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Preface

The international workshop on
Wheats for More Tropical
Environments was held in Mexico
City September 24-28, 1984, This
was the first attempt to bring
together wheat scientists from all
over the world to search for solutions
to the problems which face farmers
in more tropical areas who seek to
grow wheat outside of its traditional
environments.

As a result of growing urban
populations anc rising incomes in
the tropics, bread is becoming a
staple food for more and more
people. For many developing
nations, this has led to an increased
dependency on wheat imports and
the accompanying foreign exchange
drain.

In answer to a request by the CGIAR
to look for ways to decrease this
dependency, CIMMYT, with the
assistance of the United Nations
Development Programme (UNDP),
has begun emphasizing the
development of wheats adapted to
the stress conditions of the more
tropical environments.

It is hoped that this workshop will
lead to an increased participation in
collaborative research efforts on the
part of wheat scientists from many
countries so that, by working
together, one more battle may be
won in the war on hunger.

Reynaldo L. Viilareal
Arthur R. Klatt
Technical Editors
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Welcome to the

Symposium on Wheats for
More Tropical Environments

R.D. Havener, Director General,
CIMMYT, Mexico

It is my privilege to welcome you to
this, the first symposium which
CIMMYT ts holding to focus on the
problems related to increasing the
production of wheat in more tropical
and nontraditional production
environments. | would like to thank
both Rey Villareal. chairman of the
symposium, and Art Klatt on behaif of
CIMMYT. Before introducing our
keynote speaker, let me share a few
thoughts with you to set a framework
for what I hope you will be talking
about during the balance of this
conference.

CIMMYT, whose headquarters is at El
Batan, about 45 km from Mexico City.,
is the hub of an internationa! network
of which many of you are partners.
CIMMYT itself is a very small
organization. Within our wheat, maize,
economics and support programs, even
the largest programs, wheat and maize,
each have only about 35 scientists
working on a global basis. Only by
acting as the hub of an international
network can we accomplish very much.

CIMMYT is a part of an international
organization of agricultural research
centers supported by the Consultative
Group on International Agricultural
Research (CGIAR). The CGIAR is
composed of a group of approximately
40 donors that support these centers
located across the tropical and
subtropical world. Included are CIAT
and CIP in Latin. America, IFPRI in
Washington, D.C., USA, and ISNAR, the

International Service for National
Agricultural Research in the
Netherlands. IBPGR, the gene board, is
located at FAO headquarters in Rome.
Other crop and livestock centers in
Africa include WARDA, the West Africa
Rice Development Association, 11TA,
the International Institute of Tropical
Agriculture in Nigeria, and ILCA and
ILRAD, the livestock centers in Ethiopia
and Kenya in East Africa. ICARDA, in
the Middle East, works with dryland
farming systems for the semi-arid
regtons having a Mediterranean-type
climate, and ICRISAT is in India, which
has similar climatic zones, but with
sumrner rainfall patterns and tropical
climates. Then there is IRRI, the
International Rice Research Institute in
the Philippines. These

L3 centers comprise the international
network supported by the CGIAR.

The peasant farm family about which
we will be talking a great deal in the
next few days is the target group for us,
the international centers: they are
however, not our client group. Yo, the
national agricultural research
programs, the national agricultural
universities. those national institutions
working for the welfare of developing-
country farm families, are in fact our
client group, thc ones with whom we
werk. You, in turn, work witi the
farmers who actually produce the crops
around the world.

Here at CIMMYT, we work principally
on five experiment stations, Poza Rica
on the coast at 60 meters of elevation in
tae hot, humid tropics, Tlaltizpan, a
mid-elevation station at 1000 m
elevation, El Batan at 2250 m elevation,
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Toluca, a high-elevation station at
2650 m and Ciudad Obregon (CIANO)
in the Sonora desert at 40 m. CIANO is
owned and operated principally by the
government of Mexico, which has
allocated to CIMMYT 175 hectares of
land in an irrigated valley for a
cooperative wheat-improvement
program. Within these stations we can
typify most of the agroclimatic zones In
which wheat and maize are grown
around the world.

CIMMYT's products are germplasm,
research procedures, trained personnel,
information and consulting services.
We have global testing networks of
which you are a part or, at least, now a
subpart dealing with the tropical
germplasm of the wheat program.
International testing is important for
germplasin development, and it is
important in the mechanism of
germplasm distribution to our
collaborators around the globe. Dealing
with both wheat and maize are
approximaicly 125 national
governments in the germplasm-
exchange program.

At CIMMYT, we have had In-service
trainees or visiting scientists from
virtually every country in the world
where wheat and maize are important
crops. In this hemisphere, we have
regional programs in Mexico, Central
America and the Caribbean, and the
Andean Region and Southern Cone of
South .America. We work in West and
North Africa, In the areas that are now
classified as East and southern Africa
and in the ICARDA zone of northern
Africa and the Middle %ast. We also
kave programs in South and Southeast
Asla. In each of those locations, we
have regional offices and/or regional
staff posted to serve the national
programs. They conduct workshops,
circulate regional nurseries, exchange
research data, expand training
opportunities, support on-farm research
activiiics and, we hope, improve
consulting services.

Depending on ¢::: needs of particular
countries, we now have assigned staff
with special-project funding in Haiti,
Peru, Ghana, Bangladesh, Pakistan and
Turkey, working in national wheat or
maize improvement programs. Under
consideration are national programs
with extra-core special project funding
in Ethiopia and Kenya.

How are we doing? When one looks a¢
wheat production on a global basis, the
answer is pretty well. Comparing the
1979-81 period to 1969-71, the
worldwide annual rate of increase in
wheat yleld has been 3.4%: the annual
increase in total production has been
4.8%. Looking at selected individual
countries, the growth in wheat
production and yield has been quite
spectacular; here in Mexico there has
been a ccmpound growth rate
approaching 5% annually during the
past 20 years. There have been peaks
and valleys, dependi .g on government
policles, avallability of water and
seasonal variations, but the trend
continues to go up. In 1983-84, it is
predicted that it will go even higher.

L1 India, an average of 10.5 million tons
of wheat werc harvested from 1961 to
1965. For 1984, the harvest is reported
to be in the neighborhood of 45 million
tons. There is a similar story In
Pakistan and also in Tuikey. In Turkey,
the increase in production has come
about as a result of improved farming
practices and farming systerm.s rather
than through the use of imprcved
genetic materials; it has been based
largely on better dryland farming
practices, especially on the Anatolian
plateau.
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In Argentina, there have been ups and
downs, principally depending on
government pricing policies, but the
upward trend in production has been
very etrong and there is every reason to
believe that. in the next few years, it
#ill increase even more rapidly.

The real success story in wheat has
been in Bangladesh. It has gone from a
small wheat-production area in 1961-65
to a production of over one million tons
today. This has occurred with
technology that was co-generated by
CIMMYT and the Government of India,
and imported into Bangladesh and
applied to the fields of former rice
producers. It is a story of an
extraordinary take-off in wheat
production.

There are, however, problem areas in
the world where wheat production has
not increased. These areas are mainly
in the Middle East and Africa, where
there has been a downward trend in per
capita production.

CIMMYT wheats are now planted on
approximately 40 million hectares in
developing countries and another 10
million in developed countries. When
we say CIMMYT, we are referring to
this network of some 2,500 scientists
scattered around the world. These 50
million hectares may have already
expanded to 60 or even 65 million; at
the moment we are trying to get new
figures on the area under wheat crops
that bear CIMMYT germplasm. Ten
million tons of grain may be added to
the world's food supply annually, just
from the effect of these varieties.

Looking briefly at maize, there has
been a similar success story in the
1969-71 to 1979-81 period. There have
been significant increases in yield
during the decade. The developed
countries had made big increases
drring the 1959-61 to 1969-71 decade
wut, with the developing countries
catching up, an even more surprising
percentage increase in total production
tock place this last dccade.

We reckon that some 3 million hectares
of land are now under improved maize
varieties coming out of the CIMMYT
networi, with some 90 million dollars
in value added each year. But, here
again, there are regional discrepancies.
While Latin America had an increase in
production of 2.4% annually during the
last decade, Africa has not kept pace
with the rate of population growth. The
increase in the Middle East has been
greater than the rate of population
growth, and Asia has made socme real
gains in per capita availability of maize.

Much of CIMMYT's effort continues to
be on improving the genetic yield
potential, but even more effort is now
going into increasing yield
dependability under environmental
stress conditions. That is why you are
here this week. We are trying to close
the gap between potential yields and
those on farmers' fields. This is the
reason that the emphasis on on-farm
research and production agronomy has
become a much more substantial part
of our program in the last few years.

The biggest problem we face is
population growth, with which you are
familiar. When | was born, the
population of the world was less than 2
billlon people. If I live my three score
and seven years, the population by the
end of my life time will exceed 6.5
billion. This is what can happen to the
population of the world within the
space of one man’s life. This is the
challenge that faces us in the years
ahead, ard this is where our
opportuni:y lies.
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In Bangladesh, many farmers’ fields
previously produced less than one-half
ton of dryland rice per hectare per year
In rotation with the main rice crop. In
1984, that same land produced in the
neighborhood of 2.5 tons of wheat
under similar conditions and with
similar irrigation schedules. This type
of progress gives us hope for being able
to meet the needs of the population
challenge.

In a recent publication, Derek Byerlee
reported that, in 1981-82, worldwide
wheat imports exceeded 100 million
tons for the first time. That is an
immense ainount of wheat being traded
to feed the world's people. Perhaps
more disturbingly, 61 million of those
100 million tons were going from
developed countries to developing
countries; much of it was going to the
recently emerging developing-country
market economies to sustain domestic
food supplies. Twenty years ago most of
the trade was between developed
countries, from the United States and
Canada to Europe and Russia. Now 27
developing countries, many of whom
are represented here today, are
Importing more than 500,000 tons of
wheat per year to sustain domestic food
supplies; 17 of those 27 are importing
more than a million tons.

An increasing dey.endency on staple
foods from abroad is a serious economic
and political problem for many
developing countries. In recognizing
that problem several years ago, the
Technical Advisory Committee of the

CGIAR asked CIMMYT to put more
emphasis on developing wheats for
more tropical environments. CIMMYT
management, then as now, agreed that
this was an important challenge. It
would, however, Le a long-term project,
and progress would be slow. 1t is easier
to increase production in good
production environments than it is in
poor production environments, and
there was still an immense challenge
for increasing yields in the better
environments. Therefore, CIMMYT was
not sure how much of its resources
should be diverted toward the more
tropical, more difficult production
environments. We suggested that, if the
CGIAR could provide extra-core special
project funding, CIMMYT would be
pleased to accept the challenge and
coordinate the efforts to develop wheats
better adapted to more tropical
environments.

In the CGIAR system, there was a good
friend representing an organization who
came forward quickly and said, *'Accept
that challenge. Let us fund it."” That
person is with us today. and he is your
next speaker. Let me present to you
William Mashler of the United Nations
Development Programme.
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Keynote Address: Wheats
for More Tropical Environments

W.T. Mashler, Senior Director, Division for Global and
Interregional Projects, United Nations Development Programme

It is always a great pleasure for me to
be at CIMMYT, as UNDP and CIMMYT
have had a long-standing relationship of
a special nature with each other. When
Bob Havener and Arthur Klatt kindly
invited me to come to this conference
on tr_pical wheat, | readily accepted the
invitation. While | have been asked to
be a keynote speaker at this conference,
which is strictly devoted to research on
tropical wheat, I would also like to give
ynu an overview of UNDP's global
agricultural research and related

activi ies, including support to research
on tropical wheat. To begin with, 1
would like to provide a brief historical
perspective of the Global and
Interregional Programme which I have
directed since its inception in 1971.

The visit of Paul Hoffman, the first
Administrator of UNDP, to the
International Rice Research Institute in
the Philippines in 1969, and our
subsequent contacts with CIMMYT, led
to the genesis of UNDP's Division for
Global . nd Interregional Projects
(DGIP). The idea was that UNDP, as the
world's most broadly based partnership
for technical cooperation, had both the
opportunity and the obligation to
increase its involvement i{n
development efforts with potentially
world-wide impact. In January 1970,
UNDP's Governing Council approved
support for *‘Global One,” an
international effort to develop high-
protein varieties of maize, a food ~rop
important in the diets of millions of
persons throughout the world. With
this project, UNDP embarked upon a
new form of development support: basic
scientific research aimed at finding new

solutions for old problems, in this case,
improved nutrition. This began our
long-standing and fruitful cooperation
with CIMMYT. which in effect helped
create the concept of UNDP's global
research, the results of which could be
spread to a wide spectrum of
developing countries. Some years have
passed since ‘‘Global One"” began full-
scale operations and, during this time,
UNDP's Global Program has grown into
a worldwide collaborative research
effort of the highest scientific quality. A
complementary program of inter-
regional activities is designed to spread
research results and to assist
developing countries in other areas
requiring interrational cooperation.
Today, the combined program spans
five areas of critical importance to
developing countries:

® Food and agriculture

¢ Health, including drinking v'2*~r and
sanitation

® International economic relations and
economic cooperation amciag
developing countries

® Energy

¢ Human resources

More than 10C developing countries are
participating in projects currently
under implementation in these various
sectors.

Two basic convictions underlie all of
the Global/Interregionai Programme's
activities. The first is that every serious
development must be accompanied by
a constant search for new knowledge
and new approaches which strike not
only at the symptorns but at the causes
of underdevelopment. The second is
that many problems faced by
developing countries can be dealt with
effectively only within a framework of
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global cooperation that permits a assistance have been more responsive
pooling and exchange of knowledge, to the call of the Preamble of the

skills and experience. Over the years, Charter of the United Nations to

the Global and Interregional “employ international machinery for
Programme has proved to be a highly the promotion of the economic and
useful vehicle for promoting such social advancement of all peoples.’
cooperation, hoth among developing

countries themselves, and between There are two features of UNDP's global
UNDP, other international donors and activities which set them apart frum the
recipient countries. The Programme’s typical UNDP-supported project. The
"multiplier effect”” has Leen substantial.  first is that they are research-oriented
Between 1971 and 1982, for exainple, activities which involve a complex and

USS$ 104.2 million of UNDP's global and  long-term process including:
interregional funds have helped to

generate, and have been pooled with. ® Fundamental research;
an additional USS 1,816.3 million ® Field testing or clinical trials;
mobilized from other sources in support ® Further research to adapt results to
of common efforts. This represents an diverse conditions prevailing in
amount nearly 17%2 times larger than different countries and regions of the
the catalytic UNDP contribution. world;
® Training of large numbers of
Another great strength of the national scientists and technicians in
Programme has been the opportunity it the application of results, and
has provided for UNDP to pioneer and ¢ Strengthening agricultural and
innovate. Respecting always the health services to achieve effective
importance of close consultation with delivery.
governments, United Nations agencies, -
foundations and others capable of By its nature, this is a process which
giving advice in formulating the requires sustained long-term support at
Programme and developing individual a minimum level over a 10 to 15-year
projects, we havc been able to embark period in many cases and, frequently,
upon a number of promising new longer. I have stressed this point
approaches to problems which have repeatedly over the yeass, and I do so
historically plagued mankind. And again today.
thus, with a bit of imagination, careful
planning and tight management and I also stated earlier that another unique
monitoring, the program has, in many feature of the global activities is that
cases, helped to convert promise into they represent a collaborative effort
reality. supported jointly by UNDP and a iarge
number of other donors, as well as
As in so many worthwhile endeavors, developing countries themselves. To

resources are at best low and one isled  mobilize the needed resources, UNDP
to question how hunger can be attacked has helped promote and has played a
with iiunger. Yet somehow we have key role with other organizations, both
managed, and I hope that in the years within and without the Jnited Nations
ahead the level of resources at UNDP's system, in building up several major

disposal will permit not only a consortia which now provide hundreds
continuation of UNDP global and of millions of dollars anriually for
interregional activities, but their agricultural and health research. The
expansion. Few other activities most prominent example is the
supported by international systems of Consultative Group on International

Agricultural Research (CGIAR), of
which UNDP is a co-sponsor, together
with FAO and the World Bank. In most
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cases, UNDP resources from the global
projects play an important catalytic role
In attracting collateral support from
other donors. What is remarkable is the
fact that these supporting organizations
are ones which generally like tc see
minimum risk and maximum safety in
Investment. They have learned quickly
and with unmatched enthusijasm that
risks taken, as they must be in
scientific research, can pay handsome
dividends, particularly when the
Investments are made in institutions of
excellence such as the IARCs. Equally
remarkable here is another fact; the
actors and personalities who created
the system are for the most part gone,
but those who are now representing
their donor organizations are no less
supportive of the system than were
their predecessors. Speaking of
networking in the area of scientific
research, we have scored success also
in achieving what hopefully will be a
long-term network of donor support.

I mentioned that the main emphasis in
the global program is placed on
agricultural research, which represents
72% of the program'’s resources; health
research has claimed 24% of the
available resources. The program in
agriculture consists of:

¢ Development of improved varities of
important food crops such as rice,
wheat {adapted to tropical climates),
maize, sorghum, millet, cassava,
sweet potato and potato, combining
higher yields with resistance to pests
and diseases, at selected IARCs;

¢ Enhancement of the nutritional
quality of maize through increasing
its protein content, at CIMMYT;

® Multilocation testing of different
strains of rice to adapt them to
various agroecclogical conditions,
including drought, cold, adverse soil
conditions, pests and diseases as part
of a global network of rice testing
programs, at IRRI;

Research on enhancement of
biological nitrogen fixation by free-
living bacteria, azolla and blue-green
algae in association with paddy solils,
and also fixation-assoclated food
legumes such as cowpeas and
soybeans, at IRRI, IITA and ICARDA;

Improvement of efficiency of soil-
water use by food crops under arid
conditions, at ICARDA;

Intensification of research on the
development of pest managernent
techniques through biological
methods of control as an alternative
to expensive, toxic and
environmentally unsafe chemical
pesticides, at ICIPE;

Continuation of basic research to
develop effective and economically
viable measures to control
trypanosomiasls and other diseases
which seriously limit livestock
production, at ILRAD:;

Research and training in fertilizer
technology and utilization to conduct
studies on the efficiency of nitrogen
and phosphorus fertilizers under
different soil conditions, and a
program to train developing-country
personnel in fertilizer production,
distribution, marketing and
utilization, at IFDC;

Intensification of current
agroeconomic research in East Africa
and its extension into Asia through
on-farm trials and fa~m level surveys
to facilita(c the adoption of improved
technology by farmers, at CIMMYT,
and

Research on food systems being
conducted by IFPRI in association
with the United Nations Research
Institute for Social Development and
the United Nations University.
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Recognizing the importance of closcr
links between our global research
projects and national programs, we
have made a special cffort to cxpand, to
the extent possible from availablc
resources, the scope of our projects to
strengthen national capabilities through
increased training opportunities,
conferences, workshops and, in certain
cases, small grants to selected national
" institutions to undertake collaborative
research. The International Rice
Testing and Improvemenut Programme
and the West African Sorghum and
Millet Improvement Programme being
supported by UNDP are excellent
examples of such collaborative
programs designed to strengthen links
with national institutions. Expanded
training of nationals of developing
countries continues to be a vital and
integral part of all of our current and
future projects. However, it is obvious
that, in view of the financial limits of
our Global Programme, a much larger
effort has to be made by donor agencics
and developing countries themselves to
mobilize ~dequate resources to
strengthen national instiwutions, so as
to ensure sustained agricultural
production in developing countries to
meet the needs of a growing population.

In all of our projects with the IARCs, ws
have, from the beginning, encouraged
inter-institutional cooperation in
pertinent fields, including close linkages
with related disciplines. For example,
ever since we became involved with
CIMMYT on research to improve the
quality of protein in maize, 1 have been
emphasizing to crop-oriented IARCs the
importance of developing closer
interaction between nutritional and
crop sciences, so that an understanding
can be reached on the parameters for
nutritional improvement of food crops. |
am indeed glad that we playrd a role in
bringing together concerried IARCs at
the recent nutrition workshop at ILCA,
supported by UNDP, which was the
culmination of an effort which I started
years ago.

Although the IARCs were crcated as
individual entities, it was always the
intent of the founder of the CGIAR
system that they interact with cach
other within a system of centers. As the
IARCs have grown and matured, we
can now see how they fit into the
svetem, respond to each other's needs
ao «ell as to thosc of national
programs, and thus are forging
important links and networks whose
effectiveness will increasingly benefit
the objectives of our joint aims. This
issuc needs to be pursued vigilantly
and new opportiniiies recognized and
seized. As an example, I point to the
study of the intcgration of IARC
activities in southern Africa (Southern
Africa Development Coordination
Conference, SADCC), which was
initiated at my suggestion at the last
meeting of the CGIAR in 1984. Other
cxamples of intercenter cooperation are
the recent agreement between CIMMYT
and IITA on maize research in Africa,
collaborative arrangements between
ICARDA and CIMMYT and joint
endeavors between CIAT, CIP and IITA.
There are many others, including the
joint rice-wheat integrated production
trials initiated by IRRI and CIMMYT.

Geing back to our association with
CIMMYT. it is a ma:ter of great
satisfaction to us that UNDP's sustained
asistance to research at CIMMYT has
contributed to a major breakthrough in
the development of the high-quality
protein maize. This is indeed a
spectacular achievement in research on
plant breeding and genetics involving a
crop which constitutes the staple diet of
millions of people in the world. A stage
has been reached where efforts should
be made to encourage countries to
adopt the nutritionally rich maize on a
large scale, although it is recognized
that in several courtries an active
promotional campaign is needed to
familiarize farmers and senior
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government officials with the potential
benefits of the new maize. W: are
pleased to extend continued 'JNDP
assistance to research and training in
maizz improvement for an additic ~al
period of five years, beginning in
January 1985. The project recently
approved by our Councii presents a
new image involving three program
thrusts, international testing, training
and nutritional studies. CIMMYT will be
able to sustain and expand its
international maize testing and to
transfer to developing-country farmers
improved maize varieties, combining
higher yield and nutritional quality.
Over 50% of the funds requested from
UNDP will be spent on training
developing-country scientists at various
levels in all aspects of maize
improvement. The nutritional studies
envisaged in the project will be an
essential complementary activity to be
implemented by the Instituto de
Investigacion Nutricional (1IN) in Peru,
under subcontractual arrangements
with CIMMYT.

Now [ wish to make a few remarks on
our support to research on wheat
adapted to tropical environments. |
shall confine myself to some general
observations, as all the technical
aspects will be covered in depth at this
conference. The considerable vision and
forethought displayed in our global
program is attested to by the fact that I
have been extremely receptive to new
Ideas and have readily respon-ed with
funds. from whatever resources were
available, for new research initiatives
which have the potential to produce
promising results. Our support to
CIMMYT's program to develop wheat
varieties adapted to tropical
envirorments is a striking example.
Wheat accoaitts for more than one-
quarter of total world grain production,

and is a staple food for one-third of the
world’s population. Originating in the
subtropical and temperate climates of
the Middle East, over the centuries
wheat spread into temperate northern
climates. There, cultivators and
scientists greatly improved its yield
potential, the breadtk of its adaptation
and its resistance to the pests and
diseases most devastating in those
environments. In the early 1960s,
CIMMYT developed the first high-
yielding dwarf wheats, which
dramatically increased yields
throughout the world.

Bob Havener and his ~ssociates
believed that wheat could play a much
more important role in tropical
countries, if resistance to a variety of
fungus diseases and insect pests could
be overcome. It has considerable
tolerance to drought, is a high-yielding
crop of short duration and provides
high quality food which is readily
accepted. [ agreed to advance some
funds for further preparatory work.
CIMMYT has already started to cross
wheat with related tropical grass
species to see if their insect and divease
resistance can be transferred, as well as
some of their tolerance to tropical soils.

Developing countries throughout much
of the tropics are also becoming
Increasingly dependent upon wheat as
a relatively low-cost source of food for
their urban poor and landless
populations. Some wheat is home
grown in the tropics and subtropics
during the drier, cooler seasons, but
yields are relatively low, due to the
generally short growing seasons. The
crop also suffers much damage from
insects and diseases, since little
vesearch has been done to develop
resistance to tropical pests and
diseases. Tropical countries must,
therefore, import wheat to satisfy
domestic demand, using up scarce
foreign exchange.
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With UNDP assistance, CIMMYT
expanded this research to:

% Identify and asserrble avallable
germplasm of wheat and related
species possessing agronomic
characteristics desirable for warmer,
subtropical areas;

® Intensively screen these materials for
desired traits:;

® Establish special advanced
generation nurseries to facilitate
screening, and

® Arrange locations for testing
advanced materials.

In 1982, UNDP agreed to support a five-
year project with a contribution of

USS 2.5 million to enable CIMMYT to
further expand research to develop
high-yielding, disease-resistant,
semidwarf wheats that would perform
well in the warmer, subtropical areas of
the world. At that time, three-fourths of
all wheat grown in developing countries
were varieties developed or improved at
CIMMYT. In addition tn breeding and
testing, the project involves training
and conferences for the exchange of
information and experience. Personnel
from developing countries are being
trained in the development of new
varieties, agronomic research and
disease methodology. Regional
workshops and conferences are
bringing CIMMYT and developing-
country scientists together to focus on
research progress ai.d problems. The
project will also enable CIMMYT to
provide basic research equipment
which is lacking in many ccuntries. It
is extremely gratifying to note that the
resuits obtained to date are
encouraging and it can be hoped that,
in the not too distant future, several
varieties adapted to tropical
environments will be available for
production programs.

Another example of my encouragement
and support to new research ideas is
the program on wide crosses in wheat
and mailze. I have been fascinated by
the idea of transferring genes into or
among crops for greater disease
resistance, tolerance to environmental
stresses, such as drought, salinity,
acidity and aluminum toxicity, and
higher protein quality. I am confident
that an intensification of research in
this area, with support from the donor
community, wili produce useful and
applied results in the foreseeable future.
I am indeed glad to have been able to
provide modest financial support from
UNDP, since additional assistance will
be forthcoming from other donors.
Understandably, this program may
present a higher risk than conventional
breeding programs, as there is no
guarantee that it will be successful as a
source of genes for the germplasm
development and breeding programs.
However, in my years of experience in
development projects, I have never
hesitated to take a risk or gamble as
long as I am assured of the scientific
quality of the programs and that they
wiil be implemented by first-class
scientists from reputable institutions.
Ultimately risk is what science is all
about; if we do not take risks, nothing
will happer..

Now I wish to make some concluding
remarks about the gieat many efforts
being made in international agricultural
research. The vision which led to the
establishrnent of the original IARCs
and, subsequently, to the creation of
the Consutltative Group was a
significant, if not the most important,
step in the direction of filling a
tremendous void which had impeded
international agricultural development.
What started as an intended first step
cannot be regarded as the fulfillment of
the vision; it was merely the first step.
We here, and others elsewhere, who are
parties to this most essential endeavor,
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must realize that the centers have been
cast in a role much greater than
research on crops, cropping and
farming systems. They should, in my
view, become the catalysts and
diagnostic tools in anticipating the
concomitant needs that must be
addressed in the years and generations
ahead, so that the dynamics generated
at the time of their creation do not
falter or stagnate. With every step, with
every solution found to problems, with
every bit of new knowlegde
acquired.therc arise new issues in a
changing and growing world. The
centers are uniquely positioned now to
play this role. and they are able to
anticipate in scientific and technical
terms the projected needs and demands
which go beyond their original
mandates. They are, therefore, in a
position to create awareness among
thaose in the political sphere of their
responsibility to help their constituents
reap the full benefits of properly applied
scientific opportunities.

In short, vision, opportunities and
responsible interaction will ultimately
create the climate for enlightened
decisions to be made. This will take
cot.vage and persuasion.

Food, health. water and encergy are
essential to sustain life on our planet.
They have a fundamental impact on
the human condition, and will
ultimately determine whether human
beings can function to the optimum
level of their capacity. This is the

crucial element in development, and
must be the foremost concern, as I am
sure it is, of each and every
government. Over the last 14 years, |
never permitted this important
consideration to be lost in our support
of what I believe to be the cornerstone
of development and the right of every
human being.

We, in the donor community who have
supported your work, are truly grateful
to you who are in the midst of a great
enterprise that has produced much and
holds forth the promise of exciting
new ventures for the improvement of
the condition of mankind. When we
look around us and see how much
time, money and effort is spent on

so much that is unproductive, wasteful
and discouraging, we can only marvel
at how much is being achieved with so
little here in the interest of so many.
Too few in our world know, much lezs
appreciate, the splendid achievements
of these international enierprises
which transcend political borders,
differences and coaflicts. In
international research, political chasms
have to be bridged by the scientific
fraternity. It is initiative and
commitment which are indispensible.

It seems to me that individual people
are more important than institutions,
which are the servants of people.
Selfish objectives must be sublimated
in the interests of vast numbers of
people living in poverty and looking for
hope. We can take great pride in our
Jjoint endecavor, which is an essential
ingredient for the improvement of the
quality of their lives. Indeed., it points
the way towards eliminating intolerable
inequities and laying the foundations
for peace.
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Introduction to the Symposium on
Wheat for More Tropical Environments

A.R. Klatt, Associate Director, Wheat Program, CIMMYT, Mexico

Is is my pleasure. on behalf of the
organizing committee and the CIMMYT
Wheat Program, (o welcome you to
Mexico and to this Symposium on
Wheats for More Tropical
Environments. We hope your stay in
Mexico and your participation in this
symposium will prove to be both
interesting and rewarding.

Mr. Mashler has just shared with us his
insights into the problems associated
with introducing wheat as a
commercial crop in more tropical arcas.
The constraints are obviously
numerous and complex, and will
require a concerted and coordinated
research effort to resnlve. 1 want to
emphasize the need for a coordinated
approach to this rescarch endcavor and
note that, while we have a basic
understanding of the directions in
which this research should move, at
this time we have fcw answers to the
numerous perplexing problems before
us.

Reasons for the Symposium

Many people have asked why a
symposium on wheats for more tropical
environments is being held now, given
the limited information and research
results currently in hand. Research on
tropical wheat does constitute a recent
initiative, and it would be premature to
draw extensive conclusions from data
now available. Nevertheless, there is
much to be gained at this time from a
symposium such as this. If a truly
coordinated approach to research is to
be implemented, it is cssential that an
exchange of ideas among involved
sclentists occur early in the process.
This forum has been created in an
effort to encourage and facilitate the
interaction of wheat researchers who

h.ve worked in the target environments
of the world, as well as those who are
just beginning their research. We are
confident that this interaction will lead
to a mutually beneficial sharing of idcas
and specific information relative to the
development of better-adapted wheats.

It is alsu hoped that, as we identify the
major constrajuts to the cultivation of
wheat in more tropical arcas, we can
come to some agreement as to their
relative importance. By collectively
assigning priorities to various rescarch
activities, we should be able to work
together in a more coordinated and
cooperative manner, thus facilitaiing
the resolution of the most pressing
problems. The papers presented here
will describe the rescarch currently
underway, much of which is focused on
problem identification and definition. A
better understanding of the scope of
these current research activities, in the
context of our common objectives, will
greatly help us in establishing priorities
for future rescarch,

Some Key Definitions

Before proceeding any further, it is
important to clarify what is meant by
the terms *‘tropical wheat™ and
“wheats for tiic more tropical
environtnents.” The use of the term
“tropical wheat™ doces not mean that
wheats for hot, humid, rain forest
environments arc under development.
Wheat is a temperate crop, and it mayv
not even be possible to develep
germplasm that will survive in rain
forest environments. “Tropical wheat™
is merely an casy way ol referring to
“wheats for the more wropical
environments.' That is, we at CIMMYT
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and many of our ceoperators around
the world are attempting to identify
wheats that can be grown successfully
in the warmer areas of the worid where
wheat is not a traditional crop.

Tropical wheat environments include
most of the areas lying between the
Tropic of Cancer (22° north) and the
Tropic of Capricorn (23° south), plus
adjacent areas with tropical or
subtropical conditions. Within this area
of the world, there appear to be two
basic types of environments in which
wheat can be grown. One is
characterized by warm temperatures,
generally sunny days and low relative
humidity compared to the norm for the
tropics. Under these conditions, disease
resistance will not be a major
consideration, but varieties with heat
tolerance and adapted to a rather short
growing season will be necessary. The
other major wheat environment is
typified by warm temperatures and
higher relative humidity. A number of
wheat diseases, many of which are not
common to traditionai. temperate,
wheat-growing areas, will be prevalent
under these conditions. For wheat to be
successfully grown, better resistance to
these diseases must be incorporated.

CIMMYT's Interest in
Tropical Wheats

CIMMYT's research mandate calls for
the rapid and continuous development
of improved germplasm, primarily for
use in the developing world.
Approximately one billion people live in
the tropical countries of the developing
world and, while wheat is currently a
minor crop in the tropics, its
consumption is increasing rapidly,
especially in the urban areas. As of
mid-1983, about 85% of the wheat
consumed in tropical nations was being
imported, and these countries
accounted for about 20% of the total
world wheat trade.

Rapidly expanding c¢.-sumption of
wheat in the countric- of the tropics is
resulting in an increasing dependance
on imports. In many instances, these
Imports represent a large drain on
foreign exchange. Many governments
now believe it would be better to
conduct the research necessary to
develop wheats for their specific
conditions, in ordcr to be able to grow
at least a portion of their wheat
requirements.

The development of wheats adapted to
the short, coo! season in these more
tropical countries would also allow for
crop intensification. Rice is currently
the predominant crop, and is generally
grown during the summer monsoon. A
second crop is seldom grown in the
winter season, except in those areas
where irrigation is available. With 1ts
‘ower moisture requirements compared
tu rice, and with its adaptation to cooler
temperatures, wheat has potential as an
alternate crop for the winter season. In
many instances, a crop of wheat could
be grown on residual moisture or with
limited irrigation, and recent research
has indicated that reasonable yields can
be achieved under these conditions. By
introducing a second crop into the
cropping cycle, the total domestic
production of food grains could be
significantly increased.

General Production Constraints

There are many production constraints
that must be resolved before wheat can
be introduced successfully into these
environments. Resolving these
prablems would benefit more than the
tropical countries alone; wheat
production in many of the traditional
wheat-growing areas would also be
enhanced. Among the areas requiring
research are the following:

Heat tolerance

Germplasm with better tolerance to
higher temperatures is absolutely
necessary for many areas. Greater heat
tolerance during the juvenile growth
stage and also during the flowering and
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grain-filling stages are required.
Screening efforts are underway to
identify germplasm of this type. Its
development would benefit tropical
wheat areas, as well as many
traditional wheat-producing areas, such
as Bangladesh, northeast India,
southern Pakistan, South China, the
Cerrados of Brazi! and other subtropical
areas.

Better disease resistance

As mentioned earlier, diseases will be a
problem primarily in the more humid
regions. Leal rust, stem rust,
helminthosporium, fusarium, root rots
and possibly barley yellow dwarf are
th: discases that will most likely be
important. Good resistance to leaf rust
and stemn rust are available in existing
germplasm. Intensive efforts, frequently
in cooperation with national programs
around the world, are now underway to
identify sources of resistance to
Helminthosporium and Fusarium
species. A cooperative program has
been initiated with China to identify
wheats with better resistance to
fusarium head scab, and a similar
cooperative effort is being pursued with
Brazil to identify better resistance to
Helminthosporium species. These
efforts, in combination with otlers,
should give us wheats with much
Improved levels of resistance within the
next five years.

It is probaole that root rots will cause
severe losses in certain environments
within the tropics. We know very little
about the array of organisms that cause
root rots; this topic will be further
discussad during the symposium.

Barley yellow dwarf is a probl m in
many environments of the world, not
just in the tropies. CIMMYT, in
cooperation with many national
programs, has undertaken an
international effort to develop
germplasm with better barley yellow
dwarf resistance. Once resistarice is
Identified, it will only be necessary to
transfer it into adapted wheats.

Agronomic practices

In many tropical countries, little
research has as yet been conducted on
the agronomic practices required to
successfully grow wheat. In the near
future, we must elucidate the various
agronomic practices that will be
required to successfuly cultivate wheat
in the diverse environmental conditions
of the tropics. Paramount among these
practices will be proper dates of
sceding, weed control, fertilization and,
of course, proper soil management.

The majority of the soils in the tropics
are paddy soils with a high clay content
and, generally, a hard pan which helps
to retain moisture during the growing
of the rice crop. We know little about
growing whest on these solls, but the
problems associated with the
cultivation of wheat under these
circumstances are many. It is quite
likely that wheat will be first grown
under upland conditions in the tropics.
since more research information is
available for these conditions. The
various problems related to agronomy
will be covered in much more detail
during the symposium.

Conclusions

In closing, let me repeat that the
purpose of this symposium is not to
resolve the various constraints to
introducing wheat into the tropics.
Rather, our main objective is to bring
together wheat researche-s from around
the world in an effort to facilitate the
exchange of ideas and information. We
are striving for a collective awareness
and common understanding of the
major problems before us. In striving
for this common ground, the stage will
be set for the kind of cooperative global
effort needed to successfuly develop
wheats for more tropical environments.
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Country Reports

Selecting and Introducing Wheats
for the Environments of the Tropics
C.E. Manii, Wheat Program, CIMMYT, Bangkok, Thailand

Abstract

The estimated wheat area in the tropics, l.e., between 23°N and 23°S latitudes,
{s 3 to 4 million hectares. The potential exists for the expansion of this area as a
result of research. A survey of climatic conditions and wheat yield levels from 28
experiment stations in 15 countries between 1 and 39° N and S latitudes shows
only a moderate assoclation between climate and yield. Average minimum
temperature for the month after flowering has the highest correlation witn yield
(r=-.51). indicating that other more controllable factors, such as crop
management and germplasm, have considerable influence on yield. Important

research objectives for tropical wheat are presented in this paper, and the
importance of strong national programs is stressed.

The purposc of this overview of tropical
wheat is to cstablish a frame of
reference for the country reports. Alter
discussing the present wheat
production situation in the tropics and
the interests of national programs in
pursuing wheat rescarch, a tentative
list of production constraints which are
common to many places in the tropics
will be presented. This is done mainly
from the author’s experience; the
country reports may either substantiate
this list or emphasize other factors.
some of which may be general
problems applicable to the tropics, and
others, problems specific to certain
tropical environments.

The Wheat Situation
in Tropical Countries

The word “tropics™ as used here refers
to the area between the tropics of
Cancer and Capricorn, that is, between
23°N and 23°S latitude. There are 85
countries that have 20,000 or more
square kilometers of territory within the
tropics. Of these. some have no intcrest
in wheat production., and some have no
arable land in thcir tropical zones.
Eliminating these. there are still 57

countries which have grown wheat in
the tropics at some time during the last
three years, either experimentally or
commercially (Table 1).

Among those countries that lie entirely
within the tropies, or which grow the
majority of their wheat in the tropics,
566,000 hectares of wheat were grown;
nearly half of this amount was in the
Sudan. A more meaningful figure is
reached by also including those
countries that. although the majority of
their wheat is grown outside the
tropics, have substantial wheat areas
within their tropical zones as well. This
allows the inclusion of the vast areas of
peninsular India and southern China,
the wheat-growing arca in northern
Brazil, and smaller portions of other
countries. such as the lowlands of
Bolivia and southern Bangladesh. This
figure is estimated at between 3 and 4
million hectares, with more than half of
the total in India. Clearly, wheat is not
a completely new crop in the tropics.
Table 1 indicates the growing interest
in expanding wheat production into
tropical arecas; a number of countries
which grow no wheat commercially are,
nevertieless, beginning to do some
research on wheat.
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Table 1. Countries growing wheat in the tropics and areas of production, 1981

Country Aread/ Country Area2d/
(000 ha) {000 ha)
America Africa (con'd)
Mexico (861) Tanzania (50)
Guatrinala (64) Rwanda (4)
Honduras 1 Burundi {6)
Nicaragua Angola (16)
Costa Rica Zambia {(3)
Dominican Republic Malawi 1
Colombia (39) Mozambique 3
Venezuela (2) Madagascar
Guyana Zimbabwe 41
Brazil (1,921) Namibia
Peru {100) Botswana 3
Ecuador {37)
Bolivia (77) Asia
Paraguay (70) Saudi Arabia 85
Yemen, Arab Rep 66
Africa Yemen, PDR 10
Mauritania Oman 0.3
Mali 2 Fed, of A, ab Emirates 04
Niger 2 India (22,104)
Chad 3 Sri Lanka
Sudan 240 Bangladesh {591)
Ethiopia (523) Burma 88
Senegal Thailand
Upper Volta Vietnam
Ghana China (29,201)
Nigeria 13 Taiwan
Cameroon 2 Philippines
Scmalia 4 Malaysia
Zaire (5) Indonesia
Uganda {4)
Kenya (120) Australia (12,041)

2/ Numbers in brackets indicate that the majority of the wheat area is outside the tropics

or above 1500 m altitude

Source: FAQO Production Yearbook (4)
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The need for research on wheat
production in the tropics is reinforced
by the fact that seven of the eight
countries which increased wheat
production by more than 5% annually
between 1951-65 and 1981-82 {2) are
located completely or partially within
the troplcs: Sudan, Tanzania,
Zimbabwe, Yemen, Bangladesh, Brazil
and Paraguay.

1t is not possible to giv- a precise
estimate of the extent ¢ the tropical
area in which wheat can be grown,
either immediately or after a reasonable
amount of research in agronomic
practices and variety development.
However, three major areas offer
potentially millions of hectares of wheat
land, if research can help to solve the
following management problems:

® Cerrado lands—The Cerrados are
characterized by tree-bush-grass
ecosystems and occur in Brazil
between 5 and 20°S latitude and 45
and 60°W longitude. Twelve million
hectares in this area are estimated as
being suitable for wheat. The soils
are red-yellow and dark red 1>tosols:
they are very deep and have a high
clay content, low naturai fertility and
tidgh aluminum saturation (3).
Sin.ilar conditions can be found on
other continents, although not in
such a large single block.

® Rice paddic ‘—Millions of hectares of
land throughout Asia lie idle during
the dry season. because there Is not
enough water for a second rice crop.
Although these lands appear
promising, no attempt will be made
here to estimate the size of the area.
since there has been little research
on the interactions between such
factors as water retention capacity,
depth of soil above the plow pan and
drainage.

® Lands that could become available as
a result of better plant protection—
This protection against
nontraditional wheat disecases could
come abouti either through chemical
or genctic ineans, and would
immediately open new arcas where
wheat could compete with other
crops. It would also make irrigation
and land-clearing projects more
feasible.

Can the limits to expanding wheat
production be deseribed a priori? It
does not appear that production is
limited by mere geographic locaticen,
since iriticale grows well at sea level in
Jaffna in northern Sri Lanka and wheat
grows rcasonably well at sea level at
Mojosari. East Java. The correlation
between latitude and yleld of the best
five varieties at cach site of the 18th
ISWYN (1), after deleting all tropical
sites above 1500 meters and Harare,
Zimbabwe, is only .341; a parabola
does not give a better fit. The latitude of
the 55 stations of the nursery ranges
from 12 to 60°, and yield, fromn 1.3 to
8.6 t/ha. As nothing can be dctermined
from these figures, other factors must
have considerable influcnce,

In order to determine whether
micteorological data can help to define
tropical limits for wheat, the form
presented here as Figure 1 was sent to
about 40 experiment stations around
the world where wheat was known to
have been grown. Most of them are in
the troplics below 1500 meters, and
some are in traditional wheat-growing
areas outside the tropics. About half of
them answered in time to present the
data herc. Some did not have all the
da*a requested, and some sent data
from additional stations in their
country. Therefore, the results include
data for relative huniidity and average
monthly maximum and minitnum
temperatures from 28 stations

{Table 2).



Montt: of sowing and month after
flowering were chosen for calculations
because these are rritical growth stages
in the tropics, represeriting,
respectively, plant establishment, grain
filling and possible disease
development.

Linear correlations between yield :ind
weather data are given in Table 3. Only
the correlation with average minimum
temperature at month of sowing Is
highly significant, and its coefficient of
determination is only 26%. This is not
high enough to use as a btasis for
estimating yield potential in a certain

area. Calculating the multiple
correlation of these six characters with
yield accounts for 47% of the yield
variation; the four significantly
correlated characters account for 43%.
This tends to confirm a hypothesis
based on the experience of tropical
wheat scientists, that yield levels are
not dependent on maximum
temperaturss and are only marginally
influenced by minimum temperatures.

Caution must be used in generalizing
from these findings, and furiher data
will have to be considered to improve

Climatoiogical Data During Wheat Growing Season

Naroe of station:

Town: Province: Country:
Latitude: degrees minutes

Elevation: m

month

monthly average maximum temperature
monthly average minimum temperature
rainfall {(mm)

relative humidity {9/o)

hours of sunshine

potential evaporation

{open pan evaporation)

normal sowing time of wheat. .. ........

normal harvesting time of wheat. ., . ... .,

yield level = average yield of
five best lines of advanced
yield trial:

..............................

..........................................

.......

Figure 1. Form sent to experiment stations for gathering meteorological

data, 1984
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accuracy. However, it can be concluded
that yield is not severely limited by
latitude or climatic conditions. With
more data, the correlation coefficient
can be expected to be even closer to
zero; some of the stations close to the
equator were only in their second cr
third year of growing wheat, and their
yields can be expected to rise with
more experience in crop management.

Thus, a strong plea is made here for
adaptive researci: in every tropical area
where wheat is considered a potential
crop. To further illustrate this need, the
yleld of some well-known varieties can
be compared between tropical and
traditional areas (Table 4). The varieties

Ures, Pavon and Nacozar! are well
above average In traditional wheat
locations, such as Ciudad Obregon,
Mexico, and Faisalabad, Pakistan; they
are below or only slightly above average
in tropical areas. UP262 performs in the
opposite manner, and Sonalika and
Quimori are erratic in performance.

Earliness is another unpredictable
character as varieties are moved to the
tropics. While Pavon ‘s five days later in
flowering than Nacozari at Ciudad
Obregon, they are equal in maturity at
Faisalabad; Pavon is 27 days later t+1n
Nacozari at Chiang Mali, Thailand, and
nine and eight days later at Villa
Gucde, Senegal, and Campinas, Brazil,
respectively. UP262 is even earlier in
the tropics than in traditional areas, a

Table 2, Location of experiment stations replying to request for meteorological

data, 1984
Country Elevation Latitude Country Elevation Latitude
and station {m) (ON or S) and station (m) (°N orS)
Argentina Indonesia
La Dulce 72 38 Kuningan 545 7
Brazii Mojosari 30 8
Brasilia 1000 16 Margahayu 1250 7
Londrina 566 23 Sukarami 928 1
Burma Philippines
Yezin 97 20 Los Baiios 22 14
Lashio 23 Sudan
Taunggyi 1439 21 Wad Medani 411 14
Monywa 22 Thailand
Sagaing 70 22 Chiang Mai 314 19
Mandalay 74 22 USA
Bangladesh Yuma, Arizona 100 33
Joydebpur 8 24 Woodland, California 21 39
Jessore 8 23 Yemen, PDR
Ishurdi 7 24 Seiyun 700 16
China Zambia
Nanjing 12 32 Chilanga 1213 16
Costa Rica Zimbabwe
San Josecito 840 10 Harare 1496 18
India Chiredzi 429 21
Indore 557 22
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Table 3. Correlation coefficients between yield and ciimatological parameters, 28 locations

in 15 countries, 1984

Correlation
coefficient
Parameter Range with yield
Yield 800-10,100 kg/ha - -
Average minimum temperature
Month of sowiny 3.7-23.80C -40*
Month after flowering 8.7-20.80C -51**
Average maximum temperature
Month of sowing 12.0-36.1°C -.16
Month after flowering 14.8-32.40C -33
Average relative humidity
Month of sowing 37-869/0 -45*
Month after flowering 38-899/0 -.40%

* ** gigniticant at the 5

and 1 9/o levels, respectively

Table 4. Relative yields and days to flowering of six wheat varieties in traditional and tropical

wheat-growing areas

Yield as 9/o of location mean

Days to flowering as 9/¢
of location mean

Naco- Sona- Cui- Naco- Sona- Qui-
Location Ures Pavon zari UP262 lika mori Ures Pavon zari UP262 lika mori
Traditional area
Cd. Obregon, Mexico 120 115 114 90 104 82 107 101 96 90 82 86
Faisalabad, Pakistan 108 112 127 92 95 101 105 97 97 93 87 89
Tropical area
Chiang Mai, Thailand 70 96 96 144 83 180 117 110 83 87 80 81
Villa Guede, Senegal 96 101 87 105 87 81 113 98 89 89 81 93
Campinas, Brazil 94 108 104 112 117 94 114 98 90 87 80 88
Source: The 18th ISWYN, CIMMYT, Mexico
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fact that, together with above-average
yield, makes it appropriate for tropical
environments (if leaf rust is not
present). Sonalika has similar maturity
across environments. Quimori again is
erratic in maturity, and probably in
other characters, especially those of
spikes per square meter, spikelets per
spike and 10300-grain weight.
Unfortunate.y, this could not be
demonstrated using an orthogonal set
of varieties and locations. The need for
adaptive research, demonstrated here
for germplasin, is probably equally
important in other disciplines.

Obstacles to the Successful
Introduction of Wheat into
Tropical Areas

As researchers, there is a need to
categorize production problems into
problems of a size that can be handled
by research. It is hoped that the
following breakdown will be helpful for
those presenting country reports.

Breeding and pathology

Following are some problem areas in
this field, together with the knowledge
of the genetic variability currently
available. These will be summarized in
Table 5.

Early heat tolerance—Wheats for the
tropics must be able to germinate in hot
soil, tiller under high temperatures and,
subsequently, head normaliy. Many
traditional wheat lines produce only
small heads in tropical environments.
Genetic variability is available in
germplasm with good agronomic type.

Late heat tolerance—The plant must
have the ability to fill the grain
completely under high temperatures,
This tolerance is enhanced if the leaves
remain green and active long enough to
produce required assimilates. Genetic
variability in good lines is available.

Tolerance to late drought—This
character is necessary when wheat is
grown on residual moisture. It will
enhance grain-filling abili y and the
retention of the assimilation area.
Again, genetic variability is available.

For these three characters, limited
knowledge is available regarding the
physiological mechanisms of tolerance
and their genetic control. There is a
vast area for basic research in the three
characters.

Table 5. Breeding characteristics required for tropical environments and an indication of
availability of genetic variability and suitable screening methods

Genetic variability Screening methods

Character available available
Early heat tolerance + +
Late heat toelrance + +
Earliness ++ +
Tolerance to late drought + +
Tolerance to acid soils and aluminum toxicity ++ +
Resistance to:

Leaf rust (Puccinia recondita) ++ +

Leaf hlotch (Helminthosporium spp.) * k4

Seedling blight (Sclerotium rolfsii) -~ -

Scab +

Waterlogging, aphids, stemborers ? ?
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Earliness—Earliness is needed if the
wheat plant is going to be able to fit
into narrow crop rotations, escape
diseases and avoid seasonal environ-
mental stresses. A broad array of
genetic variability exists. The main
nroblem is to incorporate this character
in.c Yines whirl are adapted to tropical
conditions.

Tolerance to acid solls and aluminum
toxicity—Considerable research has
been conducted for this character, and
progress has been made mainly by
combining Brazilian and Mexican
materials.

Resistance to leaf rust—Many resistant
lines are available, but resistance is not
of lasting character. Changes in the rust
virulence require the continuous
attention of pathologists and breeders
in order to have resistant lines ready for
release as current varieties become
susceptible. As the wheat area extends
into warmer environments, there must
be a constant awareness of new races of
pathogens.

Resistance to helminthosporium--
Helminthosporium sativum is by far the
most common species in this genus,
and much less is known about it than is
known about the rusts. Genetic
variability for resistance exists, but no
complete resistance is known. Genes for
resistance from several sources,
including species other than wheat,
may have to be combined to achieve
sufficient resistance for the tropics.
Currently, the most resistant lines are
not necessarily those of highest yield
potential.

Resistance to seedling blight caused
by Sclerotium rolfsii—This fungus can
be particularly devastating in poorly
drained fields. Until recently, it was
assumed that there was almost no
genetic resistance to it, and that seed
treatment or agricultural practices were

the only solutions. However, recent
preliminary research in the Philippines
indicates some variability for resistance
(D.A. Laplis, personal communication).

Resistance to fusarium head
scab—This disease is not restricted to
liot environments, but can be very
devastating under warmer conditions.
Genetic variability exists, and
considerable research to pyramid genes
for resistance Is being conducted in
China, Brazil and Mexico.

These last three diseases are typical of
hot, humid conditions. Knowledge
about their life cycle, host range and
epidemiological behavior is limited, as
are the techniques for working with
them. Artificial inoculation procedures
and storage and artificial multiplication
of spores must be further studied before
mass screening of breeding materials is
possible.

Resistance to aphids, stem borers and
waterlogging—These characters are
more important in hot climates than in
traditional wheat areas. Aphids can
cause direct feeding damage, and also
transmi: virus diseases. They have
preferences for certain varieties in
experimental plots, but it is not known
whether there is true resistance to
feeding. Little is known about
resistance to stem borers and tolerance
to waterlogging.

This short overview reveals the
existance of genetic variability for most
characters. The breeder must combine
these characteristics into germplasm
with acceptable agronomic background,
so that the farmer is assured of
reasonable yields every year. It is easy
to breed for a single character while
neglecting the others, but such aline
will never reach farmers’ fields. The
country reports presented here should
help in the understanding of
combinations of characters needed for
the various environments of the tropics.
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Yield—The last character to be
mentioned here is yield. Although
correlation wiih latitude is not high, it
Is certain that yield is, generally
speaking, reduced in the tropics. This
fact, however, must be viewed in the
context of earliness or maturity.
Measured in producticn per day, a 100-
day crop of 2 t/ha in the tropics
corresponds to a 150-day crop of 3 t/ha
in temperate zones. In many areas, this
forced maturity is a major advantage of
wheat as it facilitates the growing of a
second crop and sometimes even a
third crop. It must also be remembered
that the average yields of major wheat
producers such as Australia and
Argentina were 1.2 and 1.5 t/ha,
respectively, for the 1979 to 1981
period (4). What is most important for
small farmers is the fact that small
management mistakes, which would
normally cause minor yield reductions
in temperate climates, can lead to
complete crop failures in the tropics.

Agronomy

Agronomic knowledge about wheat
grown in temperate environments
needs to be rechecked under hot
climate circumstances. The following
agronomic factors probably do not
constitute a complete list of the
problems which will be encountered in
the tropics.

Weeds—Weed species are often
different in the tropics, e.g., volunteer
rice in rice-wheat rotations. Higher
temperatures may also cause the effects
of herbicides to be different.

Fertllizers—Fertilization is generally
needed, because tropical soils are often
poor in nutrients. The short growing
season but fast decomposition has to be
considered in relation to basal versus
split applicatjons.

Seed bed preparation—Specia) tillage
practices may be necessary for
moisture conservation, because of
waterlogging problems or heavy soils.

Sowing depth—Further investigation is
needed here in relation to stand
establishment and subsequent plant
development.

These factors are complicated by the
strong interactions between them and
also by nonagronomie factors, such as
variety and the socioeconomic
conditions of the farmers growing the
wheat.

Seed production

The production of seed must receive
special attention, since the seed
multiplication rate is slower under
tropical conditions, because of reduced
tillering and generally lower yie.

levels. The short growing cycle, on the
other hand, permits two crops per year,
if suitable areas for off-season sowing
can be identified. This necessitates
moving to high elevations, which are
often intensively cropped with
vegetables or other high-value crops, or
shipping seed between countries, which
can be very expensive and involve a
great deal of logistical support.

Seed storage

Storage is a big problem in the tropics,
especially under hot and humid
conditions. Technical solutions suitable
for storage on-farm, in the village and
at national levels would greatly
facilitate the introduction of wheat in
many areas. Grain storage is generally
given high priority but, at harvest,
many farmers do not know whether
they will use their grain for food or for
seed. Therefore, the use of chemicals
for pest control must be considered
carefully.

Nontechnical problems

Previously, problems specific to tropical
conditions have been discussed, but the
introduction of wheat into a country
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rc:quires more than technical solutions.
‘i he general aspects of introducing a
new technology are thoroughly
discussed in chapters 7 and 8 of Wheat
in the Third World (5). There is a
tremendous task of education and
institutional change which must be
accomplished. Technical personnel
must be trained for experiment
stations, and researchers often have to
becomne familiar with a crop they have
never worked with before. Problem-
oriented rescarch must be initiated for
the specific needs of the tropics and the
tropical farmer. Research findings need
to be disseminated to farmers and
housewives through extension and
agricultural schools.

It will not always be easy to create a
research budget for a new crop whose
potential has not yet been proven.
Credit and marketing face the same
problem. However, a technology can
never be developed unless there is a
research budget. The importance of
these nontechnical problems should not
be underrated. Lack of leadership, team
effort, training and institutional
structure can hinder or completely stop
every technical innovation achieved
through research.

Summary

The combination of strong national
programs and international cooperation
has demonstrated that wheat can be
grown in the tropics, and that what is
being attempted is not impossible.
Efforts are being made to push back the
limits of possible wheat-growing areas.
Results to date have shown that
climatic limitations are not impossible
to resolve. For the research objectives
for wheat in the tropics, and with the
limited funds avallable, care must be
taken to consider all aspects which can
lead to the overall goal.

To guide our thinking, let us usc the
symbol of a net hauling in a big harvest
of wheat for the benefit of all. If one
thread is broken or weak, some wleat
méz, be lost, but the other threads in
the mesh can compensate for it to some
extent. The whole catch may be lost,
however, if there are too many holes in
the net. It is the task of everyone
involved in tropical wheat to identify
the weak spots and get the holes closed:
these may be different for each country.
The following country reports should
point out what is currently being done
in each of the national programs and
what their strengths and weaknesses
are.
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Wheat Breeding in Northeast Argentina

LR. Cettour, Chaco, and J.E. Nissi, Cordoba, Instituto Nacional de
Tecnologia Agropecuaria, Argentina

The wheat-growing region of northeast
Argentina is located in the provinces of
Chaco and Formosa between 25° and
2898 latitudes and 58° and 62°W
longitudes (Figure 1). The climate is
subtropical and has an average annual
rainfall of 800 mm in the west and
1.100 mm in the east, with the greater
proportion falling in the spring,
summer and early fall. The average
temperature for January is 27.4°C, and
for July, 15.5°C. Frost causes damage
to wheat if it occurs faic in the year,
during the heading stage. In the spring,
there are high temperatures; if these
are accompanied by north winds,
shriveling of the grain can occur.

