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Preface

These are the fourth proceedings resulting
from international conferences related to
wheat produclion in warmer environments
throughout the world. The meetings
reported on in these proceedings were
sponsored by the United Nations
Development Programme and organized by
the Agricultural Rescarch Corporation of
Sudan, the Wheat Research Centre of the
Bangladesh Agricultural Research Institute,
and the International Maize and Wheat
Improvement Center.

The early emphasis in this project was on the
development of wheats more adapled to
warmer areas, particularly nontraditional
wheal producing arcas in the tropics and
sublropirs. Later, more attention was given
to improving the management technology
for wheat under these hotter environments.

In the published proceedings of the
conferences in Mexico (1984), Thailand
(1987), and Brazil (1990), one can see the
progressive integration of disciplines,
particularly breeders and physiologists/
agronomists, and agronomists/soil scientists
with pathologists and entomologists. These
multi-disciplinary approaches are highly
desirable to tackle the more complex
problems emerging in agricultural
production systems today.

The present proceedings continue this trend
and result from two international
conferences organized lo specifically address
the problems of two heat-stress
environments that had previously received
less attention.

The first, at Wad Medani, Sudan, was held 1-
4 February, 1993. Wad Medaai is one of the
hottest wheat-producing areas in the world
and the conference was chiefly focused on

the problems of heat stress under very dry,
irrigated environments. It is considered that
the discussions of selection methodology,
crop management, and plant protection will
have relevance to similar environments
elsewhere.

The second conference was held at
Dinajpur, Bangladesh, 12-16 February, 1993.
Bangladesh has increased wheat production
enormously since the mid-1970s and forms
part of the huge rice-wheal rotation area
that is estimated to cover some 12 million
heclares in South and Southeast Asia. The
conference discussed many of the problems
unique to this rotation such as the tailoring
of rice and wheat varieties to optimize total
production, soil management for wheat
following puddled ricc, plant nutrition,
particularly with reference to sustainability,
and soilborne and foliar discases.

Both meetings highlighted the continuing
efforts of wheat scientists to increase and
stabilize wheat production in hot
environments, and particularly indicated
that wheal breeders are striving to reduce
their dependence on purely empirical
methodologies for selection for heat
tolerance. Both meetings, too, indicated that
improved crop, discase and pest
management can radically reduce the effects
of elevated temperaturos on wheat yield.

Itis hoped these proceedings will be
valuable reference material for wheat
scientists in warmer, more marginal wheat
production areas throughout the world.

David A. Saunders
Technical editor
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WHEAT IN HoT, DRY IRRIGATED ENVIRONMENTS

Opening Address

Ahmed Ali Genelf
Minister of Agriculture, Animal Wealth, and Natural Resources
Khartoum, Sudan

Inaddition to Dr. Borlaug, I would like to
recognize the presence here today of the
distinguished scientists from the different
international institutes, particularly
CIMMYT and ICARDA and Global-2000.
They are to be lauded for their very fruitful
interactions, which have resulted in the end
products we are receiving now, that is
wheat adapted to our hot and arid
environment. Wheat production in Sudan,
especially in the central plains, is now truly
becoming successful. It is a great model of
scientific cooperation between our
rescarchers and these institutions. Tam very
glad to see this cooperation expanded and
extended in an effort to promote this
successful model of producing wheat in hot
and arid climates especially since wheat
consumption worldwide continues to
increase—and the hot and arid countries are
no exceptions to this trend.

I would like to recognize the efforts of the
Government of the Netherlands in
financially supporting our wheat program
in Sudan and for extending support so
many times. [ also thank the United Nations
Development Programme (UNDDP) for its
interest in and support of our efforts.

Ladies and gentleman, our commitment to
food security in Sudan extends from our
aspirations to make Sudan play a logical
and normal role in food production. We
were not satisfied with the level of
utilization of our vast natural resources in
the past. The economic and political
environments must allow the people of

Sudan to utilize the country’s natural
resources. We believe some progress has
been achieved in this direction. Political
stability in the last few years combined with
the right economic policies have furnished a
favorable climate for the people to utilize
these resources.

As aresult, we have made some progress in
the production of different crops, especially
cereals, including wheat. In the last year, the
agricultural rate of growth was around 31%
and this was reflected in the overall
domestic product rate of growth, which was
more than 11%. In 1993, we expect
agrictultural production to grow an
additional 39% and this should logically be
reflected in an increased rate of growth of
our national income of not less than 15%. By
all standards, this would be one of the
highest rates of growth in the world.

This great progress can be attributed to the
achievements of our scientific community
here at the Agricultural Research
Corporalion. It has allowed Sudan to
produce wheat successfully in hotand arid,
irrigated arcas.

lam sure that it will be a function of this
very august forum to promote continued
interaction among members of the scienlific
community. We all know that we have to
expedite our efforls to try to solve the
problems of food production worldwide.
We have a particularly critical situation here
in Africa where we have been hit by
drought; many of the African countries are
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suffering from a very significant deficit in
their food production. This really makes the
challenge bigger and bigger. But I am most
confident that the scientific interaction that
see in this very gathering will enable us to
successfully meet this challenge.

Even with the level of achievement in Sudan
regarding wheat production and
agricultural production in gencral, there are
stillimportant issues to face bozav-c of
structurai changes in our cconomy. As you
know, we have now made the switch from a
controlled economy to a free market
economy. The great issue now is how can
we reduce the costs of our agricultural

production while at the same time
increasing our productivity. l am sure that
any breakthroughs and succcsses in these
areas will augment the production of wheat
in the very special environment of Sudan.

Again, I would like to thank all of you for
attending this very important workshop. |
wish you very fruitful and successful
deliberations and you can be assured that
we will be following your various
recommendations. I hope that during this
very tight program you will find an
opportunity to move around our station
here and see the various aspects of our
agricultural resca “h.



KEYNOTE

The Political, Socioeconomic, and Institutional
Obstacles to Empowering the Farmer with
Improved Production Technology

N.E. Borlaug,
Consultant, International Maize and Wheat Improvement Center (CIMMYT),
I Batan, Mexico

Your excellencies Minister Eltayeb and
Minister Geneif and distinguished
delegates, it is a real privilege and a
pleasure for me to be here today to
participate in this Conference on Wheat in
Hot, Dry, Irrigated Environmeits. We owe
a lot of the recent advances in growing
wheat in the nontraditional warm
environmenis 1o the early efforts of the late
Dr. Glenn Anderson. It was he who wrote
the original proposal for this work and
submitted it to the United Nations
Development Programme (UNDP) shortly
before he passed away in 1981, Twelve
years later, we are gathered here in Wad
Medani to discuss many of the
accomplishments of this project. | am
pleased to see in the audience today many
scientists who have participated in training
at Mexico sponsored by the UNDP project
as well as other agencies.

Today, I would ike to provide some insight
into the various factors that have to be
manipulated to provoke change in
agriculture. The first of these, of course, are
the biological factors that have to do with
deveioping varieties that have good
adaptation to ihe local climale and soil,
built-in high genetic yield potential when
they are properly grown, and discase
resistance—at least to the major discases
that are likely to cause problems in the arca
under consideration. It’s not just a question
of developing varieties with these
attributes, but there also has to be an

organization that will multiply the sceds
and deliver them to the farmers.

The second group of factors involve soil
fertility and cultural practices. It has been
my experience in many places that seedbed
preparation has to be the first and foremost
consideration. [ remember the {irst times 1
visited Gevzira here in Sudan in 1961 and
1964. I saw poor stands of plants that
ultimately had to be blamed on uneven
scedbeds. One has to start there, notonly to
assure a good plant stand, but to distribute
irrigation water uniformly if it's irrigated
agriculture. Now, I am not picking on
Sudan; the some was true in Pakistan, in
India, and even in Mexico.

Witha good seedbed in place, the right date
of planting is the next consideration. The
correct date of planting varies with the
variety and farmers have lo take advanlage
of the lowest temperature regimes of the
season—especially if they are ina high
temperature area like Sudan, which is close
to the upper limits of where wheat grows
well. Next come proper fertilization and
weed control. I've seen all too often farmers
buy fertilizer and then they simply end up
growing more weeds. Generally, there’s not
much of a market for weeds over grain and
this is one of the common defects in many
parts of the world. When [ was here last
year, | eouldn’t believe how much good
wheat [ saw compared to wien [ was here
in 1986. In collaboration with the Sudanese
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Ministry of Agricuiture, the Crop Rescarch
Center, and the Extension Service, the
Sudanese have done a marvellous job of
putting all the pieces together.

Finally, after one has come to grips with the
biological factors and agronomic practices,
these components must be put together into
a “production package” and then
distributed to farmers. Some assumed that
good rescarch would eventually find its

7ay to farmers’ fields. Maybe so. But we in
the Cooperative Mexican Wheat Program—
and later CIMMY T—were never that
passive. We decided that when we had
something that was better than what was
being used by farmers, we immediately
transferred it to them. This was part of our
philosophy and the results were manifest in
many different ways. Indeed, good research
will eventually find its way into farmers’
fields, but with constant population growth,
we couldn’t wait for new technology to find
its own way to farniers. Since there was no
extension service in Mexico when we began
in the 1940s, we in resecarch were the
extension people.

I would like to recognize the squadrons of
“young” Mexican scienlists with whom 1
have worked over the years. They are not
young any longer—many have relired from
government service. However, | had the
good fortune and pleasure of bringing three
Mexican scientists here to begin the
program in Sudan and two—Drs. Marco
Quinones and José Antonio Valencia—are
both here today. I feel very proud that these
are two members of the extraordinary team
that I was privileged to train in Mexico.
They are not only good researchers, but they
are good extension people because they
understand how to put the package of
production technology together, they
understand the mentality of the farmers and
the scienlists—both in rescarch and
extension, they understand the government

policymakers and the political lecaders, and
they are capable of dealing with all of those
groups—to me, this is a very vital part of
any crop production effort.

There are always psychological barriers
along the road to success. However,
everywhere I've ever worked in developing
countries, I find that if a good package of
technology is demonstrated to show its real
potential on farmers’ fields, the farmers are
usually very receptive. When dealing with
trying to provoke production change, we
have to destroy the “status quo”
philosophy. Fear of the change frightens
many people, but if we stand still with a
promising production technology, in effect,
we walk backwards because every year
there are more people that need to be fed.

[t's my experience that when we get older,
we become more conservative. [ suppose
I'm that way today when it comes to some
of the new things in biotechnology and the
use of computers because I feel that [ don’t
have time to go back and get “up to speed”,
so [ keep using tools { am more familiar
with. ] think this personifies what I've seen
in senior scientists in many parts of the
world and, insome cases, they have been
very difficult to convince to try new wols.

And then there are the administrators. 1
became aware of administrative barriers
during the carly days in Pakistan and India.
These burecaucrats, as we call them, are the
people who handle the papers and put them
in the right places; they become ultra-
conservative because they are “protecting”
the general public, but mostly they are
simply afraid of change, which is what we
as scientists are promoting. Then in most
ministries, in both developing and
developed nations, there are legions of
economic planners, who know all about
economics and they make very complicated
plans with which we have to deal. Finally,
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we have to learn to deal with the political
leaders because they make the final
decisions that will determine 1) if there will
be seed of improved varieties available to
permit the package of technology to be
distributed to farmers, 2) if there will be
fertilizer of the right kind available and if it
will it be at the village level in time for
planting, 3) if there will be water six weeks
before planting starts, and 4) if there will be
credit so that small farmers can afford the
package.

I am now in my 49th year working with
these kinds of problems in agriculture. 1
lived continuously outside of the Uniled
States for the first 40. During the last nine, |
have taught one semester each year at Texas
A&M University. The rest of the time, |
have continued to work out of my office at
CIMMYT in Mexico.

How is it that a major research program on
wheat was started in 1943 in Mexico, the
home of maize? Few know that wheat was
brought to Mexico in carly colonial times by
the Spanish. When I arrived in the country,
60% of the wheat was imported. Nine years
prior to this in 1934 in the Stale of Sonora in
northwestern Mexico, Governor Rodolfo
Elfas Calles was tremendously enthusiastic
about agriculture and he eslablished a
modern 100-hectare farm with excellent
buildings, a good set of machinery, and the
best livestock that money could buy. The
talented Edmundo Taboada managed the
farm for the first couple of years and he was
particularly interested in wheat. He had
selected some 30 or 40 varieties that he
brought in from other countries to make
crosses. Then he was called to Mexico Cily
to organize the whole research program for
the Ministry of Agriculture. Because of
Taboada’s efforts, farmers in northwestern
became interested in wheat. Unfortunately,
inexperience in breeding for discase
resistance led to disastrous stem rust

cpidemics in 193941 that essentially wiped
out the whole crop. This was the
environment in which I found myself when
larrived to establish a wheat breeding
program.

Needless to say, the animosity of the
farmers towards anyone who was involved
with the agricultural sciences was pretty
high. We were ignored—maybe that was
the best treatment at the time as far as we
were concerned. In those days, it took 10 to
11 years to develop a rust-resistant wheat
variety. The dogma of the time dictated that,
in order to have a variety that was adapled,
a breeder had to make a cross and then
make all subsequent selections in the soil
and climatic conditions under which the
variety was to be grown commercially—that
meant one generation a year. When | had
seen that there had been three successive
stem rust epidemics in the main wheat
growing area of Mexico, only three years
beforel arrived, [ knew I didn’t have 10 or
11 years before the next epidemic, and when
itdid occur I would be thrown out of the
country.

To speed up the breeding process, 1 started
what was later to be called “shuttle
Sreeding”. With this methodology,
segregating populations were planted on an
irrigated coastal plain in northwestern
Mexico (at the 28°N latitude and 30 masl) in
November when the days were getting
shorter. We created artificial rust epidemics
and selected the best plants for height, rust
resistance, and grain type. We then
“shuttled” the resulling seed back to the
high elevation (2650 masl) of the Teluca
Valley (18°N latitude) for planting when the
days were growing longer. In four and a
half years, we had the first varieties, which
were very good ones. We used the same
procedure for the first two seed
multiplications.
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All this took place before there was
knowledge of photoperiodism and it's
importance in cereal grains. It had been
known for several years when | was in
graduate school that photoperiod was
important in certain kinds of horticultural
crops, but it was thought that cercals were
not very sensitive. However, it turned out
quite differently.

How did this little wheat breeding program
in Mexico have an impact in so many places
around the world? Mexico itself became
self-sufficient in food production in 1956. By
1959, I turned the wheat breeding program
over to my young Mexican collcagues and 1
considered becoming a banana breeder in
Central America. But the Rockefeller
Foundation had other ideas. They sent me
to work with the FAO to look at wheat
production problems in North Africa, all of
the Middle East, and India and Pakistan. As
[ travelled through these regions, I saw a
shortage of trained people. However, in
India and Egypt, I saw many young people
who had fresh doctorates or masters
degrees from Europe, Canada, the U.5,,
Australia, and many other different places.
So,1 made a proposal that we bring young
scientists from these countries, who had just
finished their university training, to Mexico
foran intensive 6-month training course in
plant breeding, plant pathology, agronomy,
soil irrigation, and cereal technology. The
idea was approved and the first trainees (an
outstanding group of individuals) came to
Mexico in the fall of 1961. Each year after
that, a new group came.

During this early period, we organized the
First International Whea! Yield Nurseries
with the help of the trainees, who brought
with them to Mexico about 200 g of the
main wheat varieties of their home
countries. The seed was disinfected and
grown in seed plois. The next generation of

sced was sent abroad to many parts of the
Near and Middle East. I think that first year
there were only 35 locations, but soon there
were 75 and then 125. The data that were
compiled from these nurseries began to
show immediately what we hadn’t known
for sure before about the importance of
photoperiod.

Also included in those first nurseries were
the best spring wheats from Canada, North
Dakota, South Dakota, Minnesota, and
Wisconsin not to mention our own Mexican
material and wheats from Guatemala,
Ecuador, Peru, Chile, and Argentina. Soon
we discovered that the commercial varieties
from Canada and the northern U.S., which
had good disease resistance and good
milling and baking qualities, almost always
ranked last in yield in every location under
487 latitude. Yet the semidwarf Mexican
wheats yielded well almost everywhere
since they were insensitive to day length
because they were developed through the
shuttle breeding methodology in Mexico.

The Mexican Program was the first foreign
technical assistance program in the
agricultural sciences. It preceded by five
years the Marshall Plan, which assisted the
Woestern European countries in their
recovery from the disasters of World War 1.
It also preceded by six years President
Truman'’s declaration that “the United States
has a moral obligation to help developing
nations improve their agriculture.” So you
see the Mexican Program was really a
pioneer in this arena.

By the carly 1960s, trainees returning home
from Mexico always took back with them
10-g samples of any wheats in the Mexican
breeding plots they liked. Through letters or
through messages carried by other young
trainees from the same country who came to
Mexico the next year, it soon became
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apparent that some of these wheats were
very promising. There was particular
interest in Pakistan and India where food
shortages were becoming all too common.

In 1963, I was invited by the Government of
India to visit its wheat research program. By
then, the success story of the dwarf Mexican
wheat varieties had spread to many
countries in the Near East by the young
scientists returning from Mexico. M.S.
Swaminathan at [ARI had obtained seed of
five of the first semidwarf Mexican lines
through the USDA International Wheat
Stem Rust Nursery and was intrigued by
their potential for increasing Indian wheat
production. He wanted my opinion on
whether these lines might be useful in the
Indian breeding program. Since these
particular lines were obsolete, I was
reluctant to voice an opinion without seeing
their performance in the ficld.

As luck would have it, [ would have this
opportunity in Pakistan, which was the next
stop on my itinerary. And with what
transpired there we see the resistance to
change that we were up against at that time.
I had been invited by the Minister of
Agriculture of Pakistan to review their
wheat breeding nursery at Lyallpur (now
Faisalabad). Now [ could see how the lines 1
saw in India were performing elsewhere in
the region. Accompanying us as we visited
the experimental plots were two young
Pakistani scientists who had been in training
program in Mexico. I was disappointed to
see the performance of the Mexican
semidwarf wheats in the demonstration and
breeding plots. They were inferior to the
Pakistani wheats under the conditions of the
tests. However, [ could see that these
wheats had been planted at the wrong time
and had not been properly fertilized and
irrigated, consequently I was sure that the
methods used in growing the

demonstrations were not optimum for the
IMexican wheats under Pakistani conditions.
When I mentioned this to the Director of
Research, he responded that “this is the way
wheat is planted in Pakistan.”

After dinner, the two young trainees who
had accompanied us to the plots that day
took me asice and said that they had
something to show me in the morning
before I left for the airport. In the pre-dawn
they awoke me with tapping on my
guesthouse window. We walked to the most
remote corner of the experiment station and
there they were—four plots of Mexican
dwarf wheats about half as wide as this
auditorium and three times as long—
beautiful, just as beautiful as they were back
home in Mexico. I asked why they didn’t
grow the demonstration nurseries with the
same technology? They responded that they
were not allowed to do so by the experiment
station administration.

This story illustrates one of the real obstacles
to change. From Pakistan, I went on to
Egyptand I found the same thing—some
beautiful plots of the Mexican wheats
hidden in a remote corner. I am not pointing
a finger at Pakistan or at Egypt because I've
seen the same thing in the U.S. When the
Mexican wheats finally escaped from
Mexico to the U.S,, it was the farmers
themselves and some scientists who brought
it. The Mexican wheats had taken over 30%
of the hard red spring wheat region of
northern U.S. before the experiment stations
in that part of the country produced their
own varieties of high yielding dwarf wheats.

So my message to all of us here today—
including myself, especially at my age—is
don’t be so ultraconservative. Let’s try to
keep our minds open to new ideas because
change will come and if we are not careful,
we'll be left behind.
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Wheat Production in Nigeria

L.B. Olugbemi
Institute of Agricultural Research, Ahmadu Bello University, Samaru, Zaria, Nigeria

Abstract

Wheat is presently produced commercially in Nigeria entirely under irrigation within latitudes
10 to 14°N where night temperatures during most of the growing period (November-March)
range from 10 to 15°C. The mean maximum temperature ranges from 30 to 35°C. Recommended
for cultivation are Samwhit varietics numbered 1 through 8. As a result of the ban on wheat
importation into Nigeria, effective January 1987, local wheot production rose froi:t about 50,000
t/year to an estimated 150,000-180,000 t/year within four years. This increase was due partly to

the encouragement given to wheat farmers by the government and the good price received by
farmers for their hurvest. \With the partial lifting of the ban towards the end of 1992, many
farmers are shifting to other crops like vegetables and rice.

Introduction

Wheat is presently produced commercially
in Nigeria under irrigation within latitudes
10-14°N and mainly between altitudes 240-
360 masl where night temperatures are in
the range of 10-15°C during most of the
growing period (November-March). The
absolute minimum and maximum
temperatures during the period range from
between 5and 8°C and 30.0 and 32.5°C,
respectively, for Samaru, latitude 11°11’N
(Olugbemi 1990).

In order to boost food production in the
country, the government in 1976
promulgated a decree establishing 11 River
Basin Authorities (Olugbemi 1980). Three of
these—the Hadejia-Jama’ Basin (Kano/
Jigawa States), the Sokoto-Rima Basin
(Sokoto/Kebbi States), and the Chad Basin
(Borno/Yaobe States), which are located
within latitudes 10-14°N—were to promote
wheat production. When fully developed,
the three river basins were to provide about
345,000 ha of irrigated land with about 50-
60% of it sown to wheat. However, this

target could not be achieved due primarily
to inadequate funding and inconsistency in
government agricultural policy.

Research

The Institute for Agricultlural Research,
Ahmadu Bello University, Zaria, began
wheat research in Nigeria in 1959. The main
objectives of the research program are to
identify cultivars of bread wheat that, under
Nigerian conditions, are high yielding,
responsive to fertilization, resistant to
discases, and of good breadmaking quality.
To meet these objectives, attention is being
paid to the screening of varieties/lines of
Mexican origin that have proven to be
suitable for cultivation in Nigeria.

In 1965, Samwhit 1 (Tousson) and Samwhit
2 (Florence Aurore 8193)—both tall non-
Mexican varieties—were released for yield
and breadmaking quality, respectively. In
1971, two Mexican varieties, Samwhit 3
(Sonora 64) and Samwhit 4 (Lee//N10/B/
3/GB/GB55/4/GB56) were released. These
are semidwarf, earlier maturing, more
resistant to lodging, and more responsive to
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fertilizer application than Tousson and
Florence Aurore 8193. In 1974, Samwhit 5
(Siete Cerros), which is high yielding and of
average breadmaking quality, was released.
In 1990, three additional Mexican varieties—
Samwhit 6 (Pavon 76), Samwhit 7 (Bulbul),
and Samwhit 8 (Sonalika) were relecased.
Pavon 76 was released for its high grain
quality and Bulbul and Sonalika for their
earliness. Samwhit 5 is the most widely
cultivated variety in the country.

Level of Production

Following the wheat importation ban,
effective January 1987, the level of wheat
production in the country rose rapidly. This
was due to the encouragement to the local
wheat farmers given by both the Federal
and state governments as well as the good
price paid for local wheat.

According to the figures supplied by the
wheat growing states, about 214,000 ha of
land were planted to wheat during the 1988-
89 crop season (Olugbemi 1991),

Kano State, with a cultivated area of about
175,000 ha, accounted for more than 80% of
the total arca under wheat. At a mean
estimated yield of 2 t/ha, the total
production for 1988-89 might have reached
428,000 tons. The actual production,
however, was estimated to be between only
150,000 and 180,000 tors due ‘argely to poor
management. Even so, this was a
remarkable increase over the estimated
production figure of 50,000 tons the year
before the importation ban.

