Uha in this area based
on crop cut studies in 1984-85.
Use of banned varieties including
Mexipak and many other old
stripe rust-susceptible varieties is
cause for concern.

Moldboard plowing was compared
to shallow cultivator plowing at 14
sites in 1984-85. The deeper
plowed plots averaged 4.27 Uha or
10.6% more than the cultivator
plots. Increase in yield varied from
0.3% to 31.2%. More studies are
needed to explain this variation
and the reasons for increased
yield. Compaction caused by
shallow tillage is expected as
found in the Barani areas.
Fertilizer trial results are in
Table 9.

The 1985-86 experiments were all
farmer-managed and there was
less difference in planting date
between the maize and sugarcane
fields as in 1985. A more detailed
study of the data in 1985-86
showed that in 10 of the 12 sites
after maize. N significantly
increased yields, whereas P
increased yield in only five of the
12 maize fields. Figures for Nand
P after sugarcane were 9 and 5
out of 12. respectively. More study
on these responses is needed.

Using the regression coefficients.
the calculated N-P fertilizer
recommendations in 1984-85 for
the area at a MRR of 1 were 94-70
after maize and 127-70 after
sugarcane. In 1985-86. there were
fewer differences between rotations
and an average recommendation
was calculated as 104-45. No
responses were found to potash.
Phosphorus is more important in
this irrigated area than in the rice
wheat area but less important
than in the Barani areas.

Variety trials were placed in nine
irrigated fields in 1984-85.
Pirsabak 85. another Veery'S'
released in 1985, and Pak 81 were

the highest yielders. They will
proVide area farmers with good
resistance for rust. especially
stripe rust that affects all of the
other commercial varieties grown
in the area.

A much wider range of broadleaf
weeds are found in this area. In
addition to the weeds listed in the
rice-wheat and Barani areas,
Coronopus didymus. Veronica
officialis. Poa annua. Ranunculus
arvensis. Silybum marianum.
Sisymbrium irio, and Sonchus
arvensis are prevalent. Galium
aparine and Circium arvense are
two weeds that will become a
problem in the future.

Both the broadleaf herbicides and
the substituted urea herbicides
performed well with yield
increases of 0.8 Uha (30%) for
Buctril-M and 0.9 t/ha for Dicuran
MA. Although both are economic,
the cheaper Buctril M was best.
This is because not all sites had
the grassy weed Phalaris minor.
Where this weed exists. the
substituted urea herbicides
perform better. As in the rice area.
broadcasting herbicide mixed with
the sand or urea was equally
effective as spraying if the
broadcasting was uniform.

On station trials at NARC
Seeding date trial results
substantiated other data that
November was the best time for
planting wheat. In the dry year of
1984. October 27 to November 11
was the best seeding time. Yields
declined by about 50 kg/ha per
day when planted later.

The 1984-85 season was the first
year for the long-term tillage trial.
Moldboard plOWing gave a 65%
higher yield when compared to
cultivating. In 1985-86. a 76%
increase in yield was obtained
when the moldboard plow was
compared to the cultivator.
However, there was a 34%
residual carryover of deeper
plOWing when this practice was
done the year before. This
suggests that moldboard plOWing

is not needed every year. The trial
will continue to measure the
residual affects of moldboard
plOWing.

A long-term, wheat-based Barani
cropping system trial was initiated
in 1985-86 to study selected
Barani cropping patterns and the
use of chemical and organic
manures over time. After the first
year. yields after fallow were
almost 50% more than after
maize. Better emergence and
tillering accounted Tor this
difference. Use of fertilizer plus
manure was better than fertilizer
alone. Weed control gave no
significant increase in yield.

Training
In country-On-the-job training
in various aspects of agronomy,
crop management. data analysis.
and report writing is a major
activity of the wheat agronomist
in Pakistan. In addition to these
activities. the follOWing more
formal training courses were held
in-country during 1985 and 1986.

• On-farm research training
courses on diagnostic survey.
March 3-12. 1985. for 23
economists and agronomists
with the help of economist
Robert Tripp from CIMMYT
Mexico.

• Two MSTAT computer software
courses June 30-July 11. 1985.
for 28 trainees and June
20-July 3. 1986, for 31 trainees.
Staff from MSTAT at Michigan
State University helped with
both courses.

• Short training courses in the
use of mechanized planters and
combines in 1985 and 1986 for
15 trainees from each province
with the help of a Wintersteiger
technician from Austria.
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In service training in Mexico
Trainees sent for in-service
training in Mexico in 1985-86:

• Shafqat Farooq from NIAB,
Faisalabad. Punjab. for
cytogenetics. January
November 1985.

• Buzarg Jamher from ARI,
Tarnab. NWFP. for breeding.
February-October 1985.

• Arshad Khan of AARI,
Faisalabad. Punjab. for
pathology. February-March
1985.

• Zahid Siddiky of ARI.
Tandojam. Sind. for agronomy.
April-November 1985.

• Mohammad Pannah from ARI.
Sariab. Quetta. Baluchistan. for
wheat improvement. February
October 1986.

• Irshad Ali from CCRI. Pirsabak.
NWFP. for wheat pathology.
February-October 1986.

• Mohammad Arshad from AARI.
Faisalabad. Punjab. in
agronomy. April to November
1986.

• Ehsan ul Haq CDRI, Islamabad.
for Karnal bunt. February-April
1985.

Visiting scientist fellowships
The following Pakistan scientists
visited Mexico during the period:

• Meraji Kirmani, plant
pathologist. CDRI. Muree. in
October 1984 to view rust
pathology work at EI Batan and
Toluca.

I

• Siddique Sadeq. triticale
breeder. NIAB. Faisalabad. in
March-April 1985 to visit
triticale program in Obregon.

• Dr. Hafeez Akmal. cereal
technologist. NARC. Islamabad.
in October 1986 to see program
at EI Batan.
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• Dr. Khawaja. from NARC.
Islamabad. in October 1986 to
visit cytogenetics and wide
cross programs at EI Batan.

• Faqir Muhammad. provincial
agriculture secretary from
NWFP. and Dr. Bashir Ahmad.
an economist with the Punjab
Planning Unit of the Agriculture
Ministry. attended presentation
week at CIMMYT Mexico in
March 1985.

• Mr. Siddiq Khan. the director
general of research for NWFP
and Dr. M. Naqvi. the director
of the Nuclear Institute of
Agriculture and Biology.
Faisalabad visited CIMMYT in
March 1985.

Communications
Conferences and workshops-A
weed science workshop was held
January 20-24. 1985. for 60
Pakistani scientists. Two weed
scientists from the International
Plant Protection Center at Oregon
State University helped with this
workshop organized by the NARC
weed coordinator and CIMMYT.

Two wheat conferences/workshops
were held in Pakistan to discuss
wheat research in Pakistan and
plan future work. These annual
wheat conferences are organized
by the national wheat coordinator.
In 1985, the conference was held
September 16-18. Four key papers
were presented followed by
discussion. In 1986. the
conference was held September
3-4 with fewer formal
presentations. but more specific
discussions in areas of breeding.
agronomy. pathology. and
extension. The resident CIMMYT
scientists and regional staff from
Nepal and Bangkok participated.

A conference entitled "Increasing
wheat yields in the Punjab" was
sponsored and hosted by the
Punjab provincial wheat program
March 24-25, 1986. in Lahore.
The CIMMYT agronomist
presented a paper on wheat-based
cropping systems and research in
Pakistan.

A Canadian-sponsored Barani
project in Pakistan. BARD, and
ICARDA held a farming systems
workshop in Islamabad in April
1986. A paper was presented on
wheat research work in the Barani
areas of northern Punjab.

Mohammad Hussain, Wheat
Research Institute, Faisalabad.
and the CIMMYT wheat
agronomist attended the Silver
Jubilee of the All-India
Coordinated Wheat Conference in
New Delhi. India in August 1986.

A CIMMYT wheat-agronomy
workshop was held in EI Batan.
Mexico October 11-17. 1985. to
discuss future strategies for this
program. All CIMMYT wheat
agronomists participated in this
event.

A regional CIMMYT wheat
meeting was held in Bangkok.
Thailand December 12-13. 1986 to
discuss regional issues. Drs. N.1.
Hashmi and Khushnood A.
Siddiqui participated in the
International Conference of Wheat
held in Rabat. Morocco. in May
1986.

In both years a traveling wheat
seminar was organized. Sixty-five
wheat scientists from all provinces
traveled from south (Karachi) to
the north (Peshawar) in March and
April. The objective of this
seminar is to view the wheat crop
in farmers' fields and the
experiments on stations and on
farms of the various wheat
scientists of the country. It is a
good opportunity for scientists to
interact and have good discussions
in an informal atmosphere. The
seminar is divided into two parts.
The first starts in mid-March and
travels throughout Sind. Lower
Baluchistan. and southern Punjab.
The second starts in early April
and goes through the more
northern areas. CIMMYT regional
staff and from Pakistan plus
pathologists from Australia. USA.
and Holland participated in these



tours in 1985 and 1986. In 1986.
a videotape was made of the tour.
Various discussions are made
during the tour and recommen
dations and observations during
the tour are written in a final
report.

Scientific publishing-Much
time was spent on analyzing data
and preparing reports of the
results. Many of these publications
were in the form of mimeographs
and presented the results of
combined efforts of many
scientists. Several papers were
presented in workshops and
conferences. More refereed journal
articles will be written as 3 years
of data become available. Most of
the publications in which the
CIMMYT wheat agronomist was
involved are listed at the end of
this report.

Consultation activities-A
continual activity of the wheat
agronomist is the improvement of
national programs. This requires
frequent attendance at meetings of
commodity and discipline
orientated programs.

Two consultancies were done in
this period. Dr. A. Amaya. head of
CIMMYT's wheat industrial quality
laboratory, visited Pakistan
February 17-22. 1986, to evaluate
the cereal technology work in the
country. He visited all the federal
and national centers and
evaluated the programs in terms
of facilities, manpower. and
research. He prepared a report.

Dr. Amir Kassam visited Pakistan
in August 1986 to discuss the
work needed for the agroecological
analysis for wheat and maize. He
made an initial report and will
return in 1987 to do this
consultancy.

Equipment
The USAID-MART project
provided funds for purchase of
equipment. Items were purchased

to strengthen the coordinated
wheat programs in the country.
Major items included equipment
for Karnal bunt research.
computers. photocopiers, seeding
equipment. and sprayers for
herbicides. Some money was
spent on repair of existing
equipment such as planters.
threshers. and combines. A lot of
equipment was unused for want of
a little maintenance and repair.
CIMMYT Mexico purchased a new
Wintersteiger Nurserymaster
combine with core funds in early
1986 which greatly facilitated
harvest of on-farm and on-station
experiments.

Crop Production
Information
Wheat production in Pakistan was
officially put at 11.7 million tons
from 7.33 million ha in 1984-85.
This was almost 2 million tons
below target. The major reasons
for this short fall were climate and
irrigation. Fertilizer and improved
seed use increased over previous
years. A severe drought from
booting to early grain filling
affected the Barani areas (Tables
10 and 11). Associated with the
drought were higher than normal
temperatures during grain
development in all areas of the
country that hastened maturity by
up to 2 weeks in some areas
(Table 11). Low rainfall in the past
2 years also led to low water levels
in the main water storage dams,
less power generation. and less
water lifted from electric tubewells
because of power cuts.

Rusts were not evident in this dry
year except for inoculated
nurseries at research stations and
even these gave reactions lower
than expected.

Wheat produCtion in 1985-86, was
put at 13.9 million tons from 7.4
million ha. There was no drought
this year and temperatures were
below normal (Tables 10 and 11).
Maturity was later than normal
and grain filling optimal.
Reservoirs were full and there

were no shortfalls in power for
tubewell pumping. Fertilizer and
seed sales also increased. This was
a record crop for Paksitan and
exceeded the target by 0.6 million
tons.

Although conditions were good for
rusts. inoculum availability was
low. Stripe rust was serious in
some fields of susceptible varieties
in the North. Smuts and Karnal
bunt were also important in a few
fields in Punjab and NWFP. Weeds
were more prevalent in 1985-86
and helped reduce final
production.

One of the major constraints to
increased production is the delay
in planting. This is the result of an
interaction with a previous
summer crop and difficulties of
land preparation for wheat.
Multidisciplinary and multi
commodity approaches are needed
to solve these problems.

Surveys done by economists and
breeders in farmers' fields also
have shown that more than half
on these fields are growing rust
susceptible. banned varieties.
Future surveys will be done to
unravel the reason for this. Rust
resistance varieties are being
released by the breeders but they
are not reaching the farmers fast
enough. This situation leaves
Pakistan open for severe rust
epidemics in the future if
conditions are favorable for the
disease and sufficient inoculum is
present.
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Table 1. Performance of Yecora backcrosses

Table 2, Performance of some early wheat lines/varieties with same
maturity of Blue Silver/Sonalika

4650 125

4650 125

4625 124

4525 121

4375 117

4250 114

4175 112

4075 109
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Parentage/Pedigree

1. Bb/Cno/6/Fn· 3//1144.29/3/
TH· 2/4/Cfn • 4/5/Srl7/Pvn'S'
CM46712-1Y-IM-lY-2Y·OM

2. Pep' '/Ckr'S'
CM67437-2Y-IM-2Y-IM-OY

3, Bow'S'/Mor'S'
CM67426-4Y·IM-IY-2M·OY

4. Bow'S'/Peep'S'
CM67425-2Y-1M-IY-IM-OY

5. Bow'S'/Mor'S'
CM67426·4Y-1 M-lY-IM-OY

6, PF70354/Ald'S'//Mes'S'
CM57597-Z-1Y-IY-3M-2Y-IM·OY

7. Mrl'S'lBuc'S'
CM61947-12Y-6M-2Y-IM·l Y-IM·OY

8. Ani'S'/Jun'S'
CM67571-4Y-4M-IM-OM

9. CooklVee'S'/lDove'S'lVee'S'
CM69279-C-2Y-IM-5Y-IM·OY

Ave. yield
(kg/ha)

4750

% of
Sonalika

128



Table 3. A list of the national yield trials distributed in Pakistan in
1984-85 and 1985-86

a Consists of replicated (stations) and 1984-85 1985-86
nonreplicated (farmers' fields) Seta Data seta Data

National Trial distributed returned distributed returned

Normal Duration
(Br ad wheal)a 79 57 66 51

Short Duration
(Br d wheaL)a 73 48 65 48

RaJnfed
(Bread wbeat)a 6 18 31 23

Tritlc lelDurum 32 24 33 25

B rley 32 24 30 21

Total 262 171 239 178

Table 4. A list of the CIMMYT Table 5. Results of fertilizer trials conducted in Islamabad and
nurseries distributed in Pakistan Rawalpindi Districts in 1984-85 and 1985-86 and in Chakwal in
in 1985 and 1986 1985-86

Nurseries 1984-85 1985-86

Bread wheat 38 27
Durmn 12 8
Tntlcal 9 10
Barley 6 13
Germp m 6 21

ToLal 71 79

1. Islamabad and Rawalpindi disLricts (24 trials) 198 5
Y = 11 + 14.45N-0.09 N2 + 11.47 -0.077 p2
+ 85 PC +672 LT + 449 PL + 0.068 N·P-6.04 LT*P

2. Islam bad and Ra lplndl DistrlclS (34 trtals) 1985-86
Y = 2981 + 1 • 6 -. 446 N2 + l3.87P-0.0514 p2
+ 1193 PC + 1882 FYM + 492 PL + 0.0189 N*P-3.475 LT*N
-3.8 1 F Mep

3. Chak al District () 3 trials) 1985·86
= 1427 + 14.13 -0. 72 N2 + 17.66 P-0.095P2
1448 LT 3 9 PL + 0.64 N*P-4.274 LPP

N = kg N/ha. P = kg P205!ha:PC = previous crop. ° = fallow. 1 = maize:
LT = Land type: Lepara = 1, Mera = 0: PL = plowing. 1= moldboard.
o = cultivator: FYM = farm yard manure: 1 = used.O = none.
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Table 6. A comparison of zero and traditional tillage on the yield of
wheat at 23 locations in farmers' fields of the Punjab for 1984-85
and 1985-86

Grain Total Spikes Grains Individual
et od y eld blo ss 1m2 Isplke grain wt (mg)

Direat 3.52 10.6 255 38 39
drilJiQg

nventional 3.41 10.3 242 43 38
ptaoling

Igni,flcance ns ns ns 5% ns

Table 7. Effect of tillage operations on number of plants emerged per
m 2 , number of weeds per m 2 , and percentage of infested tillers by
stem borer (1985-86)

Emerged Number of % infested WIers
PI nts/m2 Weeds/m2 wi stem borer

Direct drtlling 114 43 12.0

on entional
plantin 96 66 3.05

Si :fnLficance * * *

Table 8. Results of fertilizer trials in the rice-wheat areas of
northern Punjab

1984-85 - 8 locations

Y = 225 + 16.08 - .0393 N2 + 6.65 p-o 0252 p2-1314DS

1985·86 - 11 locations

N = nitrogen; P = Phosphorus; DS =
date seeding. 1 = early. 0 = late;
FYM = farm yard manure. 0 = none
I = some

Y -= 252 + 19.07 N-0.0505 N2_18 OS + 8 FYM
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Table 6. A comparison of zero and traditional tillage on the yield of
wheat at 23 locations in farmers' fields of the Punjab for 1984-85
and 1985-86

Grain Total Spikes Grains Individual
et od y eld blo ss 1m2 Isplke grain wt (mg)

Direct 3.52 10.6 255 38 39
drilJing

nventional 3.41 10.3 242 43 38
planting

IgIlUkance ns ns ns 5% ns

Table 7. Effect of tillage operations on number of plants emerged per
m 2 , number of weeds per m 2 , and percentage of infested tillers by
stem borer (1985-86)

Emerged Number of % infested Wiers
PI nts/m2 Weeds/m2 with stem borer

DIrect drilling 114 43 12.0

on enlional
plantin 96 66 3.05

Significance * * *

Table 8. Results of fertilizer trials in the rice-wheat areas of
northern Punjab

1984-85 - 8 locations

Y = 225 + 16.08 - .0393 N2 + 665 P-o.0252 p2-1314DS

1985·86 - 11 locations

N = nitrogen; P = Phosphorus; DS =
date seeding. 1 = early. 0 = late;
FYM = farm yard manure. 0 = none
I = some

Y -= 252 + 19.07 N-0.0505 N2_78 OS + 8 FYM
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Table 9. Results of fertilizer trials in the maize-wheat area of
NWFP

N = Nitrogen: P = Phosphorus:
FYM = farm yard manure. 0 = none.
1 = some: PC = previous crop.
o = maize. 1 = sugarcane:
8M = herbicide. 0 = none. 1 = yes

1984-85 - 25 locatioDS'

Y = 2762 + 17.64 -0,065 2 + 14.31 P- 0.07 P + 922 FYM
1231 C + 4.32 PC N

1985-86 - 24 sites

Y = 3598 + 16.89N-0.054 N2 + 9. 12P- 0.052 p2 + 781 F
338 PC + 318 8M
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Table 10. Rainfall data for Islamabad over the past 20 years and
1984·85 and 1985-86

RainfBll (J!lm)
20-year

Month average 84-85 85-86

October 25 0 38
November 15 12 11
December 23 13 149
January 50 52 12
February 68 7 126
March 77 37 110
April 33 48

Total 32"1- 154 494

Table 11. Average maximum temperatures for Islamabad over the
past 20 years, 1984-85 and 1985-86

Average m anm (DC)
Month 2Q-ifT average 1984-85 1985-86

February 20.1 2 .7 17.3
March 23.6 28.4 21.7
A.pril 29.7 31.7 2 .0



Bangladesh
L. Butler

Germplasm Development
Programs proposed in 198:2 to
breed/select "flexible" germplasm
for late/favorable dates of planting
and dryland/irrigated conditions
continued in the 1985-86 period.
The system has been very
successful in streamlining the
selection process by eliminating
unsuitable material soon aSter
introduction and, further, has
provided a solid data base from
which recommendations for release
of varieties can be proposed with
confidence. Moreover, the data
base has been expanded by
conducting stability analyses of
yield against environment (mean
nursery yield) on all lines from
Preliminary (first-year) Yield Trials
to last-stage (fourth-year) Large
Plot Observation Trials. Documen
tation and retrieval of information
were facilitated by the use of an
IBM PC/XT computer purchased
in October 1985.

Construction of a successful
breeding program is an evolution
ary process that implicitly
demands the continual "fine
tuning" of the system as new
information/requirements are
input. Accordingly, as a result of

the first external review of the
Project in February 1984 and
based on the recommendations
therein, changes in the handling
of segregating material have been
subsequently incorporated into the
program.

PreViously. in a strai,ght pedigree
selection program. alI reasonably
good plants. in terms of apparent
adaptation and disease resistance.
were selected from any population
(numbers reduced with advancing
generation, however) from the F2
to the F8 generations. Plants were
selected from late-planted
populations in the F3 and F5 and
from populations planted at a
favorable date in the F2 through
F8 generations. Bulk line
selections from the best
populations for entry into the
Bangladesh Screening Nursery
were initiated at the F6 level.
Under the new program. single
plants are selected from only the
best populations (in terms of
predominance of apparently
adapted, disease-free plants) from
the F2 generation to the F8.
Populations at the F3 level are
planted at both favorable and late
dates in the same season and

must be selected at both dates.
Plants from anyone population
selected in the F3 will be bulked
and the composite populations
assessed at a late date of planting
in the F4. Individual plants will
subsequently be used to advance
the generation from the F4.
Bulked line selections for the
Bangladesh Screening Nursery will
begin in the F5.

The initial impact of these
modifications will be to concentrate
and reduce the number of plants
carried which should aid
subsequent selection of quality
plants; further, the time needed to
introduce acceptable bulked
populations into regional testing
through the Bangladesh Screening
Nursery is reduced.

The appearance of early generation
material resulting from the local
crossing program is very
encouraging. More emphasis will
be placed on this program in an
effort to "fine-tune" foundation
material selected largely from
CIMMYT nurseries. Moreover, in
an attempt to instill a greater
sense of participation by officers in
the wheat improvement effort as
well as distribute the work load,
crossing programs were initiated
at Jessore. Jamalpur, Hathazari.
and Ishurdi Stations in the
1985-86 season.

CIMMYT nurseries continue to
proVide an irreplaceable germ
plasm resource for the national
program. Although it is
encouraging that material derived
from the national breeding
program is steadily progreSSing
through the selection process. all
lines. save one, now under yield
trials are from CIMMYT nurseries.
The demands placed upon
performance by the rigorous
selection process is testimony to
the wide adaptability inherent in
CIMMYT gennplasm. However,
though several lines in yield trials
appear superior to Sonalika, none
of these in the 1986-87 Secondary
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and Advanced Yield Trtals-based
on the previous years' data
would seem to be unequivocally
capable of outperforming Kanchan
overall. although several may
compete favorably against Akbar.
Barkat, Ananda, and Agrahni.

Composite results of the 1985-86
Secondary Yield Trial are shown
in Table 1. Lines now in the
Preliminary Yield Trial may offer
promise but cannot be assessed
until the results of these trials are
processed in May 1987.

Bread wheat selections for the
Bangladesh Screening Nursery
and subsequent yield trials have
overwhelmingly come from the
IBWSN and early generation
nurseries (either from nursery sets
or in Mexico). However, selections
from more specialized nurseries
such as the Early. Heat Tolerant,
and Helminthosportum Screening
Nursertes. from which we had
expected more, have been
disappointingly low. Lack of
adaptation is at the center of the
problem. The need of shuttle
breeding efforts towards enhanced
Helminthosporium resistance in
adapted lines is readily apparent.
It is noted with some concern,
however, that early segregating
sets for Helminthosporium
resistance will not be available for
the 1987-88 cycle.