Argentin

sroy,

Atlantic
Ocean

In portheastern Argeniina, wheat is
grown under dryland conditions,
without fertilization. Crop growth is a
result of moisture accumulated in the
soll before sowing, rather than of
rainfall. Wheat cultivation began to
expand in the region after 1962, when
there were approximately 5,000
hectares; this area had increased to
82,000 hectares by 1968. This was due
in part to a severe drop in the price of
cotton, the principal crop of the area.
This caused a diversification of
agriculture, and wheat was one of the
crops that replaced cotton.

After 1969, the area dedicated to wheat
fluctuated greatly, as did production
and yleld; this was caused by weather
conditions, low prices and competition

Figure 1. The wheat-growing vegion of northeastern Argentina
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from other crops. During the period
1979 to 1983, an average of 24,000
hectar.s was planted to wheat in
Chaco, from which 16,000 hectares
yielded an average of 1,200 kg/ha
(Table 1). Approximately 4,500
hectares were under wheat cultivation
in the province of Formosa during the
same period, with a yield similar tc that
of Chaco.

The marked decline in the area under
wheat cultivation In the last few years
has been due, in great part, to
unfavorable weather conditions, such
as drought in sorne years, excessive
humidity in others and late frosts.
Nevertheless, in spite of these adverse
conditions, wheat remains the only
winter crop which fits into the existing
rotation patterns with the predominant
row crops of sorghum, cotton,
sunflower and soybeans. Wheat is of
economic benefit to the farmers, as it
brings in income at an opportune time
of the year.

Wheat production in northeast

Argentina is sufficient to meet the local
demand of the flour milling industry in
Chaco and northern Santa Fe province.

Table 1. Wheat area and production, Chaco
province, Argentina, 1979 to 1984

Area Area Grain
planted harvested yield

Season {ha) (ha) (kg/ha)
1979-80 14,200 11,000 1,201
1980-81 44,500 7,900 1,021
1981-22 11,600 11,100 1,562
1032-83 33,500 32,100 929
1983-84 15,600 15,650 1,295
5-year

average 24,100 16,000 1,200

Source: Chaco Extension Service and
Planning Office

It is also possible to export some wheat
to neighboring Bolivia, Brazil and
Paraguay, countries which represent
important markets for Argentine
products.

Wheat Research in
Northeast Argentina

When wheat cultivation started in the
carly 1960s, the commercial varieties
used came from the traditional wheat-
growing regions in the humid pampas.
As these varieties were not ideally
adapted to the conditions of the area,
limited yields were obtained witl
considerable risk to the farmer.

In 1972, because of the need to increase
wheat production, a research program
was initiated to deveiop new varieties
for the Chaco region, in coordination
with the National Council for Wheat
Programs. 'The objective of the program
was to investigate the production
problems ciiused by the extreme
environme atal variation in the area,
such as drought, late frosts, high
temperatures, low fertility and disease
problems,.

The specific objectives of the program
were:

® Develop varieties of high yield
potential and broad adaptation:

® Develop varieties of medium-to-late
maturity with good agronomic typc:

® Develop varicties with resistance to
steA rust (Puccinia graminis tritici),
leaf rust (Puccinia recondita tritici),
septoria leaf blotch (Septoria tritici),
glume blotch (Septoria nodorumy),
diseases caused by Helmintho-
sporium spp., scab (Fusarium spp.)
and powdery mildew (Erysiphe
graminis tritici):

® Develop varieties with tolerance to
shriveling, and
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® Produce grain of high industrial and
commercial quality for both national
and international markets.

Genetic variability was introduced as a
result of 200 crosses mace each year in
Mexico and at the Marcos Juarez
Regional Experiment Station in
Cordoba, using progenitors with good
adaptation for northern Argentina.
Individual selection from Fg to Fgq
populations for disease resistance,
agronomic characters, grain type and
industrial quality was conducted at the
Presidencia Roque Saenz Pefia Regional
Exreriment Station. Mass selections
were made beginning with the Fg
populations.

Shuitle breeding of F3 populations was
also accomplished through the Balcarce
summer nursery at the Balcarce
Regional Experiment Station, Buenos
Aires. The goals of this off-season
nursery were:

¢ Develop lines with better adaption:

® Develop lines with resistance to stem
rust;

® Achieve homozygoscity in fewer
years:

® Evaluate advanced lines in
preliminary comparative yield trials;

® Evaluate lines tc be included in
regional comparative trials at Saenz
Penia and Colonia Benitez, as well as
In various parts of the pampas
region;

¢ Evaluate advanced international
lines for good agronomic characters
and disease resistance;

¢ Evaluate commercial bread wheat
varieties through comparative yield
trials at Saenz Pena, at Colonia
Benitez and Las Brefas Experiment
Stations in Chaco, and at El Colorado
Experiment Station in Formosa, and

¢ Identify different biotypes
(virulences) of stem and leaf rust by
observing varietal differences at the
various testing sites.

Conclusiens

The cultivar Chaqueno inta was
released as a result of this program; its
pedigree is Son64-P4160 x CT244. It
has high yield potential, intermediate-
to-late maturity, good agronomic
characters, disease resistance and good
bread-making quality. Chaqueno Inta
and Marcos Juarez Inta are the
predominant cultivars grown in
northeast Argentina. Other commercial
varieties adapted to the region are
Leones Inta, Buck Pangare, Cargill
Trigal 800 and Klein Chamaco. Several
advanced lines are almost ready for
release and have shown increased yield
potential over the best check varieties,
have better disease resistance and have
acceptable industrial quality (Table 2).

Potential areas for wheat cultivation in
rotation with other crops have been
determined, and an additional
subtropical area in northeast Argentina
has been found to hold promise for
wheat cultivation within a soybean-
wheat rotation. This is the area of
Tucuman, Salta and Jujuy in Santiago
del Estero province. At present, wheat
is grown there on only about 20,000
hectares, but high yields have been
obtained under irrigation.
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Table 2, Advanced lines selected for high grain yield and disease resistance, Presidencia
Roque Saenz Peiia Experiment Station, Chaco, Argentina, 1981 to 1983

Grain Comparison to Disease resistance

Advanced Yield best control score 2
line {kg/ha) {9/0) Stem rust Leaf rust
1981 Preliminary Advanced

Comparativa Trials

Chaquefio Inta {control) 2787 100 50 10

LAN1 SP, 3581 128.48 10 10

LAN2 SP. 3393 121.74 10 10

LAN3 SP, 3243 116.36 5 5
1982 Preliminary Advanced

Compaiative Trials

Chaqueiio Inta {control) 1346 100 60 40

LAN1 SP, 1953 145,09 20 10

LAN2 SP, 1880 139.67 10 10

LAN3 SP. 1706 126.74 10 5
1983 Production Plots

Chaqueiio Inta {control) 1760 100 40 30

Marcos Juarez Inta {control) 1705 96.87 10 40

Las Rosas Inta (LAJ2056) 1785 101.42 10 20

LAJ2484 2140 121,56 20 20

LAN1 SP, 2356 133.86 10 10
1982 Regional Comparative

Yield Trials

Chaqueiio Inta 1125 100 70 40

LAJ2028 SP. 1495 132.88 20 10

LAJ2395 SP. 1320 117.33 30 30
1983 Regional Comparative

Yield Trials

Chaquefio Inta {control) 1660 100 30 20

LAJ2548 SP. 2070 12765 10 10

LAJ2082 SP. 2070 12469 10 20

LAJ2395 1945 117.16 20 10

al Scoring scale 0 to 100 (0-50 = moderately resistant, 51-100 = moderately susceptible)
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Wheat Research Efforts in the
Abapo-Izozog Region of Bolivia
J.E. Abela, Corporacion Gestora del Proyecto Abapo-Izozog, Santa

Cruz, Bolivia

Bolivia produces less than 20% of its
wheat needs, as shown in Table 1.
Mistaken production policies and
consumption incentives have
contributed to the increasing difference
between the demand for wheat and its
local production, and this unfavorable
trend is continuing (Table 2).

Ninety percent of Bolivia's wheat is
grown in the traditional wheat-growing
areas. located mainly in narrow
mountain valleys. The great variety of
microclimates in these areas fall
between the following values:

¢ Elevation, 1,500 tc 3,000 meters
® Annual precipitation, 350 to 700 mm

® Mean temperature, 11 to 19°C
® Rainy season, from December to May
when wheat is grown

The potentlal area for wheat production
is about 15C,000 hectares. Today,
approximately 60,000 hectares are
cultivated: yield is less than 1 t/ha.
Greater use of inputs, such as fertilizer,
herbicides, improved seed and a stable
water supply, could raise yield to over
3 t/ha. The adoption of this technology,
however, is far in the future because of
the high costs of irrigation systems and
fertilizer.

Table 1. Wheat production and consumption in Bolivia,

1976 to 1980

Consumption

Year Production Consumption locally produced
(000 tons) (000 tons) (9/0)

1976 69.8 256.3 27

1977 48.0 283.1 17

1978 56.0 376.9 15

1979 56.2 309.1 18

1980 70.0 3716 19

Table 2, Annual growth rates in wheat production and consumption, Bolivia,

1950-52 to 1978-80

Period Production Imports Consumption Population
(9/0) (0/0) (0/0) (0/o)

1950-52 to 1958-60 7.87 3.64 4.89 1.91

1960-62 to 1968-70 0.28 3.88 2,72 -

197072 to 1978-80 243 2,87 3.02 2.09

1950-52 to 1978-80 2,78 4.39 4.11 1.89
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If Bolivia does not radically change its
food consumption patterns, the country
will have to put a great deal of effort
into tlie cultivation of wheat in
nontraditional areas, now considered as
marginal for wheat. These areas offer
many advantages: land and water is
available, climatic conditions are
adequate for growing wheat and
agronomic resources are avatlable. Also,
the land system lends itself to wheat
cultivation.

According to precipitacion regimes,
these nontraditional areas can be
divided into two reglons:

® Chaco region:
400 to 800 mm of rainfall per
annum
10 to 150 mm during the season
for irrigated wheat

® Northern Santa Cruz region:
800 to 1,700 mm of rainfall per
annum
200 to 450 mm during the season
for rainfed wheat

Irrigation is projected for the Chaco, but
has been delayed due to the high initial
investment necessary. Two big schemes
could irrigate 150,000 hectares with
surface water. A ground-water
irrigation system currently is under
development for 15,000 hectares, and
an additional 2,000-hectare system is
also being considered for the rainfed
area north of Santa Cruz. Irrigation
combined with available technology
would assure an average yield of 2 t/ha
for the Chaco region. By 1988, it may
be feasible to grow 5000 hectares of
irrigated wheat in the Chaco.

Planning for the northern Santa Cruz
region includes the promotion of a
gradual increase in wheat area. It would
be grown as a winter crop, mainly on
medium to large-size farms. The five-
year goal for this region is 28,000
hectares, with a yield of 1 to 2 t/ha by
1988.

Bolivia expects to be producing 80,000
tons of wheat by 1990, with a
possibility of reaching 120,000 tons.
These amounts represent, respectively,
17 aud 26% of the estimated wheat
demand for that year (470,000 tons).

Conclusions

Hopefully, Bolivia can change its food
consumption patterns to satisfy a larger
part of its carbohydrate needs through
the use of foods more appropriate to its
environmental conditions, i.e., yucca.
malze, potato and rice. In the long
term, wheat production will principaliy
be carried out in the nontraditional
areas, the tropical and subtropical
lowlands in the east. Therefore,
research work on wheat for these
nontraditional areas is of greatest
importance. Tables 3 to 6 summarize
wheat research being conducted at the
Coronel A. Gomez Experiment Station
in the Chaco region.
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Table 3. Wheat Research program, Coronel A. Gomez Experiment Station, Chaco, Bolivia, 1984

Yield

Crop rotation
suitability

Disease

Efficiency and

Quality adaptability

Breeding for:
Piant type (1)
Rust resistance (1)
Lodging (1)
Shattering {1}
Clean leaves (2)

Trials:

Earliness (1)

Rust resistance (1)

Preliminary yield {1} Seeding date (1) Regional yield (2)

Advanced vyield (1)

Other activities:

Variety

exchange (1)
Seed increase (1)
Seed distribution (3)

Test weight (1) Water

Grain texture (1)  uptake {3)
Grain weight (2)  Fertilizer
uptake (3)
Drought

tolerance (3)

Milling test {3)
Baking test (3)

(1) = in progress, (2} = beginning, (3) = in planning stage

Table 4, Soil management and improvement program, Coronel A, Gomez Experiment
Station, Chaco, Bolivia, 1984

Physical soil characteristics Production
Fertility Compaction Crusting costs
Trials:
Fertilizer Implement Tillage Reduced
rate (1) use (0} system (1) tillage (2)
Regional Manure and sod Sowingrate (2)
fertility buryng (1) Sowing depth {3}

monitoring (2)
Inoculants {2)
Sulphur

application {3}

In use:

Tillage systems (1)
Sand and sulphur
application (3)

Sod implantation (1)

Sand and sulphur
application (3)

{0) = completed, (1) = in progress, {2) = beginning, (3) = in planning stage
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Table 5, Water efficiency utilization program, Corcnal A, Gomez Experiment Station,

Chaco, Bolivia, 1984

Irrigation

Flow efficiency

Irrigation scheduling
and efficiency

Trials:
Depth and frequency
of irrigation (1)
Tillage system (1)

In use:

Siphor: use (2)
Field leveling (2)

Other activities;

Weed control in
in channels (3)

Channe! maintenance (1)

Ground water
surveillance (0)

Meteorological
observation (1)

Water use survey (0)
pF relations survey (3)

(0) = completed, (1) = in progress, (2) = beginning, (3) = in planning stage

Table 6. Crop management program, Coronel A. Gomez Experiment Station, Chaco,

Bolivia, 1984
Crop rotation Weed Production
suitability Insect control control Stand costs
Trials:
Sowing date (1) Seedbed prepara-  Herbicide Sowing rate
Alternative tion to avoid use (3) (1)
crops (2) insect carry- Bermuda and Tillage
over from Johnson system (1)
cotton crop {0) grass con- Fungicide
control (3) use (2)
Sowing
depth (3)
In use:
2,4-D use Appropriaie  Economic
(1) seed stor- evaluation
age (2) in larger
fields (1)

(0) = completed, (1) = in progress, {2) = beginning, (3) = in planning stage
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Wheat Production in the
Subtropical Areas of Santa Cruz, Roli.via
C. Quintana, Centro de Investigaciéon Agricola Tropical, Santa Cruz,

Bolivia

Bolivia needs 400,000 tons of wheat per
year to meet its total domestic needs.
Unfortunately, present wheat
production is not sufficient to satisfy
this need. The subtropical areas of the
country, such as the plains of Santa
Cruz province, offer a possible solution
in terms of prospects for wheat
production expansion. This report will
focus mainly on these subtropical areas
of Santa Cruz.

Wheat Production

The wheat area in northern Santa Cruz
is 10,000 hectares, but estimates for
potential wheat area in the region is
160,000 hectares. In general, wheat
cultivation is under rainfed conditions,
with limited area under irrigation. The
main factors limiting production are:

® Lack of availability of seed of
commercial varieties

¢ Lack of suitable technology for
farmers

® Lack of moisture

® Presence of diseases

® Marketing, e.g., pricing restraints

® Lack of credit for farmers

¢ Agronomic problems such as weeds
and low soil fertility

Characteristics of the
Subtropical Zone

Rainfall

Figure 1 shows the rainfall pattern
during the normal wheat cycle. It also
demonstrates the problems during
planting (May and June) and harvesting
(September), due to excessive amounts
of rainfall during those periods. The
mean precipita ion of the growing cycle
over a 20-year period is 260 mm.

Relative humidity

Data in Figure 2 give the 20-year
average relative humidity during the
growing season. It ranges from 53 to
73%, which favors disease
development.

Temperature
Figure 3 illustrates the temperatures
during the growing season, based on a
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Figure 1. Rainfall during the wheat-growing season, northern Santa Cruz,

Bolivia (20-year average)
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20-year period. Also indicated are the frequently causing lodging of the crop.
high temperatures during September especially after heavy rain. Also, they

which, combined with the high cause shattering of heads during
precipitation of the area, provides maturity. South winds are strong, cold
favorable conditions for disease and wet, and can cause sterility of

development. The average temperature  spikes due to frost.
for the season is 22°C. Table 1 presents
monthly mean data for rainfall, relative  Disease

humidity and temperature. The most prevalent diseases
encountered are spot blotch caused by

Wind Helminthosportum sativum, leaf rust
Wheat is cultivated during the winter, caused by Puccinia recondita, stem
when winds create another problem for  rust caused by Puccinia graminis tritlcl
wheat cultivation. North winds are and blotch caused by Septoria tritict;
more frequent and are more humid, root rots are also becoming important.
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Figure 2. Relative moisture during the wheat-growing season, northern
Santa Cruz, Bolivia (20-year average)
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Figure 3. Temperature range during the wheat-growing season, northern
Santa Cruz, Bolivia (20-year average)
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Commercial varieties

The most commonly grown varieties in
the area are Quimori, covering 60% of
the area, followed by Saguayo (25%)
and Jaral 66 (15%). However, Quiinori
and Jaral 66 are susceptible to
helminthosporium and will need to be
replaced in the near future.

Wheat Improvement Work

The Centro de Investigacion Agricola
Tropical (CIAT) is encouraging wheat
production in northern Santa Cruz; the
central experiment station is located in
Saavedra. CIAT's wheat program
objectives for varietal improvement are:

Good agronomic type

High yield potential

Resistance to heat and drought
Earliness

Resistance to diseases, e.g.,
helminthosporium

Good leaf hygiene

Good quality characteristics, such as
high hectoliter weight

Yield trials are conducted as
preliminary trials, advarced trials and
regional trials.

Agronomy research is carried out in the
areas of:

® Fertilizer use
® Seeding dates
¢ Transfer of technology to farmers

For plant protection, fungicides are
being tested as possible control
measures for the prevalent diseases.

Seed multiplication of the best varieties
is being given priority. ‘

The best advanced lines for adaptation,
agronomic type and disease resistance
are listed in Table 2. These lines are
now in advanced and regional trials to
further test their stability of
performance in Sagta Cruz. Hopefully,
one or more of these lines will be
outstanding and can become a
replacement for presently grown
varieties.

Table 1. Mean rainfall, relative humidity
and temperature for the wheat-growing
season, northern Santa Cruz, Bolivia
{20-year average)

Relative
Rainfall humidity Temperature (0C)
Month (mm) (9/0) Min. Max. Avg.

May 66 73 17 26 22
June 63 71 16 24 20
July 46 64 15 23 20
August 29 54 16 27 27
September 56 53 19 30 25

Table 2, Best wheat lines for adaptation, agronomic type and disease resistance,

Santa Cruz, Bolivia, 1984

Cross and pedigree

Type of trial entry—"/

KVZ-TRM x PTM-Anahuac
CM433903-H-2Y-1M-4Y-0M

KVZ-K4500-L-A-4
SWM176-3M-1Y-4Y-1Y-1M-0Y-2PTZ-0Y

KVZ-K4500-L-A-4
SWM176-3M-1Y4Y-1Y-1M-0Y-1PTZ-0Y

'ato-Tobari 66

Sapsucker*’S*"-Pato(R) x Bluejay

Av-|
AV-|
AV-|

AV-|
AV


http:CM43903-H-2Y-1M-4Y.OM

45

Table 2. {Con’t)

Cross and pedigree

Type of trial entryﬁl

Nacozari F 76
Veery No. 5
CM33027-F-15M-500Y -0M
Bobwhite’’S"
CM33203-K-9M-9Y-4M-4Y -1M-1Y -OM
Bobwhite*S*
CM33203-H-4M-1Y-0M-161B-0Y
Tanager’’'S”
CM30697-2M-8Y -3M-0Y
BR74.72-COC
CM36889-31Y-10M-0Y
Kalyansona/Alondra’’S”
CM39612-JK4-LV-9M-4MM-OMM
Buteo
CM31070-Y-1Y-2M-2Y-0M-OMM
Junco’’S”
CM33483-C-7M-1Y-0M
F3.71-Torim F 73
SWM5704-10Y-1M-3Y-3M-3Y-0B-2PTZ-0Y
Alondra*’S”
CM11683-A-1Y-1M-1Y-13M-1Y-1Y-500Y-0M
Veery"'S"
CM33027-F-12M-1Y-1M-1Y-1M-0Y-60B-0Y-1PTZ-0Y
Bobwhite’S”’-Pavon F 76
CM61830-13Y-1M-3Y-2M-4Y-OM
Genaro F 81
Ures T 81
Seri 82
BuckbuckS"-PVN"S"
CM52359-12M-1Y-2Y-1M-0Y
Teeter*’S"”-Junco’'S”
CM591234M-1Y-1M-5Y-3M-0Y
NAC-Emu*S"/TOB(2)-7C x MN72131
CM60402-0-3Y-1M-1Y-1M-2Y-OM
Bobwhite*S”
CM33203-G-5M-6Y-3M-1Y-1M-601PR-0P
Veery'’S”-Seri 82
CM33027-F-15M-500Y-0M-87B-0Y
Neelkant''S"
CM40454-33Y4M-1Y-0M
PF70354-Alondra*'s"
CM47090-1M-110PR-1T-0T
Bluebii .allo x C371/T. AEST. x Kalyansona-Bluebird
CM  55.B-1IM4Y-IM-1Y-1M-1Y-OM

A‘il"
Prel

Prel

Prel

Prel

Prel

Prel

Prel

Prel
IBWSN'84
IBSWN'84
IBSWN'84
IBSWN ‘84
IBSWN ‘84
HSN’84
IBWSN‘84,HSN 84
HSN’84
HSN'84
HSN’84
3rd LACOS
3rd LACOS
3rd LACOS
3rd LACOS

3rd LACOS

a/ AVl = advanced yield trial; Prel = Preliminary yield trial; IBWSN'84 = 16th International
Bread Wheat Screening Nursery, CIMMY T, Mexico; HSN‘84 = Helminthosporium
Screening Nursery, CIMMYT, Mexico; 3rd LACOS = Lineas Avanzadas del Cono Sur,

CIMMYT, Southern Cone, South America
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Wheat in Costa Rica

C.A. Salas, Estacion Experimental Fabio Baudrit Moreno,
Universidad de Costa Rica, Alajuela, Costa Rica

The economic crisis which at present is
affecting Costa Rica has produced
adverse effects in several areas of vital
importance, one of which is the
insuificient production of basic food
products in relation to the level of
national consumption. This has made
necessary the importing of food
supplies to assure the country of its
basic food needs. The high cost of the
prime materials for agricultural
production, and the lack of adequate
credit at the time when it is most
needed to stimulate agricultural
production, have been considered the
principal reasons for this situation.

The wheat situation is still more
critical, since Costa Rica depends
absolutely on imports for this cereal;
this amounts annually to 100,000 tons
at a cost of USS 22,909,507 (€1 billion).
This corresponds to a per capita
consumption of 31.7 kg, which provides
14.5 and 21.8% of the calories and
proteins of the _osta Rican daily diet,
respectively. It is for this reason that
increased wheat production could
eliminate an important part of the
foreign exchange drain.

Crop Feasibility

Several wheat production fea.ibility
studies have been carried out through
fleld experiments, and results have
been considered positive. The areas
considered appropriate for planting
wheat in Costa Rica are located in the
central valley, mainly Tierra Blanca,
Sanatorio Duran, Oreamuno and Cot. as
well as in Cartago province. These
areas are between 1,600 and 2,800
meters elevation, and have a rainfall of
600 to 800 mm during the wheat-
growing cycle. Geographically, the
areas are situated around 9°56'N

latitude and 83°52'W Jongitude, with
maximum and minimum average
temperatures of 19.4 and 8.6°C,
respectively. Planting occurs during the
months of October and November, and
harvest, in the month of March.

Yields of 10 t/ha have been obtained
experimentally, and 7 t/ha
commercially. However, more
experimentation is necessary to offer
real encouragement to the wheat
farmer. In addition, adequate sources of
credit, appropriate farm machinery and
other indispensable conditions are
needed to make wheat growing
attractive to the farmer. Resolving these
issues could significantly reduce
imports of wheat, with the consequent
reduction of foreign exchange
expenditure and, at the same time,
open new opportunities of employment,
which are badly needed in Costa Rica to
counteract unemployment and the
present economic crisis.

Recommended Areas
for Experimentation

The central and northern areas of
Alajuela province of Costa Rica are
recommended for experimentation in
wheat production. In central Alajuela,
altitude fluctuates between 840 and
1,800 meters, with rainfall of 600 to
800 mm during the vegetative cycle.
Planting time is September, and
harvest, December. In the northern part
of the province, planting time is in
November, and harvest, in February
and March.

Geographically, central Alajuela is
situated around 10°01°'N latitude and
84°16'W longitude and, in the north,
the suitable areas of Fraijanes and
Zarcero lie around 10°15'N &nd
84“14'W. The maximum and
minimum average temperatures,
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respectively, for central Alajuela are
28.2 and 17.5°C and, for the north,
21.2 and 19.9°C.

Production trials would also be possible
in the lowlands (Guanacaste and
Puntarenas provinces), provided wheat
varieties appropriate for the tropics
were available; these are zones with
higher temperatures. Nevertheless,
limitations exist to the possibility of
establishing wheat production in Costa
Rica, arnong them the lack of both
government policy decisions and
technical research.

Aspects of Government
Policy Decision

Seed availability

The National Seed Office, which
supervises and authorizes seed
production, relies upon private
enterprise and the National Production
Council for multiplying and processing
seed. It would seem advisable, in the
case of wheat, to guarantee the
availability of certified seed of selected
released varieties.

Marketing

The public entity which has the
responsibility of purchasing local grain
should guarantee a market for the
wheat and a price equivalent to that of
imported wheat. This would provide the
necessary stimulus to farmers to grow
the new crop.

Bank credit

The Banking Commission which
advances money to farmers should
establish a fund for wheat growers, as
they have done for the othe: basic
grains, and assure that the necessary
resources are available to finance wheat
production.

Crop insurance

The National Insurance Institute,
through its crop insurance department,
should guarantee protection to the
wheat farmer against unexpected,

unfavorable climatic conditions and
outbreaks of insect pests and plant
diseases which may cause losses.

Farm machinery

The lack of appropiate farm machinery
adapted to the topographic conditions
of the central valley, such as specially
designed planting, mowing and
threshing machines and binders, has
been one of the major factors in
restricting the expansion of wh .at
production. In other countries, such as
Italy, Japan and Taiwan, adequate
machinery exists for these activities. In
Guatemala, in localities which are
similar to those of Costa Rica
(Quezaltenango and Chichicastenango),
almost half of the wheat needed for
national consumption is being
produced using such farm machinery.
In the begining of a national wheat
production program, an official entity,
such as the National Production
Councll, should provide specialized
farm machinery service, as has been
done with other crops on various
occaslons, thus helping to assure the
farmers’ success in growing wheat.

Research Priorities

Wheat research has been carried out in
three areas in Costa Rica (Figure 1).
Three experiment stations are utilized
(Tables 1, 2 and 3).

Solls

From a fartility point of view, the solls in
Fraijanes are the most problematical,
with extreme acidity, trace amounts of
»hosphorus, high phosphorus-fixing
capacity, high aluminum content and
very low presence of calcium,
magnesium and potassium (less than

5 meq/100 g soll). In order to obtain
good crop responses to phosphorus
fertilization, it is usually necessary to
apply P90s at 600 to 800 kg/ha, an
amount which is not economical. Liming
Is also very important for these solls.
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However, in fleld experiments with
wheat, certain lines and cultivars have
shown a better response to noimal
fertilization than others, probably due
to better adaptability to low-fertility and
low-pH soll conditions. It is important
to select these cultivars, as well as other
crops such as barley and triticale, for
better adaptability to Fraijanes soils.

Weed control

Weed incidence is high in the three
areas where wheat research work has
been conducted, Cartago and central
and northern Alajuela. In central
Alajuela, gramineous, cyperaceous and
broadleaf weeds prevail and, in Cartago
and northern Alajuela, the broadleaf
weeds are dominant.

Allelopathy and other factors due to
weed competition have been considered
reasons for crop yleld reduction, as a
result of Rottboellia exaltata and
Cyperus rotundus in central Alajuela.

86 85

Nicaragua m

Considering solely weed competition,
the gramineous weeds Eleusine indica,
Digitaria spp.. Cynodon dactylon,
Ixophorus unisetus and Paspalum
paniculatum have been shown to be
the most important. Pennisetum
clandestinum, Taraxacum officinale,
Bidens pilosa, Amaranthus hybridus,
Melampodium divaricatum and
Spergula arvensis are considered to be
important weeds in Cartago and
northern Alajucla.

At present, the alternatives for chemical
control of weeds seem to be Diclofop-
methyl and herbicides that inhibit the
development of some hormone-induced
hydrolytic enzymes (hormonals).
Diclofop-methyl is used to control some
gramineous species, and the
hormonals, broadleaf and cyperaceous
weeds. 2,4-D or MCPA is used for
postemergence, and Perfluidone, for
pre-emergence treatments. Linuron has
also been used for broadleaf pre-
emergence control.
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Figure 1. Wheat research centers in Costa Rica, 1984



Table 1, Climatological data, Fraijanes Experiment Station, Alajuela,
Costa Rical

Average Average Hours

maximum minimum Relative of
Month temperature temperature Rainfall humidity sunshine

(°c) (°c) {mm) (/o)

January 20.6 12.2 98.6 87.1 8.2
February 213 12.2 339 84.6 8.7
March 221 121 60.1 85.1 7.2
April 21.7 125 140.2 83.5 6.6
May 216 13.3 456.0 93.0 44
June 21.7 134 416.0 92.7 33
July 211 13.7 263.9 89.1 39
August 214 13.1 403.9 87.5 4.1
September 215 131 486.9 89.7 36
October 209 13.0 609.1 924 33
November 20.2 1341 333.8 90.2 44
December 20.3 13.0 100.2 87.7 6.4

3/ Latitude 10°15'N, elevation 1,650 m

Normal wheat planting time, October or November, normal wheat harvesting
time, February or March

Average yield of five best advanced lines, 2,857 kg/ha

Table 2, Climatological data, Fabio Baudrit Moreno Experiment Station, San
Josesito, Alajuela, Costa Rica

Average Average Hours

maximum minimum Relative of
Month temperature  temperature Rainfall humidity sunshine

(°c) (°c) {mm) (°/0)

January 28.7 171 76 69.2 8.5
February 29.6 16.9 12.0 67.9 9.4
March 304 176 13.0 67.4 8.7
April 30.3 17.9 66.4 705 79
May 28.7 18.1 2720 80.3 59
June 27.2 18.0 309.5 87.2 49
July 275 17.9 2127 82.5 4.7
August 275 1/6 285.6 84.2 5.0
September 26.9 175 336.6 88.0 49
October 26.7 174 3125 88.4 5.0
November 27.0 17.4 138.1 81.9 56
December 279 16.9 34.1 739 75

2/ L atitade 10°1'N, elevation 840 m

Normal wheat planting time, September to November, normal wheat harvesting
time, December to March

Average yield of five best advanced lines, 4,728 kg/ha
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The use of hormonals cannot always be
recommended, due to the large
numbers of horticultural crops in the
wheat-production areas. More
investigation is needed tc avoid
spraying when and where a drift of fine
spray or vapors may come in contact
with nearby sensitive crops or
ornamental plants.

There is an urgent need to plan for a
mafjor, continuing weed control
program, instead of the isolated field
trials which have been conducted so
far.

Disease control

In central Alajuela, the diseases with
most frequent incidence are zonate
eyespot (Helminthosporium
giganteum), H. triticl repentis and
crown rot (Fusartum spp.). In trials
carried out with CIMMYT materials
during 1978, the triticales proved more
tolerant to leaf blotch caused by
Helminthosporium spp. under natural
infection than did the wheats.

In both central and northern Alajuela,
when grain maturity and high humidity
coincide, head scab (Fusarium spp.)
and saprophytic fungi make their
appearance and negatively affect yield.

In the Cartago area (Sanatorio Duran), a
high natural incidence of leaf rust
appeared In a commercial planting of
Siete Cerros. This permitted the
determination of the reaction of several
cultivars of wheat and one triticale
which had been introduced from
CIMMYT. The introduced cultivars were
Cananea (Tcl), Bobwhite, Anza,
Nacozari 76, Pavon 76 and Veery 1.
With the exception of Nacozari 76, the
cultivars showed tolerance, with
infections of not more than 5% of
Puccinia recondita. The virus disease
known as alfalfa yellow dwarf has also
appeared, but is found in low incidence.

It is absolutely necesary to continue
working, with the valuable cooperation
of CIMMYT, for new sources of
germplasm with resistance to these and
other diseases.

Table 3. Climatological data,)Sanatorio Duran Experiment Station, Tierra

Blanca, Cartago, Costa Rica?:

Average Average Hours

maximum minimum Relative of

Month temperature temperature Rainfall humidity sunshine
(°c) (°c) (mm) (%/o)

January 19.4 8.4 58.1 87.2 39
February 19.8 8.4 18.3 82.8 4.5
March 19.7 8.5 13.9 816 45
April 19.6 8.9 62.1 83.8 4.2
May 19.7 8.7 222.0 85.8 3.0
June 19.3 8.5 323.8 86.3 23
July 19.1 8.8 193.3 87.0 2.2
August 19.3 9.0 187.8 87.6 28
September 194 8.8 338.2 88.0 29
October 19.3 8.6 419.8 894 26
November 19.3 8.6 213.7 916 24
December 19.1 8.3 102.8 88.6 29

3/ L atitude 9956'N, elevation 2,337 m

Normal wheat planting time, October, normal wheat harvesting time, March

Average yield of five best advanced lines,

7,593 kg/ha
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Wheat Research in the

Coastal Region of Ecuador

J. Tola, Small Grains Program, Instituto
Nacional de Investigaciones Agropecuarias, Quito, Ecuador

The slopes and small plateaus of the
highlands of Ecuador (2,500 to 3,200
meters altitude)} are the traditional
wheat-growing areas. In 1964, when
90,000 hectares of wheat were grown in
Ecuador, the country was still
importing 50% of its wheat neceds. At
that time, sclentists at the National
Institute of Agricultural Research
(INIAP) decided to investigate the
possibilities of growing wheat on the
coast. Two major objectives were
established:

® To increase the wheat-growing arca
in Ecuador, and

® To obtain an additional cropping
season each ycar for breeding
purposes.

In the beginning, three testing locations
were selected at INIAP experimental
centers. They were chosen to represent
the most common environments of the
Ecuadorian coastal region (Table 1).

From 1964 to 1969, morec than 1,000
homozygous lines were tested during
the two troplical seasons, the rainy
season and the dry season. By 1969, it
was clear that, with the germplasm

avalilable, it was not possible to grow
wheat under wet conditions. Poor
agronomic type and high incidence of
Fusartum spp. and Erysiphe graminis,
as well as weed and insect darnage,
were the main problems. The best
results in germplasm adaptation were
observed at tropical, dry Portovicjo.
Some lines were also fairly well adapted
in the dry season at the intermediate
zone of Pichilingue. However, at
tropical and humid Santo Domingo,
even In the driest months of the year,
few plants formed grain and almost all
were killed by Fusartum spp. Problems
were similar at Pichilingue during the
rainy season. but yield improved to a
mean of 1.0 t/ha when the same lines
were planted during the acy season.
Some add‘tional dry sites provided
¢nough mation to conclude that
wheat ple..s had improved tillering and
grain development and less discasc
incidence when they were planted
during the drier months (Table 2).

Research efforts were concentrated at
Portoviejo and several other locations
with similar conditions. Segregating

Table 1. A comparison of climatic conditions in three coastal locations, Ecuador

Location

Santo Domingo Pichilingue Portoviejo
Climatic (tropical, {inter- {tropical,
condition humid) mediate) dry)
Average temperature {“C) 22 24 25
Temperature range (°C) 15-33 19-34 17-35
Rainfall (mm) 2600 1600 250
Relative humidity (®/o) 91 82 75
Sunlight (°/o) 12 20 37
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materials (Fg to F3 generations) were
introduced, and the yield potential in
some materfals was aceptable {Table 3).

During this period, research was also
conducted on planting date, plant
density, fertilization, weed control and
water requirements. Some of the results
are presented in Tables 4 and 5.

Results showed that the dry season
offered better opportunities for growing
wheat. Approp.‘ate seeding rate was
found to be fium 140 to 160 kg/ha, and
the optimum economic fertilizer dosage,
80 and 40 kg/ha of nitrogen and
phosphorus, respectively. Acceptable
weed control was obtained with a
mixture of Fluorodifen (1.5 kg a.i./ha)
plus Linuron (0.5 kg a.i./ha).

Among the diseases, rusts were not a
problem during the dry season, except
that stem rust was observed in late
tillers. For wet locations, Fusariurmn spp.
and Erysiphe spp. were the most
important diseases, causing spike and
grain damage. In 1976, some spots of
dead plants, in different vegetative
stages, were observed: the causal agent
was Sclerotium rolfsii. The disease
spread very quickly from 1977 to 1979,
killing 30, 60 and 85%, respectively, of
the germplasm under evaluation.

Conclusions

In 1979, the National Cereal Program
decided to terminate research on wheat
for the coastal areas after considering
the serious limitations for the growth of
wheat in that area. The most important
reasons for this were:

® The low comparative economic
return as compared to local crops;

® The lack of irrigation systems, which
would be imperative for growing
wheat in dry areas of the Ecuadorian
coast;

® The relatively low yield potential
{4 t/ha), compared to the potential for
the: highlands (6 t/ha);

® The cost of wheat production per
hectare, which on the coast is twice
that of the highlands, and

® The Sclerotium rolfst: problem, as
well as the potential insect, disease
and weed competition problems
foreseen once farmers start planting
wheat.

These problems would require major,
cu:ily research programs in breeding
and agronomy.

Table 2, Comparative wheat yields, wet and
dry seasons, Portoviejo, Ecuador, 1964 to
1969

Yield (ky/ha)

Waet season  Dry season
Year {March-May)  (June-Sept)
1964 1100
1965 1200 .
1966 1950 2400
1967 1730 3800
1968 27002/ 3200
1969 23002/ 3400

al Planting date: April and May
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Table 3, Average yield of best wheat lines, Portoviejo, Ecuador, 1974 to 1978
Yield {kg/ha)

Lines/varieties 1974 1975 19762/ 19778/ 19782/
OCEPAR 73008 - 3980 1020 315 4410
NP-824 4200 3900 980 260 4100
Bluebird-Gallo x Carpintero’%'’/

PAV*“S" .. .- 1000 320 4200
Alondra .. 3750 820 180 4120
Chenab 70 .- - .- .- 4120
NP-832 3940 3750 740 200 3800
Rumifiahie - 3850 620 315 3900
Sonora 64 2640  .560 740 310 2900

,1/ Sclerotium rolfsii damage
b/ Ditferent testing site in sarne region

Table 4. Average grain yield for Sonora 64 under different dosages of
nitrogen and phosphorus, Portoviejo, Ecuador, 1973 to 1975

Nitrogen Yield Phosphorus Yield
{kg/ha) {ka/ha) {kg/ha) {(kg/ha)
0 2640 0 2640

20 2770 20 3070
40 2880 402/ 3110
60 2050 60 2920
god/ 3080 80 2970
100 3110 100 3020
120 3110 120 3105
160 2900 160 2790

al Economic dosage

Table 5. A comparison of herbicide application and yield, Portoviejo Experiment Station,
Ecuador, 1975 to 1977

Dosage (kg a.i./ha) Yield (kg/ha)
Herbicide 1975 1976 977  Application time 1975 1976 19772/
Fluorodifen 3.0 4,0 3.0 Pre-emergence 2940 870 260
Ftuorodifen + Linuron 1.5+0.5 1.5+0.5 2.0 +0.4 Pre-emergence 2815 3844 265
Fluorodifen +Diuron 1.5 +40.5 .- 2.0 +0.4 Pre-emergence 1900 -- 180
2,4-D (a) 0.75 0.50 -- Post-emergence 1750 1700 --
(tillering)
Check2/ . . . 520 430 220

a/ Severe Sclerotium rolfsii damage
=/ No herbicide application
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Selection and Introduction of Wheat Tyves
for Subtropical Conditions in Mexico
J.J. Martinez, Wheat Research Program, Centro de Investigaciones

Agricolas del Noroeste-INIA, Ciuda

Wheat is the third most important
component, after maize and beans, in
the Mexican dict. Wheat is cultivated
on about 850,000 hectares, with an
averagc yield of 4.3 tons per hectare. In
the fall-winter cycle of 1981-82, there
was a record production of 4.3 nillion
tons. This amount was sutficient to
supply national demand; however, due
to Mexico's rising population, it is
cstimated that annual national
consumption will be over 6 miliion tons
by the year 2000.

Over half of Mexico's wheat is produced
in the state of Sonora in the
northwestern part of the country,
Sonora has an altitude of less than 100
meters above sea level; its climate is
dry and the principal plant life is
composed of cactus and thorny shrubs.
The winter is mild, lending itself to the
production of spring wheat. The highcest
yleld is obtained on irrigated lands,
with advanced methods of cultivation.
The major limiting factors are plant
discases, principally leaf rust (Puccinia
recondita), which limits the commercial
life of a variety to threc to five years.
The use of improved varicties with high
yield and resistance to this pathogen is
necessary for maintaining wheat
production at a high level in the region.

Wheat Production in
Subtropical Mexico

It is difficult to continue to Increasc
yield in Mexico at the accelerated rate
that was possible in the past; the
genetic potential within the wheat
species has already been largely
realized. Therefore, to satisfy the future
demand for wheat, it will be necessary
to open up new lands for cultivation.

Obregon, Sonora, Mexico

The subtropical areas in Mexico,
located between 20° and 24° N
latitudes, with an altitude of less than
500 meters and irrigation and soils
adequate for wheat cultivation, cover
an arca of approximately 200,000
hectares. These areas are located
principally in the San Lorenzo Valley in
southern Sinaloa stite and in the
Huasteca area in the state of
Tamaulipas on the coast of the Gulf of
Mexico. Winters in these areas are less
suitable for wheat production, because
of high temperatures at tie beginning
of the planting season. Present varieties
have poor tillering capacity and give
poor yields; nevertheless, it has been
possible to obtain yields 5f up to 4 t/ha

During the 1983-84 season, a serics of
trials was conducted to test the effects
ol subtropical environments on wheat
production. They were carried out in
the Culiacan and San Lu.enzo valleys
in Sinaloa and In the Santiago Ixcuintla
region of Nayarit. Results showed that
wheal yields decreased considerably
(from 7082 kg/ha to 722 kg/ha) when
latitude and temperatures were less
favorabie for wheat production {Table
1). However, in the San Lorenzo Valley,
which is considered as subtropicat, the
average yicld of commercial varieties in
the trial was 3148 kg/ha; that of
Santiago Ixcuintla, where the
temperature regime is marginal for
wheat, was only 700) kg/ha. The
diseases found to he ccmmon under
these conditions ‘was leaf rust and leaf
spot caused by various forms of
helminthosporium. Since wheat
cultivation in these areas is new, yield
can be substantially improved through
better agronomic practices. Planting
date and sowing density, fertilizer
management ar.d insect and weed
controt are some of the factors that
need further research.
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Selection of Wheats for
Subtropical Environments

For the past several years, a cooperative
program for the genetic improvement of
wheat has been conducted by IN]A,
Mexico, and CIMMYT at the CIANO
experiment station in Ciudad Obregon,
Sonora; the objective has been the
development of germplasm tolerant to
high temperature and drought. The
strategy utilized has Lecn that of the
selection of early generatic s in the
Yaqui Valley of Sonora. Thesc materials
are sown early in Oc.ober when
temperatures are higl: (23VC meaul
temperature). Irrigation is applied at
germination and again, after 72 days, at
flowering. Individual plant selection is
practiced with regard to agronomic type
and disease resistance. Advanced
generations are evaluated in subtropical
environments, in southern Sinaloa and
central Tamaulipas. As a result of these
trials, the experimental line
BuckbuckS"-PVN"'S" has been
developed. In subtropical San Lorenzo
Valley, its yield has been 3630 kg/ha,
15% above the mean of present
commercial varieties.

Conclusions

As a result of research in Mexico, it is
possible to obtain wheat yields of more
than 4 t/ha under subtropical
environments. It is necessary to further
improve the yield potential of
commercial varieties for these areas
through breeding. Selection must be
made for high yield and better tolerance
to high temperature and diseases. The
trials must be conducted under
appropriate types of environmental
conditions.

Wheat yields in the subtropics can also
be iinproved substantially by improving
agronomic practices, especially such
factors as planting date and density,
fertilization and insect and weed
control.

Wheat cultivation in San Lorenzo,
Sinaloa, and the Huasteca in
Tamaulipas, covering an area of about
200,000 hectares in a subtropical
climate, represents a production
potential of approximately one million
tons of wheat annually, 19% of
Mexico’s entire annual production.

Tabls 1. Yields of selected commercial varieties in the traditional wheat-growing areas of
the northwest and three subtropical environments of Mexico

Yield {kg/ha)
Northwest Subtropical environments
Yaqui Valley Culiacan San Lorenzo Santiago
Variety Valley Valley Valley
Ures 81 7,300 6,700 3,100 700
Sonoita 31 7,200 4,500 1,900 400
Seri 82 7,000 6,100 3,900 900
Glennson 81 6,900 5,700 2,900 800
Genaro 81 6,900 6,000 3,700 600
Mean 7,100 5,800 3,100 700




38

Wheat Prouuction Status, Constraints
and Research Priorities in Nigeria

A.M. Falaki, Institute for Agricultural Kesearch,
Ahmadu Bello University, Zaria, Nigeria

With the steady rise in income,
consurmption of wheat in Nigeria has
recently increased considerably.
Surveys show that the eating of bread
has spread, even to rural areas. In
1982, consumption of wheat was
estimated at an average of 60 grams
per person per day (22 kg/year), with
major towns averaging 210
g/person/day (77 kg/year). In terms of
the drain on the nation's foreign
exchange, it has been estimated that, in
1982, wheat and wheat flour imports
into Nigeria totaled 1.425 miliion tons,
valued at USS 290 million (Table 1).

The bulk of the wheat now grown in
the country is on irrigated land. The
area under wheat cultivation is about
15,000 hectares, yielding on average
2.5 to 3 t/ha. At present, the total
producticn of wheat is about 40,000
tons, which is equivalent to about 2.6%

Table 1. Wheat and wheat flour imports,
Nigeria, 1973 to 1982

Quantity Cost
Year (000 tons) {million US$)
1973 304.0 42.5
1974 3234 776
1975 407.5 82.5
1976 732.4 147.3
1977 719.7 1446
1978 800.6 162.3
1979 928.0 187.2
1980 1000.0 205.4
1981 2352.0 2771
1982 1452.0 290.0

Source: Nigeria Trade Summary (1973-
82), Federal Office of Statistics,
Lagos, Nigeria

of the country's requirements; Nigeria's
current annual wheat needs are in
excess of 1.5 million tons.

From the consumption and preduction
staius, it is obvious that there is a big
gap between supply and demand of
wheat in Nigeria. In an effort to arrest
the dwindling foreign reserve position,
to which the importation of wheat
contributes, Nigeria has embarked on a
program of wheat cultivation in areas
where growth conditions for the crop
are suitable. As a result, the
government has decided to put 50% of
the irrigable land under wheat
cultivation in the northern Guinea anc
Sudan savanna areas of the country
(estimated at 345,000 hectares when
fully developed).

Constraints to
Wheat Production

Land

Land is the most critical constraint on
wheat production in Nigeria. Since the
crop is grown under irrigation, only the
limited land cleared and dcveloped for
irrigation by the various government-
managed river basin projects is
available yor wheat cultivation. Unless
the government accelerates the
expansion of the irrigation s liemes,
land will remain a majo.’ uiistraint on
wheat production, since loeal farmers
are iIn no financial postiion to develop
land for irrigation.

Temperature

Wheat is grown almost entirely during
the harmattan period (November to
February), when night temperatures are
sufficiently low for adequate tillering,
The main factor which prevents the
extension of the crop southward in
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Nigeria is high temperatui:e. South of
latitude 10°N, between November and
February, maximum temperatures are
consistently above 32.5°C and
minimum temperatures are mostly
above 15°C. These temperatures
reduce the iength of the growing season
and yiel‘i potentials.

Inputs

The inputs necessary for wheat
production are also lacking or in short
supply in most instances.

Fertilizers—Shortages of adequate
supplies of fertilizer during the planting
period has posed a problem to wheat
farmers. Unfortunately, the planting
time of the crop coincides with the
period when all of the imported
fertilizers have been exhausted on
rainfed crops. Thus, lack of initial
supplies of required nutrients reduces
vigor and, subsequently, yield.

Labor—The planting scason for wheat
in Nigeria overlaps the period when
late-harvested, rairifed crops (sorghum,
cowpea and cotton) are harvested.
Since most operations (except land
preparation) are cairied out manually,
labor shortages iend to pose some
probicms, as labor is needed for
harvesting the rainfed crops, delaying
the planting of wheat. Late-planted
wheat is known to yield up to 25% less
than timely sown crops.

Machinery—Most of the major land
preparation operations (except planting
and fertilizer application) are carried
out by machines from the government-
organized tractor hiring units (THU).
After harvesting the rainfed crops,
farmers await their turn to get their
land prepared for wheat. But, for
several reasons, such as insufficient
numbers of tractors, inadequate spare
parts and lack of operators, the farmers
fields are more often than not prepared
late. Also, during the harvesting of the
crop, a lot of wheat is lost through
damage by early rains owing to an
inadequate number of threshers.

Water management

During the wheat-growing season, there
is practically no rainfall to support the
crop. An avcrage of about 6 mm of
water per day is lost through
evapotransporation during the crop-
growing season. This warrants the need
for regular irrigation. At present,
irrigation is scheduled on the basis of
time interval (5 to 10 days), depending
on soil type.

This approach has not been
satisfactory, especially when border
check and basin methods of irrigation
are employed; it results in excessive
water loss. Since water is a scarce
resource, irrigation has to be scheduled
to inaximize wheat production per unit
of water applicd. An improvement in
irrigation management is required if the
country is to achieve its target of
700,000 tons of wheat per annum by
1990.

Fertilizer use

Most of the work conducted on fertilizer
use in relation to wheat crops in Nigeria
has been confined to the three major
nutrients, nitrogen, phosphorus and
potassium, and their optimum rate,
timing and method of application. The
ncca for balanced fectilization for
optimum wheat production on the
savanna soils cannot be under-
estimated. No information is yet
available on micronutrients. With the
passage of time, a deficiency of these
nutrients may arise, thereby limiting
the production of the crop, especially
under intensive cultivation.

Research Priorities

The federal government of Nigeria is
presently committed to increasing
wheat production locally. It has,
therefore, been encouraging
coordinated research projects between
the Institute for Agricultural Research,
Samaru and the various River Basin
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Authorities involved in wheat
production. Generally, the areas of
research given priority include water
management and fertilizer use.

Water management

The successful production of wheat,
especially in a semi-arid, tropical
environment like northern Nigeria, is
dependent on a judicious irrigation
program, based on knowledge of the
effect of sofl molsture stress on the
crop. When water constitutes the
limiting resource, research efforts must
be directed tcwards:

® Finding the best scheduling method,
quantity and time of irrigation for
the wheat crop;

® Investigating the effect of variable
water stress on late-planted wheat,
since the effect of stress can vary
according to the maturity of the
variety and time of seeding, and

® Discovering the effect of fertilization
on water-use efficiency of wheat.

Fertilizer use

From a report submitted by a
committee that reviewed reseaich work
on fertilizer use In irrigated agriculture,
the following research arcas are being
given priority in relation to wheat
fertilization:

® Interaction of phosphorus with other
major nutrients and with irrigation
frequency;

® Phosphorus availability/fixation in
wheat under intensive, irrigated
agriculture;

® Potassium requirements of wheat
under different irrigation regimes,
and

® Micronutrient requirements of wheat.

Conclusions

Nigeria's current annual wheat
requirements are in excess of 1.5
million tons annually. Present local
production is about 40,000 tons, which
is equivalent to about 2.6% of the
nation’s needs. Increased production is
thus a challenge for both the
government and the farmer.

The government should accelerate the
expansion of projected irrigation
schemes, and ensure timely land
preparation and provision of inputs to
farmers. Research work in progress on
efficlent water management, fertilizer
use and other suitable production
technologies should be adquately
funded, as these will help increase
wheat production per uinit arez. It is
estimated that, with efficient w:ter
management and good crop
management practices coupled with
farmer experience in wheat cultivation,
crop ylelds could exceed 4 t/ha. In this
case, the government wheat production
target of 700,000 tons per annum could
be realized by thke year 1990.
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Wheat Production in Bangladesh:
Its Constraints and Research Priorities
A.B.S. Hossain, Bangladesh Agi!cultural Research Institute,

Joydebpur, Dhaka, Bangladesh

Wheat production in Bangladesfl has
increased substantially since 1975,
both in terms of production area and
yield (Table 1). Wheat is now cultivated
on about 570,000 hectares, with a
production of one million tons. Before
1975, little wheat was grown and the
varieties were low ylelding (0.8 t/ha),
disease susceptible, tall and late
maturing. Total production was only
about 0.1 million tons. When the
performance of semidwarf, high-
ylelding varieties was found to be
satisfactory, an ambitious wheat
program was initiated in 1975-76 by
importing seeds of high-yielding
varieties (HYV) from India to replace

Table 1. Wheat production in Bangladesh,
196768 to 1982-83

Average
Area yield Production

Year (ha) (t/ha) (tons)

196768 77,800 .744 57900
196869 117,300 786 92,200
1969-70 119,900 .862 103,205
1970-71 126,000 .872 109,000
1971-72 127,300 899 113,195
1972-73 120,200 .745 89,500
1973-74 . 123500 .884 109,200
1974-75 126,100 911 114,870
1975-76 130,100 1.430 214,700
1976-77 160,000 1.596 255,400
1977-78 188,900 1.313 342,500
1978-79 264,700 1.971 486,200
197980 433,200 1.869 809,700
1980-81 591,200 1.8191,075,200
1981-82 534,412 1.776 949,000
1982-83 567,000 1.8701,061,000

Source: Bureau of Statistics, Government
of Bangladesh, Dhaka, 8angladesh

local varieties. Fifty-nine percent of the
150,000 hectares planted that year
were planted with HYV. Production was
approximately doubled, from 114,000
tons in 1974-75 to 215,000 tons in
1975-76. Within flve years, the wheat
area increased about five times and
production, about nine-fold. At present,
HYV occupy 98% of the area under
wheat cultivation.

Reasons for Success

The introduction of high-yielding
varieties and the adoption of
technologies for better management
and seed preservation, generated
through research in the mid-1970s,
helped Bangladesk: to become a wheat-
growing country. Farmers were
interested in growing HYV when they
observed three to four times more yield
as compared to local varieties; also,
wheat could be grown more easily in
residual soll moisture or under partially
irrigated conditions. As compared to
boro rice culifvation, three to four times
more land could be irrigated with the
same amount of irrigation water. The
cost of cultivation was less, along with
reduced problems of weed competition,
disease and insect pests.

Wheat is sown in the winter months,
from mid-November to mid-December,
and is harvested in mid-March. During
this period, most of the lands had
previously been idle, after the harvest
of transplanted and broadcast amon
rice. Farmers are using *his opportunity
to grow wheat as an additional crop on
this type of land. There is no problem
for growing the subsequent crop, jute
or aus rice, after the harvest of wheat.
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Although rice is the staple food in
Bangladesh, the country has long been
Importing wheat to make up its food
deficits. Wheat flour is consumed
primarily as chapatis (handmade flat
bread), bread in loaves and pastries.
The dietary habit of the people has
changed considerably, and wheat has
now become a desirable food
supplement to rice.

The extension service took an active
role in providing wide publicity on how
to cultivatc high-yielding varieties
through field demonstrations on
varieties, fertilizer rates and sowing
time, and through organizing block
farms in irrigated areas. Research
findings and recommendations were
also communicated to growers through
booklets, leaflets, field days, radio
broadcasts and other audiovisual
means.

Seeds were made available through
continued imports, and local seed
production was also strengthened by
the Bangladesh Agricultural
Development Corporation (BADC) on
thelr farms and on contract growers'
fields. Farmers were advised to preserve
their own seed in sealed kerosene
containers, bisculit tins, diesel or petrol
drums, thick polyethylene bags or
earthen pitchers. About 80% of the
total requirement for seed is met
through farmers’ stocks and sales
among themselves.

The Department of Food procured grain
from growers at support price (a little
over the market price fixed by the
government at the time of harvesting)
so that, during the peak sale period, the
price did not fall tvo much. Some
credits and loans were also provided
through commercial banks for the
purchase of inputs, such as fertilizer
and irrigation equipment, to boost
production.

Production Constraints

According to the Bangladesh Soil
Survey report, about 3.1 million
hectares of land are physically suitable
for wheat cultivation. Currently, the net
area avhilable for wheat is about 1.5
million hectares, after leaving land for
other winter crops. It has been observed
that, since 1980-81, there has been no
further expansion of wheat cultivation,
and a saumber of practical reasons exist
for this fact [he potential area for the
expansion of wheat is the land available
after the harvest of transplanted amon
rice. Amon rice is harvested in
December, when soil moisture is the
main limiting factor for the germination
of seeds. Irrigation facilities exist for
about 30% of the land and, if amon rice
production is affected by flood or
drought, many farmers prefer to grow
boro rice in the irrigated areas.