The increase in production resulted from
the financial assistance given to the wheat
growing states by the Federal government,
which enabled those states to supply inpults
and irrigation pumps to the wheat farmers
at subsidized rates, up 10 50% in some

states. As a result of this assistance to the
wheat farmers, almost all the states in the
federation including those between latitudes
4-9°, some of which are located in the forest
zone, claimed that wheat could be produced
commercially in their ecological zones;
obviously this enabled them to benefit from
the Federal government’s financial
assistance.

Another reason for the boost in wheat
production was the good price, which rose
to about USS300/tin 1992.

Management

Several management practices aimed at
obtaining optimum yield under Nigerian
conditions have been established. These are
outlined in the following sections.

Sowing time

The recommended sowing time in Nigeria
is November to carly December when night
temperatures are relatively low. Many
farmers, however, do not sow until late
December to early January, sometimes as
late as the end of January. Such late sowing
is attributed primarily to delays in land
preparation arising from late removal of the
preceding rainfed crop (e.g., rice, cowpea).
Late-sown wheat usually develops and
maltures very rapidly under the prevailing
high temperatures, resulting in consicerable
yield losses and sometimes poor qualit’
grains.

Seeding rate

Depending on planting method, a seeding
rate of 120-140 kg/ha is recommended.
High seeding rates are required for hand
broadcasting, which is the practice adopted
by most farmers. Some farmers drill seed
with tractor-driven planters in rows 20 to 30
cm apart.
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Fertilizer application

One of the important objectives of the wheat
improvement effort in Nigeria is to identify
varieties of bread wheat that, among other
requirements, are responsive 1o fertilizer
applications without lodging. The Mexican
varieties possess this desirable
characteristic. Under Nigerian conditions,
100 to 130 kg N/ha, as split applications,
half at planting and half three to four weeks
after planting are adequate. Phosphorus at a
rate of 45 to 60 kg PO, at planting is
recommended; the lower rate is for sandy
soils. A higher application rate may result in
higher grain yield, but at a diminishing
return.

Water supply

A range of 5- to 12-day irrigation intervals is
recommended, depending upon the type of
soil and stage of crop growth. Sandy soils
such as the Sokoto-Rima Basin require
irrigation at five-day intervals, but the more
compact and heavy soils of the Kano River
Basin require a lower frequency of every 9
to 12 days. In practice, irrigation every 9 to
12 days from sowing to the boot stage and
at weekly intervals after that is considered
adequate. If the optimum irrigation
frequency is followed, 9 to 11 irrigations are
given.

Weeding

Sceding at the recommended rate is
important in order to minimize weed
infestation. For small-scale farmers,
weeding is usually done by hoe and hand
pulling. On large farms, chemical weed
control is employed. Chemicals used
include chlortoluron + Antor (1.0 + 0.50 kg
a.i./ha) or chlorbromuron + Antor (1.0 +
0.50 kg a.i./ ha), which are applied at about
four weeks after planting.

Pest control

The pests frequently encountered include
termites (Microtermes lepidus), aphids, and
stem borers (Sesamia calamistis). Bird and rat
damage is also now assuming more
importance.

For termite control, application of
carbofuran at 1.0 kg a.i./ha at planting is
recommended. Similarly giving effective
control is aldrin 2.5% dust, applied in the
furrows at 0.5-1.0 kg a.i./ha at planting or
broadcast at a rate of 1.5-2.0 kg a.i./ha and
thoroughly mixed with the soil before
planting.

Most insecticides such as Rogor can
effectively control aphid attack. Stem borer
attacks, which are usually low (about 5%),
can be controlled by applying carbofuran at
1.0 kg a.i./ha at planting,.

Bird scarers are used to control birds,
whose attack at grain-filling can be a great
problem. Poison and trapping are used to
control rats.

Utilization

To maximize the use of the very limited
quantity of wheat produced locally, the
Institute for Agricultural Research,
Ahmadu Bello University, Zaria, Nigeria, in
collaboration with the West and Central
African Sorghum Rescarch Network has
conducted extensive studies on wheat/
sorghum and wheat/maize composite
flours for bread and confectionery
production. Some highlights of these
studies include:

* Acceptable bread can be produced
commercially from wheat composite
flour containing up to 30% sorghum or
maize.
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* The higher the quality of the wheat used,
the Letter is the quality of the composite
bread.

* Bread produced from composite flours is
susceplible to crumbling after one day.
Addition of a small amount (0.5%) of
cassava starch flour will give the bread a
more spongy, closer texture and reduce
the crumbling. However, cassava flour
tends to reduce bread loaf volume and
slightly shortens shelf-life.

* Inorder to produce wheat composile
bread of comparable loaf size to that of
pure wheat, it is necessary to usc a
greater weight of composite flour per
loaf.

* The higher the level of nonwheat
substitution, the lower is the nutritional
status of the resulting bread. For this
reason, it is essential to incorporate a
high protein substance, such as legumes,
into wheat compusite products,

* For confectioneries (e.g., bread rolls,
cookies, and puff-puff) and biscuits, up
to 50-60% substitution with sorghum or
maize gives acceplable products; higher
levels cause a raw sorghum or maize
after-taste with rough, hard, and broken
surfaces. In the case of biscuits,
substitution higher than 70% produces
biscuits that crumble.

Future Prospects

It is likely that the level of local wheat
production in 1991-92 rose marginally
above 180,000 tons partly due to increased
fadama (fertile river flats) area put into
wheat production and partly to improved
management practices by farmers.
However, it would appear that the partial
lifting of the ban on wheat importation

towards the end of 1992 has reduced the
wheat area for the 1992-93 scason. Many
farmers feared the price of local wheat
would fall drastically and have opted to
grow vegetables and/or rice. Their fears
have not been unfounded. Before the partial
lifting of the ban, 1 ton of wheat flour sold
for as much as US$800, but within one
month after the lifting, the price decreased
to about US$500.

The flour price reduction has yet to be fully
reflected in bread prices which have
decreased only 10% so far. Bakers, while
acknowledging the fall in flour price, point
lo the increasing costs of other essential
ingredients such as sugar, yeast, and fat as
well as increasing labor costs.

In order to regain and maintain the
confidence of wheat farmers in Nigeria, the
government must continue to give
incentives. In addition, flour millers should
be required to pay a certain levy for
imported wheat, to be used exclusively for
boosting local wheat production.
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Wheat Improvement in Egypt with
Emphasis on Heat Tolerance

E.H. Ghanem
Wheat Research Section, Agricultural Research Council, Giza, Egypt

Abstract

A history of wheat varietal development in Fgypt since 1914 is povided. With the planting of
new, heat-tolerant varieties over lurge areas, wheat production has almost doubled in Mididle
and Upper Egypt over the last 10 years. Sakha 69 has been primarily responsible for increasing
yields to above the 5 t/ha level in Middle Egypt, while the highly heat-tolerant Giza 164 has
resulted in increasing average wheat yield in Upper Egypt to more thun 5 tha.

Introduction

Wheat is the main winter cereal crop in
Egyptin terms of area and production. Its
arca amounted to about 850,000 ha in 1992
producing a total of 4.67 million tons with
an average of 5.5 t/ha. The majority of the
area is sown under surface-irrigated
conditions on old land; sprinkler irrigation
is practiced in the newly reclaimed desert
areas, while wheat cultivation has been
introduced under rainfed conditions on the
North Coast with limited possibilities for
supplemental irrigation. Arca, production,
and average vields are listed in Table 1.

Strategy and Objectives
of the Program

The aim is to develop high yielding varietics
that combine desirable agronomic attributes
along with good quality. Moreover, the
program responsibility is to define the
optimum package of management practices
to be disseminated to growers to achieve the
potential of the newly released high
yielding varieties. Additionally, a sound
seed multiplication system and vigorous
extension efforls are prerequisites for
raising the national yields.

In general, the program objectives can be
described as follows:

* Developing high yielding cultivars that
are responsive to high doses of applied N
and are cfficient for fertilizer use.

Table 1. Area and production of wheat
cultivated on old land during 1912-1992,

Average Total
Area yield production

Year (ha) {tha)  (millions of tons)
1912 539,048 1.5 0.832
1922 614,379 1.60 0.975
1932 713,199 2.00 1.424
1942 662,366 1.90 1.255
1952 589,078 1.84 1.084
1962 611,355 2.59 1.586
1972 520,729 3.09 1.608
1982 577,148 348 2.007
1983 554,641 3.58 1.986
1984 495114 3.65 1.806
1985 498,287 374 1.863
1986 506,868 3.79 1.919
1987 576,895 4.70 2.708
1988 597,361 473 2.825
1989 643,922 4.69 3.167
1990 751,633 5.45 4.099
1991 822,783 5.06 4.165
1992 758,326 5.61 4.256




WHEAT IMPROVEMENT IN Ecypr 13

* Producing stable varieties having wider
adaptability to minimize yield
fluctuations and to ensure sustainable
agricultural systems.

* Breeding for disease, mainly rusts, and
aphid resistance. Aphid infestations are
increasing and symptoms of BYDV are
obvious in wheat fields.

* Improving stress tolerance, i.c., salinity
{(in N. Delta Region and the Fayoum
Governorate), drought (on the Northern
Coast and newly reclaimed arcas), and
heat (in Middle and Upper Egypt
Regions), particularly during the grain-

filling period in April and May (Table 2).

* Improving quality and nutritive value of
the wheat varieties.

* Increasing the production per unit of
water and land so as lo maximize water
use efficiency.

* Producing carly-maturing varieties that
could be harvested during late March or
early April, thus allowing the cultivation
of cotton, or short-duration crops like
soybeans, sunflower, or mungbean
before maize, sorghum, or rice. In
addition, there have been positive results
regarding transplanting of cotton, which

could allow an expansion of wheat arca
before cotton. In these ways, wheat area
and cropping intensity could be
increased.

* Defining optimum cultural operations
for the newly released varieties.

* Demonstrating new wheat varieties
coupled with recommended cultural
practices at the farm level.

* Providing basic sced (breeder and
foundation) to seed multiplication
agencies to ensure production of high
quality seed in various multiplication
stages.

Wheat Breeding and Improvement:
History and Achievements

Wheat improvement in Egypt started as
carly as 1914 when the varieties Baladi 116
(Triticum pyramidale) and Dakar 49 and
Dakar 52 (T. durum) were selected from
local materials. The two durum wheats
were adapted to Upper Egypt conditions as
they can tolerate the prevailing high
temperatures. Baladi 116 was also adapted
to varjous environments, including Upper
Egypt. These varieties did not endure due to
low preduclivity and disease susceplibility.

Table 2. Average maximum and minimum temperatures In Middle and Upper Egypt during

the 1991-1992 season.

Middie Egypt Upper Egypt
Beni Suef El Fayoum El Minia Assiut Qena Aswan
Month Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
Nov. 91 268 116 265 131 270 97 238 112 298 136 286 164
Dec. 81 22.4 76 218 85 226 58 206 7.8 243 89 226 9.1
Jan. 92 20.8 50 203 6.1 2186 26 170 54 227 6.7 226 7.7
Feb. 92 22.5 59 220 73 238 42 190 58 253 76 205 8.5
Mar. 92 25.6 85 25.1 9.9 269 69 239 107 303 111 266 146
Apr. 92 30.1 120 301 129 319 114 289 129 345 159 328 182
May 92 341 162 340 172 348 155 337 197 390 207 341 239
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During the 1920s, genetic materials were
introduced from India, out of which some
cultivars such as Hindi D, Hindi 62, and
Tosson were developed. Tosson was
tolerant to heat in Middle Egypt, but was
not suited to Upper Egypt’s conditions.

By 1942, a program was developed to breed
for material resistant to stem rust (Puccinia
graminis) using material introduced from
Kenya. This resulted in the development of
Giza 139, which was effective in controlling
stem rust; unfortunately it was susceptible
to leaf rust (P. recondita). [ts cultivation was
limiled to the Delta Region as it did not
tolerate the heat in Upper Egypt. From 1950,
breeding work was expanded based on
greater parental diversity rather thanona
greater number of crosses of the limited and
related parents. As a result, the varieties
Giza 144 (N. Delta), Giza 145 (S. Delta), Giza
146 and 151 (Middle Egypt), and Giza 147
and 148 (Upper Egypt) were released. All of
these varicties were resistant to stem rust;
Giza 144 was resistant to both stem and leaf
rusts and became more popular in the Delta
region, but was attacked by stripe rust (.
striiformis) in 1967.

The three varielies Giza 146, 147, and 148
were suited to Upper Egypt. Giza 146
became common in Middle Egypt. Giza 147
was more tolerant to heat compared to both
Giza 146 and 148 and as a result occupiced
most of the wheat area in Upper Egypt
during the late 1950s and carly 1960s.

During the 1960s, crossing work was further
intensified and strengthened due to the
introduction of useful sources of genes for
rust resistance. As a result, Giza 155 was
developed, which is resistant to stem and
stripe rusts along with a high degree of
tolerance to leaf rust. It was also carly
maturing, moderately resistant to lodging,
and outyielded any of the cultivated
varieties by at least 20%. Morcover, its arca

was expanded in the various zones of the
country due to its wide adaptability. It
tolerated heat in Upper Egypt better than
any other variety. By the late 1960s and mid-
1970s, it occupied more than 80% of the
wheat production areas.

Giza 156 had better yield potential
compared to Giza 155, but it is
comparatively more suscepltible to stripe
rust and therefore is recommended for
cultivation in Middle Egypt only as it does
not tolerate the high temperatures
prevailing in Upper Egypt.

The releases of Giza 155 (1968) and 156
(1972) were responsible for increasing the
national average yield from 2.6 t/ha during
1968 to more than 3 t/ha during the carly
1970s, underlining the success of the
breeding effort.

In 1962, dwarfing genes were introduced
into the breeding program, which resulted
in the development of several HYVs with
lodging resistance and responsiveness to
high N rales in the mid-1970s. In 1973, the
short-statured, high yielding varieties
Mexipak, Super X, and Chenab 70, which
have a medium tolerance to heal, were
recommended for cultivation in Middle
Egypt, the Delta, and the Sohag
Governorate of Upper Egypt. Cultivation of
Mexipak stopped in 1977 due 1o its
shattering and disease problems. By 1979,
national average yield had reached 3.3 t/ha.

The widespread cultivation of Chenab 70
during 1976-77 resulted in a change of the
leaf rust race spectrum due to the rapid
build-up of the pathogen population on this
variety. Area planted to this variety has
declined and it is no longer recommended.

In 1978, further progress was achieved with
the release of Sakha 8 and Giza 157, both of
which showed good resistance to the three
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rusts and shattering. Sakha 8 was lolerant to
heatand highly tolerant to salinity, which
made it a popular variety in arcas with salt
problems including Upper Egypt. However,
Giza 157 was medium-tolerant to heat, so it
was recommended for cultivation only in
the Delta and Middle Egypt. Also, the
durum variety Mexicali (= Stork’S’) was
recommended for Middle and Upper Egypt
as it proved to be heat-tolerant during the
wheat growing season as well. The three
varicties Giza 157, Sahka 8, and Mexicali
occupied more than 220,000 ha during the
1979-80 scason. Giza 158 was released in
1980. Despile its carliness and heat
resistance, it did not become popular
because it was shorter than any other
variety at the time. Three medium-tall
varielies appeared very promising in yield
trials during 1984. Sakha 61 was
recommended for cultivation in the Delta
Region; Sakha 69 exhibited medium
tolerance to heat and was recommended for
both the Delta Region and Middle Egypt;
Giza 160 showed high tolerance 1o heat and
consequently was recommended for Upper
Egyptand the New Valley.

During 1987, four new bread wheat
varieties (Sakha 92 and Giza 162, 163, and
164) and two durums (Beni Suef-1 and
Sohag 2) becamie available. Sakha 92 and
Giza 162 and 163 were recommended for
the Delta Region; heat-tolerant Giza 164 was
recommended for Upper and Middle Egypt
while Sohag 2 was also recommended for
Upper Egypt. During the 1990s, the bread
wheat varieties Giza 165 (for Upper Egypt)
and Gemmeiza 1 (for the rainfed Southern
Delta and Northern Coast regions) were
released and the durum varicty Beni Suef-1,
with only average heat tolerance was
recommended for Middle Egyot.

It should be clearly stated that the Wheat
Program has adopted a new strategy for
releasing different HYVs for specific

locations to meet specific stress resistance
requirements such as for the rusts in the
Delta Region, salinity in the Northern Delta
and Fayoum Governorate, heat in Upper
and Middle Egypt, drought in the North
Coast, and aphids in all areas. This strategy
has resulted in rapid and stable wheat yield
increases at the national level (Table 3).

In order to introduce wheat cultivation to
the newly reclaimed desert areas under new
irrigation schemies and to increase crop
intensity in the country, the production of
carly maturing varieties has become
essential. Moreover, the release of early
maturing wheat cultivars might be
advantageous in Upper Egypt to escape the
high temperatures prevailing during the
grain-filling stage in April and May.

Recently, breeding of wheat varieties
tolerant and /or resistant to heat was further
strengthened through the introd uction of
more bread and durum wheat germplasm
from CIMMYT and other international
programs.

Table 3. Increases in average wheat yields In the
Middle and Upper Egypt Governorates during
the 1971-92 period.

Governorates  71-72 81-82 87-88 91.92
Middle Egypt

Giza 323 393 515 578
Beni Suef 3.02 346 586 577
El-Fayoum 281 329 539 540
El-Minia 355 348 484 588
Average 315 345 526 567
Upper Egypt

Assiut 360 343 5.40 567
New Valley - - 3.41
Sohag 302 291 455 512
Qena 246 258 354 514
Aswan 206 250 298 463
Average 291 296 445 526
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During the 1990-91 season, 19 bread wheat
and 16 durum genotypes were tested at
Shandweel, Mataana, and New Valley.
During 1991-92, one set of 16 bread wheat
varieties and another set of seven durum
varicties were planted on 20 Nov. and 25
Dec. 1991 in both Sudan and Egypt.

Results show that testing genotypes under
different environmental conditions may be
the best tool to identify stress-lolerant
genotypes under hot conditions where some
introduced raaterials vutyield commercially
grown cultivars. More introduced materials
will be tested in the future as this approach
might help to accelerate the release of 1TY Vs
adapted to the high temperatures during the
wheat growing season under conditions of
Middle and Upper Egypt.

Impact of the Main
Heat-Tolerant Varieties

Giza 146 and 147, released in the late 1950s,
dominated Middle and Upper Egypt,
respectively, by the carly 1960s. Giza 146
with its medium heat tolerance resulted in a
0.4 t/ha increase in average yield for Middle
Lgyptwhere average yield reached 2.1 t/ha.
Similarly, Giza 147 increased average yield
by 0.4 t/ha in Upper Egypt where average
yield reached 1.8 t/ha.

In the late 1960s, Giza 155 was released as a
heat-tolerant, high yielding variety with
wider adaptability. This variety alone
occupied more than 80% of the total wheat
area in the country, which caused 2 0.7 t/ha

yield increase in Middle Egypt where
average yield reached 2.9 t/ha; average
yield reached 2.5 t/ha in Upper Egypt.

Sakha 69 was released in the early 1980s as a
medium-tolerant variety with wide
adaptability. It is suited to the conditions of
Middle Egypt, but not Upper Egypt. This
variety and other recommended HY Vs
raised average yield in Middle Egypt to 5.6
t/ha during the 1991-92 scason. The durum
varieties Beni Scef-T and Sohag 1, 2, and 3
showed suitability and adaptability to
Middle and Upper Egypt, but the impact of
these varieties has not been large as durum
area in Egypt is less than 25,000 ha.

Due to seed multiplication difficulties, the
highly heat tolerant variety Giza 160
currently occupies only a limited arca.

The rapid seed increase and wide utilization
of Giza 164 as a highly heat tolerant variety
in Upper Egypt has resulted in increasing
average wheat yield in the region to more
than 5 t/ha during the 1991-92 scason.

Conclusion

Wheat production has almost doubled in
Middle and Upper Egypt over the last 10
years due to the rapid increase of area
planted to the newly released heat-tolerant
varieties that have replaced low-yielding
and less adapted genotypes along with the
accompanying improved management
practices.
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Wheat Cultivation, Research Organization,
and Production Technology in the
Hot Dry Regions of India

J.P. Tandon
Directorate of Whealt Research, Karnal, Haryana, India

Abstract

Wheat production in India hus always been regarded as 4 gamble with seasonal temperatures.

Muajor parts of the country have tropical to subtropical climates where average winter

temperatures remain high. ‘The greatest risk of dwmnage 1s in the drier areas (the Central and

Peninsular Zones) where temperatures remain warm and the duration for wheat growth is

rather short. Some 20 research centers are located in these two zones, which are responsible for

the large range of improved varieties being sown under the various cultural situatios in these

regions. Recent research achicvements and production technologies for these hot zones of India

are discussed.

Introduction

India is one of the largest wheat producers
of the world. The crop is grown on around
24 million heclares and production was
estimated to be 55.2 million tons during
1991-92. More than 90% of the area is sown
to bread wheat (Triticum uestivim), which is
grown throughoui the country. Macaroni
wheat (T. durum) accounts for around 8% of
arca and its cultivation is prevalentin
rainfed areas of Central and Peninsular
India. In recent years, durum cultivation has
been introduced in irrigated arcas of the
North Western Plains. A small area is under
emmer wheat (T. dicoccum), which is grown
mainly in the southern states and to some
extent in Gujarat.

The crop is grown in most parts of the
country, but the largest concentration
(nearly 70%) lies in the northern plains.
Central India accounts for about 20% of the
area under wheat, while the remaining 10%
is contributed equally by the peninsular
states and the Flimalayan regions. Nearly

78% of the Indian wheat crop is irrigated
and national average yield is around
2.3 t/ha.

The major wheat states are Ultar Pradesh
(37%), Punjab (14%), Madhya Pradesh
(14%), Haryana (8%), Bihar (8%), and
Rajasthan (7%), which account for nearly
88% of arca and 94% of production. The
highest average yield (3.67 t/ha) has been
recorded in the state of Punjab over an area
of 3.16 million hectares. Average yields are
fow in Bihar (1.68 t/ha), Madhya Pradesh
(1.3 t/ha), and Maharashtra (1.19 t/ha).

India has achieved remarkable progress in
increasing wheat production and
productivity over the last 25 years. Over the
1967-90 period, wheat area expanded at an
annual rate of 2.5%. Among all the food
grain crops grown in India, wheat has
shown the highest growth rates in
production (5.2%) and in produclivity
(3.1%). It is estimated that to meet
increasing demand, a minimum of 75
million tons of wheat will be required by
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the end of the century. Since there is very
little scope for further increase in area, this
must be achicved through increasing
productivity.

Wheat in the Hot Areas of India

Wheat production in India has always been
regarded as a gamble with seasonal
temperatures. Major parts of the country
have tropical to subtropical climates where
average winter temperatures remain high.
From a consideration of various aspuects
including temperature, the country is
divided into five main wheat zones: 1)
Northern Hills Zone, 2) North Western
Plains Zone, 3) North Eastern Plains Zone,
(4) Central Zone, and 5) Peninsular Zone.
Table 1 shows the mean temperatures and
rainfall recorded during the potential wheat
crop season (five-year average).

The normally sown irrigated wheat crop is
seeded during November in most parts of
the country. However, these sowings are
sometimes staggered from November
through late December or even into January,
depending on cropping sequence. The
harvest is spread over a period starting
from February (in the southern states) to
mid-May (in the hiily regions). In the major
wheat producing states of Punjab, I laryana,

and Uttar Pradesh, the crop is harvested in
late March through mid-April, whereas in
Bihar and Central India harvest is in mid-
March. However, the rainfed crop is sown
slightly earlier (late October) and
accordingly harvested a couple of weeks
carlier than the irrigated crops.