In October 1985, BAW 38 was
successfully released. Introduced
as an advanced fine from Pakistan
in 1979, it bears the pedigree:
INIA/3/SN 64/P4160EIISN 64,
PK6841-2A-IA-OA. The line has
been released under the varietal
name, AgrahnL Agrahni should
compete extremely well against
Sonalika. the predominant
commercial variety, particularly at
late dates of planting. Table 2
clearly justifies this confidence by
indicating the variety's yield

Larry Butler, breeder/pathologist
assigned to the Bangladesh bilateral
project (right). and L.T. van
Beuningen. associate scientist based
in Paraguay, assess a disease
problem in Thailand.
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performance against Sonalika over
6 years under three environments.
on-station and on-farm. Without
the data base generated by the
selection program initiated in 1982
under the Project, the release of
Agrahni might not have been
possible. Unfortunately, since
Agrahni was not released until
October and well after target
productions of certified and
foundation seed by the Bangladesh
Agricultural Development
Corporation (BADC) had been
declared in August, the variety
will not be multiplied by the
government until the season
beginning November 1987.
Further. for much the same

reason. it was not included in the
current season's Extension
Demonstration Kit Program.
Nevertheless, the vartety should
spread rapidly once it becomes
generally available.

Confidence in the new varieties
was definitely vindicated by
results of the Extension
Demonstration Kit Program of
1985-86. Under both dryland and
irrigated conditions, Kanchan,
Akbar, Barkat, and Ananda
outperformed Sonalika across
locations. Results, based on about
80% returns, are summarized in
Tables 3 and 4. Kanchan and



Akbar performed consistently well,
while the results of Barkat and
Ananda were equivocal.

Multiplication targets of BADC
have moved dramatically more in
favor of certain new varieties
relative to Sonalika. Kanchan
particularly has generated much
interest among independent
farmers and certified seed growers
as well. Accordingly, the target
production of Kanchan now
surpasses that of Sonalika (Table
5). Akbar was not as high, but
started from a much lower seed
base and has not had the
exposure as has Kanchan;
however, enthusiasm for Akbar
should increase. No one at the
Wheat Centre has much confidence
in the future of Barkat and
Ananda. Consequently, the target
productions of these two will
remain at a low level. Balaka, as
reported before, will continue to
decline. Kanchan, Akbar, and now
Agrahni will receive the bulk of
attention and promotion for the
foreseeable future.

Crop Management
Crop management studies in
1984-85 included the following.

Fertilizer requirements of
wheat-aus rice-To aman
rotations-A preceding crop of
wheat apparently is not intrinsic
to a decline in yield of a
succeeding aus rice crop (as is
popularly believed and the reason
for the study), but rather the
removal of nutrients, particularly
nitrogen and phosphorus. These
nutrients are generally not
replaced by farmers on fields
planted with unimproved varieties
of aus rice since the crop is very
often sown at risk in terms of
water availability.

Minimum tillage requirements
for wheat land preparation
Reduced, if not minimum, tillage
could be recommended in many
soil/cropping situations in
Bangladesh. Farmers normally
plow and ladder (harrow/level)
their land up to seven times prior
to seeding; results of experiments
indicate no loss of yield through

reduced tillage, suggesting that
present practices are not
necessary, perhaps excessive; one
plowing/laddering would appear to
be sufficient in many cases.
Minimum tillage (no plowing save
that used to open a single furrow
for seeding) produced similar
results experimentally but is
perhaps not practical on-farm due
to the difficulty of maintaining
straight lines, recommended row
spacing (20 cm), and seed rate
using a country plow pulled by
bullocks. Reduced tillage, if
practiced by farmers, could
increase yields in the long term by
conserving moisture on marginal
lands, but primarily through
reducing the turn-around time
from the harvest of rice to sowing
of wheat (November 15-20 is most
favorable for seeding wheat).
About 75% of the wheat crop,
however, is planted in December
and 60% of that is sown after
December 15. In date of seeding
experiments, a 1% + loss in yield
was realized for each day of
seeding delay past December 1.
Further, the energy saVings in
terms of animal power and labor
would be considerable.

Manhub Uddin Ahmed (right), wheat pathologist with BARI and a wheat
improvement trainee at CIMMYT in 1986, and Nazrullslam, a 1981 CIMMYT
trainee, inspect Bangladesh Screening Nursery plots at the BARI Joydebpur
station.

Date of seeding vs. variety
Results of date of seeding
experiments in 1984-85 confirmed
those of the previous season,
generally indicating the
superiority of varieties released
since 1979 (Balaka, Kanchan,
Ananda, Barkat, and Akbar) over
Sonalika. Sonalika is the
predominant commercial variety
and occupies more than 75% of
the wheat acreage, at both
favorable and late dates of
seeding. Kanchan and Akbar,
particularly, have performed well.
Linear regression analyses and
plots of these data have suggested
the superior heat tolerance of the
new varieties at grain-filling.
However; over the past 2 years,
dry weather conditions have
favored harvests of even long
duration varieties such as Pavon
(about 2 weeks later than
Sonalika). Although the new
varieties mentioned above are only
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5-7 days longer in maturity than
Sonalika. the consequences of
these longer maturities to the
yield of quality grain on a large
scale in a year made effectively
shorter by inclement weather at
harvest time remain to be
observed.

Seed rate requirements-First
year results of a rate of seeding vs.
date of seeding vs. variety
experiment at Joydebpur did not
indicate significant differences or
interactions among these
variables. They suggest that
reductions in yield due to late
planting cannot be significantly
compensated by increasing the
seeding rate. Thus. yield reduction
at late dates of seeding is mainly
due to observed reduction (well
documented) in floral fertility and
1000 grain weight.

Seeding pattern-Yield obtained
at 80 and 100 kg/ha rates of
seeding was significantly higher
than that obtained from seeding at
20 kg/ha under irrigated conditions
at Joydebpur. However. as
measured by seed produced per
kilogram planted, the seeding rate
of 20 kg/ha produced 180 kg per
kilogram of seed sown. significant
ly higher than that obtained from
all other rates. No significant yield
differences were observed among
row spacings. This trial was
designed primarily to determine
the optimum rate of seeding to be
used for maximum seed
production (not grain) if rapid
multiplication was required and so
was not meant to generate a
recommendation for on-farm
(particularly dryland) use.

1985-86 studies-In the 1985-86
season, the date of seeding vs
variety. rate of seeding vs date of
seeding vs variety. and tillage
experiments described above were
repeated. Also. a frequency of
irrigation vs variety study was
initiated. Results of the former
three corroborated the 1984-85
results. Results of the irrigation
experiment were eqUivocal and
will have to be repeated. However,
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results did illustrate, as
anticipated. that the first irrigation
at about the crown root initiation
stage was the most critical. All
varieties tested yielded approx
imately the same amount if no
irrigation was given. but separated
dramatically if only one irrigation
(at CRI) was given. This suggests
a possible procedure for drought
tolerance trials.

Micronutrient losses-The
CIMMYT Regional Agronomist has
adVised that the plant stands of
the Bangladesh wheat crop. on
station and on-farm. are poor
relative to those expected under
the best growing conditions. The
steady loss of micronutrients with
increasing cropping intensification
may be a factor. Indeed. wide
ranging soil analyses of the Soil
Chemistry Division, BARI, tend to
confirm this with data indicating
several areas deficient in boron
and manganese. Moreover. West
Bengal wheat scientists. who met
while attending the All-India
Wheat Workshop in New Delhi,
August 1986. have related the
beneficial effects of applications of
boron in certain areas.

Dr. D.J. Reuter of the West
Australian Department of
Agriculture. a consultant in soil
chemistry specializing in
micronutrients. will visit
Bangladesh in January 1987 to
look into this matter. The
principal local resource and
referral scientist is Dr. S. Islam.
Chief Scientific Officer. Soil
Chemistry Division, BARI.

Agronomy experiments
Agronomy experiments to
determine the effects of depth of
seeding, row spacing. and water
regimes on plant stands were
established in 1985-86. Further
yield component data such as
spikes per square meter. grains
per spike, etc. are now reqUired
from all replications of all Wheat
Centre nurseries. The information
base that these data should
generate over a number of years
will be invaluable as a tool to
critically evaluate varietal
performance in terms of
interactions with the environment.

On farm research-an-farm
research on reduced tillage
technology continues to expand
and is conducted principally by
personnel of the On-Farm
Research Division, BARI. However,
the Wheat Centre agronomist is
conducting studies on the effects
of seed rate and time of fertilizer
applications in relay crops. The
reduced tillage experiments
designed by the Project agronomist
from 1983 to 1986 continue to
demonstrate to an increasing
number of farmers the means to
save energy and time. Such
technology is particularly
appropriate for the 1986-87 season
as dates of seeding have been
pushed back 2 weeks later than
normal due to inclement weather
at the beginning of the season.

Crop Production
Information
General-The season of 1984-85
was unseasonably warm and free
of significant rainfall throughout.
These conditions had a profound
effect on crop production: at least
a 0.25 t/ha yield reduction on
average. Dryland crops were
especially hard hit by the lack of
light winter rains which ordinarily
help these crops finish well.
Further. leaf rust epidemics
started in strength comparatively
earlier with obvious effect
particularly in the northwest. This
reduction in per unit area produc
tion was in part compensated by
increased area planted as a result
of Widespread destruction by
flooding of the preceding rice
crops during the monsoon season.
Area planted estimates averaged
about 1.6-1.7 million acres. About
1.4 MMT of grain were produced.
Certainly 1984-85 constituted a
banner year for Bangladesh wheat
in any case.

However. wheat acreage fell
dramatically to 1.2 million acres
producing about 1 MMT in the
1985-86 season as a result of
unfavorable rains for wheat (but
excellent for a bumper crop of rice
which occupied many areas later
than usual), higher prices for



competing crops, such as mustard
and lentils, reduced subsidies for
fertilizers, and reduced prices for
the preceding crops of rice and
jute. Lack of confidence in wheat
as a crop was not a factor,
however. Production on the
cropped acres was reduced by
higher than usual temperatures
and was estimated at 1. 1 MMT.
Further, higher apparent
temperatures and humidity in
February while grain was forming
encouraged invasion of organisms
responsible for causing "black
point" disease of seed. In some
areas, the incidence of this disease
rose to 15% and caused a
considerable amount of concern
although concurrent field and
laboratory tests established that
plant stands or subsequent disease
was not affected at such low levels
of infection. The standard for
certified seed for percentage of
black point allowed was esta
blished at 15% by negotiation in
October.

Varietal use-Sonalika remains
the predominant commercial
variety. However, impressive
demonstrations of the disease
resistance and yield potential of
the new varieties, Kanchan and
Akbar, in even warm years, leads
us to believe that, within the
coming years, these varieties will
help considerably to dilute the
area occupied by Sonalika.
Virtually all of this season's crop
has been planted late due to heavy
rains the first week of November
and this will considerably reduce
production per unit area. However,
demand for certified seed has been
high; since much of this seed is
Kanchan, we expect to see
production of this variety rise
considerably in 1987.

Training
In country-Three kinds of
farmer training programs were
conducted in 1985. "Traveling
seminars" included groups of
generally 30 farmers plus selected
agricultural extension officers
(groups were dominated by
farmers, however) were given a

qUick tour of the wheat program
on the sponsoring regional
agricultural research station and
then transported to select on-farm
varietal demonstrations and
experiments for in-field discussions.
A total of approXimately 40
farmers/extension officers were so
trained in each of three districts.
Seed storage demonstrations
showed farmers procedures and
containers needed for successful
on-farm seed storage. Approxi
mately 500 farmers in each of three
districts participated in such
training in 1985. Extension
demonstration-farmer training
included 500 farmer cooperators
and attendant block supervisors.
This allowed the establishment of
large-plot demonstrations of new
varieties (those released in 1983
plus a Sonalika check) on their
land and subsequent instruction as
to recommended procedures for
plot lay-out and maintenance and
our information feed-back
requirements.

Extension demonstration
establishment, display, location,
and data retrieval improved
considerably in the 1985-86 season
due to training on these subjects
and to cooperation by Wheat
Centre personnel. Accordingly. in
October 1986. the exercise was
repeated for approximately 600
farmers at respective district
headquarters. Such training also
provided another opportunity for
wheat scientist-farmer contact. Two
Farmers' Travelling Seminars
(approximately 40 persons each) as
described above were also given in
1986. No seed-storage training was
conducted.

A most useful and enjoyable
internal seminar was organized in
February 1986. A majority of
Wheat Centre officers (18) from
both the central and regional
stations visited and reviewed the
wheat programs at Jalmalpur,
Joydebpur, Ishurdi, Pabna, and
Jessore Regional Research Stations.
Lacking opportunity and/or
justification, many of the officers
had never seen any station except
the one they had been assigned to.
The atmosphere of enthusiasm and

undisguised interest in which
discussion of problems and
progress were held was most
gratifying. This "Officers Traveling
Seminar" will be an annual event.

In-service training in Mexico
Four scientific officers were
nominated for short-term training
in Mexico in 1985. Paritosh Kumar
Malakar (wheat improvement) and
Abdullah Haroon (rainfed
agronomy) were able to attend and
returned in November 1985. The
remaining two nominees failed to
receive Mexican visas due to the
late submission of their names.

Mr. Manhub Uddin Ahmed,
Scientific Officer (Wheat),
completed his training in Wheat
Improvement at CIMMYT. Mexico
and returned to duties as plant
pathologist in November 1986.

Under the short-term training
component of the Project only 55%
of the total available positions
provided for have been utilized;
further, only 60% of the positions
provided for visiting scientist
fellowships have been utilized.

Visiting scientists-Three BARI
heads or divisions in 1985 and two
in 1986 were nominated for visiting
scientist fellowships; all were
rejected by the Government of
Bangladesh. However, Dr. Motlubor
M. Rahman, director General of
BARI, was able to attend
Presentation Week in March 1985
under Project financial sponsorship.

Graduate students-Messrs.
Moznur Rahman and Madan Kumar
Das entered Oregon State
University, Corvallis, Oregon, in
August 1985 as PhD candidates in
plant breeding. Mr. Aftabuddin
Ahmed entered Montana State
University, Bozeman, Montana in
November 1985 as a Master's
Degree candidate in Plant
Pathology; his program has
recently been upgraded to that for
a PhD as originally intended. The
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entrance of the above three officers
completes the number of
postgraduate scholarships provided
for under the terms of the Project.

Messrs. Abdus Samad and Kazi
Benozir Alam, Master's Degree
students in Wheat Breeding and
Plant Pathology at North Dakota
State University and the University
of Missouri, respectively, applied
for an extension of their studies to
the Doctorate level in 1986. These
applications were rejected at the
President's level. They will now
apply for study leave in order to
obtain sufficient time to complete
their PhD degrees.

Infrastructure and
Equipment Development
In{rastructure-The Project
funded the construction of a cool
room (for seed storage) at Jessore
Regional Agricultural Research
Station completed in September
1985 and a threshing floor.
fertilizer storage, and cool-rooms
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at Jamalpur Regional Agricultural
Research Station completed in
March 1986.

Mr. Helmut Spanlung, a
technician for Wintersteiger.
manufacturer of the seeders and
combines purchased by the
Project, came as a consultant to
the Project in March of 1985 and
1986 to facilitate repair and
maintenance of this machinery.

Equipment-The follOWing
significant items were purchased
and received by the Project
Director/Bangladesh in 1985:

• 1 PC/XT computer plus monitor
• 1 Epson 1500 LQ printer
• 1 Uninterrupted Power Supply

Unit for computer
• 1 Hercules graphic card for

computer
• 4 locally made stationary

threshers

The follOWing significant items
were purchased by CIMMYT,
Mexico and received in 1985 and
1986.

• 4 diesel engine kits for Oyjord
planters

• 1 maintenance kit comprised of
a 5-year supply of spare parts
for combine threshers

• 1 sprinkler irrigation set (1 acre
coverage)

• 1 68-hp Massey-Ferguson
tractor

• 1 software package for analysis
of variance of field trials by the
"nearest neighbor" method

• 5 years of spare parts for
combines and seeders (4 each)

• 1 set spare parts for non-Project
Hege combine at Ishurdi
Regional Research Station

• 4 "Gandy" box-type dry
fertilizer spreaders

• 1 laboratory centrifuge and
accessories

• 6 vacuum bulk rust spore
collectors (cadillac blowers)

• 1 Massey-Ferguson 250, 35-hp
tractor

• 1 disk-harrow
• 6 Vogel single-plant threshers

dual affects of moldboard



Table 1. Summary mean yields (kglha) by environment category of
entries included in the 1985-86 Secondary Yield Trial

Entry I/Fa I/Lb DC EMd a IIF = Irrigated. favorable date of
planting [Nov. 15-30): seven

Maya/Mon'S'IIKvz/Trm 3678 3266 2562 3169 locations

CM44083-N-2Y-2M-1 Y·1M-1 Y-IM·OY bIlL = Irrigated. late date of planting

Mava/Mon 'S'1IKvz/Trm 3606 2526 3107
(Dec. 15-20): seven locations

3190
CM44OB3-N-2Y-2M-1 Y·1M-1 Y-8M-OY c D = Dryland [residual moisture

only or one pre-sowing irrigation):
Yr/Pam'S' 2733 2626 1808 2389 three locations
CM46091·5M·2Y·1M·2Y·2Y-1M·OY

d EM = Entry mean

Zp'S'/4/TpIlCno67/No/3/Bbl 3256 3223 2571 3017
Cno67/5Nd'S'/Blt/6/Pvn'S'
CM 6725·6M·1 Y·1M·2Y·1 Y-1M-OY

Pew'S'/4/KaIlBbIlCj71'S'/3/Ald'S' 2911 3036 2036 2661
C 59929·2JO·2JO·3JO·OJO

HD 2285 2981 3542 2137 2887

Son lika 3005 2892 2225 2707

Kanchan 3414 3486 2718 3206

Akbar 3477 3449 2386 3104

Table 2. A comparison of yield performances of Agrahni and Sonalika
under various growth situations from 1980 to 1986

Mean y:ield (~g/ha) a I1F = Irrigated. favorable date of
% planting (Nov. 15-30)

Situation No. Locations Agrahni onaUk Advantage
bIlL = Irrigated. late date of planting

On·Station
(Dec. 15-20)

IlFa 25 3318 2887 14.9 c 0 = Dryland: residual moisture only
I1Lb 15 3085 2624 17.6 off-station: residual moisture or one
DC 19 2726 2292 19.0 pre-sowing irrigation on-station

Off·Station
I1F 7 2995 2731 9.7
D 8 2476 1976 25.3
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Table 3. Yield results (kg/ha) of varietal demonstrations under irrigated conditions, 1985-86

District No. of
(Old) Locations Ananda Kanchan Barkat Akbar Sonalika

Dhaka 6 3095 (3) 3493 (1) 3102 (2) 3012 (4) 2867 (5)
Mymensingh 10 1875 (5) 2005 (3) 2031 (2) 2186 (1) 1938 (4)
Tangail 8 2540 (4) 2972 (1) 2544 (3) 2658 (2) 2081 (5)
Jamalpur 6 2133 (4) 2525 (1) 2317 (3) 2475 (2) 1800 (5)
Faridpur 15 3438 (2) 3711(1) 3206 (4) 3397 (3) 3020 (5)
Barisal 6 2492 (4) 2600 (1) 2438 (5) 2505 (2) 2504 (3)
Kushtia 20 3643 (4) 3987 (1) 3715 (3) 3944 (2) 3321 (5)
Jessore 16 3835 (4) 4065 (3) 4162 (2) 4277 (1) 3446 (5)
Khulna 1 4146 (3) 4883 (1) 4514 (2) 3409 (4) 2815 (5)
Pabna 11 3409 (2) 3393 (3) 3161 (4) 3495 (1) 2934 (5)
Bogra 8 3172 (3) 3336 (1) 3093 (5) 3116 (4) 3192 (2)
Rajshahi 12 4293 (2) 4425 (1) 4199 (3) 4064 (4) 3854 (5)
Rangpur 15 2678 (2) 2827 (1) 2445 (4) 2466 (3) 2344 (5)
Dinajpur 19 2694 (2) 3019 (1) 2573 (4) 2638 (3) 2565 (5)
Comilla 17 2623 (3) 3041 (1) 2665 (2) 2596 (4) 2581 (5)
Noakhali 2 1998 (1) 1934 (2) 1515 (4) 1412 (5) 1752 (3)
Sylhet 11 2244 (5) 2552 (1) 2349 (4) 2468 (3) 2524 (2)
Chittagong 3 3312 (4) 3525 (2) 3475 (3) 2911 (5) 3906 (1)

Variety mean 186 3033 3290 3018 3091 2815

Yield increase
over Sonalika (%) 7.74% 16.87% 7.21% 9.80%

( ) = number of locations
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Table 4. Yield results (kg/ha) of varietal demonstrations under dryland (nonirrigated) conditions 1985-86

District No. of
(Old) Locations Ananda Kanchan Barkat Akbar SonaUka

Dhaka 6 2305 (3) 2553 (1) 2383 (2) 2230 (4) 2111 (5)
Mymensingh 7 1743 (3) 1859 (2) 1699 (4) 2019 (1) 1473 (5)
Tangail 8 1666 (5) 1948 (2) 1975 (4) 2025 (1) 1801 (3)
Jamalpur 7 2147 (2) 2302 (1) 2084 (4) 2109 (3) 1923 (5)
Faridpur 15 1809 (1) 1799 (2) 1654 (4) 1673 (3) 1421 (5)
Barisal 5 1810 (2) 1905 (1) 1405 (5) 1680 (4) 1800 (3)
Kushtia 14 2545 (3) 2773 (1) 2500 (4) 2639 (2) 2265 (5)
Jessore 16 1778 (4) 2121 (1) 1942 (3) 1948 (2) 1758 (5)
Khulna 1 1763 (4) 3528 (2) 3675 (1) 3528 (2) 2645 (8)
Pabna 10 2088(4) 2125 (1) 2111 (3) 2115 (2) 1849 (6)
Bogra 7 2182 (4) 2356 (1) 2204 (3) 2324 (2) 2132 (6)
Rajashani 15 2366 (2) 2613 (1) 2189 (5) 2333 (3) 2196 (4)
Rangpur 15 1917 (2) 1925 (1) 1764 (4) 1875 (~) 1741 (5)
Dinajpur 19 1927 (4) 2342 (1) 2010 (2) 2001 (31 1824 (5)
Comma 18 1857 (51 2274 (1) 2005 (3) 2076 (2) 1881 (41
Noakhali 1 850 (2) 900 (1) 750 (3) 700 (4) 400 (5)
Sylhet 10 1495 (4) 1626 (2) 1466 (5) 1697 (1) 1542 (3)
Chittagong 3 1917 (5) 1945 (4) 1950 (3) 2184 (2) 2366 (1)

Varielymean 177 1968 2187 1967 2055 1851

Yield increase
over Sonalika (%) 6.32% 18.15% 6.27% 11.02%

( ) = number of locations

Table 5. Multiplication targets of BADC for production of foundation
and certified seed during 1986-87

Foundation Certified
seed seed

S1. No. Variety (t) (t)

1 Sonalika 400 5000
2 Kanchan 800 7200
3 Akbar 400 2000
4 Barkat 40 400
5 Ananda 40 400
6 Balaka 100 2000
7 Pavon 10
8 Aghrani 10

Total: 1800 17.000
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Turkey/CIMMYT Bilateral and Collaborative Winter Wheat Projects
H.-J. Braun. E.E. Saari, and B. Skovmand

Introduction
This report covers both the
Turkey/CIMMYT Bilateral Project
sponsored by UNDP and the
Turkey/CIMMYT Collaborative
Project for Winter Wheat
Improvement since it is difficult to
separate the activities as they, in
general. have common objectives.

On April 30, 1986, the formal
partnership agreement between
the Turkish Government and
CIMMYT on winter wheat
improvement was signed by both
partners of this joint collaborative
project. The activities were
initiated in 1985 on improving
winter wheats for developing
countries.

In April 1986, a I-year extension
of the UNDP project was approved
and thus the activities of this
project continued towards meeting
its objectives.

Crop Production
Information
Rainfall patterns-The fall of
1984 was unusual in all the wheat
growing regions of Turkey because
the rains came 4 to 6 weeks late,
thus affecting timely germination.
In 1985. winter and spring rains
were about average in the spring
wheat regions and production was
normal with the exception of the
southeastern region which
received below-average rain in the
spring and summer, slightly
reducing production.

distribution was suboptimal and
affected final yields. The fall rains
were timely and above normal in
all regions so the cereal crops
entered the winter at the right
stage and with very good stands.
The 1986 winter was very mild
and no winter damage was
observed anywhere in the winter
regions. Spring rains were normal
in Thrace and in the spring wheat
coastal areas, but above normal in
the spring wheat area of
southeastern Turkey and in the
eastern regions of both spring and
winter wheat. All of these areas
achieved above-normal yields.