Sufficient seed of short-duration
varieties cannot be provided. As
Bangladesh farmers prefer white grain,
there is always a heavy demand for
white-grained varieties, especially
Sonalika because of its good
performance under late-seeding
conditions.

Threshing is a big problem. Farmers do
not yet have effective, low-cost, small-
scale threshing equipment. All wheat is
threshed either by trampling with
bullocks or by beating with sticks. The
onset of early monsoon rains frequently
destroys many harvested crops. Some
competition from other winter crops,
such as mustard and lentils, exists
now, because of the high market price
of these crops. Also, the wheat
procurement price has not kept pace
with the increased price of fertilizer and
seed. Due to these problems, farmers
are not encouraged tc bring more areas
under wheat cultivation.
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Research Priorities

Varietal development

Research on high-yielding varieties of
wheat was Initiated a few years before
the independence of Bangladesh, but
systematic research was initiated only
in 1971, with the scheme entitled the
Accelerated Wheat Research Program.
This program was based on the
development of germplasm and of
personnel; CIMMYT provided help in
both areas. Initially, p;omising varieties
selected from international nurseries
were recommended for commercial
cultivation and, simuitaneously,
agronomic requirements of the varieties
and sced storage practices were made
available to the growers.

Varieties now under cultivation include
Sonalika (60 to 70%), followed by

INIA 66 (10 to 15%); others grown are
Tanori 71, Jupateco 73 and Pavon 76.
The farmers’ preference for Sonalika is
due to its short maturity period (100 to
105 days), attractire large white grain
and wide adaptatio.1 under both
irrigated and dryland conditions: it is
especially suitable for late seeding.
However, Sonalika is now susceptible to
leaf rust and leaf blotch diseases.
Balaka, a white-graiied varlety,
recommended in 1979 for late seeding
under dryland and partially irrigated
conditir-..s, is now in cultivation (1983-
84 season). Four new varieties, Ananda,
Kanchan, Akbar and Barkat, were
released in 1983 and are in a seed-
multiplication program. They are
resistant to leaf rust and moderately
resistant to other follar diseases and
have a 10 to 20% yield advantage over
Sonalika. It is hoped that these varieties
will soon replace Sonalika.

The breeding materials from national
and international programs are being
evaluated. The superior genotypes
selected from international sources are
entered into the natlonal program. At

present, about 400 single and top
crosses are made annually. Individual
plant selections are also made under
Bangladesh conditions from the
segregating F9 spring x winter and
spring x spring crosses, including the
F9 helminthosporium nursery material
received from CIMMYT,

Since the majority of the wheat area is
rainfed, tolerance to drought and
resistance to leaf rust and other foliar
diseases, especially leaf blotch caused
by H. sativum, is of primary
importance. Emphasis is being placed
on the following areas:

® Evolve short-duration varieties,
similar to Sonalika in maturity, with
post-anthesis tolerance to heat and
suitable for late plantings after the
harvest of tiansplanted amon rice;

¢ Develop varieties with high yield
potential for optimum seeding dates
(mid to late November), suitable for
dryland and irrigated situations;

® Evolve juvenile heat-tolerant
varieties suitable for late October or
early November planting, especially
for improved tillering ability under
high temperatures:;

¢ Develop varieties suitable for
semisaline soils, which are found in
vast areas and are lying idle in the
southeastern and southwestern parts
of the country:;

¢ Develop varicties tolerant to the low
pH of some areas, and

¢ Develop durum wheat varieties
which can improve the quality of
foods, such as suji, semolina and
noodles, which are now being
prepared from bread wheats.
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Agronomic practices

Much attention is needed in agronomic
research. Cultivation techniques for a
rice-wheat cropping pattern must be
studied in regard to the effects of
tillage, soil moisture conservation and
water management. For transplanting
rice, soll is puddled with a wooden
country plow that creates a strong plow
pan in some .oils; this Is a barrier to
penetration by wheat roots. It causes
the crop to be more susceptible to
molsture stress or, if irrigated, creates
waterlogging and a lack of normal plant
development. Conservation of soil
molisture by appropriate tillage methods
is also necessary for rainfed areas.

Research should be strengthened for
refining fertilizer recommendations,
especially for potassium, and studies on
micronutrients, such as sulfur, zinc,

copper and manganese, should be
undertaken. Mixed cropping or
intercropping with other winter crops is
a practice followed, and this must be
considered in all its ramifications.

Post-harvest technology

Research on farm-level seed and grain
storage needs further attention. Low-
cost threshing devices must be
developed to resolve the present
threshing problem.

Conclusions

In 1981, the Canadian International
Development Agency (CIDA) provided
grants to strengthen the existing wheat
research programs carried out by
Bangladesh in cooperation with
CIMMYT. It is hoped that, as a result of
this cooperative research program,
Bangladesh will be able to close its
recurring food gap (1.5 to 2 million
tons) by Increased wheat production.



Wheat Improvement Programs
for the Hotter Parts of India

J.P. Tandon, Wheat Program,

Indian Agricultural Research Institute, New Delhi, India

Wheat is the most important cool-
season food grain crop of India. During
1983-84, wheat was cultivated on more
than 22 million hectares, producing
about 45 million tons of grain. This
represents a tremendous increase over
the 6.46 million tons of wheat grain
produced in 1950-51. During this
period, the productivity per hectare has
increased from 663 kg/ha to more than
1,800 kg/ha. The increased productivity
is attributable partly to better irrigation
facilities and the increased use of
fertilizer; the major factor, however, is
the popularization of high-yielding
dwarf wheats whicir have enabled
efficient utilization of the created
resources, The figures for area,
production and productivity over the
period since Indian Independence are
given in Table 1.

The major wheat-growing states are
Punjab, Haryana, Uttar Pradesh,
Madhya Pradesh, Rajasthan, Bihar,
Gujarat, Maharashtra and West Bengal.

Area production and yield per hectare
in various wheat-growing states are
shown in Table 2.

Among the important wheat-growing
states, wheat in Karnataka,
Maharashtra and Madhya Pradesh is
grown in a typical hot, tropical climate.
In considerable areas of Gujarat, Bihar,
West Bengal and Assam, wheat is also
cultivated in a fairly hot climate. The
maximum and ininimum temperatures
during the wheat crop season at four
locations representing typical wheat-
growing area: of the country are
presented in Figure 1; average
temperatures are presented in Figure 2.
It is clear from these figure that wheat
is grown prirnarily in the coolest
environments ir: the hills, followed by
the northwestern parts of the country;
in the east and south it is cultivated
under much higher temperatures.
Another aspect which is clear from
these figures is that temperatures are
highest at times of planting and

Table 1. Wheat area, production and vield, India, 1946-47

to 1982-83
Area Production Yield

Year {000 ha) {000 tons) {kg/ha)
194647 10,120 6,232 616
1951-52 9,47 6,182 653
1956-57 13,424 9,403 695
196162 13,750 12,072 890
1966-67 12,832 11,393 887
1971-72 19,139 26,410 1380
1976-77 20,922 29,010 1387
1981-82 22,308 37,833 1696
198283 23,0002 425002/ 18473/

al Estimated

Source: Area and Production of Principal Crops in India
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maturity in most parts of India. In fact,
wheat growth duration in various parts
of the country is determined by
temperature limits.

Agronomists and physiologists have
found that, for the planting of wheat,
average temperatures should be around
20 to 22°C. They have also found that
grain development is adversely effected
if the average temperature exceeds
25°C. These temperature limits
represent the limits of crop growth
duration. The spring wheats, which are
commonly grown in India, seem to be
capable of adjusting their growth
duration to these temperature variatinns.
It is interesting to note that appropriate
temperatures for sowing are reached at
more or less the same time throughout
India, and the recommended dates for
planting are alsc similar for all parts
except the hills, where they are earlier.
Days to flowering of five widely adapted
wheat genotypes in some of the
representative parts of the country are

given in Table 3. showing how the
number of days is inversely related to
temperature.

It is obvious from this table that crop
duration is reduced to less than half in
the extremely hot temperatures as
compared to the cooler climate of the
hills. Other unfavorable effects of high
temperature include:

® Reduced crop stand;

® Rapid entry into the reproductive
phase, leading to very early
flowering;

¢ Reduced tillering due to inadequate
vegetative growth;

® Reduction in grain size (physiologists
have estimated that there is a 10 to
15% reduction for every 5 to 6
degree rise in temperature above
24°Q);

® Dessicatio1 of the leaves;

* Changes in disease and pest
brevalence patterns, and

® Low yield.

Table 2. Wheat area, production and yield in important wheat-growing

states, India, 1981-82

Area Production Yield
State {lakh ha)ﬂ/ (lakh tons) {kg/ha)
Assam 1.02 1.16 1130
Bihar 17.44 25.69 1473
Guijarat 7.04 14.07 2000
Haryana 15.62 36.82 2357
Himachal Pradesh 3.54 4.30 1216
Jammu and Kashmir 1.98 2,04 1032
Karnataka 3.42 2.30 674
Madhya Pradesh 32.93 32.74 994
Maharashtra 11.28 9.88 876
Punjab 29.17 85.53 2932
Rajasthan 17.73 29,42 1660
Uttar Pradesh 78.49 128.83 1641
West Bengal 2.13 3.02 1417
Total India 223.08 378.33 1696

2/ Jakh = 100,000
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In India, a series of wheat varieties have
been developed that have yield
potential, under tropical conditions,
which are comparable to those in other
parts of the country. Some of the
important recommended varietics for
areas where wheat is grown under
relatively hotter climates are:

® Northeast—Sonalika, UP262, K7410,
HP1102, HP1209, UP115, HUWS55,
HUW206, HUW213

® Central regions—Kalyansona, J24,
WH147, Lok-1, HD2236, HP2278,
Swati, Sujata, Raj 1555(d). A206(d).

® Peninsular regions—NI15439,
HD2189, Kalyansona, DWR39,
HD2278, Melvika(d). N59(d).
MACS1967

These varieties show normal plant
development when grown under
recommended cultural practices. One of
the few major deviations from normally
recommended cultural prectices is for
the peninsular zone, where wheat is
grown under the hottest temperatures
in the country; there it is rccommended
that the seed rate be increased from the
normal 100 kg/ha to 125 kg/ha.
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Figure 1. Temperature variations during the wheat crop season in various

regions of India
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In the central and peninsular parts of
the country, wheat is cultivated under
rainfed conditions. In most of India,
although the monsoon rains end by
about the middle nf September, wheat
cannot be sown until the end of October
or the beginning of November, when
temperatures make seeding possible.
During the intervening period, there is
severe loss in soil moisture. A number
of eultural practices are recommended
to conserve moisture but, in many
fields, moisture levels in the upper
layers become so depleted that
achieving good plant stands becomes
almost impossible.

None of the improved varieties is
capable of being sown earlier than
normal, as such sowing leads to severe
high temperature symptoms. In recent
years, attempts have been made to
identify genotypes which show a
minimum of adverse effects from high
temperatures when wheat is seeded
early. Some of these are Hindi 62, Raj
1771, Raj 1777, HI1011, H11012 and
VL616. These varieties possess some
sort of temperature insensitivity and do
not show reduced tillering or decreased
vegetative phase, and they give good

plant establishment and growth. These
materials are being used as sources for
developing superior strains for early
sowing. In fact, VL616 has recently
been recommended for early sowing in
the hills: however, high ternperatures
are not a serious constraint there. The
main purpose of its release is to escape
frost damage to floral parts, which is
acute if ears emerge during the very
cold temperatures of December to
February. Most of the improved
varieties show early ear emergence
when planted prior to the end of
October, even in the hills. In the
development of VL616, one of the genes
governing vernalization response has
been exploited to regulate entry into the
reproductive phase when severe cold
has passed.

High temperaturcs during grain filling
pose another constraint to wheat
production, although crop duration in
most parts of the country is so adjusted
that it matures before extremely
unfavorable temperatures are reached.
However, a sudden rise in temperature
prior to normal maturity is a widely
prevalent phenomenon in almost all
parts of the country. Such erratic rises
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Figure 2. Average temperatures during the wheat crop season in various

regions of India
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in temperature are capable of causing needs further research, especially from
considerable reduction in grain yield. the point of view of heat-tolerant

Some differences among genotypes genotypes and the incorporation of this
have been recorded. but this aspect characteristic into improved varictics.

Table 3. Days to flower for five wheat cultivars in four locations in India

Days to flower

Almora, Hissar, Pusa, Dharwar,
Variety Uttar Pradesh Haryana Bihar Mysore
{cool) {cool) {fairly hot) (hot, tropical)
Sonalika 114 93 71 46
HD2285 121 101 78 47
HD2329 119 102 60 18
WH147 121 102 80 48

Raj 1555 121 101 78 47




88

Wheat Research and Production in Pakistan
M.A. Bajwa, Ayub Agricultural Research Institute, Faisalatbad,

Pakistan

Wheat is the staple food of the
inhabitants of Pakistan; its straw
constitutes an integral part of the daily
ration for livestock. Spring-type bread
wheat (T. aestivum L.) is the most
common species grown in the ten
wheat-production zones of the country,
whiie some durums are also cultivated
in a very limited area, mainly in the
rainfed area. The cultivation of wheat is
spread throughout four provinces. The
majority of both wheat-growing area
and production is found in the province
of Punjab (72% of each), with smaller
amounts in Sind (14 and 17 %,
respectively), Northwestern Frontier
Province (11 and 8%) and Baluchistan
(4 and 3%).

Bread Wheat Improvement

Work for the improvement of wheat
was initiated in the country as early as
1883, and a number of varieties (T9,
T11, BA, 9D, C518, C591, C250, C217.
€228, C271 and C273) were released
from time to time until the mid-1950s.
The wheat program was, huwever,
revolutionized by the release of the first
semidwarf, fertilizer-responsive, disease-
resistant wheat variety Mexipak 65 in
1965. This variety almost doubled the
yield of the old tall local wheats. Since
that date, 30 bread wheat varieties have
been released for different wheat-
growing areas of . *kistan.

Although remarkable improvement has
been made in wheat production, yield
per unit area is still lower than that of
many developing and developed
countries of the world. This paper deals
with improvements made in input
resources, future wheat requirements,
the various constraints causing the
yleld gap, breeding efforts fcr stablizing
and enhancing production and future
research strategies.

Improvement in Input
Resources and Varieties

During the 1970-71 s-ason, the wheat-
growing area in Pakistan increased
from 6 to 7.1 million hectares, seed
distribution rose from 8.32 to 50.14
thousand tons and water availability
per hectare of land from 24.69 million
acre feet (MAF) to 717.07 MAF,
compared to the pi2vious season.
Between 1971-72 and 1980-81,
fertilizer use per hectare of arable land
increased from 31.6 to 74.21 kg/ha, and
credit distribution from USS 0.43 to
25.47 million.

The combination of the release of
improved varieties with this increase in
inputs has led to an increase in wheat
production of 192%. from 3.81 million
tons in 1960-61 to 11.15 million tons in
1982-83. Yield has increased 107 %,
from 822 to 1,707 kg/ha.

Population and
Wheat Requirements

For 1985, the projected population for
Pakistan is 92.97 million, and wiieat
production, 12.67 million tons; 12.81
million tons of wheat would be required
for that population. Self-sufficiency in
wheat was attained in 1981-82, before
the expected time, due to bumper
crops. However, this marginal self-
suffictency may be disturbed by natural
hazards at any time; therefore,
concerted efforts are needed to
maintain the tempo of increased
production to meet the 1utire
challenge.

Yield Gap

A substantial yield gap has been
observed between yleld at the
experiment stations and on farmers’
fields in each province. This gap is
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primarily due to a lack of finances on

the part of the majority of farmers for

implementing modern technology for

wheat production. Thus, there is great
scope for improving wheat production
and yleld in the country.

Constraints to Production

Like many developing countries, wheat
production !s confronted with both
biophysical constraints (disease,
fertilizer, water, seed, varieties, cultural
practices and salinity/sodicity) and
socioeconomic constrainis (credit,
knowledge, experience, tradition and
institutions).

Disease

Although several diseases attack wheat,
the most important are stripe and leaf
rusts, loose and flag smuts, Karnal bunt,
powdery mildew, helminthosporium leaf
spots and foot and root rots. Other
diseases, such as those caused by
Septoria spp., downy mildew, black
point and black chafl, are of minor
{1aportance. The major thrust in the
breeding program at present is to
develop wheat varieties which are
resistant or tolerant to the principal
diseases. Measures to minimize their
adverse effects on production are also
being investigate.. The reactions of
comrercial wheat varieties to important
diseases are shown in Table 1.

Table 1. Reactions of commercial wheat varieties to six diseases, Pakistan

Disease reaction-2/

Yellow Leaf Loose Flag Powdery Complete
Variety rust rust smut smut mildew bunt
Blue Silver S S S S S S
Barani 83/ MR-MS  MR-MS S R 5 -
Indus 79 MS MS S S S -
Bahawalpur 79 MS-S MS-S S S S -
LU26 S MS-S S MR R -
Lyallpur 73 S S S S S S
PARI73 MS-S S S S S S
Sandal MR-S S S MR S S
Sonalika MS-S S S S S -
Punjab 81 MS-S MR S S S -
Pakistan 81 MR MR S S R -
Faisalabad 83 &/ R R S MR S -
Arz MR-MS MR S S S -
Zamindar 80 MR-MS MS S S S -
Zargoon 75 MR S S S S -
Khyber 79 MR-MS S - - - -
Jauhar 78 S S - - - -
Sarhad 83.b/ R R - - - -
Kohinoor 83 &/ R R S S S -

as= susceptible, MS = moderately susceptible, MR = moderately resistant,

R = resistant
b/ Candidate for release
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The stripe rust races 66EQ, 6E16,
66E16 and 38E16 have been found to
be the most important while, for leaf
rust, races 57 and 77 have been most
aggressive and frequent. S.A. Rizvi has
reported that LR19, LR24, LR25, LR28
and LR29 genes have shown resistance
against a number of virulent isolates of
leaf rust. For controlling leaf rust
avtack, fungicides such as Indar,
Daconil and Balytan have proven
effective.

Wheat varieties Chat''S"", Bulbul, Chris,
Super X, WL1145, WL.1146, WL1257
and WL 1562 have shown resistance
against smut inoculum. The fungicides
Baytan, Topsin-M, Vitavax-200 and
Benlate have given good control of loose
smut, as has the solar energy method
which involves soaking wheat seed in
water for four hours and drying it in the
sun. Diseases such as flag smut,
powdcry mildew, helminthosporium
leaf spots and foot and root rots, which
earlier were not of much significance,
are now becoming important.

insect pests

Fortunately, wheat is not attacked by
any serious pests; however, infestation
with armyworm, cutworm, stem borer,
cornstalk borer and green aphids has
occurred in localized areas.

Drought

About 21% of total wheat area in the
country Is rainfed. The screening of
plant materials and the testing of new
varieties for drought tolerance are
carried out in rainfed a.<as or under
simulated moisture stress. Some of the
varieties (Blue Silver, Lyp 73 and Pak
81), which were developed for irrigated
areas, have also proved very successful
under rainfed conditions; therefore, the
testing of new varieties under both
irrigated and rainfed conditions is
encouraged. The new variety Barani 83
{s now awaiting release.

Salinity/sodicity

At present, 2.4 million ha of laud in
Pakistan have been rendered saline-
sodic and, with the continuous use of
low-quality water, this menace is
increasing every year. Wheat yield has
been found to be reduced by 19%
under moderately saline-sodic soils.

Lack of nutrients

Yield constraint experiments in
Irrigated and rainfed areas have shown
that the proper application of fertilizer
is of utmost importance. Yield
reductions ranging from 51 to 73%
have been observed without proper
fertilizer use. This clearly demonstrates
that wheat yields can be substantially
Increased if fertilizer use Is properly
regulated in the country.

Planting date

More than 50% of the wheat in Pakistan
Is planted late, i.e., during the month of
Deccmber. Planting date experiments
have shown that yield is progressively
reduccd with delays in planting. Yield
was found to be recuced by 28.8 and
57.8%. respectively, when sowing was
delayed from November to December
and from November to January.

Weeds

Chenopodtum spp., Phalaris minor and
Convolvulous spp. have becn found to
be the major weeds. Wheat yields were
found to be increased by 167.7, 140.7
and 136.3%, respectively, over the
weedy control when v.eeds were
controlled by the herbicides Dicuran
MA, Tribunil and Graminon.

Durum Wheat Improvem=nt

Systematic durum wheat improvement
work was begun in the mid-1970s, and
two promising durum lines, V79717
and V79736, have shuwn superiority in
yield and disease tolerance as compared
to the bread wheat checks: ey are in
the final stages of release.
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Triticale Improvement

Regular breeding work for the
improvement of triticales has been
initiated, and efforts are under way to
develop new primary and secondary
triticales and to improve spike fertility,
grain hardness, color, plumpness and
milling, baking and nutritional quality.
Although three triticale lines, T-1-83,
V1399 and V80523, have shown good
vield - erfformance, their commercial
explc 1tion seems doubtful before flour
yleld «traction), grain hardness,
bread-.naking quality and grain color
are improved.

Summer Whecat
Nursery in Kaghan

The second wheat crop (ofi-season) is
grown during the summer at high
elevations at Kaghan (2134 m) to
advance a generation, increase seed of

elite lines and screen promising lines
for disease resistance. The station is
proving very useful for accelerating the
breeding program.

Future Research Strategies

Future strategies for the improvement
of wheats and triticale will involve more
emphasis on breeding varieties which
possess wider adaptation and can
withstand various types of stresses
(disease, high temperature, cold and
frost, moisture shortage, salinity-
sodicity and waterlogging). Efforts will
also be made to develop wheat varieties
with low input requirements.
Improvement of grain characteristics
and milling and baking quality of
triticales will also rcccive greater
attention.
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Production Constraints and Research Priorities

in the Southern Winter Wheat Region of China

C.F. Zhou, Institute of Food Crops, Jiangsu Academy of
Agricultural Sciences, Nanjing, Jiangsu, China

Wheat has been cultivated in China for
more than 4,000 years, and it is grown
In almost all parts of the country.
According to natural environmental
conditions, cropping systems and
varietal distribution, the wheat-growing
areas are broadly classified into three
major production regions, including the
northern winter wheat region, the
southern winter wheat region and the
spring wheat region (5,6). These are
subdivided into ten different ecological
regions to better define the varietal type
needed for successful wheat production
{Figure 1).

1. North China
winter wheat
region

2. Yellow-Huai
River winter
wheat region

3. Mid-lower
Yangtze Valley
winter wheat region .

4. Southwest winter wheat region

5. South China winter wheat region

6. Northeast spring wheat rcgion

7. North China spring wheat region

8. Northwest spring wheat region

9. Qing-Zang spring-winter wheat region

Wheat Production in the
Southern Winter Wheat Region

The southern winter wheat region of
China is situated to the south of the
Hual River and Qinling Mountains, and
covers three ecological regions, the mid-
lower Yangtze Valley winter wheat
region, the southwest winter wheat
region and the South China winter
wheat region (regions 3, 4 and 5,

Figure 1).

o

10. Xinjlang winter-spring wheat region

Figure 1. Wheat-growing areas in China, 1983

Source:

Chinese Wheat Cultivars and their Pedigrees, S.B. Jin, ed. 1983.

Agriculture Press, Peking, China.
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The climate in this region is warm,
with sufficient rainfall. Wheat is more
widely grown in the subtropical zone
than in the tropics. In the Yangtze
River Valley, the annual average
te.nperature is 15 to 19°C. The average
temperature in January varies from 2
to 10°C, with the minimum
temperature about -10°C. Annual
rainfall is between 800 and 1.500 mm,
and the frost-free period lasts 220 to
2730 days, depending on the area. In
South China, the annual average
temperature varies from 16 to 24°C,
and the average temperature in
January, from 6 to 19°C. Annual
rainfall, depending on the area, ranges
from 1,000 to 2,400 mm. The frost-free
period lasts 240 to 300 days: less frost
occurs in the southern part of the
region.

The soll pattern in the southern winter
wheat region is complex, including rice
solls, yellow soils, red solls, purple solls,
yellow -drab solls, drab soils and brown
soils. [he cropping index is high, with
three types of double-cropping systems,
wheat with rice, wheat or barley with
upltand cotton and wheat with food
grains other than wheat or rice. Among
these, the double cropping system of
wheat-rice Is the most prevalent,
covering more than two-thirds of the
total wheat area: a triple cropping
system of wheat-rice-rice is also
practiced.

Under these climatic conditions, soft
red wheat (Triticum aestivum L.) is
widely cultivated. Wheat varleties are
fall sown, but are mainly of spring
habit with little or no vernalization
requirement and photoperiod
sensitivity. Some varieties are
semiwinter types, with medium to early
maturity and a long dormant period
which prevents sprouting in the head
before harvest.

Wheat raiiks next to rice in importance
in cereal production in the southern
winter wheat region. In recent years,

about 9 million hectares of wheat have
been grown; of this, about 5 million
hectares are in the mid-lower Yangtze
Valley, 3.2 million hectares in the
southwest winter wheat region and

0.8 million hectares in the South China
winter wheat region. Average wheat
yields have increased greatly in the past
30 years, rising from 0.7 t/ha in 1949 te
2.7 t/ha in 1982. These average yields
have exceeded that of the country as a
whole. In the last several years, the
wheat area in the region represented
33.2% of the total wheat area of China,
and total production represented 37%
of the entire country.

During the last few years, the nation's
highest average wheat yield has been in
this region. For example, the average
yleld in Jiangsu province reached 3,720
kg/ha in 1983 (Table 1). The Jlangsu
Academy of Agricultural Sciences and
other institutions attained yleld levels of
more than 7.5 t/ha between 1979 and
1082; ii.1s shows the prospects for
wheat production in the region.

Variety Improvement

The wheat breeding program in the
southern winter wheat region started
many years ago. In the eariy 1920s, the

Table 1. The development of wheat
production in Jiangsu province, China,
1949 to 1983

Cultivated Production Yield
area (000 tons) (kg/ha)

Yaar (000 ha)
1949 3229 2165 670
1959 2227 2472 1110
1969 2460 3375 1351
1979 2375 8261 3478
1980 2324 7789 3351
1981 2367 7383 3119
1982 2424 8639 3563
1983 2704 10061 3720
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famous early-maturing variety Jiang-
dong Men was selected from the
indigenous variety, Sanyuehuang. In
the 1930s, the former National
Agricultural Research Bureau (NARB)
and some other institutions launched a
cross-breeding wheat program. A
number of crossing combinations were
first made in 1934 in Nanjing, from
which emerged the first varieties, such
as Liying 3, Liyving 4 and Liying 6.
Yield levels were still very low in the
1940s. Indigenous varieties were
mainly grown, making up more than
90% of the total wheat-growing area.

The indigenous varieties in the region
are usually characterized by good
adaptation to the local environmental
conditions, and some have good
tolerance to excessive soil moisture and
wheat scab. However, they generally
have poor yield potential and no
resistance to rusts. Nevertheless, these
varleties are valuable resources for
wheat breeding and genetic studies
today.

The wheat breeding programs in the
region use indigenous varieties with
good adaptability to local ecological
conditions. At the same time, much
attention is paid to the introduction of
foreign varieties and the direct or
indirect utilization of their charact=rs in

order to attain the best varieties for the
region. According to incomplete
statistics, 357 new improved varieties
have been selected and released in the
region during the last 30 years. These
varieties have replaced the old,
indigenous varieties and have
contributed .. great deal to wheat
production in the region. Generally,
these new varieties have good
adaptability, medium to early madurity,
disease resistance and better yield.
Wheat rusts in the region have been
effectively controlled for 20 years
through genetic resistance. Some
famous improved varieties that have
been released are Huadong 6 and 7,
Aiganzao, Wumai 1, Ningmai 3 and 6
and Yangmai 1, 2, 3 and 4 (Jiangsu
province); Zhemai 1 and 2, (Zhejlang
province); Emai 6 and Jingzhou 1
(Hubei province); Wannian 2 (Jtangxi
province); 5.1 Mai, Chuan Mai 8, Fan 6
and 7 and Mianyang 11 (Sichuan
province): Yun 778 and Yun Mai 32
{Yunnan province), and Jinmai 2148,
Fumal 7 and Longqi 35 (Fujian
province}.

Introduced foreign varieties with good
rust resistance gene(s) and high yield
potentials have been used extensively
as parents in variety improvment in
this region. The improved varieties
have been developed by various
breeding methods (Table 2).

Table 2, Improved varieties of wheat developed in the mid-lower Yangtze Valley, China,

1950s to 1970s

1950-1959 1960-1969 1970-1979 1950-1979
Breeding No. O/o of No. O/o of No, %/ouf No. O/o
method total total total
Introduction 8 276 6 15.8 9 9.1 23 139
Pedigree selection 6 20,7 7 18.4 17 17.2 30 18.1
Intervarie*al crossing 7 241 16 421 57 576 80 48.2
Wide crosses 8 276 6 15.8 3 3.0 17 10.2
Radiation breeding 0 0 3 79 13 13.1 16 9.6
Total 29 17.5 38 229 99 59,6 166 100.0
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Recently, the pedigrees of 125
improved varieties from the mid-lower
Yangtze Valley were analyzed. Twenty-
eight of them were derived from
indigenous varieties, and 92 from
Italian varieties; about three-fourths of
the improved varieties were derived
from Italian varieties. There were also a
few varieties derived from varieties
from other countries; eight were from
the USA, seven from Chile, three from
the USSR, three from Australia and two
from Mexico.

Major Wheat
Production Constraints

Wheat production in the southern
winter wheat region has developed
rapidly in the last ten years, but the
factor of yield instability still exists. For
instance, during the past 34 years,
production increased 18 years in the
southern part of Jiangsu province and
decreased 16 years. This was caused by
various production constraints in the
region.

First, there is excessive and poorly
distributed rainfall during the wheat-
growing season, particularly in the
spring. It generally consid zrably
exceeds wheat’s physiological
requirements, and seriously influences
growth and development. For instance,
in the winter v' -at region of the mid-
lower Yangtze lley, average
precipitation from the seedling stage to
maturity usually amounts to 430 to 755
mm, of which 224 to 626 mm is in the
spring (March to May), making up 48.5
to 82.9% of the total rainfall during the
wheat-growing period. According to
meteorological data for the southern
part of Jiangsu province from 1951 to
1980, average rainfall during the period
of elongation to maturity was 270 to
320 mm; there was one rainy day in
every 2 to 2V2 days. In the years of
over-abundant rain, there may be up to
400 mm during this period. Excessive
moisture is the most important reason
for the instability of wheat production,
and it also enhances scab infection.

Statistics from the Suzhou Prefectural
Agricultural Research Institute for the
last 28 years shows that seriouts scab
epidemics occurred in five of those
years; the rate of infection reached 50
to 100% and caused yield losses of 20
to 40%. There were ten years with
medium epidemics, with a rate of scab
infection of 20 to 40% and yield losses
of 10 to 20%:; light or zero scab damage
occurred in 13 years. The average
frequency of scab epidemics was
53.3%. with cne year of serious or
moderate scab epidemics out of every
two years. For this reason, varieties
with high tolerance to excessive soil
moisture and good resistance to wheat
scab are urgently required for the
region,

The second limiting factor in the region
is high temperature during the late
growing period of wheat. The average
number of days when air temperature
goes above 30°C is usually 2.2 to 9.1
days during the ripening period.
Sometimes, before harvest, there may
be high temperatures with low
humidity, high evaporation and hot,
dry sc..t ~wvest winds. This combination
of factors dries the grain so quickly that
prematuie senescence or even green
death during the mili stage can occur:
this, of course is a major reason for low
grain weight. Thus, it is necessary to
develop a wheat variety with quick
grain filling, early maturity and a long
period of seed dormancy in order to
resist germination in the head caused
by the excessive precipitation and high
temperatures in the late growing stage.

High and stable yields of v heat are also
limited by poor drainage facilities, low
solil fertility, rough tillage, weeds and
damage by diseases and insect pests.
There is also a large amount of red-
yellow soils in Jiangxi, Hunan, Yunnan
and Guizhou provinces. This type of
soil is not suited to the growth of
wheat, and yield per unit area in these
provinces is very low.
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Practice has showed that the following
measures would be effective in
resolving the above problems:

® Establish systems for rapid drainage,
so that the ground-water level is
lowered and soll moisture content
decreased. With the consequent
Increase in soil aeration, injuries
from excessive sofl moisture would
be avoided or alleviated:

¢ Improve tillage practices in order to
make the soil more suitable for the
growth of wheat;

¢ Utilize proper rotation systems of
rice, wheat, rape seeds and green
manure crops so that sofl fertility {s
Increased, and

® Eliminate damage from disease and
Insect pests. Scab, rusts (stem, leaf
and stripe), powdery mildew, sheath
blight, armyworm and aphids are
major problems in the region.
Bavistin spray at the flowering stage
Is an effective deterrant. Powdery
mildew and rusts can be controlled
with Bayleton; Validamycin is
recommended for sheath blight.

Research Priorities in the
Southern Winter Wheat Region

Wheat prroduction in this region has
beer: greatly increased in the last 30
years. Without doubt, this has been
clcsely related to varietal improvement,
research on the rice-wheat rotation and
the improvement of farm capital
investment. Research must now resoive
the problems of instability while further
Increasing production and average
yield. The wheat research programs
will focus on variety improvement. with
special attention on disease resistance,
early maturity and increased yield
potential.

Discase resistance

Diseases are one of the main production
constraints to increasing wheat yields
In the region. Wheat scab, rusts,
powdery mildew and sheath blight are
all present, but head scab causes the
greatest damage. Breeding for scab-
resistant varieties has been carried on
in Jiangsu province since 1975,

Screening for scab-resistant
germplasm—Although no germplasm
has been found with complete
immunity to scab, the response of
varieties to scab are different. Some
have fairly good resistance to scab,
while others are badly damaged. For
Instance, Wangshuibal is an old
Indigenous variety with good scab
resistance. Scab-resistant germplasm is
being used in the crossing program. A
few advanced lines have been
developed with high resistance to scab
and other diseases, combined with
better yield potent 1l and early
maturity.

Identification of scab-resistant
strains—Artificial inoculation in the
laboratory or in the field by soll-surface
Infection is being conducted in Nanjing,
Multilocation tests are also being
conducted on 30 sites in the mid-lower
Yangtze Valley and Fujian province to
identify materials with enhanced scab
resistance.

Early maturity
Early-maturing varieties with high yield
potential could meet the needs of a
double or triple cropping system and
escape destructive diseases and
premature senescence caused by high
temperatures and excessive molsture

injury.

Increased yield potential

In the better production areas,
ser.ddwarf varieties that have large
spikes and that are responsive to inputs
and resistant to lodging are required
and must be developed.
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Variety improvement must also be
combined with agronomic resecarch.
Agronomists {n southern China have
been working on the population
structure of high ylelding wheat,
including yield components and
cultivation techniques. These
technologles have led to better ylelds of
wheat after rice in the last ten years,
and have played an active role in
increased wheat production. Agronomic
research must be further stressed in
order to increase the production,
quality and economic benefit of wheat
in the region.
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Wheat Production Constraints
and Research Priorities in Indonesia

T. Danskusuma, Sukamandi Food Crops Research Institute,
Cikampek, Sukamandi, Indonesia

While rice production in Indonesia is
nearing self-sufficiency, wheat imports
are rising dramatically. Wheat
consumption has increased significantly
each year during the last decade; this is
clearly reflected in increasing wheat
imports. In 1970, wheat flour imports
were 557,000 tons, and total wheat
grain imports have continued
Increasing until, by 1981, they reached
1.5 million tons {Figure 1).

Wheat has been grown in Indonesia for
a couple of centurics, especlally in the
relatively isolated highlands, such as
Pangalengan in West Java, the Dieng
Plateau and Salatiga in Central Java
and Brumo-Tosari in East Java. The
area has always been nominal,
compared to that occupied by other
food crops. Limited adaptation to high
elevation and competition from highly
profitable crops, such as vegetables and

industrial crops, have kept the wheat-
growing area negligible.

It now appears that, by the end of
Indonesia’s fourth Five Year Plan in
1989, domestic wheat production will
be making a contribution towards self-
sufficiency in food carbohydrates within
the country. Therefore, since early
1981, the Indonesian government has
given more emphacis to increased
wheat production.

Wheat research was begun in the early
1980s, after wheat materials were
received from India and Pakistan and,
subsequently, others were received
from Spain, the Philippines and,
especially, from CIMMYT.

Research will concentrate on the
development of wheat lines that are
adapted to the various growing
conditions in Indonesia, identification of
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Figure 1. Indonesia imports of wheat and flour, 1970 to 1980



79

those areas that are suitable for
growing wheat, wheat husbandry and
time of planting, disease control and
post-harvest technology. including the
processing of wheat.

Production Constraints

Earlier reports indicated that wheat
could be grown with reasonable yield at
high elevations in the tropics. Results
from recent experiments in Indonesia
show that some varieties can be grown
successfully in relatively low-elevation
tropical environments. In 1982 and
1983, in Kuningan, West Java (550
meters above sea level), the average
yields of the five best varicties were
2,09 and 1.97 t/ha, respectively, Some
of these results are presented in
Tables 1 and 2.

Data were also obtained from a trial in
Mojosari, East Java (50 meters above
sea level), where the average yield of
the five best varieties was 1.59 t/ha.
These results indicate that wheat can
be grown in the tropics, even at low
elevations. 11 fact, most of the varieties
tested were *'physiologically’” adapted
to the tropics (they produced viable
seed). Low yield was the result of
agronomic measures which need
further research, as well as of the need
for breeding better-adapted lines.

Table 1. Mean grain yields of several varieties
grown in the dry season, Kuningan, Indonesia,
1982

Grain yield
Variety Origin (t/ha)
H1784 (Swati) India 2.33
R164.8/ CIMMYT 2.14
UPLW{ Philippines 2.13
Sandal Pakistan 2.12
IWP72 India 2.11
N16439 India 2.04
Lyallpur 73 Pakistan 1.81

2/ CM2699-12M-1Y-5M-2Y-4M-0Y

Constraints against a continually
successful wheat crop are still great.
Scab iIncidence is a continuous threat,
especially when there is unusually
heavy rain during the flowering stage.
Until now, there has been no single
variety identified as having true
tolerance to this disease. Effective
measures against root rot caused by
Sclerotium rolfsit must still be
investigated. Fungicides available for
seed treatment have not been found to
be effective.

In the tropics, it is a well-known fact
that it is easier to maintain soil fertility
in the lowlands (paddy fields) than in
the uplands, since the latter is prone to
heavier erosion. The deteriorating soil
fertility of the uplands has complicated
varietal evaluation to the extent that
the varieties have been blamed as not
being adapted to the hot, humid
tropical environments. In a soil fertility
trial, the use of 20 tons of manure per
hectare was found to be optimal for
yield. Since this practice would be
difficult on a large scale, alternative
measures to improve the growing
environment must be considered, such
as proper crop rotations and the use of
green manure crops. Only in such
improved environments would the
evaluation of wheat potential in the
tropics be meaningful.

Determining proper tillage operations
for upland crops grown in lowland
paddy fields (normally after the second
rice crop) is also difficult. Various
management practices need to be
tested and evaluated for raising a
successful wheat crop.

Research Priorities

The general objective of the Indonesian
wheat research program is to identify
and develop high-yielding varieties
adapted to growing conditions in
Indonesia. Also necessary is the
identiflcation of technology that would
guarantee yields of at least 1.5 t/ha.
Research will be conducted under
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various growing conditions, with wheat

as a secondary crop after rice and on
irrigated as well as rainfed uplands.
Initially, research will depend heavily

on introductions from traditional wheat-
growing countries and, especially, from
CIMMYT. Screening will have as its
priority, yield capability and adaptation,
tolerance to important pests and
diseases and good quality
characteristics.

Special objectives toward which
attention will be directed are:

The identification and development
of superior wheat genotypes through
extensive introduction and, later,
hybridization or other techniques for
combining high productivity with
good quality, nutritional value and
adequate environmental stress
tolerance;

The determination of land
preparation practices for
guaranteeing reasonable plant
density for high yield;

The evaluation of agronomic
characters and disease tolerance of
selected materials in different
locations;

The determination of nutritional
value and quality characteristics of
selected varleties at the cereals
laboratory, Sukamandi Food Crops
Research Institute (SURIF);

The determination of consumer
acceptability, according to the
intended use of the wheat:

The evaluation of crop production
practices for enhancing yield, and
The determination of proper planting
dates of wheat within multiple
cropping systems.

Table 2. Yield and yield components of wheat varieties grown at Kuningan,

Indonesia, 19832/

Yield 1000-grain No. grains No. spikes
Variety (t/ha) weight per spike per m2
HI784 205a 398¢ 22ab 347 abc
V1287 2.04 a 37.5 de 21 abed 333 abc
Lyallpur 73 2.04 ab 39.3 cd 19 abed 340 abc
UPLW1 1.92 abc 34.0 ghi 18 abcd 378 a
LOK1 1.80 abed 36.8 ef 18 abed 337 abc
HD2009 1.73 abcd 34.9 defgh 24 3 326 abc
Sonalika 1.72 abed 43.0ab 16d 343 abc
LU26 1.72 abed 33.7 ghij 20 abcd 326 abc
Sandal 1.69 abed 35.8 efg 21 abed 283 abc
Lakhish 1.65 abed 39.6 cd 20 abced 328 abe
SA75 1.64 abced 315k 21 abed 346 abc
R164 1.60 bed 36.3 ef 18 abcd 335 abc
UP115 1.59 ¢d 33.8 ghi 17 bed 320 abc
Surefio 1.59 cde 326 ijk 22 ab 303 abe
HW135 1.55 cde 41.0 be 17 bed 274 be
B-3 1.54 cde 32,5 ijk 22 ab 355 abe
IWP72 1.63 cde 449 a 16 cd 295 abe
UP262 1.50 cde 41.4 be 16 cd 337 abc
Chenab 79 1.40d 31.2k 21 abed 368 ab
K342 1.36 de 33.3 hijk 20 abcd 263 ¢
Blue Silver 1.15e 34.8 fghi 16 cd 261 ¢

al Means followed by the same letter or letters are not significantly different at the 50/0

level
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Wheat Growing in the Philippines

C.2. Escano, Crops Research Department, Philippine Council for
Agriculture and Resources Research and Development, Los Baiios,

Philippines

Wheat research and production are not
new ventures in Philippine agriculture.
Historical records show that wheat was
first grown successfully in 1664, and
flourished during the Spanish regime.
However, later it totally disappearcu
from the Philippine scenc.

Several attemipts were made to revive
wheat production, but these failed.
mainly duc to the lack of suitable
varietiee. While progress has been slow,
long years of experimentation and
experience have indicated that wheat
can be grown in selected areas of the
country. Varieties Trigo 1 (UPLW1) and
Trigo 2 (UPLW2) have been developed
and are adapted to selected
agroclimatic conditions. Specific arcas
of production and cultural management
requirements also have been identified
and whcat production technology has
been pack.i1ged: nevertheless, much still
remains to be accomplished.

Pilot Wheat Production Program

The present joint program of the
National Science and Technology
Authorily, the Philippine Council for
Agriculture and Resources Rescarch
and Development (PCARRD) and the
National Food Authority (NFA) will
include wheat in their packages of
technology (POT) that will be
demonstrated for the rice-based
production system. This system is
relevant to many arcas ol northern and
central Luzon, where irrigation water is
too limited to allow a sccond rice crop.
During the coolest part of the year,
December to February, wheat could
su~cessfully complete its cyele of
growth and development.

The National Wheat Preduction
Program, which was started In 1982, is
coordinated by PCARRD and has

participation from five government and
private agencies: it covers three regions
(Regions 1.2 and 3) of the country.
During the first ycar, it was conducted
in eight locations, with a total arca of
24.85 hectares. For the 1983-84
cropping year, a total of 46.89 hectares.
involving 94 farmer-coopcrators, were
included.

With the experience gained from the
previous cropping scason, better yiclds
were obtained during the 1983-84
scason. For example, in llocos Norte
and llocos Sur, average wheat yields
were 1,146 and 1,018 kg/ha,
respectively. Generally, farmer-
coopcerators who adhered to the
recommended practices ¢ stained better
yields, The average cost of producing

1 kg of wheat grain was estimated at
P3.86 (USS 0.20). In terms of harvest
quality, about 85% of the harvests were
classified as sced grade; that sced was
purchased by NFA at P5.20/kg

(USS 0.26). Some sites, however, had
poor yields and even failures, due to
various production and management
constraints.

Production Constraints

Continuous assessnmient of the
applicabiiity of the POT at the different
pilot sites identified several needs
before improved wheat production can
be realized. such ae fertilization, pest
and weed control, sced quality, credit
and crop insurancec,

The delayed harvesting of the rice erop
preceding wheat planting, which was
brought about by a long drought in
most prospective pilot sites, caused the
withdrawai of some farmer-cooperators
from the projeet.
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Lack of needed pesticides in the local
market resulted in heavy infestation of
foot rot and Helminthosporium leaf
spot. as well as damage from stem
borers in some pilot areas. It is also
evident that some farmer-cooperators
need further training in carrying out
certain components of POT,

Research Priorities

PCARRD is committed to the effective
and efficient management of
agricultural rescarch and resources.
Since its establishment in 1972,
PCARRD has carried out = mandate to
unite all research undertakings,
manpower, facilities, funds and other
prograin resourcces into a potent force
for national development. Thus, it sets
the long-range research dircctions for
the total rescarch system, rationalizes
the strategies and orchestrates the
mechanisms for attaining them.

Continuous brecding for high-yiclding
varieties, adapted to the climate of the
Philippines, is a vital part of wheat
rescarch. Yicld potentials must be
increased through selection for
agronomie characteristics such as
tolerance to cnvironmental stresses and
resistance to helminthosporium leaf
spot, foot rots, corn carworm and pink
stem borer. New introductions of wheat
from CIMMYT and the International
Center for Agricultural Research in Dry
Arcas (ICARDA) will be screened for
adaptability. This must be accompanied
by varietal testing of promising
selections on a regional level.

Seed production of the n:ost pron.:sing
sclections and varieties will be
vigorously pursued to make the seed
available for applied research trials and
for interested farmers and sced
producers. Varietal characters nceded if
wheat is to fit into rice-based cropping
systems have to be precisely
determined, as well as further

information on production constraints
such as weeds, discases and insects.
The economics of wheat production in
combination with corn, mungbean and
soybean must also be considered.

The need for more on-farm research is
esscntial. Recommendations for
fertilizer use and weed and discase
control that arc developed in the
rescarch stations must be verified on
farmers’ fields.

Socioeconomic studies will be
incorporated into the rescarch to assess
the profitability and acceptability of the
production program. Information from
the pilot areas with 1espect to the
methods and management procedures
of individual farmers in relation to
yiclds obtained and problems
cncountered will provide a data base for
decisions, policy making and further
rescarch dircctions.

Future Plans

Concerned people are optimistic that
most of the requirements for
commercial wheat growing can be met
through:

® Intensive sced production/
multiplication, cspecially of the new
promising lines:

® Expansion of the program, using
seeds producced from previous crops,
and

® Continuous refinements of the POT
to suit local conditions.

Detatied biophysical and socioeconomic
characterization and analysis of the
various pilot sites will be carried out to
rationalize the successes or failures
obtained from this pilot testing. The
training of technicians and farmer-
cooperators in wheat culturc and
management will also be a continuing
program. Interageney and multi-
disciplinary cooperation will be further
strengthened.
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Thailand Winter Cereeals Program
P. Chandhanamutta, Rice Research Institute, Kasetsart

University, Bangkok, Thailand

Thalland is a tropical country, lying
between 5 and 21°N latitudes; it has a
total area of about 513,000 square
kilometers. Wheat production is
possible in the cooler area of northern
Thailand, which lies above 18°N. This
region is a mass of mountains, with
several rivers, and level areas along the
larger rivers and streams. Total area of
lowlands, uplands and highlands are
0.9, 3.1 and 6.5 million hectares,
respectively. The lowlands are about
300 meters above sea level, rising to an
average elevation in the mountains in
the north of 1,600 meters. Mean
minimum and maximum temperatures
from November to February (the wheat-
growing season) in the lowland area are
13 and 28°C, respectively: mean
rainfall during the same period is

10 mm. Under these conditions, wheat
has a crop cycle of 100 to 120 days.

Wheat Consumption

The current population of Thailand is
about 50 million. Rice is the staple
cereal food. Per capita consumption of
rice in 1981 was 144 kg; that of wheat
was only 4.7 kg. Long-term prospects
for growth in wheat coiiz'unption are
tentatively placed at around 12%
annally. Wheat grain and flour
imports in 1981 amounted to some
250,000 tons; about 85% of the imports
was in wheat grain which went to four
flour mills in Bangkok. The mills are
currently running below full capacity.

Pricing

Thailand imports most of its wheat
from the United States. The CIF
Bangkok wheat price is USS 200 per
ton or USS 0.20 per kg. The Thai
government charges a tariff and other
taxes on wheat imports, estimatec to be
about 40% of the CIF value. This puts
the cost to the millers at approximately

USS 0.28 per kg. Local wheat farmers
expect to get USS 0.35 per kg as a farm
gate price. Therefore, only through
government protection and subsidy can
local wheat be competitive with
imported wheat. However, commercial
white flour cests about USS 0.60 per kg
or more. It is conceivable that a market
for a local flour would be an incentive
to farmers to grow wheat.

Wheat Use

Wheat farmers in Thailand produce
about 160 tons of grain annually, and
this small amount is sufficient to make
some local food products. Enzymes
from wheat sprouts are mixed with
cooked glutinous (waxy) rice to make
liquid glucose, which is used in special
candies. Cracked roasted wheat is
fermented with soybean to prepare soy
sauce and miso. Steamed cracked
wheat is used as a medium to culture
oyster mushroom spawn. The four
modern flour mills produce a variety of
high-quality flours and semolina, which
are used to make bread, cakes, pastries,
biscuits and noodles, as well as some
Thai and Chinese foods.

Wheat Marketing

With the limited local wheat
production, a direct trade between
farmers and foor” processors is generally
practiced. If the volume of trade is
expanded, the private merchants that
currently market rice and other field
crops would take wheat as a new
commodity. However, this middleman
in the rice marketing system is reaping
a very high profit. Therefore, wheat
marketing might bypass this
middleman. It is suggested here that
wheat production should be
incorporated into various rural
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development projects. Wheat
campaigns at the village level would
encourage farmers to grow and learn
how to prepare wheat for food. A smal
mill and balkery could first be
estabiished. Then, with production
experience and a larger number of
farmers involved, the point might be
reached when there would be enough
loczlly produced wheat to supply the
modern mills in Bangkok.

Potential Wheat Area

Wheat can be grown in three situations,
on 1) the rainfed highlands, 2) the
uplands, either rainfed or with
irrigation, and 3) the lowlands after
rice, either rainfed or with irrigation.

A thorough survey of potential wheat
area has not yet been made. One recent
study estimated that about 117,000
hectares of lowland rice soil in Chiang
Ral province are suitable for wheat
farming. The solls are loamy, somewhat
acid, moderately light in texture and
more than 150 centimeters deep. A
preliminary crop water use study
suggests an available soil-water
capacity of 250 mm in an area where
the 75 mm of rainfall normally required
for reliable rainfed crop production can
be expected in the month of October.,

Research and Development

Wheat research commenced In the
early 1960s as a project of the Ministry
of Interior. From that program, the two
currently available varieties, INIA 66
and Scnora 64, were selected. During
the 1970s, othci organizations became
involved and, in 1979, the first i- ational
Wheat Workshop was held to exchange
data and to coordinate research. The
workshop is now an annual event.

There are three separate entities
conducting breeding programs in
Thailand:

® The Department of Agriculture,

based at Samoeng, with the objective
. of breeding and selecting wheats for

the cooler medium and higher
altitndes;

® Chia.ig Mal University, selecting for
the areas with about 300 mieters
altitude, and

¢ Kasetsart University, selecting for
the hot, dry northeast region of
Thailand.

These three programs submit entries to
the Thailand Observation Nursery and
the Thailand Yield Nursery, which are
grown at many sites throughout the
country. The lines under evaluation are
largely selections from various CIMMYT
and ICARDA nurseries, although a
number have been derived from locally
made crosses.

Progress is being made in the selection
of wheats which outperform current
varieties (Table 1). Agronomic trials
have been carrled out by the three
organizations over the past four years,
and agronomic recommendations have
been tentatively formulated.

Table 1. Mean vyields of the five best-
performing lines in the Thailand Yield
Nursery, 1984

Mean yield

Name/pedigree {kg/ha)
UP262 2266
Quimori p 2257
Pi-Frond x Pi-Mazoe/Mexipak,

PK2858-73-2a-3a-0a 2251
Buckbuck””S"”, CM31678-R-4Y/-

2M-15Y-2M-1Y-OM 2124
Bluebiid-CNOG67 x INIA-Soty,

CM1502-8M-3Y-3M-2Y-OM 2102
INIAGE 1979
Sonora 64 1838
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Many farmers are now exploring the
possibility of growing wheat, mainly as
areswi of its promotion as a cereal for
home consumption (*'local use”} by the
Department of Agriculture Extension
Service. Agronomic recommendations

will be verified on small-scale plantings.

Other areas receiving attention in the
overall program are plant protection,
provisions for seed production and
storage facilities, economic and
marketing issues and the training of
technicians and farmers in wheat
production techniques.

Summary

Thatiand’s increasing consumption of
wheat (12% annually) will bring about
a huge trade deficit in the future.
Wheat is currently being grown in a
small area in the northern provinces,
but most farmers are unaccustomed to
wheat production and utilization. A
renewed wheat program with CIMMYT
support is being launched for farmers,
and advances are being made in
selection for high-ylelding varieties. Due
to the lack of a marketing system, the
crop Is initially being fi:troduced for
home consumption through small local
markets.
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Dryland Wheat Production

iz the Subtropics of Quecnsland, Australia
D.R. Woodruff, Queensland Wheat Research Institute,
Toowoomba, Queensland, Australia

The subtropical, dryland wheat-growing changed from June (with flowering

regions of Queensland, Australia, are after the danger of frost has passed, and
characterized by a summer-dominant an average grain yield of 1.4 t/ha), to
but extremely variable rainfall (Figure March and April (with flowering

1). This leads to the need to store large occurring from June to early August),
quantities of water in the soil prior to The early planting allows for growih
planting (120 mm available water being and, hence, increasing transpication
commony) as a buffer against the low potential to be timed to coincide with
winter rainfall. Figure 1 also presents declining evaporative demana, rather

the mean daily temperature which has  than having these factors in phase, as
an average range of 16°C. A frost risk occurs with June plantings. This
extends from June to August, but is results in a considerable saving in total
quite variable at specific sites, water use from planting to anthests, For
dependi 7 upon the local topography. a given planting date, it is possible to
match potential water use in the pre

As a result of extensive field and post-anthesis phases, since most of
investigations, the preferred planting the water likely to be available to the
time in regions of low frost risk has
175
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Figure 1. Long-term climatic conditions, Emerald, Australia

Latitude 23°30'36"'S, longitude 148°09'43"E, altitude 212 m

Rainfall, mean over 91 years

Evaporation, mean over 12 years

10% probability of 0°C screen temperature: first, June 5, last, August 18



87

crop is present, and known, at planting.
This may mean restricting growth
duration and biomass production to
levels where grain yield is below
potential in years of high growing-
season rainfall; the improved reliability
of grain yleld, however, more than
compensates for this loss and gives an
expected long-term average yield of
approximately 2 t/ha.

Planting under high temperatures and
photoperiods of around 12.5 hours per
day allows a full expression of genotype
variation in phenology, which is often
masked in winter planting by the
effects of low temperature on vegetative
development. Under conditions
conducive to very high growth rates,
small differences between genotypes,
agronomic practices and disease
incidence can have disproportionate
effects on grain yield expectancy,
especially when using short-season
genotvpes which produce relatively low
biomass by anthesis. Under these
conditions, the total radiation
interception by the crop, especially up
to apical spikelet production, is
extremely important. However,
genotypes differ in radiation
interception, and such differences are
due to variations '~ ~henology and the
area of the first few ILaves produced.
This is reflecied in genotypic variation
in tiller and biomass production per
unit of time, which appears to be more
marked aiad durable than under more
temperate conditions. The agronomic
manipulation of radiation receipt by
varying plant population and
arrangement does not often interact
with genotype. A planting rate of

50 kg/ha is sufficient to maximize grain
yield, except when the crop grows only
on seminal roots; then a higher
planting rate can be advantageous.

Establishment of the crop under high
temperature conditions is critical, not
only for its effect on initial leaf cover, but
also in relation to the position of the
crown node. There is a large genotype
and temperature interaction on

coleoptile length; at constant 35°C there
is little genotype variation in coleoptile
length (4 cm), whereas at 20°C it varies
from 6 to 14 cm (Figure 2). The
semidwarf genotypes have the shortest
coleoptiles. Attempts to break the
linkage between short coleoptile and
Norin 10 genes have as yet been
unsuccessful. Soil type and condition,
rather than genotype, appear to be the
major factors in determining whether
the leaf emerging underground will
reach the surface and establish a plant.

On many soilg, it has been jound
necessary to use presswheels over the
planted row to reduce the depth of
March plantings in order to gain
effective establishment. Subsequent
rainfall tends to wash soil into the
depressions over the seed, thus
increasing the depth of the crown node
in the soil. The deeper the crown node,
the better is nodal root production
following subsequent rain. Rainfall soon
after planting appears to be necessary
to obtain maximum tiller production,
although whether this is due 1o nodal
coot production or nutrient availability
and ptake is unknown. Tiller
production under high temperatures
does, however, appear to be extremely
responsive to nutrient availability.