The irrigated crops are sown when mean
daily temperature falls below 22°C since
mostirrigated varieties are not adapted to
establish at temperatures higher than that.
The rainfed varicties can stand slightly
higher temperatures and thus are sown
carlier to take advantage of soil moisture
built up by the monsoon rains. The crop
starts maturing immediately after the
average temperatures reach around 25°C,
which is highly dependent on latitude and
altitude. The low latitude regions of the
southern states start warming up carlier.
Similarly, low altitudes get hotter carly. The
crop is frequently exposed to temperatures
higher than the tolerance limits indicated
above during the early growth stages and
also during the grain-filling stages. The
situation with regard to the grain filling
stage becomes more acute in the casc of
late-sown crops. In general, the
temperatures tend to remain lower and
more favorable for a longer duration in the
northwestern parts and remain higher and

Table 1. Mean temperatures (°C, five-year average) and rainfall recorded during 1989-90.

Average temperatures during crop season Total rainfall
during the crop

Zone Oct. Nov. Dec. Jan, Feb. March April season (mm)
NHZ 18.4 15.2 10.7 97 10.8 14.0 18.5 493
NwWPZ 24.6 19.7 14.4 13.3 15.4 19.6 26.3 118
NEPZ 26.1 21.9 17.4 15.6 19.1 229 217 220
074 26.2 228 19.2 18.5 20.6 24.6 298 36
PZ 25.2 221 20.6 20.8 23.0 25.8 297 43

NHZ = Northern Hills Zone; NWPZ = North Western Plains Zone; NEPZ = North
Eastern Plains Zone; CZ = Central Zone; PZ = Peninsular Zone.
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within tolerance limits for a shorter
duration in the eastern, central, and
southern parts of the country.

[t is estimated that the currently available
varieties are capable of yiclding around 6.5
t/ha in the northwestern plains where a
growth duration of around 145 days can be
achieved for the irrigated crop. However,
this potential is reduced to about 4.5 t/ha in
the hotter southern parts where the crop
duration does not exceed 100 days. In the
castern and central regions, this potential is
around 5.5 t/ha. Experimental yields higher
than these are frequently recorded in cach of
the regions in well managed trials,

Wheat Research for Hot Dry Regions

Aboul 60 research centers are located
throughout India. In the hot dry regions,
there are 11 rescarch centers in the Central
Zoneand 9 in the Peninsular Zone, All
wheat improvement research is conducted
through the All India Coordinated Wheat
Improvement Program (AICWIDP), which is
run by the Dircectorate of Wheat Research,
All improved germplasm, particularly in
~avanced bulk stages, is equally shared by
all relevant centers (see Appendix).

Recent Research Achievements

Varietal improvement

In the AICWID programs, all new varicties
must combine high yield potential with
resistance lo rusts prevalent in the region
since fungicidal treatments are not
recommended for the control of these
discases. In the Central and Peninsular
Zones, leaf and stem rusts are important.
The new varieties should also possess
adaptability to a wide range of cultural
variables such of varied sowing dates,
fertilizer levels and irrigation schedule,
They arealso evaluated for other aspects

such as grain quality and tolerance to
insects, salt, and heat. As such, varietal
improvement is a cooperative effort in
which all research disciplines cooperate and
contribute. Some of the latest varieties
released for hot dry region of India are
shown in Table 2.

Identification of superior donors

for abiotic and biotic stresses

Fach of the rescarch disciplines places
considerable emphasis on the identification
of sources of tolerance/ resistance to various
abiotic and biotic stresses. These sources are
then used in the varietal development
program.

Abiotic stresses—Some sources of tolerance
to some of the abiotic stresses are as follows:

* Heat tolerance during germination:
Hindi 62, Kharchia 65, C 306, Narbada 4,
Pissi local, NI 8223, Tl 1101, Malvi local,
Jijaga Ye!ow, and H] 8351,

¢ Heat tolerance during grain-filling: HD
2285, HID 2402, 1D 2270, AKW 381, and
NP2 (dicoccrmy).

Table 2, Varieties recently released by the
AICWIP for the hot, dry regions of India.

Central Peninsular
Cultural situation Zone Zone
frrigated, timely-sown ~ HI 2077  HD 2380
GW 190  MACS 2496
HI 8381 DWR 162
Iirigated, late-sown GW 173  HI 977
HD 2501
Rainfed conditions Sujata MACS 1967
A 9-30-1
Salt-affected soils KRL1-4 KRL1-4
Raj 3077 Raj 3077
WH 157  WH 157
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* Drought tolerance: Hindi 62, Kharchia
65, C 306, F1I 1011, Narbada 4, Hyb 65,
Pissi local, Bijaga Yellow, and FI 8351.

* Salt tolerance: Kharchia 65, KR1 1-4,
KRL 34, and KRL 1-2.

Biotic stresses—Leaf rusl (Puccinia recondita)
and stem rust (P. graminus {.sp. tritici) are
the most important diseases of wheat grown
in the hotter parts of India. Screening for
resistance to these is a continuous process
since the resistance of old varieties breaks
down and they must be replaced with new
ones. A large number of stocks highly
resistant to leaf and stem rusts are
continuously identified and confirmed for
resistance before use in breeding programs
since these discases are controlled
exclusively through the cultivation of
resistant varieties.

Foot rots caused by Sclerotium rolfsii,
Fusarium sp. and Helminthosporium sp. are
important under rainfed conditions, but no
resistant stocks are available for these
diseases. Limited varietal differences are
exploited by avoiding the release of highly
susceptible varieties.

Insect pests and nematodes are not
important. Although stem borer (Sesemia
inferens) is recorded frequently, no specific

work is in progress on this pest.

Agronomy

In addition to the wheat improvement
program, several other projects work on
agronomic aspects. Under the wheat
program, major emphasis is placed on
evaluation of varieties in advanced stages of
testing for stability of performance over a
wide range of cultural variables such as date
of sowing and fertilizer and irrigation levels;
Any specific responses of the new varieties
to these variables are investigated. Table 3
summarizes the average performance of
wheat genotypes over three years of multi-
locational testing in the Central and
Peninsular Zones. More details of specific
recommendations are given under
production technologies for the hot regions.

As shown in Table 3, yield levels in the
central zone are higher at all levels of
agronomic variables as compared to the
Peninsular Zone, primarily due to the
relatively shorter duration in the Peninsular
Zone.

Table 3. Response of Indlan wheats for hotter environments to selected agronomic varlables.

Variable Date/rate/level

End October (E)
Mid-November (N)
Mid-December (L)

Date of sowing

ON:0P:0K
40N:20P:14K
80N:40P:27K
120N:60P:40K

Fertilizer rates

One irrigation
Two irrigations
Full irrigation

Irrigation levels

Yield (tha)

Central Zone Peninsular Zone
4.23 370
4,59 3.95
3.35 3.37
2.62 1.76
3.42 3.00
4.05 3.98
4.42 4.12
2.86 1.87
337 2.58
4.67 3.98
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Production Technology

As indicated earlier, wheat in India is
exposed to damage from hot temperatures
throughout the country. The greatest risk of
damage is in the drier areas where
temperatures remain warm and the
duration for wheat growth is rather short.
Such areas even include some high
productivity regions, ¢.g., parts of Haryana,
Rajasthan, and Punjab in the North Western
Plains Zone. The situation is more acute in
the Central Zone consisting of Madhya
Pradesh and Guijarat and the Peninsular
Zone made up of Maharashtra, Karnataka,
and other southern states, and there are
certain special recommendations.

Improved varieties

There is a large range of improved varicties
being sown under the various cultural
situations in the two hot dry zones (Table 4).

Date of sowing

Mid-November is the optimum (timely)
sowing time for the normal-sown crop,
while late-sown varieties are seeded in the
first half of December. Under rainfed
conditions, the optimum time of sowing is
late October.

Seed rate

In the Central Zone, the seed rate is 100 kg/
ha while in the Peninsular Zone where the
temperatures remain relatively warmer, it is
125 kg/ ha. For late-sown crops, the seed
rate is increased by 25%.

Table 4. Improved varieties recommended for the hot, dry regions of India.

Central Zone

Peninsular Zone

Cultural situation BW DW BW DW
Irrigated, timely-sown LOK 1 HI 8381 HD 2189 HD 4502
WH 147 DWR 39
HD 2236 HD 2380
HI 1077 MACS 2496
GW 190 DWR 162
Irrigated, late-sown LOK 1 HI 977
J 405 HD 2501
Sawati
HD 2327
GwW 173
Rainfed, timely-sown C306 Ju 12 NI 5439 N 59
Sujata Machdoot Bijaga Yellow
Harbada 4 A 9-30-1 MACS 1967
Hyb 65
Mukta
Salt-affected soils WH 157
KRL 1-4
Raj 3077

BW = bread wheat, DW = durum wheat.
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For rainfed crops, the seed rate is similar to
the irrigated crop although in areas with
extreme moisture stress, the seed rate is
reduced to 75 kg/ha. These rates are valid
for varieties with 1000-grain weights of
around 38 g; when using varieties with
different grain weights, adjustments must
be made.

Row spacing

Row spacings of 20 to 25 cm for timely-
sown crops and 15-18 cm for the late-sown
crops are recommended. Crisscross sowing
with row spacings of 22.5 ¢m is also
recommended for late-sown crops. In
rainfed conditions, the recommended
spacing is 25-30 cm.

Irrigation schedule

Six irrigations at various crop growth
stages, i.e., crown root initiation, tiller
completion, late jointing, flowering, milk,
and dough, are recommended. In the
Central Zone, particularly in fields with
lighter soils, more than the above number
of irrigations is required and it may go
up to 8-12.

Fertilizer application

Recommended blanket rates for the normal-
sown irrigated crops are 80-100 kg N/ha
nitrogen and 40-60 kg P/ha, depending
upon cropping sequence and soil fertility
levels. Lower N doses are used when the
previous crop was a legume. Potash
application is advised when soil test results
show low levels.

Under the late-sown conditions, relatively
lower doses of fertilization are
recommended. Under rainfed conditions, 40
kg N/ha and 20 kg P/ ha are recommended.

Disease control

Chemical control of the rusts is not
recommended because the latest varieties
are always resistant. To control foot rot,
treatment with MEMC at 2 g/ kg of seed or
Brassical at 3 g/kg of seed is recommended.

Insect control

With the exception of lermites, there are no
major insect pests in the region. For termile
control, seed treatment with aldrin 30EC at
400 ml/kg of seed is recommended. In the
case of soil application, BHC 10% or aldrin
5% dust at 25 kg /ha after final plowing is
recommended.
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Appendix—Wheat research centers in the hot, dry regions of India.

Controlling
State Center authorlty Research Disciplines
Central Zone
Gujarat Junagadh* GAU Breeding, Agronomy, Pathology
Sonosra Lok Bharti Breeding
Madhya Predesh Indore* JNKW Breeding, Cytogenetics (Triticale
center)
Indore® IARI Breeding, Pathology, Agronomy,
Physiology
Jabalpur JNKWV Breeding
Powarkheda* JNKWV Breeding, Pathology, Agronomy
Physiology, Entomology, Quality
(Center for rainfed wheat)
Sagar* JNKW Breeding
Bilaspur® JNKWV Breeding, Agronomy (Center for
non tradition wheat areas).
Rajasthan Kota* SuU Breeding, Agronomy, Pathology,
Quality, Entomology
(Center for durum wheat)
Udaipur® Su Agronomy
Peninsular Zone
Karnataka Dharwad* UAS Breeding, Genetics, Agronomy,
Pathology, Quality
Ugart UAS Breeding
Maharashtra Mahableshwar MPKV Genetics, Pathology (Rust Testing
Laboratory)
Pune* MACS Breeding, Genetics, Pathology
(Center for durum wheat)
Niphad* MPKV Breeding, Agronomy, Pathology,
Physiology, Quality
Parbhani MKV Breeding
Akola PKV Breeding, Agronomy, Pathology,
Physiology, Quality
Washim PKV Breeding
Tamil Nadu Coimbatore* TNAU Breeding, Agronomy

*  Center with components financed through AICWIP.
® Zonal Coordination Center.
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Breeding Strategies for Improving
Wheat in Heat-Stressed Environments
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CIMMYT/ICARDA, Aleppo, Syria
S.Rajaram
CIMMYT, Mexico
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Abstract

Wheat has the largest cultivation area among crop plants. Traditionally, wheat has been grown
at low latitudes only in high-altitude (>1000 m) environments (e.g., central Mexico, Ecuador,
Kenya). During the last several years, there hus heen interest in wheat as an irrigated winter
crop in tropical environments. Terminal heat stress is u common abiotic factor responsible for
reducing yields in certain areas of West Asia and North Africa. There is a need to identify heat-
tolerant germplasm and suitable agronomic practices for those stressed areas. This paper
describes two current breeding strategies for improving wheat in heat-stressed environments.
We discuss the genetic variability for heat tolerance, update the progress that has been made in

breeding for tolerance to this abiotic stress, and point out some of the current empirical and

analytical criteria being applied in the CIMMY'T and CIMMY T/ICARDA wheat breeding

programs.

Introduction

In wheat as in most field crops, progress has
been made toward controlling
environmental factors such as pH and soil
fertility, pests and diseases, and to some
extent water supply. Air temperature,
however, is virtually impossible to regulate.
Accordingly, stability for ternperature

differences must be incorporated genetically.

In the field, effects of kigh t ~perature are
often coninunded by tne effocts of drought
stress. Itis well established that temperature
affects rate of development as well as grain
production characters of wheat (Evans and

Wardlaw 1976, Feyerhem and Paulsen 1981).

There are numerous reviews in the literature
about how temperature affects different
wheat characters and how the effects differ
from one phenological stage to another
(Geisler 1983, Fischer 1985).

The physiological relationships involved are
complex, as are the combinations of genes
for heat tolerance that must be added to the
genes necessary for superior performance.
Breeders must evaluate an enormous
number of genotypes because the discovery
of a plant with all the required genes is
highly improbable. In fact, wheat varieties
have beendeveloped with tolerance to
abiolic stresses, including heat, for many
decades without a full awareness of the
selective effects of the environments where
the selections took place.

Although physiologists have demonstrated
implicit correlation between heat tolerance
and some associaled traits (Acevedo et al.
1991, Fischer 1989), no precise and efficient
tools are available for differentiation of
specific variability, and, unfortunately, most
plant selection and progeny testing are still
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done empirically under natural field
environments (Curtis 1991). The purposes of
this paper are to present CIMMY'1’s and
CIMMYT/ICARDA’s breeding strategies to
identify heat stress-tolerant germplasm,
point out some of the current empirical and
analytical criteria being applied, and to
update the progress that has been made in
breeding for this abiotic stress factor.

Breeding Strategies for
Heat Stress Tolerance

Breeding for high temperature tolerance has
been discussed elsewhere (Curtis 1991, Ortiz
Ferrara et al. 1991, Nachit and Ketata 1991,
Rajaram 1988, and Mann 1989). The
international breeding program of CIMMY'T
uses two locations in Mexico for the

evaluation of heat-tolerant material: Ciudad
Obregon, Sonora (27° N, 39 masl), an
irrigated desert environment, and Poza Rica
(21° N, 60 masl), a humid tropical lowland
site. Relevant nurseries at Ciudad Obregon
arc planted at the end of January instead of
the optimum time during mid-November to
ensure that flowering and grain-filling take
place under high temperatures. This
strategy 15 presented in Tabie 1, where the
long-term average temperatures from
November through May are shown. Al
Poza Rica, lemperalure stress occurs from
the ecarly growth stage through maturity. In
addition, CIMMYT depends heavily on
multilocational international testing and
shuttle breeding to develop suitable
germplasm. The segregating generations are
shuttled between Mexico and cooperators in

Table 1. Long-term (1980-89), average maximum and minimum monthly temperatures (°C) in Wad
Medanl (Sudan), Obregon (Mexlco), and Tel Hadya (Syria).

Location

Oct.  Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct
Wad Medanl LP

NP
Max. 383 373 337 325 343 378 382
Min. 224 197 155 134 155 193 197
Mean 303 285 246 229 249 285 289
Obregon LP
NP
Max. 204 252 242 258 272 314 340 353
Min. 126 986 87 90 96 129 160 173
Mean 210 174 164 174 184 221 250 263
SP
Tel Hadya LP
NP

Max. 274 188 128 11.0 132 174 248 291 339 366 368 344 274
Min. 118 65 27 15 20 44 88 121 171 207 210 173 118
Mean 196 127 78 63 76 109 168 206 255 287 289 258 196

NP = Normal planting; LP = Late planting; SP = Summer planting.
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South America and Asia for selection of
malerials under high temperature
conditions. Stability of performance under
different high temperature environments is
one of CIMMYT’s most important breeding
criteria. Table 2 lists the average yields of
nine varieties from the 23rd [nternational
Spring Wheat Yield Nursery (ISWYN)
(Rajaram et al. 1989) involving 10 tropical
and near tropical environments. The yields
ranged from 2679 kg /ha for HHUW 206 (an
Indian selection from Veery 7) to 2420 kg /
ha for Pavon 76. The yield performances of
these varieties were statistically the same;
however, their stability performances

Table 2. Average yield {kg/ha) and stability
parameters of nine varleties over 10 high
temperature environments®; results of 23rd
ISWYN.

Correlation Regression

Average coefficlent coefficient
Varisty yield {r) (b}
HUW 206 2679 0.938 0.970
SERI 82 2612 0.907 1.138
GENARO 81 2586 0.856 0.807
NS51, 28 2576 0.948 1.099
OCEPAR7 2566 0.941 0.911
URES 81 2515 0.900 0.937
WL2265 2508 0.895 1.036
PJB 81 2489 0.838 1.098
PAVON 76 2420 0.940 1.090

* Locations and latitudes: Gezira, Sudan
(14°24'N); Joydebpur, Bangladesh (23°46'N);
Sagaing, Myanmar (22°2'N); Bhairahawa, Nepal
(27°6'N); Taichung, Taiwan (26°57'N); Chiang
Mai, Thailand (19°57'N); Riyadh, Saudi Arabia
(24°20°N); Brasilia, Brazil (15°35'S); Campinas,
Brazil (22°53'S); and ltapua, Paraguay (27°17°S).

(Table 2) are different, as determined by
regression parameters. The varieties HUW
206, Genaro 81, Ocepar 7, and Ures 81 were
found to be less than 1 and hence more
adapted to warmer areas.

It would be interesting to study the
physiological basis of these varieties to find
their mechanism for heat tolerance. The
Veery class of varieties (FHHUW 206, Genaro
81, Ures 81, Seri 92) has been recommended
in tropical arcas of the world including
Myanmar, Bangladesh, Paraguay, castern
India, southern Pakistan, and Guatemala.,
This adaptability pattern is presumably a
factor in the stability of these varieties unde.
high temperatures.

Heat tolerance is an essential characleristic
of wheats grown in certain areas of West
Asia and North Africa. In selecting and
testing for this characteristic, the CIMMYT/
ICARDA spring bread whealt breeding
program at [CARDA in Aleppo, Syria, uses
multilocation testing as a basic
methodology. The hub of this screening
program is Tel Hadya, Syria, where planting
of heat-tolerant nurseries is advanced or
delayed to allow high temperature stresses
to affect the germplasm during different
critical stages of development.

The long-term (1980-89) average maximum
and minimum monthly temperatures at Tel
Hadya are also shown in Table 1.
Traditionally, wheat is planted in this arca
during November and harvested in May.
Screening for heat tolerance is done at two
stages:

* Terminal heat stress (THS), where the
planting date is delayed until early April.
This exposes the germplasm to high
temperatures during the reproductive
phase.
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* Early heat stress (EHS), where planting is
done in the summer. This exposes the
germplasm to heat stress during the
vegetative and part of the reproduclive
stages.

In both stages of screening, supplementary
irrigation and optimum fertilization are
used in order to minimize the effect of
drought or soil fertility. Table 1also
presents the long-term maximum and
minimum temperatures during the wheat
growing secason of Wad Medani, Sudan, a
location at 14°N latitude where heat stress
during the scason causes substantial yield
losses. Using three years’ average data for
days to heading and days to maturity from
yield trials at Wad Medani and Tel Hadya,
the crop duration in both cycles is found to

be similar. Using these techniques, lines
combining THS and EHS have been
identified and distributed to high-
temperature environments of the region
where these characteristics are needed
(Tables 3 and 4). A reasonable number of
lines have been selected by national
programs based on their yield superiority

over the national check varieties (Table 3).
This is a strong selection pressure
considering that the national check is
usually a widely grown improved variety at
each specific location.

It is interesting to note the rather similar site
grain yields between Tel Hadya late, Sids-
Egypt, Tel Hadya-Summer, and Wad
Medani-Sudan (Table 4). Selecting under
severe heat stress has allowed the program
to discard highly vernalization-sensitive
genotypes that cannot perform well under
high temperature environments.

Table 5 shows four selection environments
used by the CIMMYT/ICARDA breeding
program. These environments are highly
variable in terms of lemperature and
daylength. By shifting segregating
generations and selecting germplasm under
this range of environments, the program has
identified germplasm with low sensitivity to
vernalization and photoperiod. Recent
studies on vernalization and photoperiod
carried out by the program have confirmed
these results (Ortiz Ferrara et al. 1993).

Table 3. Mean yleld (kg/ha) of the top yieldIng entry (TYE) In comparlson to the national check (NC)
varieties In 10 high-temperature environments, RWYT-MRA 1989-90.

Location/Country TYE NC %>NC SEL Lat.
Doha, Qatar 6153 5300 116 3 25°N
Riyadh, S. Arabia 4622 3840 120 12 24°N
T. Hadya-late, Syria 2860 1880 152 7 36°N
Al-Ain, UAE. 5667 5044 112 9 24°N
Shandaweel, Egypt 7378 6200 119 5 26°N
Mataana, Egypt 6222 5056 123 9 24°N
Dinajpur, Bangladesh 4361 4306 101 2 25°N
Pantnagar, India 6867 5967 115 7 29°N
Wad Medani, Sudan 1775 1250 142 3 14°N
Hudeiba, Sudan 5133 4778 107 2 17°N
Mean 5103 4362 120 6

SEL = No. of entries higher yielding (P=0.05, 1-sided test} than the national check.
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Selection Criteria for
Heat Stress Tolerance

Extensive literature supports the use of the
empirical (final grain yield) and /or the
analytical (morphophysiological yield-
related traits) criteria when breeding for
heat and other abiolic stresses.

Empirical selection

Itis absolutely clear that high temperature
stress indirectly reduces yield by directly
affecting various yield components. Hence,
grain yield as a selection criterion for heat
stress remains the most reliable yardstick.
However, at the segregating population
level, yield cannot be deployed as a salient
criterion because it would involve
harvesting, threshing, and weighing a large,
unmanageable number of lines. It js
desirable to use those components and
characters that collectively are expected to

impart heat tolerance. Based on the
experience of the CIMMYT and the
CIMMYT/ICARDA Wheat Programs, it is
suggested that a combination of empirical
observations and quantitative
measurements might be the best route for
selecting bread wheats that are tolerant to
heat stres:. When thousands of lines are
deployed in segregating populations, an
experienced plant breeder can make
relatively subjective judgements on biomass,
number of spikes, tillering capacity, stand
establishment, leaf senescence, and grain-
filling period. This involves using a
standard check variety for comparison
within the framework of an efficient
experimental design. This empirical
judgement should be supported by properly
analyzed yield trials and quantitative
measurements to support the associations of
characters involved in heat stress tolerance.

Table 4. Mean gralin yield of 24 bread wheat genotypes In eight heat-stressed environments.
Regional Heat Tolerance Yield Trlal (RHTYT) 1991-92,

Yield Coolest month
Environments {kg/ha) Latitude mean temp. (°C)
Riyadh, S. Arabia 6543 a 24°N 15.0W
Shandaweel, Egypt 5283 b 26°N 14.2W
Mataana, Egypt 4550 ¢ 24°N 162 W
Shendi, Sudan 3987 ¢ 16°N 194 H
TH-Late, Siyria 2600d 36°N 16.8W
Sids, Egypt 2321d 2N 14.0W
TH-Summer, Syria 21424 36°N 25.5VH
Wad Medani, Sudan 2077 d 14°N 24.6 VH
Mean 3687

W =warm, H = hnt, VH = very hot (Fischer, 1985); TH = Tel Hadya.
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[t is obvious that yield components and
many morphological and physiological
characters are affected when exposed to
high temperatures, nonetheless, the overall
effects can be measured by quantifying
yield reduction.