In 1986 large regions of the
Central Anatolian Plateau lacked
spring rains and had essentially
no precipitation from early March
to early June. The rains in early
June saved the wheat crop and
yields were slightly better than
normal. However, these rains in
general were too late to affect the
barley yields.

In Central Anatolia, the 1986 fall
rains were delayed and started in
mid-December. This affected
germination and stands and may
result in winter damage. In a
survey conducted by the Ankara
Institute. the difference between
the improved agronomic package
and traditional agronomy was
evident. Even after more than 5

months Without rains, the use of
the improved agronomic package
conserved sufficient moisture
during the fallow period that
wheat planted in time (mid
October), germinated and
emerged. Other areas received
sufficient precipitation for proper
crop establishment.

Disease and insect problems
In the winter wheat areas, no
serious diseases occurred dUring
the 1984-85 crop cycle. In general
the lack of rain created a very
unfavorable environment for
disease development. In areas
around Eskisehir and the Western
Transitional Zone, occasional
heavy infections by the wheat
ground beetle (Zabrus spp.)
affected stands and caused some
damage.

In Cukurova, infection of septoria
tritici blotch and leaf rust was
common, especially on the variety
"Orso." which confirms the
observation that this variety needs
to be replaced. In the southeastern
region, the population of the Suni
pest reqUired Widespread applica
tion of insecticides.

Few disease problems occurred in
1986, largely due to the lack of
spring rains in the main winter
wheat areas. Early infection of
stripe rust was observed and, if

In the winter wheat areas. the
winter rains were about normal,
but the spring and summer rains
were below average to nonexistent
depending on the region. The
Eskisehir and Konya regions were
especially affected by drought
after April which was so severe
that some wheat fields were
abandoned.

In the 1985-86 crop cycle. rainfall
was above normal in all the wheat
growing regions of Turkey. In
some regions, especially in the
Central Anatolian Plateau, the
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the spring rains had been timely,
a major epidemic could have
occurred since most varieties are
susceptible to stripe rust. In
southeastern Turkey an unusual
epidemic of stripe rust was
observed late in the season due to
the better than normal rainfall in
that region. However, it occurred
too late to cause measurable yield
losses.

Tan spot, caused by Helmintha
sparium tritici-repentis, was
observed throughout central
Anatolia and transitional zones. It
appears to be particularly severe
on winter durum wheats.

Major varieties in use"
agronomic discriptors,
germplasm parentage, and
coverage-In the Thrace
(European) part of Turkey,
introduced Bulgarian varieties
have performed well and the area
sown to these varieties is expected
to increase during the next few
years. Sadovo I was sown to
about 30% of the area, equaling
the area sown to Bezostaya I.
Kirkpinar 79 is planted on about
15 % of the area. Table I shows
the yield of Bezostaya I compared
with the top yielding varieties,
Kirkpinar 79 and three Bulgarian

varieties at five locations. The
yield advantage of these varieties
over Bezostaya I ranged from 24
to 66%.

Gerek 79 has performed very well
in the Central Anatolian Plateau,
and was particularly outstanding
during the droughty season of the
1984-85 crop cycle. It is expected
that Gerek 79 will replace
Bezostaya I and local landrace
varieties dUring the next few
years. Presently Bezostaya I still
covers about 40% of the area in
the Central Plateau, followed by
Gerek 79, which is approaching
20% of the area. Still about 20%
of the area is planted to landrace
varieties such as Ak 702.

Atay 85, released last year from
the Eskisehir Institute, has been
accepted very well by farmers and
they are obtaining record yields of
better than 10 Uha under
irrigation with this variety. About
200 t of Atay 85 seed were
distributed in the fall of 1986.

The winter durum wheat variety
Cakmak 79, released by the
Ankara Institute, is sown
increasingly in the better areas.
However, Kunduru 1149 is still
the major winter durum wheat

variety, especially in the
transitional zone. Odeskaya 51, a
winter wheat, was accepted for
production and several thousand
tons of seed were imported from
the USSR.

In eastern Turkey, 50 t of seed of
the U.S. variety 'Hawk' were
imported and distributed to
farmers because of the variety's
performance in the U.S. variety
trial conducted during the
1984-85 cycle. Hawk's good
performance was again confirmed
in 1986 trials. Table 2 gives the
yields of 12 U.S. Great Plains
varieties in Erzurum and Igdir.
Hawk yielded 20% better than the
variety Lancer, released for
eastern Turkey.

In the coastal spring wheat areas,
Gonen, Ata 81, and Izmir 85 have
performed well and even more
land would be sown to these
varieties if more seed were
available. Gonen is especially very
popular with farmers and they
harvested record yields of better
than 10 Uha in some areas.

Spring bread wheat variety
releases-Three spring bread
wheat varieties were released for
commercial production; one in
1985 and two in 1986. Izmir 85
was released from the Aegean
Regional Agricultural Research
Institute (ARARI) in 1985. It is a
selection from the 13th ISWYN
and is semidwarf with high yield
potential. Marmara 86, a
semidwarf spring bread wheat,
was released for the Marmara and
Aegean regions and may also do
well in the Cukurova region. It is
of CIMMYT origin, selected from
the IBWSN, and is a Bobwhite'S'
line, CM33203-K-12-IY-5M-5Y-OM.
Cukurova 86 is a semidwarf
spring bread wheat released from
the Adana Institute. It also
originated from the IBWSN. and is
a Bb/Kal'S' line, CM9160-IIM
5Y-6M-OY.

Hans Braun. Bent Skovmand. and Eugene Saari. breeder/pathologists.
assigned to the Turkey bilateral/winter wheat projects, look at material in a
drought nursery at Hamidye, Turkey.
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At the PolaUi State Fal'm in west central Turkey, Bertan Suzen (right) and
Nesmettin Bolat. wheat breeders (or the Eskisehir Agricultural Research
Institute, stand in a field o( Gerek 79 being multiplied (or certified seed.

Winter bread wh at variety
releases-One winter bread
wheat variety was released in
1985. Atay 85. a cross between
Hyslop and Siete Cerros from the
Eskisehir Agricultural Research
Institute, was released for irrigated
areas. Atay 85 is a sernidwarf
winter bread wheat with high
yield potential.

pring durum wheat variety
releases-Three dllrum wheat
vari ties were released: Baleili 85
and Creso in 1985 and Diyarbakir
81 in 1986. Baleili 85. released by
the Cukurova University in
Andana. is a spring durum wheat,
semidwarf in stature, and with
high yield potential. It is a
Bittern'S' line (CM9799-34M-l Y-OY)
selected from the IDSN. Creso, an
Italian semidwarf durum variety,
was released by the Adana
Institute. Diyarbakir 81. a
semidwarf spring dllrum wheat
released for southeastern Turkey,
has a yield potential slightly better
than Dicle 74. and has tolerance
to yellowberry.

1984-85 production-1985
wheat production was adverserly
affected by the general drought
and was slightly less than the
previous year even though the
area planted for the 1985 crop was
greater (Table 3). Production was
17 MT averaging 1820 kg/ha.

1985-86 production-Turkey
had a better than average harvest
in 1986. Production increased by
13% over 1985 and was estimated
to be 19.2 MT which is a new
national record. For the first time,
average yields were better than
2 Uha (Table 3).

Crop Research Activities
Important crop improvement
priorities-The primary objective
of the Winter Wheat Improvement
Collaborative Project is to produce
improved winter wheat germplasm
that will lead to higher production
in winter wheat regions of the
developing countries.

The characteristics listed below
are generally not different from
the breeding goals of the Turkish
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breeding programs. Presently the
agricultural research institutes of
the national program are directing
their efforts towards the specific
problems of their regions by
emphasiZing some of the
characters listed below. The
germplasm needed in both the
national program and the
international effort are common
and will be developed most
efficiently and cost-effectively by a
joint effort between the national
breeding programs and the
international project.

General characteristics that should
be fixed in the germplasm base;
Le., needed in all target areas
include:

• Yield potential
• Wide adaptation
• Semidwarf stature
• Drought tolerance
• Winter hardiness
• Disease resistance
• Quality

Characters needed only in special
environments include:

• Earliness
• Short duration of grain filling

period

• Disease resistance for hot spots
of particular diseases and for
localized diseases

• Insect resistance
• Specific adaptation

1st International Winter Wheat
Screening Nursery (IWWSN)-In
1985, the 1st IWWSN, consisting
of 156 entries. was distributed to
25 locations and results have been
obtained from 12. Table 4 lists 13
advanced lines that were selected
at six or more locations. Table 5
lists 15 lines that had low reaction
to the rusts: in Chile (stripe and
leaf rust), China (all three rusts),
Ecuador (stripe rust), and lzmir
(leaf and stem rust). Table 6
indicates eight lines with low
reaction to barley yellow dwarf
virus in Toluca, Mexico.

2nd and 3rd IWWSNs-The 2nd
IWWSN was prepared and
distributed during the summer of
1986. It contained 103 entries and
sets were sent to 50 locations
throughout the winter wheat
regions of the world.

During the past year, a system
was established for multiplying
the seed for the international
nurseries. Candidate lines were



identified for the 3rd IWWSN and
were planted in Edirne for
multiplication. The candidate lines
are further planted in eight
locations within Turkey for
evaluation. The harvest in Edirne
is about a month earlier than at
Eskisehir or Ankara. This allows
an extra month for nursery
preparation and shipment.

CIMMYT nurseries-A total of 75
and 124 international nurseries
were received from the different
programs in Mexico. in 1985 and
1986. respectively. These
nurseries were distributed to 11
locations throughout the wheat
regions of Turkey. though mainly
in the spring wheat region. The
number of nurseries received in
1986 increased more than 60%
over nurseries received in 1985
and may be too much for the
national program.

A special set of advanced lines
from the CIMMYT durum
program. the High Yielding
Vitrous Kernel lines (HYVK). was
received and planted in yield trials
in Izmir in 1985. Among the 20
best yielding durum wheats
originating from all experiments in
Izmir. 11 came from this HYVK
material and are listed in Table 7.

Winter wheat selections from
Toluca were received and planted
in Eskisehir in the fall of 1985.
However. this material was
received late and could not be
properly evaluated. This material
has been distributed to the
different institutes in Turkey for
further evaluation.

New introductions-During the
1984-85 cycle. both winter and
spring type wheats were received
from around the world. This
material was evaluated in Izmir or
Ankara. or in both places if
enough seed was available.

Izmir is a spring environment. but
normally has temperatures low
enough and of sufficient duration
to vernalize winter wheats.
Therefore. introductions with

limited seed and of uncertain
habit were planted in this location
to determine whether they were of
spring or winter habit. and also for
multiplication.

At the Izmir Institute. a very
severe stem rust epidemic
developed during the cycle.
alloWing a very good screening for
resistance to the races occurring
in this region. The durum wheats
were especially severely infected
and it appears that Izmir can be
used as a "hot-spot" for selecting
durum wheats for resistance to
stem rust.

In the 1984-85 cycle. a collection
of 437 introductions from eight
countries was planted only in
Izmir because of limited seed. Of
these. 197 could not be recovered
due to complete susceptibility to
stem rust or total nonadaptation.
Twenty-three or 5.3% of the lines
were selected at Izmir and will be
used in the crossing program; all
but one of these lines are from
Australia. the exception coming
from the United Kingdom (see
Table 8). Two hundred and
seventeen were selected for further
evaluation in Turkey.

A collection of 406 durum and
bread wheats. introduced from 19
countries. were evaluated in both
Ankara (Haymana) and Izmir.
However. due to the spring
drought in Haymana. most of this
material was abandoned at this
location. except for the few
outstanding lines. which were
included in this year's crossing
program. To reevaluate this
collection. the whole set was
replanted in the fall of 1985.

At Izmir. 201 or 49.6% of these
lines could not be recovered due
to their susceptibility to stem rust
or nonadaptation. Of the remaining.
25 lines or 6.1 % were outstanding
and included in the crossing block
(Table 9). The other 180 wheats
were formed into two nurseries.
141 bread wheats and 39 durum
wheats for distribution throughout
Turkey.

A collection of 80 advanced lines
from INIA. Chile. was received in
the fall of 1984 and planted in the
Thrace region at the Edirne
Institute. All 80 lines were
harvested and a set planted at each
of the Institutes of Eskisehir.
Ankara. and Diyarbakir for further
evaluation during the 1985-86
cycle. The best Chilean selections
were included in crossing blocks for
planting in the fall of 1986 (Table
10).

Fifteen U.S. Great Plains varieties
and four Bulgarian varieties were
introduced and grown in replicated
yield trials in Turkey during 1985.
The trials were grown in Edirne.
Luleburgaz. Tekirdag. and Halkali
in the Thrace region; in Eskisehir.
Hamidiye. and Ankara (under
dryland and irrigated conditions) in
the Central Plateau; in Diyarbakir
in the southeastern region. and in
Erzurum in eastern Turkey.
Unfortunately the trial was not
harvested in Hamidiye because of a
severe post-anthesis drought. Since
the composition of the trials was
not uniform over the locations.
yields are given as percent yield of
the best check variety at each
location (Table 11).

During the 1985-86 crop cycle.
approximately 3500 introductions
were evaluated at the Eskisehir
Institute; 1079 lines were selected
and redistributed in Turkey for
further evaluation. These lines
originated mainly in eastern
Europe and the Great Plains States
of the USA.

More than 2000 introductions were
received during the fall of 1986.
These introductions have been
planted for initial evaluation and
seed multiplication.

Turkish national program
crosses-Between 1500 and 2000
crosses per crop cycle are
presently made at the Institutes in
Ankara. Edime. and Eskisehir.
These crosses are mainly winter x
winter crosses. utiliZing winter
wheat germplasm from the major
winter wheat programs. This
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variability can be employed in the
international program as well as
in the national program.

The exploitation of winter x spring
wheat crosses needs more
emphasis. Such crosses will be
mainly made at the Izmir Institute
and this program has been
initiated.

In many marginal areas where
winter wheats are grown and
where many farmers do not use
seed treatment. loose smut can be
a problem. Table 12 lists eight
spring wheats that have been
identified as resistant by the
Pathology Program at the Izmir
Institute. These lines will be used
in the spring x winter crossing
program.

International program
crosses-The CIMMYT bread
wheat program offers the best and
most varied spring wheat
germplasm that could be used
with great advantage in making
winter x spring crosses for the
collaborative winter wheat
improvement project. Twenty-six
selected bread wheats and 17
durum wheats from the Turkish
program were sent to Mexico to be
crossed to spring wheats. The Fl
seed will be divided between the
Turkish program and CIMMYT
and top crosses will be made in
both places.

Wheats developed in the Great
Plains' programs appear to be a
valuable source of germplasm and
the same set of 26 bread wheats
was sent to Texas A & M
University. Vernon. Texas. to be
crossed to the best new winter
wheats from this area.

Trainin«
Training ofyoung scientists was
done on a one-to one basis at the
different Institutes of the national
program during periodic visits.
This is especially important in
view of the number of senior
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scientists (breeders) who have left
the program for private industry
during the last year.

In-service in Mexico and other
countries in 1985-Four trainees
attended the BreedinglPathology
training course: Nazim Mehmet
Dincer. Adana Research Institute;
Mesut Keser and Tugrul Ince.
Eskisehir Research Institute; and
Hasan Ozcan. Erzurum Research
Institute. Messrs. Dincer. Keser.
and Ince were supported by the
UNDP project; Mr. Ozcan was
supported by CIMMYT.

Two trainees. Zeynel Yavuz of
Ankara Research Institute and
Reslen Alagoz of Diyarbakir
Research Institute. attended the
Experiment Station Management
Course. Mr. Yavuz was supported
by the CIMMYT Wheat Program
and attended the course from
September 1984 to February
1985. Mr. Alagoz was supported
jointly by the CIMMYT Maize and
Wheat Programs and joined the
course in September 1985 and
returned to his institute in
February 1986.

In-service in Mexico and other
countries in 1986-Two
trainees. Ahmet Yazili of Halkali
Research Institute and
Abdurrahman Koksal of Ankara
Research Institute. attended the
Wheat Improvement Course. Both
trainees were supported by
CIMMYT.

One trainee. Zulfu Keklikci of
Diyarbakir Research Institute.
attended the Wheat Production
Course. Mr. Muhsin Akci of
Altinova State Farm attended a
6-month FIS seed training course
in the Federal Republic of
Germany. Both Mr. Keklici and
Mr. Akci were supported by the
UNDP project.

Visiting scientist fellowships
In 1985 two Visiting scientists. Mr.
Bertan Suzen and Dr. Muzaffer
Kizeltan from the Eskisehir and
Ankara Institutes. respectively.
spent 3 weeks visiting the
program at CIANO in Mexico.

Thereafter. they visited the winter
wheat programs in the Southern
Plains of the USA.

Three Turkish scientists visited
CIMMYT. Mexico in the spring of
1986. Mrs. Gulhan Turabi. from
the Izmir institute. spent 2
months with the CIMMYT
breeders and pathologists on
pathological problems in Sonora
and EI Batan. Thereafter. she
studied cereal rusts in the Cereal
Rust Laboratory, University of
Minnesota, for 3 weeks. and at the
Plant Protection Institute.
Wageningen. The Netherlands. for
1 week.

Dr. Necati Celik. Director of the
Andana Institute. and Mr. Necmi
Biligi. from the Eskisehir Institute.
spent 2 weeks visiting the wheat
program at CIANO Mexico.
Thereafter. they visited the
CIMMYT Maize program.

During the last week of June
1985. Drs. Kamil Yakar and Fahri
Altay. from the Ankara and
Eskisehir Institutes. respectively.
visited programs in Yugoslavia
and Hungary to study breeding
techniques and to identify
germplasm for use in the
programs in Turkey.

P.N. Brennan. Queensland Wheat
Research Institute. presented
seminars on genotype x
environment interactions at the
Adana and Ankara institutes.

W.D. Worrall. Texas A&M
University. visited all Turkish
institutes involved in winter wheat
research.

Mr. Nusret Zencirci. from the
Ankara Institute. was accepted for
masters degree study at Oregon
State University.

In 1986. English courses were
supported in Ankara. Eskisehir.
Erzurum. Izmir. Diyarbakir and
Samsun. Forty-two young
scientists participated in these
courses in preparation for in-



service training at CIMMYT,
visiting science fellowships, and
graduate training in the U.S.

Conferences and
Workshops
Winter wheat workshop-Dr.
Ertug Firat from the Diyarbakir
Institute, attended the Winter
Wheat Workshop held at EI Batan,
Mexico, during August 1985.

Tandy model 100 training in
1985-Mini-computer workshops
were held at the different
institutes using the Tandy Model
100. The institutes were Ankara,
Adana, Diyarbakir, Edime,
Erzurum, Eskisehir, and Izmir.
The purpose was to instruct wheat
scientists in the use of the
portable computer and to
demonstrate the use of the
"WTRIAL" program for recording
alld analyzing yield trial
information.

Pathology workshop-During
March 25-29, 1985, a pathology
workshop was held with
participants coming from the
different institutes. The workshop
utilized about 30% of the time for
lectures on various aspects of
plant pathology, while the rest of
the time was used for practicals in
the laboratory and greenhouse.

MSTAT workshop-During
December 8-20, 1985, a MSTAT
workshop was held to teach the
use of this computer package.
A total of 23 maize and wheat
scientists from four countries
participated; two wheat scientists
from each of the institutes in
Ankara, Eskisehir, and Izmir,
Turkey, and two from Elvas,
Portugal attended the workshop.
The workshop was jointly
sponsored by the Ankara Institute,

the CIMMYT Maize and Wheat
Programs, and the MSTAT project
from the University of Michigan.

International Wheat
Conference-Seven scientists
from Turkey participated in this
conference held in Rabat,
Morocco, May 2-8, 1986.

Winter Wheat Traveling
Seminar, Turkey-During June
22 to July 2, 1986, the seminar
visited the main institutes
involved in winter wheat research
and had participants from Turkey
(16), China (2), Afghanistan (1),
Morocco (1), and CIMMYT (3).

Infrastructure
Development
Two new experiment stations are
to be developed during the next
few years. A new research
institute is planned for the Konya
Province and the Eskisehir
Institute is being asked to relocate
farther from the town. The
CIMMYT Experiment Station has
been requested to assist in these
two endeavors and for that
purpose Mr. J.A. Stewart visited in
May 1986 to see the new sites and
to make recommendations for
initial work.

Equipment provided in
1985 and 1986
Supported by CIMMYT

• 6 Hege 125 C Plot combines to
be distributed to the institutes
in Ankara, Diyarbakir, Edirne,
Erzurum, Eskisehir, and Izmir.

• 5 Hege 60 Tandem Axle trailers
to be distributed to the
institutes in Andana, Ankara,
Diyarbakir, Edirne, and
Erzurum (4 combines and three
trailers were delivered in 1985,
the others were delivered in
February 1986).

• 1 Brabender laboratory mill.
• 2 Tandy Model 2000, complete

with printer, for Eskisehir and
Izmir Institutes.

• 6 Experimental seed drills.
• 1 Nikon compound microscope

with teaching head and camera.
• 3 Plot binder-cutters.
• 2 Computers and 1 hard disk

upgrade.
• 2 Nikon cameras with lenses.

1
• Set of video equipment with

monitor.
• 1 Overhead projector.
• 1 Tic-O-Meter.

Supported by UNDP project

• 4 Stereo Microscopes Nikon
SMZ-l.

• 3 Mettler Electronic Balances,
Model PEI2.

• 2 H&N Seed Cleaners Model
3-S-A.

• 10 JK Model Zeromax Units for
Planters.

• 1 Replacement engine for
double cab truck.

• 5 De-awners

Publications
Altay, F., H. Bostancioglu, H.-J.
Braun, E. Firat, N. Hazar, M.
Kiziltan, G. Mizrak, F. Ozberk, A.
Safi Kiral, B. Skovmand, B. Suzen,
and A. Yazili. 1986. Items from
Turkey. Annual Wheat Newsletter,
32:111-112.

Pfeiffer, W.H., and H,-J. Braun.
1985. Yield stability in bread
wheat" IFPRIIDSE Workshop on
Sources of Increased Variability in
Cereal Yields. Feldafing, Federal
Republic of Germany, Nov. 26-29,
1985.

Skovmand, B. 1985 (Translator:
Engin Kinaci) "Uygulamali Bitki
Patolojisinde Onemeli Son
Gelismeler" Budgay ve Misir
Hastaliklari Semineri. Ankara,
Turkey. March 25-29, 1985.
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Table 1. Average yield and rank of Bezostaya 1 compared with the
best entry in yield trials with 11 entries at five locations in Thracea

a Information collected by Necati Bezostaya 1 Best Entry
Hazar. Agricultural Research Institute. Yieldti- -- Yieldb
Edirne Location (kg/ha) Ran Name (kg/ha) (ex. 01 Bez)

b Average of two trials at each
Edirne 3520 9 Katia 4 60 124location
Tekirdag 47~8 10 Kirkpinar 79 6772 142
Kirklareli 3280 10 Dobrudja 4620 141
Canakkale 2480 11 Sadovo 1 -1-130 166
Luleburgaz 4229 10 Kirkpinar 79 6138 145

Table 2. Yield (kg/ha) of 12 USA varieties, Lancer, Bezostaya 1, and
Gerek 79 at two locations in eastern Turkey in 1986a

a Information collected by Hasan Location
Ozcan. Agricultural Research Institute. Name Origin Erzurum Igdlr Mean
Erzurum

Hawk Colorado 4979 5729 5354
Brule Nebra ka 4635 5696 5165
Gerek 79 Turkey 4835 5171 5 3
Chi h 1m Oklahoma 5069 4808 4938
Wings Colorado 4181 5675 4928
Mustang Colorado 4719 5050 4884
Tam 101 T 4335 5258 4796
Newton Kansas 4065 5325 4695
Siouxland Nebra 4056 5117 4586
Vona Colorado 4323 484 4585
Tam 108 Texas 4363 46 6 4529
Arkane Kansas 3 44 5392 4518
Lancer Local Check 4492 4425 58
Bezostaya 1 3277 4190 3733
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Table 3. Area, yield, and production of wheat in Turkey

Year

1965
1966
1967
1968
1 69
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986a

Area
(1000 hal

7900
7950
8000
8250
8660
8600
8700
8730
8850
8750
9250
9250
9325
9300
9400
9020
9250
90 0
9230
9000
9350
9200

Yield
(kglha)

1076
1208
1250
1154
1212
1163
1552
1897
1130
1257
1594
1784
1785
1796
1862
1829
1838
1944
1777
1911
1818
2086

Production
(1000 t)

.500
9,604

10.000
9.521

10.496
10.002
13.502
12,196
10,001
10.999
14.745
16.502
16,645
16,703
17,503
16,498
17.002
17,496
1 ,402
17,199
16,998
19,200

a Data for 1986 are estimates

Source: Prime Ministry State Institute
of Statistics, Turkey, I965-1985

Table 4. Cross, pedigrees, and entry number of lines in the 1st
International Winter Wheat Screening Nursery selected six or more
times in 12 locations

Entry
No.