Commercial production under
conditions of high temperature during
vegetative growth is currently restricted
to areas of low frost risk, since grain
development continues into midwinter.
Since no wheat brecding or selection is
conducted speciflcally for this system,
the cultivars are chcsen from the pool
of generally adapted Queensland
cultivars on the basis of their tested
phenological adaptability to the
environment. Diseases have not yet
become a problem, due to the low
humidity and good resistance present
in commercial genotypes; however, leaf
and stem rusts are potentially serious.
Current research is assessing the
viability of still earlier planting to allow
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completion of grain growth before any
significant frosts occur, even in areas of
moderate frost risk. Moving vegetative
growth and anthesis into higher
temperature and humidity conditions
has resulted in the appearance of head
scab (Gibberella _ .ae), which has buen
severe on certain genotypes, and spot
blotch (Bipolaris sorokiniana), which
has occurred on bar®. ;. Base rot
(Sclerotium rolfsil} is present in all
cereals and, together with other root
diseases, I.as the potential to become
serious. When anthesis has taken place
under conditions of high temperature
and piolonged high humidity, some
damage to anthers has reduced grain
set. Whether this is a direct effect of
environmental factors or is associated

Coleoptile length (cm)
i

with microbial growth on the anthers
has yet to be determined, as has any
genotype variance in this factor.

In conclusion, it is believed that, in the
absence of serious discases, satisfactory
wheat ylel:ts can be achieved under
dryland, subtropical conditions in
Queensland. Agronomic practices are
critical, however, in gaining satisfactory
performance. Substantial genotype
variations for characters which appear
to be of importance in these
environments do exist, and the
determination, not only of their
importance but also of the selection
cnvironment necded to exploit these
variations, is critical to the development
of a viable wheat industry in these
regions.
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Figure 2. Effect of temperature on the coleoptile length of eight cultivars

By permission: B. Radford, unpublished



6

89

Contributed Papers

I. Breeding
Breeding Wheat for

More Tropical Environments at CIMMYT
R.L. Villareal, S. Rajaram and W. Nelson, Wheat Program, CIMMYT,

Mexico

Abstract

Tropical wheat is defined as early genotypes with the ability to glve acceptable
ylelds under tropical conditions, and with resistance to helminthosporium and
leaf rust and tolerance to high temperatures. Tropical areas tnclude those
between 23°N and 23°S latitudes with elevations of less than 1500 meters
above sea level. The goal of CIMMYT's Tropical Wheat Improvement Program (s
to breed wheats for the nontraditional, tropical wheat-growing areas, including
parts of Thatland, Philipptnes, Srl Lanka, the Chaco region of Paraguay, the
lowlands of Bolivia and the Cerrados of Brazil. Two years of research have been
completed (n the identlfication of suitable lines for tropical conditions. Adapted
germplasm has been extensively used in crosses, resulting in a large number of
segregating populatlons. Materials coming from the breeding program, as well
as germplasm from countries around the world, have been distributed to target
countries through CIMMYT's (nternational nursery network. In cooperation with
CIMMYT pathologists, mass screening techniques have been developed for

helminthosporium resistance.

CIMMYT's bread wheat program aimns
to produce, in close collaboration with
national wheat research programs,
widely adapted, high-yielding varieties
characterized by semidwarf plant
stature, photoperiod inser sitivity,
acceptable industrial quality, and
resistance to such environmental
stresses as drought, heat, cold,
aluminum toxicity, salinity, and
prevalent diseases such as stem rust,
leaf rust, stripe rust, septoria leaf
blotch, septoria glume blotch,
helminthosporium, scab and barley
yellow dwarf. The program's main
objective is the production of advanced
lines suitable for various agroclimatic
areas of the world where wheat is
currently the major food crop or where
its consumption is rapidly rising.

Diseasc complexes. soil types and
climiatic conditions vary considerably
from one target area to another. Thus,

CIMMYT's breeding approach is to
develop a base of widely adapted, high-
ylelding. disease-resistant wheat lines
that possess the specific attributes
necessary to achieve higher yield under
specific target-area conditions. The
breeding methodologies used for cach
environment are similar, with slight
modifications. To cimplify this
presentation, only the development of
wheats for warmer and nontraditional
wheat-growing areas in the tropical belt
will be discussed.

Tropical Wheat
Research at CIMMYT

CIMMYT's interest in exploratory work
to further extend wheat into the
lowland tropics was initiated in 1978.
The Mexican location of Poza Rica
(21°N, 60 meters altitude) was used for
early screening work.
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At the recommendation of the
Technical Advisory Committee (TAC) of
the Consultative Group on International
Agricultural Research (CGIAR), and
with special project funding from the
United Nations Development
Programme (UNDP), CIMMYT expanded
its exploratory research on tropical
wheat in 1981, Preliminary
investigations have included:

® The continuation of the evaluation of
wheat germplasm and related
species possessing desirable
characteristics for tropical areas;

¢ The development of screening
techniques, and

® The identification and establishment
of working relationships, where
necessary, with locations for the
testing of advanced materials.

After the successful completion of the
preparatory phase of the Tropical
Wheat Improvement Program,
CIMMYT, with special five-vear project
funding from UNDP, has recently
undertaken a small experimental
research and training effort for the
development of wheats with specific
traits necessary for certajin warmer
environments. The overall objective of
the research program is . develop
high-ylelding, cisease-resistant,
sernidwarf wheats that perform well
and at profitable levels during the
cooler season in the tropics and
subtropics.

The Trogical
Wheat Exvironment

Variable hydrological, climatic and
edaphic factors make a specific
definition of a tropical wheat-growing
system difficult. However, a working
definition would include al:  visting and
potential wheat-growing arv..s between
23°N and 23°S latitudes, and with
elevations less than 1500 meters above
sea ievel. As its first step In the

program, CIMMYT's aim is to breed
wheats adapted to the warmer and
nontraditional wheat-growing areas of
the world, such as parts of Thailand,
the Philippines, Sri Lanka, the Chaco of
Paraguay, the lowlands of Bolivia and
the Cerrados of Brazil. Extension to
other areas can occur later.,

Production Constraints
and Breeding Objectives

In developing wheat varieties for
tropical environments, a number of
production constraints must be taken
into consideration. The breeding
objectives pursued are dictated by the
water regimes and relevant
physiochemical and biological stresses
of the target arcas.

Production conditions and constraints
are far too varied between locations to
specify precisely the combinations of
traits that would be desirable for an
adapted wheat variety. However, some
of the more important characters that
should be emphasized are a stable high
yield, good agronomic characters,
desirable grain quality and resistance to
environmental siress, diseases, insects
and sprouting.

Stable high yield

This is the most important
consideration in developing wheat
varieties for tropical areas. Varieties
that provide a stable yield give the
farimer a degree of certainty that he will
have soniething to harvest, regardless
of the environmental stress,

Good agronomic characteristics
Several agronomic characteristics are
important for the successful production
of wheat under tropical conditions.

Early vegetative vigor—This
characteristic is of primary importance
in helping to overcome weed
competition, In compensating for
missing plants and in helping to ensure
that the crop achieves its critical leaf
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area at flowering. Vegetative vigor is
related to various combinations of rapid
seedling emergence and development,
early and heavy tillering and early and
rapid increase in seedling height.
Considerable variation in early vigor
exists among CIMMYT wheat
gerinplasm.

Early maturity—This is another trait
that {3 clearly advantageous for wheat
in intensive rotation patterns with cother
crops. In a rice-wheat cropping system,
rice is normally harvested in October or
November, after which wheat is sown.
By the time land preparation is
completed, the sowing date for wheat is
already delayed beyond the optimum
for medium to late-maturing varietles.
Earliness also minimizes risk by
shortening the crop's exposuie to
adverse high temperature conditions.

Semidwarf stature and ledging

re sistance—These are definite
agionomic requirements, especially
und=r moderate to high fertility
cond.tions. Considerable yield loss
occurs when the crop lodges, and
harvesting becomes very difficult. The
advantages of short, sturdy culms have
been dramatically demonstrated in the
high-yielding varieties of wheat.

Resistance to

environmental stresser

Wheat varieties for the tropics will need
resistance to various environmental
stresses.

Hceat tolerance at the juvenile and
later growith stages—This is a
characteristic that must be
incorporated. Unadapted types tend to
have reduced tillering, poor plant vigor
and very early flowering dates. Fertility
and seed weight also decline when
wheats flower or ripen during periods of
high temperatures. Therefore. to
perform well under tropical
environments, a variety must have
some degree of tolerance to warm
temnperatures and humid conditions.

Drought resistance—This is anothcr
characteristic to be emphasized. Wheat
in most target areas will be grown
under rainfed conditions, and the crop
must be grown primarily on residual
soil moisture. In addition, winter
rainfall cannot be depended upon;
drought stress can occur at any point of
the growing cycle. Hence, tolerance to
drought becomes critically important.

Tolerance to adverse soils—This is
desirable, since wide fluctuations of
mineral concentrations are associated
with chemical changes tha: occur in
tropical soils, due to alternate wetting
and drying. Consequently, toxicities
and deficiencies occur in many crops.
So:ls under tropical environments
frequently have low pH and high
aluminum content, resulting in
aluminum toxicity in growing plants.
Salinity problems may be another
constraint to high wheat yields in the
humid tropics. In general, soil salinity
is caused by the presence or Intrusion
of sea water, or by surface evaporation
of soil water that is initially high in sult
content.

Disease resistance

This is a very important breeding
objective. It is essential that wheat
varieties for the tropical areas be
resistant to the major prevalent
diseases. One serious disease constraint
in most areas is leaf rust, caused by
Puccinia rccondita. This disease
constitutes a major threat to yleld,
especially when wheat is grown over an
extensive area. CIMMYT currently
possesses germplasm with excellent
resistance to leaf rust, and this can be
transferred to germplasm that appears
promising for the tropics.

Under production conditions of warm
temperatures and high humidity, leaf
blotch, caused by several
Helminthosporium spp., may also be a
serious problem. CIMMYT's preliminary
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work on helminthosporium, supported

by a special project research grant from
UNDP, has resulted in the identification
of advanced lines with varying degrees

of resistance.

Resistance to head scab. caused by
Fusarium spp., is especially needed in
the more humid tropical environments,
where conditions are ideal for the
development of the disease. CIMMYT
has recently intensified its efforts to
develop high-yielding lines with scab
resistance. By the end of 1983, lines
had been identifie ' that possessed some
resistance.

Other disease problems confronting
wheat in tropical climates are the solil-
borne diseases, such as foot rot and
seedling blight, caused by Sclerotium
rolfsii. Damping-off of seedlings often
occurs when temperatures are high and
the soil saturated with moisture; ' is
still not known whether it will be
possible to identify resistance to this
particular disease. Possibly more
promising would be the development of
a chemical seed-treatment technique for
disease control. Another soil-borne
problem is fusarium, which causes
seedling blight, root rot and the spike
infection, scab.

Bacterial stripe, caused by
Xanthomonas translucens, is another
threat to wheat cultivars under tropical
environments. A scvere inic tien of this
bacteria kills most, if not all, of the
foliage of the wheat crop, causing a
drastic reduction in yield. Bacterial
stripe Is widely distributed, but it only
becomes important where susceptible
varieties are grown and the growing
season s predominantly wet.

Insect resistance

For tropical wheat varicties, this
characteristic is also important, since-
Insects such as the rice stem borer,
corn earworm, corn semilooper,
armyworm and aphids can be serious
pests.

Desirable grain quality

Grain color and appearance and
acceptable milling and baking qualities
are important qualities. The wheat
produced in the tropical areas will be
destined primarily for iocal millers:;
hence grain type and quality will play
an important role in farmer declsion to
adopt a particular variety.

Sprouting resistance

This is an obvious requirement for
wheat varieties for tropical areas, as it
hinders grain from sprouting in the
spikes before harvest, which would
lower the quality characteristics of the
variety. Because of humid production
conditions in the tropics, especially
when rain is frequent during grain
ripening, sprouting can be a serlous
problem.

Brc.»ding and
Svi:2ning Methodology

CiMMYT's principal breeding approach
is the development of a base of widely
adapted, high-yielding and disease-
resistant wheat germplasm that
pnssesses attributes necessary to
achieve higher productivity under
varying conditions. New lines must be
developed quickly if they are to be of
value to the less-developed countries.

Toward this objective, CIMMYT grows
two generations in Mexico each year,
resulting in 8,000 to 10,000 simple and
top crosses which combine different
traits needed to develop lines suitable
for those areas of the world included
under their operational mandate

(Table 1). The germplasm used in the
crosses s obtained from all over the
world and is chosen because of useful
genes, Before crosses are made,
candidates for parents are studied
carefully for their agronomic, pathologic
and quality characteristics. Decisions
arc based on experience and rapid
c3sessment of avallable data, rather
than on a genetical analysis of each
parent. The number of lines produced
differs from year to year, but 40 to 50%
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of the plants selected from each
generation are subsequently discaracd,
due to unacceptable seed

characteristics.

germplasm and increases genetic
diversity: this is especially important
because of CIMMYT's mandate to breed

sor diverse climates and regions with
different problems.

As a result of many years’ experience in

wheat breeding, CIMMYT places
emphasis on the pedigree and modified
bulk breeding systems and the use of

simple and top crosses. This method
permits rapid combination of

To accomplish the breeding objectives
of CIMMYT's Tropical Wheat
Improvement Program. and to facilitate

Table 1. World target environments included under CIMMY T's operational mandate

Avreas

Countries and regions

Important diseases

Irrigated Areas

Dryland areas,
500 mm rainfall

Drylands areas,
300 mm rainfall

Aluminum toxic
areas

Highlands areas,
above 1500 m

Tropical areas,
23°N-239 latitudes,
excluding highlands

Areas affected
by salinity

Ganges plains of India, Indus
Valley of Pakistan, Bangladesh,
Tarai of Nepal, Egypt, Mexico,
Zimbabwe, Lybia, Sudan

Mediterranean North Africa,
Middle East, China, Southern
Cone countries

Central India, parts of the
Middle East, North Africa,
Southern Cone countries

Brazil, Central African
highlands

High plateaus of Mexico and
Guatemala, Andean countries,
East Africa.

Central America, Caribbean,
South and Southeast Asia,
West Africa

Certain dryland areas of the
Middle East and North Africa,
Pakistan

Stem rust, leaf rust, stripe rust

Stem rust, leaf rust, stripe
rust, Septoria tritic/

Bunts, loose smut

Stem rust, leaf rust,
Septoria tritici, Septoria
nodorum, Fusarium spp.,
Helminthosporium spp.,
Xanthomonas translucens

Stripe rust, BYDV,
Septoria tritici, Septoria
nodorum, Fusarium spp.,
Helminthosporium spp.,
Xanthomonas translucens

Leaf rust, stem rust,
Fusarium spp.,
Helminthosporium spp.,
Xanthomonas translucens

Leaf rust, stem rust
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the distribution and adoption of
suitable germplasm, a number of
activities are underway or in the
planning stages.

Shuttle breeding

The main activity is shuttle breeding
between two contrasting climates in
Mexico, one for a winter crop at Ciudad
Obregon (27°20'N latitude, 40 meters
altitude) and the other for a summer
crop at Toluca (19°N latitude, 2640
meters). Both are characterized by
endemic rust attacks, and enable
breeders to select for day-length
insensitive, widely adapted types with
high levcls of rust resistance. Sclections
can also be made at Toluca for
resistance to septoria and fusarium
diseases. This two-cycle approach also
cuts in half the time needed to develop
a new variety.

In addition to these testing sites,
CIMMYT regularly employs the
screening environments of El Batan
(19°N, 2240 meters) for low rainfall
conditions, Tlaltizapan (18°N, 940
meters) for heat tolerance, antt Poza

Rica (21°N, 60 meters) for
helminthosporium diseases. Similarly,
tropical Tampico (22°N, 40 meters) is
also used in cooperation with the
Instituto Nacional de Investigaciones
Agricolas (INIA), as a supporting
location for screening work under
tropical conditions. The relationship of
these experimental locations is
illustrated in Figure 1.

CIMMYT employs additional tropical
locations in other countries to gather
genetic information for use in the
crossing program and for general
screcning activities. Maximum
utilization of advanced materials
coming from the bread wheat program
is also considered a major part of the
overall strategy of the Tropical Wheat
Improvement Program.

In the future, shuttle breeding between
the locations of Poza Rica. for
helminthosporium disease and leaf rust
screening during the winter, and
Tlaltizapan, for heat tolerance and
plant-type screening during the
summer, will be used as an alternative
breeding strategy.

320 1120 108° 104° 100° 980 920 ggo
280
@ Cd. Obregon
40 m
24°
200 T'ampicoI 40 m
Mexico, D.F. Poza Rica 60 m
Toluca L]
2640 m . O\
162 El Batan
—_— 2249 m

’I‘lz}ltizapanI 940 m

Figure 1. Location and elevations of experiment stations in Mexico at
which CIMMYT conducts research for tropical wheat
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Screening for tropical adaptation
The world wheat germplasm collection
is also being screened for materials with
desirable characteristics which will be
continuously introgressed into the
breeding program for the tropics.

In carrying out all of the above-
mentioned objectives, CIMMYT utilizes
a multidisciplinary, coordinated
approach, involving the participation of
scientists trained in various discinlines.

Program Results

Early maturity

CIMMYT's breeding objective for the
last few years has been to select and
develop wheats with carlier maturity. In
trying to obtain such lines, the earliest-
maturing segregates are selected from
Fg segregating populations. For
comparison, the variety Sonalika from
India is used as the carly check variety.
When a low percentage of plants in a
segregating population reach
physiological maturity, they are
selected and harvested. Then, as F3as,
they are handled in a separate nursery,
together with other segregating and
advanced early materials. This systemn
cf handling the materials is more for
rfactical reasons, since damage from
birds and other pests is particularly
severe on early plants left in the field.

Using this selection method, advanced
lines that are as early as Sonalika have
becen obiained. Two hundred sixty early
lines were tested for yield {n Ciudad
Obregonr in the 1983-84 cycle. Table 2
presents 14 lines that were as carly as
Sonalika or carlier, but which have
better yield potential. These materials
are now In the First International Early
Screening Nursery, together with other
carly g~rmplasm in the program.

Helminthosporium resistance
Efforts to improve resistance to
Helminthosporium spp. began in the
early 1980s. Helminthosporium
screening work is done at Poza Rica, in
the tropical area of Mexico, and also at

the Tlaltizapan station. It is hoped that
germplasm with both helmintho-
sporium recistance and heat tolerance
will result from selections at these
locations. Helminthosporium resistance
is evaluated on the basis of the
following characteristics:

® Slow development of the disease;

® Acceptable agronomic
characteristics;

® “Good finish," the ability to have
clean, fertile and bright heads at
maturity, and

® Good seed quality.

Table 3 presents the best varieties and
advanced lires which were found
resistant to helminthosporium in Poza
Riea in 1983-84. These lines are now in
the new Crossing Bloek and Third
Helminthosporium Screening Nursery.
All of these lincs showed better
resistance than BH1 146, a resistant
check variety from Brazil.

Heat tolerance

In the breeding program, testing has
been initiated to identify varieties and
advanced lines having tolerance to high
temperature. Heat tolerance is
evaluated in Ciudad Obregon by
planting advanced lines in mid-
January, so that early growth stages
oceur during a period of rapidly rising
temperatures. The final performance of
the lines is evaluated in late April. The
following characteristics are used as
selection criteria for heat tolerance:

¢ Longer leaf duration, the **stay-
green'’ charaeteristic

High tillering capacity
Acceptable spike fertility
Relatively high grain weight
High hectoliter test weight
Relatively high yield

More than 200 advaneced lines were
identified as having some heat
tolerance in 1983. These same lines
were reevaluated in Ciudad Obregon in



96

Tab!2 2, Advanced lines of bread wheat, as early or earfier in muturity than Sonalika but
with better yield potential, Ciudad Obregon, Mexico, 1983-84

Yield
Kg/ha %/oof  Daysto

Cross and pedigree Sonalika-2 maturity

Chunar'S“/HD2172 6498 124 115
CM68199-10Y 1M-1Y-1M-0Y

Veery"S"/Huacamayo’’S"//Woodpecker“S“/NAC 6374 122 113
CM68810-B-1Y-1M-2Y-1M-0Y

VeeryS"/Huacamayo”S’'//Woodpecker''S*/NAC 6296 120 113
CM68810-B-1Y-1M-2Y-2M-0Y

Bluebird/CNO67/5/FN/TH*3//1114.29/ 5487 117 112
*2TH/3/*4CTFN/4/SR/6/PVN''S”
CM467121Y-1M-1Y-1Y-OM

TOB/CNO67//TOB/8156/3/Calidad//Bluebird/ 5770 115 115
CMOS87/4/BB/INIA/5/Alondra“S*”
CM59177-1M-1Y-1M-4Y-1M-0Y

Bluebird/CNQO67/5/FN/TH"3//1144.29/ 5287 113 112
"2TH/3/*4CTFN/4/SR/5/PVN*S"
CM46712-1Y-1M-1Y-2Y-OM

H1669/4/Tordo"'S"/HDB32* 2//TOB/3/Tordo"'S""/ 5692 110 114
2"HD832
LM62550-1Y-1M-2Y-1M-3Y-1M-0Y

Manantial//CNOG7/PJ/3/NAC/4/Emu"S"-Dougga 5379 107 113
CM60960-B-1Y-4M-1Y-4i1-1Y-1M-1Y-1M-0Y

Alondra”S"/Altar'S" 5634 107 13
CM68045-3Y-1M-1Y-0M

Yaco''3” 4958 106 113
CM41195-A-13M-2Y-3M-1Y-1M-0Y

HD669.18/Chiroca’S"’ 4677 104 113
CM62536-5Y-1M-1Y-3M-1Y-1M-0Y

IAS54/Alondra’’s” 5932 103 115
CMb56805-3Y-1Y-4M-1Y-1M-1Y-OM

COC/Bluejay"’S"//NAC/Buckbuck “S* 5307 103 115
CMG3992-5M-1Y-1M-7Y-1M-3Y-OM

Redpoll/Ani"S"//PVN/Veery”'S" 5363 102 114
CM68735-1-4Y-1M-3Y-3M-0Y

Sonalika (early check) — - 115

al Percent of Sonalika for the resprctive yield trial
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Table 3. Best advanced lines of bread wheat resistant to Helminthosporium sativum,

Poza Rica, Mexico, 1983-84

Disease score®’ Diseased
Cross and pedigree heading Flowering Milk grain
stage  {%/o)

JUP/4/7C/Pato(B)/3/LR64/INIA//INIA/
Bluebird/5/ANA 1 3 4 10
CM37760-C-21Y-2M-1Y-3M-9Y-OM

RD2206/Hork"S" 2 3 4 20
CM39808-58M-2Y-4M-1Y-1M-1Y-0B

Lira"S" 2 3 4 15
CM43903-H-4Y-1M-1Y-3M-2Y -0k

Lira"'S"” 2 4 5 16
CM43903-H-4Y-1M-1Y-3M-3Y-0B

C114227/TRM//Madeira’S"” 2 4 4 14
CM47943-V-5M-3Y-1M-1Y-0Y

Alondra‘'S"/IAS58 3 4 5 16
CM53481-6Y-1Y-4M-1Y-1IM-1Y-OM

Bluejay’'S"//TOB/Chanate 2 3 5 12
CM55912-10Y-3Y-1M-3Y-2J0-0JE

Veery’'S*'/Sunbird’'S"” 2 3 4 12
CM61981-4Y 1M-6Y-3M-0Y

H1669/4/Tordo"'S"/2"HD832//TOB/3/
Tords"S"'/*2HD832 3 4 4 10
CMB62550-1Y-1M-2Y-1M-1Y-0M

Kea'$"'/4/Kalyansona/Bluebird//CJ"S"'/3/Alondra”S" 2 3 4 18
CM64617-9M-1Y-1M-1Y-0M

AU/UP301//Gallo/SX/3/Pewee’'S"'/4/Maipo"'S"/
Maya’'S"//Pewee’’S" 3 3 5 12
CM67245-C-1M-2Y-1M-3Y-0M

Antbird”’S"/Yaco’'S"” 2 4 6 12
CM67618-2Y-3M-3Y-2M-0Y

BH1146 {resistant check) 2 4 5 20

CIANO79 (susceptible check) 5 6 9 58

al Scoring scale 0 to 9 {0 = highly resistant, 9 = highly susceptible)
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1984, and a high percentage were
confirmed as being heat tolerant. Since
the program is in the initial stage of
heat-tolerance screening, no crosses
have yet been made for this purpose.
However, there are plans to initiate
breeding for heat tolerance within the
next two years,

Drought resistance

Drought resistance is defined here as
“the ability of one genotype to be more
productive with a given amount of soil
moisture than other genotypes.” Frein
the beginning, CIMMYT's objective in
this area has been to produce
germplasm which combines
responsiveness under both drought
conditions and high-yielding
environments. To achieve this goal, a
breeding program has been
Implemented in whicl spring x winter
materials are subjected alternately to
reduced moisture levels and optimum
irrigated conditions. The shuttle takes
place between Ciudad Obregon in the
winter season, and the hightand
locations of El Batan and Huamantla in
the summer.

The performanrce of 12 advanced lines
in Ciudad Obregon (two irrigations) and
El Batan (rainfed condltions) are given
in Table 4. It appears from this table
that these lines will perform well under
both environmental conditions. These
materials are in the new Drought
Screening Nursery for international
yield testing, which will provide
additional data on their stability.

Conclusions

The CIMMYT Tropical Wheat
Improvement Program has completed
two years of research to identify
suitable lines for tropical conditions.
The crossing program has continuously
utilized adapted germplasm as parental
lines in crosses, resulting in a large
number of segregating populations.
Materials selected from the breeding
program. as well as germplasm from
countries around the warld, have been
distributed to target areas through
CIMMYT's international nursery
nctwork. The materials are classified for
traits and entered into the following
nurseries:

® Helminthosporium Screening
Nursery

® Drought Screening Nursery

® Heat Tolerance Screening Nursery

¢ Early Screening Nursery

® Scab Resistant Lines

These nurseries serve as a means to
verify resistance and as mechanisms for
germplasm introduction into national
programs.

In cooperation with CIMMY T
pathologists, techniques for mass
screening for such major tropical
diseases as helminthosporium have
been developed. These techniques are
now being further refined.

In the years to come, CIMMYT will
endeavor to recombine genes for high
yield, early mawurity under high
temperature conditions and resistance
to leaf rust and helminthosporium. In
spite of the fact that only about 4% of
its total wheat budget is directly related
to tropical wheats, CIMMYT will
continue to integrate and test all of its
advanced lines for the improvement of
germplasm for the tropical wheat areas.
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Table 4, Highest yielding advanced lines of bread wheat, grown under two irrigation regimes,
Ciudad Obregon, 1982-83, and under rainfed conditions, E! Batan, 1983

Ciudad Obregon El Batan
Yield ®/o of Yield %/o of

Name and pedigree (kg/ha) Ures 81 (kp/ha) Genarn 81

Veery''S" 5976 118 5480 119
CM33027-F-15M-4Y-4M-3Y-2M-1Y-0OM

Tyrant”'S” 5672 118 5113 M
CM40610-25Y-3M-3Y-1M-2Y-0B

Veery''S” 5825 1156 4707 102
CM33027-F-12M-1Y-12M-1Y-2M-0Y

Veery''S” 5806 115 5360 116
CM33027-F-15M-500Y -0M-75B-0Y

Flycatcher”'S" £3356 111 5447 118
CM43598-11-8Y-1M-6Y-2M-2Y-0B

Maya/Moncho’'S"//KVZ/TRM 5333 110 6133 133
CM44083-N-2Y-2M-1Y-1M-1Y-1M-0Y

Veery''S" 5430 107 5533 120
CM33027-F-15M-500Y-0M-98B-0Y

PAT10/Alondra’’S""//PAT72300/3/PVN*S" 5739 104 4280 94
CM49922-1M-2Y-1Y-1M-3Y OM

Tanager’'S" 5220 103 5147 112
CM30697-2M-8Y-7M-1Y-1B-0Y

Veery''S"” 5198 103 5567 121
CM33027-F-15M-500Y-0M-66B-0Y

Bluebird/OM//CNO67''S”/NQ/3/PVN"S" 5446 101 4973 108
CM46718-28M-1Y-1M-3Y-OM

AZ//CHR/DD.05P/3/F12.71/Bolillo*'S" 5437 101 5013 109

CM48326-A-3M-1Y-1M-2Y-1Y-0M
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Wheat Germplasm Development for
Heat and Drought Tolerance for Nigeria

F.C. Orakwue, Institute for Agricultural Research,
Ahmadu Bello University, Zaria, Nigeria

Abstract

Heat and drought constitute (wo of the major wheat production constraints in
the dry tropics. In Nigcria, these environmental stresses restrict wheat
production to some irrigated areas in the north between 10 and 13°N latitudes,
where temperatures during the cool “harmattan’' period (November to February)
range between 5 and 30°C. In order to overcome the limitations caused by high
temperatures and lack of moisture, there is a need to develop wheat germplasm
with heat and drought tolerance; an intensive screening program for these
stresses is suggested. The potentials of some exotic germplasm are emphasized,
and some characteristics that might enhance tolerance to heat and drought

stresses are discussed.

Heat and drought are common wheat-
production problems in Nigeria, as well
as in most regions within the dry
tropics. Little attention has been paid to
vulnerabilities ussociated with these
environmental stresses over the years
(1); however, som:c work has been done
on the effects of temperature on wheat
under controlled conditions (9,18,11,3,
20). Such studies were limited to a few
genoiypes for differential temperature
tolerance. In another study, Sisodia.

et al. (21) identified ten genotypes of
Triticum spp. that have relatively high
temperature tolerance.

As in the case of heat stress, there is
still no sound information on a specific
drought-resistance mechanism.
although information needed to explain
the basic physiological principles for
drought tolerance has continued to
increase. Fischer et al. (8) defined
drought tolerance in agriculture as the
ability of a crop to give an economic
yield under low moisture conditions
and to give a maximum yield urder
optimum conditions. Attempts have
been made to classify various
mechanisms by which drought might
be tolerated. May and Milthorpe (12)
called them drought escape and

drought endurance, while Levitt (10)
ieferred to them as drought avoidance
and drought tolerance. These
definitions and terms are also utilized
in this paper. Fischer and Maurer (7)
screened for drought tolerance in a
large number of tall and dwarf wheats.
In that study, they attempted to
scrarate cffects due to drought escape
and those due to the operation of
resistance 1inechanisms. They
concluded that tali wheats were more
tolerant to drought.

Environmental Limitations
of the Nigerian Wheat Region

In general, high temperature has
restricted wheat production in Nigeria
to certain parts of the northern states,
which lie Letween 10 and 13°N
fatitudes, mainly in the Sudan savanna.
Here the cold “"harmattan period
(November to February) provides the
required temperatures, ranging from 5
to 30°C. Wheat is sown in mid-
November, and harvested at the end of
February or in early March. Thus, only
cultivars with 70 to 120 day maturities
are usable. High temperature is
detrimental to the establishment of an
early-sown wheat crop, and to grain
filling in a late-sown crop. If the crop is
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very late, high temperatures at the end
of February or in early March, while the
crop is in anthesis, can cause sterility of
the florets, resulting in very low yields.

The massive irrigation schemes in
Nigeria's wheat-growing regions, the
Chad, the Hadehia-Jama'are and the
Sokoto-Rima river basins in Borno,
Kano-Bauchi and Sokoto states,
respectively (Figure 1), are the main
vehicles to the possible attainment of
Nigeria's green revolution (16).
However, these rivers are fed by scanty
rainfall, 300 to 500 mm in Borno state,
600 to 900 inm in Kano/Bauchi and
400 to 600 mm in Sokoto. It is spread
over a short period, mainly from July to
September; thus, water is expensive
and .nay be limiting, especially in years
of low rainfall.

The ™ect of drought is usually very
seve  on wheat, as it not only cuts oif
water needed for normal metabolism,
bt also decreases the supply of
nutrients from the soil. Under such
stress situations. farmers face a
considerable amount of risk. There is,
therefore, a need to develop wheat

germplasm with a reasonable amount
of heat and drought tolerance, in order
to stabilize yield under present
conditions ari to effect a more
successtul extension of wheat
production into southern Nigeria.

Germplasm Improvement
in Nigeria

In the last two decades, over 15,000
wheat varieties and lines have been
introduced and screened in Nigeria by
the Institute for Agricultur:l Research,
Ahmadu Bello University, Zaria. The
objective has been to identify cultivars
which are high yielding under Nigerian
conditions and posscss acceptabie
bread-making qualities (14). Wheat
introductions have come mostly from
CIMMYT, the Internaticnal Center for
Agriculture Rescarch in the Dry Areas
(ICARDA) in Syria. the Food and
£gricultural Organization (FAO) and
other parts of the world (14,15).
Although INIA 66, Indus 66 and
Mexipak are grown in some areas of the
South Chad Scheme, only five varieties
have been recommended by the

Borno
Statc

South Chad

10°

Figure 1. Wheat-growing regions in Nigeria
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Institute ror Agricultural Research.
These include two tall non-Mexican
wheats, Tousson and Florence Aurore
8193, and three Mexican semidwarfs,
Sonora 63, (Lee x N10B)GB55)GB56
and Siete Cerros (14,15,16). Although
Siete Cerros is the most popular variety
and is cultivated all over the wheat-
growing region (especially in the Kano
River Project), the other varieties are
beginning to gain acceptance.

Performance of
Nigerian Selections

Table 1 shows the performance of
twenty lines and varieties in replicated
trials grown at four locations in Nigeria.
The Nigerian Regional Wheat Variety
Yield Trial 1982-83 was grown in
Kadawa, Samaru, Bakura and

Ganawuri, with the variety Siete Cerros
as the check. The lines/varicties which
performed well were Pavon 76, 7C-On x
INIA-B.Man, Kalyansona x V534,
Junus x Y50g-Kal3/Pal, (Tf-CNO67/
Bluebird-CNO)Za, HD832-55 x CNO-
JAR, Moncho"S™, C271 x Sonora 64,
Jupateco, and Super X, with mean
ylelds ranging from 3450 kg/ha to 4350
kg/ha. It is important to note that yields
had been higher in previous years,
particularly in Kadawa where bird
damage has come to constitute yet
another production problem in early-
sown whealt.

Another experiment was conducted in
Bakura in the 1982-83 growing season
to investigate the most critical growth
stages for moisture stress in flve
lines/varieties of bread wheat and,

Table 1. Yields of entries in the Nigerian Regional Wheat Variety Trial

over four locations, 1982-83

Grain yield (kg/ha)

Yield as
Variaty/cross Kadawa Samaru Bakura Ganawuri Mean 0/o of check
Pavon 76 4305 3725 5000 4350 4345 147
7C-ON x INIA-B.MAN 2963 3313 6663 3150 4022 136
KAL x V534 3325 4438 5375 2280 3854 130
{TF x CLANO 67/Bluebird-

CIANO)ZA 2888 3750 5688 2775 377 128
Junus x Y50g-KAL3/PAL 3713 3813 5263 2325 3775 128
HDB32-55 x CIANO-JAR 2563 4063 5350 2850 3706 125
Moncho’S" 3238 3250 4000 3975 3615 122
C271 x Sonora 64 3000 3475 5213 2550 3559 120
Jupateco 2833 3475 3975 3675 3489 118
Supe- x 2950 3250 5425 2175 3450 117
NP876 164 Roch/CIANO"S"-

Bluebird 2175 3625 4175 3675 3412 115
Barouk 2500 3125 5838 2175 3409 115
BYC“S” x 3Kalyansona x Kalyansona-

Bluebird 2813 3688 3888 3000 3347 113
Y50g-Kalyansona 2713 4063 3538 2700 3253 110
Nacozari 76 3120 3625 3600 2700 3261 110
(GB80-5892 x MP-33) 2363 3188 5413 1650 3154 107
PJ62-GB55 x NAIGO 3370 2875 4363 1725 3083 104
Pi62-Frond/Pi62-Mazoe x

Mexipak 65 3363 2913 3863 1875 3003 102
FurySiete Cerros 1600 3063 4088 3000 2937 a9
Siete Cerros {check) 2900 3338 3563 2025 2956 100
Mean 2935 3503 4714 2732 - -
S.E. 491 431 412 469 - -

Source: Orakwe and Olugbemi {16)
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hence, select for drought tolerance. The
experiment consisted of 45 treatment
combinations, five varieties and nine
irrigation treatments (Table 2).

Due to wide variations between
replicates of different treatments, there
was no significant difference between
the varieties. Interaction between
irrigation treatments and varieties was
also not significant. Of all the varicties,
only HD832-55 x CNO-JAR was
seriously affected when irrigation was
withheld twice consecutively at the
jointing stage (T7). Missing two
irrigations at the flowering stage

(T8) affected all of the varieties
considerably. Varying yield reductions
were observed in all other treatments,
but it appeared that the two most
critical stages for moisture stress are T7
and T8, jointing and anthesis.

Characteristics Affecting
Selection for Heat and Drought
Tolerance

Earliness

An understanding of a stress-tolerance
mechanisn: is necessary in order to
correctly suggest useful characteristics
by which a plant can tolerate stress.
Under Nigerian conditions, it appears
that the main mechanism leading to
good performance in wheat is escape or
avoidance. The variety should grow and
mature within the cold period, i.e., with
maturities of 70 to 120 days. Thus,

only early or medium-early lines/
varieties will perform well. This is aiso
true for drought tolerance, since
carliness enhances water economy.

Yield

In addition to earliness, superiority in
yield under optimal conditions is
necessary for both heat and drought
tolerance. According to Blum (4)
varieties with superior yicld at optimal
levels will also yield relatively well
under sub-optimal levels.

Adaptability

Wide adaptability is a necessary factor,
since it is believed that, when stress
tolerance is present in a variety, it may
be expressed as an unidentified
component of stability in perforinance
over various environments {4,11,17).

Developmental synchrony

Plants should tiller uniformly, hold
most of their leaves intact and mature
uniformly.

Test ‘weight

The «rains of plants should have good
test weight. which results from good
and uniform grain filling.

Spike fertility

Increased fertility of the spikes assures
that most florets will be fertile under
stress conditions, as well as at optimal
levels.

Table 2. Effects of variety and moisture stress on grain yield of bread wheat, Bakura,

Nigeria, 1982-83

Grain yield (kg/ha) according to irrigation lrealmemi/
Variety T1 T2 T3 T4 T5 T6 T7 T8 T9
HD832.55 x CIANO-JAR 2;47 1907 1720 1813 2087 1687 833 1587 2220
Super X 2627 1893 1960 1667 1887 1987 1433 1147 1820
(TF x CIANO67/Bluebird-CIANO)ZA 1840 2033 1860 1887 2527 1960 1733 1187 1867
NP876 164 x Roch/CIANO"'S"-Bluebird 2380 1960 1960 2020 1860 1600 1793 1453 1720
Pi62-Frond/Pi62-Mazoe x Mexipak 65 2293 2427 1867 1487 2427 1860 1667 1333 2120

3/ T1 = control, 19 irrigations; T2 == one irrigation withheld at tillering; T3 = one ‘withheld at jointing; T4 = one withheld
at flowering; T5 = one withheld at grain tilling; T6 = two irrigations withheld at tillering; T7 = two withheld at jointing;
T8 = two withheld at fiowering; T9 = two withheld at grain filiing

Source; Aremu and Orakwe (2)
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Leaf area

There should be a small leaf area in
terms of number and/or size. Although
it is not easy to generalize, this
characteristic seems to be essential in
order to reduce evapotranspiration and,
hence, enhance drought tolerance (19).

Tillering

Since the number of tillers depends on
the number of leaves (as tillers are
initiated in leaf axils), it follows that the
drought-tolerant variety should have
reduced tillers (19).

Water ntilization

The drought-tolerant line should have
the abuiity to efficiently utilize available
water. Such a variety should maintain
its photosynthesis and growth at low
water avallability. The developmental
plasticity of the variety should be such
that it gives an economic yield under
water stress, as well as best yicld under
good moisture situations. This
increased efficiency in water use could
result from a restriction on the relative
ability of the plant to extract water
from the soil during early crop growth,
leaving more water to support the plant
in the grain-filling stage. This
characteristic might be developed
through selection of plants with erect
leaves and reduced tillering (6).

Density tolerance

Dow (5) showed that maize hybrids
resistant to density stress were also
more drought tolerant. Thus. density
trials may also help in selection for
drought tolerance, as plants resistant to
density stress shouid have a relatively
greater ability to withdraw water from
the soil.

Root systems

A good root system is necessary for
tolerance to both drought and moisture
stress, because it enhances early plant
establishment, as well as efficiency in
the water-uptake capacity of the plant.

Conclusions

In Nigeria, high temperature and
drough! cunstitute problems for wheat
production. Fortunately, these
problems are not as erratic as are some
problems under rainfed conditions in
other tropical countries. High
temperatures mainly affect the plant
during establishmeni and tillering and
during the grain-filling stage. High
temperatures are the main limitation to
wheat production 1n southern Nigeria.

Drought, on the other hand, is periodic.
Drought-tolerant lines/varieties will
invariably enhance water economy.
Thus, both heat and drought tolerance
are desirable characteristics to be
incorporated into Nigerian selections, in
order to stabilize yield and increase
production.

Performance of adapted wheat
germplasm indicates that yields
ranging from 3 to 4 t/ha arc possible
under optimum conditions. Therefore,
heat and drought-tolerant lines yielding
1.5 to 2.5 t/ha under stress conditions
and up to 4 t/ha under optimum
conditions should be selected. It is
difficult to generalize as to genetic traits
which enhance heat and drought
tolerance, but sume of the
characteristics described above have
been shown to be relatively effective in
field crops, and in wheats in particular,
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Breeding Wheats for Heat
and Drought Tolerance in Central India

Y.M. Upadhyaya and K.N. Ruwali, Indian Agricultural Research
Institute, Indore, India

Abstract

Conditions for wheat cultivation in central India impose severe drought and
temperature stress. High temperatures at sowing timne (32 to 35°C) and at
maturity (30 to 35°C] cause defective germination and grain dehydration,
respectively; frost at ear-emergence stage frequently caitses 50 to 100% loss in
yield. In breeding for drought tolerance in India, local cultivars have been
utilized; disease resistance, which is also very important, is introduced at the
same time. The cultivars C306, Sujata, Hy65, NI5439, N59, A9-30-1 and
Meghdoot have been developed, and genetic improvement has been made for
characte:s, such as number of ears per plant, grain weight per sptke and 1000-
grain weight. From akout 300 cultivars tested for temperature tolerance, seven
possess good tolerance and compare favorably with Hind{ 62; these also
Incorporate resistance to rusts and leaf blight. Some of the cultivars, such as
HI1011, HI1012, Raj 1771 ard Raj 1777, have proved to be promising for heat
tolerance. A few lines, recently recetved from CIMMYT, also appear to be
promtsing. Encouraging results have been obtained from spring x winter crosses
and willl be further exploited.

In Central India, stresses of drought molisture at seeding depth is directly
and temperature affect wheat related to germination. and temperature
cultivation, under both rainfed and also plays a major role. The relationship
irrigated conditions (Figure 1). Soil is shown in Table 1.
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Figure 1. Weather conditions for the wheat-crop season, Indore, India,
1979 to 1984
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While germination increased with
increasing soil moisture in the seeding
zone, germination was higher in the
colder months of December and
January than it was with higher
moisture levels in mid-October.

In the Bhal tract of Gujarat,
temperatures between October and
December vary between 35 and 39°C

maximum and 22 and 25°C minimum.

At 30.2°C mean average temperatures
in 1979, germination was 56%. In
subsequent years, a decrease in mean
temperature gave a linear increase in
germination. By 1983, when the mean
temperature was 26.5°C, germination
percentage was 84%.

Soil cracking is a regular phenomenon
after January, and causss extensive
root damage in the upper 60 cm. Frost
conditions cause spikelet sterility when
ear emergence coincides with a sudden
drop in temperature. Toial crop losses
have occurred with Kalyansona,
WH147 and Raj 911 under irrigated
conditions. Continuous high
teniperatures in the low elevation
regions ol Maharashtra and Madhya
Pradesh have resulted in the flowering
of Kalyansona within 45 days, which
reduced yield by 60 to 70%.

Breeding for drought and temperature
tolerance has been going on for the nast
five decades in central India. Selections
from the local durums A206, EK69 and
Kathia 25, and the bread wheat, !ljain
22, have proved to be very widely
adapted. Hvbridization between
durums and T. dicocciuns produced
drought-resistant wheats, such as Jay
and Vijay as early as 1936. Later, the
durum cultivar, Gaza, and Gabo and
several Kenya wheats were used in a
crossing program with local varieties
and strains resistant to rusts and blight:
NP401, NP404, A9-30-1, Meghdoot,
Bijaga Yellow and N59 (durums) and
Hy65, NP832, Narmada 4 and Mukta
{(bread wheats) were used in the
program. Three varieties, C306, Sujeta,
an improvement over C306, and
NI15439 (RFPM/80 x NP7103), proved to
be outstanding for drought and
temperature tolerance throughout the
central and northern parts of the
country. C306 has a winter wheat,
Regent, in its pedigree. An analysis of
the genetic improvements compared
with the respective local =arents is
presented in Table 2.

The ability of the local cultivars to
establish better plant populations under
low moisture conditions seems to be
due to natural selection over centuries,
as is their ear production and yield per

Table 1. Effect of temperature and soil moisture on germination

of wheat, India

Average mean

Soil moisture

Sowing temperature (00)9-/ (0/0 at 7-8 cm Germination
date over 3 weeks depth) {0/0)
Oct. 15 25.0 16.9 22.7
Oct. 29 246 18.2 49.8
Nov. 20 221 199 61.8
Dec. 3 214 18.1 40.1
Dec. 31 173 16.4 40.2
Jan, 12 16.4 15.0 28.7

{maximum +minimum)

a/ Mean temperature =

2
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unit area. However, looking at some of
the yield components, there has been
improvement in the number of ears per
plant in A9-30-1 and Hy65 and in grain
number per car and grain weight per
ear in A9-30-1, Hy65 and C306; test
weight has been improved in Meghdoot,
Hy65 and C306.

Screening and Evaluation
for Temperature Tolerance

During the past six years, more than
300 varieties from different breeding
stations have been screened at a
number of centers over different
latitudes (12 to 31°N) and longitudes
{74 to 84°E). Sowing was done from
September 20th until December and
dala such as germination, produetive
ears. grain yield and 1000-grain weight
were collected. Maximum temperatures
ranging from 30 to 35°C, and
minimum temperatures of 10 to 21°C
were encountered. It was observed that
the varietics showed very poor
germnation before October 20th, and
then improved until November 15th:

after that date germination again
decreased. The number of days to car
emergence was profoundly influenced
by latitude and prevailing
temperatures. Heading took 50 te 75
days at Dharwar (12°N), 60 to 90 days
at Niphad (20°N), 65 to 100 days al
Indore (22°N) and 100 to 125 days at
Gurdaspur {31°N). With early sowing,
emergence was delayed. Phenological
studies revealed that varicties which
flowered very carly had better yield in
peninsular India, and those flowering
mid-late were best adapted in the
central region. Late types, with 105 to
115 days to ear emergence, were
superior in the north. The prostrate
characteristic combined with thin
narrow leaves during tillering and
narrow, semi-erect leaves on the stems
were desirable. This reduced direct soil
moisture evaporation and
evapotranspiration losses from the
plants. An adverse effect of late sowing
on kernel deve opment has been
chserved. In early October sowings,

Table 2, Genetic improvement shown by improved cultivars compared to local cultivars
under stress conditions, India, 1974 to 19773/

No. of No. of Yield No. of No.of  Grain weightY  1000-grain
Cultivar seedlings/m2 ears/m2 (g/m2} ears/plant grains/ear ear (g) weight {(g)
Durum wheats
Kathia {local) 195 287 227 15 20.1 0.79 493
Malvi {local) 197 272 242 1.4 19.2 n.89 49.1
Meghdoot 1652 208 184 1.4 17.5 (.88 54.1
(100) (91) (29) (110)
Arnej (local) 245 266 279 1.1 206 1.05 45.6
A9-30-1 180 261 320 1.5 32.7 1.23 41.8
{136) (159) (117) (92)
Bread wheats
Pssi (local) 215 304 233 14 15.9 0.77 41.2
HY65 141 246 217 1.7 204 0.86 42.7
{(121) (128) {112) {104)
C306 154 209 228 14 18.1 1.09 45.0
(100} (118) (142) {109)

a/ Numbers in brackets = percent of local
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average 1000-grain weight was 42
grams; in late October sowings, it was
40 grams and, in early November
sowings, 34 grams.

After considering phenological
characters such as flowering and
maturity, effective tillers, grain
production per ear. yield ability and
disease resistance, varieties such as
HI1011, HI1012, Raj 1771, Raj 1777,
Ju H72-4 and VL421 have been
identified as heat tolerant. HI1011 and
HI1012 compared favorably with Hindi
62, which was identified in 1973 and is
currently the best cultivar. All new
varieties are resistant to the rusts and
leaf blight, while Hindi 62 suffers
heavily. Although Hindi 62 produces
more ear-bearing tillers, grain
production per ear and kernel weight
are low. The Indore selections 1011,
developed from the cross E4870(C303
.15292)666-5 x Perico, and 1012, from
the spring x winter cross N10B-P14-
101-65-39/Kal-Bb. show promise. In
general, productivity is lower in more
tropical areas like Niphad, Dharwar and
Hyderabad, intermediate in the central
region and high in the northern belt.
Generally, there is no moisture stress in
the north.

Utilization of
Winter x Spring Crosses

The prolific root system of winter
wheats is being utilized in breeding.
Crosses with the University of
Nebraska's high protein lines have
ylelded some promising material. Two
lines {rom the cross NP839 x V1027
compare favorably with Sujata. Studies
on Fis and parents have shown that
Mukta, Raj 1777 and NI5439 exhibit a
22 to 79% increase in grain production
and a 20 to 58% increase in productive

tillers. Among winter wheats, Favorit,
Maldova, Roussalka and Sava have
given better combinations. Sujata and
C306 frequently produce necrotic
hybrids and, therefore, cannot be
exploited in direct crosses. Recently,
some promising lines have been
identified from the CIMMYT 1982-83
Drought Screening Nursery. Four
promising lines are from spring x
winter crosses Klim x D6301-Nai60/
Kalyansona-Bluebird(entry 19),
TJB845-Misc. Hari 599 x
MHM/Sapsucker'S" (entry 25) and
PMF-LFN x Chiroca"S"(entry 28) and
(Pi"'S"-MAZOE x CNO67/LFN)
Chiroca"S"(entry 27). The spring wheat
crosses, Veery''S"(entries 48 and 50),
Kalyanson-Bluebird x Moncho*'S"(entry
66), Neclkant*'S™’(entry 67), K4500.2-
Bluegjay*'S*'(entry 70), JUP-Emu"'S" x
Grajo''S™ = Flycatcher'S"'(entry 77) and
Buckbuck*S"-Bluejay**S" (entries 98
and 99) have given better stands and
higher yiclds than the check varieties
Ures and Sujata under complete
dryland (conserved moisture)
conditions.

Future Strategy

Apart from the ability to establish well
under stress conditions, the ability to
remain in the vegetative phasc for a
longer duration, even though
temperatures are high, is the most
desired character for wheat for central
India. These traits have been observed
in some of the local and improved
cultivars, and must be combined with

tter diseasc resistance, since ner:
virulences have appearcd. In-depth
studies on crown depth, root vigor and
higher grain production are envisioned.
Plans are being made to improve the
bread wheats Pissi, a soft white type,
Hy65, Hindi 62 and NI5439, and the
durums A206, Kathia 25, A9-30-1 and
Meghdoot. The exploitation of winter
wheals seems promising, and selections
from crosses with local improved types
is in progress.
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Identifying Wheats Adapted to More Tropical
Areas of the Southern Cone of South America
M.M. Kohli, Wheat Program, CIMMYT, Santiago, Chile

Abstract

The low productlvity and high cost of production for wheat in the more tropical
areas of the Southern Cone region are the result of a combination of
unpredictable climatic conditions and severe disease pressures. The
combination of heat, drought, frost and high rainfall. as well as abrupt changes
in the temperature-humidity relationship, determine the type of wheat plant
which can adapt to these areas. Specific germplasm which can resist
physiologlical disorders caused by high evapotranspiration rates needs to be
combined with brocd-based resistance to a complex of diseases. In addition, the
wheat varieties will be required to adapt to poor soils with high saturation levels
of some ininerals and low available phosphorus.

The rapid expansion of wheat
cultivation into more tropical areas of
the Southern Cone regior has come in
response to two important factors, a
steady increase in demand. resulting in
a serious drain on the national
economies due to imports, and the
farmers’ need for a cover crop to follow
maize, soybean and cotton. These
factors together have been responsible
for the seeding of approximately 1.5
million irectares of wheat in tropical
areas of Argentina, Brazil and
Paraguay. There is, however, a
tremendous potential for further
increase in all three countries,
especially Brazi).

To date, the farmers’ experience with
wheat has been a series of successes
and failures. Low-level productivity and
the high cost of production have been
two discouraging elements. In additon,
unpredictable climatic conditions and
severe disease epidemics are ajor
limiting factors for the type of wheat
germplasm which might adapt to the
area.

The munber of plant characters that
need to be combined for more tropical
areas are so numerous and so varied
from those of traditional wheat-growing
regions that they cause serious concern
among plant breeders, regardiag such
factors as availability of sufficient

genetic variability, screening methods
and breeding priorities. Similarly,
agronomic or crop management factors
need critical anc rsis to reduce the cost
of production, whi: - stabilizing
productivity at a higher level.

In order to identify wheat varieties
which will adapt to these warmer areas,
it is important to understand the
interplay among various climatic
conditions that limit wheat production
and their influence on plant characters
and diseases.

Climatic Stresses

Unstable ciimatic conditions are a
characteristic of the tropical regions of
the world, and their unpredictability
from year to year or within the same
year can be considered a major problem
for stable wheat production. An
important aspect of climatic stresses is
that of abrupt changes in the
relationship between temperature and
relative humidity over short periods of
time. For the purpose of discussion, the
northern Parana region in Brazil is
representative of a majority of the
tropical areas under wheat in the
Southern Cone. Even at the risk of
taking averages of completely different
years, Figure 1 shows the major
climatic stresses at Londrina, Parana,
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from 1958 to 1980. These, in turn,
determine the type of wheat plant
which can adapt to these areas.

Heat

Higlier temperatures (average + 21°C)
throughout the crop cycle are probably
more important during the early and
late stages of the crop. The effect of
heat in reducing the number of tillers
produced or the killing of secondary

tillers is a principle reason for poor
stands, which are hard to overcome
through higher seeding densities.
Similarly, a sudden rise in temperature
after flowering results in quick drying
of the plants, causing grain shriveling
ond low test weight.

Drought
The rainfall pattern of the region is so
erratic that it is difficult to predict a
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Figure 1. Climatic chart of Londrina, Brazil, 1958 to 1980
Climatic classification: Cfa (hot, humid, subtropic), as per W. Koeppen
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standard date for sowing. In spite of the
uscful guidelines provided in Figure 1,
a drought can occur at any stage of the
crop and for an undetermined length of
time. Although the date of seeding can
be adjusted to good moisture
availability, the poor water-retention
capacity of the soil can provoke early
drought, thereby causing reduccd plant
density and non-uniform stand. The
constant mid-season drought around
the heading stage is crucial in the
reduction of potential yvicld. Germiplasm
of high yield potential and tolerance to
drought at this stage of the crop cycle
would help stabilize yields 1o some
extent.

Frost

One of the most fearcd limiting factors
for wheat production in the region is
frost injury, especially at the heading
stage. Somc adjustment in the date of
sceding can serve as an escape
meehanism, but this lcads to other
problems at the beginning and the end
of the crop cycle. In fact, farmers
customarily spread wheat secding over
a long period of time to cscape frost; the
various scedings suffer from drought,
frost, late rains and severe discase
epidemics. To solve this problem, the
carlier-mentioned heat and drought
tolerance must be combined with iate
heading, through the addition of a
single gene for vernalization, in order to
escape the major frost frequency period.

High rainfall

It is paradoxical to discuss the problem
of high rainfall and drought at the saine
time, yet it seems a rule in the more
tropical areas. In normal years, high
rainfall is generally a problem for late
varieties or late-seeded crops, causing
difficulties in the harvest process, such
as deterioration in grain quality and, in
some cases, preharvest sprouting. In
abnormally wet years, the intensity of
various diseases is so severe that even
chemical control is not sufficient to
maintain average productivity.

Considering these climatic factors, a
model wheat variety should have high
tillering ability, tolerance to early heat,
tolcrance to drought in the mid-season,
late heading to escape frost and a short
ripening period to mature before the
onset of rains. To these can be added
semidwarf plant stature t« resist strong
winds and small fertile spikes to ripen
quickly. Such a wheat variety will then
need ample resistance to the various
diseases and insect pests prevalent in
the region.

Biological Stresses

Diseases

By far thc most common factor limiting
wheat production in more tropical areas
of the Southern Cone region is disease.
In a recent analysis done % CIMMYT's
Economics Program, the sverage losses
In yield due (o wheat discases in the
Parana, Matto Grosso do Sul and Sao
Paulo regions of Brazil were 11% per
year. What is more important is that
these losses occurred in spite of the fact
that over 90% of the farmers used
chemical control. Where there was no
chemical protection, these losses
ranged between 20 and 60% (Tablc 1)
and. in some cases, as high as 100%.

A combination of high tempecrature and
high humidity favors a large complex of
diseases in this region; the importance
of spot blotch (Helminthosporium
sativum) is highlighted in the data
presented in Tablc 2. During the 1281
to 1983 period. spot blotch alone
constituted between 50 and 90% of the
yield loss causcd by the total discase
complex in the western Parana region.
'This picture was quite different during
the mid-1970s, when leaf rust was the
major discasc.