This approach is currently used by some
national (Tandon 1985), and international
(Villareal et al. 1985, Ortiz Ferrara et al.
1989) breeding programs in the world. As
mentioned before, Table 1 describes the
current field techniques used by the national
breeding program of Sudan and in the
CIMMYT and the CIMMYT/ICARDA
breeding programs to identify heal tolerant
germplasm. By delaying planting dates, the
crop is exposed to high temperatures during
critical stages of plant development. The
results of testing under such a technique at
CIMMYTT are presented in Table 6. These
varicties were planted in the Yaqui Valley of
northwestern Mexico at the optimum time
(November) and late (January). Planting in
November results in a crop growth period
of 5 months with flowering occurring in
carly February when temperatures are still
cool. The lale planting after January 20

Table 5. Long-term (1980-1989) mean maximum
and minimum temperatures (°C), and day length
in four different selection environments in Syria
and Sudan.

Day

Planting fength  Temperature
Environment  date (hrs)  Max.  Min.
TH-Summer 15/06 155 339 171
TH-Late 1/04 140 248 8.8
TH-Norma!  15/11 1.1 18.8 6.5
Wad Medani  25/10 122 373 19.7
(Sudan!

TH = Tol Hadya, Syria.

results in flowering during late March when
temperatures are hot. The November-
planted wheats mature in mid-April, while
the January-planted crops reach
physiological maturity in mid-May. In
general, late-planted wheats in the Yaqui
Valley have conlinuous exposure to high
temperalures, especially at the critical stages
of flowering and grain-filling.

Because of these temperature variations,
experiments can be designed to measure the
yield reduction from early to late planting.
The reduction is mainly due to high
temperatures, especially if diseases are
controlled and other agronomic inputs are
the same. The results in Table 6 clearly
establish that some genotypes are more
superior under high temperature
environments than others.

Analytical selection

The utility of particular traits as selection
criteria in a breeding program will depend
upon the ease and cost of screening as well
as upon the amount of genetic variability
available for that trait. During the search for
traits, it is important to study as many
genotypes as possible. The use of at least 12
genotypes, or more if possible, has been
suggested to address the expected genetic
variation for that trait, since empirical
studies with two or three genotypes quite
often lead to erroneous conclusions,

In their work on tolerance to high
temperatures, CIMMYT breeders ulilize
data of the following characters: enhanced
sland establishment, good lillering, delayed
leaf senescence, grain plumpness/high test
weight, good spike fertility, medium
maturity, accelerated grain-filling period,
and high biomass. Both genetic variability
and empirical sclection procedures are
available for these characters.
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To maintain tillering and biomass and to
alleviate the negative effects of high
temperature, it is necessary to seek
mechanisms that red uce the acceleration of
the plant’s development (Fischer 1989).
Midmore ct al. (1982) pointed out that
moderate vernalization and photoperiod
sensitivity would achieve this. This led to
more biomass at anthesis in their studies,
but no more grain/m? because partitioning
to the spikes was poor and anthesis
occurred under hot conditions (Midmore et
al. 1982). There is evidence that high
temperature before anthesis red uces floret
fertility and that varieties differ
substantially in this response; many
varieties have good fertility at high
temperatures. CIMMYT's experience is very
notable in this regard. Remarkable
variability in spike fertility has been
observed in segregating populations.

In general, leaf senescence is also
accelerated by high temperature. The lines
derived from spring x winter are very
notable in this variability.

The senior author of this paper conducted

an experiment to study the association of 11
morphophysiological traits with grain yicld
under heat-stressed field conditions. Table 7

shows the correlation coefficients for each of
these traits. Erect growth habit, low-
medium seedling vigor, increased leaf
rolling, delayed senescence, medium to tall
plants, carly maturity, and 1000-grain
weight play an important role under heat
stress.

Table 7 also shows the amount of genetic
variability for the 11 traits tested under heat
stress. Sufficient variability exists ior all
these traits to warrant selection in both
advanced and carly segregating generations.

Conclusions

High temperature stress indirectly reduces
yield by directly affecting various yield
components. Hence, yield as a criterion to
select against heat stress, especially in yield
trials, remains the most reliable criterion. It
is desirable to use those components and
traits that collectively are expected to impart
heat tolerance. Based on the experience of
the CIMMYT and CIMMY'T/ICARDA
wheat programs, it is suggested that a
combinalion of empirical observations and
quantitative measurements might be the
best route for selecting wheats that are
tolerant to heat stress.

Table 6. LIst of varieties and advanced fines and their relative yield responses (kg/ha) when tested
In Yaqui Valley, Sonora, Mexico, in 1959 after optimum {November) and late (January) planting.

Optimum Late planting Percent reduction
Varlety planting (high temperature) in yield
FALKE 6264 3658 42
CNO79*2/PRL 6115 2980 52
URES*2/PRL 5672 3816 33
PFAU'S'/EES'S' 5502 4158 25
JUP/BJY 5031 4820 5
KAUZ 6179 4050 35
SERI 82 5531 3206 43
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Questions/Discussion

Dr. Ortiz Ferrara was asked if different
locations could be used to test for heat stress
rather than different sowing dates. He agreed
wilh this idea provided the different
environments offered ihe heat stress at the
particular growth period(s) required and had
contrasting day lengths. A question was
raised in relation to satisfying a vernalization
requirement in Sudan where the minimum
temperatures rarely go below 12°C in the
coolest month. Dr. Ortiz Ferrara commented
that it is well documented in the literature
that temperatures of 13°C can vernalize true
spring-type wheats although the optimum
temperatures for vernalization are between
2-8°C.

There was a ccmment that all the data shown
involved advanced lines and no heat tolerance
tesling appeared to be conducted on
segregating lines. Dr. Ortiz Ferrara explained
that the CIMMYT/ICARDA program had
been exposing carly generations to various
heat stresses for the last seven-eight years.
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Abstract

Following multilocational testing over the years, the Wheat Research Department released two
bread wheat varieties (Giza 160 and 164) tolerant to heat stress. The results of 27 micro- and
macro-yield trials indicated that the new varicty Giza 160 had an average yield superiority of 4
rnd 11% over recommended varieties Giza 155 and Giza 157, respectively. Giza 164 outyielded

the check variety Sukha 69 by 6% i 85 micro- and muacro-triuls in Upper Egypt. A field

screening technigue (based on different planting times at different locations) of durum and

bread wheat germplasm has been designed for the tdentification of heat tolerant lines.

Regression anulysis, as well us graim yield per se, indicated that Giza 164 is the best adapted

genotype for heat stress conditions in Upper Egypt. Introduced materials from CIMMYT were
tested at Muataana Research Station in 1991-92; Debeira, Bacanora 88, Genaro 81, Fang 60, and
Pavon 76 produced the highest gruin yield. The reported studies indicated that multilocation

testing, creating heat stress environments by using different planting times and continuous
< <«

regional activities between countries huving similar environments are an efficient screening for

heat stress.

Introduction

High temperature, especially during grain-
{illing, is considered the major
environmental factor drastically reducing
wheat production in Upper Lgypt, where
about 17-25% of the total wheat area in
Egypt (760,000 ha) is grown. A further
constraint facing wheat production over the
last five years is the expansion of wheat
area (66,000 ha) into marginal conditions of
low soil fertility and desert climate.

Incentral Sudan, the delay of wheat sowing
by up to one month is common due to the
difficulties in cultivation of the large arca
(252,000 ha) by contract machinery (Ishag
and Taha 1991). Consequently, much of this
area suffers from late heat stress resulting in
yield reductions, Therelore, developing

high yielding wheat varieties tolerant to
heat stress is a very important objeclive to
increase wheat productivity, especially in
the Upper Egypt region and Sudan. High
yielding ability under heat stress could
result from escape by selection for early
maturing crops (Sullivan and Jordan 1991).
lischer (1984) proposed that, to avoid high
temperature at eritical stages such as grain-
(illing, one should select sceding dates that
ensure flowering at the coolest time during
the growth cycle. Further, Nachit and Ketala
(1986, 1991) and Orliz Ferrara et al. (1989,
1991) conducted field research based on
different planting times, which proved to be
an efficient tool for evaluation of large
number of lines or families under heat stress
and a complement to multilocational
testing.
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The purpose of this study is to present our
breeding strategies of the last decade to
release wheat lines and varicties tolerant to
late heat stress, and to measure growth,
development, yield response, and stability
of some wheat genotypes from the national
programs of Egypt and Sudan and from
international nurseries (CIMMYT) under
different environmental conditions.

Hybridization and Selection

Giza 160 was selected from the local cross
Chenab 70/ Giza 155, made at the Giza
Research Station in 1973-74. Chenab 70 was
introduced from Pakistan, while Giza 155 is
an Egyptian cultivar. The selection of the
new cultivar was made through the
pedigree method. In 1978-79, this varicty
entered evaluation for yielding ability in
both micro (A+B) and macro (D) yicld trials
in the Rescarch Stations and farmers’ fields.
Twenty-seven yield trials were conducted in
Upper Egypt to compare Giza 160 with
commercial varieties from 1978-79 to 1981-
82. To release the new variety Giza 164
(Veery’S’), about 85 micro- and macro-yield
trials were conducted in Upper Egypt from
1979-80 to 1986-87. As lesting proceeded
from micro- to macro-levels, the number of
entries tested was reduced, while plot size
and number of experiments increased to
ensure selecting the most promising
material and oblaining accurate data. This
program is orientated towards overcoming
the yield-limiting factors occurring in the
Upper Egypt region.

Ingeneral, Giza 160 exceeded Giza 155 and
Giza 157 in Upper Lgypt in grain yield
(average of 27 experiments) by 4 and 11%,
respectively (Table 1). Some of the macro-
yield trials (D) were tested at New Valley
for heat tolerance evaluation over three
seasons. It is medium in maturity and
tolerant to rust with adaptability to growing

conditions in the Upper Egypt region
(Aswan, Qena, and New Valley
Governorates). Table 2 shows the yield
performance of the new variety Giza 164
(released in 1988) compared to the
commercial wheat varicty Sakha 69 in
Upper Egypt. The results of 85 micro- and
macro-yield trials from the 1979-80 through
1986-87 scasons indicated that Giza 164
outyiclded Sakha 69 by about 6%. The
results (Gomaa et al. 1988) indicated that
Giza 164 is tolerant to the unfavorable
conditions of Upper Egypt. Last year, Giza
164 and Giza 160 covered about 60% of the
wheat growing arca in Upper Egypt.

Table 1. Average grain yleld (t/ha) of the new
variety Giza 160 as compared with Giza 155
and Giza 157 In micro- (A and B) and macro- (D)
yield trials in Upper Egyptin the 1978-79
through 1981-82 seasons (pooled from Gomaa
et al. 1984),

A-yleld B-yleld D-yleld
Variety trial trial trial
Giza 160 5.88 ab 525b 579b
Giza 155 5.46 b 5.38b 530 ¢
Giza 157 551a 454 ¢ 504 ¢

Table 2. Yield performance (tha) of new varlety
Giza 164 and its yield percentage of Sakha 69 in
Upper Egypt during the 1979-80 through 1986-
87 seasons (pooled from Gomaa et al. 1988),

Sakha 69 giza 164
Yield Trial N X % X %
A-yield trial 9 634 100 584 Q2
B-yield trial 21 545 100 580 106
D-yield trial 49 556 100 6.18 111
E-yield trial 6 523 100 569 107
Overallmean 85 560 100 594 106
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Planting Date Testing

The use of different dates of planting
allowed us to subject some promising wheat
cultivars to late heat stress. Six wheat
genotypes (Giza 160, Giza 164, and Sohag 3
from Egypt and Debeira, Condor, and El
Nelain from Sudan) were tested at
Shandawee), Mataana, and Kom Ombo
Research Stations, sown on 20 November
and 25 December 1991. The same genotypes
but including Sohag 1 were sown in Sudan
(Shendi and Gezira Research Stations) on 23
November 1991. In this case, we considered
the optimum sowing dale in Sudan (23
November) as late planting for Upper
Lgypt.

A third experiment with 16 bread wheat
genotypes from CIMMYT was sown at
Mataana (25 December 1991) in Egypt and
at Gezira Rescarch Stations (23 November
1991) in Sudan. Data included yield, yicld
components, and some physiological and
morphological characters.

The mean temperatures for the coolest
month (January) were 11.4, 15.2, and 21.4°C
for Assiut, Aswan, and Shendi, respectively,
and 17.3, 20.6 and 27.3°C in March 1992 at
the same locations. In May 1992, which is
considered a very hot month in normal
weather conditions in Upper Egypl, the
average temperatures were mild with 26.6
and 30.7°C for both Assuit and Aswan
Governorates, respeclively. The difference
between Aswan (Egypt) average
temperature and Shendi (Sudan) was about
+6.2and +6.7°C in January and March,
respectively. The data also showed that the
average maximum and minimum
temperatures during the 1991-92 scason
were lower than normal. This resulted ina
relatively long winter season in both
countries with the highest recorded average
grainyield (5.64 t/ha) in Egypt and the
highest total wheat production (0.87 million
tons) in Sudan (AbdEIShafi ct al. 1992).

Late planting reduced grain yield on
average by 1.2t/ha or 19% in Upper Egypt
experiments as compared with the optimum
sowing date (Table 3). The greatest

Table 3. Grain yield (t/ha) at eight sites in Egypt and Sudan, 1991-92,

Egypt
Shand. Mat. KomOmbo X Shand. Mat. KomOmbo X D,-D, (%) Sudan

Variety D, D, D, D, D, D, D, D, Gezira Shendi
Giza160 75 6.8 5.8 6.7 38 5.5 57 50 -25 5.1 3.5
Giza164 68 6.9 52 63 4.9 58 5.2 53 -15 45 3.9
Sohag3 63 7.7 53 65 52 6.3 4.7 54 -17 45 4.0
Debeira 7.7 69 5.2 66 3.6 6.3 5.3 5.1 -23 5.0 33
Condor 66 59 55 60 44 5.4 53 5.1 -16 4.7 3.6
El Nelain 74 67 4.6 62 4.0 6.8 57 5.5 11 4.9 36
Mean 74 6.8 53 64 43 6.0 53 52 -187 48 37
Se 07 05 0.4 0.5 09 0.6 0.7 0.8
CVv% 103 80 8.4 11.6 14.9 10.4 14.5 22,6
LSD, 5% 1.1 0.8 0.7 08 1.4 0.8

D, and D, were optimum and late plantings, 25 Nov. and 20 Dec.

Shand. = Shandaweel; Mat. = Mataana.
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reduction was observed at Shandaweel,
while it was least at Mataana Station. The
reduction in grain yield by delayed sowing
resulted from decreased duration of grain-
filling particularly for late heading varieties
(Debeira and Giza 160).

Stability parameters were also calculated to
determine genotypes tolerant to heat stress.
These stability parameters and mean grain
yields of the six genotypes in cight
environments (Table 4) indicate that L]
Nelain, Giza 160, and Giza 164 were the best
adapted genotypes (or heat stress conditions
in Upper Egyptand north and central arcas
of Sudan. They possessed the most desirable
combination of stability characteristics
having almost the highest mean yiclds over
all environments, regression coefficients
equal to unity, and nonsignificant
deviations from the regression (Eberhart
and Russel 1966). Debeira responds to more
favorable conditions and fertile soil, while
Condor may toleralte late sowing and harsh
condilions.

Research results from many sources
indicate that no single criterion is adequate
to predict plant response to heat stress.

Table 4. Mean grain yleld and stability
parameters of eight heat tolerance experiments
Including six genotypes at Shandaweel,
Mataana, Kom Ombo, Gezira, and Shendi
Research Stations, 1991-92 season.

Stability Parameters

Mean

Varlety {tha) b Sid CD
Giza 160 5.46 1.10 0.08 0.91
Giza 164 5.39 0.86 -0.03 0.94
Sohag 3 5.49 0.89 0.32* 0.75
Debeira 5.42 1.28* -0.03 0.97
Condor 5.18 0.74* -0.04 0.92
El Nelain 5.47 1.13 0.10 0.90
Mean 5.40 1.00

Fowever, selection for genotypic
improvement in stress resistance may be
possible through the use of physiological,
morphological, and phenological characters.
Some measured parameters are shown in
Table 5 as the mean values across three sites

in Upper Egypt.

Late sowing significantly decreased the
1000-kernel weight of all varieties. Sohag 3
and Debeira exhibited the greatest stability
in this character. El Nelain, at the opposite
extreme, decreased in 1000-kernel weight by
18%.

Although the effect of late planting on spike
population was not significant, there was a
significant date x variety interaction.
Debeira behaved totally different from the
other varielies and increased the spike
population at the laie date by 12%.

Overall, late planting date did not
significantly affect plant height, although
the data show quite large differences. El
Nelain increased plant height by 3%
conltrasting with Condor, which decreased
8%.

All'six varielies behaved similarly with
regard to the time from emergence to
heading, reducing the period by
approximately 11%.

Although differences were observed in
these variables, they do not appear closely
related to yield at the optimum date, yield
at the late planting or the percent yield
reductions (Table 3).

International Collaboration

An important development in the work to
identify tolerance or resistance to heat stress
has been the close cooperation of wheat
breeders in the region and the international
centers such as CIMMYT and ICARDA.
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Through that cooperation, the nationa:
programs working towards the
development of stress-tolerant cultivars will
have access to genotypes that show clear
differences in response to well defined
environmental stresses.

The results from Egypt and Sudan of the
Second International Ieat Stress Genotype
Experiment (IHSGE) are shown in

Table 6. The highest yield in the Egypt
experiment, sown at Mataana Rescarch
Station on 25 December, was attained by
Debeira, Bacanora 88, Genaro 81, Pavon 76,
and Fang 60, which outyiclded the check
variety Anza by 23 to 32%. However, at the
Gezira experiment in Sudan, Debeira was
the only genotype of the above group that
was among the top yielders, along with Seri
82, Glennson, Nesser, and Anza. Grain yield
at Gezira was about 33% less than in the
Egypt. The period from emergence to
heading was about 29 days longer at the
Egyptian site with Sonora 64 the earliest and
Bacanora 88 the latest heading line in both
sites. Grain size differed little between

the two countries.

The results at Mataana indicated that straw
yicld, plant height, plant population, and
number of grains per spike may be useful
selection parameters for terminal heat stress.
The length of the period from emergence to
heading, dry weight at anthesis, and
percentage of groundcover at anthesis
appear to be valuable selection criteria for
carly heat stress (Gezira experiment}. Ortiz
Ferrara et al. (1989, 1991) found similar
results when screening genotypes under
carly and terminal heat stresses.

Conclusions and Recommendations

This paper summarizes field screening
techniques that have been employed to
develop and identify genotypes tolerant to
late heat stress. The inleractions between
genotype and planting time were
significant, indicating that the genotypes
performed differently in the two
environments generated by differential
planting time or planting under different
environmental conditions prevailing in the
Nile Valley Region, suggesting that late

Table 5. The mean values across three sites in Upper Egypt for selected paramenters.

Thousand Plant height Heading date  Mean
kernel weight Spikes/m? (cm) (days) Yield
(tha)
Change?* Change Change Change
D, D, (% D, D, (% D, D, (% D, D, (%) D,
Giza160 423 356 158 627 575 B3 104 104 0.0 102 91 107 67
Giza164 426 369 134 535 536 00 113 112 14 110 97 118 63
Sohag3 47.6 451 52 482 464 37 101 96 54 106 94 113 65
Debeira 392 368 62 506 568 +123 115 107 7.0 107 95 112 66
Condor 373 333 108 592 559 56 105 96 B0 108 96 111 60
ElNelain 448 367 181 598 546 87 110 114 +33 102 90 118 6.2
Mean 423 374 118 556 541 27 108 105 28 106 94 113
LSD 5%
Date 09 NS NS 1
Variety 1.5 27 5.4 1
Date x Variety 21 38 NS NS

& Change: {{D,-D,)/D,] x 100.
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planting offers a means to select for
terminal heat tolerance more efficiently than
normal planting. Also, the techniques
proved to be useful in identifying casily
measurable trails associated with yicld
under heat stress. These traits could help the
breeders in the selection process. Further,
the results indicate that yield potential,
stress tolerance, and yield stability can be
successfully combined. Using these
techniques, we are able 1o select variclies
tolerant to heat stress in both countries, eg.,
Il Nelain, Giza 160, Giza 164, and Debeira.
Therefore, we would encourage the network
activities in heat stress to benefit from the
different environmental conditions
prevailing along the Nile Valley region

and more close cooperation between wheat
breeders in both countries and
CIMMYT and ICARDA.

An additional future project should be to
investigate wheat genotypes under
conserved soil moisture surrounding Nasser
Lake on the Egypt-Sudan border where high
temperature and drought stress are
associated.
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Questions/Discussion

In answer to a question regarding higher
yield polentials in Egypt than Sudan, Dr.
AbdEIShali explained the major differences
between the two countries are in number of
fertile spikes produced, number of grains
per spike, and plant height.



Seven Years of Hot Climate Wheat Screening
Nurseries: 1985-91
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Abstract

For seven years the Hot Climate Wheat Screening Nursery served as a supplement to
CIMMYT international nurseries for exchange of wheat germplasm between breeders in hot
environments. Even though testing was not the original objective, yields and frequencies of
selected entries have identified suitable germplasm, useful countries of origin, and aspects for

further development of heat-tolerant material,

Introduction

During a regional meeting of wheat
breeders from Southeast Asia in 1984, it was
felt that there was insufficient germplasm
available adapted to hot climates. Breeding
efforts for this mega-environment at
CIMMYT were still at an carly stage and
selection methodologies for heat adaptation
were not well developed at that time. The
idea arose to complement CIMMY’s
nurseries, which are backed by a strong
breeding progran, with a screening nursery
that included superior varieties and lines
from the (usually) small breeding programs
in areas considered marginal for produclion
due to heat. The CIMMYT regional wheat
office for Southeast Asia was asked to
collect suitable material worldwide,
multiply seed, and assemble it into sets for
distribution. Ben Ona from the University of
the Philippines at Los Bafios suggested the
name “Hot Climate Wheat Screening
Nursery” (HCWSN).

Letters requesting seed for multiplication
went to breeders in hot environments who
were known to receive CIMMYT
international nurseries and some others. For
all seven nurseries, there was an altemplt to
apply two conditions:

* There would be no selection during
multiplication.

* Inorder to avoid duplication of original
CIMMYT nurseries, submitted lines
should be either non-CIMMYT crosses or
selections from introduced segregating
populations.

As such, the nursery was considered a
platform for exchange rather than a means
for testing germplasm. Its success depended
completely on the inputs coming from the
cooperators themselves. Nevertheless, data
return was requested as a feedback for
measuring the uscfulness of the nursery.
This paper extracts some of the useful
information that came as a bonus to
germplasm exchange, by looking at reports
for the characters “yield” and “selected
entries”.

Germplasm and Data Return

Sced to be multiplied for the seven nurseries
came from 20 different countries (Table 1).
A number of entries were not submitted by
a breeding institution in the country of
origin; rather they were selected by the
CIMMYT-Bangkok office for their potential
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usefulness. The number of total entries
varied over the years from 37 to 99
excluding recurrent checks.