13

17

20

56

60

64

Cross and pedigree

Edch/Lfn'S'//2897/Prsk 2800
YE 2230-2E-1E-OE-OA

Spn//Mcd/Cama/3/Nzr
SWN 777627-17H-4H-IH-OH

M 374/Sx//2897/Prsk 2800
YE 2168-15E-4E-OE

Bza/Cal//Bb/3/P221·3517907//Au
YE 2057-12E-2E-IE-OE

Mir 264/Au
YE 2080-3E-3E-l E-OE

Ksk/Au
YE 2129-8E-1E-4E-OE

(continued)
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Table 4. (continued)

Note: Bezostaya 1 was included as a
check and was selected in two
locations

Entry
No. Cross and pedigree

314

69 Tob/3/ dlPI 1/lDrc/-l/09344/r 05
E 2 16 ·9E-lE- E-OE

104 Pj 62/Lul • 2/31D229-22/N 101INo 64
YA 14701-9A·6A-OA

105 Pato//6 .130/67.2/3/P221-35179071IAu
YA 14706-2A-4A-OA

113 Yky406/No 57/lDacia
YE 1617-1E-IE-IE-OE

133 Rom FI2·711Jup·S·
SWM 76784-IH-IH-IP-IP

143 8ilinmeyen 85-10

155 Gz/Gb/IMg27/3/Gns/Lofn/4/Cofn/ISu92/8urt
YE 1754-23E·IE-2E-IE-OE

Table 5. Cross. pedigrees. and entry number of lines in the 1st
International Winter Wheat Screening Nursery with a low reaction to
all three rusts

Entry
No. Cross and pedigree

13 Edch/Lfn'S'I/2897/Prsk 800
YE 2230-2E-IE-OE-OA

39 8za/Cal//8b/3/III-67,7/II·61.15//Au
YE 1513-4E-4E-OE

48 4-22//Lov 2/811 2973
YE 2032-2E-4E-2E-OE

59 NO 57/1093-44/No 57
YE 2067-5E-2E-IE-OE

60 Mir 264/Au
YE 2080-3E-3E-l E-OE

64 Ksk/Au
YE 2129-8E-IE-4E-OE

66 D 6301l8ez//2897/2800
YE 2158·2E·2E-l E-OE

(continued)



Table 5. (continued)

Entry
No.

11-l

115

121

128

133

142

1-l5

156

Cross and pedigree

Gz/Gb/Mg27/3/Gns/Cofn/4/HysI7C
YE 1755-2E-4E-2E-OE

Dne/N50E/Kal* 3/3/Lut 32
YE 5725-22A-IA-IA-OA

Kc 6611Mir 264IBez 1
YE 1993-2A-5A-OA

093-44/3/258.2. 2/Nad63//Bez
YE 1462-2E-IE-6E-OE

Rom Fl2-711Jup'S'
SWN 76784-1H-IH-IP-IP

Bilinmeyen 85-8

C 126. 15/Cofn/3/N lOB 111P9-lIlSell0 1I4/Bise
YE 2964-2E-OE

Ot254/Ravi66115840/3/Mp65/4/Su92/CI 1364
YE 1804-4E-IE-IE-2E-OE

Table 6. Cross. pedigrees. and entry number of lines in the 1st
International Winter Wheat Screening Nursery with a low reaction to
Barley Yellow Dwarf Virus in Toluca. Mexicoa

Entry a lnfonnation from P. Burnett.
No. Cross and pedigree BYDVb CIMMYT. Mexico

17 Spn//Mcd/Cama/3/Nzr 3 b 0-9 scale: 0 = resistant.

SWM 777627-17H-4H·IH OR 9 = Susceptible

50 Bezostaya 1 3

127 Edch/Lfn/2897/Porsuk 3
YE 2230-11 E-2E-OE

128 093-44/3/258.2.2/Nad63//Bt>z 2
YE 1462-2E-IE-6E-OE

133 F 12.71/Jup·S· 3
SWH 784-1H-IH-IP-OP

135 Bilinmeyen 85.5 3

136 Bilinmeyen 85.6 2

137 Bilinmeyen 85.7 3
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Table 7. Best durum lines from the High Yielding Vitreous Kernel
Nursery (HYVKl that significantly outyielded the checks during the
1985-86 cycle in Izmir

Cross

Tcho'S'
Yav'S'/Guil'S'//Ruff'S'/Fg'S'
Yav'S'//Ruf'S'/Fg'S'
Mu
Dack'S'/Teal'S'//Mal'S'
Gediz'S'/Yav'S'
Yav'S'/lDack'S'/Rabi'S'/3/Snipe'S'
Yav'S'//Erp'S'/Ruso/3/Yav'S'
Chi'S'/4/Qfn/3/6I,130/Lds//Gll'S'/5/
Still'S'
Dack'S' /3/Cfn5/Fg'S '//Ptl'S'/4/Yel'S' /
5/RHw/Lds/6/Apo'S'/7Nav'S'
Yav'S'/Sapi'S'/lYav'S'/3/Hui'S'

Pedigree

CD-40553-C-2M-2Y-4M-2Y-OM
CD-50200-C-2Y-IM-3Y-IM-OY
CD-42267·4Y-2M-IY-IM-OY
CD-33970-IB-l Y-2M-OY
CD-39998-4B-l Y-1 M -OY
CD-24242-4Y-IM-lY-OY
CD-48008-B-3M-l Y-2M-l Y-OM
CD-57712-8B-3Y-3M-OY

CD-53189-D-2M-2Y-IM-OY

CD-53672-D-IM·3Y-IM-OY
CD-56174-G-IY-3M·501 Y-OB

Table 8. Spring wheat lines selected during the 1984-85 cycle in
Izmir for yield and resistance to stem rust

316

Variety

Oxley
Cook
Egret
Flinders
1 W/495
1 W/562
Dk 2139/501
77 W/549
677
792/649
Egret
Songlen
Banks
Csw 1356/54
Aroona 83-104
Warigal 83-108
Torres 83-119
Takari 83-120
Kamiloro I
Emu/Romany
Aurora/Condor- 3
Spear//Skp/Condor
84-1122

Origin

Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
United Kingdom
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia

Stem
rust

30S
40S
40S
60S

TMR
30S

IOMS
60S
30S
80S
40S

o
40S

S
MS
MS
MS
MR
MS
MS
MS
MS

Yield
(kg/hal

7100
6400
6600
7400
6900
6300
6300
5000
6600
7000
6200
4400
6100
5500
5000
7900
4600
3700
5700
8000
6000
6200
6000



Table 9. Wheat lines selected during the 1984-85 cycle iu IzmJr for
yield and resistance to stem rust

Viuiety or line

Torres
Qt 3288
Qt 997
Qt 3313
Katepwa
R c 520

ac 495
Laval 19
Aubaine

01
LD 7 11
S u SlO 14/84

e u S10 1 /84
Dorado

anltal
Fontarranco
Leopardo
Fabiola
Ershi skava
Agd nU •

uerdane
Karabag 1
Kirmlzl B gday
Albidu

Austr ia
Austra..lli1
Austral'
Au lia
Au tralia
Australia
Australia
Canada
Fr Dee
Franc
France
FR Germany
FR 'ermany
Italy
Italy
Italy
Italy
Italy
USSR
USSR
USSR
USSR
USSR
USSR

Stem
rust

20M8
o s

o
o

lOMS
MS

8
S

IOMS
30MS

80s
408
30S

100S
o

OS
S
S

s
S
S
S
S

Yield
(kg/haa)

5200
4900
4200
5100
4200
4100
4750
4250
6500
4800
4900
7100

00
5100

80.0
6100
2850
5 50
3900
5000
3400
3650
4300
3650

a Yield measured on 1.2 m.sq. in an
unrepllcated trial

Table 10. Chilean winter wheats se1ecte~ during 1986 cycle

Variety or Cross

1"2 MBP-7"6--! -I H
Pvn'S'/Bdfn
Af/3/My48/Vg81361/Md
Carp'S'/Ald'S'

vz/CIIf
autaro INI

Wt/3/ lO/KC 4//Fn/N/3/M/4/Au
Dacl-l/ no'S'/Pj//GiIl3/3/Bb/Cha

SlO-92/3/CC/I 'lA/CAL

Pe 19re

T -11269-T-2ti
A-13206-6P-IP-IP
CM-40628-2C-3C-IC
N-305-l.1O-1C-IC-2C-IC

QUI-178-8C-1C-IC-IC-OC
SWM-75-l531-1H-2H-OH-OC
T-12355-T-3P-2T
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Table 11. Yield (as a percentage of best local check) of 15 U.S. Great Plains and four Bulgarian winter
wheats, and Bezostaya 1 in nine locations in Turkey

Hal- Lule- Tekir- Eski- Ankara Ankara Dlyar- Erzu-
Edlrne kali burgaz dag sehlr (Irrigated) (Dryland) baklr ruma Ave.

Tam 101 78 83 89 96 68 69 69 94 107 81
Tam 105 87 101 97 113 61 80 67 9 108 7
Tam 107 102 109 88 141 60 77 60 1 0 128 92
Tam 108 83 85 110 III 58 82 67 1 2 103 87
Mit 80 70 71 71 59 65 55 0 9
Arkan 78 92 89 124 62 74 60 78 23 82
Newton 84 84 112 105 47 72 57 86 119 1
Siouxland 90 85 92 105 61 76 74 87 112 84
Brule 87 93 110 111 65 87 68 74 1 7 87

ustang 82 74 109 79 46 75 64 102 l25 79
Vona 90 88 92 102 64 86 80 76 106 85
Hawk 92 100 101 79 57 61 78 99 1 3 83
Wings 82 92 103 99 61 71 75 85 15 8
Payne 79 86 104 82 29 84- 77 76 114 77
Chisholm 92 89 99 113 49 56 62 104 120 83
Sadovo 1 90 95 117 154 69 84 75 91 97
Dobrudja 91 100 108 135 67 68 59 85 89
Momichill 93 93 102 149 75 83 72 76 93

ratza 90 94 105 126 73 79 80 71 90

Bezostaya 1 83 82 120 79 75 62 84 8-1

Yield of best 4756 3625 4600 4100 4340 6775 2381 2508 2256 3927
Local check (kg/ha)

a Erzurum not included in average

a Information collected by Dr. C.
Dutlu. Izmir Research Institute
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Table 12. Cross and pedigrees of lines with a consistently low
reaction to loose smut (Ustllago trltici) at Izmir, Turkeya

Cross and Pedigree

Mon/Bez 1

Wqrm//KallBb
SWM 1445-8Y-2M-500Y-500Y-506M-502Y-OM

Cno/Tob'S'//Gll/3/Tob/CC//Pato'"2/4/Jar'S'
CM23519-2S-1S-0S

UlclBb4A/3/Tor//Bb/No67
CM29257-lS-4S-1S-0S

Ndw/Ww//LeelFn/3/Ti Res
SWM 4589-7Y-IM-2Y-IM-OY

Pi'S'/H7-7A.A//Lee/3/Nd74/S723A/4/Tob/Cno//Hd832
CMl1241-2S-1S-2S-0S

Fn//K58/N lOB/3/Gb55/4/36896//Cj54/4160/3/H. Van
SH 86-1P-3P-IP-OP

Mld//Tob/24117/Rfn '"2/908/3/Fn//1150.28/Tc/5/Cno/Gll
SM 908-3P-lP-l poOP



CIMMYT/ICARDA Collaborative Bread and Durum Wheat Projects
G. Ortiz F. and M.M. Nachit

M. Nachlt (left) and G. Ortiz F., breeders for the CIMMYT/ICARDA
Collaborative Projects for durum wheat and bread wheat. respectively.
consult at the Yaqui Valley Agricultural Experiment Station in northwestern
Mexico.

Introduction
Even though bread wheat is
planted on around 30% of the
wheat area of the West Asia and
North Africa region, it accounts for
nearly 80% of the total wheat
production. Since 1980 bread
wheat improvement for this region
has been a joint collaborative
endeavor between CIMMYT and
ICARDA. The facilities and bread
wheat breeding programs of both
research centers are used to
improve bread wheat germplasm
for targeted marginal
environments of the region.

Durum wheat is planted to about
70% (8.5 million hal of the total
wheat area of this region. Since
1984, CIMMYT and ICARDA have
had a joint collaborative durum
wheat program with the aim of
conducting complementary durum
wheat research at both
institutions, coordinating
germplasm distribution, and
working closely with national
programs.

Bread Wheat
Bread wheat is the most important
cereal crop grown in West Asia
and North Africa. During 1985,

countries in the region produced
49.7 MT of wheat (Figure 1). Of
this approximately 77.8% was
bread wheat. The environments
where wheat is grown in West
Asia and North Africa are quite
variable in rainfall, temperature.
soils, diseases, and insect pests.
Crop management also varies
greatly. More than 85% of the
bread wheat that is grown in the
region is rainfed. It has been
estimated that about 50% of this
area receives less than 400 mm of
rain annually.

Typically, wheat is sown in the
fall when its early growth and
development occur during the
coolest months; temperatures then
rise rapidly as the grain ripens.
Extreme cold and heat are
common stresses and are often
combined with drought. Diseases
and insect pests are also
important constraints that limit
wheat production in the region.

The objectives of the CIMMYTI
ICARDA Bread Wheat
Improvement Project are the
development and identification of
germplasm possessing the
following attributes:

• Increased and stable yield
under various amounts and
distribution of rainfall.

• Tolerance to drought, cold
(inland areas where low rainfall
is usually associated with low
temperature), heat. and salt.

• Resistance to diseases including
the three rusts, septoria,
common bunt. etc.

• Resistance to insect pests such
as sawfly, Hessian fly. suni bug,
and aphids.

• Acceptable nutritional and
industrial quality.

• Development of improved
agronomic practices in
conjunction with national
programs in the region.

• Training.

Breeding procedures-The
breeding strategy of the bre<:vi
wheat improvement program is
shown in Figure 2. Targeted F1
single crosses are made every year
with the objectives listed above in
mind. Segregating populations
from F2 to F8 are grown and
evaluated at Tel Hadya and Breda
(dry site) under both favorable and
stressed conditions. The favorable
conditions include early planting
(mid-October), 100 kg of Nand 60
kg of P205 and two irrigations
that simulate approximately 400
mm of overall rainfall for
germination and disease
enhancement. The stressed
conditions include low rainfall
(200 to 300 mm) and low fertility
(40 kg of Nand 40 kg of P205).

The program places special
emphasis on multilocation testing
of early segregating material. This
is done by using a modified bulk
method of selection in the F2
generation. It consists of
performing individual plant
selection in each of the most
desirable F2 crosses, and bulking
the selected plants within each
cross. The F3 bulk families,
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formed using this procedure, are
evaluated for disease resistance
and overall agronomic
performance in five "hot spot"
locations in the region. The idea is
to discard, early in the segregating
phase, undesirable families/plants
for the above characteristics. The
quality information on these F3
bulk families is also considered in
the selection. From F3 to F7,
individual plant selection is used.
Replicated yield testing of
advanced lines starts with the F6
to F8 generations.

Prior to distribution to national
programs, promising lines are
yield-tested in preliminary trials
over 2 years and three environ
ments in Syria. The most
promising lines are promoted to
advanced yield trials over five
environments for 1 or 2 years. The
long-term annual average rainfall
in these environments ranges from
280 to 600 mm.

Information on disease resistance
is collected as soon as lines are
bulked for preliminary yield
testing. When the lines are
promoted to advanced testing,
multilocation information on
disease resistance is obtained from
the Key Location Disease Nursery
(KLDN). The promising lines are
then promoted to international
nurseries for multilocation testing
at about 60 locations in the
region.

septaria tritici blotch
(Mycosphaerella graminicola), and
common bunt (Tilletia [oetida and
T. caries).

In the KLDN-84, of 171 lines
tested, 12, 45, 78, 36, and 2 lines
were resistant to yellow rust, leaf
rust, stem rust, septaria tritici
blotch, and common bunt,
respectively. None of the lines
tested were resistant to both
yellow rust and common bunt. For
the yellow rust and septaria tritici
blotch combination, five lines were
resistant to both:

• Son64/SS2//Cno/INIA/4/
Jup 73/3/Cc/Cno/Son 64
(CM33756-3AP-2AP-IAP-OAP)

• Vee'S'
(CM33027-F-15M-500Y-OM-89B
OY)

• Pvn'S'/Sprw'S'
(CM46702-2AP-OAP-2AP-IAP-0
AP)

• Meise'S'
(SWM4585-74M-l Y-5M-l Y-IM-O
Y)

• Carpintero (Carp)
(II30724-1 C-4C-OC-7M-OY-OAP)

Thirty-five lines showed resistance
to both leaf rust and stem rust.
However, there was a low

incidence of stem rust on bread
wheat in the only site, Njora,
Kenya, where information was
available.

Selection for yield potential
and stability-Increased yield
and stability are necessary
characteristics in any variety to be
recommended for rainfed areas.
The variety needs to give
relatively higher yields under
stressed conditions, and must
possess the genetic potential for
much higher yields should
environmental conditions, such as
moisture and fertilizer availability,
improve, Le., input responsiveness.

Figure 3 shows the average, as
well as the range of yield of 210
advanced bread wheat lines under
five different environments. The
long-term average rainfall in these
environments ranged from 280 to
600 mm. Fertility conditions were
also different, ranging from a low
of 40 kg of N and 40 kg of P205
to a high of 120 kg of Nand 60 kg
of P205. The highest yield
achieved was 1711 kglha under
stressed conditions (Breda, Syria)
and 6266 kg/ha under the
optimum environment (Terbol,
Lebanon).

* Estimate, FAG Monthly Bulletin of Statistics, Vol. 8, December, 1985

Figure 1. Production (million metric tons) of bread wheat (nonshaded
portion) and durum wheat (shaded portion) in the ICARDA region for
the periods 1969-71. 1979-81, and 1985.
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Multilocation testing for
disease resistance-The KLDN is
comprised of lines from the
advanced yield trials and lines
selected for their resistance to
specific diseases. This nursery is
sent to several "hot spot"
locations in and outside the region
to be screened for resistance to the
prevailing diseases in those
locations. In the 1983-84 season,
KDLN-84 was sent to 20 locations;
however, useful information was
obtained from 10 locations on the
folloWing diseases: yellow rust
(Puccinia striiformis), leaf rust (P.
recondita) , stem rust (P. graminis) ,
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BBH = Bulk Best Hybrids LP = Late Planting
SIR = Supplementary Irrigation Rf = Rainfed
HF = High Fertility EP = Early Planting
MBS = Modified Bulk Selection DS = Drought Stress
LF = Low Fertility HS = Heat Stress
IPS = Individual Plant Selection CS = Cold Stress
BBL = Bulk Best Lines TH = Tel Hadya

Figure 2. The breeding strategy of the collaborative bread wheat
program.

it was possible to identify several
lines which are not only superior
in yield to the checks, but also
may have some degree of drought
and cold tolerance. These lines
were incorporated and used
extensively in the crossing
program of 1985-86.

Table 3 shows that the yield level
of 240 advanced bread wheat lines
was significantly increased over 2
years in three locations. The
percentage change in yield was
greater in the moderate rainfall
environment (Tel Hadya, 316-373
mm), and least in the dryest site
(Breda, 208-277 mm). It is
interesting to note that during the
first year of testing, 1984-85, at
least 25 days of -lOOC were
registered at these locations, while
the 1985-86 season was
characterized as being extremely
dry and with mild temperatures.
The yield levels were consistently
higher in 1985-86.

Performance of new
germplasm in cooperating
countries-During 1986 the
project continued distributing
improved bread wheat germplasm
to national programs in West Asia
and North Africa with the goals of:

• Providing promising lines for
potential release as commercial
varieties in those countries or
for use as parental material.

• Collecting information on the
adaptation of those lines in the
region.

Results from the Wheat
Observation Nursery 1984-85
indicate that there is a large

Table 4 shows seven advanced
bread wheat lines that combine
high yield and yield stability
under two contrasting moisture
regimes. The highest yield
achieved under low rainfall •
conditions was 1877 kg/ha, while
the highest yield achieved in the
well watered environment was
7222 kg/ha. All seven lines yielded
significantly higher than the local
and improved checks.

aT a
. Rf, LF
_DS TH·LP

I
-Rl, LF
- CS

"..,-
Yield Trials

and
Increases

National
Programs

Several advanced lines with
superior grain yield as well as
drought and cold tolerance in
comparison to the local and
improved checks were identified.
Table 2 shows five of the most
outstanding ones. The 1983-84
crop season was characterized by
being extremely dry. Total rainfall
received at Tel Hadya, Syria, was
229 mm, or 113 mm below the
average long-term of 342 mm.
Similarly, 1984-85 was an
unusually cold season. Freezing
temperatures were registered for
20-25 days at Tel Hadya's
meteorological station. Taking
advantage of selecting material
under these two different seasons,

Quality
Disease Lab.
Testing \

Terbol "
- STR, HF
- S -

-Tunl ia

"-QualilY
Lab.

Multilocation Testing
IntI. Obs. Nurs. and Y.T.'s-------11 60 Locations

North Africa
and

West Asia

Tossing
Blocks

~
- BBH
- SIR, HF

t
- MBS
- Rf, LF
- SIR, HF Egypt

/

-IPS
F5 - Rf. LF

- SIR, HF

F6 - BBL,IPS
F7 - Rf. LF
FS - SIR, HF

Syria
(Br da)

Mexico

Morocco

Results from advanced wheat yield
trials tested in this fashion (Table
1) demonstrate that there are
several lines yielding higher than
the checks, Mexipak 65 (local
check) and Sham 2 (improved
check), by at least 5 to 60%. If a
stronger selection pressure was
applied, Le., lines higher yielding
than the checks at the 5 %
probability level, only a modest
number of lines significantly
outyielded the checks. However,
yields may have been affected by
the extreme cold in the 1984-85
season; since both checks are cold
tolerant, the lines identified in this
manner should possess this
characteristic as well.
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number of lines with substantially
better yield, earlier maturity, and
more acceptable disease resistance
than both the long-term and the
national checks.

Table 5 shows the five best
performing lines in this nursery.
These lines have higher yield,
improved disease resistance, and
better agronomic type than the
regional check. They were also
sefected on eight or more
occasions by national cooperators
in the region based on visual
evaluation of agronomic type and
disease resistance.

Table 6 presents the most
promising lines in four different
sub-regions of West Asia and
North Africa. Two of these lines,
W3918 A/Jup and Neelkant'S'
were among the five best lines in
all 32 locations and they are now
being considered for release as
commercial varieties by several
national programs in the region.

Results of 8 years of Regional
Wheat Yield Trial data (1978 to
1985), indicate that the adaptation
of bread wheat germplasm in the
region has increased over the
years (Figure 4). Although the
number of test locations of this
trial remained constant over the
years, the number of lines selected
by national programs in the region
based on their statistical
superiority over the national check
variety has increased. This is a
modest but Significant achieve
ment considering that the national
check at each location is usually a
well adapted, Widely grown
commercial variety. The yield gap
between the top bread wheat line
and the national check has
widened to approximately 1 tlha
during the last 2 years.