Other important diseases in the
complex are stem rust, scab, bacterial
blight, glume blotch and powdery
mildew. However, in the past few years,
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it has been observed that common root  There is sufficient genetic variability

rot 2nd take-all are causing available for resistance to most of these
undetermined losses each year in the diseases. However, a large proportion of
wheat-soybean rotation system. the variability, especially for the foliar

blights and spike diseases, needs to be

Table 1. Effect of chemical control on the reduction of losses due
to the disease complex, Parana, Lirazil, 1976 to 19832

Yield (kg/ha)
Check Recommended Loss in

(no chemica! chemical control yield
Year control) {3 applications)t—’- (°/0)
1976 1347 2170 38
1977 1880 2410 22
1980 834 2054 59
1982 768 1220 37
1983 1390 2618 47
Average 1244 2094 41

a/ Average of 14 experiments conducted Ly Y.R. Mehta,
IAPAR, Brazil

b/ 1st and 2nd application for control of leaf rust, spot
blotch and scab

Table 2. Reduction in wheat yield due to the disease complex of western Parana,
Brazil, 1981 to 1983

Level of Yield Loss
Variety controld {ka/ha) {0/0) Disease
1981
Cocoraque T1 2016 0
T2 1883 6.59 Spot blotch
T3 1769 12,25 Disease complex
1982
Anahuac T1 2226 0
T2 1423 36.07 Spot blotch
T3 1302 41,51 Disease complex
1983
Anahuac T1 2935 0
T2 2361 19.56 Spot blotch
T3 2291 2167 Disease complex

a/ T1 = total control of all diseases, T2 = total control of all diseases except
spot blotch, T3 = no control

Source: M A, Oliviera, OCEPAR, 1984
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transferred into high-yielding and
adapted wheat varieties. This will
require novel breeding approaches,
combined with efficient screening
systems, in order to produce adapted
varieties. Until this is done, chemical
control will have to saleguard wheat
production,

Insect pests

There are very few traditional wheat-
growing areas in the world which have
problems with insect pests. In the more
tropical environments, however, aphids
and stemboarers are important. The
lesser cornstalk borer (Elasmopalpus
lignosellus Zeller) can wipe out
complete fields of wheat, if the weather
remains warm and dry after seeding. In
addition. cereal aphids such as
Metopolophium dirhodum, Sitobion
avenae, Schizaphis graminum and
Rhopalosiphum padi are widespread
on the crop. At the present time, very
little information about genetic
variability for resistance to these inscet
pests is available in whcat. and
chemical control has been an effective
alternative. But as the area undcr
wheat in tropical environments
increases, it will become necessary to
screen wheat germplasm for insect
resistance and breed it into the new
varieties.

Soil and Soil
Management Stresses

Vast areas in this tropical region have
highly leached, acidic soils with high
aluminum saturation and low available
phosphorus, and their subsequent
correction to deep levels is of utmaost
priority. Other areas, with soil salinity,
micronutrient deficiency and
manganesec or iron toxicity, also cause
serious concern. In the presently
practiced system of two crops per year,
many managemcnt factors, such as soil
compaction and erosion, have also
become very important. Most of these
factors will probably be discussed in
detail at this workshop by the
production agronomists.

From the standpoint of wheat breeding,
plant characters such as deep rooting
systems, resistance to aluminum and/or
other mineral toxicities and efficient
phosphorus extraction need to be
identified. Some progress has already
been madc in the development of high-
ylelding and well-adapted whcats for
acid soils with aluminum toxicity. This
is the result of the successiul mixing of
Brazilian and Mexican wheat gene
pools. The next phase in this program
will be to screen for adaptation to low
phosphorous soils, as well as for other
desirable characters such as bu.ter
resistance to the tropical disease
complex.

In thosc tropical regions wlere
irrigation facilities are in existence or
can be developed, watcr management
problems, irrigation systems and their
interaction with the spread of discases
are important. Irrigated wheat provides
a more stable production system, with
higher levels of productivity, than the
rainfed wheat discussed carlier.

Conclusions

In conclusion, the problems in
identifying wheats for more tropical
areas are so numerous and diverse,
compared with those for the traditional
arcas, that they require the
development of a completely different
plant type for proper adaptation. New
germplasm, which can withstand ihe
physiological stresses caused by the
high evapotranspiration rate in the
tropics, will have a greater role to play
in increasing present levels of
productivity. Some of these characters,
not easily located in whcat or available
in alien species, will necd to be
transferred through wide-crosses. The
problem of developing wheats for more
tropical arcas is very complex, and
opens up vast ficlds of rescarch that are
still unexplored. Finally. rescarch
conducted on phosphorus liberation by
mycorrhiza or nitrogen fixation in
tropical grasscs may be applied to
increase wheat production.
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Wheat Breeding in Rio Grande do Sul, Brazil

O. de Sousa Rosa, Centro Nacional de Pesnuisa de Trigo, Passo

Fundo, Rio Grancdle do Sul, Brazil

Abstract

Rio Grande do Sul is the southernmost state in Brazil, bordertng on Uruguay
and Argentina. Its soils are acld, defictent in phosphorus and have high levels of
excheongeable aluminum and manganese. The aluminum and manganese levels
of the oxisols tn the most important wheat-growing reglon of the state are
sufficient to cause great reduction in plant growth or even death in cultivars
which are susceptible to crestamento (toxiclty caused by aluminum and/or
manganese, etc). Wheat breeding huas been carried out for tolerance to
crestamento. All wheat cultlvars recommended to farmers in Rio Grande do Sul
are tolerant to crestamento, the most tolerant heing BR6, CNT1 and IAC-5
(Maringa). The breeding program underway in the state maintains such
tolerance through plant selection under these soil conditions. These soils are
also characterized by unavailable applied phosphorus. By working with
culttvars tolerant to crestamento, it was possible to tdentify the Brazilian
culttvars Toropi and PGl as having a greater development capacity in solls with
low phosphorus availability. Attempts are now being made to transfer this
ncreased phosphorus-use efficiency to other cultivars with better ylelding

capaclty.

Rio Grande do Sul is the southmost
state of Brazil, bordering on Uruguay
and Argentina. It is located between 27
and 33°S latitude and 50 and 57°W
longitudes, and covers an area of
282,184 square kilometers.

Spring wheat is grown in the state,
sown at the end of fall and beginning of
winter (May to July); it is harvested
from October to December. Rains are
well distributed throughout the year,
occurring in sufficient amounts to meet
crop requirements, although in some
years there may be an excess. Better
ylelds are usually obtained in the region
in years with less rainfall, especially
during heading and ripening of wheat.

The wheat-producing areas in the state
are located in altitudes ranging between
50 and 1200 meters. The largest
number of hectares sown to wheat in
Rio Grande do Sul occurred in 1979
with 2,184,899 hectares; statewide
average ylelds have varied between

309 kg/ha (1972) and 1,224 kg/ha
(1981).

The soils in Rio Grande do Sul are acid,
deficient in phosphorus, show high
levels of exchangcak!c aluminum and
manganese, and have varying values of
other elements in the different types of
soll in the main wheat-producing
region. Some soil characteristirs, at
seven locations in the state, are shown
in Table 1. In that sarnpling, the
content of exchangeable aluminum
ranged between 0.6 and 3.0 meq/100 g
of soil, while exchangeable manganese
varied between 32.4 and 546.8 ppm.

To better explain the wheat breeding
problems in the state, certain ecological
information is given for Passo Fundo,
the site of the National Wheat Research
Center of EMBRAPA (T'able 2). This
area |s representative of the major
wheat-producing areas of Rio Grande do
Sul, as well as of Santa Catarina and
south central Parana. It is located at
28°15'S latitude, 52°24'W longitude
and at an altitude of 684 meters. Frost
occurs every year, being more frequent
in June, July and August; sometimes it
oceurs in September, and can result in
severe injury to the crop.
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Table 1. Chemical properties of soils from seven locations in the main wt . at-growing region
of Rio Grande do Sul, Brazil {sampling depth 0-12 cm)

Exchangeable Exchangeable Exchangeable  Available
aluminum manganese Ca +Mg phosphorus
Lozation Soil nsapping unit pH  (me/100g) (ppm) {me/100 g) (ppm)
Passo Fundo Passo Fundo 4.6 3.0 78.3 43 14.1
Julio de Castilnos  Pastso Fundo 49 1.6 93.2 34 9.7
Cruz Alta P. Fundo-Sto. Angelo 5.0 0.7 1174 95 9.1
{Intergrade)
Coxilha P. Fundo-Estacao 4.6 1.5 303.8 9.9 25
{Intergrade)
Lagoa Vermelha Erexim 4.7 2.7 324 25 15
Vacaria Vacaria 45 1.9 546.8 3.0 18
Chiapeta Santo Angelo 4.8 0.6 105.3 5.8 1.0

Source: Siqueira, O.J.F. de. 1980. Response of soybeans and wheat to limestone application on acid soils
in Rio Grande do Sul, Brazil, PhD Thesis. lowa State University, Ames, lowa, USA.,

Table 2. Climatic parameters for the wheat-growing season, Passo
Fundo, Rio Grande do Sul, Brazil, 1959 to 1979

Average Relative

Rainfall temperature humidity Hours of
Month {mm) {oc) (o/o) sunlight
May 100 146 74 183
June 138 129 77 158
July 134 12.8 74 171
August 173 13.8 72 169
September 197 15.7 72 153
Qctober 183 17.4 n 201
November 119 19.3 66 230
December 164 21.2 66 257

Source: Agrometeorological Bulletin 1983, 1984, Centro Nacional de
“esquisa de Trigo, Passo Fundo, Brazil. Pp. 2-31.
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The soil in the Passo Fundo region is
classified as dark red dystrophic latosol
(oxisol). Data relating to some
characteristics of a soil profile which is
being used in a trial on lime dosage are
given in Table 3. As can be seen, the
pH is very low. and is slightly increascd
by lime applications. Aluminum and/or
manganese levels are sufficiently high
to cause either the death or great
reduction in plant growth in cultivars
which are susceptible to crestamento
(toxicity caused by aluminum and/or
manganese). Before creating cultivars
resistant to this physiological disease,
the area was considered inadequate for
agriculture. Lime applications
neutralize acidity, as well as aluminum
and manganese, in the top layers, but
the problem remains in the deeper
layers, below 20 ecm (Table 3). Cultivars
susceptible to crestamento, when
grown in these soils amended with
lime, no longer show very evident
crestamento symptoms, but arc usually
unable to compete in yield with
resistant cultivars.

The genetic breeding of wheat in Rio
Grande do Sul was initiated in 1514,
The present breeding objectives are the
development of germplasm with:

® Agronomic characteristics for high
yield potential

® Short straw and/or high resistance to
lodging

® Tolerance to crestamento

® Resistance to leaf rust (Puccinia
recondita tritici)

® Resistance to stem rust (Puccinia
graminis tritici)

® Resistance to septoria leaf blotch
(Septorta tritici)

® Tolerance to glume blotch (Septoria
nodorum)

® Tolerance to helminthosporium
(Cochliobolus sativus)

® Resistance to mildew (Erysiphe
graminis tritici)

® Resistance to scab (Gibherella zeae)

® Resistance to wheat mosaic virus

® Tolerance to barley yellow dwarf
virus

® Resistance to sprouting

® Resistance (o loosc smut (Istilago
tritici)

Yable 3. Soil acidity and location in the soil profile of aluminum, calcium and magnesium,
11 years after the application of lime, Passo Fundo, Rio Grande do Sul, Brazil, 1984

Amount of lime applied

0 12.4 t/had/ 24.8 t/hal/
Soil depth pH Al Cat+t My pH Al Ca+ Mg pH Al Ca+ Mg
{cm) {me/100 g) {me/100 g) {me/100 g}

0- 125 45 25 3.5 4.8
1.25- 25 43 32 2.9 4.7
250- 5.0 42 36 2.6 5.0
5.00-10.0 43 36 2.4 4.7

10.00- 20.0 43 29 23 46
20.00-30.0 44 42 1.9 5.4
30.00 - 40.0 44 4.0 2.2 4.5

1.0 6.4 52 04 7.7
1.4 56 52 06 7.0
12 7.0 50 08 6.9
16 5.6 53 05 8.1
2.2 4.4 50 1.1 6.3
3.3 29 49 27 3.6
3.2 2.8 46 3.0 3.4

a/ The amount required to raise soil pH to 6.0 wi.en experiment began in 1973

b/ Dorible the amount of 8/

Source: Soils group, CNPT, EMBRAPA, Brazil
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® Resistancc to shattering

® Variability as to cycle, preferably
carly maturity

® Tolerance to frost at the reproduction
stage

® Efficiency in phosphorus usc

® Resistance to greenbug (Schizaphis
graminumn R.)

® Good industrial quality

The information piovided in this paper
refers nnly to breeding in relation to soil
problems.

Breeding Wheats
Appropriate for the Problem
Soils of Rio Grande do Sul

Tolerancc to crestamento

Tolerance to crestamento was first
identified in 1914, among wheats
introduced by immigrants to Brazil (7).
In that yc-u. the cultivar Pollisu was
selected for its exceptional growth in
acid soils. This cultivar is part of the
genetic background of nearly all
varieties recommended for Rio Grandc
do Sul.

In 1948, Araujo (2) determined that
crestamento was caused by the
occurrence of exchangeabte aluminum
and iron in the soil, as part of its total
absorption capacity: this constitutes
what is called noxious acidity. In 1949,
crestamento symptoms were
reproduced by Oliveira after sterilizing
the soil by heat, thus eliminating the
presence of biological agents as possible
causes of the disease.

The first information available
concerning the genetics of the
transmission of tolerance to
crestamento is attributed to Beckman
{1954), who indicated a gene as

responsible for tolerance, a dominant
characteristic. Nodari (6), in genetic
studies contrasting the tolerance of
several cultivars to crestamento under
field conditions, concluded that
tolerance is controlled by two dominant
genes.

Tolerance to crestamento involves
sevceral factors, including tolerance to
toxic aluminum and fo manganesc.
When interactions among these tactors
occur, the interpretation of results
obtained in the field is difficult. The use
of nutrient solutions has permitted the
separation of cultivar reactions to each
of these toxic factors. Using this
methodology. Lagos et al. (5)
determincd that the tolerance gene to
aluminum in the cultivar BH1146 is
located’in chromosome 4D.

All wheat cultivars rccommended in
Riv Grande do Sul are tolerant to
crestamento. Among them, BR6, CNT1
and IAC5 (Maringa) show the best
resistance (8). The wheat-brecding
program maintains such tolerance
through plant selection in segregating
generations (normally F9 or F3) in soil
arcas where lime has never been
applied. In this way. tolerant plants are
casily identified and. in subsequent
generations, they are sereened in soils
having better fertility. At the end of the
selection process, tolerance to
crestamento is contirmed by again
growing the lines in soils with
crestamento.
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Efficiency in phosphorus use

The soils in the main wheat-producing
region of Rio Grande do Sul are
characterized by a low level of
phosphorus availability. The interaction
of plant response and aluminum and
phosphorus absorption is well known.

Ben and Rosa (3), working with
cultivars tolerant to crestamento.
identificd the cultivars Toropi and PG1
(a sclection of Polissu) as having better
development in soils with low
phosphorus availability. These cultivars
have a better (imore efficicnt) utilization
of phesphorus (natural or applicd).
Indicating the possibility of
eneountering genetic variability for chis
character.

Kochler (4), working at Washington
State University, USA, carried out
experiments involving 1600 spring
wheat accessions, with the objective of
identifying accessions tolerant to
phosphorus stress and learned how to
select for this characteristic. His results
identified various cultivars with good
adaptation to soils with low phosphorus
levets.

Autempts are belng made at the
National Wheat Researeh Center to
transfer such phosphorus-use efficteney
to other cultivars with better yield
potential. The segregating generations
are grown in soils with low phosphorus
availability (around 3 ppm) and with
toxic aluminum. It is expected that, by
1985, lines with better phosphorus
utilization will be available for final
evaluation.

Conclusions

Ecological conditions in Rio Grande do
Sul vary greatly, as compared to those
of the wheat-producing regions of
Argentina or Mexico. Nevertheless,
using the technology available at
present, good farmers in the region
have obtained average ylelds of 2,068
kg/ha over the last five crop years. They
utilize a production system involving
the use of the best cultivars, crop
rotations to control root diseases and
fungicide application to complement
genetic resistance.

New cultivars developed jointly by
EMBRAPA and CIMMYT will be made
avallable to farmers in Rio Grande do
Sul in 1985 [new lines of the cross
IAS63/Alondra’S //Gaboto/ Lagoa
Vermelha (PF79765. PF79767,
PF79780 and PF79782)). It is expected
that, with this material, these same
farmers will be able to raise their yiclds
to 3 t/ha within the next five years.
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Breeding and Disease Problems
Confronting the Successful Cultivation

of Wheat in the Cerrados of Brazil

A.R. da Silva, Ministerio de Agricultura, Provarseas Nacional,

Brasilia, D.F., Brazil

Abstract

There are three systems of wheat production in the Cerrados, rainfed, irrigated
upland and irrigated lowland. Important breeding points and the main diseases
are discussed for each of the systems in the Cerrados area of Brazil, as well as
information on climate and soils in relation to each of them. Wheat yields on
Jarmers' fields and a comparison with other possible crops are presented.

Climate and
Soils of the Cerrados

Brasilia will be considered here as
representative of the the Cerrados
region of central Brazil. It has two
seasons, a rainy season and a dry one.
The rainy season lasts from October to
April, and the dry season from May to
September. During the rainy season,
the average monthly rainfall is 215
mm:; during the dry season it is only 14
mm. From January to April, the total
rainfall is 780 mm. During the rainy
season, .ry periods (veranicos) are
frequent and can influence the wheat
crop in twn ways, by reducing plant
growth ard by favoring a serious pest,
Elasmopalpus lignosellus Zeller.

The temperature in Brasilia is
representative of that of the high
plateau (1,000 meters); it is lower than
that of the low-altitude Cerrados
regions. The average temperature in
the rainy season is 21.3°C and, in the
dry season, 19.3°C: if the temperature
of September (wheat harvest month) is
not considered, the dry season average
drops to 18.6°C. The relative moisture
of the air is high during the rainy
season and low in the dry season. Dew
Is frequent until 9:00 or 10:00 a.m. in
May and June; there is little dew in
July. August and September.,

The Cerrados soils are acid, with high
soluble aluminum cont« nt. They are
very low in calcium and magnesium as
well as in phosphorus; there is a strong
fixation when phosphorus is applied as
fertilizer. There is also a deficiency in
micronutrients, mainly zinc and boron.
Boron application at a rate of 1 kg/ha is
needed to prevent male sterility, a
limiting factor in wheat production that
is also conditioned by climate. The
physical properties of the soils are good
for root development of the plants, but
their water retention is poor. Soils in
the paddy fields in the lowlands vary a
great deal but, in general, have poor
drainage which leads to waterlogging;
they are more appropriate for rice
production and flood irrigation than
they are for wheat cultivation.

Systems of Wheat Production

There are three systems of wheat
production used by fariners in the
Cerrados region, as a rainfed crop,
sown in the middle of the rainy season
(February) and harvested in the dry
season {with total rainfall of 700 mm
during the crop season), as an irrigated
crop in the uplands and as an irrigated
crop in the paddy fields. In the last two
systems, the crop season is the dry
season, May to September, with 273
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hours of sunlight monthly. Although
there are breeding and disease
problems common to the three systems
of production, there are others that are
different enough to justify specific
approaches for resolution, according to
the production system.

Breeding and Diseases

Rainfed cultivation

Important factors to considcr in
breeding wheat for cultivation under
rainfed conditions arc:

® Good growth patterns and the ability
to tiller under warmer conditions

® Growth cycle of about 100 days

® Tolerance to aluminum toxicity, as
roots must reach into the subsoil for
water, especially in dry periods

¢ Resistance to drought

¢ Resistance to discases

The efficient use of phosphorus and the
C4 type of photosynthesis are desirable
characteristics ior all of the systems of

production.

Disease incidence is related to rainfall.
Abundant rainfall leads to high
incidence, especially when it takes
place toward the end of the crop
season. The main discases are stem and
leat rusts and Helminthosporium
sativum, which is the most important
discase and is responsible for the
heaviest losses. All of these discases
may be controlled through the use of
fungicides.

Until now, the best germplasin has
been the old Brazilian varieties, which
are tall and have tolerance to aluminum
toxicity. In the best locations during the
last seven years, they have yielded from
900 to 1,700 kg/ha on farraers’ fields;
no crop failures have been reported.
Wheat has been profitable in the
locations where early soybeans yield
well. The two-crop rotation of carly
soybeans followed by wheat. grown in
the same field during the rainy season,

has given a higher return than land
sown only to soybeans or only to maize.
In areas where early soybeans do not
yield wei!. wheat alone cannot complete
with late soybeans (2.5 t/ha) or maize
(4 t/ha). since these are crops which
utilize the entire rainy season.

Irrigated cultivation on the uplands
The lower temperatures, relative
humidity. and rainfall and the sufficient
sunshine of the uplands are favorable to
higher wheat yiclds and lower
incidence of discases. Wheat is irrigated
by sprinkler and by corrugation. An
adequate supply of moisture, combined
with liming of the soil, permits the
successful growing of the Mexican-type
caltivars, with yields ranging irom 2 to
3.5 t/ha.

The main discase problems are stem
and leaf rusts and powdery mildew. It
is possible that root rots and nematodes
may become a problem after several
years of eropping on the same site.
Helminthosporium is not an important
disease.

The use of cultivars which give better
ylelds in warm climates would improve
crop adaptation for the lower altitudes
and result in higher yiclds. Higher
tillering capacity, short, strong stems
and resistance to lodging are important
features of cultivars for use with
irrigation. Efficicnt utilization of
phosphorus is also important, and
tolerance to aluminum toxicity would
improve yield, making irrigation more
efficient.

The wheat-growing season in the
uplands is limited to the period from
the middle of April to September, in
order to avoid the rains occurring at the
end of the crop cyele. This provides
conditions leading to grain of high
quality, high test weight and good
milling quality.
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During the dry season, it is possible to
cultivate other crops, such as beans,
soybeans. maize, potato and peas. At
present, farmers are using the dry
season for growing wheat, potato, beans
and peas. The main problems are the
high cost of sprinkler irrigation. due to
high energy prices, and the farmers'
lack of experience with irrigation and
wheat cultivation. Increased eorrugated
irrigation would lower costs.

Cultivation in the

lowlands and in paddy fields

The lowlands and paddy fields in the
lowcer altitudes have warmer climates.
Wheat has been cultivated successfully
in areas with an altitude of 500 meters
and above. These areas have problems
of irrigation and drainage, becausc of
the nature of the soil (low hydraulic
conductivity) and the poor leveling of
the fields. Waterlogging frequently

occurs and seedbed preparation is
difficult. In addition to the
characteristics mentioned previously for
breeding wheat in the irrigated
uplands, tolerance to waterlogging and
to higher ternperatures will be required
in the lowlands. Disease problems are
similar to those of upland irrigated
wheat, but are more intense.

Wheat cropping is carried out in the
lowlands when there is no risk of
flooding, and when other agricultural
activities permit. The crops competing
with wheat are the same as those of the
uplands.

The water needed by wheat is less than
half of thu. required by tiooded rice:
thus, wheat is a good alternative when
there is limited water in the rivers
during the dry scason. Farmers are
obtaining yields in these areas of 2 to

3 t/ha, with no investment needed other
than that for drainage improvement.
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Screening Wheats for Quality

A. Amaya, Industrial Quality Laboratory, Wheat Program,
CIMMYT, Mexico

Abstract

Screening tests are simple methods that are used to eliminate undesirable
materials from the breeding program; they can be made rapidly, using small
samples of individual plants in early generations. In the case of quality, these
preliminary screening tests help breeders to select materials with the type of
gluten that is desirable for the preparation of various products. Seed-type
selection is used in segregating material for eliminating all lines with poor
kernel characteristics. After seed selection, other preliminary screening tests are
performed, among them, the Pelshenke test which is used to separate bread
wheats according to gluten strength. The microsedimentation or Zeleny test and
the sodium dodecyl sulfate (SDS)/lactic ucid sedimentation tests are other rapid

methods for estimating gluten strength in bread and durum wheats.

Good milling and baking characteristics
can be selected for in the development
of higher-yielding viurieties. In
CIMMYT's wheat program,
improvements are being made in
developing higher-yielding, broadly
adapted varieties with improved disease
resistance and improved milling and
baking quality. Everyone working In
wheat research, production, utilization
and industrialization should be
concerned with the quality required for
the preparation of local products; it
must be kept in mind that quality is a
relative concept, depending on who is
considering ft.

For the grower, good quality means
high: yield potential; for the miller,
quality means high flour yields, which
partly depends ¢n high test weight and
uniform kernel size and shape. For the
consumer, wheat quality means a good
end-product. Therefore, for the
preparation of sarrdwich bread, wheat
with strong, balanced gluten is needed;
for cookies, the best quality wheat has
extensible weak gluten. White wheats
with strong or medium-strong gluten
are preferred by the whole wheat
consuming countrles, such as India and
Pakistan, for the preparation of
chapatis.

To have all these qualities available, the
use of preliminary screening tests is
very important. Screening tests should
be simple, reproducible tests that can
be made rapidly, and in large numbers,
on grain samples from individual
plants, in order to eliminate undesirable
materials from the breeding program;
they are not tests which would be used
for choosing lines to be released as new
commercial varieties. These tests have
the advantage that they can be carried
out beginning with the Fg generation,
allowing many inferior lines to be
eliminated early in the program. In
general, at CIMMYT, all screening tests
are performed after segregating
materials have been selected for seed

type.

Selection for
Desirable Grain Types

Emphasis is given to grain classification
in all wheat breeding programs at
CIMMYT; all lines that have poor kernel
characteristics, and thus are likely to
result in low grain test weight, are
eliminated. In grain tests, samples are
evaluated for grain size, plumpness,
texture and color.
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After seed selection, some of the
preliminary screening tests are
performed on segregating materials in
the breeding programs. In the case of
bread wheats, tne segregating materials
are evaluated for gluten strength. The
Pelshenke test, which separates wleats
with weak gluten from wheats with
strong gluten, gives an indication of the
ability of the gluten to retain earbon
dioxide gas which is formed during
fermentation.

in this test, a 3-gram sample of grain
from each plant is ground into whole
meal, mixed with a standard ycast
suspension and formed into a dough
ball. The ball is immediately placed in a
beaker of distilled water at 30°C, and
the time in minutes until the dough
ball disintegrates is a measure of gluten
strength; this is called the Pelshenke
value. Wheats with strong gluten have
Pelshenke values of more than 100
minutes: ones with weak gluten have
Pelshenke values of less than 60
minutes. Even though this test has
some weaknesses, it is very useful in
some breeding programs.

Microsedimentation or the Zeleny test is
arother method for estimating the
strength of wheat gluten. Like the
Peishenke test, it takes only 3 grams of
wheat from ecach plant to produce the

.64 grams of flour needed to perform
the test. The flour is suspended in
water in a graduated cylinder and
treated with lactic acid. The volume of
sediment, consisting principally of
swollen gluten and occluded starch,
which is measured after standing for
five minutes, is the sedimentation
value.

The sodium dodecyl sulphate (SDS)-
lactic acid sedimentation test is another
rapid method ior estimating gluten
strength in both bread and durum
wheats. The test is simple and ravid,
allowing for the evaluation of sev.-ral
hundred samples in one day:; it also
requires only 3 grams of wheat. The
ground sample is mixed with the SDS-
lactie acid solution in 2 graduated
cylinder for a short period of time and.
after a rest period of ten minutes, the
volume of the sediinent is recorded. as
in the Zeleny test. Wheats with stron,,
gluten have large sedimentation values.
while those with weak gluten have
small values.

There are other tests that can be used
for the serecning of segregating
matcrials, but the ones mentioned here
have been very important at CIMMYT
for creating the quality variability
required for the various countries
where genetic materials from the
CIMMYT wheat program are utilized.
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Wide Crosses and New Genes
for Wheats for the Tropics
A. Mujeeb-Kazi, Wheat Wide Cross Program, CIMMYT, Mexico

Abstract

The benefits breeders have derived from alien species through the {ntrogression
of alient genetic material are best exemplified by the current CIMMYT IB/IR
wheat lines. Several lines have been released by various countries as varieties
hecause of thetr wide adaptation, vield stability, aluminum tolerance and
resistance (o Septoria tritici. Other institutions have made significant
improvemerus (n wheat through alien introgressions, specifically for resistance
to the pathogens that cause stem rust, leaf rust, stripe rust, powdery mi dew
and wheat streak mosaic virus, as well as resistance to greenbug. There have
becn, however, only a limited number of alien species involved in the above-
mentioned studies, Aegilops umbeliulata, Agropyron elongatum, Agropyron
intermedium and Secale cereale; considering the extent of alien germplasm
available, the promise of future success is extremely high. The larger the
number of alien genera that are combined with wheat and the larger the
number of resulting hybrids that are advanced, the more diversified will be the
environmental conditions under which wheat production can occur. This
potential is the reason for CIMMYT's wide cross prograrn.

Conventional plant breeding has
maintained its predominant role in crop
Improvement and has been remarkably
influenced by the wealth of prevalent
genetic information. This has provided
the necessary genetic variability for use
by plant breeders, and genetic advances
have adequately demonstrated their
consistent impact. Prevalent breeding
procedures and genetic variability have
so far perinitted routine handling for
each problematic situation that has
surfaced.

Complemerting research that
contributed to the stccess of
conventional programs was developed
with great success .n the 19th century
in the disciplines of inutation breeding
and interspecific and intergeneric
hybridization. The latter two, in
essence, have incorporated an
undirected. modified genetic system or
have exploited, to a limited extent, the
unique gene pool of a few closely
related or more distant relatives of
cultivated crops. In both cases, new

genes have been identified that
otherwise might never have been
available through conventional genetic
systems.

More recently, the exciting areas ot
tissue culture, multiple shoot formation
technology, anther culture, somaclonal
variation and the broadly designated
area of DNA technology have emerged.
It should be recognized, however, that
these new methodologies are fanciful;
they offer immense promise in theory
but, for the budgetors of time, they can
be classified as being of high risk and
extremely futuristic. They do, however,
definitely warrant continued research.

In the CIMMYT wheat program,
agricultuial demands have dictated a
working methodology that has taken us
from a stage of research fantasy to one
of practicality and accountability. The
majority of the disease resistance and
stress tolerance objectives pursued have
no demonstrable gene tic association or
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inheritance and, for a few, no genetic
base of resistance has as yet been
Identified. Specific examples of this are
the lack of potent karnal bunt
resistance in Triticum aestivum and T.
turgidum, the meager knowledge of salt
tolerance gene/s and the lack of a
copper efficiency gene in T. aestivum.
To these may be added heat tolerance
and drought tolerance; the list can
undoubtedly be extended. In order to
resolve this complex situation, research
efforts need to be so directed.

In wheat wide crosses, therc is an
attempt to resolve some of the disease-
resistance and stress-tolerance
problems. The approach has bheen to
incorporate into wheat (T. aestivum
and T. turgidum) the genetic resistance
of stress tolerance that abounds in the
annual or perennial grass species of the
alien genera Aegilops, Agropyron,
Elymus, Haynaldia, Hordeum and
Secale. The major problems limiting
alien germplasm utilization lie in the
difficulty in producirg hybrids. These
difficulties will always be present and
are found at various stages in the
ontogeny of the hybrid. These areas
have attracted little attention, and
advances in any or all of themn have the
potential of substantially increasing the
range of wide hybrids that may be
produced.

The phenotype of wide hykrids and
their derived amphiploids mitigate
against their commercial use;
consequently, additional cytogenetic
manipulations must be made before
practical application becomes possible.
In general, these manipulations are
directed toward introducing the
smallest piece of genetic material
capable of controlling the desired
phenctlype without affecting the other
essential attributes of the recipient
specles. An extensive list of hybrids

involving species of the Triticeae, and
also many examples of desirable genes
transferred from wheat relatives into
Triticum, most of which are now in
commercial varieties, has recently been
published. Consequently, there can be
little doubt as to the practicality of the
introduction and usefulness of alien
variation.

Since the introduction of the Lr9 locus
from Triticum, most of the examples of
the introduction of alien variation
involve loci for disease reaction. The
introduction of genes affecting protein
content, from T. dicoccoides into T.
aestivum, was recently described.
There is a qualitative difference
between the interactions of the two
types of introduced genetic material
that is of consid¢ cable significance. In
all cases involving diseas« reactions,
both the introduced gen. '~ material
and the genetic material of the
pathogen are free to mutate:
consequently, the durability of
usefulness of the alien material is
limited by the natural variation of the
pathogen. This type of system can be
described as dynamic. In a dynamic
system, it is to be expected that the
introduced variation would have a
durability no greater than the genes
available by intraspecific manipulation.
In this respect, they are no different
than other genes manipulated by
conventional plant-breeding
methodology. However, in tne case of
karnal bunt resistance, it would seemn
that there is no available source of
resistance in the cultivated forms and,
therefore, the loci located in the wild
relatives have an increased desirability,
even though their ultimate practicality
will be limited by the constraints of a
dynamic system (1).



129

The introduction of alien genetic
material affecting physiological traits of
the recipient species is free from this
restriction; this is a static system.
Consequently, manipulations
introducing material of this type have
the potential of producing
breakthroughs in commercial
produc<tion. It would be anticipated, for
example, that, if it is possibic to
introduee genetic material providing
drought resistance or tolerance, high
protein content, protein quality, salt
tolerance or various metal tolerances, it
would allow the cultivation of wheat in
areas where it is currently impossible.

As the demands for increased world
food production increase, the value of
introduced variation will also increasc.
It is not possible to predict the future

genetic demands that may be placed on
wheats as new races of pathogens
appear or as cultivation is extended into
new areas. Consequently, a stock of
alien genetic material introduced from
wide hybrids may prove to be of great
value.

It appears that the use of wide hybrids
and the derived genetic material in the
Triticeae will provide an: expanding
source of genetic variation for plant
breeders which, in some cases, may
even amount to quantum changes in
either the production or distribution of
the crop.

Reference
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Wheat in West Africa

G. Varughese, Wheat Program, CIMMYT, Mexico

Abstract

Although wheat has been grown in small amounts in West Africa for many
centurles, it is only in the last 20 years that it has become an tmportant food
source for the increasing urban population. Because of this increasing demand,
governments In the region are becoming interested in the possibllity of growing
wheat, a crop that should be successful, dependent on the development of
adupted cultivars and appropriate agronomic practices. Also needed will be
trained personnel for research and extension, and improved transport and

marketing systems.

Wheat came to West Africa many
centuries ago through the salt trade
routes. Later on, it was also brought in
by Muslim pilgrims. It used to be grown
in very small areas in many African
countries, more for use in religious
ceremonies than for human food. This
situation, however, has changed
dramatically during the past twenty
years, and today wheat is an important
source of calories for many of the West
African countries. In fact, Sub-Saharan
Africa has one of the highest growth
cates in wheat consumption in the
world, mainly utilizing imported wkeat.
Most of the wheat is consumed in urban
areas and, since the urban population
in these regions is continning to
expand, the upward trend in wheat
consumption is also likely to increase.
This rapid expansion in the
consumption of wheat has prompted
many governments in the region to
consider the possibility of growing
wheat.

The countries in the region having at
least some potential for growing wheat
are Senegal, Mali, Upper Volta, Niger,
Nigeria and Chad. The socioeconomic
difficulties related to producing wheat is
different for each of these countries.
However, agroclimatic patterns and
varietal needs are similar for ail of the
countries of the region.

Almost all of the wheat grown in West
Africa is irrigated, and is planted about
mid-Novemper and harvested in early
Marcl:. Most of the soils are heavy clays
with very low water infiltration.
However, there are also a few areas
with sandy soils in the region. Winters
in generai are mild, wit™ high rates of
evapotranspiration, thus necessitating
frequent irrigation. Planting date and
water management are the two most
critical factors for a successful crop.

At present, Siete Cerros and its
derivatives are the best-adapted wheat
varieties for the region. Fortunately,
disease is not a factor limiting wheat
production.

Country Situations

Senegal

With the exception of Mauritania,
Senegal has the highest per capita
wheat consumption in West Africa. In
the 1975-1977 period, wheat
consumption was 23 kg per capita per
year. The government of Senegal, with
the help of FAO/UNDP, had an excellent
wheat research project in Guede in the
Senegal River valley from 1976 to

1982. Researchers at the station have
consistently obtained yields of 3 to

4 tons per hectare. The variety Mexipak
has yielded an average of 3.6 t/ha over
five years, with a maximum of 5 and a
minimum of 3 t/ha. In farmers’ fields,
on commercial-sized plots, yields have



averaged about 2.5 tons/ha. However,
wheat in Senegal is still an
»xperimental crop. It is possible that, in
the future, Scnegal can grow wheat in
the Senegal River basin.

Mali

Farmers in the Niger delta have grown
wheat in small plots for hundreds of
years. Recently, with the introduction
of small irrigation precjects along the
Niger river near Dire and Timbuktu,
the wheat area has expanded. There are
three aid projects in operation in the
region, one cach by Belgium, Fran:e
and the USA. and all are invaolved in
various aspects of wheat culture. The
local varieties grown are Hindi Tosson
and Alkama Tireye.

Niger

Wheat cultivation in Niger is ancient.
The main wheat area is in the Agadez
region. Close to 1000 hectares of wheat
are grown in this region, all of which is
localiy onsumed. At present, attempts
are being made to grow wheat in the
area of the Konnl Irrigation Project.
Local varieties there are Bahause,
Hayatang, Tawat and a recent
reselection, Dambata. The varieties
being planted cxperimentally at Konni
are Florence Aurora and Danbata.

Nigeria

Among the West African countries,
Nigeria has the greatest production
porential and the lary:st wheat area. It
is grown in three different states, Bono,
Kano and Sokoto, in the large-scuie
irrigation projects. Mexipak and

INIA 66 are the two most widely grown
varieties. At present, more than 10,000
hectares are devoted to wheat, but the
country has the potential for expanding
this amount to 100,000 hectares in the
future.

Chad

V/heat used to be a regular crop around
Lake Chad. The area was being
expanded in the mid-1970s, but there is
little information presently available
because of the civil war in the country.

Conclusions

Wheat can be grown successfully in
many West African countries. The need
for an intensification of cropping
patterns, the lack of trained personnel
to conduct production agronomy
research and extension and the lack of
transport and adequate marketing
systems are the major problems facing
wheat production in West Africa.
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Wheat Varietal Development

Strategy in Bangladesh

L. Butler, Wheat Program, CIMMYT, Joydebpur, Dhaka, Bangladesh

Abstract

Against a background of variable planting dates, water avatilability, and farmer
preference for the varlety Sonalika, white-seeded varieties need to be developed
with flexibility in terms of yleld response to a number of cropping situations.
This challenge is being inet by a national varietal Improvement prugram,
whereln material is advanced only If it demonstrates the ability to yleld as well
as Sonalika when planted late in the season and/or under dryland conditions:
lts yield must be consistently better when planted early and/or under irrigated

conditions.

A bird's-eye view of the Bangladesh
wheat-growing arcas would reveal a
mosaic of differing crop stages and
stands, largely defined by date of
planting and water availability. In one
area. farmers may plant their crop late
In December; in another, in mid-
November. Irrigated and dryland crops
may stand side-by-side. Further, the
patterns can shift annually, due to
changing facilities and the vagaries of
weather. A farmer who plants his crop
exclusively on dryland one year may,
as a result of buying a shallow tube
well, irrigate a mixed pattern of rice
and wheat the next. Due to excessive
flooding during the monsoon season, a
farmer is sometimes forced., against his
usual practice of planting rice as early
as possible, to plant late, thercby
causing him to harvest late and,
subsequently, to plant his wheat crop
late as well.

The availability of time and water for
the growth of wheat in Bangladesh is
much less than that of more productive
areas, such as the Punjab in Indija and
Pakistan and the Yaqui Valley in
Mexico. There are about 120 days in
the erop cycle at best, and about 70%
of the crop is planted under
nonirrigated conditions.

The average national yield is about

2 t/ha: even under the most favorable
circumstances, yields have not
exceeded 4.5 to 5 t/ha in farmners’ fields.
Generally, mid-November planting is
most favoratle for production. On the
average, yields are reduced about 1%
for each day that planting is delayed
after the end of November.

In order that no losses are incurred
through shriveling, grains must fill by
the first week of March at the latest;
after that time, temperature and
relative humidity rise rapidly. However,
about 75% of the wheat area is planted
in December, with about 60% around
mid-December, effectively leaving only
90 to 100 days for the production of a
crop. This situation has placed a
premium on the development of short-
duration varicties,

Sonalika, the predominant commercial
variety, matures in about 95 days if
planted in mid-December and produces
large, white seed and consistent (good-
as-can-be-cxpected) yields in a variety
of cropping situations. However,
Sonalika is fully susceptible 1o leaf rust
{Puccinia recondita) and must be
replaced or, at the very least, the area it
occupies diluted with resistant varietics.
Resistance to leaf rust is not a great
selling point, however. since epidemics
usually start very late and damage is
generally insignificant; new varieties
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must also demonstrate a yield
advantage. Further, farmer preference
for Sonalika is so pervasive that it is
nearly considered synonymous with
wheat.

Against this backdrop of variable dates
of planting, water availability and
varietal preference, white-seeded
varieties must be developed which can
be planted late and/or on drylands,
while also responding favorably to early
planting and/or irrigated conditions. In
all probability, the perfect, miracle
variety will not be found that these
parameters suggest is needed:;
obviously, some compromises will be
necessary.

The development of a number of
different varieties, each with its
characteristics favorable to a given
situation, i always suggestcd.
However, 75% of thc annual wheat
seed requirement is stored by farmers
and, suprisingly, a good percentage of
such seed survives the humid monsoon
season with a high level of germination.
They cannot store seed safely for more
than six months, nor are they willing to
store a number of varieties, selected for
the different kinds of situations they
may have on their own land (and which
may change annually). Further, the
national seed produetion program,
although producing good quality seed,
is not sufficiently sophisticated to
efficiently grow ane distribute a
number of different varieties in
sufficient :juantities that demand
requircs. The present program, instead,
is directed toward the selection of the
maximum amount of flexibility in
germplasm, in terms of its drought
tolerance/favorable response to
increased water availability, and
tolerance to late planting/favorable
response to earlier planting.

Material is available with maturities

and drought resistance comparable to
Sonalika, but with no particular yield
advantage. Yields, of course, generally

decline with decrcasing time-to-
maturity. The probability of selecting a
variety with similar duration and
desirable characteristics of Sonalika,
and with a consistent yield advantage,
is quite low. Rather than to exclusively
select for varieties that are similar to
Sonalika, selection is also made for
varieties which, under both irrigated
and water-stress conditions, are of
somewhat longer duration than
Sonalika (but no more than a week
longer). They must also be tolerant to
heat-forced maturation while still
maintaining a reasonable vield and
seed quality and, if planted at a more
favorable date. yield consistently better.

All pre-trial matcrial, irrigated or
dryland, is selected at a favorable date
of planting (November 15 to 30) and a
late date (December 15 to 30). at least
once before being allowed to progress to
the national screening nurscry, the
Bangladesh Screening Nursery (BSN).
Individual plants from international and
locally generated scgregating material
are alternately selected at favorable and
late dates of planting up to the Fg
generation (e.g., plants are selected at a
favorable date in the Fo, F4 and Fg
generations, and at a late date in the F3
and F5 generations). Lines may be cut
in bulk if selected for the BSN starting
with Fg: the F7 and Fg generations are
also planted at a favorabie datc.
However, all Fg material is first selccted
under irrigated conditions' seeds of
sclected plants are divided and the
populations are thereafter tested at
alternate dates, simultaneously under
both irrigated and water-stress
conditions.

Lines selected for the BSN are planted
at seven locations; three of the sets are
planted under water-stress conditions.
Lines of good appearance, with leaf rust
resistance, absence of physiogenic leaf
and spike problems, and yielding well-
formed, clean seeds in a majority of
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locations, are selected for yield trials.
Although the apparent ability of any
given line to perform well under only
irrigated or dryland conditions would
not necessarily exclude it from further
consideration, it would have to be
sclected at either all the irrigated or all
the dryland sites.

Lines selected from the BSN are tested
for three years in experiment station
trials which are planted at both
favorable and late dates of planting, and
under both irrigated and dryland
conditions. Selection criteria, ir
addition to those mentioned above,
require that a line must perform as well
as Sonalika at a late date of planting,
and better if planted at a favorable date
under irrigated and/or dryland
conditions. Lines advanced thisugh the
third year of trials are grown the fourth
year in large unreplicated plots on both
farmers' fields and experiment stations.
This stage is critical; for a line to be
released by the National Seed Board. its
good performance must be observed in
the field by a committee selected by the
Board.

This strategy may appear complicated;
however, as a result of the stringent
selection criteria, the number of lines
advanced annually are diminished
considerably, thereby reducing the
amount of material that must be
handled in trials. For example, in the
third-year trials of 1984-85, only ten
lines including checks will be entered.
In any case, it is felt that this strategy is
practicable, since it shows that
germplasm with the required flexibility
is avallable.

Recently released varieties, on the
average, yield 10% more than Sonalika
if planted at a favorable date, and as
well as Sonalika wlien planted late. All
have maturities of three to seven days
later than Sonalika, and all perform as
well and often better under water-stress
conditions than Sonalika. These
varieties, in fact, were developed
without employing the above strategy:
it appears, however, that the present
program will streamline the selection
process and make possible the early
identification of appropriate material,
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II. Diseases and Disease Control

Breeding Wheats for Resistance
to Helminthosporium Spot Blotch
Y.R. Mehta, Instituto Agricola de Parana, Londrina, Parana, Brazil

Abstract

Spot blotch caused by Cochliobolus sativus (Bipolaris sorokiniana, Syn.
Helminthosporium sativum) i{s one of the most important diseases in a number of
countries, such as Brazil, Paraguay, Bolivia, India, Bangladesh and Thailand. In
recent years, breeding for resistance to this disease has been gaining
importance. This paper discusses some of the principal aspects involved in
breeding, including genetic variability in the pathogen populations, screening
this for resistance (inoculum, inoculation and field trials), identification of
sources of resistance in alien species and transfer of reststance to advanced

lines or varieties. Information on some of the resistant lines presently available
in wheat against B. sorokiniana is also provided.

Spot blotch of wheat, commonly known
as heiminthosporium, is caused by the
fungus Cochliobolus sativus lto et
Kurib Bipolaris sorokiniana Sacc. ex
Sorokin, (Syn. Helminthosporium
sativum P.K. and B). B. sorokiniana
can attack all plant parts. It is
considered important in a number of
countries since the resulting losses in
yield are appreciable. Severe epidemics
of spot blotch are frequently registercd
in some tropical countries. Spot blotch
epidemics in India and neighboring
Bangladesh and Thailand have recently
been reported (7). Spot blotch is also
considered one of the most important
diseases in Africa (14). In the USA. on
the other hand, it is considered of
secondary importance, although its
generalized occurrence was registered
in Minnesota in 1979 and 1980 (18).

In Latin America, the importance of
spot blotch is restricted to Brazil,
Paraguay and the Santa Cruz area of
Bolivia (5). During the years 1979 to
1982, severe epidemics of the disease
occurred in Paraguay, causing heavy
yield losses. In Brazil, spot blotch is of
great importance. The disease occurs
every year In all of the wheat-growing

areas of the country, and severe
epidemics were registered in the states
of Parana, Sao Paulo, Mato Grosso do
Sul and Brasilia, D.F. during the years
1976, 1979, 1980, 1982 and 1983

(9, 10). Under favorable conditions for
the disease, the losses in yield can be
between 30 and 80%:; in some fields
they can reach 100%. Because of its
importance, chemical control measures
for spot blotch are being applied in
order to obtain stability in crop
production. Another way to control the
disease is through varietal resistancc:.

Genetic Variability

As a rule, in breeding for discase
resistance, it is necessary to have ample
genetic variability within the host
populations, as well as within the
pathogen populations. To exploit
existing genetic variability in the host
plant, it is important to determine the
genetic variability of the pathogen
populations. For this purpose, the
different virulence strains of the
pathogen must be identified.
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Attempts to identify the races of

B. soroktniana were made as early as
1922 (3). Based on morphological and
pathological characters, Christensen (3)
identitied at least 37 races of this
fungus. Clark and Dickson (4), while
working on B. sorokiniana on barley.
reported that the isolates differed
significantly in pathogenicity. Wood
(19) strongly believed in the existence
of physiological races within B.
sorokiniana and reportcd that isolates
of this fungus differed strikingly in their
parasitic capabilities, regardless of the
plant or geographical source. I{ is well
knowu that B. soroktntana is an
extremely variable fungus: progenies
from a single conidium may differ in
pathogenicity. Constant mutation and
saltation are other problemns which
make race identification still more
difficult.

To distinguish between races or strains,
it is necessary to establish a differential
set of cultivars. Recently, Mehta (11)
established a preliminary set of 13
differential eultivars and identified a
total of 32 races. These races. when
tested on adult plants, diffcred
strikingly from each other as to spore
production and lesion size (12). To
determine variability in the pathogen
pepulation, a large nuinber of
monoconidial isolates had to be
obtained from different locations, from
ditferent wheat varieties or from related
plant species over a period of two to
three vears.

Mehta (11) reported that the reaction
pattern of the races on the various
cultivars was altered in most cases after
the isolates had been stored eight to ten
months. It is well known that the
isolates change or even losc their
pathogenie capability after a period of
time. This is why the term “race’ for
B. sorokiniana has been questioned.

Once the standard differential set of
cultivars is established, the strains with
different virulences (races) can be
identified at any {ime by using fresh
monoconidial isolates. Such isolates
can, in turn, be used for the
identification of broad-spectrum
resistance. Recent work in the [APAR
laboratory shows that the monoconidial
isolates can be maintained in conidial
form on sterilized filter paper discs

(11) with fewer problems of mutation
and loss of virulence for up to three
ycars. Further work is necessary with
the preliminary set of differential
cultivars: it nceds to be standardized so
that it can be used by scientists in
different countries.

Screening for Resistance

Screening for resistance is an important
step in breeding for disease reistance.
Screening techniques must be reliable,
so that the resistant material thus
scleeted can be incorporated into the
crossing blocks with confidence.

Screening for resistance is generally
done in a greenhouse or in a walk-in
cold chamber, but always under
controlled conditions; all plant
materials must be testea under
standard and uniform conditions. Any
change in the quality of inoculum,
inoculation techniquc, incubation
period and environmental conditions
may alter the reaction pattern.

Inoculum preparation

For screening purposes, a good
inoculum must include a mixture of
several virulence isolates and an
appropriate and constant amount of
viable conidia in the suspension,
Inoculum of different virulence isolates
can be multiplied scparately on
autoclaved sorghum seeds in
Erlenmeyer flasks at room temperature
(20 to 25°C). Over a period of three
weeks, abundant spore inerease can be
obtained on the sorghum seeds. Fifty
grams of such seeds are placed in a
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beaker with 200 ml sterilized distilled
water and shaken thoroughly. The
conidial suspension is filtercd through a
cheese cloth; it ran be diluted by
adding more water or strengithened by
adding more seed, so as to arrive at a
concentration of 33,000 to 43,000
conidia per ml of water.

It is not necessary to count conidia in a
hemocytometer. To determine
concentration, the count can be made
under a microscope with a magnifica-
tion of 150 (15 ocular x 10 objective). If
an average of € to 12 conidia are
observed per microscopic field, then a
concentration of 33,000 to 43,000
conidia/m] is assured. This method is
not time consuming and gives uniform
results. The conidial suspension of all
the isolates at proper concentration is
mixed together and, for every 200 ml of
conidiai suspension, a drop of sticker
Sandovit, manufactured by Sandoz, is
added. The resulting 1nixture is used
for inoculation. Normally, germination
tests for conidia are not necessary, but
experience has shown that, if the flasks
are incubated for over three weeks, a
large amount of conidia lose their
viability. This procedure is also used to
inoculate the segregating populations
and advanced lines in the field; the less
diseased plants with smaller leasions
are selected.

At research stations where laboratory
facilities are not yet available, the
inoculum for segregating populations
may be prepared in a simpler way.
Conidial dust may be collected from the
combine soon after harvest, especially
from fields heavily infected by

B. sorokiniana. Such dust normally
contains about 70 to 80% conidia. This
dust is dried in a desiccator for 72
hours, kept in glass bottles and stored
in the regrigerator. Experience shows
that conidial dust can be stored in a
viable form for over two years. To get
genetic variability in the pathogen
populations, it is necessary to collect
conidial dust from several varieties and
several locations. At time of inoculation,

the dust from different locations and
varieties is mixed in equal proportions,
and the segregating populations and
advanced lines are sprayed.

Inoculation

In the greenhouse, it is preferable that
plant material be tested for resistance
at two growth stages, at the scedling
stagc and also at thc adult plant stage.
To confirm the reaction pattern, the
test should be repeated for cach growth
stage; it has been shown that scedling
rcaction does not necessarily
correspond with adult plant reaction.
Although adult plant resistance is
always preferred, tests on seedlings
help to determine lines that show
resistant reactions at both growth
stages. Such lincs are of great interest
in programs breeding for resistance.

For seedling tests. plants can be grown
in soil in plastic trays (55 x 30 x

12 cm). One row with 10 to 12 plants of
each variety is planted; a total of twelve
varieties can be grown per tray. Twenty
days after sowing, the seedlings are
inoculated uniformly. using a small
atomizer and a prcssure pump. The
inoculated plants are incubated in the
dark for sixteen hours at 20° * 1°C
and at near 100% humidity. Later, they
are incubated for seven days at 20°C in
a walk-in cold chamber with fluorescent
lamps for alternate cycles of twelve
hours light and twelve hours darkness.
Readings on infection are taken seven
days after inoculation, using an
appropriate scale for reaction score (11).

The adult plant test can be performed
by growing the plants in earthen pots
25 cm tall and 20 cm in diameter.
Normally, five plants are grown per pot;
a total of ten plants per variety are used
to determine variety reaction. Only the
flag leaves are inoculated soon after
emergence. They are washed with
distilled water, gently rubbed between
the fingers and then. while being held
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upright, are given a quick spraying,
from the top to the bottom of the leaf
and then from the bottom to the top.
The rest of the procedure is the same as
that for the seedling test.

Field trials

Although greenhouse tests are reliable,
it is often necessary to conduct field
trials to confirm varietal reaction under
natural conditions. In institutions
where controlled environmental
conditions are not present, screening
tests can be performed in the field with
artificial inoculations. All of the
resistant lines selected in the
greenhouse are tested under field
conditions over a period of at least two
years. It is important that tests be
performed at three to four hot-spot
locations each year. It is worthwhile to
include resistant and susceptible checks
In the nursery. and it should be
surrounded by a susceptible spreader.
Inoculum is prepared in the same way
as for greenhouse tests, and the
conidial suspension sprayed on the
spreader as many times as necessary to
obtain a severe epidemic.

Disease ratings should be taken at least
twice, once at the heading stage and
once at the soft dough stage. However,
if time permits, weekly readings are
very useful. From the disease progress
curve, the rate of infection can be
calculated; the lower the rate of
infectior, the higher the degree of
resistance (12). Agronomically dcsirable
lines with low infection ratings are used
as sources of resistance in the breeding
program.

Through this process, some lines have
been selectec (Table 1). However, they
need to be te::ted further at other
research stations before being used for
general breeding purposes. Table 2
indicates some lines resistant to

B. sorokiniana, based on screenings
made {n Zambia. Brazil and Bangladesh
in 1980-81 (13). In India, Adlakha et al.
(1) tested 625 wheat lines and reported
16 lines resistant to B. sorokiniana:
HD1927 was considered to be the best.
They believe tnat sources of resistance
are readily available in wheat.