Instead of looking at submitting countries,
it is more interesting to look at where the
respective crosses were made. Table 2
separates (to the best of our knowledge) the
submitted entries into the following
categories : 1) unknown, 2) CIMMYT
advanced line, 3) CIMMYT F2 population,
and 4) other origins. Ignoring the 1st
HCWSN due to its quick start, 58 to 82% of
the entries of the 2nd through 7th HCWSNs
were in desired categories non-CIMMYT or
introduced CIMMYT F2 for which the
nursery was created. If duplications over
the years are taken out, the average
percentage of “desired” lines in FICWSNs 1
to 7 was 67 or just above two thirds.

Table 1. Number of submitted entrles for 1st to

7th HCWSNs by country.
HCWSN No.

Country 1 2 3 4 5 6 7 Total
Argentina 1 1
Bangladesh i2 3 3 65 ) 28
Bolivia 13 10 23
Brazil 8 3 n
China 7 6 2 4 6 25
Colombia 6 6
Guatemala 5 5
India 17 13 10 40
Indonesia 10 10
Madagascar 9 10 5 24
Mexico 2 20 22
Nepal 5 10 10 25
Pakistan 38 23 10 10 10 91
Philippines 110 516 3 3 38
Syria 11
Thailand 10 25 11 7 9 20 14 96
Vietnam 2 2
Yemen 4 4
Zambia 5 5 6 16
Zimbabwe 14 5 19
Total 63 98 58 99 73 37 59 487

Table 3 provides details of the other origins
category, i.c., crosses made outside Mexico,
by nursery. Table 4 summarizes the cross
origins after duplications are removed.

Table 5 lists the number of sets shipped to
cooperators and reports returned as well as
the number of characters that were recorded
on average in cach HCWSN and the number
of locations reporting yield and selected
entries.

Methods

Cooperators were asked to provide
optimum management for these nurseries.
From casual observation and reports, it is
clear that this did not always happen o that
results reflect probably a cross section of
stresses that occur in hot environments. Plot
sizes varied around the recommended size
of 1.25 m*

Table 6 lists stations reporting yicld and
selected entries and classifies them
according to temperature and water
pressure deficit in the coolest month
following Fischer (1985). Most of this
information was obtained from the CIAT
Meteorological Database; some came
directlv from the stations.

Table 2. Origin of entries in the 1st to 7th
HCWSNs,

1 2 3 4 5 6 7 Total
Total 63 98 58 99 73 37 59 487
Unknown origin 4 8 7 313 212 49
CIMMYT line 38 38 9 2817 7 17 154
CIMMYT F2 pop. 120 16 26 25 13 5 106
Other origin 20 32 26 42 18 15 25 178
% “desired" entries* 36 58 82 71 72 80 64

3 “CIMMYT F2 population” plus “Other origin™ as
% of “Total” minus “Unknown origin”.
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Table 3. Origin of non-CIMMYT crosses In 1st to 7th HCWSNs by nursery and country.

HCWSN No.
1 2 3 4 5 6 7
PAK 16 PAK 8 CHI 7 IND 12 BRA 5 ZM 5 IND 9
IND 3 PHI 7 BRA 5 PAK 8 PAK 3 CHI 4 CHI 6
LEB 1 IND 3 PAK § CHI 6 IND 3 BAN 4 THA 4
BRA 1 THA 4 ZM 5 ZAM 3 PHI 1 VIE 2
PHI 3 ZAM 4 CHI 2 THA 1 coL 2
ZAM 1 PHI 3 PHI 1 PAK 1
USA 1 NEP 3 ISR 1 SYR 1
ARG 1
Total 20 19 26 42 18 15 25
Country abbreviations: IND india SYR Syria
ARG Argentina ISR Israel THA Thailand
BAN Bangladesh LEB Lebanon USA United States
BRA Brazil NEP Nepal VIE Vietnam
CHI China PAK Pakistan ZAM Zambia
CcoL Colombia PHI Philippines ZIM Zimbabwe
Table 4. Summary of cross origins of 1st to 7th HCWSNs after removal of duplications,
Pakistan 31 Zimbabwe 10 Colombia 2 Unknown origin 57
India 25 Thailand 8 Argentina 1 CIMMYT line 122
China 25 Zambia 8 USA 1 CIMMYT F2 population 100
Phil- Bangladesh 4 Syria 1 Other origin® 147
ippines 13 Nepal 3 Lebanon 1 Total 426
Brazil 11 Vietnam 2 Israel 1 % “desired” entries® 67
8 Sum of columns 2, 4, and 6 of this table.
®  See note Table 2,
Table 5. Distribution of 1st to 7th HCWSNs and data returned from cooperators.
Mean number Number of sites reporting
Sets Reports of recorded Selected
HCWSN # shipped recelved characters Yield entries Both
1 ? 6 5.5 5 4 4
2 ? 16 5.6 9 12 5
3 36 24 5.5 13 17 9
4 46 22 5.8 15 14 9
5 44 25 7.0 16 18 9
6 40 17 6.3 9 15 7
7 36 h 6.1 2 6 0
Total 202 119 69 86 43
Mean 40 17 6.0

* Data return not complete.
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Table 6. Locations reporting yleld and selected entries in 1st to 7th HCWSNs.

Reported Elev.
Location Class®* HCWSN No. Latitude Longitude (m)
Angola Huambo Chianga WD 456 1244 S 155CE 1700
Kenya Rift Valley Kajiado HD 7 1650
Madagascar  Antsirabe Fitamanor WH 345 19525 4700E 1650
Malawi Lilongwe Chitedze WD 345 1359S  3338E 1097
Sudan Gezira Wad Medani VHD 34586 1424 N 3329E 41y
Uganda Mbale Buginyanya HH 5 0116N  3420E 1875
Zaire Butembo Luotu WH 5 7 0037 S 2906 E 1400
Zambia Chilanga Mt. Makulu WD 3 1532 S 2815E 1213
Zimbabie Harare Causeway WD 3 17458 3105E 1506
Bangladesh  Chittagong Hathazari HD 23 5 22 30N 9147 E 13
Bangladesh  Pabna Ishurdi HOD 2 24 00N 8916 E 2
Bangladesh  Jessare Jessore HD 1 567 2311 N 8914 E 7
Bangladesh  Dhaka Joydebpur HD 1 3456 24 00N 9025 E 8
Bangladesh  Dinajpur Nashipur HD 6 2538 N 3941 E 39
Bangladesh  Dinajpur Rajabari HD 12 5 48 N 86 40 E 15
China Yunnan Dehong WD 4 6 2426 N 98 S5E 914
China Guangdong Guangzhou WH 45 2308N 11309 6
China Guangxi Nanning WH 6 2248N 10811 E 92
India Karnataka Dharwad VHD 3 5 1526 N 7507E 678
India Madhya Pradesh  indore HD 5 2237 N 7550E£ 557
India Punjab Ludhiana WD 2 3056 N 7582E 247
India Karnataka Ugar SugarM. VHD 2 1526 N 7507 E 570
Indonesia West-Sumatra Rambattan HD 5 0028S 10034E 500
Indonesia West-Sumatra Sukarami HH 2 4 0055S 10035E 930
Myanmar Sagaing Ye-U HD 2 22 40N 9515 E 90
Myanmar Sagaing Zaloke HD 23 56 2202 N 8502 E 73
Nepal Banke Khajura WD 2 2805N 8138W 100
Nepal Rupandehi Bairawa wD 234567 2706 N 8304 E 105
Pakistan Punjab Islamabad cD 2 7 3342N 7308 E 683
Pakistan Sind Tandojam HD 2 2502 N 6338 E 19
Philippines llocos Norte Batac VHH 4 1803N 12053E 4
Philippines llocos Norte Dingras VHH 3 5 7 181N 12032E 73
Philippines Laguna Los Baros VHH 2 4 1413N 12115E 23
Thailand Chiang Mai Chiang Mai HD 1 1847 N 98 58 E 314
Thailand Lampang Lampang HD 345 1821 N 9936 E 275
Thailand Chiang Mai Samoeng WD 3456 1817 N 9836E 820
Thailand Surin Surin VHH 3 1452N 10328E 123
Vietnam Hau Giang Can Tho VHH 4 1002N 10550 E 8
Vietnam Hanoi Dan Phuong WH 67 2105N 10538E 10
Vietnam Hanoi Van Dien WH 3 2101 N 10548 E 5
Yugoslavia Croatia Botinec c? 4 4546 N 1556 E 116
Qatar Doha Rawdat WD 45 7 2548N  S11BE 50
Syiia Aleppo Tel Hadya cD 56 3605 N 3655E 284
Yemen Taiz Auseifera ? 4 1336N 4355E 1350
Yemen Hadramout Seiyun ? 3 16 N 52E 600
Yemen Tihama Zabeed VHD 3 1424 N 4423 E 250
Mexico Sonora Cd. Obregon WD 234 6 2720N 10954 W 38
Mexico Edo. de Mexico El Batan WH 2 1931 N 09850W 2249
Bolivia Sta. Cruz Saavedra HD 3456 1714S  6310W 320
Brazil Sao Paulo Campinas WD 34 22528  4704W 563
Brazil Parana Londrina WH 1 3456 2322S 5110W 585
Brazil Parana Palotina WH 34 2417S 5354W 310
Ecuador Pichincha Sta. Catalina WH 2 567 0022S 7833W 3050
Paraguay Cordillera Caacupe WH 23 56 2524S 5706W 228
Paraguay ltapua Cap. Miranda WH 5 2717S  5549W 105

® Classification according to Fischer (1985): C = Cool, D = Dry, H = Hot (first letter) or humid (second
letter), VH = Very hot, W = Warm.
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Analysis of variance was performed with
yield data using each location as one
replication. Analysis of variance was also
performed separately for two subgroups of
environments if at least three replications
were available for each group (3rd through
6th HHCWSNS). Subgroup one includes sites
classified as hot or very hot; subgroup two
includes sites classified as warm or cool.

To analyze selected entries, we counted
how often each entry of an HCWSN was
selected. Entries within IHHCWSNs were then
grouped into three selection history types:
1) CIMMYT advanced line, 2) CIMMYT [:2,
and 3) others. Entries of unknown selection
history were removed from this analysis. A
chi-square test was performed to compare
the selection frequency of cach type based
on its proportion of the total number of
entries in the respective FICWSN with the
actual count of hot plus very hot or warm
plus cool locations. To be meaningful, only
the 2nd, 4th and 5th HCWSNs were used
where at least 10 entries of cach selection
history type were included and at least four
sites for each environment type were
reported.

Resuits and Discussion

Yield

There were significant differences between
entries in the 3rd HICWSN and highly
significant differences in all other
HCWSNs. These are tabulated in Table 7
together with significances in the analyses
of very hot plus hot and warm plus cool
sites. The respective coefficients of variation
are highin terms of normal yield trials
ranging from 25 to 40%. [ lowever, this is no
surprise when considering the plot size of
the screening nursery and the differences
belween replications that are, in fact,
differences betweer sites. Consequently,
multiple range tests are of little help. For
each HCWSN, mean ranks are presented

over environments of the seven top yielding
entries of each HCWSN with additional
columns for their ranking in the separate
analysis of very hot plus hot and warm plus
cool environments where appropriate (Table
8). Comparing the rinks within rows helps
to identify specific adaptation to heat as well
as broad adaptation, which includes heat
tolerance.

Table 8 shows the selection history and
country of origin of the crosses. Overall,
selection histories identified as “Others” and
“CIMMY'T F2” are represented about
equally among the top yielding seven of the
nurseries as are CIMMYT lines, which are
generally known for broad adaplation. This
is confirmed through results discussed later.

Crosses originating in Pakistan, Brazil, and
Zambia appear more frequently in the
upper third of entries than might be
expected from their contributions of lines lo
the whole nursery over several years. The
same is true for CIMMYT F2 populations
that underwent selection in Nepal and
Thailand. It might be useful to consider
these countries as future sources of heat-
tolerant germplasm.

Table 7. ANOVA resuits of 1st to 7th HCWSNs
overall and separately for hot and very hot as
well as warm and cool locations.

Probability Probabillity of F-test
of F-test CV Hotand Warmand
HCWSN# Oveiall %  very hot cool
1 0.00 32
2 0.00 31
3 0.05 40 018 0.10
4 0.00 32 001 0.01
5 0.00 40  0.00 0.26
6 0.00 32 001 0.01
7 0.01 25
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Table 8. Ranking and origin of five top yielding entries of 1st to 7th HCWSNSs over all environments
and In hot and warm environments.

Yield rank
HCWSN Entry Cross Hot & Warm &
No. ho. Variety name orlgin® Overall v.hot Cool
1 35 PUNJABS1 PAK 1
33 MANT13* o] 2
32 LYALLPUR73 CF2 3
20 MEISE C 4
8 AZ//KAL/BB c 5
46 M154 PAK 6
19 #1015 PAK 7
2 70 THB BRA 1
1 CMU10 Cc 2
69 IAS/ALD c 3
2 KUHR7? Cc 4
" SW29 c 5
9 #1015 PAK 6
74 PG780998 IND 7
3 41 NRaslll Cc 1 29 3
27 SW59 c 2 17 4
42 NR8sV C 3 18 6
21 FNBW74013.52 THA 4 2 23
26 KUHR7 c 5 23 10
29 BAW60 CF2 6 45 2
1 B59 BRA 7 3 13
4 104 WSM287 IND 1 28 1
11 SC84072-1H-1C CF2 2 2 3
63 SWs7 Cc 3 4 9
31 0C853 CF2 4 16 8
20 Local Check 5 3 12
13 SCB84083-3H-1C CF2 6 5 13
98 NI5439 IND 7 1 35
5 21 KVZ/K4500.L.. c 1 9 1
49 K7 ZAM 2 7 3
46 H37 CF2 3 5 4
20 Local Check 4 2 6
14 CEP7593/CEP.. BRA 5 10 7
68 CMU245 Cc 6 8 9
47 Ha1 ? 7 3 13
6 3 585134-1H-0H.. ZIM 1 3 2
17 KUHR6 c 2 5 3
11 SMGBWSB86708 CF2 3 1 11
19 KUHR? o] 4 4 9
20 Local Check 5 6 10
27 C834-2 PHI 6 9 5
12 SMGBWS86707 CF2 7 10 7
7 20 Local Check 1
22 ICTA MERINO ? 2
29 GLEN c 3
2 BARKAT/BUC.. CF2 4
19 ICTAL129 ? 5
42 SWi14 ? 6
18 ICTAL123 ? 7
Explanations:

a
b

Bold face indicates selected in more than 30% of sites.
Cross origins: ? = Unknown, BRA = Brazil, C = CIMMYT, CF2 = CIMMYT F2, IND = India,
PAK = Pakistan, PHI = Philippines, ZAM = Zambia, ZIM = Zimbabwe.
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Selected entries

As can be seen from Table 5, only 38% of
the sites report both yield for all entries (not
only the retained ones which ware
harvested) and “selected entries”. Entries
selected in 30% of the reporting sites or
more are highlighted in bold faced in Table
8. A majority of these are also among the
top yielding third of cach HCWSN. All of
these lines merit further consideration in hot
climate wheat breeding programs.

Itwas hypothesized that warm and cool
environments would select the same or a
higher proportion of CIMMYT lines than
their share in the total number of entries of
this selection history type because this
generation of CIMMYT material was not
developed for heat tolerance. Vice versa, it
was expected that an overproportional
amount of CIMMYT I'2s and other crosses
would be selected in very hot and hot sites

Table 9. Chi-square tests for selected versus
different selection history.

where most of them were developed.
Observed and expected values (Table 9)
followed this trend with two nonsignificant
exceptions in the chi-square test. Two of the
tests were highly significant. This weak
confirmation of the hypothesis is attributed
to the fact that 1) even CIMMYT lines were
preselected for heat tolerance when they
were submitled by cooperators, and 2)
CIMMYT F2s and local crosses of
cooperators are likely to have specific
adaptation, which would hinder superiority
in other environments.

Conclusions

The Hot Climate Wheat Screening Nurseries
served the purpose of exchange of
germplasm between breeders in marginal
warm and hot areas as evidenced by the fact
that many lines were retained by recipients.

expected times of selections of entries with

HCWSN Total V.hot & hot Warm & cool

No. Oth. CF2 C Oth. CF2 ¢C Oth. CF2 ¢C

2 Number of entries 32 20 38
Actual selections 14 16 30 27 23 63
Expected selections 21 13 25 40 25 48
Chi-square value 39 ns 94 ™
Expected shift no yes

4 Number of entries 42 26 28
Actual selections 22 25 8 88 44 48
Expected selections 24 15 16 79 49 52
Chi-square value 11.1 o 19 ns
Expected shift yes no

5 Number of eitries 18 25 17
Actual selections 26 25 16 35 5 39
Expected selections 20 28 19 39 54 37
Chi-square value 25 ns 06 ns
Expected shift yes yes

Oth. = other crosses; CF2 = CIMMYT F2- derived line; C = CIMMYT cross.
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Lines with heat adaptation over many sites
have been identified and are listed for
further use in crosses for heat tolerance.

There are indications that breeding for hot
environments is more successful if
conducted in target arcas. Many of the
suilable lines fall through the CIMMYT
screenif handled in the traditional
international nursery assembly and
multiplication procedures in Mexico.
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Development of Wheat Gerinplasm Tolerant to Heat
Stress in Sudan

A.B. Elahmadi
Agricultural Research Corporation, Wad Medani, Sudan

Abstract

The majority of the area under wheat in Sudan is found in the central irrigated plains between
14-16°N. Heat stress is one of the main cons raints of wheat production caused by high
temperatures (monthly average of more than 25°C) at the beginning (Nov.) and end of the
season (Feb.-March). Heat adversely affects spike and grain formation. The work reported here
was directed towards early-season heat stress. The germplasm tested originated from visually
selected (90-120) lines from introduced heat tolerance nurseries from ICARDA and CIMMYT

and from advanced locally bred lines.

Heat stress is known to cause stunted plant growth, reduced tillerin &, and accelerated

development and to lead to small heads, shrivelled grains, and low yields. By using some of

these responses (days to heading and maturity, plant height, grain yield), we are attempting to

find an easily observable character to help in screenin § for heat tolerance. The approach used

was planting the germplasm under test with three to four check cultivars of known performance

with respect to heat from two sowing dates. The results indicated large variation among lines.
The performance of the checks was consistent in spite of different results obtained in different
seasons. Days to heading seems to be the simplest character that holds promise to aid in

screening for heat tolerance,

Introduction

Wheat (Triticum aestivum L.), althougha
temperate region crop, has been grown in
Sudan from early times. It has been
restricted to the banks of the Nile north of
Khartoum and grown during the short cool
season (Nov.-March). Baladi, the variety
grown by farmers, was a mixture of
cultivars. The sources of the components of
the mixture are unknown, but they were
probably introduced from Egypt at different
times.

Introduction of wheat to other parts of the
Sudan was first attempted in 1918 at Gezira.
Due to low yields, it was soon abandoned as
a crop there. Interest in wheat and wheat
research resumed after World War 11 due to
food shortages. Early breeding programs

consisted of mass selection from within
Baladi wheat and introd uctions. Early
reports indicated that the introduced
varieties were inferior to Baladi. By 1943,
numerous varicty trials had been
summarized and the variety Hindi 62 from
Egypt emerged as being superior to Baladi
and recommended for distribution (Khalifa
1974). There was more emphasis on mass
selection from the local varieties prior to
1958. After that, more weight was given to
introductions, especially from international
agencies (George 1958). Some of these
introductions were included in trials during
the 1958-59 scason. From 1960 onwards,
testing sites included locations in Gezira,
Blue Nile Province, and even under rainfed
conditions at Tozi. At Khashm El Girba, the
wheat program was not initiated until
1963-64.



HeaT sTRess IN Supan 49

Increased production of wheat has been
necessary for the following reasons:

* Food shortages became common after
World War II;

* Emergence of food crops as strategic
weapons in world politics;

» Growth of towns and cities;

* Food habit changes of a large sector of the
population;

¢ Recent increases of wheat prices in world
markels;

* Recent rise in the expense (fuel costs) of
baking traditional sorghum bread (Kisra)
at home compared to cheaper wheat
bread from the bakeries.

Such factors made a wheat breeding
program a necessity to maximize yield and
to introduce wheat into new territories. The
new areas that lie at hotter, lower latitudes
brought breeding for heat tolerance to
prominence among other objectives. This
paper presents the efforts and approaches
that may hold promise in breeding superior
wheat cultivars for high-temperature
regions,

The Environment

Defining the environment is important
because it effects changes with the
developmental phases of the plant. Fischer
and Maurer (1976) found that the
development of wheat was hastened by heat.
Kirby (1974) stressed the synchronization
effect of the terminal primordia on the
development of the later-formed florets; thus
hastening the development of the terminal
primordia shortens time for the
development of the later-formed ones.
Fischer (1985) emphasized the effect of solar
radiation and temperature on growth before
anthesis. Rawson and Bagga (1979) found
that there was progressive reduction in grain
number for every day that the plants of two

wheat cultivars remained at a higher
temperature compared to a lower one.

About 85% of the wheat area in Sudan is
found in the central irrigated plains (14-
16°N). The soils are mostly black clay
vertisols. The crop is adequately irrigated
and fertilized. Relative humidity is generally
low during the growing scason. The crop is
sown during November and harvested
during March. The maximum and
minimum temperatures for those months
are shown in Table 1. Higher temperatures
are experienced during the beginning and
end of the season, coinciding with spike
formation and grain-filling. The coolest
months are December and January.

Selection Criteria

McWilliam (1980) stated that it is difficult to
provide an adequate definition of heat stress
in plants since their response depends on
many factors including the species, duration
of exposure to high temperature, and the
growth stage. Fischer (1985) showed that it
is difficult to separate the effect of heat
stress from those imposed by moisture
stress since both are confounded at elevated
temperatures. Thus the situation seems to be
very complex, but we neglect the effect of
moisture stress assuming our plants are
well watered and the whole response is
caused by high temperature.

Table 1. Average monthly winter temperatures
(°C) at Wad Medanl, Sudan,

1989-90 1990-91 1991-92

Min. Max. Min. Max. Min. Max.
Oct. 227 386 233 396 133 344
Nov. 193 375 208 388 13.0 371
Dec. 144 322 192 374 133 325
Jan. 152 334 137 321 121 307
Feb. 143 311 156 357 118 304
Mar. 153 357 179 379 184 380
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Many characters have been suggested as
selection criteria for heat tolerance or
avoidance, including morphological and
chemical ones. Ehleringer (1980) gave an
example of leaf pubescence and Mooney
(1980) referred to high angled leaves as
characters that reduce the adverse effect of
heat stress. Teeri (1980) reported the effect of
high temperature on some enzymes and
Raison et al. (1980) suggested the
disturbance of the membrane structure and
function by heat. For the breeder who has to
screen large populations visually, casily
recognizable characters would be the best
tools for selection. However, the correlations
of such characters with a complex one like
heat tolerance vary from one experiment to
the ather and hence are sometimes
misleading.

As mentioned before, the Sudanese wheat
season is very short and the crop has a
duration of about 110 days between sowing
and maturity. Iigh temperatures are
experienced at the beginning of the season
(November) and at the end (February). Thus,
breeding for carliness is a general
requirement, but from experience, very early
genotypes usually give low yields. THence,
breeding for heat tolerance at both extremes
of plant development should allow
extending the season for longer periods and
increase the ceiling imposed on yield by the
short season.

Sensitive cultivars when exposed to high
temperatures exhibit stunted plant growth,
low tillering, hastened developmental phases
(heading and maturity), smaller heads (low
number of grains/head), smaller grain size
(shrivelling), and low grain yield.

In our breeding material and introductions,
we have observed very large variability in
the degree of response to heat stress with
respect to cach of the above characters. We
acknowledge that there are some correlations

among those characters and selecting for
individual traits could be misleading. Again
variations in temperature with season and
their effect on the plant depending on its
phase of growth make it more difficult to
select for heat tolerance. In handling our
breeding material, we usually select visually
for desirable agronomic characters, which is
an indirect way of screening for heat
tolerance. However, yield performance
determined by testing in comparative yield
trials is the most reliable screening criterion.