Farmers' field verification
trials-The bread wheat project
places special emphasis in

developing germplasm with
adaptation to the low rainfall
environments of the region.
Results from these efforts indicate
the possibility of breeding progress
in these marginal areas in regard
to drought stress tolerance. Table
7 presents data from the Farmers'
Field Verification Yield Trials
grown in the low rainfall zones of
Syria (250-350 mm). The cultivar
Neeser ranked first over seven
locations and significantly
outyielded the local check
(Mexipak 65). This line is being
considered for release as a
commercial variety for the low
rainfall areas of Syria. In 1986,
Syria released a new wheat
variety, Sham 4 (Flk'S'/Hork'S'),
for commercial cultivation. Sham
4 was released after 3 years of
testing in the Farmers' Field
Verification Trials in which it
consistently showed significantly
higher yield than the local and
improved checks.

hi he l ytelddllll m an yieldlowest yield
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LP-RF, 300 mm NP-RF, 350 mm EP-SIR, 450 mm NP-IR, 600 mm

late planting, EP = early planting, RF = rainfed, SIR = supplementary irrigation,

Breda
NP - RF, 280 mm

NP = normal planting, LP =
IR = irrigation

Figure 3. Yield performance of 210 bread wheat lines in the advanced yield trials under five different
environments/management in 1984-85.
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• Combining desirable traits.

This breeding strategy is carried
out in close collaboration with
NARS scientists and advanced
research institutions. Final
selection is based on data
gathered from the region. Data are
processed, compiled, and utilized
in an approach targeted to meet
the demands of the various
agroclimatic conditions prevalent
in North Africa and West Asia.

• Testing at stress-specific sites,
representing prevalent biotic
and abiotic constraints in the
region.

• Selecting and evaluating
promising segregating and
advanced material in different
environments. The environ
ments are chosen to cover a
wide range of rainfall,
temperatures, and biotic and
abiotic constraints.

Yield potential and yield
stability-High grain yield and
stability are prerequisite traits in
any variety to be recommended
for cultivation under Mediterran
ean rainfed conditions. Consistency
or stability in the performance of
new cultivars plays a decisive role
in the acceptance of cultivars by
farmers. Farmers are unlikely to
grow a new cultivar if it fails to
yield well even in a single season.

Table 9 shows the most high
yielding and stable entries under
the conditions of five contrasting
environments, along with their
main grain yield and stability
parameters. We used two
parametric methods for stability
analysis: the regression method
proposed by Eberhart and Russell
(966) and elaborated by Yates
and Cochran (983) and Wrike's
method (963). We also used a
nonparametric method (Nachit
and Ketata, 1986) developed for
estimating yield stability. The
latter method is based on ranking
of genotypes in each environment.
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• Low and variable winter rainfall
associated with low
temperature.

• High probability of early and
terminal drought stress.

• Low temperature during early
stem elongation stage with the
danger of frost.

• High temperature during grain
filling.

main features of the environments
under consideration may be
summarized as follows:

• Water aVailability determined
by current rainfall, particularly
in low-rainfall areas.

To meet the needs of this region,
the durum wheat project has
adopted a breeding strategy aimed
at developing germplasm that is
less sensitive to drought, cold, and
heat, and is able to cope with
rainfall fluctuations, while still
being able to profit from favorable
conditions. This breeding strategy
consists of:

r I ""i I

1977/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85
Year

Durum Wheat
Durum wheat is, after barley, the
most important crop in the low
rainfall areas of the North African
and West Asian countries. The
total area and the moisture regime
for durum wheat grown in this
region are given in Table 8. In
Syria and Jordan, almost all of the
durum wheat (97%) is grown
without irrigation. In general,
durum wheat is grown under drier
conditions than bread wheat. It is
well known that the dry areas in
this region are characterized by a
large year-to-year variability,
particularly in precipitation,
temperature, and damage due to
diseases and insects. Most of the
durum wheat area is, therefore, a
high-risk area and crop yield
reduction and failures due to
climatic fluctuations are frequent.

Long-term average data on
precipitation and minimum and
maximum temperatures indicate
the severity of drought, cold, and
heat. In most areas, temperature
rises rapidly from March onwards.
These increases usually coincide
with increased drought stress
dUring the grain-filling period. The
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Figure 4. Number of bread wheat lines significantly (P <0.05)
outyielding the national checks in 21 countries of West Asia and
North Africa, 1977-1985.
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Disease resistance
Multilocation testing aims at
screening advanced breeding
material and special purpose lines
for resistance to prevailing
diseases in hot spots in and
outside the region. In many of
these locations. artificial
inoculation was used to create
disease epiphytotics.

Useful information on the Key
Location Oisease Nursery (KLDN
1985-86) was. obtained from 12
locations within the region. Of the
270 lines tested. 112 were
resistant to yellow rust. 24 to I af
rust. 32 to stem rust, 23 to
powdery mildew. 13 to septaria
tritici blotch. and 9 to common
bunt. Four lines showed combined
resistance to leaf rust and stem

that grain yield under terminal
stress conditions is strongly
related to the number of fertile
tillers/m2 and earliness. Several
durum wheat lines outyielded
Sham 1. the highest yielding
check under terminal dr ugh t
conditions (Table 16).
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of drought tolerance. while at
Terbol the correlation between OSI
and grain yield is strongly related
to the amount of rainfall.

Cold tolerance-The damage due
to cold was severe in 1984-85.
Table 13 shows a strong
relationship between grain yield
and tolerance to cold
(r= +0.74"·).

Frost affected the early lines.
However. several entries were
found to combine earliness and
frost tolerance (Table 14); this is
demonstrated by the low
correlation coefficient between
these two traits. By using partial
correlation to eliminate the
interactions between cold damage
and earliness and grain yield. the
correlation coefficients have
changed very little.

Heat and terminal drought
Und r t rminal drought
conditions. the maximum yield
achieved was 4433 kglha whe
the average yield of the ADYT trial
was 3385 kg/ha. Table 15 shows

100
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Drought Susceptibility Index

(DSI)

Figure 5. Distribution of drought susceptibillty lndez (DSf) lor 210
ADYT entries. DSf values were calculated using yields at Breda as a
stressed environment and Terbol as a potential environment.

Table 12 shows the relationship
between OSI and grain yield in
different testing sites. A negati e
and high correlation was found
be ween the DSI and grain yield at
the dry site (Breda); this indicates
that higher grain yields in durum
wheat are related to higher levels

Ranking genotypes has several
advantages. For example. the
stability estimate of the genotypes
is distribution free and estimates
are not affected by outliers. In
addition, the nonparametric
method is easy to use and allows
simultaneous selection for yield
and stability.

Drought tolerance-Table 10
shows the grain yield of the 5 %
highest and lowest durum wheat
lines in the advanced durum
wheat trials at the dry site (Breda.
Syri ). Also shown are their
stability rank and some agronomic
traits. The lines in the highest
yielding group were also the most
stable. These results corroborate
last year's results and
demonstrate that breeding for
drought tolerance is associated
with increased yield stability
under rainfed conditions.

3M

Plant vigor. number of fertile
tillers. plant height. and peduncle
length were found to be strongly
associated with grain yield under
dry conditions.

In the 1984-85 season. a number
of lines were identified with high
yielding potential over different
contrasting environments (Table
11). In addition to haVing
consistently high yields. Omrabi
lines. in particular. were also early
and cold tolerant and they
maintained their yield potential in
he drier sites as shown by the

smaller drought susceptibility
index (OSl). For any single
gen type. the OSI value measures
the genotypes' rela ·ve
susceptibility to drought-the
higher the OSI value. the lower
the drought tolerance. Figure 5
shows llie distribution of OSI
values for the 210 ADYT entries.



rust; two entries to powdery
mildew and septoria tritici blotch;
10 entries to yellow rust and
septoria tritici blotch; and six
entries to yellow rust and common
bunt. Three lines showed
combined resistance to yellow
rust. septoria tritici blotch. and
common bunt-which are the
most encountered diseases in the
rainfed areas of the Middle East
Region. These lines are:

• Stk/Gll//T.dic.V.Ver/3/A63037/
Sentry
ICD79-1347-2AP-IAP-3AP-IAP
OAP

• Scaup/Sapi
ICD79-0403-20AP-2AP-IAP-OAP

• Qfn/Memo/3/0yca//Ruff/Fg
CD35213-A-lY-IM-lY-OM

In addition to their resistance to
the above three diseases, these
lines are also moderately resistant
to leaf rust and stem rust. but
showed moderate susceptibility to
powdery mildew.

Insect resistance-During
1985-86 emphasis was given to
screening 114 durum wbeat lines
for resistance to wheat stem
sawfly (Cephus pygmaeus) and
aphids at Tel Hadya. All wheat
stem sawfly screenings were
conducted under cages using
artificial infestations of adult
insects. Naturally occurring
populations of aphids were
allowed to infest lines previously
screened for sawflies, and were
rated on a 0-5 scale according to
density of aphids on each line.

Four lines exhibited resistance to
sawfly:

• Marrocos 46 3617
PIl91621

• Valricardo

• Rabi/3/Gll//Lds/RL3601/4/Fg/5/
Cn/Plc
ICD80-0692-9AP-IAP-3AP-3AP

• D-2lWaha
ICD79-0282-lOAP-3AP-2AP-IA
P-OSH

In all cases, percent infestation
was less than 1.7 %. By
comparison, the local check,
Hammari, ranged in infestation
from 8.3% to 55.0% (mean
32.0%).

No resistance to aphids was
observed in any of the durum
lines tested. In each case,
densities of over 200 aphids/plant
were observed.

Grain quality-The most
important parameters of quality in
durum wheat are gluten strength,
protein content. vitreousness. size
of kernel, and content of yellow
pigment. Gluten strength is
determined by the SDS sedimenta
tion test; the Brabender
farinograph is used for advanced
durum wheat lines.

In a study of SDS sedimentation
on RDYT entries from different
environments, it was found that
the gluten strength of durum
wheat is stable and the ranking of
durum genotypes does not vary
·greatly with the environment.

Most of the lines from the
advanced wheat yield trial have
good gluten strength. A sediment
volume of at least 40 ml is
preferred for both flat bread
baking, pasta, and burghul
preparation.

During the 1985-86 season. a
study was conducted to examine
whether high-quality durum
wheat genotypes could be used for
bread baking as well as for
pasta/couscous. It was found that
the selection of durum wheat
genotypes on the basis of dough
strength, as related to the baking
quality of two-layer flat bread. is
also satisfactory for identifying
high pasta quality (Table 17). The
SDS sedimentation test was also
highly correlated to both dough
strength and gluten strength as
assessed by farinograph stability.
Combining the SDS sedimentation
test, the farinograph. and two-

layer bread baking into one
procedure allows the identification
of durum wheat lines with high
gluten strength that is suitable for
baking quality and spaghetti
making.

A color gradient board for rapid
visual evaluation was used to
estimate the yellow pigment
content of the flour of 3865 durum
wheat lines during 1986. The
yellow pigment values obtained
were highly correlated to actual
yellow pigment content. as
determined by water-saturated n
butanol extraction and spectro
photometer analysis (r = 0.88).

Multilocational testing
Nurseries and trials for the
Mediterranean region are targeted
to two major environmental zones:
1) moderate rainfall and mild
winter. and 2) low rainfall and a
relatively cool winter.

The Durum Wheat Observation
Nurseries (DONs) are a channel
through which promising
advanced lines developed by
national. regional. and inter
national programs are prOVided to
the programs of the region for
further screening. The data for the
1984-85 season have been
analyzed and compiled in a final
report made available to national
programs. Results of the DON
moderate rainfall and DON-low
rainfall were obtained from 25
sites each. The sites represent
North Africa. West Asia, and
Mediterranean Europe. Selected
entries are reported in Tables 18
and 19.

The overall range for grain yield in
the DON-moderate rainfall was
between 3533 and 5135 kg/ha
with a grand mean of 4284 kg/ha.
The mean number of days to
heading ranged between 116 and
131 with a grand mean of 122
days. However. large variation
occurred from one site to another.

For the DON-low rainfall, 35 lines
were selected for their resistance
to leaf rust and 40 lines for
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resistance to stem rust. Most of
the durum wheat lines originating
from the Aleppo-based program
carry high resistance to yellow
(stripe) rust. For septoria nodorum
blotch, 29 lines were selected; 14
lines were selected for powdery
mildew.

The Regional Durum Wheat Yield
Trials (RDYT) are also targeted to
the moderate and low rainfall
environments. Each trial includes
the best performing lines from the
corresponding observation
nurseries. The 1984-85 RDYT
consisted of 19 durum wheat
advanced lines and one regional,
one improved, and one national
check in addition to one bread
wheat and one triticale. Yield data
were received from 27 locations
for the RDYT-low rainfall and 29
locations for the RDYT-moderate
rainfall (Tables 20 and 21).

Figure 6 shows the progress
achieved in developing durum
wheat germplasm adapted to
Mediterranean rainfed conditions.
It also clearly illustrates that
multilocation testing performed in
collaboration with national

programs, in addition to selection
at stress-specific sites, is efficient
for the development of superior
genotypes under rainfed
conditions.

International nurseries
CIMMYT international screening
and yield nurseries of durum
wheat (IDSN, IDYN, EDYT, and
segregating populations) were
requested and grown by most
countries in the region. In 1985
and 1986,44 and 37 stations were
visited respectively for notetaking,
information exchange, and
organization of in-country training
(including identification of trainees
for visits to CIMMYT-Mexico).
Table 22 shows the most selected
lines in North Africa and West
Asia from the 16th and 17th
IDSNs and IDYNs and 14th and
15th EDYTs.

On-farm research-The gap
between the average yield of
experiment stations, on-farm
trials, and farmers' fields is
usually large. Although farmers
may not achieve the average
yields of the experiment stations,

they should be aware of the
agronomic practices required for
newly released varieties.

Two experiments (one for durum
wheat and one for barley) were
conducted at Kesebeh village near
Tel Hadya where average rainfall
is 250-350 mm. The land was
planted to lentils the previous
year. Rainfall in 1984-85 was
higher than average, around 373
mm, but the rainfall distribution
was poor and winter temperatures
were very low.

Sixteen large plots (668 m 2) were
used in farmers' fields in a split
plot design with four replications.
Agronomic practices (improved vs.
farmers') made up the main plots;
genotypes (improved vs. traditional)
made up the sub-plots. Eight plots
were planted by farmers using
their own practices, which
included opening the ridges with a
duck foot cultivator, broadcasting
the seed (at rates of 190 kg/ha for
wheat and 100 kg/ha for barley)
and then covering the seed with
the cultivator; nitrogen was
applied at tillering. The remaining
plots were sown with an
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Figure 6. Number of durum wheat lines outyielding national checks in RDYT-MR and LR from 1977
through 1985.
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experimental plot drill at 120 kg
of seed/ha for durum and 100
kg/ha for barley with split nitrogen
application. For durum wheat. the
newly released cultivar Sham 1
was used as the improved variety;
Gezira 17 was the check. In the
barley experiment. Rihane'S' (a
high-yielding line developed at
ICARDA) and Arabi Abiad (the
local variety) were used.

The improved practices produced
significantly higher yields than the
farmer practices: 12 and 8.3%
(305 and 194 kg/hal more for
Sham 1 and Gezira 17, respec
tively. There were no significant
differences between cultivars
under the two cultural treatments.
In the barley experiment, plots
with improved practices
significantly outyielded farmer
practices by 12.5 and 7.2% (482
and 267 kg/hal for Rihane'S' and
Arabi Abiad, respectively. There
was no significant difference
between the two varieties under
farmers' practices, but with
improved practices, Rihane'S'
yielded better than Arabi Abiad.

The on-farm trials, conducted in
Syria and Jordan over the past 8
years, have been extended to
other countries in the ICARDA
region. During 1985-86, seed for
on-farm trials was requested and
supplied to Syria, Jordan,
Lebanon, Morocco, Algeria,
Turkey, and Saudi Arabia. In
Syria, the on-farm trials are
conducted jointly by the Ministry
of Agriculture and Agrarian
Reform and ICARDA1CIMMYT,

The performance of the durum
wheat line "Sebou" demonstrates
the useful exploitation of desirable
genes from Triticum po]onicum-a
wheat adapted to arid conditions.
Sebou was derived from a cross
involVing "Crane", a durum wheat
line adapted to high input
conditions and a strain of T.
po]onicum. Figure 7 shows the
performance of Sebou over 3 years
in on-farm trials in comparison to
the local checks Haurani (in dry
areas) and Gezira 17 (in higher
rainfall or irrigated areas of Syria).
The results demonstrate that
Sebou combines the high-yield
potential with good yield

consistency across various
agroclimatic environments in
Syria. This variety has also shown
good adaptation in Jordan and
Algeria. Other varieties such as
Korifla, Omrabi, and Belikh 2 are
also performing well under low
rainfall conditions.

In Lebanon, Sham 1 and Belikh 2
are the most promising durum
wheat varieties. In Turkey, the
Agricultural Research Institute in
Diyarbakir is conducting large
scale demonstrations with Sham
1. Sebou, Omrabi, KOrifla, and
Kabir are being tested in the
National Turkish Regional Yield
Trials. In Cyprus and Morocco,
Korifla is under consideration for
large-scale testing in farmers'
fields. Algeria has released Sham
1 and Sahl.

Varietal registration and
release-Table 23 lists the durum
wheat varieties released or
registered in national catalogues of
countries in the region.

Training-In 1985-86, Five
scientists attended short-term
training courses at CIMMYT and
10 others attended conferences or
travelled outSide their countries as
visiting scientists.

Turkey. In February 1986, 26
cereal researchers from nine
agricultural institutions in the

Morocco. In October 1985, 26
trainees participated in a practical
course on cereal on-farm trials and
demonstration trials. It was
organized by INRA, FAO. ICARDA,
and CIMMYT,

Syria. In April 1985, a 2-week
course on disease methodology
was attended by 15 Syrian
researchers. Research assistants
from different research stations
participated in another course in
October on experimental design
and field plot techniques. It was
jointly organized with the Syrian
national program.
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Figure 7. Mean grain yield of Sebou in comparison to Gezira 17 and
Haurani in on-farm trials in Syria. 1983-85.
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country participated in course
devoted to cereal improvement
strategies for moisture-limited
areas. It was conducted at the
Southeastern Anatolian Regional
Agricultural Research Institute.

Resident training. In 1985-86 six
scientists from Tunisia, Jordan,
Turkey, Morocco, and Syria
participated in residential training
courses at ICARDA on durum
wheat improvement for 3-month
periods.

Workshops and seminars-The
North Africa Travelling Cereal
Workshop, organized by CIMMYT.
ICARDA, and the national
programs, was hosted by INRA in
Morocco in April 1985.
Participants from CIMMYT,
ICARDA, Morocco, Portugal,
Spain, and Tunisia visited seven
Moroccan research stations and
participated in the selection of
barley and wheat under various
stress conditions including
drought, diseases, and insects.

The Middle East Travelling Cereal
Workshop took place in Jordan
and Syria in May 1985. Twenty
five scientists from 10 countries
and 10 from CIMMYT and
ICARDA spent 4 days in Jordan
where they visited research plots
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and production trials in farmers'
fields. In Syria they visited
research stations and on-farm
trials.

A workshop on Breeding
Strategies for Cereals and Food
Legumes under Moisture-Limited
Conditions was held in May 1986
at ICARDA. Twelve scientists from
Syria, Turkey, Spain, Mexico, and
Pakistan presented papers.

An international seminar on
Improving Winter Cereals for
Moisture-Limited Environments
was held in Capri, Italy, in
October 1985. Several scientists
from the national programs of
North Africa and West Asia
participated and presented their
research. Twenty-nine invited
papers and a synthesis of the
seminar were presented.

Publications and Papers
1. Ceccarelli, S., M.M. Nachit, G.
Ortiz F., M.S. Mekni, M. Tahir,
J.A.G. van Leur, and J.P.
Srivastava. 1985. Breeding
strategies for improving cereal
yield and stability under drought.
Paper presented at seminar on
Improving Winter Cereals for
Moisture-Limiting Environments.
ICARDA/CNR, Capri, Italy, October
27-31.

2. Malik, M.A., M.M. Nachit, and
K. Massoud. 1985. Triticale-its
potential as a commercial crop for
dry areas in the Middle East.
Paper presented during Science

Week at the Supreme Council of
Science, Damascus, Syrian Arab
Republic.

3. Mamluk, O.F., J.A.G. van Leur,
M.M. Nachit, and G. Ortiz F. 1986.
Screening wheat germplasm for
resistance to septoria tritici blotch
(Mycosphaerella graminicola). 2nd
Arab Congress of Plant Protection,
March 24-27, Damascus, Syrian
Arab Republic.

4. Nachit, M.M. and M. Jarrah.
1986. Association of some
morphological characters to grain
yield in durum wheat under
Mediterranean conditions. Rachis,
5(2).

5. Nachit, M.M. and H. Ketata.
1986. Breeding strategy for
improving durum wheat in
Mediterranean rainfed conditions.
International Wheat Conference,
May 2-9, Rabat, Morocco.

6. Nachit, M.M., H. Ketata, M.
Azrak, and A. Rashwani. 1985.
Occurrence of Hessian fly
(Mayfiola destructor) in high
elevation areas. Rachis 4(1):37.

7. Ortiz Ferrara, G., and D.
Mulitze. 1986. Bread wheat
breeding for the low-rainfall,
nonirrigated areas of West Asia
and North Africa. International
Wheat Conference, May 2-9,
Rabat, Morocco.