Table 1. Resistant lines to spot blotch (8. sorokiniana) based on field screenings, Londrina,

Brazil, 1982-83

Resistance reaction-2/

Variety/cross Lonarina Palotina S. Miguel
Pamir’‘S*

CM20834-A-7Y-501Y-502Y-0B 8 MR, 30 MS 30MS 10 MS, 20 MR
PF7339=Sonora 64-SKE x

LR64A/IAS49 125,45 MS 8 MR, 20MR 25MS, 5 MR
Horizon 1MS,40MS 5MR, 20MS 5 MR, 20 MR
Veery''S"”

CM33027-F-12M-1Y-3M-1Y-0M TMR, 20 MS 8 MS 20 MS, 16 MS


http:CM20834-A-7Y-501.Y502Y.OB
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Table 1. (Cont'd)

Resistance reaction-2/

Variety/cross Londrina Palotina S. Miguel
OCEPAR-9-Perdiz TMS, 25 MS -— 25 MS
CNT1=PF11,1000062-BH1146 TMR, TMR 3 MS, 5 MR/MS 5 MR, 5 MR
Frontana 15 MS 30 MS 20 MR
BH1146=Fronteira-Mentana x P.G.1 98, 40 MS 21 MS 8 MS, 20 MR
Jacui=S8-Toropi 5 MS 30 MS 5 MR
LD7815 20MS 20 MS 10 MR
LD7821 10 MS — 15 MR

LD8115=Alondra//CNT7/PF70354/
3/PAT24/Bluebird/Kalyansona

1119170-2L-25L-8L-0L 10 MR — 25 MR
LD81151=IAC17/Alondra’'S’

118314-0F-27L-10L-7L-0L 10MS _ 15 MR
PAT7219 10MS —_ 10 MR
PAT7392 20MS 10 MR 10 MR
BR8=IAS20-Tp x PF70100 _ 20 MR 10 MR
Kinglet”S"

CM33089-W-3M-7Y-3M-0Y 20 MS - 15 MS
LD8032=PAT72195-Musala x TRM

113746-1Ld-12Ld-4Ld-0Ld 35 MS _ 20 MS
LD8038=JUP-Moncho

19312-1Ld-8Ld-7Ld-0Ld 30MS —_ 30MS
LD8077=IAS55-Alondra*'S"

118310-0F-30Ld-15Ld-0Ld 25 M3 —_ 20 MS
PEL7301i5 15 MS 30MS 5 MR

a/ MR = moderately resistant, TMR = trace to moderately resistant,
MS = moderately susceptible, S = susceptible
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Table 2, Results of screening for resistance to Bipolaris soroki liana, Mexico, Brazil,
Bangladesh and Zambia, 1981-82

Resistance found
Cross and pedigree to be present

Kavkaz-HD2009, SWM2984-1M-1Y-1M-2Y-0M-OM

CRT-Alondra’”S", 1114055-0M-7LD-5LD-1LD-0Y

CRT-Alondra"S"”, 1114055-0M-7LD-5LD-2LD-0Y

CRT-Alondra”S", 1114055-0M-7LD-1LD-0Y

CRT-Alondra”S"”, 1114055-0M-19LD-25LD-1LD-0Y

TOB"S"'/CN067-JAR x Kavkaz, CM20707-A-1Y-8M-1Y-0Y-2PTZ-0Y

TOB”S"/CN067-JAR x Kavkaz, CM20707-A-1Y-8M-1Y-0Y-4PTZ-0Y

{TOB'S"-NPO x Correcaminos-INIA/CNO-NO66)SJ“S*

Tanager*'S"”, CM30697-16Y-7M-1Y-OM

Pewee’'S’’, CM31630-H-3Y-1M-6Y-OM

Kalyansona-Bluebird x CJ*’S"*/Alondra‘‘S"”, CM32421-4M-1Y-2M-2Y-0OM

Banaquit'‘S"”, CM32656-3M-501Y-519M-0Y

Harrier'’S”, CM33435-P-1M-1Y-OM

CBC148/5/INIA/3/LR64*2/SN64//CC/4/CC/INIA“S”/6/VLD"'S"
CM33683-A-4M-1Y-1M-0Y

TOW"”S"”, CM34709-B-3M-1Y-1M-1Y-OM

BJY*'S"-Grajo”'S""(LR64-SN64 x TZPP-AN64/BBxTOB-CNO)
CM34742-E-2M-9Y -OM

Fury-M073, CM36732-16Y-15M-4Y-0M

OLN-TRM, CM36820-10Y-1M-1Y-OM

Bonanza-JUP73, CM36872-27Y-3M-2Y-0M

BR74.72-COC75, CM36889-31Y-10M-0Y

GOV-AZ67 x Musala’’S”’, CM41257-1-8M-3Y-0M

ERA-MN69.146 x Pavon 76, CM52349-1MM-0MM

BH1146

L2000.731

MN72135

PF69129

PF71131

PF7339

X X X X X X X

Source: Rajaram et a/. (13)



141

Identification of
Sources of Resistance

Sources of resistance to B. sorokiniana
in species other than Triticum
aestivum are of special interest in the
breeding program. The use of alien
gene pools for disease resistance has
long been known (8). Breeding for
specific resistance against
Phytophthora infestar:s in potato
started as early as 1949, when a gene
pool for resistance was discovered in
Solanum demissum (16). In recent
years, there have been several reports
on the use of gene pools for resistance
to rusts, septoria and mildew in wheat
from some closely related species (2,17).
CIMMYT has been making some effort
to incorporate alien resistance genes
already in the wheat background (6).
Recently, they have obtained some
segregating lines resistant to

B. sorokiniana from wheat
combinations with Aegtlops elongatum
and Elymus giganteus (M. Kazi,
personal communication).

Nevertheless, information on the
sources of resistance to B. sorokiniana
in species other than T. aestivum is
still very scant, and attempts should be
made to identify sources of resistance in
a» many allen species as possible. Such
information would help for genetically
combining different sources of
resistance. Also, relativeiy little
information is available about the
underlying genetic mechanism of
resistance. Adlakha et al. (1) reported
that resistance in wheat to

B. sorokiniana was conditioned by one
or two dominant factors; similar
conclusions were reached by Srivastava
et al. (15). Further work may be
necessary to understand more about
the inheritance of resistance.

Transfer of Resistance
to Advanced Lines or Varieties

Until recently, very little emphasis has
been given to breeding for resistance to
B. sorokintana. During the past ten
years, much improvement has been
made in wheat production, especially in
the Latin American region, through the
introduction of Mexican varieties with
high yield potential and improved
disease resistance, mainly to the rusts.
Some of the varieties have failed to
create an irapact in some areas due to
their susceptibility to B. sorokiniana
and the local complexes of diseases.
There are only a few examples of field
resistance to B. sorokiniana within
existing commercially grown varieties.
Among them are the Mexican varieties
Alondra and Cocoraque, which have
shown reasonably good performance
against spot blotch in farmers’ fields.
Alondra, a semidwarf wheat with a big
spike, has become an important
progenitor in numerous crosses with
Brazilian wheats. Among the Brazilian
varieties, BH1146, CNT1 and PAT7219
have the best resistance. Thus, due to
the fact that a majority of commercial
varieties are susceptible or highly
susceptible to B. sorokinlana, breeding
for resistance to B. sorokiniana has
rapidly gained importance in recent
years.

Once the sources of resistance in

T. aestivum or alien species are
confirmed, the problem of incorporating
such resistance in agronomically
desirable varieties arises. By and large,
the pedigree selection method is
followed by most breeders and
pathologists. After passing through
several field and greenhouse screening
tests, resistant lines are tested for yield,
included in the crossing block, and
selections for resistance and agronomic
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characters made in segregating
populations. Heavy inoculum pressure
is a prerequisite to testing and, during
the process of subsequent selections,
there is the danger that resistance will
be lost. Nevertheless, if a particular
source possesses a very high degree of
resistance, it will be able to endure
through the pedigree method. In Brazil,
a high degree of resistance has not yet
been found in T. aestivum. It is
possible that, in most cases, resistance
is polygenic and is governed by minor
genes.

Quite frequently, a bulk or modified
bulk system is used when desirable
characters are obscured by unfavorable
environmental conditions or other
stresses. The backcross method also
might be used with success to transfer
resistance to B. sorokiniana. This
method works best when resistance is
governed by one or only a few major
genes. The CIMMYT germplasm
development program has used this
method to incorporate disease
resistance into acceptable plant types
(M.M. Kohli, personal communication).

In case resistance to B. sorokiniana is
governed uy a large number of minor
genes with low expression and low
heritability, the best approach would be
to use the recurrent selection method.
The availability of some effeccive
gametocides makes the method feasible
and would help to establish a large
number of genetic pools which could
subsequently be combined. These
genetic pools or recurrent selection
populations could serve as a bridge for

transferring resistance without losing
important characters such as yield and
adaptation.

There Is an urgent need to identify
resistant sources in alien species.
Transfer of resistance from such species
to T. aestivum is a rather complicated
and difficult task. Difficulties in making
interspecific crosses is due mainly to
differences in levels of ploidy (8).
However, problems such as lack of
chromosome pairing and crossing-over,
failure of crosses after fertilization,
difficulties in rearing hybrid plants and
the lack of vigor and fertility of hybrid
plants can be overcome by the use of
various techniques and chemicals such
as colchicine and gibberellin.
Information on Jthese points is given by
Knott and Dvorak (8).

In general. the most important objective
of breeding programs is to enhance
yield stability through effective
resistance to a complex of diseases.
However, uniform screening procedures
and techniques have not yet been fully
implemented. Invariably, disease-
screening hot spots are lacking, and
artificial inoculation techniques vary
among national programs. Altiiough
plant pathologists have begun
inoculating selected materials to
identify progenitors, segiegating
populations and advanced lines are still
being selected under variablc and
natural disease pressure. Only uniform
artificial inoculation can guarantee the
successful screening of germ;..asm for
resistance to B. sorokiniana. A network
of hot-spot locations for this disease
needs to be established within each
country in order to permit uniforrn
screening and, consequently, provide
reliable information on resistance,
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Breeding Wheats with Resistance
to Helminthosporium sativum in Zambia

R. Raemaekers, Belgian Development Cooperation, Mount Makulu
Research Station, Chilanga, Zambia

Abstract

The Mexican wheat cultivars developed in the 1970s are unsuitable for
production during the rainy season in Zambia. due to their susceptibility to
Joliar diseases and head blight caused by H. sativum. Several sourees of
resistance have now been detected in rew germplasm from CIMMYT and in
Brazilian wheats. Crosses are being made in Zambia to increase the level of
resistance and adaptation. Selected lines yield up to 3 t/ha in tests, and the first
variety has been released. The prospect for rainfe:! wheat production with

resistant cultivars is good.

Zambia has 6 million inhabitants, and a
large percentage of them live in cities
and towns; the annual requirement for
wheat is 180,000 tons. Approximatcely
10% of this amount is produced locally
as irrigated wheat during the winter.
Although a yicld of 6 t/ha is possible
and the wheat price is USS 320/ton. the
irrigated whceat arca is nct increasing.
The participation of small-scale farmers
in irrigated wheat production is difficult
to cnvisage, but they could participate
in rainfed whecat production, where
title or ne mechanization is required.

Rainfed wheat rescarch and production
started in the mid-1970s; however,
more emphasis was placed on
production than on rescarch. The
cultivars Jupateco and Sonora 64 were
used for commercial production, but
with very low, uncconomic viclds,
ranging from O to 800 kg/ha. The major
reason for this failure was determined
to be the susceptibility of the wheat
cultivars to diseases caused by
Helminthosporium sativum.

Natural epidemies of discases caused by
H. sativum start from the tillering
stage, and usually develop quickly after
flowering: very susceptible lines may he
totally necrotic by flowering. All above-
ground plant parts are attacked. The
op‘imal conditions for development of
H. sativum are present in Zainbia

during the rainy scason. Most locatiuns
it the country can therefore be
considered as hot spots for this disease.
In crop loss assessment tests, it was
demonstrated that total crop loss could
oceur if susceptible cultivars were used.
In the same tests, it was also
demonstrated that yields of more than
3 t/ha could be obtained with good
discase control.

Wheat cultivars with resistance to

H. sativum had to be found, but no
suitable variety for Zambian conditions
was Kknown to cxist anywhere.
Screening began with the support of
CIMMYT: the search for “'the needle in
the havstack™ had started. Through
contacts with Passo Fundo, thz first
Brazilian lines arrived in Zambia in
1979. Parts of the World Collection
were also sereened, and nurseries from
ICARDA wecre tested.

Very tew sources of resista.:ce were
found at first, when only advanced
generation nurscries were tested.
However, better materials were
subsequently found in the CIMMYT Fo
spring x winter populations and in the
Fo nurseries for aluminum tolerance. It
is possible that an association exists
between tolerance to aluminum toxicity
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and resistance to H. sativim. This may
explain the resistance to H. sativum
found in the Brazilian lines.

After several seasons of fleld tests with
many lines from abroad and local
crosses, all introductions are now
compared with susceptible and
resistant check varieties, and certain
selection writeria are {2llowed.
Selections are made, based on foliar
Infection, head blight, node infection.
black point, maturity period, plant
height, lodging tendency and
agronomic characteristics. A single,
best growth stage at which resistance
can be identified has not yet been
determined. Observations in two or
three growth stages are still necessary
because of fluctuations in discase
pressure. The critical period for
infection is the time between carly
dough and maturity. Observations
during flowering provide a good
indicator, but sclections made before
flowering are unreliable,

Low percentages of ilag leaf necrosis
and head blight during the sot dough
stage arc good measurements of
resistance. It may be possible to express
necrosis by spot type and lesion
number. Entire spikelets of susceptible
lines arc quickly destroyed by

H. sativiem: restricted lesion
devclopment and few lesions on the
spikes are required. Node infection
cxp-esses itsell in stem-breaking at
maturity; 100% stem-break is often
recorded on susceptible cultivars like
Jupateco.

Grain infection varies considerably,
cven among resistant lines. Late-
maturing lines may escape infection
and are often wrongly sclected as
resistant. Therefore. it is necessary to
relate infection level to growth stage
and to make comparisons to check
cultivars. H. sativum may severely
attack lodged plants, probably due to
the creation of a favorable microclimate
for discase development after lodging.
Dwarf plants do not compete well with
weeds, and they risk exposure to
relatively high discase pressure.

The flag leal size is another criterion
that needs further investigation. Large
flag leaves permit more inoculum
production than smaller ones, and
indircetly contribute to higher disease
pressure. Smaller leaves, in general,
contribute to a microclimate which is
less conducive to discase development.
Good tillering provides an effective
weed-control mechanism, and may also
be an expression of tolerance to
aluminum toxicity and heat.

In yield tests in Zambia, H. sativum
severity is scored during flowering and
in the soft dough stage on a 0 to 9
scale. During flowering, the height at
which the infection is found on the
plant is recorded; during the soft dough
stage, the flag leal and the spike are
scored: the infection is already high up
on the plant by that time. A scverity
index for black point will be included in
the scoring system,

The occurrence of other discases, such
as X. campestris and Fusarium spp.,
complicates the scoring of H, sativum.
Scoring at flowering is often made
difficult by the presence of lesions all
over the loliage. Fluctuations in discase
pressure by sudden changes in weather
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conditions, whereby infection
percentages change quickly, complicate
the comparison between varieties which
are in different growth stages. Under
high disease pressure, the cpidemic
develops very quickly, and correct
determinations of growth stages at
scoring are necessary.

The standardization of scoriag methods
ol H. sativum would be beneficial for
the development of resistant varicties.
Presently. the situation is such that
interpretation of information on

H. sativum from different countries is
difficult. Cultivars labeled resistant in
one couftry may be very susceptible in
other countries, and vice versa.

The wheat germplasm with resistance
to H. sativum which is now being used
in Zambia originates from CIMMYT
segregating nurseries, from Brazil and
from local Zambia crosses. In the spring
X winter wheat nurseries, some lincs
were selected in the following crosses:
Predg¢-NAC, Predg-Kavco, KVZ-Tanori,
KVZ-HD2009/TOB-CNO x TOB-Era and
KVZ/3/CC-INIA//CNO/EIl Gaucho-Sonora
64. Unfortunately, these lines are not
adaptated 1o acid soil conditions. In the
spring X spring wheat nurseries (Fg
helminthosporium, Fg aluminum
tolerance) several promising sclections
have been made, especially in the
crosses with Brazilian wheats. Some of
these lines have good adaptation to acid
soil conditions as well. Lines from the
following crosses are in various yield
tests: PEL73280-Atr(Tzpp x IRN46-
CNOG67/Protor), 1AS64-Aldan*'S",
PF7339-Hahn"'S,”” PF7339-Vecry*'S",
IAS58-Chat"'S™, Hork x CNO-Siete
Cerros/IAS63, Kalyansona-

Bluebird x Alondra"S"/Jacui and
PF7339/Cndr-ANA x Cndr-Mustafa.

Most of the older Brazilian wheats are
late maturing and very susceptible to
rust diseases under Zambian
conditions. Some of the selections
which are presently in yield tests are
PF7748, PF72640, B7401, B7903,
B8005. BR6 and Mascarenhas; these
lines are also well-adapted to various
soil conditions. From the local
hybridization program, the best lines
which are now in F7 originate from the
follcwing crosses: PF7748 x PEL73280-
Atr(Tzpp x IRN46-CNO67/Protor),
K4500 x Kalyansona-Alondra*'S"/
PF7748, PF72640 x PEL73280-
Atr(Tzpp x IRN46-CNO67/Protor).
Predg-NAC x PF7748, PF72640 x
IAS64-Aldan*'S", IAS64-Aldan*'S" x
PF7748 and PF7748/Predg-NAC x
K4500.

With an accelerated generation-
advancement prograra, it is now
possible in Zambia to develop and
screen relatively large numbers of
entries in a short period of time,
Crosses are made in July and August,
immediately after the rainy season. F|
seed can be harvested as early as one
month after pollination, due to
favorable environmental conditions.
The F is then seeded during
September and October, and Fg seed
harvested in December. The Fg is
secded in carly January in the rainy
season at one or more locations. The
sclections are harvested in April and
May and resceded under irrigation in
May and June. Fgq secd is ready in
October, in time for the rainy scason
tests. Large populations from each

" cross were space planted in the

beginning, but it may be more efficient
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to make a large number of crosses and
prescreen them in a nursery as a bulk,
after which intensive selection can be
conducted in space-planted populations
of the best crosses.

The wheat program has recently
released the first rainfed wheat cultivar,
Whydah. Its origin is the Brazilian
selection PF7748 (ND81/1AS59//IAS58).
This variety requires four months from
seeding to harvest. It is tall, tillers
strongly and has small spikes. Besides
being resistant to H. sativurm, it is also
resistant o Fusarium, X. campestris,
P. recondita and P. graminis: it also
has ghod tolc:..:ice to aluminum
toxicity. It is now used as the resistant
check in the yield tests, along with the
susceptible cultivar Jupateco. It
constantly yields around 2 t/ha in vield
tests under various soil conditions and
different times of sceding. provided the

rainy season lasts long enough. The
first commercial production took place
during the 1983-84 season, with an
average yield of 2.5 t/ha. The same
yiclds were also obtained with PF72640
and Banu, but these were not released.

At present, several entries in the yield
tests have equai or better yields thai:
Whydah. Among them arc several
Brazilian lines and sclections from the
CIMMYT and Zambian crosses
mentioncd carlier. Some lines y ld

3 t/ha. However, officiai release not only
requires resistance to H. sativum, but
also to several other diseascs, as well as
tolerance to aluminum toxicity. This
combination is not always prcsent.

Commercial rainfed wheat production
is now possible in Zambia. The farming
community is becoming interested in
this new crop. Sufficient land for
production is available, and 3 t/ha and
more may be realized in the near
future.
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CIMMYT Methods for Screening Wheat
for Helminthosporium sativum Resistance
L.IL Gilchrist, Wheat Program, CIMMYT, Mexico

Abstract

Helminthosporium sativum is one of the most aggressive and virulent pathogens
Jound when breeding wheat in tropical climates. To screen for genelic resistance
at CIMMYT, seedlings at the two-leaf stage are sprayed with inoct:lum in the
greenhouse, and then placed in a mist chamber; evaluation for resistance is
made beiween the fifth and seventh day after inoculation. Selection under field
conditions is accomplished in Poza Rica, where optimum environmental
conditions for the development of H. sativum prevail. Usually four to six readings
are taken of follar damage, depending on the maturation of the lines being
tested. Grain damage is evaluated for severity, based on the percent of infectivn

of each grain.

Among the pathogens that most
strongly affect wheat yields in tropical
areas is Helminthosporium sativum,
which causes seedling blight, spot
blotch and black point. One of the
control methods that is being
investigated currently is the screening
of genetic material for desirable
resistance levels. This paper presents
the methodology used for selecting
genetic material from CIMMYT's breaa
wheat and wide cross programs under
greenhouse and field conditions.

Handling Fungus
in the Laboratory

Pathogen isolation

The isolates are obtained from leaves of
different wheat varicties and lines. In
1984, various samples were taken at
Poza Rica. The disecased leaves were cut
into small picces, disinf-cted with 5%
calcium hypochlorite for 60 seconds
and transferred to Petri dishes with
potato dextroce agar (PDA).

Maintaining the isolates

The isolates are maintained on
sterilized wheat grain. To prepare the
sterile grain media, the grains are first
soaked in distilled water for 24 hours.
Then the cxcess water is drained off,
and the grain is sterilized in an

autociave at 120°C for two hours. The
isolates are kept in this media under
refrigeration (4°C) until required.

Inoculur increase

When au increase ir the inoculum is
desired, the infected grains are

trans!” rred to Petri dishes with PDA
and . in a growth chamber at 22 to
24+-C, after seven or eight days, the
inoculurn is ready for use.

Inoculum preparation

A spore suspension is prepared by
washing the PDA plates with distilled
water and filtering the spore suspension
through gauze. The spore concentration
is then standarized to 60,000 spores
per/ml, using a hemocytometer.

Inoculations under
Greenhouse Conditions

Freparation of test material

Ten to twelve sceds of the materials to
be tested are placed in envelopes made
from glassine bags lined with absorbent
paper towels. They are then arranged in
two rows in 22 x 30 cni trays with
strings to separate and support the 60
envelopes. Each tray is then filled with
distilled water, supplying the humidity
necded for germination and plant
development.
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Inoculation

Inoculation is done at the two-leaf
growth stage (about cight to ten days
after germination), using a hand
sprayer. Each tray receives
approximately 100 ml of inoculum.
Inoculated plants are then kept in a
mist chamber, with two hours of
continuous misting, and then 15
minutes of misting every two hours
thereafter for 24 hours. Later, the
seedlings are transferred into a
chamber and kept at 22° to 24" < and
75 to 80% relative humidity for five
days.

Evaluation and selection of material
Inoculated materials are evaluated after
five to seven days, according to the
following 1-to-5 scale:

1 = afew small black lesions on
leaves

2 = morc black lesions, some with
sniall chlorotic halos

3 = lesions surrounded by chlorotie
halos. many of which start
converging: some drying ctfect,
at leaf tips

4 = broad lesions with ample
necerotic zones: drying over a
large part of the leaf

5 = large lesions: drying of the
whole leaf
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Mexico, 1983-84
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Selection under Field Conditions

During the 1983-1984 cycle, conditions
were optimum for the development of
H. sativum in Poza Rica. Relative
humidity was recorded as between 90
and 100% for more than 95% of the
growing cycle. This high relative
humidity resulted from daily carly
morning and aftcrnoon fogs. with less
than five hours of dircet sunlight per
day recorded during most of the cycle.
The optimum average temperature for
the development of the fungus (18 to
24°C) was also recorded during
approximately 75% of the growing
cycle. These conditions allowed good
selection pressure for the program.
Four foliar evaluations were made for
the early-maturing lines and six for the
late-maturing materials. A 1 10 9 scale
was uscd for scoring, allowing the
noting of more variations in levels of
discase presence.

Figure 1 shows the development of the
discase on four late-maturing matcrials,
The advanced lines Cook-Veery'S™ x
Dove*'S"-Veery"'S" (PC236) and Al
Fong4-Yaco"S" x Tanager"S" -
Pewee''S"'(PC252) gave susceptible
responses, while the lines F371-TRM
(HTL2) and Yaco''S''-Phocbe*'S'/
Calidad-CHKW x Veery*'S™ Calidad-

Discase-free grains

CHKW x Veery"'S" (PC230) showed
slow development of the fungus and
high disease tolerance.

Figure 2 snhows the development of the
diseasc on four carly-maturing
materials. Torim 73 and Cleopatra
showed a susceptible response. Line
AntbirdS"-Yaco'S" (I’C195) exhibited
slow developinent at the start. but
ceached a high level of infection by the
end of the eyele. Line Lira”S™ (PC1056)
displayed good resistance, exhibiting a
le devel of infection during the entire
cyele.

In addition to ficld evaluation, 50 spikes
of each sclected line were harvested at
maturity and the pereentage of discased
grain and the severity of the damage
was cevaluated, according to a 1-to-5
scale (Figure 3). The best lines selected
at CIMMYT with this methodology are
presented in the paper by Villareal

et al. (these proceedings).

Reference

1. CIMMYT. Intructions for the
Management and Reporting of
Results for Wheat Program
International Yield and Screening
Nurseries. CIMMYT, Mexico. (No
date.)

Figure 3. One-to-five scale used at CIMMYT for scoring severity of disease

damage on wheat grains
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Insect Pests and Diseases
of Wheat in the Philippines

D.B. Lapis, Institute for Plant Breeding, University of the
Philippines, Los Baiios, Philippines

Abstract

For the Philippines, producing wheat would be an ideal approach for reducing
wheat importation and for saving foreign exchange. Insect pests and diseases
are two of the constraints to its production and to crop acceptability by the
Jarmer. Based on observations int arcas where wheat is being targeted for
comumercial productien. helminthosporium seems to be the nmost limiting fuctor
to producing wheat with desirable yield on a commercial scale; foot rots are
observed only occasionally and sporadically. Work on wkcat pests has onis
begun in the Philippincs; principal research efforts will be it breeding for
reststant cultivars to control the pests and discases of primary economic

importar:ce.

Although wheat was under cultivation
in the Philippines as carly as 1664,
commercial production is still in its
infancy. with only about 69 hectares of
commercial production in the 1983
cropping scason. However. a great deal
of wheat is consumed in the
Philippines. In 1983, wheat importation
amounted to about USS 20 million.
second only to petroleum. and thus
constituted a tremendous foreign
exchange drain.

Even though producing wheat would be
an ideal approach for reducing wheat
importation and saving foreign
exchange, there are at present
coustraints which make wheat growing
cconomically unfeasible. The crop doces,
however, offer promise for future
production. Inscct pests and discascs
are two of the production constraints
which limit its aceeptance by the
farmer.

Wheat Diseases

The (wo discases of major importance
in the Philippincs are hetmintho-
sporium leaf spot and foot rots. Leaf
spot is caused by Helminthosporium
sativum, and there are several other

reported helminthosporium species.
Foot rots are caused by Selerotium
rolfsii, Rhizoctonia solani. Fusarium
roseum, Phythium spp., Phytophthora
spp. and H. sativum

Several species of Helminthosporium
arc suspeeted of causing leal spot, leaf
stripe and net blotet , which are
presently attacking wheat. It is obvious
that they are caused vy different
species, because of the observed
differences in the characteristics of the
lesions present on the discased plants.
The difterent root rot pathogens infect
plants, either alone or in combination.

Bascd on observations made at the
different arcas where wheat is being
targeted for commereial production, the
discase caused by the Helmintho-
sporium spp. is believed to be the most
limiting factor in the cffort to produce
wheat with desirabte yield on a
commere;al scile. Wheat in those areas
is planted in November and December,
so that the carly vegetative stage
coincides with the cooler months
(December and January). Previous
observations in the ficld have shown
that leaf spot is always present on
wheat, but usually the discase becomes
severe only at the later growth stages,
between late January and late
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February. Environmental conditions are
often favorable for quicker and more
severe helminthosporium infection
when temperatures of 25 to 28°C and
relative humidity of 70 to 84% occur
from January to March, coinciding with
the eritical stage of plant growth.

Further complicating the management
of the disease is the year-round
presence of host plants of
helminthosporium. including various
grasses and broadleaft weeds, such as
Commelina diffusa, Chloris karbate,
Dactyloctenium aegyptium, Eleusine
indica, Cyperus difformis,

C. fimbricatus, Imperata cylindrica,
Cynodon dactylon. Paspalum
conjugatum, Leptochloa chinensis,
Rottboellia exaltata, Brachiaria
distachya. B. mutica and Echinochloa
colona.

Fool rots, although only occasionally
and sporadically observed in the
different areas, are also considercd of
importance. The areas targeted for
wheat are the rainfed areas, with
insufficient irrigation for a second ricc
crop. Sclerotium and Rhizoctonia are
common soil-borne pathogens, and the
sclerotial bodies left in the field after
rice harvest scrve as an inoculum
source for the wheat. The situation is
further aggravated by pre-sowing
irrigation and the existence of high
temperatures and high relative
humidity, favoring germination of and
infection by these soil-borne pathogens.

Other foot rot pathogens, such as
species of Pythium and Phytopthora,
are observed only occasionally; H.
sativum is more common. It is
probably seed-borne, as indicated by
the fact that 20 to 25% of the seeds
taken from fields severely infected with
helminthosporium leaf spot show the

presence of black point. This is further
supported by a preliminary study in
which seeds, previously disinfected
with 1:1000 mercuric bichloride
solution, soaked for five minutes in a
spore suspension of H. sativum and
planted in sterile soil, gave only 30%
germination; uninoculated seeds had
92% germination. Those seedlings that
survived showed symptoms of
helminthosporium five days after
emergence.

To date, the only studies conducted on
wheat discases in the Philippines have
been on the etiology of helmintho-
sporium lecal spot (1966), which was
identified as Helminthosporium
sativum Pammel! King and Bakke, and
on head blight, which was identified as
Fusarium roscum (Cke) Snyder and
Hansen.

Insect Pests

The principal insect pests on wheat in
the Philippines are:

Seedling maggot - Antherigona spp.
Semilooper - Chrysodeixis chalcites
Pink stemborer - Sesamia inferens
Corn earworm - Helicoverpa
armigera

® Aphids - Rhopalosiphum maidis

Currcnt observations indicate that the
first four pests appear in succession
during the cropping season.

At present, no details on genetic
resistance to the different wheat pests
can be given since work only started on
July 1, 1984. The main research efforts
in the Philippines will continue to be a
search for resistant cultivars, in order to
control those pests and diseases of
primary cconomic importance.
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The Eff t of Early Foliar Infection
by Helminthosporium sativum on Some
Yield Components of Two African Wheats

W.A.J. de Milliano, Wheai Program, CIMMYT, Mexico, and
J.C. Zadoks, Department of Phytopathology, State Agricultural
University, Wageningen, Netherlands

Abstract

Early foliar infection by helminthosporium reduced the kernel dry weight per
ear of two African genotypes, in particulur the number of kernels per ear.
Reduction in kernels per ear was high at moderately high air temperature and
humidity, but moderate at high air temperatures and moderately high
humidity: under those conditions, yield was low anyway. Research is proposed
Jor studying yield loss due to early foliar {nfection in the field. For areas with
high air temperature and humidity, breeding for tolerance to high temperatures
seems to demand a higher research priority than breeding for helminthosporium
resistance. Genotypic variation apparently permits selection Jor incomplete

resistance to helminthosporium.

Foliar infection by helminthosperium
(Helminthosporium sativum Pammel,
King and Bakke) of wheat (Triticum
aestwviim L.) occurs In hot humid areas,
for example, in parts of Africa and Asia
(10), but also in eool humid areas (3,4).
During the hot rainy season in Zambia,
foliar infectioi of wheat can become
very severe (6,7); 1n the cool, dry
season, however, scverity remains low
(1). The economic importance of
helminthosporium is unknown for
many areas (5,8,9,11). Crop-loss studies
have been performed in the field
(Raemaekers, these proceedings), where
the effect of helminthosporium on yield
is confounded with other factors, such
as temperature, soil and interplot
interference. To study the effect of
helminthosporivm on yield
components, trials were performed
under controlled conditions with
artificial inoculation. Conditions in the
growth chamber corresponded as much
as poscible to field conditions in Zambia
and to other countries in the tropical
belt.

Materials and Methods

Two trials were performed in a walk-in
growth chamber at the Department of

Phytopathology of the State
Agricultural University, Wageningen,
Netherlands. Trial 1, performed in
1982, had high air temperature and
moderately high humidity (Table 1); in
Trial 2, performed in 1983, both air
temperature and humidity were
moderately high (Table 2). A 12-hour
day was used in 1932 and a 13-hour
day in 1983; light intensity in both
trials was moderate.

In 1982, inoculations with helmintho-
sporium were made before mid-
flowering (mid-flowering = decimal
code (DC) 64! (13). In 1983, they were
made before heading (heading = DC 50).

The cultivars used were Tokwe and
MILO4-21, short-cycle, early-maivring
wheat genotypes. Tokwe is a dwarf
cultivar for irrigate 1 conditions (2,12),
which is susceptible is helmintho-
sporium in the field. MIL()4-21 is a
medium-tall line from the Horizontal
Resistance Breeding Program (1); it has
moderate susceptibility to
helminthosporium in the field and
relatively good yield in the warm rainy
season at Mazabuka, Zambia (15°45'S
latitude, 27°56'E longitude, 985 m
altitude).
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Each trial had two replications with two
blocks for inoculation and two
genotypes randomized within the
blocks for inoculation. The block for
inoculation contained at least eight pots
with two plants each. The 1982 trial
was harvested 104 days after the start
of germination, and the 1983 trial after
101, 108, 1i5 and 122 days from
germination. Kernels were dried at
80°C for 42 hours, and number of
kernels and dry weight of kernels per
ear were determined.

Results

In Trial 1, kernel dry weight per ear of
the first tiller was relatively low

(Table 3). Foliar intection significantly
influenced kernel dry weight per ear,
but genotypes differed in response. In
Tokwe, infection was lowest, with no
difference between inoculated and
uninoculated plants. MILO4-21 had a
loss of about 38%, due to a loss in
number of kernels and some loss in
kernel dry weight.

In Trial 2, kernel dry weight per ear of
the first tiller was good in uninoculated
plants (Table 3). Foliar infection
significantly influenced kernel dry
weight per ear. Tokwe, with the lowest
value for untreated plants, had the
highest loss in kerne! dry weight per
car. In both genotypes, loss in kernel

Table 1. Climatic conditions used in growth chamber trials to study the effect of
helminthosporium on yield, Netherlands, 1982 and 1983

Trial 1, 1982 Trial 2, 1983
Light Darkness Light Darkness
Condition (12 hr) (12 hr) {13 hr) {11 hr)

Air temperature (0C)
at 70 cm 27 20 24 18

Relative humidity (0/o) 63(80)2  80(96) (80} (90)
Light intensity at planting
(lux) 24,500 - 24,000 -

a/ Figures in brackets = set value of growti ~hamber

Table 2, Regime followed for inoculating wheat with Helminthosporium sativum
to study effect on yield, Netherlands, 1982 and 1983

Inoculation regime

Mean Spore
Days after development density
Trial dermination stage (DC) (spores/ml)

Trial 1 (1982)

Inoculation 1 48 42 G x 104

Inoculation 2 51 45 1x 105

Inoculation 3 64 59 5x 106
Trial 2 (1983)

Inoculation 1 35 28 1x 106

Inoculation 2 40 36 1x 106

Inoculation 3 52 50 1x 106
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dry weight per ear was caused mainly
by a severe reduction in the number of
kernels per ear.

Conclusions

Early foliar infection by
helminthosporium reduced the kernel
dry weight per ear of both African
genotypes. Foliar infection between
development stages 30 and 50 DC of
the plant inhibited kernel production,
but did not appear to influence dry
weight per kernel. Foliar ir.fection
between development stages 40 and 65
DC of the plant, however, could affect
both number of kerncls per ear and dry
weight per kernel. The results suggest
that the development stage at which
the infection occurs is of importance for
the number of kernels produced. The
degree of inhibition was high,
particularly at the moderately high air
temperature and humidity. Under
irrigated conditions, as in Zambia,
helminthosporium occurs on the leaves
before anthesis; the experiments
suggest that helminthosporium may
then cause significant yield loss. The
amount of yield loss found in these
experiments justifies yield loss studies
with fungicide applications before
anthesis, and screening for genetic
variation in resistance to early
infection.

At high air temperatures and
moderately high humidity, the effect of
temperature on kernel dry weight per
ear was larger than was the effect of
helminthosporium. This indicates that,
in areas with high air temperature and
humidity, breeding for tolerance to high
temperature should have piiority over
breeding for resistance to
helminthosporium.

In both trials, kernetl dry weight per ear
differed between genotypes: it was
highest for MILO4-21, which was
selected under warm, rainy-season
conditions in Zambia. Under those
environmental conditions, MILO4-21
had a higher yield than Tokwe. Genetic
variation appears to allow selection for
incomplete resistance to helmintho-
sporium but, without good tolerance to
high temperature, this resistance may
have little practical value.
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Table 3. The effect of foliar infection by Helminthosporium sativumn on yield components
of first tillers for two African wheat genotypes grown in a growth chamber, Netherlands,

1982 and 1983

Trial 1, 1982 Trial 2, 1983
{genotype and effect) (genotype and effact)

Yield Effect of Effect of Effect of Effect of
component Tokwe inoculation?’ MILO4-21 inoculation® Tokwe inoculation= MILO4-21 inoculation®
Kernel dry weight

per ear (g}

No inoculation 0.14 0.53 0.68 1.28

Inoculated 0.14 0 0.33 .38 0.25 .63 0.80 37
Number of kernels {-)

No inoculation 5 19 21 43

Inoculated G - 15 21 8 .62 28 .35
Kernel dry weight (mg)

No inoculation 29 28 35 30

Inoculated 25 14 23 14 35 0 30 0

a/ Effect of inoculation = 1,00~{+/—)
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Wheat Breeding for Scab Resistance

G.C. Luzzardi, Faculdade de Agronomia Eliseu Maciel,
Universidade Federal de Pelotas, Pelotas, Brazil

Abstract

Scab or head blight of wheat caused b

Yy Gibberella zeae (Fusarium graminearum)

{s an important yield-limiting factor in tropical/subtropical regions; the main
damage occurs as shriveling of grain and flower abortion. Immunity has not
been reported, but some Asian cultivars have shown stable and transmissible
resistance. Selections in segreguting material should be done at locations with a
high natural disease incidence and/or by using measures to increase disease
spread, such as artificial inoculum production and inoculations, Changes in
seeding date, sprinkler irrigation, rctation with corn or the use of susceptible
borders should be utilized to enhance the epidemic. The most reliable methods
of disease assessment must be used to determine the percentage of shriveled
kernels and of flower abortion. In this paper are presented aspects of inoculum
production, inoculation methods, environmental conditions which facilitate
testing, identification of resistunce and breeding for scab resistance.

Scab or head blight, caused by
Gibberella zeae (Schw.) Peteh, with
Fusarium grarinearum Schw. as an
anamorph, is an important factor
limiting wheat yields, especially in
areas having mild winters and warm,
humid springs. These conditions
frequently occur during the winter
wheat season in the Southern Cone of
South America, southern Africa.
Australia, eastern and western Europe
and North America (5.6,10,13.30.33.
34,71.73).

The rnain damage occurs as kernel
shriveling and floret abortion due to
infections of the anthers and ovaries,
but F. graminearum is capable of
attacking the whole wheat plant
(10,13.24,30.34,48,67). F. grami-
nearum survives from one season to
another as mycelia, conidia and/or
ascospores in the soil, on crop debris
and on seeds. Infections in other hosts,
such as barley, corn, cats, rice, rye,
sorghum and grasses, e.g., species of
Alopecurus, Agropyron, Bromus,
Digitarta, Echinochloa, Loltum and
Poa, may also be important inoculum
sources (3.5,7,10,13,24,30,34,48).

The variability within F. graminearuwm
is high, at least in cultural
characteristics (11,48.55,70), and
immunity to head scab hkas not been
reported in wheat. However, lines with
high levels of resistance have been
found, especially among miaterial from
China, Japan and southern Brazil
(23.30.34,50,58). Unfortunately, these
sources usually have poor agronomic

type.

The nature of resistance to scab is not
completely understood. Schroeder and
Christensen (56,57) observed two
different types, resistance to initial
infection and resistance to spread
within the spike. The resistance to
initial infection might be related to the
opening of the floret for a shorter time
(Nakagawa, personal communication),
and to not trapping anthers when the
glumes close (48,51,60.61,62,63.64.66),
as well as to other factors. The
resistance to disease spread within the
spike is probably of a biochemical
nature, and Nakagawa has tried to
correlate it with sugar and phosphorus
level (38.39,40,41.42).

Although differences in the level of
resistance have been observed in both
Brazil and Japan (such as in
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Shinchunaga and descendants), several
materials have shown good resistance
over all localities during the few
decades that they have been tested (29).
This fact has encouraged breeders and
pathologists to attempt the difficult task
of breeding for resistance to a disease
caused by a pathogen with a high
variability, high rate of multiplication,
various means of dispersion and
survival in the absence of the host.
Breeding programs for scab resistance
are in progress now in China, Japan
and Brazil. In order to scleet for
resistance to scab, methodologics to
assure the occurrence of the disease
and to evaluate resistance are essential.

Artificial Inoculation

Inoculum production

Several culture media can be used to
isolate and increase inoculum of

F. graminearum {7.72). Picces of corn
stalk with nodes, autoclaved with a
small arnount of water (25), constitute
an inexpensive media that produces
high amount.. of conidia and/or
ascospores, and allows several harvests
of inoculum; this method is now in use
in Brazil. Cul*i. 22 grown at 25°C
under continuous flourescent light give
good production of conidia. Ascospores
are produced by some isolates kept
under natural conditions.

Inoculation wnethods

Sprays of a suspension of myeelia,
conidia and/or ascospores are similarly
effective in inducing diseasc when
environmental conditions are favo-able
{48,66,67.68,69). The concentration of
spores in successful inoculations
reported varies from 4 x 103 10 8 x 106
conidia/mi (1.14,55,56,72). In the tests
conducted in Brazil, a spore suspension
with 106 conidia/ml is applied. under
both field and greenhouse conditions,
with a conventional sprayer.

Injections of spore suspensions (300 to
400 conidia per drop) in a central floret
are very uselul for testing resistance to

spread within the spike. As the most
damaging infections oceur between
anthesis and the miilk stage, i.c., the
period of highest susceptibility (1.2.8,
10.11,12,34.,54). the inoculation should
be made at flowering or a little later. In
Brazil, mix*ures of fifty or more isolates
from different localities are normally
used, in order to assure a pathogenic
population representative of the one
that occurs naturally in the field.

Environmental conditions

In greenhouses with temperatures
around 25°C and relative humidity
over 85% during the inoculation period
(Nowering to milk stage). the
development of scab is very good. In
Pelotas, & marginal region for wheat
production in Brazil, the warm, windy,
humid spring weather provides natural
conditions for a high incidence of the
disease n the field almost every year,
as can be seen in Table 1.

Table 1. Natural occurrence of scab in whez
plots under field conditions, Pelotas,
Brazil, 1979

Cultivar Scabbed grains
{(9/0)
Abura 19.65
Inayama 2.07
Nobeoka Bozu 3.98
Nyu Bay 6.39
Pekin 8 10.18
Toropi 8.18
PEL73007 23.20
PEL73022 2040
PEL73157 5.51
PEL73175 16.20
FB5163 93.33
Jaral 81.81
Super X 91.17
PV-indus 95,28
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In localities where scab occurs only
sporadically, several arrangements can
be made in order to increase the
possibility of the uniform occurrence of
the disease. These include changes in
seeding date to make flowering coincide
with the period of higher humidity, the
usc of sprinkler irrigation, crop rotation
with corn, leaving corn stubble within
and around plots, the use of highly
susceptible borders {(triticale, durum
wheat, rye and some wheat varicties),
and leaving inoculated or naturally
infected wheat or corn straw along the
edges of the plots (3,4,24,43,46,47,
65,74,75).

Identification of resistant plants
Since the main damage caused by scab
Is kernetl shriveling and floret abortion,
the most reliablc method for discase
assessment must involve these two
parameters. Individual threshing of
spikes (or a known number of spikes)
and counting shriveled and healthy
grains is necessary. The number of
plump kerncls per head, grown under
conditions of high scab incidence,

Table 2, Modified Japanese scale for scab
resistance, according to percent of
scabbed grain

Scale Scabbed grains Resistance level

(0/0)
0 0 Completely resistant
1 Less than 8 Resistant
2 9-11 Moderately resistant
3 12-20 Moderately susceptible
4 21-50 Susceptible
5 More than 50 Highly susceptible

compared with the normal number of
plump kernels per head under healthy
conditions is the best indication of the
degree of resistance or susceptibility of
a cultivar. With segregating materials,
since a healthy check is not possible, an
estimate of the number of kernels per
head, based on spike size, is necessary
(Table 2).

The percentage ol damaged grains
alone, overlooking llower abortion, has
been used in scveral programs /7,8,9,
14,16,28,37.72). and has prove: useful
in most routine screening waork. Visual
grading of kernels for plumpaess and
shriveling is also used. Whenever
resistance scoring through kernel
observation is employ :d. threshing
should be done by hand or with a
thresher without foreed ventilation,
since shriveled grains tend to be
climinated in normal threshing.
Obscrvation of symptoms in heads can
also be made in preliminary selections
(37), always watching out for those
cases where glume symptoms are not
correlated with grain infections (28).
The score for a plant should be the
score of the most infected head

(Table 3).

Table 3. Modified Japanese scale for scab
resistance, according to head symptoms

Scale Necrotic area Resistance level

of head (9/0}

0 Completely resistant
1-5 Resistant
5-25 Moderately resistant

25-50
50-75
More than 75

Moderately susceptible
Susceptible
Highly susceptible

NEBEWN-=O
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Wheat Breeding
for Scab Resistance

The main sources of resistance to scab
used in the Brazilian breeding
pregrams are descendants of Asian
cultivars, such as Nobeoka Bozu,
Pekin 8, Nyu Bay, Minami Kyushu 69,
Abura, Inayama, Tokai 66 and others
(7.9,14,15,16,17,18,19,20,21,22,32,
35.36.44.45,52,53). Local cultivars,
cspecially Toropi and Encruzilhada, are
also being used because, even though
they are moderately susceptible in
greenhouse tests, they show some
resistance under field conditions
(26.27.28,31,59).

Crosses followed by genealogical
selection have been used in attempts to
combine resistance to scab with other
traits of local intcrest, such as yield,
quality and resistance to other discases.
The EMBRAPA National Wheat
Research Center at Passo Fundo has a

special program for transferring
resistance to scab, via back crosses, to
several cultivars of good agronomic
type (49).

Selection for scab resistance should
start with a preliminary selection of Fo
plants or, if entries are to be tested
under heavy inoculum in the field or
greenhouse, in the Fg and/or F4
generations. According to Nakagawa
{personal communication), selection in
the F4 and F5 generations are more
effective. In localities where scab does
not occur every year, testing should be
repeated over several generations until
reliable aata can be obtained.

Table 4 presents the percentage of
scabbed (shriveled) kernels of
susceptiole and resistant cultivars and

Table 4. Percentage of scabbed kernels of various resistant and susceptible cultivars and
crosses after greenhouse inoculations, Pelotas, Brazil

Scabbed kernels (°/0)

Cultivar or cross Generation Cultivars2  Selected plants

Nyu Bay 9.3

Nyu Bay x Lagoa Vermeina F3 16.7

L.agoa Vermelha 53.7

1AS54 70.2

1AS54 x Nobeoka Bozu F4 86.8, 5.0,4.7, 8.0,
7.3,125,11.1,8.7,
16.8,7.9,9.1, 154,
8.8,10.8

Nobeoka Bozu 10.8

Toropi x Nobeoka Bozu F6 6.6,7.1,7.4,10.1,
8.6,4.5,69.0,83

Toropi 32.0

IAS20 x Toropi F6 22,6

1AS20 50.3

al B-year average
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their descendents after tests in the Table 5 presents the number of
greenhouse, with relative humidity kept resistant plarts selected under severe
over 90% by automatic mist. The greenhouse tests. These were derived

plants were given two inoculations per  from F3 and F4 populations, from
week, from flowering to maturation, of  crosses Involving more than one
a spore suspension comprising over 70 resistance source (53).

Isolates (29).

Table 5. Number cf resistant plants from segregating populations subjected to greenhouse
scab inoculations, Pelotas, Brazil

Number of plants
Cross Population Selected
Toropi-Nobeoka Bozu x Abura-Siete Cerros 114 8
1AS52-Toropi x Avanzado Ecuador L17-Nobeoka Bozu 268 23
{IAS 49-Minami Kyushu 69 x 1AS49.1AS20) x
IAS 54-Nobeoka Bozu 286 40
Abura-Mazoe {Gabo) x 1AS54-Nobeoka Bozu 296 8
Nobeoka Bozu-IAS54 Sel21 x PF7225 176 7
Lagoa Vermelha-Nobeoka Bozu x PF69f;8 224 10
1AS20-Toropi x Nyu Bay-Nzdadores 63 _ 116 9
Pekin 8 x |AS50-Sheridan/!|AS20-PEL8685-62 x
I1AS20-Tokai 66 128 3

Several other crosses - 55
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Head Scab Screening Methods Used at CIMMYT
G.T. Bekele, Wheat Program, CIMMYT, Mexico

Abstract

One of the most important methods for selecting adaptable and resistant wheat
plants under adequate planting conditions is the disease-screening technique.
CIMMYT techniques have been developed and improved in order to reduce
unnecessary effort on the part of cooperators and farmers around the world
when seed is sent to them. From a wide array of germplasm, selections were
made for scab resistance from 220 lines screened from 1980 to 1982 in Toluca

1d El Batan, 21 highly resistant lines from China and 5 highly suscepttble ories

lected from 1978 to 1980. Fusarium-infected wheat sptkes were collected for
+ e spore isolation and fresh inoculum preparation. Two inoculation methods,
using cotton or using a spray, have consistently proved effective. The cotton
method, in which a tuft of cotton permeated with fusarium spores s placed
between the glumes of the spike, is the most precise, but both methods are
extremely effective and give well-defined results.

Disease screening is nne of the major
tools of plant breeders m» selecting
desirable plants with better and widcr
adaptation. There are a numbcr of
different disease-screening
methodologies in operation for handling
different diseases. However. as diseascs
that were once unimportant become
more important (3), new screening
techniques need to be dcveloped or
existing ones improved.

The question is not only one of
screening against discases. but also of
recs "9 the number of breeders’

1 3. For ensuring better and
wiu.o adaptation, the selected materials
Have to be tested against discases over
a much wider area and under different
conditions. Preliminary testin: in
brecders’ plots is necessary to reduce
the amount of germplasm before it is
sent out to cooperators for testing in hot
spots.

Although a naturaily occurring
epidemic is one of the tools of
screening, it frequently fails to occur in
a continuous pattern dr-e to changes in
climatic conditicns that favor either the
host or the pathogen. In this case, the
flow of disease information received by
the breeder can lack continuity. In
order to assure disease development

annually, conditions must be available
and methods continually created to
assure that screening processes
function properly. Thus, the host is
tested in the presence of the pathogen.

Materials and Methods

On May 31, 1983, 962 advanced bread
wleat lines were planted in Toluca in
the State of Mexico. These same entries
were planted on June 22, 1983, in
Patzcuaro, Michoacan. While the bulk
of the material was from the Crossing
Block and the 17th International Bread
Wheat Screening Nursery, the group
also contalned 220 lines that were
identified as scab resistant in tests in
Toluca and El Batan from 1980 to
1982. Also, 21 highly resistant lines
from China and five highly susceptible
lines were included in the plantings as
controls.

Both at Toluca and at Patzcuaro,
plantings were made ir «wo one-meter
rows, Five grams ot ~ced were planted
in each plot to assure enough heads for
inoculating by two different inoculation
methods. Although the weather pattern
is similar at the two places, soils and
pathogens differ greatly. In Patzcuaro,
the soil has a low pH (J.K. Ransom,
personal communicationj, and there is
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an extremely high incidence of natural
scab infection. However, by taking
advantage of both natural and
artificially inoculated fusarium, both
locations are excellent sites for scab
screening (1).

Fusarium isolation

and culture preparation
Fusarium-infected wheat spikes, for
pure spore isolation and fresh inoculum
preparation, were collected from Toluca
and Patzcuaro. Spore isolation and
purification were made on corn meal
agar (CMA) (2) in the laboratory at El
Batan. For individual-spike and mass
inoculation (spikes in one-meter single
rows), a large volume of fusarium
isolates were multiplied on CMA and
mungbean extract (W.Y. Zhong and
W.S. Jun, personal communication).

Preparation of

fusarium spore inoculum

To prepare the fusarium inoculum,
cultures grown on CMA are placed In a
disinfected food blender, and blended for
or:ie minute to make a thin puree. The
CMA-culture puree is chen passed
through several laye rs of sterilized cheese
cloth to obtain a clear flltrate. When
mungbean extract is used as the culture
medium, the culti:re is blended for only a
few seconds and filtered as above. In both
cases, the concentrated clear filtrate is
then diluted with sterilized distilled water
until a desired spore count per cc of
water is attained. Thirty to fifty thousand
spores per cc of water are suitable for
CIMMYT conditions.

Inoculation methods

Two different inoculation methods vsere
developed and modified at CIMMY'T for
controlled scab screening. These
methods are suitable both in the
greenhouse and in the field under
Mexican conditions. They are:

® The cotton method—With this
method, a tiny tuft of cotton (cotton

swab for laboratory and hospital use)
is permeated with the distilled water
containing fusarium spores in
suspension. One-fourth of the cotton
swab, the size of an outer wheat
glume, is pushed between the
glumes and placed in contact with
the anther in a wheat floret. Sharp-
pointed tweezers of the kind
generally used for emasculation
purposes are used for separating the
cotton tufts and for inoculating. A
glassine bag is then placed over the
inoculated wheat head to prevent
damage by wind, dust or excess
humidity (rain or dew). This cotton
method is the most precise for
controlled scab study in the
greenhouse and in the field.

The method Is comparable to that of
inoculation by injection with a
syringe. However, unlike the
injection method, the cotton method
places the inoculum at a specified
inoculation point without injuring
plant tissue. With the syringe
method, the water suspension can
drip, contaminating other parts of
the spike. Also there is the possibility
of applying less inoculum with
syringe applications because, when
the needle is pushed through the
spike, a portion of the inoculum may
be discharged into the air. The
needle also injures the wheat tissue.

The spray method—With this
method, fusariurn spore: suspended
in water are sprayed on wheat heads,
using various types and sizes of hand
garden sprayers with various nozzl:
attachments. Also, a back-pack
motor-driven sprayer can be used.
For CIMMYT's advanced wheat line
screening study, a small hand
atomizer (commonly used as a
garden pesticide sprayer), with a
meter long, hard-walled plastic tube,
Is used. Inoculum is placed In one-
liter plastic containers, and the tube
from the spray nozzle is immersed in
the container,
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Wheat spikes are spray-inoculated
from a distance of 10 to 15 cm until
they are soaked with spore
suspension.

Crop stage for inoculation

for maximum disease development
For maximum scab development,
wheat heads are inoculated at flowering
or at anther protrusion stage. Young,
plump and yellow arithers (not white
and dry) are good indicators of the right
stage for inoculation as are flowering
wheat heads with one to three
protruded anthers at the mid-point of
the spike(s). In this study, a cultivar
was considered ready for inoculation
when 5 to 10% of the extruded anthers
appeared in a plot of wheat plants. It is
critical that this growth stage is used at
all times. Any inoculation at pre or
post-flowering (especially at post-
flowering when extruded anthers are
white and dry) results in poor scab
development.

Inoculating the

wheat plant in the field

Wheat plants in plets of two rows one
meter long were inoculated with
fusarium spore suspension by both the
cotton and the spray methods at
Toluca: only the spray method was
used in Patzcuaro. In Toluca. ten spikes
in one row of each plot were inoc:iated
with the cotton method. and each
Inoculated spike covered with a glassine
bag. The remaining single row in
Toluca and one row in the plots 'n
Fatzcuaro were spray inoculated.

Spray -inoculated wheat spikes were not
coverea with bags. After inoculation,
plants were checked periodically for
disease development.

Disease development and scoring
Scab disease developed differently on
early and late-maturing cultivars, both
at Toluca and Patzcuaro. In spite of
differences in inoculation time, disease
development occurred between 35 and
45 days after inoculation. Bisease
developed more rapidly in early-
maturing lines than in later ones.

Therefore, disease scoring was done
42 days after inoculation, using a
O to 5 scale.

Disease development was excellent with
both inoculation methods. With the
cotton method, spikes remained clean
and bright (straw color), since they
were protected by the glassine bags.
The movement of fusarium infection
was well-defined: it started at the point
of inoculation and progressed either up
or down the spike from where the
cotton was placed. Since there was no
dripping of the liquid inoculum, the
disease remained localized and then
spread to other spikes in a continuous
pattern, without skipping spikelets.
This type of disease development was
not obtained in previous studies when
the syringe injection-inoculation
technique was used (unpublished data).

With the spray method, head scab
development was also excellent at both
Toluca and Patzcuaro. Differences
between susceptible and resistant lines
and between inoculated and
uninoaculated portions of the plots were
well defined. Susceptible lines showed
bright pinkish-orange spororochia filled
with fusariurn conidiospores. Infected
spikes (rachis, glu.nes and seeds) of
susceptible lines were permeated with
fusarium myceltum and filled with
spores. In most cases, seed formation
was aborted or repiaced by
sporodochia. Symptoni 4cvelopment
was good with both techniques.
However, with the spray method. there
were a large number of infection points
in each spray-inoculated spike and
disease development was much greater,
spreading over the full length of the
infected spikes.

Both inoculation methods were found
valuable in identifying 198 highly scab-
resistant lines from the 962 lines tested.
All of these 198 selected lines showed
resistance both in Toluca and in
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Patzcuaro. Among those selected lines,
certain sister lines appeared repeatedly
in the list, including several sister lines

of Veery and combinations with Veery
(VEE"'S"), Bobwhite (BOW"S"), Alondra
(ALD"S"), Dove, Kavkaz (KVZ) and
Passo Fundo (PF) lines (Table 1).