Appropriate Germplasm

Screcning for a character like heat tolerance
in aspecies indigenous to temperate regions
requires assembling of germplasm with a
broad genetic base. CIMMY'T and ICARDA
have prepared nurseries targeted for this
purpose for the last six years. Each year, we
have received 200 to 250 accessions from the
two Centers. These have been grown under
normal season conditions at Gezira Rescarch
Farmand obscrvations on some agronomic
and yicld data have been taken. On the basis
of these data and visual appraisal, some lines
have been selected for further evaluation.

The hybridization program emphasizes the
use of the appropriate parents for heat stress
tolerance. Adapted cultivars (released
varieties) as well as genotypes known for
their heat tolerance like Hindi 62 and Baladi
are included in the crossing block. The
segregants are handled using the pedigree
and (sometimes) the modified bulk methods.
The selected advanced lines are subjected for
[urther evaluation.

Screening Approach

Johnson (1980) recognized the fact that
breeders have to assess plant performance at
the critical developmental phase, use small
quantities of plant material, and screen large
populations in a time-efficient manner. He
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also regarded field performance as the
standard to assess plant response under
stress. Although field methods are prone to
inconsistencies and are sometimes
laborious, they are more accessible to us
compared to controlled environment
chambers or other physical or chemical
analyses of the plant tissues.

Our efforts are directed towards the
development of cultivars that tolerate carly-
season heat stress. Thus, planting in carly
November enables us to make use of the
large supplies of available water and to
plant the large arcas with the available
machinery in time.

The number of entries screened for heat
tolerance in this manner varied from year to
year (90 to 120). They comprised
introductions and advanced lines as
mentioned above. The lines were arranged

in an augmented design with three or four
checks. Plot size was two rows 5 m long and
20 cm apart. The experiment was planted on
the first and third weeks of November. The
two sowings were on adjacent plots and
received similar cultural treatments. The
first sowing date was exposed to greater
carly-scason heat stress. Late-scason
temperatures were not considered.
Observations on days to heading and
maturity, plant height, and grain yicld were
taken.

Complete data (i.c, days to heading, plant
height, and grain yield) were available for
the 1989-90 and 1990-91 seasons. For the
1991-92 scason, only days to heading and
grain yield were available. Tables 21
presentdata from some representative lines
showing the variability of the responses
between the first sowing date (warmer) and
the second one (cooler).

Table 2. The effect of early season heat stress on a selection of entries from the Heat Tolerance

Experiment, Wad Medani, Sudan, 1985-90.

Change In plant Change in days % change
Genotype height {cm) to heading in yleld
Ures'S'/PII'S’ -10 -29
H37 = Pf7339/Hahn’S' NA - +2
F5 WM 88-89 L3945 - +7 -62
F5 WM 88-89 L3979 +5 -1 -52
F5irrig. BWB8-89 L4026 - -1 -2
FSirrig. BW88-89 L4064 -5 -2 +44
F6 WM 88-89 L4076 -4 +9
F8 WM 88-89 L4151 - 2 -4
F6 Sudan 88-89 L4223 +5 -5 +64
F6 Sudan 88-89 14235 +10 +1 +34
F6 Sudan 88-89 L4315 -10 -7 -75
F6 Sudan 88-89 L4326 -5 -13 -68
F6 Sudan 88-89 L4358 -5 -3 -74
F6 Sudan 88-89 L4374 -5 +1 -52
F& Sudan 88-89 L4471 -5 -4 -25
F6 Sudan 88-89 L4540 -5 -1 +33
F6 Sudan 88-89 L4726 - - +50
Condor (check) -1 -5 -13
Debeira (check) -2 -3 -18
Giza 155 (check) +6 - +18
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Results and Discussion

The temperature records for the three
seasons were quite different, especially
during the early season period under
investigation (Table 1). The 1989-90 season
could be considered as normal, while the
1990-91 scason was warmer during the
same period by 3-4°C and the 1991-92
season was cooler than normal by more
than 5°C (compared to the long-term
averages). These different conditions were
reflected in the results.

In the 1989-90 season, more lines showed
reduction in the carly sowing for the three
characters than those that benefitted from it
(Table 2). In the 1990-91 scason, there was a

reduction in days to heading in early
seeding in all the entries in this group of
genotypes for this abnormally warm season
(Table 3), although many lines increased in
yield. For the abnormally cooler 1991-92
season (Table 4), the response to early
planting was positive in almost all selected
genotypes. There was an increase in days to
heading and grain yield.

Over the years, the relative ranking of the
three checks with respect to days to heading
was consistent, irrespective of the direction
and degree of change, the cultivar Giza
always showing more tolerance, Debeira
being intermediate while Condor was
always the most sensitive to early planting.

Table 3. The effect of early season heat stress on a selection of entrles from the Heat Tolerance

Experiment, Wad Medanl, Sudan, 1390-91.

Change In plant Change in days % change

Helght (cm) to heading In yleld
Buc'S/Bjy'S’ . -4 -30
Kauz'S' -5 -13 -9
Kauz'S' -10 -5 -61
Ures*2/Pr1'S’ -10 -14 +36
Genaro 81 -10 -14 +1
Tob'S'/8156//Y50/Kal*3/3/8311 -30 -18 -41
Son64/HO4//Rex/3/Edel/Mex -15 -19 +292
K2-Psi 73280/ATR71/T3pp +5 -12 +4
H37 = PF7339/Hahn'S’ +5 -9 +5
F5 WM 88-89 L3934 -5 -7 +2
F5 WM 88-83 1.3972 - -6 +33
F5 WM 88-89 L3974 +10 -9 +43
F5 WM 88-89 1.3977 -15 -1 -52
F6irrig. 88-89 L4025 -15 -11 -41
F6irrig. 88-89 14026 -5 -7 -50
F6irrig. 88-89 L4151 +5 -1 +25
F8 dry 88-89 L4206 -20 -1 +143
H41 - -13 +25
K12=Kvz//HD2009/3/Tob/Cno -5 -8 -21
Condor (check) -15 -13 -30
Debeira (check) -13 -11 -19
Giza 155 (check) - -5 +15
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The response to the early-season heat stress
seems highly variable. The variations
between seasons complicated the whole
picture and of course affected the direction
and degree of response. Since we collected
data on different sets of genotypes for each
season excepl the checks, we could not
study the changes in the relative ranking of
those genolypes by season.

Conclusion

Itis important for the breeder to find an
easily measurable character to be able to
screen a large number of genotypes for a
complex character like heat tolerance. The
two simple characters, i.c., days to heading
and plant height secem to hold promise,
especially the first one. This character could
be further refined or strengthened by

Table 4. The effect of carly heat stress on a
selection of entries from the Heat Tolerance
Experiment, Wad Medanl, Sudan, 1991-92.

Changein % change

days fo In
Genotype heading  grain yleld
SMGBWS86702 = Amd'S' -8 -9
SMGBWS86703 = Spnjj... -5 -20
Dove'S'Ania/4/477(2)//... -1 +33
Kasyon/Glen 81 +8 +50
Fet'S'/3/Gov/AZ/Mus'S' +3 +20
Vee'S'Pin'S' +5 +114
Pf 72640/P{7326//P17065... +2 +4
Lira’S'//Au/Up 301 +6 +67
Gim'S'/Mr.Jail(17-08)-1Y-0B  +6 +25
Gim'S'Mr.Jail(17-08)-3M-0Y  +9 +2
1AS58/4/Kal/BB/(C;... +5 +84
Ald'S'/Cep 75630//Cep 75... - +118
F4 90-91 12254 +2 +85
F690-91 L2633 +12 +400
F690-91 L2644 +13 +236
F6 90i-91 L2660 +14 +219
Condor (check) +18
Debeira {check) +4 +35
Giza 155 (check) +14 +51

laboratory growth analysis. If we are able to
use such characlers and approaches to
screen for heat tolerance per se, the yield
potential of the selected lines can be
assessed by the comparative yield trials.
Some of those lines might be recycled in the
hybridization program if they showed heat
tolerance, but low yield potential.
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Abstract

This paper offers an account of the experience and accomplishments of the Sasakawa-Global
2000 Agricultural Project in Sudan. Between 1986 and 1992, project staff worked closely with
the country's extension service within the Ministry of Agriculture to explore the possibilities
for improving wheat production. The Program succeeded overwhelmingly in demonstrating the
potential of extension officers for serving as agents of chan ge in food production, It did so
primarily by training and supporting them in the use of an effective tool for technology
demonstration (1e., the production test plot program). This experience, in turn, underscored the
importance of establishing closer links between extension and research to ensure that
utnovations emerging from the agricultural sciences reach their intended beneficiaries in the

countryside.

Introduction

The Sasakawa-Global 2000 Agricultural
Project in Sudan is one of a half dozen such
efforts in seven countries, established jointly
by the Sasakawa Africa Association (SAA)
and Global 2000, Inc. SAA was set up in
1986 by Ryoichi Sasakawa, Japanese
philanthropist and chairman of the
Sasakawa Foundation, and Global 2000 was
created in the same year by Jimmy Carter,
former president of the USA. Most of the
funding for the projects has been provided
by the Sasakawa Foundation. In Sudan,
funds for an extension (from 1990 to 1992)
were received from the Carter Center in
Atlanta (where Global 2000 is based) and
from the governments of Norway and
Sweden.

The central aim of this and the other
projects is to demonstrate the possibilities
for improving food security in sub-Saharan
Africa. In working toward this goal, these
projects are under the overall guidance of
Norman k. Borlaug, who received the 1970
Nobel Peace Prize for his pathfinding work
in helping to revolutionize wheat
production in Asia and Latin America.

The Choice of Sudan

Along with many other countries in sub-
Saharan Africa, Sudan suffered from a
severe famine during 1984, which across the
region threatened some 20 million people
with starvation. In Sudan alone thousands
died, and many more crossed international
borders and crowded into refugee camps in
search of food, water, and shelter.
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Although drought was the immediate cause
of this calamity, the inability of African
nations and inlernational aid agencies to
avert the consequences had less to do with
natural disasters than with human failures.
For years, Sudan and other countries in the
region had neglected agricullure, investing
relatively little in research, production
inputs, rural infrastructure, and <o forth and
pursuing economic policies that were
detrimental to the producers of food and
export commodities. In Sudan, the
government dealt with its growing food
deficit largely by importing wheat, whose
price to the consumer was kept low through
a combination of food aid, overvalued
currency, and direct subsidies. These
factors, together with rapid urbanization,
led to sharp growth in wheat consumption
and a need for ever increasing imports to
satisfy demand.

The short-sighted strategy of relying on
wheat imports became difficult to maintain
as Sudan'’s economic situation deteriorated
throughout the 1980s. Much of its food aid
dried up; inflation increased rapidly; and
the country’s external debt rose to about
USS13 billion (163% of gross national
praduct) by 1989. Efforts to deal with
averall economic problems and with the
worsening food situation were complicated
by internal problems in the southern part of
the country.

Lven by 1986, it had become apparent that
Sudan was badly in need of a
demonstration that the key to alleviating its
immediate problems with food security and
eventually improving ils economic
performance lay to a large extent in greater
support of agriculture, particularly food
production.

What encouraged Global 2000 to go ahead
with an agricultural project in this country
was the ample evidence of its potential for

producing enough food to satisfy domestic
needs and regularly export substantial
quantities to North Africa and the Middle
East. The unfortunate thing, though, is that
Sudan’s high food production potential is
not shared evenly throughout the country.
A large proportion of the area cropped is
arid or semiarid, and yields in rainfed
production are kept at subsistence levels by
inadequate moisture and other constraints
that cannol readily be overcome with the
technology available. The real hope for
substantial improvement in food production
lies in the limited, but densely populated
zones where irrigation is available. There,
technology has already been developed that
could greatly increase the efficiency with
which water, fertilizer, and other inputs are
used.

The choice of Sudan then was based on the
severily of its food situation, but also on its
prospects for choosing a strategy, based
largely on domestic food production, that
could lead the country out of this crisis and
ultimately contribute to the alleviation of
poverty and to economic growth. In helping
the country explore these prospects, we
focused originally on sorghum and millet
production in western Sudan, but later
shifted our attention to the irrigated areas.
Although Global 2000 dealt with both
sorghum and wheat in those areas, this
paper concentrat>s on the experience with
wheat production.

The Project’s Approach

The Project was launched in April 1986
upon the signing of a memorandum of
understanding with the Sudanese
government.

Objectives and expectations

The central aim was to demonstrate the
technical feasibility of improving food
production. In doing s, Global 2000 also
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hoped to underscore the validity of a
number of related points, which are
summarized below.

Even though Sudan still has a long way to
go toward providing its agriculture with an
adequate knowledge and technology base,
the country’s Agriculiural Rescarch
Corporation (ARC) has succeeded in
developing a wide range of appropriate
improved practices. In some areas, these can
enable farmers to increase their output of
food crops substantially over the yields
obtained under traditional modes of
cultivation.

In general, the new technology consists of a
combination of improved varieties and
accompanying management practices,
including the use of modest amounts of
chemical fertilizers. Although not perfect,
much of this technology is acceptable to
small-scale farmers and can be quite
effective under their management.

National extension systems can disseminate
the new technology more widely among,
farmers if a few reasonable conditions are
fulfilled. First, extension must have better
links with research to ensure that extension
agents are familiar with the recommended
technology and that researchers receive
feedback about its performance on-farm
Second, extension needs a dynanuc
program for demonstrating this technology
in farmers” fields and for convinang them
of its potential value. To carry out such a
program, extension obviously must have
adequate management, training,
lramporlalion, and uperating, funds

Eliminating bottlenecks in the supply of
inputs is arguably a more complex
challenge than that of mobilizing extension,
but not one thatis beyond the resources and
managerial ability available in Afnican
countries. In large-scale irrigated schemes,

like those in Sudan, the task is considerably
less difficult than in the region’s vast rainfed
arecas.

To summarize, the project’s objectives in the
technical arena were to show that 1) useful
technology is available, 2) many farmers are
willing to adopt it, 3) extension can transfer
the new praciices effectively, and 4) there is
an urgent need to make modern inpuls
more widely available among smallholders.

In demonstrating these points, Global 2000
intended for the first recipients of the
message to be small-scale farmers, extension
agents, and researchers. The degree to
which they can bring about lasting change,
is determined to a large extent by
povernment decisions and actions on a
number of issues. For that reason, it was
planned from the start to gain the attention
of Sudan’s agricultural policy makers.
Contacts with them consisted primarily of
supplying information derived from the
project’s ficld activities, international
workshops focusing on issues related to this
work, and the personal intervention of Mr.
Carter, on occasion, to pursue specific
points.

A dynamic program of

technology demonstration

I'he primary ool for convincing farmers to
accept new technology and for mobilizing
extension to deliver it was the production
test plot (I"177), with which farmers apply
the reccommended practices. Indoing so,
they receive practical instruction and
assistance from extension officers.

On the face of it, this approach may seem
no ditferent from demonstration programs
promoted by other organizations that
support agricultural extension. But, in fact,
the PTPs deviate from other such tools ina
number of ways. In the first place, Global
2000 demonstrations are much larger,
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measuring 1 or 2 ha in Sudan (depending
on the method of land preparation),
compared to only 0.1-0.2 in most other
projects Larger plots are preferred because
they permit a more realistic demonstration
of the improved technology, which gives
farmers the chance to assess its resource
requirements and rewards on a commercial
scale.

A second distinclive aspect of the PP
approach is that cach participating farmer is
provided with all the necessary inputs {on a
loan basis) by extension staff In moest
countries where the Global 2000 Projects are
underway, this is nota normal part of their
respeasibilities, and we must make a special
cffertto mobilize extension staff for input
delivery In doing so, the intention is not to
make the project or extension serve as a
remedy for faulty systems of input supply.
The purpose rather is to ensure that farmers
have anopportunity to st new technology
ona fairly large scale.

Sudan’s irngated arvas represent an
uncemmon exception to the usaal pattern.
Saere, the extension service (of the Gezira
Schemwe, for example) already has
responsibility for providing farmers with
seed, fertilizer, and land preparation
services on a loan basis,

A third feature of the P17 is that farmers
are always actively involved ia the
demonstration. They implement the
technology themselves under the guidance
of extension staff rather than simply
observing passively what others have done.

Apart from its effects on the thinking and
behavior of the individual cooperating
farmer, the PTP has potential for
influencing many others. For that reason,
we used the demonstrations quite heavily as
venues for farmer ficld days and frequently
involved palitical leaders in these events.

Organization and staffing

A program of the sort outlined above can be
implemented with a minimum number of
expatriates, but requires that they develop
extensive contacts with national institutions.

I'he Global 2000 Project in Sudan was staffed
by a total of three Mexican scientists, all of
whom had extensive experience in research
onwheat and other crops that can be grown
in hot environmenls such as those found in
sudan. These staff members were: Ignacio
Narvder, country director (1986-1990);
Marco Quinones, senior scientist (1986-
1988); José Antonio Valencia, senior scientist
{(1987-198Y) and country director (1990-
1992). These persons worked primarily with
the Extension Directorate of the Ministry of
Agriculture and Natural Resources (MANR)
as well as with the ixtension Departments of
varous irrigation schemes, mainly those
managed by the Sudan Gevira Board, the
Rahad Scheme, and the Blue and White Nile
Corporations. In doing so, they were
supported by seven project staff hired
locally and by dozens of extension officers in
the areas where the demonstration program
took place. Project funds were used mainly
to cover the expenses of this work, including
vehicles and operating funds for the
extension services and until 1989 inpuls for
cooperating farmers.

Inaddition, close ties were maintained with
ARC, which developed the technology
demonstrated in the PTTs. In doing so, ARC
had been receiving various forms of support
(including experimental germplasm,
training, and technical consultation) from
various international resecarch centers,
namely CIMMYT (International Maize and
Wheat Improvement Center, Mexico),
ICARDA (International Ceater for
Agricultural Research in the Dry Areas,
syria), and ICRISAT (International Crops
Research Institute for the Semi-Arid Tropics,
India).
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In cooperation with ARC scientists, Global
2000 staff conducted some adaplive rescarch
designed to tailor the recommended
practices more closely to environments in
which they were demonstrated. For that
purpose, ARC received modest amounts of
funds to carry out technology verification
trials.

All of the project’s activities were under the
overall guidance of a Management
Coordinating Unit (MCU), which was
chaired by the undersecretary of MANR
and included representatives of a half dozen
or so institutions concerned with food
production in Sudan. Each year the MCU
reviewed and amended, as necessary, work
plans developed by Global 2000 staff in
consultation with the country’s regional
directors of extension and research. At the
end of each cropping season, ficld results
were analyzed and the results used in
preparing work plans for the next year.

The Project’s Experience

As in many neighboring countries, rapid
urbanization has led to rising demand for
wheat since the 19705, a trend encouraged
by government policies. Simultancously, the
country has tried to create a domestic
capacity for wheat production that would
keep pace with growth in consumption. The
failure of early efforts 1o achiceve this end
has required that sizable amounts of foreign
exchange be spent to purchase ever larger
quantities of imported wheat.

Though for a number of years the (inancial
burden was more or less tolerable, by the
early 1980s this had ceased 1o be the case.
Because of reduced food aid, a severe
shorlage of foreign exchange, and large
budgetary deficils, together with continued
rapid growth in per capita consumption (al
an annual rate of 2.7%), the wheat problem
quickly got out of hand.

At that time, the government was close to
giving up any remaining hope that the
burden of wheat imports might be lifted
through domestic production. In 1984-85,
the Gezira Scheme grew no wheat at all
because widespread drought had greatly
reduced the amount of water available for
irrigation. Even though by the next year the
arca planted was back to almost normal
levels, the scheme’s management was
seriously conlemplating permanent removal
of wheat fromits four-year crop rotation to
provide more land and resources for cotton
and other crops. Given low wheal yields in
Gezira, this thinking made good sense.

But what if average yields could be more
than doubled? Would it then be worth the
effortio strive for greater self-sufficiency in
wheat? Inan unexpected but worthwhile
departure frony the original plan of the
Global 2000 Projectin Sudan, this question
was posed in the following year of
operations and a considerable effort was
made to examine its technical dimensions.

Demonstrating the possibilities

In the mid-1980s, the prevailing attitude
about wheat among pro-cotton
administrators of Sudan’s irrigated schemes
was that the less hospitable climate of the
country’s central region makes it impossible
to obtain wheat yicelds comparable to those
in the cooler arcas further north. Without
question, climate does place limits on the
polential productivity of a given crop in a
particular environment. But to establish
what those limits are, one must reduce other
production constraints that are more
amenable to a technical solution. In Sudan
low wheal yields can be altributed to
various factors that are unrelated to climate,
including:

* Inadequate seedbed preparation
resulling in poor stands;
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* Low, inappropriate, and unbalanced use
of chemical fertilizers;

* Failure to take advantage of the best
varieties available;

* Shortcomings in other aspects of crop
husbandry; and

* Inefficient use of irrigation waler.

1386-87--During the 1986-87 scason, 19
farmers successfully established wheat PTPs
in three groups of the Gezira Scheme and 11
farmers in the Kosti arca of the White Nile
Corporation. The technology package
demonstrated in these plots consisted of the
following elements:

* Theimproved variety Condor;

* Fertilizer application before planting,
including nitrogen in the form of urea at
90 kg/ha and phosphorus as triple
superphosphate at 45 kg I’/ ha (on half of
some plots farmers were asked o apply
an additional 44 kg N/ha prior to the
second irrigation);

* A sceding rate of about 150) ki /ha;

* Optimum sowing date (the first
half of November); and

* lrrigation every 14 days.

The best results were obtained in the South
Group of the Gezira Scheme. In plots on
which 90 kg N/ha were applied, the average
yield was 2.7 t/ha, and in those receiving
135 kg N/ha, it was 4.3 t/ha. [n one plot,
with the higher rate of nitrogen, the yield
was 5.2 t/ha. Though somewhat less
striking, results from the other two groups
in Gezira were quite respectable compared
with average yields under traditional
practices. The main reasons for lower yields
were late application of urea in one group
and in the other a combination of problems
with irrigation and limited usc of the seed
drill. At 2.9 t/ha, the average yield across
nitrogen levels for all of the PTPs grown in
Gezira was more than twice the average for
allirrigated wheat in Sudan (sce Table 3).

The lowest average yield during the 1986-87
season was obtained at Kosti, where the
constraints are greater than in any other
wheat-producing area of the country. Land
preparation is generally deficient; weed
infestations are quite inlense; and the White
Nile Corporation’s pump irrigation system
is more prone to breakdowns and suffers
more from poor maintenance than the
gravily system used in the Gezira Scheme.

1987-88—The 1P program was expanded
considerably both in the Gezira Scheme and
White Nile Corporation, involving 386
farmers in the former and 66 in the latter.
Again, the highest average yield (29 t/ha)
forall farmers participating in the PTP was
obtained in the South Group. As in the
sorghum P1Ps grown at Gezira, however,
vauation in yield among groups was high
(Table 1).

Chiefly because of problems with irrigation,
performance of the P'ITs at Kosti was
disappointing, compared to the results from

Table 1. Mean annual yields of the Production
Test Plots in the Gezira Scheme, Sudan.

Mean Yields (t/ha)
Farm Group  1987-88 83-89 89-90 90-91 91.92
South 2.9 38 38 27 NA
Center 2.8 36 34 25 35
Masalama 2.2 37 29 22 28
Wad Habouba 19 28 27 17 30
Wad Shair 23 - 32 26 35
North 23 - - - 38
Northwest 2.3 33 14 17 32
Makashfi 25 - - 24 34
E! Mansi 2.1 25 27 21 33
El Huda 22 33 32 20 32
Matouri 1.2 25 19 16 22
Matong 24 27 28 18 22
Gamousi 1.9 23 27 15 -
Tahameed - 30 16 14 33

HighestPlot Yield 43 62 57 NA NA
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1986-87. Although at least one plot reached
the previous year’s average of 1.6 t/ha, the
mean for all plots was only 1.0 t/ha, about
17% below the average of 1.2 t/ha for
traditional practice in the Gezira Scheme.