Table 1. Number of lines that were significantly (0.06 level) higher
yielding than the local check, Mexipak 66. and the improved check.
Sham 2. in the advanced wheat yield trialsa • 1984-85

LocatJon Average Rainfall of o. of Un s big er a 210 entries

and yteld the season _yl....!..-lt <0.06) than b NP = Normal planting; LP = Late
eoad donb (kgfha) (mm) MexJpak 65 Sham 2 planting; EP = Early planting;

Breda J200 283 11 (55)" 3 (19)
RF= Rainfed; SIR= Supplementary

NP-RF
Irrigation; IR= Irrigation

c Number in parentheses is the
Te 1 Ha a 1672 300 20 (155) 9 (98) number of lines out-yielding the check

LP-RF by 5 to 60%

1el Hadya 2578 342 21 (71) 6 (50)
P-RF

Tel Hadya 3350 450 15 (48) 15 (51)
EP-SlR

rbol 5198 600 20 (99) 21 (88)
P-IR

Table 2. Advanced bread wheat lines with superior yield potentJal in. the PWYT 1983·84 and AWYT
1984-85 at Tel Hadya, respectively

PWYT 83/84 Rainfed
Cros and pedlgn~e Yield LSD % of DTS

(kg/ha) (5%) MKP LIe

Cl 2.24/C168.81 ICno*2I7C/ICc/Tob 4544 619 146 1.6/3.3 4388 653 119 1.3/2.6
SWM 6 2 -6 P·2AP-2AP~3AP ~p

CharS' 4288 714 134 1.0/3.3 4388 407 114 1.312.
CM33090-T-l M·3Y.OM-124B-OK,OAP

hr/41IN1A'S'17 IICno/G 11/3/Pc.iIlB /lNIA 4200 572 141 1.0/3.3 3966 433 121 1.6/1.7
CM46935-2AP·OAP-6AP-lAP·2AP-OAP

Jup'S'/4/Lr64 2/Sn641lCc/S/Ska 4111 619 132 2.0/3.3 4427 653 120 2.0/2.6
L 764-41,-1 P-OAP-l AP-IAP-OA

RannavalLovrtn 13/IT 3888 611 145 1.0/2.3 4488 573 120 1.6/2.6
SWM'8211-4Y-l Y·2Y-OAP

MXP = Mexipak 65; DTS = Drought Tolerance Score. 1 = Best, 5 = Worst: CTS = Cold Tolerance Score. 1 = Best.
5 = Worst; EP = Early Planting; SIR = Supplementary Irrigation; L = Line; C = Check
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Table 3. Differences in yield levels of 240 advanced bread wheat lines over 2 years and three loc tions

YI Id (ltglha)
XofHighest Lo c eek

_ yielding lines allllne_s__ _ X yield
Year B TH T B T I;l TB T B TH T

84/85 1711 3544 6094 1428 3290 5819 1088 2577 5197 1225 2754 5284
85/86 1905 4725 7266 1698 4488 6543 1355 736 5 15 1 53 3196 5828
% Change 11 33 20 19 36 13 25 45 6 10 16 10

B = Breda. Syria; TH = Tel Hadya. Syria; T = Terbol. Lebanon

Precipitation (mm): 84-85: B = 277; TH = 373; T = 600; 85-86:
B= 208; TH= 316; T= 600

Table 4. Bread wheat lines in the AWYT that significantly (P<0.05) out-yielded Mexip 65 under
limited moisture conditions (208 mm) and Sham 2 under high-input management, 1985-86

Breda, Syria (rainfed) Terbol, Lebanon (irr.
Yield LSD % of Yield LSD % of

Cross and pedigree (kg/ha) (5%) Mexipak 65 (ltg/ha) (5%) Sham 2

Kvz/Cgn 1877 302 169 5777 619 108
SE 1066-9S-1S-6S-0S-6K-OK

Ald'S'/Ska 1744 303 157 5850 620 10
CM51979-2AP-1AP-1AP-2AP-1AP-OAP

DesclFcr//Pimal3/Pvn'S' /Ald'S' 1686 251 140 6355 616 121
CM57857·K-6Y-1Y-3M-3Y-1M-3Y-OM

Snb'S'/Pima 1633 365 118 7222 501 127
CM59034-3AP-1 AP-2AP-1 AP-OAP

TsiIVee'S' 1630 287 104 5505 724 103
CM64335-3AP-3AP-1Ap·OAP

SD648.5/7/SD648.5/8156/3/Chr//Son/
Kl.Reno/4/Bb/Ca1l5/Zbz 1497 251 125 6833 616 130
CM32670-6S-1AP-1 Ap-2AP-OAP

Tob//HD832/Bb/3/M u'S' 1483 252 123 6311 617 120
CM56718-5Y-2Y-3M· Y-1M-OY
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Table 5. Bread wheat lines that combine high grain yield. disease resistance. and agronomic type with
good adaptation in the region from the bread wheat observation nursery at 19 locations in 1984-85

YJeld S
Cross and pedigree (kg/ha) sel

annme/Ald'S' 3430 10
L 932·0L·IIAP-OAp·2K- AP

Trm/k 253.18 381 10
M46127-1 P-OAp·2AP-IAP-

1AP-OAP

Kvz/Cgn 3253 9
SEI066·9S·3S-4S-0S·4K-OAP

rmllKallBb 3474 9
C -l9744-1AP-4Ap·IAP-
6 P-OAP

II/Bb/Cno/3/7C/4/Kt54/N lOB 3315 8
L901·0L-IAP·IAP-OAP

MexJp 65 2969 5
(RegIonal check)

DB

10

101

103

99

104

104

OM

14

1 2

146

140

144

143

PH
(cm)

84

87

5

81

84

87

ACI
YR LR

0,5 0,50

11.5 15.33

I .00 5.67

3.70 15.50

5.50 16.83

55.50 57.33

SR

2.04

2 .20

1.60

7.24

II.tib

19.64

ST

2.75

5.75

6.50

6.25

6.00

6.75

Sum sel = Number of locations where the entry was selected as promising, based on visual evaluation of agronomic type
and dis ase resistance; DH = Days to heading; OM = Days to maturity; PH = Plant height; ACI = Average coefficient of
infection; YR= Yellow rust; LR= Leaf rust; SR= Stem rust; ST= Septaria tritici. 0-9 scale

Table 6. Performance of promising bread wheat lines in four
different subregions of West Asia and North Africa. RWYT 1984-85

% Over
S bregion and Yield national
~Dtry name (kg/ha) Rank check

Mi cUe East (13 locations)
Ne. 3775 I 13

MH 72-428/Mr /IFlr'S' 3566 2 7
Neelkant' , 345 3 4
Natrona! check 3332 6

Arab aD Peninsula (8 locations)
ee er - 20 I 29
unbird' ' -l917 2 26
b/e·2/1Y50E/Kal* 3 4801 3 23
allonalcheck 3889 21

Nile Valley (6 locations)
T_ e tiMolI c 5056 I 16
HD 2206/Hark'S' 4830 2 11

v/Ald' • 4382 3 1
aliona1 check 4350 6

Maghreb (5 locations)
Neelkant'S' 3636 I 23

e s r 3449 2 16
vI Id'S' 3379 3 14
alional check 2963 16
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Table 7. Performance of bread wheat lines in the low rainfall areas of Syria (250-350 mm) in farmers'
field verification trials. 1985-86

Locations Mean
Buran Rasafeh T. Badya EI Safeb GhziBl E1Jame Bosra yield

CuUlvar Y R Y R Y R Y R Y R Y R Y (kg/hal R

e.·ipak 2.1 3 2.1 2 2.1 5 1.9 :3 1.9 4 1.9 2 0.4 4 1815 4
C AD 59 2.0 4 1.9 4 2.3 j 1.8 4 2.2 1 1.8 3 0.5 2 1820 3

Veery'S' 2.2 2 1.9 3 2.2 4 2.0 2 2.1 2 1.8 4 OA- 3 1 33 2
Bohouth 4 2.0 5 1.9 5 2.4 2 1.5 5 1.7 5 1.6 5 0.4 5 1663 5
Neeser 2.6 1 2 ..1, 1 3.0 1 2.1 1 2.0 3 2.1 1 06 1 2L20 I

Mean 2.2 2.0 2.4 1.9 2.0 1.8 0.5
IBD (0.05) 333 164 399 248 220 208 114
(kg/ha)
CV (%) 8.0 4.1 8.8 6.9 5.8 6.0 12.4

Y = Yield (t/ha). R = Rank

Table 8. Moisture regime and crop area of durum wheat in West Asia
and North Africa

Moi~ture regime

1. rely stressed
2. Sometimes stressed
3. Frequently stressed
4. Usually under some s eS9

Area
(1000 a)

252
2455
2320
3495

2.95
28.8
27.22
41.01

Table 9. Some high yielding durum wheat entries under raJDfed conditions and their stability as
determJned by three statistical methods

Stebmty
Gl' yield NPM3_ RM Ecovalence

E ry/Cross (raiDfed) Rs SOS X b 2 X 0

Dera 3033 6.2 5.6 4380 1.12 .97 4380 2552
Daki 2558 7.6 4.9 4196 0.98 0.94- 4196 2268
Trob/4/Fg/Can.0261/3/ 3037 7.8 4.9 4135 0.95 0.97 4135 2170
gfn//Ruff/Fg Omrabi-L 2865 8.2 6.4 3972 1.09 0.97 3972 2505
Omrabi-11 2704 9.4 6.1 3897 1.07 0.98 3897 242Sl
Sajur 2604 9.6 4.4 4022 1.07 0.98 4022 2427
Lahn 2575 9.8 5.3 3954 1.08 .97 3954 2477
A. Arous 2512 10.0 5.6 3875 0.98 0.98 3875 2441

Stork 2650 20.2 5.3 2827 0.97 0.86 2827 2.1,47
Sham 1 2679 14.8 6.2 3470 0.82 0.99 3470 2395
Haurani 2433 22.0 4.1 2984 0.90 0.95 2984 2357

Trial mean 2595 3781
LSD 763 477
CV 11 10

NPM: Nonparametric method. Rs = Mean Rank, SOS = Standard deviation; RM: Regression method (Eberhart and Russell).
X = Mean performance of 5 contrasting environments. b = regression, R2 = Coefficient of determination; Ecovalence:
(Wricke's method). X = mean performance. SO = standard deviation
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Table 10. Mean performance of the 5% highest and lowest yielding
lines sorted according to their yields at Breda. Also shown are their
stability values

Line rou GY Rs SDS

HYL 5% 1 97 7.6 5.7
LYI. ~% 97 17.9 7.1

DIffer nceb 1000"· 10.3"* 1.4·

PV

5.4
4.4

1*·

PH FTC PL

62 5.9 3.9
56 3.6 1.6

6* 2.3* * * 2.3* *

GY = grain yield (kg/ha) under Breda conditions (dry); Rs = mean rank; SDS =
standard deviation; PV =plant vigor (1 = poor. 9 = excellent) at early tillering
stage; PH = plant height (em); FTC = fertile tillering capacity (1 = poor. 9 =
excellent); PI. = peduncle length (1 = short. 5 = very long); HYI. = highest
yielding lines; I.YI. = lowest yielding lines

• *. ••• = P <0.05. P <0.01, P <0.001, respectively

Table 11. Entries of durum wheat combining high grain yield across
environments: drought and frost tolerance and earliness, 1984-85

ADYT 117 Om bi 11 4210
I.0400-lL-IAP· P·3 P-

OAP

Nursery
&; entry
no.

try/name
and pedigree

Yield

====: (kglha) DSI

0.82

CT

7

DHE

171

ADY liB Omrabi 9 4381
L0400-1L·IA -3AP-6AP-

P

A YT 1 19 Omrabl 12 4175
o 00-lL-IAP-3A AP-
o P

0.79

0.92

8

7

171

171

T 2 7 Gdovz 3 5/
1 D 77-0~32. AP OSH

ADYT 215 Pm/GreJlTrob
I D- el-l P-4AP-OAP

4012

4160

1.04

0.81

7

7

173

172

A,DYT 516 GdQvz 578/Swan 4166
lCD-Sel-3AP-IAP-2AP-OAP

0.97 6 177

Chf" 5: SLork
Sham I
Haurani

3572+ 178
3574 + 114
34 9 90

1.18
1.16
0.98

3
3
8

174
177
179

DSI = Drought susceptibility index (Fisher and Maurer 1978); CT = Cold
tolerance (scale 1 to 9. 1: susceptible. 9: resistant); DHE = date of heading
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Table 12. Correlation coefficients among drought susceptibility
index and grain yield at different levels of drought stress in durum
wheata

a D= 201

• , • •• = significance at P <0.05 and
P <0.001. respectively

Environment

B a [dry)
T. Hadya (Late planting)
T. Hadya (Ralnfed)
T. Hadya (earlv rainfetlJ
T rbol

Rainfall
(mm)

210
S
• 2
450
550

Correlation coefficient
between yield and DSI

- .713 •••
-. 14 •••
- ,327 •••
-.182 •
+.161 •••

Table 13. Correlation between grain yield, cold tolerance, and
heading dates, ADYT, 1984/85

a GY = grain yield; HDE = heading
date; CT = cold tolerance

•• , ••• = P <0.01, P <0.001,
respectively

Charactera

Y/CT
GY/HDE
CT/HDE

Simple correlation

+ 0.74 •••
- 0.43 ••
- 0.20 n.s.

Partlal correlation

+ 0.7 •••
- 0.43 ••
- O. n.s.

Table 14. Durum wheat lines combining earliness and cold tolerance,
1985

Traits

Entry

Omrabl 1 I
Omrabi 12
W aJ3/Rabif31 lOI/Pg
JeD 7 ·0231·3A -3 p. AP

Bit/IEnl /Mexi
CD 39()19·4TR·6AP·OAP

Stork
Sham I
Hauranl

•• , ••• = P< 0.01. P <0.001,
respectively

Cold
Grain ld N • of days to er-

(kglha) to heading ance

3100 137 7
2966 137 7
2966 137

, 455 140 7

1433 t 4 3
2022 137 3
2672 139 1

Table 15. Correlation coefficients
between grain yield and some
agronomic traits, under terminal
stress conditions. Tel Hadya (late
planting), 1985-86 (n = 210)

Coeffi
cients

of corre
lation

334

No. of days heading
Plant hdghl
Fertile tillers
Spike ~ rliilty

..2 0··

..127
0.706 •
0.427·· •



Table 16. Durum wheat lines significantly outyielding the checks
under terminal drought stress conditions at Tel Hadya in 1985-86

% of
Line or cross Grain yield Sham 1

Dera 4433 168
Trob/4/Fg/Can.02 1/3/Qfn/lRufI'/Fg oW75 154

o 32793-1AP-2AP·OAP In 3950 149
Omrabi 370 140

Pln/Gre!/Trob 3525 133
0 7' 08-1AP-4AP-3AP-OAP

Stork (Regtooal che k) 2317 88
Sham 1 (Improved heck) 2642 100
Haurani (Local check) 2033 77

T I mean 311$ 118
LSD (0.05) 774
CV 12

Table 17. Relationship between durum strength and spaghetti
quality

Spaghe tl C.Q. S FDT FMT Spaghetti C.Q. = Spaghetti cooking
(Arbitrary unit) (mi) (miD) (B. unit) quality; SDS = sedimentation; FDT =

Farinograph development time; FMT =
44.5 49 3.0 50 Farinograph mixing tolerance

37.5 42 .2 60
26.4 39 2. 68
2 • 3 2.1 91
24.9 27 2.0 110
21.6 17 l.8 131

Table 18. Yield, agronomic, disease, and quality data of the highest yielding and most frequently
selected entries in the Durum Observation Nursery-moderate rainfall, 1984-85

ACI __QualitY.:__
EntrylName GY DB DM PH LR SR ST Prot. Vitro TKW

18 hwaJPU .:::Syrlca 5135 12 171 84 10 8 41 5 14 98 14
57 r/Jo./3/ abeljamal/ /Crllshwa 5048 120 1 9 6 1 26 34 5 13 94 38
77 Scar/Gd iVZ 579/ Lk 5046 12 176 90 0 12 34 6 15 99 38

Omr.abl-l 5042 122 172 94 1 7 38 5 15 100 36
59 Ato/PU 4880 122 172 3 1 34 38 6 14 98 38

Stork (Reg! cIle 1<) 3714 117 16 82 1 6 33 6 13 98 34
Number of locallons 14 18 10 1 1 5 3 3 3 3 5

GY = grain yield (kg/hal; DH = days to heading; DM = days to maturity; PH = plant height. cm; YR = yellow rust; LR
= leaf rust; SR = stem rust; ACI = average coefficient of infection; ST = Septaria tritici. 0-9 scale; Prot. = protein. %;
Vitr. = vitreousness. %; TKW = thousand·kernel weight. g
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Table 19. Grain yield and agronomic data of the top-yieldlog Hnes,
Durum Observation Nursery-low rainfall, 1984-85

GY = grain yield. DH = days to
heading. DM = Days to maturity; Entry Name GY DB DM PH YR
PH= Plant height, cm; YR= Yellow
rust; LR = Leaf rust; SR = Stem rust; 126 Blt/lErp/Ruso 4652 122 171 8J a 32 3and ACI = Average coefficient of
infection 33 Omrabl4 4583 121 169 86 a 5 12

67 21563/Jo/lD.Dwarf 4457 124 171 84 a 50 6
15/Cr

30 Omrabi/SH 4415 121 170 84 4 32 12
83 Belikh 4372 124 172 85 4 24 30

Sham 1 (regional 3367 122 167 76 52 0
check)
Nursery mean 3645 123 170 80 4 21 26
Max. 4652 131 177 a 30 6- 9
Min. 2810 118 166 72 0 a
No. of locations 13 17 11 15 2 2 2

Table 20. Performance of the highest and most stable yielding
entries in the RDYT-Iow rainfall, 1984-85

Entry
No. Name

Stablllty
arameters

RS 80

5.6
5.5

.0
7.1
5.7
5.7
7.6
5.7

7.
8.9

10.1
.7

11.5
11.0
14.
11.7

GraiD
yield

(kg/hal

3293
3 78

1 8
3108
3012
3012
2779
2925
2 68

0(0.05) 213
CV(%) 17.2
No. of Ioea j

Oakl
ige

Lahn
Kablr 2
Omrabi 1
Karasu
Stork
Sham 1
Trial mean

20
19
5

14
2

11

RS = Average rank. SD = Standard
deviation

Stabillty
_parameters
R SDName

Entry
No.

Table 21. Performance of the highest and most stable yielding
entries in the ROYT-moderate rainfall, 1984-85

Grain
yield

(kglha)

17 Belikh 2 4028 5.3
18 H idar 3872 8.7 6.1
21 QuadaJete 3819 10.0 7.5
11 Jo/CrIlD. 011 1/3/Dom-Thi '8

CD-21727·2AP-I P·OAP 38 7 10.1 6.5
9 Zeroud 3705 11.-1 5.2
7 Omrabi 14 360 12.5 5.7

Stork 3465 1 .8 7.9
Sham 1 3526 13.2 6.9
Trial mean 3640

L D (0.05) 217
CV (%) 15.4
No. o( 10 alions 29
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Table 19. Grain yield and agronomic data of the top-yieldlDg lines,
Durum Observation Nursery-low rainfall, 1984·85

GY = grain yield. DH = days to
heading. DM = Days to maturity; Entry Name GY DB DM PH YR
PH= Plant height, cm; YR= Yellow
rust; LR = Leaf rust; SR = Stem rust; 126 BltllErp/Ruso 4652 122 171 81 a 32and ACI = Average coefficient of
infection 33 Omrabi 4 4583 121 169 86 a 5

67 21563/Jo1/D.Dwarf 4457 124 171 84 a 50
15/Cr

30 Omrabi/SH 4415 121 170 84 4 32 12
83 Belikh 4372 124 172 85 4 24 30

Sham 1 (regional 3367 122 167 76 52 a
check)
Nursery mean 3645 123 170 80 4 21 26
Max. 4652 131 177 0 30 6- .99
Min. 2810 118 166 72 0 a
No. of locations 13 17 11 15 2 2 2

Table 20. Performance of the highest and most stable yielding
entries in the RDYT-Iow rainfall, 1984-85

Entry
No. Name

5.6
5.5

.0
7.1
5.7
5.7
7.6
5.7

Stabillty
_parameters
RS SD

7.
8.9

10.1
.7

11.5
11.0
14.7
11.7

Grain
yield

(kglbal

3293
3178

1
3108
3012
3012
2779
2925
2 68

0(0.05) 213
CV(%) 17.2
No. 0 locau

Oakl
Bige
Lahn
Kablr 2
Omrabi 1
Karasu
Stork
Sham 1
Trial mean

20
19
5

14
2

11

RS = Average rank. SD = Standard
deviation

Stablllty
_pul!IlDetus
R SDName

Entry
No.

Table 21. Performance of the highest and most stable yielding
entries in the RDYT-moderate rainfall, 1984-85

Grain
yield

(kglha)

17 Belikh 2 402 5.3
18 He1dar 3872 8.7 6.1
21 Quad.a1ete 3819 ]0.0 7.5
11 Jo/CrI/D. 01 1 11310 m·Thl a

CO-21127-2AP-1 P,OAP 38 7 10.1 6.5
9 Zeroud 3705 11.-1 5.2
7 Omrabi 14 360 12.5 5.7

Stork 3465 1·1. 1.9
Sham I 3526 13.2 6.9
Trial me.an 3640

L D (0.05) 217
CV(%) 15.4
No. of 10 allons 29
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Table 22. Genotypes selected from the IDSN, IDYN, and EDYT for
good agronomic characteristics and high resistance to the prevalent
diseases and insects in the North African and West Asian Region

Nurseryl
Entry No. V ety or cross and pedigree

16th mSN
3

29

45

56

68

17th mSN
28

123

125

128

130

133

16th IDYN
27
25
27

17th IDYN
16
17
19

14th EDYT
1
8

25
27

Ga'S'
223 A·8M-] ·lM-IY-2Y-IM-GY

61.130/Ld 1IG1I'S'/3/Gr'S'/4/Mex'S'/5/S15/Cr'S'
26637-12B-] Y-IY-OM

A1x
C031119-B-IY-l -2M-2Y·OM

Call' ,
CD 34934-D-3Y-4M-IY-IM-IY-OM

SUi'S'
CD3 3 7·8-1M-4Y-4M-2Y-IM·OY

ADS' ,

D 2731 ·F·IM-IY-IY-OM·14Y-OB
RI43/RuffS'I/Stil'S'O/3IYav 79

CD 526-t5.f5B·2Y·2M·OY
Yav'S'/lErp'S'/Ruso/3IYav 79

CD 527114B-l Y-2M-OY
Mex 75/Gediz'S'/3/Ptl· '/lSI5/Cr' '/4!Yav 79

CD 52713·913·6 ·3M Y
01 \1" '

CO 527-6B-3¥-lM-OY
GuiI'S'/Apo'S'/IRu' •

05 1 2-C-lM-2Y-lM-OY

RokeI'S'
Mexicali 75
Gall I

Phibirol
Sha 1
S I5/G j r S'

Rokel
Gediz'S'/Y v'
MexicaU 75
Gallar ta

15th EDYT
10
12
24

Carcomun'
Anas'S'
Gdovz -t69/PIc' '1/ A/3/Fab'S'
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Table 23. Durum wheat cultivars that are in on-farm tests or have
been released in the North Africa and West Asia Region

Country Cultivar Cross/pedigree Status

Morocco Marzak E 12 = BOl13 released
Acsad 65 Stork'S' released
Karim Bittern'S' released
Carcomun candidate
Chen ShwalBit candidate
Belikh Cr/Str candidate

Cyprus Korifla OS 15/Geier andidat
Carcomun candidate

Libya Marjawi Eider released
Baraka released
Zorda Gdovz 469-AA released
Fazan 0-25 released
Qara FglBo CM17147-7M-OY released

Algeria Waha Frigate released
Korifa OS 15/Geier candidate
Omrabi JoriC69/Haurani candidate
Belikh Cr/Stk candidate

Jordan Waha Frigate candidate
Korifla S15/Geier candidate
PO Rabi/PI 94587/1Citl3/Stkl41Vm candidate
Sebou Cr/Polonicum candidate
Oronte Cit 71/Mexil/Shwa candidate
Sajur Snipe/Thun candidate
Carcomun andidate
Acsad 65 Stork'S'

Syria Sham 1 Frigate released
Korifla OS 15/Geier proposed
Sebou Cr/T.polonicum proposed
Omrabi JoriC69/Haurani candidate
Belikh Cr/Stk candldate
Lahn ShwalBit candidale
Sham 1

Lebanon Belikh Cr/Stork released
Sebou Cr/T.polonicum andidate

Tunisia Mahboub 21563/Aa'S'/lFg'S'/3IDM 69-331
076-269-1bj-1 bj-3b-Obj reI ased

Fg'S'/Palestinien 20.C.606/1Mexi'S'/3/Rabi
CO 10438-4M-I Y-OM candidate

RuffS'/Fg'S'//Mex75/3/Shwa'S'
C0223444-A-8M-1Y-2Y-1M-OY candidate
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Table 23, Durum wheat cultivars that are in on-farm tests or have
been released in the North Africa and West Asia Region

Country Cultivar Cross/pedigree Status

Morocco Marzak E 12 :::; BD113 released
Acsad 65 Stork'S' released
Karim Bittern'S' released
Carcomun candidat
Chen ShwalBit candidate
Belikh Cr/Str candidate

Cyprus Korifla DSl5/Geier andidat
Carcomun candidate

Libya Marjawi Eider released
Baraka released
Zorda Gdovz 469-AA released
Fazan D-25 released
Qara FglBo CMI7147-7M-OY released

Algeria Waha Frigate released
Korifa DSl5/Geier candidate
Omrabi JoriC69/Haurani candidate
Belikh Cr/Stk candidate

Jordan Waha Frigate candidate
Korina Sl5/Geier candidate
PO Rabi/PI 94587//Cit/3/Stkl4/Vm candidate
Sebou Cr/Polonicum candidate
Oronte Cit 71/Mexil/Shwa candidate
Sajur Snipe/ThuD candidate
Carcomun andidate
Acsad 65 Stork'S'

Syria Sham 1 Frigate released
Korifla DSl5/Geier proposed
Sebou Cr/T.polonicum proposed
Omrabi JoriC69/Haurani candidate
Belikh Cr/Stk andidale
Lahn ShwalBit candjdate
Sham 1

Lebanon Belikh Cr/Stork released
Sebou Cr/T.polonicum candidate

Tunisia Mahboub 21563/Aa'S'//Fg'S'/3IDM 69-331
D76-269-1bj-l bj-3b·Obj released

Fg'S'/Palestinien 20.C.606//Mexi'S'/3/Rabi
CD 10438-4M-l Y-OM candidate

RuffS'/Fg'S'//Mex75/3/Shwa'S'
CD223444-A-8M-IY-2Y-IM-OY candidate



ICARDA/CIMMYT Collaborative Barley Project
H. Vivar, ICARDA barley breeder

This report covers barley
germplasm development activities
in Mexico from June 1984
through May 1986.