Table 1. Some advanced wheat lines with low scab infection, identified in tests at Toluca

and Patzcuaro, Mexico, 1983

Lines and crosses Disease lcora!-/ Lines and crosses Disease scom!-/
Veery*8" 1 JUP-Alondra*’S* 1
CM33027-D-1M-2Y-1M-1Y-1M-0Y CM36867-18Y-17M-3Y-0M-1PTZ-0Y
Veery 8 T-1 Siskin’’S"-Canario*’S’* x Alondra”S" 1
CM33027-F-12M-1Y-1M-1Y-1M-0Y CM62319-3Y-1M-1Y-2M-2Y-1M-0Y
Veery 9 2 Tanager’S"/T1-TOB x Alondra"S* 2
CM33027-F-12M-1Y-12M-1Y-2M-0Y CMG643404M-1Y-1M-2Y-1M-0Y
Veery'’S"-Cuckoo"S" T-1 PF7339 1
CM58882-0Y-0M-0Y-1M-5Y-1M-0Y
PF71131 1
Veery"’S*/Kalyansona-Bluebird x TQFN“S" T- 1
CM67412-17Y-2M-5Y -2M-0Y PF70354-Alondra’'S"” 1.2
CM47090-14M-1Y-1F-703Y-10F-
Siskin''S""-Veery*'S" T-2 705Y-2Y-0Y

CM58831-3M-2Y-2M-2Y-1M-0Y

Tucan"S’"-Moncho’S* x Veery"S" T
CMG2001-6Y-1M-2Y-2M-1Y-1M-0Y

Redpoll-Ani*’S"” x PVN-Veery"s" 1-2
CM6E8735-14Y-1M-3Y-1M-0Y

Cook-Veery"S" x Dove"S"”-Veery“8" . T-2
CME69279-C-2Y-1M-1Y-1M-0Y

Bobwhite’’S" 1-2
CM3203-K-9M-9Y-4M-4Y-1M-1Y-0M

Bobwhite''S* 1
CM3303-K-9M-33Y-1M-500Y-0M-1J-1J

Bobwhite"S" x YR-Trifon"'S" T-1
CM64684-2Y -2M-1Y-1M-0Y

YR-Trifon*5* x Bobwhite"S" T-1
CM68336-1Y-1M-1Y-2M-0Y

Tanager'’S”-Bubwhite'5" 1-2
CME8381-8Y-1M-2Y-2M-0Y

Teeter' S"-Bobwhite"S" 1
CM58857-2M 1Y-1M-3Y-1M-0Y

Alondra”S"-PVN*S" T1
CM49901-14Y-2Y-1M-1Y-0M

Alor.. ra"S"-PVN"'S" 1
CM49901-14Y-2Y-6M-4Y-0M

Alondra’$"-COC 1
CM50351-9M-2Y-1Y-4M-1Y-OM

PF70354-Alondra*S”’
CM47090-13M-1Y-1F-701Y-1F-704Y.-
6Y-0Y

PF70354-Alondra”S” 1
CM47090-1M-110PR-1T-0T

PF70354-Moncho''s" T-1
CMB7934-1Y-1M-1Y-3M-0Y

PF7619-Dove"'S” x CEP7670 1
B25813-A-1M4Y-1M-1Y-1M-0Y

Kavkaz-Siete Cerros T
SWN4064-6Y-4M-3Y-1M-1Y-3M-0Y

Kavkaz-Sapsucker x Moncho“S*- TS| T-1
CM68651-C-1Y-1M-1Y-1M-0Y

Kavkaz-CJ T-1

Moncho’8"-Kavkaz 1-2
SWN-37206Y-3M-1Y-2M.1Y-OM

Dove’’S"-Buckbuck *“S" T-1
CM58804-6M-5Y-1M-1Y-1M-0Y

Dove*'S**-Buckbuck S 2
CM56808-27Y-2M-7Y-4M-0Y

Dove"”S"-INIA 2
21B-1Y-1M-0Y

Dove’S"-INIA T1
558-2Y-3M-0Y

a/ Scoring scale 0 to 5 {0 = immune, 5 = completely
susceptible, T = trace)


http:58808-27Y-2M.7Y.4M.OY
http:CM68651-C-1Y-1M.1Y.1M.OY
http:M.l-Y-3M.OY
http:B25813-A-1M-4Y-1M-1Y.1M.0Y
http:8Y-1M.2Y-2M.OY
http:CM3303-K-9M-33Y-1M-500Y.OM.1J.1J
http:CM3203-K-9M-9Y-4M-4Y-1M.1Y.OM
http:CM69279-C-2Y-1M-1Y-1M.OY
http:CM68735-1-4Y-1M.3Y.1M.OY
http:2M-IY-1M1Y-1M.OY
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Recent Advances in

Research on Wheat Scab in China

Z.Z. Liu, Plant Protection Institute, Shanghai Academy of
Agricultural Sciencies, Shunghai, People’s Republic of China

Abstract

Wheat scab (head blight) caused by Gibberella zeae (Schw.) Petch is one of the
most serious wheat diseases in South China, especially in the middle and lower
reaches of the Yangtze River, where there is a high Jrequency of incidence
causing conslderable loss in yield. Scab is estimated to occur on 6.7 million
hectares in China and. in years of severe epldemics, losses range from 10 to
40%. Comprehensive research has been carried out on causal organisms,
resistance of wheat variettes and tests for resistance, including inoculation
methods, epidemiology and integrated control measures.

Wheat scal. (head blight), caused by
Gibberella zeae (Schw.) Petch, occurs
in almost all of the humid and semi-
humid regions of the tropics, the
subtropics and in certain temperate
zones of the world. It is one of the most
serious wheat diseases in South China,
especially in the middle and lower
reaches of the Yangtse River, where the
disease has a high incidence and
frequently causes severe losses. During
the 28 years from 1957 to 1984, there
were four years of severe epidemics and
15 years of moderate epidemics in this
region; the average frequency of
epldemics was about 68%. In years of
severe epidemics, the rate of infected
spikes reached more than 50%, and
yield loss ranged from 10 to 40%; in
years with moderate spread, the rates
of infected spikes and yield loss were 20
to 50% and 5 to 15%, respectively. It is
estimated that wheat scab occurs in an
area that covers more than 6.7 million
hectares in China (7,8). Besides the
direct losses caused by the disease, the
pathogen also produces mycotoxins,
which can cause mycotoxicoses in
humans and domestic animals (19,20).
Therefore, there is a great need to study
and control wheat scab.

In 1974, a cooperative research team
involving scientists from 12 provinces
and cities was organized by the Chinese
Ministry of Agriculture. Comprehensive
research has been carried out on causal
organisms, resistance of wheat varieties
to scab, epidemiology and integrated
control mea .ures; significant advances
have been achieved.

Scab-Producing Organisms

Fusarium spp.

In 1955, Yu Da-Fu (25) reported that
the wheat scab-causing species of
Fusartium along the Yangtse River were
F. graminearum, F. moniliforme,

F. culmorum and F. avenaceum. From
1976 to 1980, the cooperative research
teamn (1,22,28) collected 2,450 samples
of diseased wheat heads from 21
provinces and cities. Eighteen species
and varieties of Fusarium were
isolated, identified and classified as to
high, moderate or low levels of
virulence on wheats.

The species and varieties with high
virulence were:

® F. graminearum Schwabe

® F. camptoceras Wr. and Rg.

® F. equisett (Corda) Sacc. var.
compactum (Wr. Joffe)

® F. sulphureum Schlecht.

® F. culmorum (W.G. Smith) Sacc.
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The species and varieties with
moderate virulence were:

® F. avenaceum (Cda. ex F.) Sacc. var.
graminum (Cda.) Sacc.

® F. avenaceum (Cda. ex F.) Sacc. var.
herbarum (Cda.) Sacc.

® F. tricinctum (Corda) Sacc.

® F. acuminatum Ell. et Ev.

© F. nicale (Fr.) Ces.

The species and varieties with low
virulence were:

® F. equiseti (Corda) Sacc. var.
longipes (Wr. and Rg.) Joffe

® F. sporotrichloides Sherb. var.
chlamydosporum (Wr. and Rg.) Joffe

. sporotrichloildes Sherb.

. equisett (Corda) Sacc.

. concolor Rg.

. montiliforme Sheld.

. semlitectum Berk. and Rav.

. oxysporum Schlecht.

® 000 00
I TEY Yy

Amcng these, the predominant species
in China was determined to be

F. graminearum (Gibberella zeae),
which represented 94.5% of the total
samples.

Chen Hong-Kui and Ling Xun-yi (3)
reported that F. fusarioides,

F. lateritium and F. oxysporum var.
redolens belonged to the low virulence
group; they caused decay and sterility
of floral organs, but could not induce
the typical symptoms of head blight.
Therefore, it is generally agreed that
these types of species could not be
regarded as scab-causing pathogens for
wheat, and only te:: Fusarium species
with high and moderate virulence
would be considered as causal
organisms.

Varlations of Gibberella zeae
(Fusarium graminearum)

Glbberella zeae is one of the species
with great variation, not only in
cultural characters, but also in
virulence. Xu Yong-gao (personal
communication) studied four isolates of

G. zeae, collected from Mexico, Sri
Lanka, Indonesia and China, and
pointed out that there were remarkable
differences among them. As compared
with the Chinese isolate, the growth
rate of the isolate from Sri Lanka was
slower, aerial mycelia were sparse, the
red pigment on the substrate was very
dark and no macroconidia were
produced on potato dextrose agar
(PDA). The Mexican isolate was capable
of producing macroconidia on PDA, but
the formation of perithecia on wet sand
was slower and the ascospores slightly
longer. The Indonesian isolate was
similar to the Chinese isolate, with the
exception of growth rate.

The work by Li Qing-Xi and Wang
Zhang-ming (10) indicated that
differences in both cultural
characteristics and virulence were
found in most of 17 wild and cultured
Isolates of G. zeae, collected from
different parts of Jiangsu province. A
few of these isolates varied significantly
after being transferred three times, i.e.,
the growth rate was reduced, the
formation of conidia and septa either
slowed, decreased or stopped
altogether, perithecium production was
sparce or absent and virulence was
weakened.

Based on the results of testing 43
isolates collected from 27 provinces and
cities on 20 wheat varieties, Xu
Su-zhen and Lu Jin-tu (personal
communication) showed that the
isolates of G. zeae could also be divided
into three types, high, moderate and
low virulence. Xu Yong-gao and Fang
Zhong-da (23) and other workers
obtained the same results. Chen Hong-
zao and L{ Ke-chang (4) tested the
virulence of the three types by
Inoculating 11 wheat varieties, and
concluded that there was a specific
relationship between isolate and wheat
variety. Li Qing-xi and Wang Zhang-
ming (9) pointed out that ‘solates of
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F. graminearum from Jiangsu differed
significantly in virulence, as did
resistance of wheat varieties to

F. graminearum, but interaction
between the virulence of the patliogen
and the resistance of the wheat variety
was not present. Wang Yu-chung (14)
confirmed that isolates of F.
graminearum from Jiangsu differed
significantly from one another in
virulence, but that there was no
significant difference in average
virulence among isolates from different
counties. Xu Yong-gao and Fang
Zhang-da (23) further suggested that
single ascospo:es isolated from a
culture differed as to virulence, as did
those from an ascus. Owing to the fact
that the variation of G. zeae is very
complicated, it has becn difficult to
classify the isolates of G. zeae in China
into different physiological races.

Based on the comparative study of
virulence of the four isolates collected
from Mexico, Sri Lanka, Indonesia and
China on 7 Chinese and 28 Mexican
wheat varieties, Xu Yong-gao (personal
communication) concluded that the
Chinese isolate of G. zeae was more
virulent than the Mexican isolate on
both Chinese and Mexican varieties.

Resistance of Wheat
Varieties to Scab

Types of resistance

In the early 1960s, Schroeder and
Christensen (11) and Takegami (12)
reported that the resistance of wheat
varieties could be divided into two
types, based on whether the resistance
was to initial infection or to the spread
of the infection. Many Chinese
pathologists have confirmed scab
resistance to be to hyphal spreading
within wheat, but there has not been
agrecement as to resistance to inidal
infection (15,23,27}. Through field
observations over many years, many
Chinese workers have indicated that

the difference in the rate of disease
spread within the spike when infected
at the same flowering stage indicates
the difference in resistance to initial
infection. Twenty wheat varieties were
tested for resistance to initial infection
at the heading stage by keeping single
spikelets moist for two days by
spraying with a spore suspension. Xu
Yong-gao (personal communication)
found that the variety Zhen-mai 7495
showed a lower level of diseased heads
(23 Lo 40%}): the rest of the varieties
rcached 100%. It was suggested that
Zhen-mai 7495 might be resistant to
initial infection under certain
conditions, but that it did not exhibit
any resistancc to initial infeetion in the
flowering s!agc or after being kept
moist for four days. Resistancc to initial
infection secmed to be affccted by
environment.

Testing for resistance

The following methods arc generally
used for testing resistance to wheat
scab in China:

® Scattering diseased wheat grains on
the soil surface—-This method of
inducing epidemics in the field is
similar to natural conditions (19).
The fields are kept moist by sprinker
irrigation.

® Dripping spore suspension into the
floret—With a syringe, the fusarium
spore suspension is dripped into a
single floret in the middle of the
spike (15,17,23). This method is
precise and reliable, because the
inocula can be applied
quantitatively.

® Cutting the glumc with seissors
dipped in spore suspension—With
this method, developed by Wang-Yu-
chung and Yang Xin-ning (15), the
inocula is introduced into one of the
spikelets in the middle of a spike by
cutting the glumes with scissors that
have been dipped in the spore
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suspension. This method has proved
to be reliable in testing for resistance
against hyphal spread.

® Spraying spore suspension on the
flowering spikes—This method is
used in testing for resistance either
to initial infection or to hyphal
spread.

It is very important that suitable
moisture and tempecrature be
maintained for all of the above methods
of inoculation.

Resistance assessment

The method for assessing resistance
using the rate of hyphal spread was
developed by Takegami (12) and has
been refined by a number of Chinese
workers {4,9,13.23). The following scale
of 1 to 5 would scem to be reasor.able:

I = disease restricted to infected
spikelet: does not spread to
spike axis

2 = disease spreads from infected

spikelet to axis: does not invadc
parts near spikelet

3 = dis~ase spreads along axis:
fnvades nearby spikelets

4 = disease spreads to the head
above the infected spikelet;
upper part of head wilts

5 = discase spreads throughout the

head, entire head wilts

These ratings do not -epresent the
degree of resistance of a variety; they
only reflect the course of discase
development. The resistance of varieties
can be assessed by the following
reaction index:

° Resistant (R) (1 to 2 on the
scale)

L4 Modecrately resistant (MR) (2.1
to 3 on the scale)

L4 Moderately susceptible (MS)
(3.1 to 4 on the scale)

L Susceptible (S) (4.1 to 5 on the
scale)

The reactions of resistant (R) and
susceptible (S) varieties are relatively
stable and independent of the severity
of the epidemic; however, the reaction
index of MR and MS varieties varies
with the epidermic conditions.

Testing of varietal resistance

to scab

From 1974 to 1982, over 30,000 wheat
varietizs and materials were tested in
the field by the cooperative research
team led by the Shanghai Academy of
Agricultural Scicnees. The tested
malterials included 32,618 common
wheats (varieties and lines), 1557
materials of rare species belonging (o
21 races and 26 species of three related
genera. The foilowing conclusions were
drawn:

® All of the materials tested were more
or less affected by the discase, but
differed greatly in degree.

¢ Among common wheats, there was a
group of varieties with high and
stable resistance, which always
showed a lower percentage of
infected spikelets and scabby heads
and less disease spread along the
axis. This was true for different
years, different localities and under
different epidemic conditions. The
Chinese varieties, Su-mai 3, Wang-
shui-bai and Nanjing 7840 all belong
to this group of resistant varictics.

¢ Sources of resistance to wheat scab
are distributed over various regions
of the world where scab is endemic.
The middle and lower reaches of the
Yangtse River, which is one of the
epidemic regions, has abundant
sources of resistance to scab.

® Resistant and moderately resistant
varieties were not found among the
rare species of Triticum testec.
however, some species of the genus,
Secale, showed modcrate resistance
to scab.
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Inheritance of resistance to scab
Schroeder and Christensen (11)
reported that ihe resistance of wheat to
head scab was a quantitative character
controlled by polygenes. In recent
years, Chinese workers have also
shown that resistance of wheat to
colonization by G. zeae is controlled by
polygenes (27). The resistance of F|s
tends to resemble the resistant parent,
and exhibits obvious heterosis.
Backcrossing with resistant parents
tends to increase resistance. Xia

Sui-shing, Zhou Chau-fei and Quia Cun-

ming (personel communication) studied
the inheritance of scab resistance in
Su-mai 3 and Wang-shui-bai and
obtained similar results. Yu Yu-fin (26)
studied the inheritance of resistance of
Su-mai 3 by monosomic analysis;
results indicated that at least five pairs
of gencs which determine resistance to
hyphal spread were located on
chromosomes 1B, 2A, 5A, 6D and 7D.

Chen Chu-huo (2), using a 4 x 4 half-
diallel scheme with two resistant and
two susceptible parents to study the
inheritance of resistance in wheat,
suggested that Su-mai 3 and Wangzhou
Hong-he-shang (Red Monk) might have
more dominant genes for controlling
resistance; they demonstrated high
general combining ability for reducing
the rate of diseased spikelets in their
progenies. It appears that the
inheritance of resistance to scab is
mainly governed by additive genes, but
non-additive genes also have a
significant effect. The genes controlling
resistance were partially dominant. It
was found in diallel crosses that there
was a significant positive correlation
between resistance and plant height or
spike length, and a significant negative
correlation between resistance and
spikelet density in Fg populations.
Various workers have suggested that
the heritability of resistance of wheat to
scab is low.

Sources of resistance to scab

The studies of the cooperative research
team have demonstrated that sources of
scab resistance come mainly from
common wheats. Some Chinese
varieties with high and stable resistance
have been the best available sources of
resistance among the world collection:
the resistance in exotic varieties has not
exceeded the resistance of these
varieties. Su-mai 3 has becn introduced
into many countries of the world, and
there has been no report that its
resistarnice is equal to or better than
local varieties in those countries.
Nanjing 7840, a new sourcc of
resistance, is derived from crosses of
(Aurora x Anhui 11) Fg9 x Su-mai 3, and
many resistant varieties or lines with
good agronomic characters have been
derived from it (29).

Crosses between moderately resistant
and susceptible varieties may yield
hybrids with higher resistance than
their parents. The well-known resistant
variety Su-mai 3 was bred through the
hybridization of the moderately
susceptible varieties, Funo and Taiwan
wheat. The crossing of the moderately
resistant varieties, Jingzhou 1 and Su-
mai 2, also produced progenies with
high and stable resistance.

Some materials of the genus Secale are
another source of resistance. Jingzhou
1 was derived from the hybrid of Nanda
2419 and Jingzhou rye. Jingzhou 66
(MS5-MR) was derived from the
combination (Funo x durum) (Nanda
2419 x rye). Jingzhou 1 has been
adopted as a common parent in the
breeding programs for resistance to
scab in South China.

Epidemiology

Occurrence of scab

disease in the field

A rice-wheat cropping system is found
in most of the regions of the middle and
lower reaches of the Yangtse River. The
initial inocula of scab usually comes
from the perithecia on rice stubble.



179

How the pathogen oversummers and
overwinters after the wheat harvest and
how the perlthecia reproduce are
important factors for forecasting scab
cpidemics. Xu Rua-cheng and Huang
Zhen-xing (21) suggested that G. zeae
can only survive for a short time under
flooding; therelore. the organism cannot
oversummer on the soil surface in
paddies after rice has been harvested,
although it can survive on the plant
base. leaf sheaths and rice grams and
then be transferred to the soil (5). Liang
Xun-yi and Wang Qing-sheng (personal
communication) have confirmed that
the pathogen can oversummer on rice,
on dry soil surfaces, on the shady side
ol piles of wheal straw and on the
remains of wheat stems and grains
scattered over the threshing ground, as
well as on rice straw and withered rape
stems in ficlds.

Researeh of the Hunan Agricultural
College suggests that the pathogen
affects not only wheat and barley, but
also such crops as corn, sorghum and
cotton. It may also infect weeds, such
as Cinodon dactylon (L.) and Pers, and
produces perithecia on the debris.

The Shangnai Academy of Agricultural
Sciences (. 975 to 1977} and the
Suzhou Institute of Agricultural
Scienees (1977 and 1980) madc a scries
of observations on the dissemination of
mature ascospores. The results
indicated that acrial ascospores could
be trapped throughout the yvear. This
indicates that infected rice stubble,
grains and wheat debris remaining in
fields and acrial ascospores which have
fallen on the soil are all sourcces of
inoculum, eausing perithecia formation
on rlce stubble early in the spring. The
pathogen overwinters as mycclia on
rice stubble.

Ye Hua-zhi (24) studied the biology of
G. zeae and showed that the
temperature for perithecial formation
ranged from 5 to 35°C and, for
ascospore production, 13 to 33°C, with
an optimum of 25 to 28°C. The

discharge of ascospores is controlled by
moisture and preclpitation. The
number of ascospores released is
greater at night (8 p.m. to 8 a.m.) than
bv day (8 a.m. to 8 p.m.). and is greater
on rainy days. The peak for spore
discharge is from 10 p.m. to 8 a.m.
and. more speciticallv, from midnight to
6 a.m. Germination of ascospores
occurs at 4 to 35°C, with an optimum
of 25 to 28°C. Germination percentage
may reach more than 90% within 4 to
8 hours at a tempeiature of 25 to 30°C.
The ascospore can germinate without
rec water, but germination is markedly
hibited when relative humidity is low:
lfoesn’t occur below 81%.

P asting

Va. *mathematical models have
kee. .blished in China for
forec. 3 scab ecpidemics over
differc ‘ecas. The best is the one
propos -y the workers in Hubei

Provinc. (3. Alter b /ing qualitatively
analyzed the key factors causing
cpidemirs, and having quantitatively
defined the relationship between the
degree ol epidemic and the key
meteorological factors in Guangji
County over a period of 21 years, the
cooperalive group suggested that
epidemics depend on the interaction of
the pathogen and the host with four
meteorological factors, rainfall (R), days
of rain (Rd}, relative humidity (Rh), and
sunlight hours (S). The statistical model
for calculating the incidence of discase
was cstablished as:

Y = [sin (47.72 1pQ-33.64)], where
Q = RRdRh/S

This indicates that the outbreak of
epidemics varies according to elimatic
and atmospheric conditions, but these
metcorological factors can be utilized to
forcecast epidemics for a province or for
a certain arca,

From 1975 to 1981, short-term
forecasting of scab cpidemics was done
by the Shanghai Aeademy of
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Agricultural Sciences, through the
statistical analysis of the relationship
among meteorological factors, the
number of ascospores present on wheat
heads at the milk stage and the
preliminary incidence of the disease.
Satisfactory results were obtained with
this program.

Integrated control of scab

A reasonable strategy for the integrated
control of scab should involve the
utilization of resistant varieties, proper
cultural practices and the application of
chemicals in the critical growth stage.

In the early 1950s, many resistant
varieties, such as Wan-nan 2, E-mail 6,
Hua-zhong 2133, Xiang-mai 1,
Zhen-mal 7495, Jingzhou 1 and
Jingzhou 66 were bred and released. In
recent years, still more resistant
varieties with good agronomic
characters, such as Yangmai 4,
Nanjing 8017 and Nanjing 8026, have
been released.

In the beginning of the 1970s, many
workers reported that Benzimidazole
(BMZ) was an efficient systemic
chemical for controlling wheat scab.
Since 1978, a series of rapid and
efficient techniques have been
developed, such as those of the Jiangsu
Academy of Agricultural Sciences
(15,16), to improve the effects of BMZ.
These include the use of a BMZ-
suspensoid, soluble agent, which is a
micronized powder, instead of wettable
powder. Also, a new type of atomizer
has been produced to change the
application of the chemical from high
volume to low, and the spray f.om fine
to atomized. This increases chemical
coverage and enhances adhesion to the
wheat heads to prevent its being
washed off by rain.

This combination of new resistant
varieties and new methods of applying
fungicide has brought the level of
integrated control to a new high.,
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Reflections on Foot Rots of Wheat in
Warmer, Nontraditional Wheat-Growing Climates
H.J. Dubin, Wheat Program, CIMMYT, Quito, Ecuador

Abstract

Information is presented on Sclerotium rolfsii, Rhizoctonia solani, and
Helminthosporium sativum foot rots in warr -er areas. It is noted that the
Jacultative nature of most foot rot pathogens may facilitate their moving from
rotation crops to wheat in tropical areas. Effective control may require the
integration of breeding for resistance or tolerance., appropriate agronomic
practices and chemical or biological control.

The introduction of wheat as a possible
commercial crop in warmer or tropical
climates has been increasing in recent
years (8). The difficulty of achieving
ecconomic yields should not be
underestimatea: there are a myriad of
probiems inherent in transposing a
temperate climate crop to tropical
areas. One of the principal problems
will be the unique diseases encountered
in these nontraditional areas and how
to control them.

Foot rot is one of the diseases of wheat
that may have to be confronted and
controlled in subtropical or tropical
areds. Wheat scientists must be aware
of the type of pathogens they are
dealing with, and that the ecological or
host-pathogen relationships in the
hotter, humid areas may be quite
different from those prevailing in
tempcrate climates. An exhaustive
review of the literature of foot rots of
wheat in the tropics is not presented:;
indeed. very little published
information exists. What little is citcd
shall serve only as examples.

Fungal pathogens constitut. the focus
of this paper. with some mention also
made of nematode diseases, sirice they
may be of some importance. However,
it should be noted that bacteria, viruses
and related organisms could become
problems also. Tiie fungal organisms
causing foot rots are. without exception,

facultative parasites that spend most of
their life cycles as saprophytes in the
soil or on plant debris. Plant parasitic
nematodes generally arc obligate
parasites that feed and reproduce only
on their living hosts. Nevertheless,
although they are obligate parasites, in
many cases they do not appear to have
developed high levels of pathogenic
specificity, and so often the same
species can attack many diverse types
of plant hosts (10).

As noted, fungal facultative parasites
primarily exist as saprophyvtes and
become parasitic when the appropriate
conditions are mct. These parasites
have a minimum of pathogenic
spccialization and probably have
cvolved to a level of species
comnpatibility, rather than cultivar
specificity or compatibility (5). Since
they are not as fastidious as the fungal
obligate parasites, they mays, if given
the opportunity, become parasitic on a
nontraditional crop when it is
introduced into an area. It can be
expected that cropping patterns and
husbandry practices may have an
important impact on foot rots of wheat.
Discases of rice and soybeans, for
example, might bc important vn wheat,
and vice versa. This would also hold
true for the facultative, foliar
piithogens. This must be kept in mind
when considering present foot rot
problems, diseases of potential
importance in the future and suggested
control strategies.
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Documented Foot Rot
Diseases in Warmer Climates

Based on versonal observations,
discussions with colleagues and
searches of the literature, there is little
doubt that the main wheat foot rot
pathogen in tropical areas at present is
Sclerotium rolfsii Sacc.; reports from
southern India, as well as from Brazil,
have been published (6,7). S. rolfsit has
been observed on wheat in Ecuador,
Peru and Bolivia, and it has been noted
in many countries of Southeast Asia
(E.E. Saari, personal communication).
Sclerotium rolfsii is an omniverous,
soil-inhabiting organism with
worldwide distribution, attac'ting more
than 500 species in over 10( plant
families (2). It survives as scleroiia in
the soil for long periods of time and,
although the organism has been the
object of a great deal of research, few
control measures exist other thar.
rather costly chemical treatments (2).
Due to its polyphagous nature and
longevity in the soil, this organism will
be difficult to control without chemical
means.

Rhizoctonia solani Kuhn is another
widespread soil pathogen that has been
observed on wheat in the semitropical
areas of Brazil (7). As wheat is tested
and grown in warmer areas, and as
pathologists begin making more
intensive observations, R. solani will
surely become more obvious. Better
progress has been made in breeding for
resistance to R. solani than to S. rolfsii
but, overall, resistance breeding has not
been very successful. One reason may
be that R. solani is made up of
genetically distinct groups and, thus,
R. solanti is not a single species tut
consists of diverse populations that may
be recognized through anastornosis
grouping (1). As more pathologists and
breeders take this into consideration,
progress may be made in hreeding for
disease resistance.

Helminthosporium sativum P.K. and B.
canses a severe foot rot problem in
many areas of Brazil (7). Up to now,
major efforts in more tropical areas
have dcalt with the foliar disease
caused by H. sativum, but closer
examination of roots and crowns may
indicate the presence of the foot rot
phase of this organism as well.

The above examples point to some of
the foot rot organisms that pathologists
and breeders will have to deal with in
different areas. The foot rots are caused
by sorne of the most difficult pathogens
to control in temperate climates. Due to
suboptimal growth conditions for the
host, couvpled with optimal ronditions
for the pathogens in tropicai areas, the
achievement of economic control
measures may be difficult to obtain.

Diseases of Fossible
Importance in the Future

Based on the nature of the foot rot
organism, pathogens that attack
rotatinn crops may become problems in
wheat. Two examples m2y be suiiicient
to illustrate this point. Recently,

R. oryzae-sativae Sawada has
increased in severity and incidence on
rice in California; there is an apparent
correlation between this and the
increased use of semidwarf :ultivars (4).
Three factors might indicate the
possible importance of an R. oryzae-
sativae-type organism in tropical areas.
First, wheat-rice rotations wil! be
important; second, the organisin is
adapted to warm climates and, third, it
attacks many hosts. Thus it not only
might attack wheat, but could become
increasingly important on rice.

A second example is related to a wheat-
soybean rotation in Indiana where
Gaeumannomyces graminis (Sacc.)
Arx and Oliv., normally infecting wheat
and grasses, was isolated from
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immature, field-grown pods of six
soybean cultivars. The soybean isolates
were able to produce typical take-all
symptoms on wheat roots and stems.
This could have a significant effect on
take-all disease in that area (9).

In regard to nematodes, examples of
possible pathogens might be the root
knot nemalodes, Meloidngyne spp.. and
the cyst nematodes, Heterodera spp.,
both of which occur on cereals,
including rice, in warmer climates

(3. 10). Once again, the introduction of
wheat into an area may provide an
appropriate host for these or other
nematodes.

These are only a few examples of the
possible disease syndromes that could
occur. Howcver, many groups of solil
fungi might become relatively more
important in warmer climates as. for
example, the fusaria and the water
molds.

Possible Avenues of Control

As better understanding of the
epidemiology and genetics of foot rot
organisms is achieved, resistance and
tolerance will become more useful tools
for breeders. When dealing with more
tropical conditions, obtalning adequate
resistaiice or tolerance becomes even
more elusive due to the predisposition
of the host in those climates. It is
probable that, for a long timc to come,
an integration of resistance or
tolerance, appropriate husbandry
practices and chemical or biological
control will be critical to procuring
adequate, econnmical control measures
of foot rot organisms. Breeders and
pathologists should be aware that, in

some warmer areas, it may he
impossible to obtain high levels of
disease control, due to the nature of the
environment and the condition of the
host.

However, there s no need for
pessimism either; a possible scenario
for attaining adequate control of

S. rolfsit can be used as an example. To
date, some progress has been made In
southern India with chemical seed
treatments, such as Carboxin, PCNB
and Guatazine, for controlling S. rolfsii
through the seedling stage (6). These
seed treatments have a dual advantage
since they also control loose smut and
common bunt. The next step might be
to find some level of resistance or
tolerance in wheat that would increase
the level of control. Mechanical
resistance has been found in
Lycopersicon pimpinellifolium where,
after six weeks, phellem development
prevents penetration of S. rolfsii (2).
Perhaps analogous types of resistance
could be found in wheat or related
genera. Finally, ~ multipronged attack
might include planting rotation crops
that reduce sclerotial formation, or
PCNB might be applied to the soil to
reduce inoculum potential. The point to
keep in mind is that no single control
measure may be adequate, To have the
best chance of success, pathology and
breeding will have to be fully
integrated.

Although the literature is meager
relating to foot rots, some examples of
foot rot organisms have been presented
that are problems at this thine, as well
as others that could become problems,
with the hope of making breeders and
pathologists aware of the greater
complexity of controlling facultative
parasites in tropical areas as compared
to temperate zones. Control
methodologies may also have to be
more complex, and levels of control
may never approach immunity.
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A Review of Major Wheat Diseuses
in Tropical Environments
J.M. Prescott, Wheat Program, CIMMYT, Mexico

Abstract

The major wheat diseases in tropical environments are not always the same as
those of temperate environments. In the warm and humid tropics, the major
diseases ar- eaf rust (Puccinia recondita), leaf spots (Helminthosporium sativum,
H. tritici-repentis, H. giganteum and Fusarium nivale), root rot and seedling
blights (H. sativum, Fusarium spp., Rhizoctonia spp., Sclerotium rolfsii and
Phytium spp.), head scab (Fusarium spp.} and loose smut (Ustilago spp.). Less
common diseases are downy mildew (Scleropthora macrospora), bacterial
diseases (Xanthomonas campestris) and barley yellow dwarf (BYD). Karnal bunt

{Neovossia indica) has not been reported.

Traditionally, wheat cultivation has
been confined ta the more temperate
climatic areas of the world, and the
diseases which attack the crop in these
traditional wheat areas are well known
and fairly we'l documented. Recently,
interest has grown in producing wheat
in the warmer and more humid tropical
arcas, where it is grown during the
cooler part of the year and often in
rotation with rice or maize. While it is
recognized that yields equal to those in
the more traditional areas cannot be
attained, wheat appears to be a viable
alternative crep for some countries (n
the tropics. These countries are found
In Southeast Asia, Western Africa,
Southern Africa. Central America and
parts of South America. However, when
whealt is promoted in these regions, a
number of problems appear that can
limit the introduction and/or production
of wheat.

Diseases are often a major constraint,
particularly in the warm and humid
areas. When speaking of the tropics,
one often visualizes warm and wel
conditions: there are, however, also
areas of the tropics where the
environment can be classified as warm
and dry. In these areas, such as Sudan
and Nigeria, diseases are not a problem,

However, with expanding areas under
wheat, it is expected that diseases wiil
become more of a problem in the
future.

In the warm and humid areas of the
tropics, diseases play a major role in
determining whether wheat can be
successfully grown. The major diseases
in those areas are leaf rust, leaf spots,
root rots and hcad scab.

Leaf rust, caused by Puccinia
recondita, is by far the most important
of the rust diseases in the tropics. Stem
rust is seldom seen, and stripe rust only
in the highlands and cooler areas. In
Southeast Asla, leaf rust is found in
most countries, but usually attacking
only the older cultivars, indicating that
the races of the pathogen are primitive
and that adequate resistance is
available. However, as the area ur.der
wheat cultivation expands, it is possible
and probable that races with additional
virulence will begin to appear. The
epidemiology of the rusts in the tropics
is not well understood but, if they
behave as they do in the more
temperate regions, arrival of more
virulent inoculum can be expected.
When the virulence of the leaf rust
populations in India and Bangladesh
are examined, it is found that only a
few of the major genes are effective
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against leaf rust by themselves,
indicating a potential danger to
Southeast Asia, as the subcontinent is
the build-up area.

The major leaf spot of wheat in the
warm and humid tropics is caused by
Helminthosporium sativum and is
currently found in almost all of the
areas of the tropics where wheat is
being grown or introduced. This
organism can attack many members of
the Gramineae family. The role of
inceulum build-up on collateral hosts
r s to be investigated further.

stance is available, but it is not as
v vur-cut as in the rusts. Several of the
papers being presented here will deal
with this subject. Resistance to this
disease will be necessary, possibly
supplemented by fungicides, before
successful wheat cultivation can be
attained in many tropical areas. Several
other fungi, such as H. tritici-repenttis,
H. giganteum and Fusarium nivale are
also found to be causing leaf spots in
wheat. Many of these pathogens are
seed-borne or survive and multiply on
crop debris in the soil.

Root rots and seedling blights caused
by H. sativum, several Fusarium spp.,
Rhizoctonia spp., Sclerotium rolfsii and
Phythium spp. are more often found in
the tropical environments than in the
more traditional wheat areas. More
investigation into sced trcatment
fungicides. along with substantial
improvement in resistance screening
research, is nceded. Again, several
papers in the following sessions will
deal with this topic. However, there
must be an awareness of this group of
diseases and their potential in the
warm and humid areas of the tropics.

Head scab is caused by several specics
of the fungal genus, Fusarium. It is
considered severe in southern China,
parts of Brazil, Zamb* - ind most
countries of the warr and humid
tropics. Losses can total in very bad
years, rendering the stain produced

unsafe for consumption. No highly
resistant cultivars are in commercial
production, but a number of cultivars
have moderate resistance. Major
cooperative research programs are
underway between Brazil, China and
CIMMYT.

Loose smut may pose a threat to future
advances of wheat if proper seed-testing
trecatmeric and production procedures
are not followed.

Karnal bunt is presently not found in
the warm and humid tropics, but is
confined to the Indian subcontinent and
to Mexico. More research is necessary to
ascertain whether the organism
Nevossia indica could survive under
the warm and humid conditions of the
tropics. India and Pakistan, as well as
CIMMYT, have major research
programs searching for resistance, as
well as determining effective chemical
control measures.

Downy mildew can be a locaiized
problein whenever management
practices allow water to stand in wheat
fields; it should be watched.

Bacterial diseases such as those caused
by Xanthomonas campestris can be a
Erobleri when wheat is grown under
warm, wet and humid conditions.
However, the use of clean seed and
good management practices can
minimize losses.

Barley yellow dwarf virus (BYDV) has
the potential to cause serious probiems
in the tropics. Barley yellow dwarf is an
aphid-transmitted disease found in
most wheat-growing countries.
Resistance in wheat and chemical
control of thec vector are the principal
means of control.
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In summary, the better-known diseases becn centered in the traditional wheat
of wheat in the more traditional areas of areas; consequently, very little is
wheat cultivation are not always the known about wheat diseases in the
most important diseases in tropical warm and humid tropics and much
environments. Disease research has more research is necessary.



189

Distribution and Importance of

Root Rot Diseases of Wheat, Barley and
Triticale in South and Southeast Asia
E.E. Saari, Wheat Program, CIMMYT, Mexico

Abstract

Wheat and barley are cultivated under a wide range of environments in South
Asla, and the climates vary from temperate to tropical. In Southeast Asiu,
wheat, barley cnd triticale are experimental crops. There are a number of
rotations irwolved, as cropping intensities are generally greater than one crop in
both South and Southeast Asla. The influence of envtronment and cropping
system has a pronounced effect on soil-borne diseases, with a number of
common pre-emeigence and post-emergence diseases reported; a few unique
scil-borne diseases are found in the more tropical environments. Most of the
research on soll-borne diseases has been descriptive; there is relatively little

information on elther losses or control.

Wheat and barley are traditional crops
in the South Asian countries of
Pakistan, India and Nepal. The climatic
conditions in these countries vary
widely, depending upon latitude and
altitude. The majority of the acreage,
however, is cultivated on the plains of
northern India and Pakistan, and on
the plains of Nepal bordering on India.
There is a small area cultivated in the
mountainous areas of all three
countries, and some acreage in central
and southern India which can be
classifled as subtropical to tropical.

The cultivation of wheat has been
expanding into new areas in the past
15 years (9). The most notable increase
in acreage has been in Bangladesh,
southern and eastern India and, more
recently, Burma. There has been an
increasing awarencss and interest in
the possibilities of wheat cultivation in
the countries of Southeast Asia as well.
Wheat as a possible crop in these
noniraditional areas has developed
mainly as a result of the closing gap in
the production of the basic food crop,
rice. The growing level of wheat
consumption and imports, with its
implications for foreign exchange, is
also contributing to the question of
wheat cultivation. There is interest in

the possible cultivation of wheat for
crop diversification and intensification
during the dry season in these areas.

The climate of South and Southeast
Asia is typified by a monsoon season.
The duration of the rainy season varies,
depending upon several factors, but it is
characterized by high rainfall, humidity
and warm temperatures. Rice is the
main crop in the lowlands or wherever
water can be contained for a flooded
paddy. In well-drained soils, numerous
upland crops are available. The
monsoon season is generally followed
by a drier, cooler season. The dry
period is defined as those months with
less than 100 mm of precipitation. The
average temperatures are the coolest
during this period of the year, and
relative humidity is lower. In the
northern hemisphere, December and
January are generally the coolest and
driest months.

Historically, few crops have been
cultivated during this period, unless
irrigation is avallable. In areas with
limited irrigation, vegetable crops or
other high cash-value crops are
generally grown. Where irrigation is
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readily available, a number of crops are
possible, If temperatures are mild, an
additional rice crop may be grown or.
in cooler regions, an irrigated wheat
crop can be sown. The rainfed areas are
not cultivated in many instances,
although the soil moisture situation is
often saturated or at field capacity after
the rainy season crop is harvested.
There are some farmers who broadcast
a short-cycle crop, such as mungbean,
to utilize residual moisture.

The cropping patterns, climate and
agronomic ,ractices involved have a
profound e.fect on soils and their
microbiology. This combination of
factors also has a strong influence on
disease-causing organisms. Organic
matter decomposes rapidly during the
monsoon period, so crop debris
produced in the dry season does not
serve as a source of inoculum for the
following wheat, barley ¢ triticale crop.
Paddy rice cultivation creates an
anaerobic situation, and the flooded
condition is detrimental to the survival
of most plant pathogens. The
cultivation of another crop species in
the monsoon season constitutes a
rotation, which generally reduces
Inoculum of disease-causing organisms,
unless that organism has the capacity
to cause disease in both crop species.

The disease surveillance programs
conducted in Pakistan, India, Nepal and
Bangladesh have roc~rded most of the
known diseases of w ..cat, barley and
triticale (5,10,13,18,25,28). The soil-
borne diseases have been considered as
minor in relative importance compared
to the other commonly occurring
diseases. There are occasional fields
which are seriously affected, but over-
all economic losses have not been
established except for some notable
exceptions.

At the higher clevations, and in remote
arcas where chemical seed treatment is
not feasible, the soil-borne bunts
(Tilletia spp.) can be serious diseases of
wheat. Flag smut (Urocystis agropyri)
is soil-borne and endemic in the
northern plains of Pakistan and India,
and the cultivation of susceptible
varieties has brought about an increase
in the frequency of this disease (10).
Karnal bunt (Neovossia indica) has
become much more prevalent in the
past few years in these areas (12). The
dramatic increase in this discase
probably reflects a combination of
factors. Most of the new varieties
released during the past decade are
considered highly susceptible. The
spread of the wheat-rice rotation may
also be a factor that has contributed to
the current inerease in disease
prevalence. There are also several
nematodes reported, but Heterodera
avenae (Globodera spp.), the cat cyst
nematode, is the most serious.

In the tropiecal and subtropical
environments of Southeast Asia, wheat,
barley and triticale are not grown
commercially. The introduction of these
three specics into the cropping systern
has been primarily experimental. The
higher mean temperature and relative
humidity changes the relative
importance of some of the discases, as
compared to the semi-temperate areas
of South Asia (3.4,8,24).

Foliar Diseases
in More Tropical Environments

Leaf rust of wheat (Puccinia recondita)
has been observed. but only on older
varieties known to have little or no
resistance. Consequently, it appears
that primitive race forms must be
coming from some grasses and that,
with the expansion of wheat
cultivation, ncw “irutences undoubtly
will arise which can attack the
cultivated varieties. No leaf rust on
barley or triticale has been observed.
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Surprisingly, little or no stem: rust (P.
graminis) has been recorded, <lthough
the environment must be consic ered
ideal for the disease (4,24).

Helminthosporium leaf blight
[Helminthosporium sativum). also
known as Bipolaris sorokiniana and
Drechslera sorokiniana, with the
perfect stage Cochliobolus sativus, is a
serious and sometime limiting factor to
whneat and barley cultivation in tropical
environments. Severe lcaf blight. spike
and seed infections are common
(4.8.14,17).

Soil-borne Diseases

In Southeast Asia, the soil-borne
diseases of upland crops can be divided
into pre and post-emergence discases,
damping off and root a-d stem rots
(19). A survey by the International Rice
Research Institute in the Philippines of
disease problems of upland crops sown
after wetland rice indicates that
specialized pathogens are suppressed
by flooding, rotation and certain tillage
operations. The unspccialized
pathogens with a wide host range, such
as Sclerotium rolfsti, Pythium spp. and
Rhizoctonia solani (19,28}, are
provided an advantage and become
important pathogens in the system.

Observations from experimental plots of
wheat, barley and triticale in farmers’
fields suggests that the main damping
off and root or stem rot-causing
organisms are Sclerotium rolfsii,
Helminthosporium sattvum and
Fusarlum spp. {3.4,14,24, personal
observation).

S. rolfsli predominates in the heavier
soils of the paddy rice-wheat. barley or
triticale rotation (9,27). Warm
temperatures and high moisture
conditions are associated with the
establishment of the disease. Infection
occurs at all stages of plant growth, or
at least the death of plants can vccur at

any stage of development {27). Drouglit
stress often results in prematurc death
and numerous “'white heads" in the
field. These probably reflect incipient
infcctions which are manifested by the
drought stress. The post-damping-off
stage is easily recognizable, and oceurs
commonly in the rice-based rotation.
The establishment of a proper plant
population is often affected. Information
on pre-emergence damping off in wheat
is not readily available.

Roots and erowns of infected plants are
usually covered with a fluffy white
mycelium and, if the surfacc of the soil
is damp, mycelium will radiate out
from the stem on the surface of the soil.
Sclerotial bodics form readily on the
surfacc of the plant tissue and even on
the soil surface. Young sclerotia are
white in color and darken to brown-
black with age. The fungus survives
either on alternative host species or as
<cleiotial bodies in the soil.

There are numerous species of
helminthosporium in Asia, and several
are reported to be pathogens of wheat
(20). The species Helminthosporium
sativum appears to be the predominant
pathogen in South and Southeast Asia
on wheat, barley and triticale. On
numerous isolations from leaf samples
from the tropical and subtropical areas
of Southeast Asia, H. sativum has been
identified in more than 90% of the
samples: many grass species arc also
hosts for H. sativum (8.17, E.E. Saari,
unpublished data).

Helminthosporium leaf blight is a
serious disease of wheat, barley and, to
a lesser extent, triticale (3,.4,8,14). The
discase can be sufficiently severe in
areas wiih high relative humidity that it
becomes a limiting factor to the
cultivation of wheat and barley:
temperature also scems to play an
important role in the case of wheat (21).
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At higher altitudes or latitudes, where
miilimum temperatures are cooler,
wheat becomes less susceptible than
barley.

The amount of spike or kernel infection
by H. sativum in the tropics can be
significant. If severe leaf infection is
present and some rain occurs after
heading, the percentage of grain
infection may exceed 50% (personal
observation). This high level of kernel
infection has major implications on
seedling blight or damping off if the
grain is used for seed. Both pre and
post-emergence damping off will be at a
high level, and root infections, which
can lead to dryland foot rot, will also be
present. In lighter soil areas and upland
cropping sites, H. sativum can be
readily identified from the rcots of
urhealthy plants and dead plants that
have white heads. Helminthosporium
as the cause of damping off and root
rots in wheat and barley has been
established, but the extent of losses
caused by H. sativum as compared to
other root diseases is not known.

The Fusarium spp. are kiiown to cause
seedling blights and root rots of sinall
grain cereals wherever wheat or barley
is cultivated, and it has also been
identified as a root rot of wheat and
barley in the nontraditional areas of
Southeast Asia (3.4). Fusarium is found
more comimonly in the upland rotations,
particularly with maize. The rotation of
maize with wheat and bharley is known
to favor Fusariurmn graminearum
(Gibberella zeae). In areas with high
hurnidity or rain at heading time, the
presence of head scab disease is often a
serfous problem. The situation in
Southeast Asia is different in that
heading occurs at the drlest period,
which often approaches drought
conditions; consequently, scab has not
been of importance except at high
altitudes where rain occurs (E.E. Saari,
unpublished data).

There are three species of Fusarium
reported, F. graminearum,

F. culmorum and F. moniliformi (3,4);
in one report, F. moniliformi was the
fungus most irequentl;y isolated from
root samples (3). Other fungi have been
reported, but their pathogenic
capacities have not been established.

The role of nematodes and their
possible synergistic effects on root rots
have not been examined. The rice
flooded conditions are known to be
detrimental to plant pathogenic
nematodes, but the upland situation is
different. The addition of one crop sown
immediately after the harvest of
another provides a bridge in some cases
and a possible break crop for others.
Two reports involving nematodes from
Thalland identificd root knot
(Meloidogyne spp.) and stubby root
{Paratrichodorus spp.) nematodes at
levels high enough to cause damage to
cereal crops (4,

D. Saunders, unpublished data).

Disease Contro! Possibilities

Resistant varieties

The developient of resistant varieties
would be the ideal solution for control;
however, the resistance to root rots
caused by S. ro!fsii, H. sativum and
Fusarium spp. in wheat, barley and
triticale is not clear (4.14). Observations
by the author and others suggest that
resistance to S. rolfsii probably does not
exist, at least in a readily usable form.
Differences in relative susceptibility
does occur between bread wheat and
barley (4); barley seems far more
susceptible, according to preliminary
observations. Triticale has riot been
tested to the same degree, so the
relative differences have not been
established.

There are reported differences in
resistance to H. sativum in the foilar
phase of the disease (1.4,14). Wheat
appears to be more tolerant than barley
and even resistant at cooler
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temperatures, but this difference is
vastly reduced in the humid tropics.
Differences in resistance in the bread
wheats are perceivable, but are small
under such conditions (4.14). The
possible use and value of this difference
needs further evaluation. It is possible
that the resistance in barley to

H. sativum may also disappear in the
humid tropics, but this subject has not
received sufficient attention. Triticale
seems to have a greatcr degree of
resistance, but it has not been tested as
extensively as the bread wheats. The
durum wheats appear not to be well
adapted, and so have received little
attention in the tropical environments.
These differences recorded in resistance
to the foliar phase of the disease may or
may not apply to che seedling blight
and root rot phase. No comparative
work has been done on this subject in
these environments, but there is some
evidence that tolerance and degrees of
resistance to the root-attacking phase is
operative from temperate environments
(26).

The inoculum potential of H. sativum
in tropical environments is severe, and
it is found in abundance on numerous
grass species (4,8,14,17). The role of
inoculum potential in overcoming
resistance in temperate climatcs has
been described (26) and. obviously, also
will be an important factor in tropical
environments.

Information on the possible resistance
to fusarium root rots is limited (26), and
there is none currently available for
tropical environments. The prospects
for recistant or tolerant varieties
appears to be llmited.

Agronomic practices

There are no established cultural
practices that can be recommended
with confidence at this time for limiting
seedling blights or root rots in tropical
environments. A number of possibilities
exist, but they require careful
evaluation. For example, S. roljsii is

favored in saturated soil-moisture
conditions. Even small differences in
drainage and root aeration appear to
have major effects on the growth and
health of wheat and barley. There is a
question of whether sowing on ridges
might be beneficial to reducing root
rots. It has been observed that wide-row
spacing has an ctfect on the
drvelopment of the foliar phase of

H. sativum, but it is not known if this
has a carry-over effect on the root rot
phase. The implications of weed
control, soil tillage, ridging, sowing
depth, date of sowing, irrigation
practices, rotation and no-tillage have
not been critically evaluated, although
field observations suggest they may be
extremely important in certain root
disease situations (6.7,11,23).

Chemical control

Limited information is available on the
effectiveness of chemical treatments on
root rots and seedling blights in more
tropical environments. An initial
evaluation on fungicide treatment made
in 1984 at Central Luzon State
University in the Philippines was of
limited success. Seed treatment
reduced infections by 53% over the
control plots, but the level of infection
was still high in the treated plots (27).
The use of systemic fungicides or ones
with a greater fungal specificity may
provide better control (2,22)}.

A seed treatmen( combined with one,
or possibly two, foliar applications, to
provide control of soil and seed-borne
pathogens and to reduce the foliar
disease-infection phase, appears to have
merit (4,16). Its combination with
agronomic practices to reduce
predisposition of wheat and barley to
root diseases could further enhance the
effectiveness of chemical seed and foliar
treatments.
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The development of resistant varietics

is o possibility for the future. Even a
small degree of resistance combined
with proper agronomic practices and

critical chemical treatments could have

major effects on reducing seedling
blights and root rots. The combined
effort could also have an effect on the

otner disease phases which have been
mentiuiicd here,
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Chemical Control Measures

for the Major Discases of Wheat, with
Special Attention to Spot Blotch

Y.R. Mehta and S. Igarashi, Instituto Agronomico de Parana,

Londrina, Parana, Brazil

Abstract

Spot blotch, rusts, and scab are some o}

f the most important diseases in many

tropical countries. Frequently, more than one disease appears at the same time.
Success in chemical control of a disease complex depends on the use of an
approprtate sprayirg schedule which takes into consideration 1) appropriate
Jungicide and dosage for the diseases and the variety in question, 2) time of first
spraying, 3) number of sprayings and 4) the interval between sprayings. For a
disease complex, Maneb or Mancozeb should always be used in a fungicidal
mixture. Spot blotch is well controlled by three to four applications of Maneb or
Mancozeb or three applications of Propiconazole.

Although yiclds by some farmers in
tropical areas, and more particularly in
Latin American countries, exceed 3,000
kg per hectare, the average yields
during the past ten years have varied
between 1,000 and 1.200 kg/ha. The
primary causes of such low yiclds are
probably adverse climatic conditions
and severe disease epidemics.

One of the major problems for wheat
production in most tropical countries is
the severe disease complex. Such a
disease complex may include major
diseases like leaf rust (Puccinia
recondita Rob. ex Desm.) spot bloich
{Bipolaris sorokiniarna Sacc. ex.
Sorokin, syn. Helminthosporium
sativum P. K. and B.), and head blight
or scab (Fusariuni graminearum)
Schwabe (Gibberellu zeae (Schw.)
Petch. These diseases can be controlled
by the use of resistant varieties;
nevertheless, until resistant varieties
are available, chemical control shoul¢!
receive due priority.

At present, there are more than 20
different fungicides available for the
major wheat diseases. and new ones are
contantly being introduced Into the

market. When considering fungcide
use, economic aspccts must be taken
into consideration. The success of
chemical control depends mainly on an
appropriate spraying schedule, and
consideration must be given to

1) appropriate fungicide and dosage for
the disease and the variety in question,
2) time of first spraying, 3) number of
sprayings and 4) the interval between
sprayings.

An appropriate spraying schedule has
been established for Brazil and
Paraguay, and it is being used with
good success; the schedule needs to be
further established on a regional basis.
However, considering the common
disease complex problem among Latin
American countries, the existing
spraying schedule can be used in other
countries with some modifications, if
necessary.

Fungicides and Dosage

Fungicides are normally selected and
recommended as a result of yield
differences between treated plots and
check plots. During the past several
years, more than 30 fungicides with
different active ingredients have been
tested on the most popular varieties in
Brazil, either alone or in combination.
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According to a new criterion
established for the selection and
recommendation of fungicides for foliar
diseases, a fungicide that does not
maintain the infection level at less than
50% at growth stage DC (decimal code)
83 (2) is not selected or recommended
for the disease in question. All
fungicides selected, using this criterion,
have led to statistically higher yields as
compared to check plots.

The degree of efficiency of a particular
fungicide depends on the cultivar.
Contact fungicides are less expeusive
but are also less efficient than systemic
fungicides and, for this reason, they
should be used for less susceptible or
slow-rusting cultivars. Systemic
fungicides, on the other hand, should
be used on fully susceptible cultivars, to
obtain reasonably good disease control
and guarantee econemic returns.
Among the systemic fungicides, the
most efficient ones for leaf rust are
Triadimefon and Propiconazole; they
also give some protection against stem
rust (Table 1). For spot blotch, there are
only a few fungicides which offer
reasonably good control, i.e., Maneb,
Mancozeb and Propiconazole. The
efficiency of Propiconazole (1.0 It/ha)
against spot blotch has also been seen
in some experiments.

The efficiency of Maneb and Mancozeb
as protection against several fungal
diseases has long been known.
Experimental data from the past several
years indicate that three to four
applications with one of these
fungicides give good control of spui
blotch. A fungicidal trial against spot
blotch was conducted in 1983, to
confirm once again the efficiency of
some Dithiocarbamates and some new
systemic fungicides. Propiconazole at a
reduced rate (0.5 1t/ha) was still
effective, but not superior to Maneb or
Mancozeb. However, it is gaining in
importance, since it also offers good
control for other diseases, such as
powdery mildew, septoria and leaf rust.

Therefore, it has been concluded that
propiconazole should only be used
when more than one foliar disease is
present. When only spot blotch is
present, Maneb or Mancozeb alone
give good results.

Scab is another important disease in
Latin America. Existing varieties are
susceptible, and chemical control
measures ltave not heen efficient. It is
believed that fungicides of the
Benzimidazol group are the only ones
effective against scab. Detailed studies
on the chemical control of this disease
were carried out, but showed no clear
evidence of any efficiency difference
between Methyl Thiofanate,
Thiabendazol and Benomil; the
tentative conclusion is that none of
these fungicides are highly efficient
against scab. Sensitivity monitoring of
the fungal populations for resistant
strains necds to be carried out.

Time of first spraying

The timing of the first spray cpplication
is of primordial importance in the
spraying schedule. Under normal
conditions, the disease epidemic starts
45 to 55 days after sowing, at least
under Brazilian and Paraguayan
conditions. The first spraying should be
done soon after the first appearance of
discase symptoms. It is recommended
that, for early-maturing cultivars (such
as Anahuac and Cocoraque), the first
spraying should take place 45 to 55
days after sowing and, for medium or
late maturing ones (such as Alondra
4546 and PAT/219), 50 to 55 days
after sowing. If the disease epidemic
only starts 80 days after sowing, then
the first spraying should be done then
and not before. If an interval of 15 days
between sprayings is maintained,
initiating the spraying at 45 to 55 days
after sowing will protect the crop up to
the soft dough stage. After that, it is not
necessary to control leaf diseases, since
yleld losses will be almost negligible,
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Table 1. Fungicides and spraying schedule for control of the major wheat diseases, Brazil

Mode of Dosage
Fungicide action—aj (kg or It/ha)
Application no. 1
(45-55 days after sowing)
One of the following:
Chlorothalonil C 25
Maneb or Mancozeb C 25
Propiconazole S 0.5
Propineb o 25
Pyracarbslide + Maneb S+C 1.54+25
Triadimefon S 0.5
Triforine S 1.5
Triphenyltin acetate C 2.0
Application no, 2
{15 days later)
Any of the above fungicides and dosages
Application no. 3
(15 days after the second)
One of the above fungicides
plus one of the following
fungicides to control scab:
Benomy! S 0.5
Carbendazin S 0.5
Thiabendazin S 0.5
Thiophanate-methy!| S 05

alc= contact, S = systemic

Note: Powdery mildew is not of general occurrence and is not considered important,
However, unde: conditions favorable for the disease, one of the following fungicides
should be added in the second application: Ethirimol (1.0 It/ha), Pyrazophos
(1.0 It/ha), Oxythioguinox (0.5 It/ha) or Tridemorph (0.5 It/ha). Use of these
fungicides is not necessary if Propiconazole or Triadimefon is used in the second
application,
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Loss in yield is directly proportiona! to
the time when the epidemic starts.
Yield losses of the cultivar Jupateco
were assessed by controliing the start of
the epidemic, using appropriate
fungicides. When the epidemic started
as early as 30 days after sowing, loss in
yield was 70%; when the epidemic
started 51, 58, 64 and 72 days after
sowing, losses were 54, 44, 40 and 4%.
respectively (Figure 1).

The timing of the first spraying is so
important because, after the epidemic
has become established, chemical
control of the disease is uneconomical.
Starting fungicidal spraying soon after
the start of an epidemic either paralyzes
it for 30 to 40 days or substantially
reduces the rate of infection, depending
on the type of fungicide used. The
objectiv~ is not to obtain 100% control
of the ¢ ease, but to maintain its level
below . .% up to the soft dough stage.
For this reason, systemic fungicides
should be used for susceptible cultivars
to delay the start of the epidemic, and
protectant fungicides for less
susceptible cultivars (slow-rusting
cultivars) to reduce the rate of infection.