1988-89—During this scason, the wheat
PTPs were modified. Instead of working
with individual farmers in scattered plots of
1-2 ha, groups of tenants were organized (o
occupy adjacent plots to form blocks of 16-
25 ha. Among other advantages, this made
1t casier to add a land-preparation
component lo the improved technology
package and to train extension officers and
farmers. The total number of wheat I"[P’s
grown (351 in Gezira and 120 in Kosti)
remained roughly the same as in the
previous year.

The PP results were better than in the
previous two years. The highest average
yield (3.8 t/ha) was once again recorded in
the South Group, which also had the highest
individual plot yield of 6.2 t/ha. This time,
however, the variation among groups was
not so pronounced (Table 1). The lowest
average yield (for Gamousi) was 2.3 t/ha,
nearly twice that for traditional practice in
Gezira. The average PTP yield for the entire
scheme was 3.2 t/ha (sce Table 3).

Lven under the more difficult circumstances
at Kosti, things took a turn for the better.
The average yield for all plots was 2.4 t/ha
(see Table 3), with a high of 2.9 t/ha.

In spite of variation across locations and
over time, three years of experience in
testing improved technology through wheat
P1Ps demonstrated convincingly the point
we set out to make. Once the major
agronomic constraints have been
substantially reduced, irrigated wheat in
central Sudan can yield reasonably well,
regardless of the less favorable climatic
conditions. The apparent maximum

potential yield of around 5 t/hain the
Gezira Scheme is not too far below that in
Mexico’s Yaqui Valley (6-7 t/ ha). Of course,
decisions aboul the economics (and political
dimensions) of domestic wheat production
in Sudan must be based, not on maximum
yicld potential, but on typical experience in
the demonstration plots. From the evidence
gathered between 1986 and 1989, it seemed
reasonable to expect that average yiclds in
Gezira could be raised to just over 3 t/ha
and that similar results might be obtained in
the White Nile Corporation, assuming
considerable improvement in its pump
irrigation system.

Supporting domestic wheat production

On the strength of these findings (and in the
face of declining food aid, among other
difficultics}, the Sudanese government
launched anall-out effort in 1989 to raisc
domestic wheat production, particularly in
the Gezira Scheme. The aim was Lo eliminate
the wheat deficit by 1992. The main clements
of the government’s strategy were to expand
the arca planted to this crop, strongly
support the spread of improved technology
(developed by ARC and widely
demonstrated by the Global 2000 Project),
and slow the growth in demand through
import restrictions and rationing,.

1989-90—The Project supported this
initiative by expanding its program of
technology demonstration during the 1989-
90 scason (with the addition of the variety
Debeira to the recommended package). In
Gezira, for example, more than lwice as
many farmers took part as in 1988-89 (sce
Table 3), and we expanded to new locations
(Ll Duiem in the White Nile Corporation
and the Rahad Scheme, which lies east of the
Blue Nile). Altogether, the PTPs covered
more than 2,000 ha. As in previous years, the
active participation of extension agents was
critical to effective implementation of the
program.
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PTP performance in this season largely
confirmed the results from previous years.
As before, the highest average yield (3.9 t/
ha) in the Gezira Scheme was obtained in
the South Group, which also had the best
individual plot yield (Table 1).

In the Kosti area, where P1Ps were
distributed among six villages, the highest
average yicld was 4.4 t/ha. The same village
that recorded this figure also had the
highest yield (5.7 t/ha) for an individual
plot (Table 2). The lowest average yield was
2.3 t/ha. For El Duiem, the average yield
was 2.9 t/ha (see Table 3), but with marked
variation between performance in the two
villages where PTDs were grown (Table 2).
This resulted from very poor management
of irrigation and inadequate land
preparation at one of the sites.

Notsurprisingly, yiclds in the Rahad
Scheme, where wheat was being introd uced
for the first time, were less impressive but
still encouraging. The highest PP yield was
25/ha.

Delayed harvest at locations in all arcas
where PTPs were grown caused yield losses
from shattering estimated at about 10-15%.

Table 2. Ylelds of wheat PTPs In the White
Nile Corporation, 1989-90,

Highest Average
Farm Group (tha)
Kosti
El Zhour 45 24
Zienuba 4.0 26
Golee 35 23
Firdos 5.7 44
Hayapha 26 24
Guba 33 25
El Dueim
West Nile 4.6 36

East Nile 29 1.7

1990-91 and 1991-92—During the project’s
last two growing seasons, the PTP program
continued in the Gezira Scheme and at the
new locations mentioned above, though
with muct larger numbers of farmers at
Gezira (see Table 3). Average yields
declined somewhat in 1990-91 but showed
much improvement in the following scason
(Table 1).

In support of wheal production, the
government went to great lengths to
overcome the major constraints that account
for uneven crop performance and generally
lower yields than can reasonably be
expected. Through a combined effort by
public and private sector organizations,
seedbed preparation was much improved
this scason. Morcover, fertilizer deliveries
were sufficient and on time. Although
special efforts were made to clear irrigation
canals, many problems remain, chiefly
because maintenance is still insufficient and
farmers have only limited experience with
proper irrigation of wheat.

An emphasis on efficiency

Having come this far, the government
officials who are promoting domestic wheat
production now face a difficult challenge:
how to make up the rest of the wheat deficit
through domestic production without
taking excessive resources away from other
important commodities, particularly cotton.
The country badly needs the foreign
exchange it carns from this crop. And since
world prices are down and production costs
are up, new efforts are needed to help
farmers increase the efficiency of
production and thus maintain the
profitability of this enterprise. At the same
time, self-sufficiency in wheat has a
powerful appeal. Whereas local production
(e.g., in the Gezira Scheme) takes place only
a short distance from the milling facilities
concentrated in Khartoum, imported wheat
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must be brought more than 1,000 km from
Port Sudan, adding greatly to its cost.

The answer to this dilemma lies to a large
extent in more efficient use of the resources
available, especially water. Toward this end,
a major effort must be made to establish
better maintenance of irrigation and
drainage systems. Until that important
investment has been made, managers and
tenant farmers in the Gezira and other
schemes will find it difficult to satisfy the
irrigation requirements of export
commaoadilies as well as wheat and other
food crops.

With respect to wheat, it is essential that
further gains in self-sufficiency be made
largely through improved yields rather than

Table 3. Performance of wheat Production Test
Plots in Sudan.

No. of
Irrigation Area farmers Avg. yleld
zcheme (ha)  cooperating (tha)
1986-87
Gezira 41 19 2.9
Kosti 31 6 1.6
1987-88
Gezira 1,051 386 2.2
Kosti 105 66 1.0
1988-89
Gezira 975 351 3.2
Kosti 178 120 2.4
1989-90
Gezira 1,635 784 2.8
Kosti 267 144 25
El Duiem 61 29 29
Rahad 40 9 2.1
1890-91
Gezira 2,772 1,228 2.0
Kosti 42 20 2.2
El Duiem 63 29 20
Rahad 127 57 1.5
1991-92
Gezira 2,503 1,192 32

expansion of area. Assuming that the
efficiency of irrigation can be enhanced, it
should be possible to achieve that goal
through continued promotion of improved
wheat technology by the extension services.

In addition, researchers can do much to
improve current reccommendations by
tailoring agronomic practices more closely
to particular production environments and
by taking advantage of new germplasm.
During the past several years, ARC and
Global 2000 staff have conducted on-farm
tests of two new wheat lines—Veery ‘S’ and
S948-A-Sc7—the fatter released under the
name of Ll Nielen. During 1989-90, these
malcrials gave average yields of 3.4 and 3.3
t/ha, respectively, in farmers’ ficlds,
compared to 3.1and 3.2 t/ha for Debeira
and Condor. Apart from their yield
advanlage, the former have greater heat
tolerance and show better adaplation than
the varieties currently recommended. On
the basis of these findings, ARC and the
Global 2000 Project commenced seed
increase of the new lines, with a view to
providing the Gezira Seed Propagation
Administration and National Seed
Administration with enough foundation
seed for large-scale production.

The Project’s Impact

In Ghana, where a Global 2000 Project was
established at about the same time as that in
Sudan, the country’s Crops Rescarch
Institute has conducted independent,
nationwide studies on the adoption of
improved maize technology promoted by
Global 2000 staff and others. Although
studies of this sort have not taken place in
Sudan (with the exception of a limited
survey carried out by agricultural
cconomists duriryg the 1989-90 season in the
Gezira Scheme), there is quantitative
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evidence of the effects of the Global 2000
Project, particularly with respect to yields of
wheat. From this and other indications, it is
clear that the project fulfilled its objectives
and expectations. As explained below,
substantial impact was evident at the farm
level, within the extension services, in
research, and in national agricultural policy.

In farmers’ fields

Thousands of growers planted wheat PTPs
and achieved yields far exceeding the
average for the country’s entire irrigated
arca (Table 4). High wheat yields came as a
surprise to most people, primarily because
of the common belief that wheat cannot
thrive south of Khartoum. The promising
performance of the PIPs was the primary
reason that the Sudanese government acted
so vigorously and quickly to help more
farmers’ take advantage of the new
technology. Decision makers were also
motivated by the growing seriousness of the
wheat deficit, which represented a sizable
drain on public funds year after year.

Government support of domestic wheat

production accounts to a greal extent for
improvement in wheat yields under the

Table 4. Wheat statistics for Sudan, 1984-92,

government'’s crash production program
(Table 4).

The results of a survey of farmers
participating in the PTP program suggest
that for many of them this was more than
just a brush with successful wheat
production. One year after growing PT0s, a
sizable percentage of these farmers
continued to apply the improved
technology or at least some elements of it,
and they obtained an average wheat yield of
2.3 t/ha. “Graduates” from the program
were most likely to persist in the practices
over which they had the greatest control.
Thus, during the season after their
participation in the project, 82% of the
farmers surveyed used the recommended
practices for land preparation, compared to
90% in the scason when they grew the PTP
and 34% for all farmers in the Gezira
Scheme. A somewhat lower percentage of
the graduates (74%) continued applying
fertilizer before planting, compared to only
11% throughout the scheme. Clearly
farmers are willing to adopt new practices
that demonstrate a marked advantage and
much more must be done to place key
elements of improved technology within
their reach.

Area Prod. Avg. yleld Consumption Deficit
(000 ha) (000 t) (Vha) (000 ) (000 t)
19684-85 48 79 1.6 613 534
1985-86 151 199 1.3 685 486
1986-87 118 157 1.3 750 593
1987-88 144 181 1.3 780 599
1988-89 165 247 1.5 810 563
1989-90 258 408 1.6 848 439
1990-91 464 666 1.5 881 231
1991-92 382 831 22

Source: Data on production during 1984-91 are from FAO AGROSTAT/P’C computer files, 1992.The
figure on production in 199192 is an estimate givenin the June 1992 issue of FAO's Food Situation and
Outlook. The data on consumplion are from a food security study conducted in 1988.
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Despite continuced difficulties, the
government has achieved marked progress
toward its goal of wheat self-sufficiency. In
1990-91 alone, wheat area nationwide grew
by 70%, reaching 420,000 ha from a low of
48,000 ha in 1984-85 (Table 4). Some of the
expansion was accomplished by
introducing wheat in the Rahad and Suki
Pump Schemes on the Blue Nile.

As a result of the large expansion in wheat
arca, together with improvement in yields,
production reached an estimated 666,120t
in 1990-91, of which the Gezira Scheme was
expected to contribute 377,000 L or 36%.
Given that estimated consumption was
about 881,000 t, the country had achieved
roughly 75% self-sufficiency in wheat. In
1991-92, this proportion grew markedly, as
production is estimated to have taken
another sizable leap (Table 4). Preliminary
arca and yield figures show that wheat area
actually declined during 1991-92, suggesting
that the growth in production was due to
substantially higher yields (Table 4).

Extension and research

The Global 2000 Program succeeded
overwhelmingly in demonstrating the
potential of extension officers for serviny, s
agents of change in food production. It did
50 primarily by training and supporling
them in the use of an effective ool for
technology demonstration (i.e., the PTP
program). This experience in turn
underscored the importance of establishing
closer links between extension and research
to ensure that innovations emerging from
the agricultural sciences reach their
intended bencficiaries in the countryside.
Once extension officers had something
tangible to offer as well as the means of
delivering it, they were able to perform that
function quite well and, as a result, they
began to acquire greater credibility among
farmers.

Although staff of the Global 2000 Project
worked most closely with the extension
services, their activities also had many
salutary effects on agricultural research in
Sudan, and they reinforced these through
close cooperation with ARC.

Until the mid-1980s, research on foc. crops
was pretty much confined to investigations
at the country’s experiment stations, and the
results were more likely to wind up in the
library than in farmers’ fields. This is not to
say that researchers’ efforts to document
their work were misguided. The problem
was that the academic orientation of their
work had thwarted its ultimate aim of
increasing the efficiency of food production
and improving the lot of farmers and
consumers.

The PTP program did much to change this,
partly by example. In commenting on the
performance of Global 2000 staff, the
Director of Agriculture for the Gezira
Scheme remarked that “they go into the
fields and work side by side with our
farmers. This has been a great inspiration to
my staff, especially the younger ones.” A
further source of motivation for researchers
was the experience of seeing their improved
varieties and practices performing well in
the PTPs and generating interest among
farmers. In addition to obtaining valuable
feedback from the demonstrations, which
helped them make important refinements in
the recommended technology, ARC staff
gained greater confidence among Sudan’s
agricultural decision makers. We hope that
this will eventually translate into stronger
financial support for rescarch.

To reinforce the farmer orientation
promoted by the PTP program, Global 2000
staff engaged in two types of cooperalive
activities with ARC and other agencies. One
was to conduct on-farm trials for testing the
performance of experimental germplasm
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and improved crop management practices.
Assuming that this activity becomes a
regular feature of ARC’s program, it should
further strengthen the links belween
research and extension and raise the
likelihood that the technology being
transferred now will soon be followed by
even better varieties and other useful
innovations.

The second activity was to support seed
production. For any country to engage in
germplasm development without also
providing a refiable source of improved
seed is a tacit admission that it lacks
confidence in this research. In Sudan, once
the PIP program had demonstrated the
potential value of the wheat variety Debeira,
seed production became a matter of extreme
urgency and began to receive something
approaching the priority it deserves,

National agricultural policy

As mentioned above, high vields in the
wheat I'TPs created quite a stir within
Sudan’s agricultural establishment, leading
in October 1988 to the creation of the
Technical Committee for Wheat Self-
Sufficiency and the implementation, starting
in 1989, of a four-year plan for achieving
this objective. By 1992 the country had
practically eliminated the wheat deficit
(Table 4).
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Abstract

Wheat is grown in Suduan under irvigation during the dry and comparatively cool and short

growing season, which extends for 100 days from November to ['ebruary. The crop suffers from

a number of ubtotic and biotic stresses, which include heat stress, low sol fertility,

waterlogging, and aphid infestation. National averaye wheat yields are low and constitute 40%

of potential yields attamed in research plots, demonstration farms, and by leading furmers. The

low yrelds are marnly assocrated with low crop stand, late soiny, tnadegueate fertilizer use, poor

water management, and delayed harvests. Wheat research programs have been progressively

developed to seek solutions to production problems, and 1o venfy research fondings in furmers’

frelds, Useful paformation pertorent to sounny date, crop estublishment, seed rate, fertilizer

requirements, irrigation needs and weed management were obtaned. Up to 1988, Sudan

tmported 75% of its annal local necds estimated at 0.8 to 1.0 mallion tons. Since then, the

Government has launched an wmbitous pro weram to reach self-sufficiency m four years through

ared expunsion, application of improved production technologies, and adoption of free-market

policies. As a result, total wheat production Srom 1988 to 1992 hus increased by 350% from

234,000 to 839,000 tons, which was constdered adequate to satisfy current domestic demund.

Introduction

Wheat cultivation in Sudan traces back to an
era B.C,, but until the 1940s production was
confined to the Northern State (17-22° N)
whose inhabitants are traditional wheat
consumers. The scarcity of land and high
cost of production in the Northern State,
coupled with the increasing demand for
wheat consumption, fed to the expansion
of wheat growing arca southward, to
warmer southern regions, and to the
irrigated schemes in central and eastern
Sudan (13-15° N).

Until 1988, Sudan imported 75%. of its
annual local needs estimated at 08 to 1.0
million tons. This exerted a heavy burden
on the country’s meager foreign exchange
resources. kncouraged by the promising

results of recent on-farm rescarch and pilot
demonstration plots, the government of
Sudan launched an ambitious program of
food security that aimed at altaining self-
sufficiency in wheat by 1992, The program
was successfully implemented by
expanding wheat arca and the application
of improved production technologies.
Consequently, wheat production from 1988
to 1992 has increased by 350%, from 234,000
10 839,000 tons (Table 1). Coupled with the
abolition of bread subsidies, local demand
has probably been currently satisfied.

Wheat Yield-limiting Factors

Wheat productivity in Sudan is affected by a
number of environmenlal stresses, the most
important of which are discussed in the
following sections.
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Temperature

Wheat in Sudan is grown under irrigation
during the dry and comparatively cool
winter scason, which extends from
November 1o February (Table 2). The
growing scason is short (90-100 days). In
addition, the potential yield of the present
commercial cultivars is limited by high
temperatures at any stage of crop
development.

Soils

The soil of the irrigated schemes of central
and castern Sudan is relatively uniform,
fairly levelled, calcareous heavy cracking
vertizol. Drainage s impeded by 1l
extremely low hydraulic conductivity (13
cm/hr). As a result, waterlogging is
frequentin poorly managed soils. | s leads
to crop patchiness and low grain vield. The
soilis alkaline (pH 8.3), dehaent in nitrogren
(300 ppm), available phosphorus (4-6 ppm),
and probably some micronutricents (e,
zinc), but has adequate potassium.

Aphids are the major insect pest that infest
wheat; when not controlled they can cause
up to a 30% decrease in grain yield. Rats
appear sporadically and in years of
outbreaks can cause heavy crop losses.

Weeds

On average, weeds have no economic
importance in wheat production. However,
during recent years, intensification and
diversification of cropping systems, drought
conditions, and the attendant increase in
animal movement and the use of herbicides
in cotton that precedes wheat in the rotation
have created profound changes in the weed
florain therrgated schemes. Perennial
weeds are on the increase and other annual
weeds are becoming important.

Table 2. Mean monthly temperatures (°C) at
Wad Medani (1987-88 to 1951-92),

Season Oct. Nov. Dec. Jan. Feb. Mar.
Pests and diseases 1987-88 305 288 251 241 252 297
Wheat in Sudan is subjected to few biotic 1988-89 302 286 262 21.0 222 272
stresses that can be cconomically managed. 1389-90 307 284 233 243 231 304
Currently, wheat is free from discases in 1950-91 309 299 283 229 257 279
central and northern Sudan, but in castern 1991-92 294 276 229 242 211 282
Sudan where relative humidity is higher, Long-term averge
the susceptible Jocal varieties suffer from (1965-1985) 302 272 246 237 256 28.7
leaf rust and stem rust,
Table 1. Sudan wheat area and total production (1 988-92),

Area (000 ha) Production (000 t)

Location 88-8¢  89-50 90-91 91-92 88-89 89-90 90-91 91-92
Gezira 115 165 258 224 154 257 377 538
Rahad 0 4 26 28 0 6 47 64
New Halfa 23 32 35 27 27 47 52 45
N. State 20 31 62 45 37 67 95 108
Blue Nile 0 3 14 7 0 2 30 12
White Nile 19 26 61 43 16 25 64 65
Others 3 6 - 2 7
Total 177 258 459 380 234 404 667 839
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Agronomic factors

Average national wheat yields are low (1.4-
2.0 t/ha) and considerably below (60%
lower) the levels attained in research fields,
demonstration plots, and by leading
farmers. The low yields are mainly
associated with low crop stand, late sowing,
inadequate fertilizer use, noisture stress,
and delayed harvest (Fakki and Fattah 1986,
Fakki et al. 1991).

Wheat research programs have been
progressively developed over the last four
decades to: 1) seek solutions (o production
problems, 2) verify research findings in
farmers’ fields, 3) demonstrate improved
production factors and packages on a large
scale, and 4) study their practicability,
economic feasibility, and acceptability to
farmers.

Improved Wheat Production
Technologies

Crop establishment

Poor crop establishment of wheat is a major
cause of low yields on the heavy clay soils,
which constitute 90% of the total cropped
area. The problem is mainly related to ane
or more of the following factors: 1)
inadequate land preparation including ficld
levelling, 2) excessive water application al
the planting time, and 3) improper seed
placement.

Field experiments were carried out in the
major wheat producing areas to tost the
effects of tillage system, presowing
irrigation, machine planting, and methods
of irrigation on crop establishment and
grain yield of wheat. Land preparation by
an off-set disc harrow was found to be the
most optimum with repard to yield, cost,
and time required to prepare the land
(Salih et al. 1990).

Compared to broadcasting, a seed drill with
tine furrow opener when properly used to
place the seed at 5 cm depth improves crop
establishment and increases grain yield by
up to 28% (Mohamed 1991).

Application of presowing irrigation scals the
suil cracks, improves secdbed preparation,
helps towards more efficient future
walering, improves crop stand, and
increases wheat yields by 9 to 28% (Ageeb
1992). Furrow irrigation between 40- or 60-
cm ridges as compared to basin irrigation
reduces crust formation and waterlogging
hazards (Babiker and Mohamed 1992).

The present system of watering small
individual units requires a lot of labor for
laying out these many basins. Strip irrigation
as compared to the conventional basin
irrigation reduces irrigation time by 30%,
improves plant stand, reduces costs,
facilitates combine harvesting, and results in
comparable or better grain yield (Salih 1992).

Harrow-packing after seeding was
introduced as a measure to increase seed-soil
contact and hence improve crop
establishment. The results oblained so far
indicate that it reduces the time for the first
irrigation, but it had little positive effect on
grain yield (Dawelbeit 1992).

Sowing date

Under the climatic conditions of Sudan,
characterized by high temperatures during
the short growing seacay, a betler definition
of time of planting for wheat, will probably
have a big cffect on grain yield. Earlier
studies in Sudan showed that sowing date
was the most important factor affecting yield
(Heipko 1966, Khalifa 1970, Ahmed 1977,
Akasha 1978). According to carly research
recommendations, wheat sowing should
lake place from mid-October to mid-
November. Field data (Fakki and Fattah
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1986) and recent research (Ageeb 1988) have
revealed that later planting was associated
with high yields of the varieties currently
grown. The sowing date recommendation
has accordingly been changed to be through
November, preferably between 12-26
November (Table 3), so that the critical
reproduclive phase coincides with the
coldest part of the season (Ishag and Ageeb
1991).

Seed rate

Many studics showed that, on average,
wide variation in seed rates has no
significant effect on grain yield of wheat
(Ageeb 1976, Akasha 1978, Ali 1979-82)
because of the compensatory effects of yield
components (Table 4). The recommended

Table 3. Effects of sowing dates on grain yleld
(Vha) for three cultivars (means of three
scasons 1986-87 {o 1988-89).

Sowing date
15 29 12 26 10

Cultivar Oct. Oct. Nov. Nov. Doc.

Condor 2.3 3.4 41 4.2 3.8

Debeira 26 36 39 38 35

Wadi El Neil 30 36 40 4.0 33
SE.+ 010

sced rate is 119 kg/ha, but farmers being
aware of the shortcomings in land
preparation use 143 kg/ ha.