The development of improved
barley germplasm in Mexico for
the ICARDA-CIMMYT
Collaborative Barley Project is
oriented to the needs of national
programs in Latin America. The
summer cycle (May-October) is
conducted in central Mexico
utilizing three localities: EI Batan,
Toluca, and Lagunilla, followed by
the winter cycle (November-May)
in the northwestern part of Mexico
at CIANO's Experimental Station
in the Yaqui Valley. Each location
represents a different environ
ment, which allows for more

efficient screening to important
diseases. At EI Batan, leaf rust
(Puccinia hordei) is artificially
inoculated and satisfactory disease
s lection pressure can be
obtained. While in Toluca, scald
(Rynchosporium secalis) epidemics
are more readily obtained
following artificial inoculation due
to the favorable environment
prOVided by frequent rains. In the
YaqUi Valley, leaf rust and stem
rust (P. graminis) are favored by
the irrigated, desert-like
conditions. In Lagunilla, the only
site where no artificial
inoculations are made, net blotch
(Helminthosporium teres), scald,
and leaf rust naturally reach levels
that allow efficient screening of
the germplasm.

The breeding emphasis is the
incorporation of disease resistance
into barley germplasm having
good agronomic traits. Diseases
considered to be the most
important in Latin America are
receiving more attention: leaf rust,
scald. tripe rust, BYDV, and net
blotch.

Since it is difficult to incorporate
all resistances into the germplasm
base at the same time, a step-wise
approach has been implemented.
First a template of resistance to
leaf rust and scald was built
across the entire germplasm base.
Advanced lines resistant to both
leaf rust and scald were yield
tested during the 1984-85 winter
cycle. Resistance to BYDV is being
incorporated across the entire
germplasm base, while the
incorporation of stripe rust
continues to be in the early stage
of development up to FS
generation.

During the 1984 summer season,
7, 2, and 2 ha of barley were
planted at EI Batan, Toluca, and
Lagunilla, respectively. During the
1985 summer season, 5, 5, and 1
ha of barley were planted at these
sites. respectively. Sixteen and 15
ha of barley were planted at the
CIANO station in the YaqUi Valley
during the 1984-85 and 1985-86
winter seasons, respectively.

El Batan
Heavy rains early in the 1984
summer season produced the right
environment for soil microorga
nisms to proliferate and infect
barley roots. resulting in severe
barley root rot damage in all
nurseries. The causal organisms
identified in the laboratory were
Rhizotocnia cerealis and R. solani.
Plants infected showed stunted
roots and shoots and yellow leaves
that resemble symptoms of BYDV.
To control the severe epidemic
outbreak, soil cultivation was
followed by an application of a
mixture of two contact fungicides

Hugo VITu, ICARDA barley breeder. inspects barley plots at CIMMYT
headquarters in Mexico.
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(Thiran and PCNB) carefully
applied to the crowns of the
plants; direct contact with the
upper leaves was avoided to allow
symptoms and spread of scald
that was inoculated artificially
several times.

Scald-To ensure good
development of scald, two
inoculation methods were used:

1) Chopped straw of scald
infected barley, stored from the
previous year, was spread
between rows at early tillering
throughout the entire field. This
method was later suspended
because of the amount of grain
in the straw that germinated in
the plots.

2) A suspension of spores in
water, extracted from laboratory
cultures of diverse isolates, was
sprayed on to the plants. This
was done after rain, late in the
day, and was repeated several
times. The use of the Ultra Low
Volume Sprayer (ULVA)
facilitated uniform cover of
large fields with relatively low
volumes of water. No special
attention was paid to spore
concentration because of the
frequency of inoculations.

Scald scores were taken in the
basic nurseries such as the
Crossing Block, Observation Lines.
etc. An accurate classification of
resistance was possible for some
nurseries, but not in those planted
late. Sequential planting was done
to avoid inoculations and selection
of all nurseries at the same time;
in other words, inoculations on F2
segregating populations were done
at different times than for those on
the F3 populations.

F3s from Chile were inoculated
with scald and good selections
were made from this material.
This population was planted for
the first time as part of a shuttle
breedin~ project between Mexico
and Chile. Resistant selections
were advanced as F4s in the
Yaqui Valley and will be returned
to Chile as F5s.
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The reaction of differential lines to
scald at three sites in Mexico is
presented in Table 1. The reaction
differences among sites indicate
the variability of the pathogen. A
large percentage of the entries
resistant in Mexico is resistant in
southern Chile where the disease
is considered the most serious
treat to barley production. Some
genes, such as Rh present in
Armelle, are ineffective to races
present in Toluca. Rh24 Rh2 from
Modoc is ineffective to races
present at EI Batan and Lagunilla
but does hold in Toluca.

Leaf rust-A severe epidemic of
leaf rust was established on the
areas planted dUring 1984
summer season. The production of
fresh spores in the greenhouse
and the increase in frequency of
susceptible spreaders, which were
regularly distributed throughout
the fields, played an important
role in the success of creating the
epidemic.

Some advanced lines selected as
resistant during the previous cycle
in the YaqUi Valley were
susceptible at EI Batan. A
plausible explanation was found
when the compositions of the
isolates at both locations were
compared. The EI Batan
inoculations were made with a
mixture of more isolates than
those used at Yaqui.

The resistance to leaf rust that has
been incorporated in the
germplasm traces back to two
sources that are reported to have
partial resistance to leaf rust: 1)
major genes (the Pa series) and 2)
minor genes (from Vada and its
derivatives Georgie and Lofa
Abed). The extreme susceptibility
of the late group of advanced lines
and cultivars to scald has retarded
considerably the incorporation of
partial resistance to leaf rust,
since most segregates are
discarded based on severe levels of
scald, such as that created in
Toluca.

Races of barley leaf rust present in
Mexico continue to be identified
from samples collected from

different locations by the USDA
Rust Laboratory in Minnesota.
Race 19 is predominant, but races
8, 12, and 30 are also present.
The reactions of differential lines
planted at EI Batan and CIANO in
the Yaqui yalley are presented in
Table 2. Three major genes (Pa.
Pa4. and PaS) continue to be
ineffective to races present in
Mexico. No major shift in races
has been detected recently in
Mexico.

Toluca
Toluca Station is a very important
site for scald screening because of
its moist environment and daily
rains.

Scald epidemic-During the
summer 1984. a severe epidemic
of scald was developed by
applying a spore suspension in
water several times using an
ULVA after rain. Spores were
obtained using a simple technique
developed by Dr. L.J. Piening in
Alberta. Canada. Scald-infected
leaves are placed in a plastic bag.
Wet paper tissues are added to
supply humidity and then the bag
is sealed and stored for 24 hours
at 15-20°C. One liter of distilled
water is then added to the bag
after removing the paper tissues
and the contents are shaken for a
few seconds and decanted to a
beaker. Spore production with this
method was abundant. but no
attempt to quantity the
concentration was made due to
the repeated applications. This
simple scald inoculation technique
is efficient. does not reqUire
sophisticated equipment, and
offers the advantage of incorpora
ting new collections (and possibly
new races of scald) from different
locations into the screening
program very qUickly.

Many new entries introduced in
Mexico for testing for scald
resistance were screened in the
field during the summer 1985. An
outstanding group of resistant
entries can be traced back to lines
bred in California by Dr. R.
Matchett (Northrup King). These



lines (Table 3) have stiff straw and
are intermediate to late in
maturity.

The reactions of resistant parents
to the different virulences of scald
present in Mexico and Chile were
determined by planting the
Crossing Block in Temuco. Chile,
in 1985. From 82 parents with MR
and R reactions to scald in
Mexico, 22 entries were suscep
tible under Chilean conditions. A
brief analysis of these susceptible
parents further split these lines
into four major groups:

1) Six parents from Australia
with resistances originating
from crosses between Tokak,
Psaknon, Atlas 46, and
Dampier.

2) Eight parents originating
from Colombia or Ecuador.

3) Three parents from Ethiopia.

4) Miscellaneous, including the
differential cultivar Jet.

Most of the resistant parents
maintain their reaction in both
Chile and Mexico. Based on this
type of information, a close
cooperation with the Chilean
program has evolved. The breeder
from Chile sends his F3
populations for screening in
Toluca; the resistant selections are
advanced as F4s during the winter
cycle and returned to Chile as F5.
This scheme has been
implemented over the last 3 years.

Barley Yellow Dwarf Virus
(BYDV)-A late June 1984
planting confirmed an observation
from the previous year that late
planting in Toluca during the
summer may prOVide a site for
BYDV selection in Mexico.
Symptoms developed were clearly
identifiable in some F6 barley
lines under test.

Resistance sources to BYDV from
the Crossing Block were also
planted in two replications

surrounded by wheat heavily
infected with BYDV. The reactions
of the lines are presented in Table
4.

Lagunilla
This site, located 100 km from EI
Batan, is very useful for selection
for resistance to scald, leaf rust.
net blotch, and lodging.
Segregating populations (F2 and
F3) were pfanted for the first time
here in the 1984 summer season.

Scald infection in the segregating
material was enhanced by placing
susceptible barley plants taken
from an adjacent farmer's field in
between double rows, throughout
the nursery. The most advanced
lines were also planted in
Lagunilla. Disease scores were
recorded for leaf rust, scald. and
net blotch on individual lines.
This information combined with
data from Toluca and EI Batan on
the same advanced lines helped to
select those to be included for
yield testing in the Yaqui Valley.

Net blotch is being gradually
incorporated in the Program by
crossing resistant parents and
selecting under field conditions at
Lagunilla, where the disease
appears each year naturally. An
advanced line, Gloria/Come
CMB87-294-4Y-lH-6Y-2M-IY-OB
has resistance to leaf rust. scald,
and net blotch under Mexican
conditions. This line also has stiff
straw and high yield potential. A
small seed increase was planted
during the 1985-86 winter season
in the YaqUi Valley for testing in
the central plateau by the
Agronomy Training Program.

Yaqui Valley
Leaf rust-Unusual rainy weather
during the 1984-85 cycle prOVided
the environmental conditions
required for the development of
leaf rust. The spores were
collected on susceptible seedlings
in the greenhouse at EI Batan and
sent by air to Cd. Obregon and
applied to susceptible spreaders
by needle inoculation. As the
season progressed. the rust was

applied on the planted area. using
a backpack sprayer with a
mixture of rust spores and talc.

The rather severe epidemic that
developed in 1984-85 permitted
the selection of resistant plants. A
large number of susceptible
plants, in all segregating
generations, were discarded. To
ensure leaf rust infection in the
early barleys, a thick border
spreader was planted 1 month in
advance and inoculated heavily.
The spreaders were placed along
the field perimeter in such a way
that spores were blown into the
material as soon as the seedlings
emerged. The technique worked
well. producing a very severe
epidemic in early barleys that
permitted the discarding of a large
number of susceptible lines.

From a total of 11,087 accessions
from the world collection. 285
entries were selected and planted
for leaf rust resistance during the
1984-85 and 1985-86 cycles in the
YaqUi Valley. Leaf rust scores on
the material were sent to
Beltsville, Maryland. The resistant
entries were sent to Ecuador,
Peru. Bolivia, and Colombia for
resistance testing to local races. In
Bolivia and Colombia, these
entries showed a marked
susceptibility to stripe rust (race
24) making evaluation for leaf rust
resistance almost impossible. At
the Santa Catalina Experimental
Station in Ecuador, acid soils and
heavy incidence of stripe rust and
BYDV made evaluation impossible
during the summer of 1985. In
Peru, the leaf rust-resistant entries
are being planted in the coastal
region where stripe rust does not
occur with the same intensity as
in the hills. Only 17 accessions
were identified as resistant to both
stripe rust and leaf rust, and these
will be incorporated into our
crossing program.

During the 1985-86 winter cycle, a
new virulence that infected some
lines or cultivars preViously
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resistant was collected. Studies on
the virulence of this new isolate
on seedings in the R;reenhouse
showed a susceptible response of
the cultivar Aim. known to carry
the Pa3 gene. The Pa3 gene has
been observed in Mexico and also
was known for its resistance to
virulences of P. hordei in South
America. Information of the
spectrum of virulence of leaf rust
in the Andean region is not
available at this time.

Breeding for leaf rust resistance
has became a major objective of
the ICARDAICIMMYT
Collaborative Program because of
its increased importance in South
America. National breeders have
directed their efforts to
incorporating stripe rust in their
germplasm without considering
the potential hazard of leaf rust.
The new Colombian variety
Quibenras. resistant to stripe rust.
was eliminated from farmers'
fields almost immediately after
release due to its susceptibility to
leaf rust. In Ecuador. the variety
Teran showed a 90S reaction to
leaf rust in small increases at the
Santa Catalina Experiment Station
dUring the summer of 1985. In
Bolivia. IBTA 80 is fully
susceptible to leaf rust.

Yield experiments-Eleven
experiments were conducted in
the Yaqui Valley under irrigation
dUring the 1984-85 season. Each
experiment had 25 lines and five
checks: the checks were chosen
for their high yield potential
expressed in previous years
(highest yielding entry in a
particular year). Favorable rains
throughout the growing cycle
stimulated high yields obtained for
some lines-as hi~h as 8.3 tlha. a
record for the Program (Table 5).

Basically. most of the new lines
showing high yields can be traced
back to two genotypes: Glorial
Come and GloriaiCopal (Table 5).
These lines are characterized by
their stiff straw. nonshattering
grains. and resistance to both leaf

342

rust and scald under Mexican
conditions. The best high yielding
100 lines were included in the
13th International Barley
Observation Nursery (lBON) for
sending to national programs.

Fifteen yield experiments were
conducted during the 1985-86
winter cycle under irrigation. Each
experiment had 25 lines and five
checks. Two of the checks.
Centinela and Rumorosa. are the
most widely cultivated barley
cultivars in Mexico. Again. the
results reflected the high yield
potential of the GloriaiCopal cross.
The 8.3 tlha record of the 1984-85
cycle was shattered by yields of
up to 9.8 tlha (Table 6). Only two
different lines. Caco'S'/3/Apil
Cm67111594 and Cih'S'/Qlte'S'
showed the yield potential of
GloriaiCopal (Table 6). The lines
are resistant to leaf rust and scald
under Mexican conditions and
were distributed in the 14th IBON.

Yield potential of early
barleys-During the 1984-85
cycle. two advanced early lines.
Monal/Mzq/D171 and MonalGtwyl1
B1. were planted after soybeans
the first week of November and
harvested in February prior to the
recommended planting date of
cotton by the CIMMYT Agronomy
Program. The trials suffered from
previous soil treatments for
soybeans. but did prove that this
R;enotype could grow during the
fallow period after soybeans and
before cotton. Mexican scientists
are interested in releasing both
lines in the Yaqui Valley. This will
allow farmers to grow a barley
crop in between soybean and
cotton. making more intensive use
of the land.

Seed increase of these two
advanced lines is underway at EI
Batan for testinR; under farmer
conditions on a large scale.
Previous trials have shown
considerable yield potential of the
lines at EI Batan (6.7 tlha) and
Yaqui (5.8 t/ha) when seeded at
optimum planting dates in
experimental plots. A yield
reduction is expected when

planting is done under farmer
conditions 15 days prior to the
optimum planting date of
November 15.

To enhance the utilization of early
barley germplasm. crosses are
being made on a regular basis to
correct the susceptibility to leaf
and stem rusts. The segregating
populations are submitted to
artificial inoculations of both
diseases. A continuous flow of
spores dUring the entire growing
cycle results in a severe infection
of susceptible plants. The first
disease-resistant early barley
advanced lines will be yield tested
dUring the 1986-87 winter cycle in
the Yaqui Valley.

Yield losses on early barley plots.
protected and unprotected with
fungicide. were studied during the
1985-86 winter cycle using four
cultivars (three susceptible and
one resistant). These lines were
planted in small plots (10 5-m
rows each) with eight replications.
The border effect of the plots was
eliminated by trimming the end of
the plots. The yield reductions
determined for the three
susceptible lines were 24. 25. and
28%. equivalent to a loss of grain
ranging from 908 to 1422 kg/ha.

Winter :II: spring-Crossing
between two different barley gene
pools offers the opportunity for
rare combinations of disease
resistance that most probably
evolved in different regions. For
example. Barley Yellow Dwarf
Virus resistance was reported in
some winter germplasm that is
claimed to be different from the
Yd2 gene. which has been widely
used in spring types. Crossing
between these two groups has also
provided late segregates under
Mexican conditions that
correspond with the proper
maturity for adaptation in
southern Chile. During the
1985-86 winter cycle in the Yaqui
Valley. most of segregating
germplasm of this late maturity
group was found to be susceptible

resistant was collected. Studies on
the virulence of this new isolate
on seedings in the R;reenhouse
showed a susceptible response of
the cultivar Aim. known to carry
the Pa3 gene. The Pa3 gene has
been observed in Mexico and also
was known for its resistance to
virulences of P. hordei in South
America. Information of the
spectrum of virulence of leaf rust
in the Andean region is not
available at this time.

Breeding for leaf rust resistance
has became a major objective of
the ICARDAICIMMYT
Collaborative Program because of
its increased importance in South
America. National breeders have
directed their efforts to
incorporating stripe rust in their
germplasm without considering
the potential hazard of leaf rust.
The new Colombian variety
Quibenras. resistant to stripe rust.
was eliminated from farmers'
fields almost immediately after
release due to its susceptibility to
leaf rust. In Ecuador. the variety
Teran showed a 90S reaction to
leaf rust in small increases at the
Santa Catalina Experiment Station
dUring the summer of 1985. In
Bolivia. IBTA 80 is fully
susceptible to leaf rust.

Yield experiments-Eleven
experiments were conducted in
the Yaqui Valley under irrigation
dUring the 1984-85 season. Each
experiment had 25 lines and five
checks; the checks were chosen
for their high yield potential
expressed in previous years
(highest yielding entry in a
particular year). Favorable rains
throughout the growing cycle
stimulated high yields obtained for
some lines-as hi~h as 8.3 tlha. a
record for the Program (Table 5).

Basically. most of the new lines
showing high yields can be traced
back to two genotypes: Glorial
Come and GlorialCopal (Table 5).
These lines are characterized by
their stiff straw. nonshattering
grains. and resistance to both leaf
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rust and scald under Mexican
conditions. The best high yielding
100 lines were included in the
13th International Barley
Observation Nursery (lBON) for
sending to national programs.

Fifteen yield experiments were
conducted during the 1985-86
winter cycle under irrigation. Each
experiment had 25 lines and five
checks. Two of the checks.
Centinela and Rumorosa. are the
most widely cultivated barley
cultivars in Mexico. Again. the
results reflected the high yield
potential of the GlorialCopal cross.
The 8.3 tlha record of the 1984-85
cycle was shattered by yields of
up to 9.8 tlha (Table 6). Only two
different lines. Caco'S'/3/Apil
Cm67111594 and Cih'S'/Qlte'S'
showed the yield potential of
GlorialCopal (Table 6). The lines
are resistant to leaf rust and scald
under Mexican conditions and
were distributed in the 14th IBON.

Yield potential of early
barleys-During the 1984-85
cycle. two advanced early lines.
Monal/Mzq/D171 and MonalGtwyl1
B1. were planted after soybeans
the first week of November and
harvested in February prior to the
recommended planting date of
cotton by the CIMMYT Agronomy
Program. The trials suffered from
previous soil treatments for
soybeans. but did prove that this
genotype could grow during the
fallow period after soybeans and
before cotton. Mexican scientists
are interested in releasing both
lines in the Yaqui Valley. This will
allow farmers to grow a barley
crop in between soybean and
cotton. making more intensive use
of the land.

Seed increase of these two
advanced lines is underway at El
Batan for testinR; under farmer
conditions on a large scale.
Previous trials have shown
considerable yield potential of the
lines at El Batan (6.7 t/ha) and
Yaqui (5.8 t/ha) when seeded at
optimum planting dates in
experimental plots. A yield
reduction is expected when

planting is done under farmer
conditions 15 days prior to the
optimum planting date of
November 15.

To enhance the utilization of early
barley germplasm. crosses are
being made on a regular basis to
correct the susceptibility to leaf
and stem rusts. The segregating
populations are submitted to
artificial inoculations of both
diseases. A continuous flow of
spores dUring the entire growing
cycle results in a severe infection
of susceptible plants. The first
disease-resistant early barley
advanced lines will be yield tested
dUring the 1986-87 winter cycle in
the Yaqui Valley.

Yield losses on early barley plots.
protected and unprotected with
fungicide. were studied during the
1985-86 winter cycle using four
cultivars (three susceptible and
one resistant). These lines were
planted in small plots (10 5-m
rows each) with eight replications.
The border effect of the plots was
eliminated by trimming the end of
the plots. The yield reductions
determined for the three
susceptible lines were 24. 25. and
28%. equivalent to a loss of grain
ranging from 908 to 1422 kg/ha.

Winter x spring-Crossing
between two different barley gene
pools offers the opportunity for
rare combinations of disease
resistance that most probably
evolved in different regions. For
example. Barley Yellow Dwarf
Virus resistance was reported in
some winter germplasm that is
claimed to be different from the
Yd2 gene. which has been widely
used in spring types. Crossing
between these two groups has also
provided late segregates under
Mexican conditions that
correspond with the proper
maturity for adaptation in
southern Chile. During the
1985-86 winter cycle in the Yaqui
Valley. most of segregating
germplasm of this late maturity
group was found to be susceptible



to stem rust and discarded. Stem
rust is not a major disease in
Latin America. but resistance
should be incorporated immedi
ately to correct for susceptibility
in spring x winter crosses. Winter
parental material could be
classified as susceptible in
comparison with spring
germplasm that showed differen
tial reaction and was largely
resistant.

Stripe Rust
Stripe rust is the main problem in
the Andean region. Race 24 was
introduced from Europe in 1976 to
Colombia and spread southward to
Chile in the Southern Cone a few
years later. The incorporation of
stripe rust resistance into the
ICARDA-CIMMYT germplasm
involves a large proportion of the
crosses made to combine stripe
rust resistance with other desired
characters.

Increase in the number of sources
of stripe rust resistance is
important mainly because of the
narrow gene pool being used at
the moment by most national
programs in South America. New

resistant lines identified from
European germplasm have been
sent for testing in South America
for the first time. Most lines, after
a close analysis of their pedigrees,
had common parents. This might
give an indication of the few genes
for stripe rust resistance present
in the European lines.

The rapid response of the national
barley programs in breeding for
resistance to stripe rust has
resulted in the release of resistant
cultivars that have spread qUickly
and now occupy the major barley
production areas. Leaf rust that
previously was a minor disease in
South America suddenly has
become a major threat because
the virulences present have been
able to infect most of the new
varieties. Therefore. there is an
urgent need for germplasm that
carries resistance to both leaf and
stripe rusts.

The incorporation of leaf rust
resistance in combination with
stripe rust resistance (race 24) was
initiated in 1983 with the crossing
of different sources of leaf and
stripe rust resistance on a large
scale. All segregating progeny
were sent to South American

countries for screening because
race 24 of stripe rust is not
present in Mexico. Last year
segregating populations up to F5
and F6 were grown in Bolivia and
Ecuador, respectively. From both
countries, resistant advanced lines
grown under severe epidemics of
stripe rust were identified for yield
testing in the next cycle. Some
advanced lines in Ecuador showed
excellent resistance to stripe rust
on the leaves. but were shOWing
limited infection on the spike.