Number of sprayings

Normally three sprayings are
recommended but, with spot blotch,
there may be a need for four. The
experience in Brazil indicates that, if
the disease epidemic starts 45 to 55
days from sowing, at least three
sprayings are necessary to obtain
economic returns. Nevertheless, with
prolonged dry periods (40 to 50 days)
after tillering, two sprayings may be
enough. Spot blotch is a very fast-
growing disease, especially under
warm, wet condit'ons, and it ;an attack
the spikes as well as the leaves. Under
such conditions, the disease can only be
controlled with at least three to four
sprayings with Maneb or Mancozeb or
three sprayings with Propiconazole.
Three or four applications not only
reduce the rate of infection of the
disease on the leaves, but protect the
spikes from becoming infected. Since
weather conditions are very changeable
in Latin America, the exact number of
sprayings cannot be predetermined.
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Figure 1. Loss !n yield in relation to the start of the leaf rust epidemic on

the cultivar Jupateco, Brazil, 1978
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Interval between sprayings

The fourth important aspect of the
spraying schedule is the interval
between fungicidal applications.
Expericnce indicates that the interval
should be about 15 days, regardless of
the kind of fungicide used. With special
referencc to spot blotch, when
protectant fungicides like Maneb or
Mancozeb are used, and when weather
conditions are very favorable to the
diseace, the interval should be reduced
to 10 o 12 days.

Maneb or Mancozeb are broad-spectrum
fungicides and, as a rule, should be
used for complex disease situations.
Besides being very economical, their
use minimizes the danger of creating
resistant strains of the pathogen.

Although the establishment of an
appropriate spraying schedule is of
utmost importance before any control
measure is employed, no hard and fast
rules can be laid out. On-the-spot
modifications are quite often necessary,
and the wheat variety, weather
conditions and the intensity of the
disease must be considered,
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Chemical Control of Helminthosporium sativum
on Rainfed Wheat in Zambia

R. Raemaekers, Belgian Development Cooperation, Mount Makulu
Research Station, Chilanga, Zambia

Abstract

Significant rainfed wheat yield losses due to diseases caused by
Helminthosporium sativum were measured during three seasons in fleld tests
with Mexican wheat varieties in Zambia. It was demonstrated that high rainfed

wheat ylelds could be obtained with che

mical disease control. Triadimefon and

Fentinacetate-maneb controlled foliar infections and head blight better than
other chemicals in field experiments. Triadimenol effectively controlled seedling
infections caused by H. sativum and other pathogens.

Zambia annually requires 180,000 tons
of wheat to meet an ever-rising demand
for bread: most of this is imported.
Approximately 10% of the annual
requirement is produced locally, as
irrigated wheat during the winter.
Although the yields are high, the area
under irrigation is not increasing.
Therefore, production of rainfed wheat
is now being encouraged in Zambia.
There is plenty of suitable land
throughout the country and, with
adapted cultivars and the participation
of large and small-scale farmers, local
production could increase significantly
in a short period of time.

However, diseases, especially those
caused by Helminthosporium sativum
(syn. Drechslera scrokiniana; Bipolaris
sorokiniana) are a major problem on
rainfed wheat in Zambia. Throughout
the country, the climatological
conditions during the rainy season are
optimal for the development of the
fungus. Grasses are considered as the
main source of inoculum, and natural
epidemics occur each year. Infections
start from tillering onwards, and may
develop very quickly after flowering,
depending on weather conditions. All
above-ground plant parts and grain can
become infected. The combination of
spot blotch on the leaves, head blight,
stem infection and black point may
result in severe crop losses.

During previous years, several tests
were carried out in Zambia to
determine crop losses caused by H.
sativum and to assess the effertiveness
of various chemicals to control foliar
infections, head blight and seedling
1fection (damping-off). Ten crop loss
assessment tests were done over three
seasons, with two dates of seeding per
year. Mexican wheat cultivars were
used. which are susceptible to foliar
diseases and head blight, caused by
H. sativum; resistant wheat cultivars
were not available at that time. Since
different weather conditions occurred
each season, the conditions for the
development of H. sativuin and the
disease pressures on the crop varied.
Moderate and high crop losses were
recorded.

In order to measure crop losses, three
different disease levels were always
maintained in the tests. Although it
was not possible to have disease-free
plots, near total disease control was
obtained with fungicides, such as
various Dithiocarbamates,
Chlorothalonil, Captafol and
Triadimefon. Sometimes two to three
applications per week were necessary.
The natural epidemic was allowed to
develop in the unsprayed plots, and a
third disease level with moderate
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infection was obtained with less-
frequent fungicide applications. Spot
blotch and head blight were scored
weekly. The average crop loss, as
calculated from all tests for the different
seasons, was 45% of the yield of the
healthy plots; the maximum crop loss
was 85% of the yield of healthy plots.
For all practical considerations, this
was a total crop loss. Severe foliar
necrosis and head blight was recorded
in plots which were exposed to the
natural epidemic. Yields of more than
3 t/ha were obtained in disease-free
plots, with a maximum vyield of 3.6 t/ha
recorded. Such yields are an indication
of the potential for rainfed wheat
production in Zambia if H. sativum is
contrulled, either genetically and/or by
fungicide applications.

Rainfed wheat production with frequent
fungicide use is certainly out of the
question, due to economic
considerations. If the input of a
fungicide is going to be considered, it
would have to be a highly effective
chemical with very good persistence at
a maximum of one or two applications.

Fungicide tests were carried out with
the Mexican wheat cultivars. An
orientation trial with the variety Sonora
64 showed that plots which received
two applications of various standard
contact fungicides did not have yields
different from those of the unsprayed
plots. The objectives were changed and,
instead of concentrating on the number
of applications, the emphasis was
placed on finding an effective formula.
Nine chemicals were evaluated on the
variety Mexipak during the 1978
season. Two spray intervals were used,
with spraying starting from the first
signs of visible infection, which was one
month after seeding. Eight sprayings at
weekly intervals were applied,
compared to three sprayings at
Intervals of three weeks. Above-average
rainfall was recorded during the post-
flowering period, providing the right
conditions for the development of the

H. sativum epidemic in the plots and,
consequently, for proper screening of
the chemicals. The fungicides which
were tested were Captafol, Tridemarph-
maneb, Triadimefon, Fentinacetate-
maneb, Mancozeb, Metiram, Maneb,
Benomyl and Methylthiophanate. The
unsprayed control plots yielded only
0.2 t/ha under high disease pressure
conditions. Fentinacetate-maneb and
Triadimefon were the most effective
chemicals in slowing down the
epidemic. Plots which were sprayed
with these chemicals at intervals of
once every three weeks yielded 0.8 t/ha.
Plots sprayed with Fentin at weekly
intervals yielded 1.7 t/ha versus 1.0
t/ha for plots sprayed with Triadimefon;
a significant reduction of foliar intection
and head blight was recorded for both.
Head blight and node infection (stem
break) were better controlled by
Fentinacetate-maneb than by
Triadimefon.

These two chemicals were compared
during the next season with three new
products, RH2161, EL228 and Imazalil,
and also with a tank mix of
Fentinacetate-maneb with Tridemorph-
maneb. Four sprayings with each
chemical were applied at intervals of
two weeks, from flag leaf appearance
onwards. The high disease pressure of
the previous season did not occur, and
the hand-harvested control plots yielded
1.9 t/ha. Plcts sprayed with
Triadimefon, Fentinacetate-maneb and
the tank mix yielded 3.4 vha, 2.8 t/ha
and 3.2 t/ha, respectively: these yields
were not significantly different from
each other. Plots which were sprayed
with RH2161 also yielded significantly
better than the control plots, but the
yields were lower than those of the
Triadimefon plots: perhaps a higher
dosage of RH2161 could have bridged
this gap. EL228 and Imazalil did not
control the disease sufficiently, and
plots which were sprayed with these
chemicals did not have yields different
from those of the unsprayed control
plots. The efficacy of Triadimefon and
Fentinacetate-maneb for the control of
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H. sativum on foliage and heads of
wheat was confirmed. Black point
occurrence was recorded in this test; it
was highest in the plots with the
highest yield.

The next test was initiated to compare
one and two applications of the tank
mix Triadimefon-captafol with that of
Fentinacetate-maneb and with the new
product, Propiconazole. The improved
variety Kavkaz x Kalyansona-Bluebird,
with a better resistance to H. sativum
than Mexipak. was by then available.
Captafol was added to Triadimefon to
improve the control of head blight. Due
to insulfficient rainfall after heading, the
epidemic did not develop well and the
plants suffered from drought stress.
The plots which werc sprayed with
Triadimeton-captafol yielded 1.8 t/ha.,
but this yield was not significantly
different from the yield of the
unsprayed control plots.

Damping-off is also a problem in rainfed
wheat in Zambia, especially when
periods of prolonged drought stress
occur soon after emergence. A complex
of H. sativum, F 1izoctonia solani,
Rhizacton{a spp. and Fusarium spp.
are usually found on the roots, crowns
and coleoptiles of infected plants.
Laboratory experiments were carried
out to test seced treatment formulations
for the control of these soil-borne
diseases. The variety Jupateco was
used In these tests, since no varietal
resistance to damping-off was thougit
to exist. Selected seeds were treated
with dry formulations of the following
chemicals: Thiram-malathion (standard
seed treatment in Zambia), Thiram-
malathion-carbendazim, Carboxin-
thirarn-lindane, Triadimenol,
Furmecyclox-captan, Furmecyclox,
Imazalil-bird repellent, Carbendazim
and Chlorathalonil. The seeds were
germinated in water agar in wide test
tubes. Each test tube had one seed, and
five seeds made up one *'plot.” Seven
days after seeding, a plug of agar with
mycelium was deposited near the

germinated seed. Three fungi were
tested separately, H. sativum, R. solani
and F. gramiinearum. The coleoptile
infection was scored ten days after
inoculation. The only chemical seed
treatment which controlled all three
diseases effectively was Triadimenol. It
was also the only chemical which
controlled H. sativum. R. solani was
also controlled by Carboxin and
Furmecyclox; F. graminearum was
controlled equally weli by Carbendazim
and Triadimenol. Rainfed wheat seed in
Zambia is already being treated with
Triadimenol, although these resuits
have not yet been confirmed in field
tests.

These test results show that there are
effective systemic and contact
fungicides for the control of foliar
infections and head blight caused by
H. sativum on wheat. The input of
these chemicals in wheat production
can be considered if the environmental
conditions are conducive to moderate
disease pressure only. Under such
conditions. susceptible cultivars can be
protected. However, under conditions
during which severe epidemics of

H. sativum can be expected, the risk of
growing susceptible cultivars cannot be
neutralized by relying on chemical
diseasc control.

In Zambia, the development of resistant
cultivars which will yield well under
different weather conditions and
different disease pressures of H.
sativum will be the uitimate research
goal. For rainfed wheat to become an
acceptable crop to large and small-scale
farmers in a developing country, it
should not require the input of
chemicals to control foliar diseases and
head blight. Seed treatrment of rainfed
wheat, on the other hand, is
recommended to prevent scedling
diseases caused by soil-borne
pathogens. Systemic chemicals such as
Triadimenol may also control early air-
borne infections.
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Chemical Control of

Wheat Diseases in the Philippines

D.B. Lapis, Institute for P!ant Breeding, University of the
Philippines, Los Baiios, Philippines

Abstract

Commercial pro« iction of wheat has only been attempted in the Philippines in
the 1980s. This , us been triggered by the release of two varieties, Trigo 1 and
Trigo 2. These cultivars have agronomic adapiation to the environmental
conditions of the country, but lack resistance to the major diseases. As the
development of resistant cultivars takes time, chemicals have been evaluated for
disease control when applied as foliar sprays. for frequency and rates of
application for leaf spot control, as well as for seed treatments for protecting
against and eradicating soil and seed-borne pathogens. Foliar sprays tested
under nursery conditions have shown that Tilt 250 EC is the most effective
chemical for controlling helminthosporium leaf spot. Some chemicals have also
shown promise as protectants and eradicants of seed-borne diseases; fomai,
Vitavax-thiram, Vitavax-captan and Arasan are effective against Sclerotium
rolfsii, Rhizoctonia solani and Fusarium moniliforme, as well as for seed-borne

Jungi.

Although the Philippines has a long
history of wheat cultivation, dating
back as early as 1664, recent
commercial production has only been
attempted in the 1980s. This attempt
was triggered by the release by the
Philippine Seed Board of two wheat
varieties, UPLW| and UPLWg (Trigo 1
and Trigo 2). with good adaptation to
the environmental conditions of the
country. Unluckily, the two wheat
varieties lack resistance to major
diseases present in the Philippines.
Faced with this situation, and realizing
that the development of resistant
cultivars would be the most logical and
economical approach to disease control,
a breeding program has been begun.
Since the development of resistant
cultivars takes time, as an emergency
measure chemicals were evaluated for
disease control in 1984. They were
tested for use as foliar sprays and for

frequency and rates of application for
leal spot control, as well as for seed
treatments for protecting agaiust and
eradicating soil and seed-borne
pathogens.

Foliar sprays of ¢chemicals under
nursery conditions, using the microplot
technique, showed that the fungicides
Caltan F. Manzate D, Manz:1c 200,
Orthocide 50 WP and Vinicur, at their
recommended rates, and Tilt 250 EC, at
0.4 and 0.6 It/ha formulated product
(FP). were effective both as protectants
and as eradicants, comparcd with the
control. Among these chemicals, it
appeared that Tilt 250 EC at the rate of
0.6 It/ha FP was the most effective
chemical for controlling helmintho-
sporium leaf spot, with 24 and 14 mean
lesion counts, as a protectant and an
eradicant, respectively (Table 1). This
was further corroborated with field
experiments; Tilt 250 EC at 0.6 It/ha FP
gave 65% control and a yield of 1.5 t/ha
versus the yield of the control at 0.9
t/ha (Table 2).
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Table 1. Mean number of lesions of helminthosporium leaf spot on wheat variety UPLW2
with protectant and eradicant methods of spray applications under nursery conditions,
Los Bailos, Philippines, 1984

Lesion count,

Application according.to
rate application method b/
Fungicide (FP/ha)d/ Protectant Eradicant
Tilt 260 EC 0.6t 24 (25) 14 (56)
Orthocide 50 WP 1.0kg 26 (19) 20 (37)
Caltan F 1.0 kg 27 (16} 25 (21)
Manzate D 2.0kg 27 (16) 17 (47)
Manzate 200 2.0kg 28(12) 19 (41)
Tilt 2560 EC 041t 29( 9) 21 (34)
Vinicur 1.0t 30( 6) 20 (37)
Control —_ 32(0) 32( 0)

a/ FP = formulated product
b/ Figures in brackets = percent control

Table 2, Yield and percent control of helminthosporium leaf spot of wheat variety
UPLW32 sprayed under field conditions, Los Bafios, Philippines, 1984

Application rate Yield Percent
Fungicide (FP/ha)@ (t/ha) control
Tilt 250 EC 061t 1.6 65
Manzate D 2.0 kg 1.3 56
Manzate 200 2.0kg 1.4 54
Caltan F 201t 1.5 53
Orthocide 50 WP 1.0 kg 1.2 43
Vinicur 1.0 kg 1.4 13
Control — 0.9 0

al FP = formulated product
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Results from this field experiment also
indicate that the weight of seeds with
black point per 50 grams of seed was
less with Tilt 250 EC, which gave 3.63
grams of seeds with black point, as
compared with 16.44 grams for the
control (Table 3).

The preliminary experiment on the
effect of rate and frequency of chemical
applications showed a smaller number
of lesions after spraying with Dithane
M-45, as compared with Fungitox-
sprayed plants and the control.
Furthermore, there was no difference in
disease development with one or two
spray applications, or at any rate of
application; an interaction between rate
and frequency was only observed when
Dithane M-45 was applied three times.

Fungitox seemed to have no effect on
helminthosporium leaf spot
development (Table 4),

Homai and Vitavax-thiram, when used
as slurry at 2 g/kg of seed, and Vitavax-
captan and Arasan at 4 g/kg, all seem
promising for protecting seeds against
Sclerotium rolfsti, Rhizoctonia solani
and Fusarium moniliforme, as
compared with the control (Table 5).

Tests on the eradication of the more
common seed-borne fungi, such as

F. moniliforme, Curvularia spp.,
Asperglllus spp., Helminthosporium
spp.. Penicilliurn spp., Rhizophus spp.
and Alternaria spp., using the same
chemicals. rates and method of
application as above, showed that all of
the chemicals tested were effective in
eradicating these seed-borne pathogens
on wheat seeds (Table 6).

Table 3. Presence of black point on seeds of wheat variaty UPLW2
according to fungicide treatment, Los Bafios, Philippines, 1984

Seeds with

Application rate black point

Fungicide {FP/ha)2 {g/50g seed)
Tilt 260 EC 0.6 It 3.6
Vinicur 1.01t 45
Orthocide 50 WP 1.5 kg 5.3
Caltan F 201t 6.1
Manzate 200 2.0 kg 6.1
Manzate D 2.0 kg 1.5
Control - 16.4

al FP = formulated product
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Table 4. Effect on leaf spot infection of two fungicides applied at different rates and
frequencies on wheat variety UPLW2, Los Baios, Philippines, 1984

Application rate Number of Lesion Percent

Fungicide (FP/ha)E/ applications count control
Dithane M-45 0.5 kg 1 23.3 62.6
2 22,0 63.1
3 8.9 85.7
1.0 kg 1 22,0 64.7
2 13.4 78.5
3 3.7 941
1.5 kg 1 239 61.6
2 14.7 76.5
3 3.0 95.2
Fungitox 0.5 kg 1 76.9 -23.5
2 57.2 8.1
3 53.5 14.0
1.0 kg 1 62.7 - 0.6
2 55.8 104
3 719 -16.5
1.5kg 1 101.3 -62.6
2 845 -35.6
3 67.2 - 8.0
Control - —_ 62.3 0

al FP = formulated product
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Table 5. Protective effect of fungicides against three soil-borne pathogens, Los Baiios,
Philippines, 1984

Percent germination of

Fungicide . . treated seeds

S. rolfsii R. solani F. moniliforme
Homai 43.3 449 451
Vitavax-thiram 44 .4 43.9 445
Vitavax-captan 414 433 441
Arasan 75 42.8 409 43,5
Control 36.9 38.7 38.9

Table 6. Eradicative effect of fungicides on seed-borne
pathogens on seeds of wheat variety UPLW3, Los Baiios,
Philippines, 1984

Pathogen-free seedsi’/

Fungicide (%/0)
Homai 46.8
Vitavax-captan 29.2
Vitavax-thiram 14.2
Arasan 75 9.0
Control 0.0

af Pathogens commonly encountered on untreated seeds
are species of Fusarium, Curvalaria, Helmin thosporium,
Alternaria, Penicillium and Rhizophus
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III. Agronomy

Physiological Limitations to Producing Wheat
in Semitropical and Tropical Environments and
Possible Selection Criteria

R.A. Fischer, Division of Plant Industry, Commonwealth Scientific
and Industrial Research Organization, Canberra, Australia

Abstract

“Tropical’ wheat environments are characterized by short winter photoperiods
(11 and 12.5 hours) with high temperatures. the mean temperature for the
coolest month varying from warm (15°C} to hot (20°C} to very hot (25°C).
Diurnal temperature range, solar radiation, vapor-pressure deficit and water
supply (irrigated or rainfed) vary considerably between regions: frosts and hot
winds constitute meteovrological hazards in some locations. In such
environments, wheat may establish poorly because of high soil temperatures.
More seriously, development is accelerated (approximately in proportion to
temperature). while growth rate is stable or may decline, so that leaf size,
tillering, spike size and yield potential suffer, even under rrigation. Excessive
resplration and possible direct effects of high temperature on sink formation
may further reduce potential, while kernel filling is curtailed by hastened
development and/or carbohydrate shortage. There is little physiological
experience with wheat at high temperatures, but some other plant genera show
remarkable thermal adaptation. It is possible to lengthen the seeding-to-
Sflowering interval in wheat with daylength and cold-sensitivity genes, thereby
increasing biomass production. Selecting in such material for harvest index
(currently very low} would seem a rational physiological approach Jor
tmprovement of yleld potential. In order to avoid high temperatures at critical
stages, and to maximize water-use efficiency. it is desirable to have seeding date
and cultivar maturlty class such that flowering is around the coolest point of the
year and, if the crop is rainfed, subsoil moisture reserves are fully exploited.

Crop research comprises the
complementary activitics of a-lapting
environments to plants, and adapting
plants to environments. At first glance,
there is not much that agronomists can
do about the thermal regimes of the
troLles, but genotypic adaptation to
such conditions may offer possibilities
to plant breeding. Genotypic adaptation
to superoptimal temperatures is also of
interest to physiologists; eco-
physiologists already recognize many
adaptatiuns to hot regimes in other
plants (37). The tropics being a new
environment for wheat, it might permit
easier prediction of advances than the
well-trodden field of genetic
improvement in more temperate areas.

In this paper, important features of
wheat climates in the tropics and of
yicld determination in wheat will be
summarized, before passing to specific
physiological problems of tropical
wheat and possible genotypic
adaptations. Possible selection criteria
and interactions with agronomy will
also be discussed. Disease and weed-
frce conditions and adequate fertility
will be assumed. The indulgence is
asked of researchers in the tropics for
the author's having ventured from
temperate agriculture into a field in
which ne has had little research
experience.
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Climatic Considerations

Table 1 is a summary of wheat climates
in the region within 23 degrees north
and south of the equator and below
1500 meters in altitude: Dhaka (24°N
latitude) is included because of the
importance of wheat in Bangladesh. It
Is assumed that wheat is grown in the
winter and that the temperature in
January {or July in the southern
hemisphere), almost always the coolest
month, is the simplest and most
rele.ant climatic feature. Thus,
January mean temperatures above
22.5°C are considered very hot, those
between 22.5 and 17.5°C hot, and
those between 17.5 and 12.5°C warm,
giving three regimes with mean
temperatures of about 25, 20 and 15°C,
respe ctively. These are further divided,
according to January atmospheric
humidity, into humid (with estimated
average leaf-to-air vapor pressure deficit
(VPD) being below about 10 mb) and
dry (VPD above 10 mb); dew is unlikely
to form In the latter case. A fourth high-
latitude warm regime (25 to 30°C), is
included because several major
traditional low-latitude, wheat-growing
regions are represented and are
relevant to this conference.

The range between mean maximum
and mean minimum temperatures is
givern in Table 1, for it may be directly
relevant to crop growth and can be
used to calculate mean minimum
temperatures, which is relevant to
vernalization, and which some studies
suggest may be more closely correlated
to crop performance than mean
temperature (25, C.E. Mann, personal
communication). The temperature

range tends to be least at humid coastal
locations. Information on solar radiation
is, unfortunately, not always available
or accurate; January radiation
decreases with distance from the
equator, with cloudiness (in humid
locations) and with dust haze (e.g..
northern Nigeita). Seasonal changes in
temperature, ra-..atfon and vapor-
pressure deficiv for Ociober to April
(April to October in the southern
hemisphere) are shown for
representative locations in Figure 1.

Winter rainfall totals in Table 1 are an
inadequate description of water supply
to the crop. In few places is there
sufficient rainfall during the crop
season for viable cropping (e.g.,
possibly in Indonesia, southern China,
Paraguay and southern Brazil). More
generally, crops rely on soil water
stored from the summer wet season in
deep retentive solls (e.g., central India,
Bangladesh, Thailand and Queensland,
Australia), and/or on irrigation.
Irrigation is essential in places like
Sudan and Nigeria and, for reasons of
soll type, in central Brazil. Thus, water-
supply regimes dominated by irrigation,
stored soll water or, less commonly,
rain on the crop need to be
distinguished.

This brief discussion of climate has not
taken into consideration several
meteorological factors of lesser
irportance to trcpical wheat. These
include sun angles and mid-day
radiation intensity, potential or pan
evaporation rates, the sharpness of the
pest-January air-temperature rise and
the incidence of frost and severe drv
winds. Frost occurs only in the warm
regime; this can be quite significant in
southern Brazil and Queensland. Severe
atmospheric drought is apparently
significant at locations bordering the
Sahara.



Table 1. Actual and possible wheat-growing locations in and near the tropics, and principal features of their temperature and
humidity regimes in the month of January (July in the southern hemisphere)

Ataan daily January weather Total rain
Mean Temp. Solar Dec.- Locations with
Thermal and Location Latituda Altitude temp. range VPD radiation Feb. Annual approx. similar
humidity regime {m) {oc) (oC) (mb) (MJ/m2/d) (mm) {mm) wheat climates
Very hot, humid Los Bafios, Philippines 14°N 40 24 5 6 15 230 2040 Jakarta, Indonesia
Phitsanulok, Thailand 17N 50 25 14 8 - 32 1354
Very hot, dry Khaitoum, Sudan 16°N 380 24 16 22 20 0 164
Kununurra, Australia 179 30 23 17 19 21 5 745
Hot, humid Chiang Mai, Thailand 18°N 313 21 16 6 - 28 1246 Mandalay, Burma
Dhaka, Bangladesh 24°N 8 19 14 6 15 51 1928 Poza Rica, Mexico
Formosa, Brazil 16% 911 19 14 8 - 17 1595 Villa Guede, Senegal
Santa Cruz, Bolivia
Asuncién, Paraguay
Hot, dry Kano, Nigeria 12°N 470 22 17 20 21 1 873 Hyderabad, india {1)
Indore, India 23°N 555 18 17 12 18 16 876 Taiz, Yemen Rep.
Tialtizapan, Mexico
Warm, humid Lima, Peru 12% 1 15 4 1 21 5 10 Lusaka, Zambia
Emerald, Austraiia 23% 179 15 16 5 - 108 591 Londrina, Brazil
Harare, Zimbabwe 18%s 1470 14 15 7 18 9 868 Matamoros, Mexico
Canton, China 23°N 18 14 9 4 - 126 1720
Warm, humid Riyadh, Saudi Arabia 259N 594 15 14 6 - 42 105 New Delhi, India
(25-30° 1at.) Ciudad Obregon, Mexico 27°N 40 15 16 3 13 40 267 Kufra, Libya
Passo Fundo, Brazil 28% 750 13 - - - 445 - Cairo, Egypt

118
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Yield Determination in Wheat terms of g/m2) in a critical period
(spike-growth period) leading up to

Table 2 outlines an approach to antheslis as the key to determination of
understanding yield determination in grains/mZ2; little importance is given to
wheat. This einphasizes crop and spike  traditional numerical components of
growth (dry matter accumulation in grain number (17).
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Figure 1. Long-term mean monthly temperature, daily racdiation and
estimated leaf-to-air vapor pressure deficit (VPD) for key tropical locations
(VPD was estimated assuming the leaf was at the mean daily temperature).
Months for Harare, Zimbabwe, should read April to October.
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Table 2, Wheat yield determination and the influence of environment and genotype in the
absence of nutrient limitation

Controlling factors?/

Components and subcomponents Major Minor

1. Developmental periods {final stage)

Vegetative (floral initiation) T,V,P,G -
Spikelet and floret initiation

{penultimate leaf emergence) T,P,G - -
Spike growth (anthesis) T P,G
Grain filling (loss of green) T -

2. Crop growth to give leaf area
index at onset of spil&e growth

Established plants/m - T,W
Duration T,G -
Relative growth rate TR, W G
3. Spike growth to give g/m2 at anthesis
Leaf area index, prevailing Previous period, W T
duration T G
Net photosynthetic rate R T,D
Partitioning to spike G - —

4. Processes around anthesis to give grains/m2
at onset of grain fill

Spike weight at anthesis Previous period
Florets/spike weight G W,R
Grains per floret (grain set) - = T,G,D
5. Individual grain weight determination
Cell number, duration T,.R - =
Filling duration T -
Rate of filling:
Reserves, kernel number Previous period -
Leaf area index prevailing Previous period, W, T  ——
Net photosynthetic rate R T,D
6. Grain yield {if no water shortage)
Grain number Q during spike growth — —
Individual grain weight T during grain filling - -
7. Grain protein %/o
Grain nitrogen %/o T W, G

2/ T = temperature, V = vernalizing cold, P = photoperiod, R = solar radiation, W = water
shortage, D = vapor-pressure deficit, Q = photothermal quotient, G = genotype
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Briefly, plant development (the first
component in Table 2) proceeds
through four phases or periods,
delineated by the successive discrete
stages of floral initiation, penultimate
leaf emergence on the main shoot
(approximate guide to the onset of spike
growth), anthesis and loss of green in
the spike. Control of the duration of
each period by the listed environmental
factors and by genotype is reasonably
well understood. These stages are best
considered as representing switches in
the allocation of assimilate or dry
matter between different organs. First,
the crop grows leaves and roots and, in
the second period, stems as well. In the
third period, commencing some 20 to
30 days before anthesis, spikes and
stems become the major sinks for
assimilate; in the fina! period, grains
are the dominant sink.

The second component in Table 2
refers to the build-up of the leaf area in
periods one and twn. Leaf area at the
end of period two plays a major role in
determining spike growth (component
3). a role best summarized in the
percentage of solar radiation
intercepted by leaves during the spike
growti period which, along with
photosynthetic rate and period
duration, determine total crop growth
in the period. Approximately 25 to 50%
(depending on cultivar} of this tetal dry
weight at anthesis is considered pivotal
in this analysis, because a given
Investment in spike tissue (rachis,
awns, florai parts, etc.) is necessary to
build a competent floret {(approximately
10 mg. depending on the cultivar).
Therefore, spike dry weight determines
potential grain number; some environ-
mental and possibly genotypic factors
around anthesis (component 4) can, in
turn, affect actual grain number by

reducing grain set (grain per floret) to
less than th~ theoretical maximum of
one.

Understanding individual grain-weight
determination follows more broadly
accepted lines (component 5);
conditions soon after anthesis may
determine potential grain weight, but
often limitations on the duration and/or
rate of grain filling affect the realization
of this potential, with final grain weight
falling below potential, especially if
there are many grains to be filled.

In situations without water limitation,
for a given anthesis date. a simple yield
index can be derived which integrates
the major environmental effects listed
in Table 2. This relies on the fact that
grain number is reasonably well
predicted by the photothermal quotient
over the 20 to 30 days preceding
anthests (17,27). Photothermal quotient
(Q) is defined as mean solar radiation
divided by mean temperature less
4.5°C (units of MJ/m</d/degree). It
specifically integrates the positive and
linear effect of radiation on crop growth
rate and of mean temperature (less base
temperature) on developmental rate
(reciprocal of duration). Hence, as
defined, it is an index of total crop
growth in the approximate spike-
growth period. It can be improved by
correcting for incomplete radiation
interception (thereby reducing Q) in
situations where leaf-area index is
insufficient in this period for full light
interception (e.g., >3).

The relationship of grain number to
corrected Q (and to total dry we’ght at
anthesis) for a set of representative
cultivars and a range of sowing dates
and sites in central Mexico (20°N
latitude) is shown in Figure 2; Poza
Rica and Tlaltizapan have hot and
humid and hot and dry tropical
regimes, respectively. A similar
relationship was derived from a wide
range of sowing dates and years at the
CIANO station in Ciudad Obregon in
northwest Mexico (R.A. Fischer,
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unpublished). A rule of thumb derived
from this work suggests the following
simple relationship for good growing
conditions and semidwari cultivars:

Grain number/m2 = 11,000 x
corrected Q (Equation 1)
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Figure 2. The relationship of grains/m2 to a) corrected pliotothermal

quotient in the 30 days before anthesis (see text) and b) total dry weight
at anthesis. Results are the average of 10 to 19 genotypes sown at four
sites in central Mexico (about 20°N lat), Poza Rica (80 m), Tlaltizapan (940

m), E] Batan (2248 m) aid Toluca (2640 m).
Source: Midmore et al. (27)

At the same time, In many studies (i.e..
39), Individual grain welght appears to
bear a consistent negative linear
relationship to grain-filling temperature.
This relationship could not be derived
in central Mexlco because of disease
attack during grain filling at several
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sites, but field work at CIANO (15) and
elsewhere suggests the following
relationship, as shown for
representative cultivars (Figure 3):

Grain weight {mg) = 64-1.6 x T
(Equation 2)

Here T is the mean temperature during
grain filling (30 to 40 days following
anthesis).

Equations 1 and 2 can be multiplicd to
give the aforernentioned simple index of
grain yicld:

Yield (g/m2) = corrected Q x
(700-17 x T) (Equation 3)

This equation contains the two major
negative influences of increased
temperature on grain yield, namely that
of temperature on duration of the spike
growth period and on grain weight.
Increased radiation, through @, has a
positive cffect on yield.

It is possible to use Equation 3 to
estimate grain yield as a function of
anthesis date ior the locations in

Figure 1 (Table 3). Q was calculated for
the month prior to anthesis. assuming
full light interception, and T for the
month after. @ tends to peak in
February (August in the southern
hemisphere), but the steepness with
which T rises before and, especially,
after January also influences anthesis
date for maximum yicld (Figure 5). This
Is seen to be January at all tropical
locations except Los Barnos, Philippincs,
where temperature changes less

40+
A
30— o
2 ~ “a
@ O ] S.a
g v TS
_C: ~ \\\
ﬁ -~
© O
20+
O
OPoza Rica O
A Tlaltizapan : 1)
OEIl Batan
V¥ Toluca
1 1 T i I 1
18 18 20 22 24 26

Mean filling temperature (¢°C)

Figure 3. The relationship of individual grain dry wcight to mean grain-
filling temperature for the sowings of Figure 2, and the linear relationship
derived from disease-free sowings at CIANO, Ciudad Obregon, Mexico.

Source: R.A. Fischer, unpublished
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seasonally and cloudiness persisis into
the early winter (Figure 1). The
generally lower yield of hotter and more
humid (cloudy} locations is evident in
Table 3.

Finally, although vield is reduced
because high temperatures hasten
development, it should be remembered
that, where radiation is high, crops can
be quite elficient in terms of yicld per
day from sowing to harvest. Best
genotypes achieved 50 kg/ha/d at
Tlaltizapan in central Mexico (27) and
40 kg/ha/d at Kununurra in
northwestern Australia (6).

A yiceld index for water-limited
environments might be derived along
similar lines to those above,

emgphasizing the ellect of water on
grain number in the critical period
around anthesis, as has been done by
Woodruff (47). However, a more
gencral, simplc index, discussed
clsewhere (16,28), relies on the
inevitable link between photosynthesis
and transpiration:

Yield (g/m2) = transpiration x
WUE x HI (Equation 4)

Transpiration (mm) refers to total crop
transpiration, WUE to watcer-use
efficiency (g/m2/mm); HI is harvest
index, or the ratio of grain to total dry
matter produced. The major effect of
water limitation is the reduction of erop

Table 3. Esti}nated grain yield (dry weight) for well-watered wiieat crops as estimated by
equation 3-2 using monthly long-term radiation and temperature averages for key locations

Grain yield (g/mz) according to anthesis datel/

Location Nov.1 Dec.1 Jan.1 Feb.1 Mar.1 Apr. 1 May 1

Los Bafios, Philippines 159 163 166 183 226 216 215
(very hot, humid)

Knartoum, Sudan 168 234 273 277 249 179 —
(very hot, dry)

Dhaka, Bangladesh 220 324 361 374 298 218 185
(hot, humid)

Indore, India 362 469 492 461 387 238 -
(hot, dry)

Harare, Zimbabwe &/ 685 813 8929 8349 726 531 490
(warm, humid)

CIANQ, Cd. Obregon, 324 394 472 526 575 542 438

Mexico {(warm, humid,
25-30° lat.)

a/ Yield (g/m2) = corrected Q x (700-17 x T)

o Maximum yields are underlined
L/ Read May 1 to November 1
=" lgnores possible frost damage
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transpiration which, in any case, might
be only 50 to 70% of evapotranspiration
(soil evaporation + crop transpiracion)
during the crop cycle. There may be a
reduction in harvest index if the
temporal distribution of crop
transpiration is unbalanced; for
example, post anthesis transpiration
falling below 30% of total transpiration.
A strength of this approach is that WUE
Is closely governed by one factor,
namely the prevailing leaf-to-air vapor
pressure deficit (VPD in Table 1 and
Figure 1). The following relationship
has been suggested for wheat (34):

WUE (g/m2/mm) = 50/VPD(mb)
(Equation 5)

The importance of VPD where water
supply is limited is now evident; at high
VPD, crop transpiration acquires less
CO2 (dry matter) than at low VPD. The
other major effects of high temperature,
represented in Equation 3, must also
operate under water limitation unless
the latter is severe. Their incorporation
into Equation 4 is not simple, but is
best considered in terms of effects on
total transpiration; this may decrease
relative to water supply under hotter
conditions (crop duration is reduced)
and relative to evapotranspiration (soil
evaporation Increases due to generally
lower ground cover). Because most
water-liinited wheat In the tropics is
grown on stored soil water, this
situation will be discussed. This
discussion will be brief, as possibly the
only unique aspect of stored soil waters
in the troples is the probable existence
of increasing soil water with depth in
the profile, due to the large water input
during the wet summer season.
Queensland, Australia is an exception
in this regard (Woodruff, these
proceedings). Many aspects of the
difficult task of selection for adaptation
to water limitation are discussed
elsewhere (16,20),

Specific Limitations
in the Tropics

The preceding general discussion, and
the simple derived relationships, have
Indicated major mechanisms by which
tropical conditions (higher
temperatures, sometimes higher VPDs
or lower radiation) can reduce wheat
yleld: they provide an invaluable
framework for further discussion.
However, the general approach has not
been widely tested or researched under
hot conditiens. Furthermore, a number
of minor mechanisms have been passed
over which conjecture or experience.
and sometimes solid research, suggest
could also be specifically relevant to the
tropics. The ensuing discussion will
deal with both of these issues, as it
proceeds stepwise through the
components of Table 2 and searches for
possible genotypic adaptations to
tropical environments.

Acceleration of development
by high temperatures
Notwithstanding some doubts about the
actual temperature of the growing point
relative to air temperature (it could be
hotter when close to the soll surface or
cooler when higher and cooled by
transpiration), the acceleration of
development as air temperature rises is
central to yield reduction. The
mechanisms are not understood, but
are obviously a very fundamental
response of plants. Quantitatively, the
responses (within upper and lower
limits) fit the simple day dcgree
relationship:

(T-Tp) x duration = constant
(Equation 6)

T is temperature, Ty, is base
temperature (for zero rate of
development) and duration is the length
in days; the constant is the length, in
day degrees, of the particular
development period under
consideration. In wheat, T, appears to
rise from around 2°C for early
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developmental periods, to around 9°C
for grain filling (3,3€). The relationship
implies that duration declines less
relatively and absolutely as
temperature rises (e.g., if Tp = 5, the
acceleration from 15 to 20°C will be
33%, that from 20 to 25°C, only 25%).
Although data for wheat at
temperatures above 20°C is scarce, it
does show this tendency for duration to
be reduced less at temperatures above
20 to 25°C and sometimes but not
always (35,39), to approach a minimum
value (3,26); this fact is not predicted
by Equation 5 zad is worthy of further
investigatiorn.

Although Tp and, hence, the sensitivity
of duration to temperature, varies
between species for given developmental
phases (2), there is no evidence of
genotypic variation within wheat. In any
case, it is not so much the acceleration
of development with higher temperature
which is critical, but rather the actual
duration reached under hot conditions.
Three mechanisms exist by which
longer duration under hot conditions
can come about. The most striking one
is vernalization sensitivity, whereby
devclopment in the first and, to a limited
extent, the second, but not later
developmental periods (Table 2), is
slowed when the sensitive genotype
experiences no vernalizing cold (26,40):
the universal effect of higher
temperature apparently is overridden
(Figure 4). Vernalization in this context
appears to operate with minimum
temperatures below about 13°C,
increasing In intensily down to a
minimum of 2 to 8°C (23). In so-called
spring wheats, a small number of genes
probably control vernalization
responsiveness; however, there appears
to be a continuous gradient in
responsiveness. Pitic 62, Cajeme 71,
Gabo, Odzi, Soltane, Oxley and C306 are
cultivars with moderate responsiveness.

The second mechanism leading to long
duration in all periods before anthesis,
even under hot tropical conditions, is
seen with genotypes such as Manitou

and Era, which are highly sensitive to
photoperiod (Figure 4). With moderately
sensitive ones (e.g., Kloka and Anza),
there is a smaller but still significant
effect. Sensitivity to photoperiod is
under simple genetic control.

Finally, it can be suggested that
significant variation in pre-anthesis
duration exists under hot conditions.
even in cultivars insensitive to
vernalization and minimally sensitive to
photoperiod (this might be considered as
genotypic variation in the day degree
constant of Equation 6). A comparison of
Siete Cerros and Hira, both insensitive
cultivars, shows that Siete Cerros has a
consistently longer sowing-to-anthesis
duration (61 days versus 51 days, +
20%) at sowings at hot sites in central
Mexico (25). Other workers have also
pointed to the relative lateness of Siete
Cerros or Kalyansona, which appears to
be associated with their tendency to
produce an extra leaf on the main stem
(25, H.M. Rawson, personal
communication).

While differences in vernalization and
photoperiod sensitivity do not operate
in the grain-filling period (Figure 4),
small genotypic differences (20%) in
duration under hot conditions do occur
and should be likened again to
differences in the constant vaiie in
Equation 6. Alsc, larger differences
(35%) reported for other cultivars under
cooler conditions should persist in a
relative sense under hot ones (35).

Accelerated leaf senescence is another
aspect of the high temperature-rapid
development syndrome. This is not well
understood, and may not be a totally
negative effect; for example, leaves
must senesce if all of their n'trogen is to
be mobilized into growing grains. Even
so, if a phenomenon such as the
genetically controlled delayed leaf
senescence in soybeans (29) were to be
found in wheat, it might be especially
useful under hot grain-filling
conditions.
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Growth at high temperatures

Early stages—Plant population is the
starting point of crop growth. The
effects of initial density on crop growth
rate quickly diminish with time under
good growing conditions, such as high
racliation and water availability (13),
because of compensatory mechanisms.
Midmore's study (25) showed reduced
total dry matter at anthesis (55 days
after sowing) under hot, low radiation
conditions of Pcza Rica, Mexico, only if
initial plant density feli below 100/m2.
Such a population may not be casy to
achieve in the tropics, beeause of
rapidly receding soil moisture and high
soil temperatures. Maximum soil
temperatures in the top few centimeters
will exceed maximum air temperature
by 10 to 15°C if the soil surface is bare
and dry and radiation intensity high.
Maximum soil temperatures could,
under these conditions, excced 45 to
50°C at many locations. with probably
scrious effeets on seedling emergence.
Agronomic management (mulching,
deep furrow planting) offers the best
solution to this problem. but there
could also be uscful genotypic
variability.

Even when scedlings einerge
satisfactorily, bricf exposure to extreme
soll temperatures may have long-term
deleterious effects on growth potential,
for example, direct inhibition of crown
root or tiller initiation (H.M. Rawson,
personal communication). Such
possibllities have been inadequately
researched and, again, agronomic
solutions would seem most relevant,
Nevertheless, resistance to
meltabolicaliy disruptive effects of
extreme temperatures (temperature
leslons) is a trait for which most specics
studied show considerable and often
simply inherited genetic variation (24).

Photosynthesis and respiration—Leal
lemperature over the range of 20 to
35°C has remarkably little effect
(<10%) on the gross rate of
photosynthesis by wheat leaves (39);
this has also been demonstrated for

wheat leaves grown at diiferent
temperatures (5,12). The point at which
photosynthesis of acclimated wheat
leaves is seriously disrupted by high
temperature is probably above 40°C.
Remembering that leal temperature is
usually several degrees below air
temperature il water supply is
adequate, it is therefore unlikely that
tropical temperatures per se inhibit
wheat photosynthesis, With water
stress, photosynthesis may well be
inhibited, but the major cause will be
the lack of water and not temperature;
the key question is whether water-use
cfficicney rather than photosynthetic
rate changes (which is unlikely).

Recent research suggests that, quite
independently of ieal water status or
temperature, stomatal conductance in
many speeies is linearly and negatively
reiated to VPD. In the casc of wheat al
lcast, leaf photosynthesis appears
unaffected with VPD up to 25 mb
conductance (30). Considerably higher
VPD levels would be reached at midday
in dry tropical loeations; the effect on
photosynthesis is not known.

In contrast to gross photosynthesis,
respiration increases markedly as
temperature rises. Theory suggests that
the growth component of respiration
(respiratory cost of synthesizing new
plant constituents) is unaffected,
whereas the maintenance component
responds (o temperature. Daily
maintenance respiration is convenicntly
expressed as a fraction (m) of total
biomass. While nicasurements
involving short-lerm temperature
changes suggest that m has a Q) of
around 2 (i.e., it doubles for each 10°C
rise), the responsiveness of wheat m to
longer-term changes is probably less
(39). Also, m probably declines steadily
[rom the early vegetative stage to
maturity, as the proportion of structural
and dead biomass inereases (21).
Unfortunately, there is no reliable
measure of m at anthesis under hot
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ronditions, but theory suggests about
0.02 g/g/d at 25°C. This means that 2%
of the crop biomass is respired in
maintenance daily or, with 500 g/m2
blomass, 10 g/m</d is lost. In this
context, it is intriguing that genotypic
variation in maintenance respiration
has been found in ryegrass and
exploited in a selection program, to
produce a low-respiring, high growth-
rate cultivar (46). A project to look for
such variation in wheat, specifically
under hot conditions, has been
commenced by H.M. Rawson in
Australia.

Leaf area production—The investment
of photosynthate into new leaves or the
leaf-area ratio (cm2 per g plant dry
weight} Is a key factor determining
early crop growth rate, especially when
leaf-area index is low and new leaves do
not shade existing ones. One
component of this, the leaf-weight ratio
or proportion of dry weight in leaves
relative to total dry weight, does not
appear to be greatly aftected by mean
temperatures from 10 to 25 or 30°C
and may even increase, other things
remaining equal. The second
component of this investment, namely
leaf area per unit leaf weight, actually
Increascs with higher temperatures up
to 25°C, and is greater with lower
radiation (12,18,27}. It appears,
therefore, that green leaf-area
production w3 a proportion of daily dry
matter gain is, if anything, improved by
growth urder tropical conditions, and is
unlikely to limit performance. One
proviso is that temperatures not be
high enough to inhibit chlorophyll
production, a phenomenon seen in
certain genotypes {18) and readily
selected against. Also a more complete
and longer-term analysis of leaf-area
dynamics must include the acceleration
of leaf senescence under hot conditions
as mentioned earlier.

Overall crop growth—Relative growth
rate (daily dry matter increase per unit
total dry weight) integrates effects of

environment on photosynthesis,
respiration and leaf area ratio. It is a
useful index of carly crop growth rate,
before mutual shading and ontogenetic
changes begin to dominate relative
growth rate. Evans and Bush {10),
viorking under field radiation levels in
the Canberra. Australia. phytotron,
recently found carly relative growth
rate of wheat to peak at 20 to 25°C.,
with only small declines down to 12°C
and up to 33°C. This represents quite
remarkable thermal stability. Limited
results (18) suggest that early growth at
a given mean temperature is somewhat
greater with a narrower diurnal
temperature range, a response which
would faror the humid tropical
locations. Genotypic differences in the
various components of relative growth
rate may exist, but they would seem of
limited relevance to performance in the
tropics. since relative growth rate does
not suffer markedly under such
conditions, and because of the
possibility of compensating for
limitations in early growth by
increasing plant population.

Crop growth rate, once leaf-area index
is high enough for substantial mutual
shading (i.c., =1.0), is best considered
in terms of total radiation intercepted
by green leaves. Under a wide range of
conditions, notwithstanding possible
effects on photosynthetic efficien~; and
on maintenance respiration, ‘ne ratio of
dry matter accumulation to radiation
input is relatively constant for wheat at
around 3 g/MJ of photosynthetically
active radiation absorbed by green
leaves (17.39\.

This implies growth at 1.2 g/MJ
incident total solar radiation with full
ground cover (100% interception), e.g..
if daily solar radiation is 20 MJ/m2/d,
light-limited growth rate should be 24
g/m2/d. This relationship has not been
tested at temperatures above 20°C or at
high radiation intensities typical of the
tropics: however, unless maintenance
respiration estimates are serfously in
error, it should apply reasonably well.
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Certainly crop growth rates in excess of
20 g/m</d have been recorded at hot
tropical sites, such as Tlaltizapan,
Mexico (27), and the low veldt of
Zimpabwe (8). Peak rates were lower at
Poza Rica, Mexico (10 g/mZ2/d), probably
due to the lower radiation and leaf area
indices (27). There, and at Tlaltizapan,
greater leaf area indices and dry matter
at anthesis were achieved with later
vernalization and photoperiod-sensitive
genotypes. Although their crop growth
rates were somewhat lower than earlier
genotypes, lateness seems to be a clear
way of increasing total growth at
anthesis (45) and growth rate during
the pre-anthesis spike-growth period
under hot conditions where leaf area
indices in earlier types fail to reach full
light interception.

Reduction in grain number

!t was proposed in the general
discussion of yield determination that
grain number is reduced under hot
conditions, essentially because crop
growth and, hence, spike growth during
the spike-growth period is limited by
the shortened duration of the period.
Possibly leaf-area indices are also
Insufficient to intercept all radiation,
essentially a consequence of reductions
in duration of earlier periods. This
appeared to be the case in a study of
crop heating at CIANO, Ciudad
Obregon, Mexico (14); grain number
reductions were closely related to
reductions in spike dry weight at higher
temperatures and in tropical locations.
Additional mechanisms by which grain
number is reduced at higher
temperatures and in tropical locations
are alluded to in Table 2.

Partitioning of dry welght to the
spike—At Tlaltizapan and, especially, at
Poza Rica in Midmore's study in Mexico
(27}, late cultivars sensitive to
vernalization or photoperiod produced
few grains/m2 relative to dry weight at
anthesis; these were precisely the
cultivars which produced most growth
at anthesis. The problem was due to
low investment In spike tissue and a

high percentage at anthesis of green
tillers which falled to bear spikes (often
the spike died in the boot), and with
small, abnormal spikes for daylength-
sensitive cultivars (26,27). In earlier,
relatively insensitive cultivars, the
proportion of dry weight invested in
spikes was unalffected at either tropical
site, as was the case at high
temperatures in a controlled
environment (31). If the connection,
under hot conditions. between lateness
and high total dry matter at anthesis,
on the one hand, and poor partitioning
to (and fertility cf) spikes, on the other,
could be broken, grain numbers would
be increased substantially.

Gralin set—Grain number per unit of
spike weight (Table 2) is largely
influenced by grain set. There are
several controlled environment studies
indicating that high temperature
reduces grain set, i.e., increases the
proportion of large and superficially
normal florets which are sterile and do
not bear grain (23,32,43). Curiously,
early high temperature may increase
grain set (1). In Gabo wheat, usually
grown at 20°C, grain set was reduced
60 and 30%. respectively, on exposure
to a continuous temperature of 30°C, or
30°C by day and 20°C at night, for
three days at melosis (about flag-leaf
emergence) (32). Plant water status was
unaffected; but abnormalities in both
ovary and pollen development were
recorded (33). Another stuay, while not
finding an effect from a 30/25°C
temperature regime with Gabo, found
effects with other cultivars (42). Other
controlled environment studies have
shown that final grain set is weakly
sensitive to elevated temperatures at
and soon after anthesis (35,4 1), but is
insensitive after seven to ten days have
elapsed (39). Evidence accumulated in
the Division of Plant Industry
laboratory and elsewhere (9) shows that
continuous high humidity ( 70%)
around melosis can also reduce grain
set in certain cultivars. The
mechanisms involved are not known.
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Unfortunately, the signiiicance of these
controlled-environment findings to ficld
conditions, where little attention has
been paid to grain set zzr se, is not
clear. Soil water defir#-induced male
sterility can be very striking in the
greenhouse, but is less evident,
although important, in the ficld; the
same may apply to high temperature
and humidity-induced sterility. In any
case, the subject needs 2ttention and
the approach outlined here of
measuring spike (or chaff) weight and
grains per unit weight (or grain set) is
recommended. Shculd grain set
problems be evident in tropical
conditions, genotypic variation in this
response is likely, and careful visual
selection against the problem is
feasible.

Reduced individual grain weight
Over the range of 12 to 26°C, increased
temperature during grain filling reduces
grain welight from 4 to 8% per degree
(10,12,39,41,42,43,44); underlying
causal mechanisms were alluded to in
Table 2. Potential grain weight
(unlimited assimilatc) appears to be
reduced by higher temperatures (a
range of 15 to 21°C). according to field
studies at CIANO (15). Potent:al kernel
weight may be determined by the
number of endosperm cells formed in
the early cell-division stage (17.39,41);
however, increasing temperature to
24°C did not affect final cell number in
one study (41). Actual grain weight is
usually below potential, because either
filling duration and/or filling rate are
inadequate. The depressing effect of
higher temperature on duration has
been discussed. It should be noted that
the termination of grain filling and
onset of spike senescence may occur
independently uf leaf senescence. as
demonstrated by spike warming (7)
and, therefore, is under different
controlling mechanisms. The rate of
grain filling becomes greater with
higher temperature, but is unable to

fully compensate for the reduction in
duration of filling and, in any case, does
not increase much above 20°C (35,39).

The supply of assimilate for grain filling
comprises pre-anthesis reserves plus
current net assimilation (17). Under
hotter conditions. increased respiration
may contribute to reduced supply, but
it cannot fully explain grain weight
reductions (10,35). Increased leat
senescence is probably more important
and can precede grain maturity,
whereas, under cooler conditions, it
often follows it. It has been sugges:: d
(39) that hastened leai senescence
arises because the protein (nitrogen)
demand of grains increases more
rapidly with temperature than their
carbohydrate demands; tnis is satisfied
by a correspondingly faster withdrawal
of nitrogen from the lcaves. Tie
increase in grain-nitrogen percentage
with higher temperatures is well
cstablished (10,36). Finally,
photosynthetic rate is unlikely to be
affected by higher temperatures, as
already discussed. but would be
reduced by low radiation during grain
filling in parts of the humid tropics.

It would seem that higher temperature
shifts the balance towards grain weight
limitation through reduced assimilate
supply (15.39): thus, leaf-arca
maintenance (¢.g., avoiding premature
lcaf firing) is probably more critical.
This makes more difficult the study or
screening of genotypes for resistance to
reduced grain weight under controlled-
environment conditions, and the few
studies available have not found
convincing gcnotypic differences in this
temperature response, or that of the
components involved. It is conceivable
(39) that genotypes with inherently low
grain-nitrogen percentages would show
lower thermal sensitivity. It is also
possible that waxy genotypes would be
better, since their leaf and, especially,
spike temperatures are lower, (R.A.
Richards, personal communication). It
Is wortb noting that grain weight in
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rice, another C3 crop plant. is little
affected by grain-filling temperature,
dropping less than 1% per degree over
the range 18° to 33°C (10).

Selection soley for high individual
kernel weight, at high or any other
temperature, is unlikely to advance
yield, as many studiecs show
compensatory dcclines in other yield
components. ! may be worthwhile
asking whether. for a given grain
weight, long duration and slow filling
may be a better higi, temperature
strategy than short duration and rapid
filling. Although correlated positively in
one wheat study (35), work with other
crops suggests some independent
genetic variation in these two
components.

Damage from hot spells during grain
filling. when associated with hot dry
winds, can lead to grain shriveling; this
is mentioned as a problem in parts of
the dry tropics. This problem has been
investigated (37) and found to be
related to air temperature (>40°C
appears critical) and associated with
reduced plant water status and clevated
plant temperature. It is greatly
aggravated by soil drought, followed
immediately by green-area loss, and is

generally unrelated to the exact stage of

grain filling. Genotypic adaptations to
reduce damage have been claimed (4).

Selection for Adartation
to the Tropi~s

With regard to vield selectisu, there
would scein to be agrecement that, once
obvious disorders and unadapted height
and maturity types have been
eliminated from breeding populations,
early-generation visual selection for
yield potential is ineffective:; yield
progress ecomes {rom empirical, but
effective, yield iesting. Spring wheats
for temperate regions reached this point
some time ago and progress has
slowed, stimulating interest in less
empirical and perhaps 1nore efficient
strategies. In fact, certain physiological

criteria are now being used regularly in
some successful breeding programs
{e.g.. harvest-index sclection in the
Uuniversity of Sidney. Australia,
program). Drought-resistance criteria
(e.g.. osmotic adaptation, rooting
characteristics) are of special interest
(16,20} because testing for yicld under
dry conditions is very incfficient.

Where then do we stand in regard (o
wheat in the tropics. and what is the
practical relevance of this lengthy and,
at times, uncertain discussion of
physiology under such conditions? It is
probable that there are still high-
temperature disorders which can be
eliminated by early-generation visual
selection, e.g., floret sterility,
chlorophyll inadequacics, premature
leaf firing and grain shriveling, as
distinct from small-sized grains. Yield
testing in appropriate tropical
environments is also likely to be a more
efficient tool for progress than it now is
under tempcrate conditions. Can
physiological considerations improve on
these traditional and empirical
strategies?

Probably the most important issue in
any new environment is that of
deciding when the wheat crop should
reach anthesis, given the ruling
elimatic constraints. Next follows the
question of how many days before
optimal anthesis date the crop should
be sown (i.c., the best maturity class)
and how agronomic management can
guarantee this sowing date, assuming
that there arc no timing constraints
from diseascs or from preceding or
following crops in multiple-cropping
situations. Tuble 3 suggests January
anthesis for maximum yield of well-
watcred wheat at most tropical
locations; planting date studies tend to
confirm this (6.19,22,38). although they
also tend to show a charper optimum
than these predictions suggest (Figure
5). The reason for this is probably that
the prediction assumes full light
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interception for the month before if radiation is high and Inanagement
anthesis. Hereln lies the answer to the good; a longer time may be needed
question about maturity class; the otherwise.

cultivar needs to have enough time

(hence, sowing be early enough) to The excellent work of De et al. (1 1),
reach adequate light interception (i.e., althougn at New Delhi just outside the
LAI'>3.0) no later than one month tropics, illustrates this point. Sown on

before the optimum anthesis date. Sixty  October 15, October 30 and November

days sowing-to-anthesis is Just adequate 15, Kayansona (with other improved
cultivars) was earlier than the older
cultivar C306 by 31, 24 and 4 days,
respectively. Its yleld was 46, 98 and
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