Most of the best advanced lines
selected for stripe rust in Bolivia.
Ecuador. and Colombia were
obtained by crossing two or more
stripe rust-resistant parents.
Pyramiding genes appears to be a
successful methodology for
obtaining better levels of disease
resistance. An F5 line (Lignee
527/Kober//Teran), selected in
Ecuador. derived from three stripe
rust-resistant parents from
different origins was resistant to
stripe rust. leaf rust, and scald.
and will be incorporated as a
parent in our crossing program.
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Table 1. Reaction to scald by differential barley lines at three
Mexican locations during 1984

DiHczential Gene Locations
varieties Symbol EI Batan Toluca Lagunllla

Armelle Rh R R
AU s Rll2 R TR R
Atlas 46 Rh3 R TR R
Magnum Rh4 R TR R
Osiris Rh4 RblO R R R
Modoc Rh24Rh2 S R
Jet rh6-rh7 R TR R
Nlgrtnudum rh8 TR MS TS-MS
KJlchin Rh9 R TR T -MS

Table 2. Reaction to leaf rust by barley differential lines at two
Mexican locations

Differential
varieties

Gene
Symbol

Loca.t.ions
EI Batan Toluca

Oderbrucker
Peruvian
Ricardo
Estate
Gold
Lechtaler
MagniC 102
Quinn
Bolivia
Cebada Capa
Egypt 4
Abyssinian
Triumph

Pa
Pa.2
Pa2+?
PaS
Pa4
Pa4
Pa5
PaS (+Pa2j
Pa6 (+Pa2)
Pal
PaB
Pa9
Pa9

80S
R
TR/T
TR
60S
60S

R
R
R
5MR
R
R

50
TR

R
20
30S
30MS
~
TR
R
5MR
20MR
10M -S

Table 3. Lines resistant to scald in Toluca, summer 1985
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Cross

SUFldllC/31B14/Kb4/5/MdlAtIIlArv/3IBr
StIFldllCm/3/Br/4/Kby/5/Sma 1
4161/CI583114/ST/FLDPIICM/3/BR
Ase/3/Cm/41lRo/5/Sma I
13931/CmlBr/3/Kby/4/Sma1
Asel3Cm/4/Sutl5/Sma 1
4259/CI583l11Sb40 1
2505/GufllSma 1
Cen/250511Sma 1
Md/2Br/3/Cm72/4/2505/5/Sma 1
Cen/250511Sma 1
4161/Cl583111Sma 1
Sma/Sb401
Ase/3/Cm/4/Seitl5/Sb40 1
4259/CI58311Uc F8042

No. of
lines

1
1
4
7
5
1
7
2
1
6
7
3
2
1
3

Disease
Score

TR
R
R

R-MR
R-TR

R
R

TR·MR
TR

R-TR
R-TR

R
TR
TR

R-TR



Table 4. Barley lines resistant to BYDV at Toluca, Mexico

Line and pedigree

Dorada

Mcu33/Fzal/Tib/3/Pi356456
Dll·3958-27D

C12325/CI 12225/IBoy(2)/Surb(3)
1115263-3PT-3V

Bo /M u3048.ID//CIl463.3D
IIl4127-1Pl·5V

Pi14116.13D/CIl2225//CIl29l7.37D
II1516-1PV-lPV-lV

12375/Cl12225I1Can/Mcu29/3/Tib/4/CI12225.23D
n14845-3V

Boy(2)/S rb(3)IICI12;225-2D
IIl5l99-1PV·5V

Row 906.73

Proctor/Prior/IGospick
E-U-69-117-5E-2E-7E

Esdl-72-83-3E·7E-5E-lE

Cedro
CMB77-l267. -1 Y-lzbv-lY-lB-l Y-lB-OY

CM72

Sutter

UC566

l' 906.1

Promesa

79 W 40762

79 W 1762

PI 382406

7 An/Mo
123-NV-lB·OY

M66.85/A hs/3/Apl/C 67/lDs/Apro
CMB75A·1617A-7B·500Y·500B·OY

Api/Cm67l1Ag
eM 76-4 -27Y-IB-4Y-lB-l Y-OB
oa -43-4

MB77-l25-l Y-lB-l Y-2B-l Y-OB

Summer Winter
1984 1984-85

Replications
Highest Scores
• ••

4 4

3 3

4 4

4 3

3 5

4 4

5 5

5 4

5 4

2 4

4 3

3 3

4 2

3 3

5 3

4 3

3 3

3 3

3 2

5 5

4 4

5 5

3 5

(continued)

• Highest score from 2 dates of
scoring on two reps

•• Highest score from 1 date of
scoring on two reps
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• Highest score from 2 dates of
scoring on two reps

•• Highest score from 1 date of
scoring on two reps

Table 4. (continued)

Line and pedigree

S~er VV1Dter
1984 1984-85

Repltcatio 8
Highest Scores
• ••

Brea/SutterllF3 Bulk Hip
CMB79A-l 062-C-50 1B-1Y-1 B

Ojilloz'S'
CMB79A-1362-B-50lB-l Y-IB

Ojillo'S'
ACMB79A-1362-B-50 lB-3Y-} B

Palo Santo
CMB79A-1524-D-500B-l -IB

C13208.2

Yori'S'
CMB-77A-402-lB-l Y-4B-3Y- LB-OY

PI 2325/Mag 102//Cossack
CMB78-452-2Y-lB-lY-IB-l Y-OB

4

3

4

2

5

5

4

4

4

2

3

3

4

Table 5. Highest yielding advanced barley lines having resistance to
both leaf rust and scald, CIANO, 1984-85

• Modified scale YJeld Leaf

•• R = Resistant (t/ba) rust· Scald· •

Glorta/Copal'S' 8.3 lOMR R
CMB8l-295-30B-4Y-9M-3Y-OM

Gloria/Copal'S' 8.1 lOMR R
CMB8l-295-30B-4Y-20M-lV-OM

Gloria/Come'S' 8.0 R R
CMB8l-204M-25Y-6B-2Y-OM

Gloria/Copal'S' 8.0 R R
CMB8l-295-30B-4Y-18M-IY-OM

Gloria/Copal'S' 7.9 lOR R
CMB81-295-30B-4Y-9M-IV-OM

Gloria/Copal'S' 7.9 5MR R
CMB81-295-30B-lY-2M-2Y-OM

Gloria/Copal'S ' 7.8 lOR R
CMB81-295-30B-4Y-1 M-lY-OM

Glorta/Copal'S' 7.8 lOR R
CMB8l-295-30B·4Y-19M-lV-OM

Gloria/Come'S' 7.8 lOR R
CMB81-294-4Y·IH-6Y-2M-l Y-OB

Gloria/Come'S' 7.6 lOR R
CMB81-294-17Y-lB-lY-OM
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Table 6. Highest yielding advanced barley lines, CIANO, 1985-86

Early

Jacaranda
Monal/Mzq/Dl71
Mona [ch ck)
MonalGWY63/1B 1
811GuaJillo//WI2274

Intermediate Maturity --_.
Gloria'S '/Copal'S'

CMB8 L-295-308-4Y·22M-lY·l M-oy
Gloria' '/Copal'S'

CM881·295· OB-4Y·9M·IY·2M.QY
Caco'S'/3/Api/ m67//1594

CM881·1 ·6Y-flY-15M·! Y-3M·OY
Gloria'S'/Copal'S'

CM881·295· OB·} ··2M·2Y·IM· Y
Gloria'S'/Copal'S'

CMB81-295-30B-4Y-23M·} Y·2M·OY
Gloria' '/Copal'S'

CMB81-295·30B-4Y-9M·3Y·2M·OY
Cih'S'/Qlte'S'

CMB82-1280·9B-4Y-IB.QY
Gloria'S'/Copal'S'

CMB81-295-30B-3Y·2M-2Y·2M·OY
Gloria'S'/Copal'S'

CMB81-295·30B-4Y-12M-} Y·2M·OY
Gloria'S'/Copal'S'

CMB81-295-308-4Y·15M·2Y· M·OY

Late Maturity

Bord Rang/Jon ullD /3/Gloria
CM882-200 JoC·8B·ly.J B-1 Y·Oy

Bard Rang/JonguIIDC/3/Glona
CMB82·200 I·C·aB·IY·IB·2Y.QY

Aropo

Pistacho

Centinela

Rumorosa

Yield
(t/ha)

6.7
6.6
6.4
6.1
6.1

9.8

.8

9.7

9.6

9.2

9.1

8.9

,9

a.8

8.8

8.8

8.1

7.9

7.2

6.7

6.7

Yield of checks. average of 13
experiments except Rumorosa where
the average is from seven
experiments
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Acronyms/Glossary

AARI: Ayub Agricultural Research
Institute, Faisalabad, Pakistan
ACIAR: Australian Center for
International Agricultural Research
ACWYT: African Cooperative Wheat
Yield Trial
ADYT: Advanced Durum Yield Trial
ALSN: Aluminum Screening
Nursery
APHIS: Animal and Plant Health
Inspection Service, USDA
ARARI: Aegean Regional
Agricultural Research Institute
ARD: Applied Research Division,
Burma
ARI: Agricultural Research
Institution, Burma; Agricultural
Research Institute, Somalia
AULRPC: Area under the leaf rust
progress curve
AVT: Advanced Variety Trial,
Zimbabwe; Advanced Varietal Trial,
Nepal
AWYT: Advanced Wheat Yield Trial
BADe: Bangladesh Agricultural
Development Corporation
BARI: Bangladesh Agricultural
Research Institute
BC: backcross, i.e., a cross between
an Fl and one of its parents; BCI,
BCll, etc., refer to the first, second,
etc. backcross generations, in which
the progeny of the previous
generation is again crossed with the
same parent
BID: Interamerican Development
Bank (Banco Interamericano de
Desarrollo)
BPI: Bureau of Plant Industry, the
Philippines
BTYN: Barley Thai Yield Nursery
BUCK: Criadero Buck, S.A., La
Dulce, Argentina
bulked: bulk-harvested
bulk-harvested: a mixture of seed
harvested from more than one plant.
e.g., an entire line or population (vs.
individually harvested); also applied
to mixtures of different races or
collections of pathogen spores
BYD: barley yellow dwarf, a viral
disease of a large number of grasses,
including most cereals
BYDV: barley yellow dwarf virus
CB: Crossing Block
CDRI: Cereal Disease Research
Institute, Pakistan
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CIANO, Mexico: the Yaqui Valley
Agricultural Experiment Station
(Campo Agricola Experimental Valle
del Yaqui) of the Northwestern
Agricultural Research Center
(Centro de Investigaciones Agricolas
del Noroeste), administered by the
National Institute of Forestry,
Agriculture and Livestock Research
(INIFAP); 39 m elevation, 27°N
latitude
CIAT: International Center for
Tropical Agriculture (Centro
Internacional de Agricultura
Tropical), Cali, Colombia; also the
Tropical Agricultural Research
Center (Centro de Investigaci6n
Agricola Tropical), Bolivia
CIAAB: Centro de Investigaciones
Agricolas "Alberto Boerger".
Uruguay
CIDA: Canadian International
Development Agency
CLSU: Central Luzon State
University, the Philippines
CPAC: Cerrados Agricultural
Research Center (Centro de Pesquisa
Agropecuaria do Cerrados),
EMBRAPA, Brazil
CRIA: Centro Regional de
Investigaci6n Agricola, Capitan
Miranda, Paraguay
CRL: Cereal Rust Laboratory of the
U.S. Dept. of Agriculture
Culiacan: experiment station
administered by the National
Institute of Agricultural Research
(INIA); 53 m elevation, 24°N latitude
CV: coefficient of variation
cv: cultivar
DCAS: Dipartimento Cooperazione
Allo Sviluppo, Italy
DMRT: Duncan's Multiple Range
Test of statistical significance
DON: Durum Wheat Observation
Nursery
DRI: Integrated Rural Development
Program, Colombia
DRSS: Department of Research and
Specialist Services, Ministry for
Agriculture, Zimbabwe
DST: Durum Septoria Nursery
DTSN: Drought Tolerance Screening
Nursery
EAPAC: East African Parental
Collection
EDYT: Elite Durum Yield Trial
EEZON: Elite Yield Trial for the
Northern Zone (Ensayo Elite de la
Zona Norte)

EI Batan: experiment station and
CIMMYT headquarters; 2249 m
elevation, 19°N latitude
ELISA: enzyme-linked
immunosorbent assay
EMBRAPA: Brazilian Agricultural
Research Enterprise (Empresa
Brasileira de Pesquisa Agropecuaria)
ENMP: National Plant Breeding
Station (Estal;8.0 Nacional de
Melhoramento de Plantas), Elvas,
Portugal
ERCA: Andean Barley Yield Trial
(Ensayo de Rendimiento de Cebada
Andino)
ERU: Uniform Regional Trial, Peru
ESWYT: Elite Selection Wheat Yield
Trial
F: filial generation; Fl refers to the
progeny of a cross between any two
plants; F2' F3, F4, etc. refer to the
successive generations
F AO: Food and Agriculture
Organization of the United Nations,
Italy
FECOTRIGO: Rio Grande do SuI
(Brazil) Federation of Wheat and
Soya Cooperatives (Federal;8.0 das
Cooperativas Brasileiras de Trigo e
Soja)
FENALCE: National Cereal Growers'
Federation, Colombia
F2 MATN: F2 Masa Aluminum
Tolerance Nursery
FYM: Farm yard manure
g/ha: gram(s) per hectare
ha: hectare(s)
hi: hectoliter(s)
HSN: Helminthosporium Screening
Nursery
HTSN: Heat Tolerance Screening
Nursery
Huamantla, Mexico: off-station site
used by CIMMYT; 2500 m elevation,
19°N latitude
HYVK: High Yielding Vitreous
Kernel
lAC: Campinas Agronomic Institute
(lnstituto Agron6mico de Campinas),
Brazil
IAN: National Agronomy Institute
(Instituto Agron6mico Nacional),
Caacupe, Paraguay
IAPAR: Agronomy Institute of
Parana, Brazil
IAR: Institute of Agricultural
Research, Ethiopia
IBON: International Barley
Observation Nursery



IBTA: Bolivian Institute of
Agricultural and Livestock
Technology (Instituto Boliviano de
Tecnologia Agropecuaria). Bolivia
IBYT: International Barley Yield
Trial
IBWSN: International Bread Wheat
Screening Nursery
ICA: Colombian Agricultural and
Livestock Institute (lnstituto
Colombiano Agropecuario)
ICARDA: International Center for
Agricultural Research in Dry Areas.
Aleppo. Syria
IDSN: International Durum
Screening Nursery
IDTN: International Disease Trap
Nursery
IDYN: International Durum Yield
Nursery
IDYT: International Durum Yield
Trial
IICA: Interamerican Institute of
Agricultural Sciences (lnstituto
Interamericano de Ciencias
Agricolas). Turrialba. Costa Rica
ILCA: International Livestock
Centre for Africa, Addis Ababa.
Ethiopia
Individually harvested: seed
collected separately from each plant
(vs. bulk-harvested)
INIA: National Agricultural
Research Institute. Chile: Instituto
Nacional de Investigaciones
Agropecuarias; Spain: Instituto
Nacional de Investigaciones
Agron6micas
INIAP: National Institute of
Agricultural Research (Instituto
Nacional de Investigaciones
Agropecuarias). Ecuador
INIFAP: Mexican National Institute
of Forestry. Agriculture. and
Livestock Research (lnstituto
Nacional de Investigaciones
Forestales y Agropecuarias)
INIPA: National Institute of
Agricultural Research and Extension
(lnstituto Nacional de Investigaci6n
y Promoci6n Agropecuaria). Peru
INRA: National Institute of
Agricultural Research. Jemaa
Sahim. Morocco
INTA: National Institute of
Agricultural Technology (lnstituto
Nacional de Tecnologia
Agropecuaria). Argentina

IPB: Institute for Plant Breeding, the
Philippines
IPO: Institute for Plant Protection.
the Netherlands
ISABU: Institute of Agronomic
Sciences of Burundi (lnstitut des
Sciences de Burundi)
ISAR: Institute of Agronomic
Science of Rwandu (Institut des
Sciences de Rwanda)
ISEPTON: International Septoria
Observation Nursery
ISSN: International Scab Screening
Nursery
ISWYN: International Spring Wheat
Yield Nursery
ITSN: International Triticale
Screening Nursery
ITYN: International Triticale Yield
Nursery
IWWSN: International Winter Wheat
Screening Nursery
KB: Karnal bunt
KBII: Kamal bunt infection index
kg: kilogram(s)
kg/cap/yr: kilogram(s) per capita
per year
kglha: kilogram(s) per hectare
KLDN: Key Location Disease
Nursery
KLEIN: Criadero Klein. S.A.. PIa.
Argentina
LACOS: Advanced Lines of the
Southern Cone (Lineas Avanzadas
del Cono Sur). a regional nursery for
the Southern Cone region
Lagunilla, Mexico: an off-station
site near La Lagunilla. Hidalgo; used
by CIMMYT
LO: Observation Lines (Lineas de
Observaci6n)
Los Mochis, Mexico: the Fuerte
Valley Agricultural Experiment
Station (Campo Agricola
Experimental Valle del Fuerte).
administered by the National
Institute of Forestry. Agriculture.
and Livestock Research (INIFAP); 40
m elevation. 26°N latitude
LSD: least significant difference
m: meter(s)
MART: Management of Agricultural
Research and Technology project of
USAID
masl: meters above sea level
MAV: an isolate of barley yellow
dwarf virus transmitted specifically
by the aphid Sitobion avenae
(formerly Macrosiphium avenae)

Mexicali: experiment station
administered by the National
Institute of Forestry. Agriculture and
Livestock Research (INIFAP); 1 m
elevation. 32°N latitude
MMSU: Mariano Marcos State
University. the Philippines
MOA/ADO: Agricultural
Development Office of the Ministry
of Agriculture. Ethiopia
mm: millimeter(s)
mono-5B: a genetic stock of the
Chinese Spring variety of bread
wheat in which one number of the
normally paired chromosome 5B is
missing; in intergeneric hybrids
lacking this chromosome. pairing is
enhanced at meiosis
MPS: multiplication plots
MRR: marginal rate of return
MT: million metric tons
NARC: National Agricultural
Research Centre. Pakistan
NARS: National agricultural
research system
NFA: National Food Authority. the
Philippines
NPBS: National Plant Breeding
Station. Njoro, Kenya
NSGC: National Small Grains
Collection, USDA
NSSL: National Seed Storage
Laboratory. Fort Collins. Colo.
nursery: a small amount of seed or
a small number of plants of a line or
variety used in an expertmental plot
NWDP: National Wheat
Development Program. Nepal
NWDSN: National Wheat Disease
Screening Nursery. Pakistan
NWFP: Northwest Frontier Province,
Pakistan
NWPP: National Wheat Pilot Project.
the Philippines
NWRTN: National Wheat Rust Trap
Nursery. Pakistan
OCEPAR: Organization of
Cooperatives of the State of Parana
(Organizal;ao das Cooperativas do
Estado do Parana). Brazil
ODA: Overseas Development
Administration
OFR: On-farm research
OPC: Observation for Parental
Collections
PARC: Pakistan Agricultural
Research Council
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Patzcuaro, Mexico: the Tarascan
Mountains Agricultural Experiment
Station (Campo Agricola
Experimental "Sierra Tarasca").
administered by the National
Institute of Forestry. Agriculture.
and Livestock Research (lNIFAP);
2180 m elevation. 18°N latitude
PAV: an isolate of barley yellow
dwarf virus transmitted
nonspecifically by Rhopalosiphum
podi and Sitobion avenae
PBI: Plant Breeding Institute.
Cambridge. England
PC: small seed multiplication plot
(parcela chica); also Parental
Collection. Kenya
PCARRD: Philippine Council for
Agricultural Resources. Research.
and Development
PDYT: Preliminary Durum Yield
Trial
PHC: National Cereals Program
(Programa Nacional de Cereales) of
the National Institute for
Agricultural Research and Extension
(lNIPA). Peru
Poza Rica, Mexico: The Poza Rica
Experiment Station. administered by
CIMMYT; 60 m elevation. 21°N
latitude
ppm: parts per million
Pre-OPC: Preliminary Observation
for Parental Collections
PSH: Puccinia striiformis f. sp.
hordei
PST: Puccinia striiformis tritici
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PWYT: Preliminary Wheat Yield
Trial
qq: quintals (10 qq = 1 t; 1 qUintal
= 100 kg)
r 2 : coefficient of determination
RDYT: Regional Durum Yield Trial
RFDYT: Regional Rainfed Durum
Yield Trial
Rio Bravo, Mexico: the Rio Bravo
Agricultural Experiment Station
(Campo Agricola Experimental "Rio
Bravo"). administered by the
National Institute of Forestry.
Agriculture. and Livestock Research
(lNIFAP); 30 m elevation. 26°N
latitude
RWYT: Regional Wheat Yield Trial
Sanidad Vegetal: the Mexican
Plant Protection and Quarantine
Agency
SIN: Selections from International
Nurseries
SNACWYT: Regional Screening
Nurseries for Africa; formerly
Screening Nursery for the African
Cooperative Wheat Yield Trial. The
acronym has been retained for
continuity.
SRSN: Scab Resistant Screening
Nursery
t: metric ton(s)
Tampico, Mexico: experiment
station administered by the National
Institute of Forestry. Agriculture and
Livestock Research (lNIFAP); 4 m
elevation. 22°N latitude
Tepatitlan, Mezico: experiment
station administered by the National
Institute of Forestry. Agriculture and
Livestock Research (lNIFAP); 1700
m elevation. 20 0 N latitude
TGW: Thousand grain weight
t/ha: metric ton(s) per hectare

Tlaltizapan, Mexico: the
Tlaltizapan Experiment Station.
administered by CIMMYT; 940 m
elevation, 19°N latitude
Toluca, Mexico: the Toluca
Experiment Station. administered by
CIMMYT; 2640 m elevation. 20 0 N
latitude
TON: Thailand Observation Nursery
top cross: a cross between an Fl
and a variety or line genotypically
different from either of the parental
varieties or lines
TSP: Triple superphosphate
ULV A: ultra-low volume applicator
UNA: National Agriculture
University (Universidad Nacional
Agraria). Peru
UPLB: University of the Philippines
at Los Banos
USAID: United States Agency for
International Development
USDA: United States Department of
Agriculture
VEOLA: Disease and Observation
Nursery in Latin America (Vivero de
Enfermedades y Observaci6n en
Latinoamerica)
WMFT: wheat meal fermentation
time
WON: Wheat Observation Nursery
WST: Wheat Septoria Nursery
WTYN: Wheat Thai Yield Nursery
yellow rust: synonym of stripe rust
YRPC: Yellow Rust Parental
Collection



Wheat Program Personnel
(Dec. 31, 1986)

CIMMYT Headquarters

Director-Byrd C. Curtis. USA
Associate Director-Arthur R. Klatt. USA
Senior Consultant-Nonnan E. Borlaug. USA

Improvement Programs

Bread Wheat-Sanjaya Rajaram. India
Wolfgang H. Pfeiffer. West Germany
Ravi P. Singh. India
Osman S. Abdalla. Sudan

Durum Wheat-Pedro Brajcich G.. Mexico

Triticale-George Varughese. India

Support Programs

Agronomy-Matthew A. McMahon. Ireland
Kenneth D. Sayre. USA

Germplasm Bank-H. Ayla Sencer. Turkey

Germplasm Development-Ricardo Rodriguez R.. Mexico

Industrial Quality-Arnalda Amaya C.. Mexico
Roberto Javier Pefta. Mexico

Information Services-Eugene P. Hettel. USA

International Testing-Maximino Alcala S.. Mexico

Pathology- Ginna Bekele. Ethiopia
Lucy Gilchrist S .. Chile
J.M. Prescott. USA
Peter A. Burnett. New Zealand
Monica Mezzalama. Italy
Elizabeth J. Warham. UK

Training-Reynaldo Villareal, the Philippines

Wide Crosses-A. MUjeeb-Kazi. USA

Regional Programs

Andean-Paul Fox. Australia
Patrick C. Wall, Ireland
(based in Quito. Ecuador)

East/Southern Africa-Enrique Torres, Colombia
Douglas G. Tanner. Canada
Daniel Danial. The Netherlands
(based in Nairobi. Kenya)
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North and West Africa and the
Iberian Peninsula- Santiago Fuentes F., Mexico

(based in Lisbon, Portugal)

South Asia-H. Jesse Dubin, USA
(based in Kathmandu, Nepal)

Southeast Asia-Christoph E. Mann, West Germany
David A. Saunders. Australia
(based in Bangkok, Thailand)

Southern Cone of South America- Man Mohan Kohli. India
L.T. van Beuningen, The
Netherlands
(based in Asuncion, Paraguay)

Bilateral Programs

Bangladesh- Larry Butler, USA
(based in Dhaka)

Pakistan- Peter R. Hobbs, UK
(based in Islamabad)

Peru- Gregorio Vazquez G., Mexico
(based in Lima)

Turkey-Bent Skovrnand, Denmark
(based in Ankara)

Joint Collaborative Projects

CIMMYT/ICARDA Bread Wheat Improvement
Project- Guillermo Ortiz F., Mexico

(based in Aleppo, Syria)
•

CIMMYT/ICARDA Durum Wheat Improvement
Project- Miloudi Nachit, W. Germany

(based in Aleppo. Syria)

Turkey/CIMMYT
Winter Wheat Project- Hans-Joachim Braun. W. Germany

Eugene E. Saari, USA
(based in Ankara)

Postdoctoral Fellows
Robert Asiedu, Ghana
Thomas G. Barker, USA
Mark A. Bell, Australia
Daniel J. Davidson, USA
William R. Raun, USA
Maarten van Ginkel, The Netherlands
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