Fertilizer requirements

The responses of wheat to the application of
chemical fertilizers have been extensively
studied in Sudan.

Nitrogen, rate, source, and method of
application—Wheat yields were found to be
tremendously increased (80% more than
control) by application of nitrogen fertilizer
(Ageeband Lazim 1974). Grain yields were
unaffected by cither source of nitrogen or by
method of application while the addition of
fertilizer in the carly phases of crop growth
{(sowing or tillering) pave the greatest
response (Khalifa 1973). Early nitrogen
application effectively increased leaf area
duration (I.AD) after car emergence, which
is reflected in higher grain yield. The
bencfits from nitrogen were greater with
carly sowing of wheat (November) because
of higher nitrogen-upiake during early
vegetative growth as a consequence of
which nitrogen was readily available to the
plants (Khalifa et al 1977). With late sowing
(Dec)), nitrogen uptake was much lower
during carly vegetative growth and this
resulted in decreased leaf expansion and
therefore in diminished response in grain

Table 4. Effect of seed rate (mean of two varietles) on graln yleld and yleld components of wheat.

Seed rate (kg/ha)
1.9 47.6 95.2 142.8 190.4 S.E.

Grain yield(tha) 27 28 30 27 27 +0.15
No.of spikes/m? 267 309 390 375 420 +10
No.of spikelets/spike 21 20 19 18 18 +05
No.of seeds/spikelet 2.1 1.7 1.7 1.6 1.5 +0.05
1000 grain wt.(g) 35 35 35 35 35 +04
Tiller contribution

1o yield (%)? 92 69 39 31 30 +20

&  Contribution of tiller to yield compared to that of main stem.
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yield to nitrogen application (Table 5). Best
returns from higher rates of nitrogen
application were obtained from wheat crops
sown at the optimum date. The cultivar
Mexicali sown before the end of November
could economically respond 1o 86 kg N/ha,
while a December-sown crop responded to
no more than 43 kg N/ha (Akasha 1978).

Phosphorus—The response of wheat to
phosphorus application was found to vary
with cultivar, method of application,
nitrogen addition, and soif moisture (Said
1975, Akasha 1978, Apceb 1986) Mexical
showed a positive response to phosphorus
up to 64 kg PO/ ha, while Giza 155 did not
respond atall due to heavy lodging. There
was a general lack of response to P inthe
abscence of applied nitrogen. Said (1975)
found that I apphcation sigmificantly
increased N ouptake at cach stage of wheat
growth. Generally, P uptake by wheat plants
follows a similar pattern to that of nitrogen,
butits rate of uptake was slower carly in the

wheat to the application of fertilizer
phosphorus (25 to 70% increase in yicld). As
a consequence, it was recommended to
apply 43 kg I’,0,/ha in addition to a basal
dressing of 86 kg N/ha in all wheat
producing areas in Central Sudan (Ageeb
and Abdalla 1988, Babiker 1989, Omer 1992).

Micronutrients—I leavy clay vertisols of
central Sudan have low organic matter and
high ptHL. Under such conditions,
deficiencies of some micronutrients (7n,
Mn, Fe, ete) are likely to occur. A number
of multilocation on-station and on-farm
trials were carried outin the 199192
prowing scason to find the response of
wheat to the application of different
commwrcial brands of foliar micronutrient

Table 6. Response of wheat to NP fertilizers in
major production.

Average grain yleld (tha)

season and faster later on Papplied with the  gate of NP White Blue
seed gave better results than when it was fertilizers (kg/ha) Gezra Nile Nilo Rahad
broadcasted (Akasha 1978).
43kgN 303 195 168 205
The rectlie . ) Alsinthe B6kaN 305 235 193 252
I hL. ruuilt? fmm(;xq nl'on Ifa»my; l{llull:’m the 3kgN+43kgP,0, 364 275 234 309
major wheat producing arcas (Table 6) B6kgN + 43kgP,0, 383 322 329 3.79
clearly demonstrated the high response of
Table 5. Effect of sowing date and nitrogen on grain yield, LAD after ear emergence, and yleld
components of wheat.
Grain yield LAD No. of Grains 1000
(Vha) (weeks) spikes/ m? per spike grain wt (g)
Sowing date ON? Nt ON N ON N ON N ON N
3 Nov. 1973 2.2 33 42 8.0 302 351 26 32 35 35
15 Dec. 1973 16 19 31 54 333 349 24 28 2% 28
S.E.: Sowing(S) 0.05 023 15 0.9 04
Nitrogen (N) 0.05 0.23 15 0.9 04
SxN 0.08 0.33 222 1.3 0.5

2 ON = No nitrogen.
b N =129 kg N/ha.
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fertilizers. The wheat response was highest
under the controlled conditions at the
station level (up to 37%) and lowest in
farmers fields (6-21%). The increase in yield
was thought to be mainly due to the
observation that wheat leaves stayed green
for longer periods in the sprayed ficlds
1Ageeb 1992).

Water requirements

Estimates of daily water consumption for
wheat varied over i wide range, from 3.5 to
8 mm within and between seasons, The
causes of much of this variability can be
related to the prevailing weather, the stage
of crop development, and level of vegetative
vigor (Farbrother 197.4). Maximum soil
moisture changes under wheat oceur in the
top 40 cm. Peak demand for water occurs
during stem elongation, heading, and grain
formation (mid-December to the end of
January). Crop factor (Et/Eo) reaches a
peak of 1.2 during heading and flowering
time. When irrigated at 14-day intervals, it
used 500 mm of water per season (Fadl
1974). In the Northern State, wheat was
found to require about 640 mm of water to
produce 4 t/ha of grain (Ahmed 1992).

The research recommendation is that
irrigation should be applied every 14 days
during the vegetative phase and every 10
days during the reproductive phase in
which case about eight irrigations are
needed.

Weed control

Previous research findings on the influence
of weeds on wheat yield showed that yield
losses were small. The practice was to
control weeds prior to crop sowing by pre-
walering or by heavy discing after heavy
rains (Babiker 1979). However, in recent
years, rainfall has been unpredictable and
pre-irrigation is now rarely practiced. In
most situations, wheat comes after cotton
where herbicides are used, although the

intensification and diversification of
cropping have brought important changes
in the weed flora. The perennial weeds such
as Cynodon ductylon are increasing. In
addition, other weeds such as wild sorghum
are gaining importance in wheat (Babiker
1989).

Wild sorghum at population densities of 3
to 10 plants per meter of row can reduce
wheal yields by 18 to 35%. The herbicide
Puma, applied at 0.071 kg a i /ha two to
four weeks after planting by ground or
acrial spraying, has provided excellent and
lasting control of wild sorghum (Babiker
1991).

A number of post- and pre-emergence
herbicides are being identified for broadleaf
and grass weeds in wheat (Apecb 1992).

Transfer of Improved
Wheat production technology
to Farmers’ Fields

For years, agricultural research in Sudan
was dominated by on-station rescarch
translated into recommendations to enhance
farm production under varied situations.
This approach, although it produced
tangible results in many instances, fell short
of appreciating the real problems and
constraints facing farming communities.

I'he trend to on-farm research with farmer
participation therefore emerged and
continued 10 evolve and mature, taking full
consideration of production constraints and
farmers” decision-making criteria and risk
awareness.

The adoption of on-farm research in wheat
involving a tripartite relationship between
researcher, extension officer, and farmer
was and still is greatly promoted by the
technical interface with CIMMYT and
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ICARDA in the successful Nile Valley
Regional Program on cool-season cereals
and food legumes. The Sudan component of
the program is generously financed by the
Royal Netherlands Government. The overall
impact of the program is extremely positive.
The multidisciplinary approach and
integration of research effort with the
extension message is a big achievement.
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Wheat Production in the Gezira Scheme
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Abstract

In the early 1960s, wheat assumed its role as a vital and strategic commoility in Sudan due to
increased consumption demand resulting from increasing population, url anization, low prices
of imported wheat, and changing food habits. This necessitated an expansion of the crop to
warmer regions of the country. The Gezira Scheme was well suited to embrace the crop and, in

fact, became the mujor contributor to wheat production. Wheat urea and yield reached all time
highs of about 257,000 ha during 1990-91 and about 2.24 t/ha during 1991-92. Development
and adoption of u technical package recommended by the Agricultural Research Corporation for

use by farmers in the Gezira Scheme are discussed. Leonomic evaluation, costs, and returns and

constraints to increased wheat productivity in the Gezira Scheme are reviewed.

Introduction

For decades, wheat has been grown and
consumed in northern Sudan (Lat. 16-22°N).
In the early 1960s, the crop assumed its role
as a vital and strategic commodily in the
country due to increased consumption
demand resulting from increasing
population, urbanization, low prices of
impoited wheat, and changing food habits.
This necessitated an expansion of the crop to
warmer regions of the country. The Gezira
Scheme was well suited to embrace the crop
and, in fact, became the major contributor to
wheat production in Sudan. In the Gezira, in
the carly 1960s, the crop started with
relatively small arcas that increased
gradually to reach more than 210,000 ha in
the mid-1970s. In the following years, the
crop experienced a gradual decline due to
poor planning, unavailability of inputs,
inadequate pricing policies, and dependence
on foed grants and foreign aid from part of
the Government besides other problems
such as inadequate seud bed preparation,
poor seed and fertilizer distribution,
irregular irrigation schedules, and delayed
harvest. All of these factors led to poor
yields and area red uction.

In the last few years the Government has
focused on agriculture, particularly food
crops. This resulted in more efficient
maintenance of the irrigation system,
machinery for land preparation, readily
available inputs in addition to the
development of a technical package. These
factors resulted in reversing the trend and
increasing wheat arca and yield to reach an
alt time high of about 257,000 ha during
1990-91 and about 2.24 t/ha during 1991-92.
We cannol talk about the development of
wheat production in the Gezira without
mentioning the vital roles played by
CIMMYT, ICARDA, Global 2000, the
Department of Extension, and the pilot farms
of the Gezira Board. In the Jast decade, all
contributed greatly to testing and verifying
the technical package and to convincing
tenant farmers to adopt the package through
demonstration plots and pilot farms.

The area under wheat in 1991-92 was about
223,000 ha. In July, well ahead of the wheat
season, a committee was formed to draft a
plan to try to implement the full technical
package for wheat recommended by the
Agricultural Research Corporation wherever
possible.
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The Technical Package

The technical package calls for a preliminary
ridging of land in September to get rid of
weeds that germinate after rains before they
produce seed followed by disc harrowing.
One dose of triple phosphate (43 kg P,0,) is
applied before harrowing so as to be
incorporated into the soil or applied by the
seed drill and 86 kg/ha of nitrogen is
applied at sowing. Sowing should be done
by seed drill in rows 20 cm apart or a wide
level disc with spouts and hoses to insure
goad seed coverage and distribution. The
recommended sced rate is 140 kg /ha of
good and clean sced. November is the
recommended sowing time. The holdings of
approximately 2 ha should be divided into
42 basins and irrigation apptied every two
weeks with a total sum of eight irrigations.

Adoption of the Technical
Package, 1991-92

Data on adoption of the technical package
are available through the statistics of the
Sudan Gezira Board (SGB). In addition, a
socioeconomic survey of farmers was
carried out utilizing a stratified, multi-stage
random sampling method. Sample size was
1026 tenancies (9% of the total growing
area), situated in 57 blocks from all
administrative groups. The survey collected
detailed information on crop production,
arcas, labor, irrigation, sowing and
harvesting dates, and technology use.

Land preparation

Anarea of 88,000 ha was prepared using the
disc harrow. The remaining 135,000 ha were
prepared by the traditional method of
ridging, spht ridging, and levelling.

Results from the survey showed that the
average yield of farmers using the disc
harrow was not significantly different from
that of traditionally prepared land (2.26 vs.

2.21t/ha). Although this suggests that the
use of the disc harrow may not be an
essential part of the package, disc harrowing
in weed-infested or heavy soil areas resulted
in dramatic yield increases.

Varieties

The variety Debeira was sown on 94% of the
area while the remainder was sown to
Condor. Debeira (2.39 t/ha) had a small
yield advantage over Condor (2.21t/ha).

Fertilizer application

The pilot scheme of wheat and the
demonstration plots of the Exlension
Department, comprising some 47,000 ha,
received fertilizers as recommended by the
technical package. The rest of the arca
(177,000 ha) received only 65 kiz N/ha (vs 86
kg N/ha) and the recommended phosphorus
due to a shortage of urca. The survey
indicated no significant difference between
the two N rates.

Method and date of seeding

Seed drills were only used on 47,000 ha due
to the shortage of drills, the remainder being
sown using the wide level discs equipped
with spouts and hoses. Approximately 1% of
the area was sown by hand-broadcasting,
There was no significant difference in the
yields of the two mechanized methods.

Sowing started at the beginning of
November and ended by mid-December.
Data showed that areas sown in the first two
weeks of November significantly outyielded
the arcas sown in the latter part of December
(Table 1).

Irrigation

Farmers irrigated between five and eight
times. About 87% of the total area received
six irrigations and 61 and 40% of the arca
received seven and eight waterings,
respectively. Irrigation frequency had a
significant effect on yields (Table 2).
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Cost of production

The average cost of production for a hectare
of wheat in the Gezira Scheme in the 1991-92
season was about 11,935 Sudanese pounds
(Ls), an increase of 137% compared to the
previous scason. This was due to the higher
costs of land preparation, harvest and prices
of inputs, which came as a direct outcome of
the recent policies adopted by the
Governmenl towards a free market
economy.

The increase in the cost of production per
unit arca did not greatly affect the tenant
farmers because of subslantial yield
increases. The 1991-92 crop outyiclded the
previous one by 112%. Net return per
hectare in 1991-92 was 1.s 7530, 267% higher
than 1990-91, due partly to the yield
increase, but also the 46% increase in the
prices paid to farmers.

Crop financing

Financing was previously obtained from a
Consortium of Commercial Banks (CBC)
and was covered by 1.19 ( for cach hectare
with a predetermined price (Ls 6100/t),
whicii was determined between the Trade
Union of Tenant Farmers, SGB, and the CBC
on the basis of the cost of production, which
was estimated at Ls 11,935/ ha. In this
system, the CBC received its cost of finance
in kind. If the wheat prices were higher than
the predetermined price, CBC would

Table 1. The effect of sowing date on farmers’
ylelds. Data from a survey of 1026 tenancles,
Sudan Gezira Board, 1992,

compensate farmers. More recently, farmers
have established their own bank.

Constraints to Increased Wheat
Productivity in the Gezira Scheme

Irrigaticn system

The irrigation system network, which has a
cerlain maximum capacity that cannot be
exceeded, is designed in such a way to
irrigate only 50% of the gross area of the
scheme alany one time. Despite efforts by
the Ministry of Irrigation, the irrigation
system is getting old and the water control is
not very good as a result of missing gauges
and waler control structures. In the case of
summer crops, there are no restrictions in
the amount of water diverted from Sennar
Dam because their establishment coincides
with the annual floods. In the case of wheat
(which is a winter crop), the water diverted
is drawn from the stored water in the dam
basin for which there is competition between
irrigation of wheat and geaeration of
essential electric power.

Other constraints

Other constraints include:

* Lack of sufficient machinery lo prepare
the seed beds at the right time according
to the package.

*+ Lack of enough sowing implements to
sow the area at the optimum time.

* Harvest losses due to late harvest or
improperly adjusted machines.

Table 2. The effect of irrigation frequency on
farmers’ ylelds. Data from a survey of 1026
tenancies, Sudan Gezlra Board.

Sowing Date Average yield (t/ha) No. of irrigations Yleld (t/ha)
First half November 2.53 5 1.67
Second half November 2.43 6 2.10
First half December 2.31 7 242
Second half December 2.29 8 2.93
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Abstract

The domestic resource cost (DRC) methodology was used to evaluate the comparative advantuge
of existing and potentinl wheat technologies versus alternative crops (cotton) in Sudan’s Gezira
Irrigation Scheme. Results of the DRC analysis indicated that cotton dominates all wheat
technologies including the full package of improved practices at 1992 trend and actual prices.
Sensitivity analysis showed that for full package wheat to become the most efficient alternative
i Gezira, the world wheat price must be 11% higher than 1992 trend levels. However, as
wheat prices are currently below their long-run average, and since average yield levels in
Gezira are much lower than potential yields under the full package of technology, at present it
may not be economically efficient to expand wheat production in Gezira at the expense of cotton.
Before more lund is removed from cotton and sown to wheat, priority should be given to
promoting faster adoption of efficient production methods to close the gap between potential and
current farmers” wheat yields in Gezira. Input procurement and delivery systems should be
liberalized for more efficient and timely utilization of inputs. On-farm testing of the new
technology in Gezira should continue to refine research recommendations to suit the particular
needs of the different locations and target farmer groups in Gezira. It is also important for
Sudan to devote more resources to improving the quality and marketing of its cotton crop, given
the high potential guin in cotton export prices from higher quality lint.

Introduction t (000)
1000
Juring the 1980s, Sudan was able to 800 - Consumption

maintain low consumer prices for wheat
through food aid, overvalued currency, and 600 -
direct subsidies. This, coupled with rapid

urbanization, has led to a tremendous 400 -

growth in wheat consumption in Sudan 200 -

(Damous 1986, Hassan et al. 1991). Domestic production
Domestic wheat production, on the other 0 7 rrrrrrrrrrre

7 73 75 77 79 81 83 85 87 83 9f

hand, declined over the same period y
ear

resulting in a huge gap between local
supply and consumption of wheat Figure 1. Total wheat production and
(Figure 1). Wheat imports have therefore consumption in Sudan, 1971-92,
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increased substantially. The country’s
serious shortages in foreign exchange, large
budgetary deficits, and reduced availability
of food aid have made it difficult for Sudan
to sustain the growing wheat deficil. The
government has therefore decided to
promote domestic wheat production in
order to close the wheat gap. A crash
program was launched in 1989 to achieve
self-sufficiency in wheat by 1992. In
addition to expanding wheat area, the
government strategy aims at exploiting the
potential productivity gains from improved
wheat production technologies developed
by the Agricultural Rescarch Corporation
(ARCQ) and independently tested in farmers’
ficlds over the last five years by ARC and
Sasakawa-Global 2000 (SG 2000). As a result
of these efforts, larger arcas were sown to
wheat and higher yields were realized,
leading to increased wheat self-sufficiency
over the last three years (Figure 1).
Quantitative restrictions and rationing of
consumption also improved self-sufficiency
by slowing growth in demand. The
government has also removed the high
subsidy on bread prices gradually over the
past year leading to reduced consumption.

While these measures lead to reduced
reliance on wheat imports and enhanced
food securily, the economic viability of
Sudan’s wheat import-substitution strategy
need 1o be evaluated carefully. First,
expanding local wheat production increases
compelition for land, waler, and other
agricultural resources between wheat and
alternative enterprises, such as cotton, that
are important foreign exchange carners.
Second, the improved production practices
promoted by ARC require the increased use
of imported modern inputs. Therefore, the
foreign exchange resources saved from
substituting local for imported wheat must
be compared to the opportunity cost of the
domestic and foreign resources required to

support local wheat production. The present
study evaluates Sudan’s decision to
promote production of local wheat in terms
of economic efficiency, especially with
regard to whether wheat represents the best
option for using the country’s irrigated land
resources. This analysis is part of a wider
effort by CIMMYT to define conditions
under which wheat can be grown efficiently
in the tropics, where environmental
conditions for growing wheal are
sometimes difficult and wheat consumption
and deficits have grown steadily (Byerlee
1985). The contribution to net social gains
and the economic efficiency of wheat and
compelitive crops in the Gezira Scheme,
which produces more than 60% of Sudan’s
wheat, are determined under various policy
and technological scenarios.

Traditional and Improved Wheat
Production Practices in Gezira

Wheat in Gezira is grown in a four-course
rotation, preceded by cotton and followed
by a combination of groundnuts and
sorghum and then fallow. Each farmer in
the scheme is allotted a tenancy of 8.4 ha.
There is no double cropping in the scheme.
Every year the 8.4 ha tenancy is divided into
four plots of 2.1 ha cach. Land allocation to
wheat and cotton is decided by the Scheme
administration. Farmers are required to
devote one plot to cotton, another to wheat,
and to leave the third plot fallow. The
remaining land (the fourth plot) is allocated
between sorghum and groundnuts. The four
phases of the rotation, however, are
completed over four years as the different
crops or fallow replace one another on each
plot according to the sequence.

Since wheat is a new crop, farmers often use
inappropriate production practices and
apply low levels of fertilizer and irrigation
water. Average yields in Gezira have
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accordingly stayed at a very low level of
1.28 t/ha over the past 20 years.
Conventional wheat production practices in
Gezira consist of poor land preparation with
only two ridging operations and hand
broadcasting of seed at an average rate of
120 kg /ha, leading to irregular spacing and
low plant density. Disc harrowing, levelling
and mechanical sowing were not used. The
average amount of nitrogen fertilizer
applied to wheat in Gezira during 1978-1988
was only 24 kg/ha and no phosphorus was
used (SGB 1989). Farmers also broudzasi ko
fertilizer manually, often very late. Very few
farmers applied more than five irrigations
on wheat over a growing scason that
extends to more than four months. Gezira
wheat received an average of five irrigations
during the 1990 scason (SGB 1990).

A new package of improved wheat
production practices has been extensively
tested under farmers’ conditions in Gezira
over the past five years. On-farm testing of
the new technology was conducted as part
of the ARC/International Center for
Agricultural Rescarch in the Dry Arecas
(ICARDA) pilot project for verification and
adoplion of improved wheat technologies in
Sudan. The project started in 1985 with
funding from the Organization of
Petroleum Exporting Countries (OPEC) and
the Government of the Netherlands and
technical backing from ICARDA and
CIMMYT (ARC/ICARDA 1988, 1989, 1990).
Results of on-farm research indicate the
high potential gain in wheat yield from
good scedbed preparation, optimal sowing
by machine, and timely application of
adequate amounts of fertilizer and water.
These practices were found critical for crop
establishment, plant growth, and optimum
population. The following package is thus
promoted by the ARC for Gezira wheat
farmers:

* Replacing the long-season variety Giza
155 by the relatively short-maturing and
semidwar(l wheat cultivars Condor and
Debeira,

* Disc harrowing and levelling for a better
scedbed.

* Mechanical planting in 20 cm rows, at a
seeding rate of 144 kg/ha for optimum
population, uniform plant growth, and
root development.

* Planting between 12-2¢ November. This
period was recommended for optimal
sowing so that the coolest part of the
growing scason (December and January)
coincide with the reproductive stages
(flowering and grain filling), which are
most sensitive to high temperatures.

* Mechanical application of 86 kg N/ha
immediately before planting, and 43 kg
P’/ha at seeding.

* Irrigating seven to eight times at 14 day-
intervals.

Over the past five years, versions of this
package have been tested independently on
farmers’ fields in Gezira by ARC, SG 2000,
and the SGB. The full package described
above was applied on the ARC
demonstration plots. SG 2000 tested various
combinations of the package components on
farmers’ fields with variations in the
number of harrowings and irrigations, and
mechanical planting and fertilizer
application versus broadcasting. The new
wheat package was also tested on the World
Bank-funded Gezira Pilot Farm, without
phosphorus and with less than seven
irrigations on average,

Adoption patterns and causes of variation
While Gezira has seen substantial
expansions in wheat area (136%) over the
past five years, growth in wheal yields has
been disappointing. The average yield
achicved Ly wheat farmers over the last five
seasons (excluding the nontypical 1991-92
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season, when winler temperatures were
abnormally low) was 1.36 t/ha, which is
only 6% higher than the long-term average
of 1.28 t/ha (Hassan etal. 1993). This gain
in wheat yicld is considered very low
compared to the rapid growth in wheat arca
over the same period. This shows that wide
gaps between the high potential for wheat
production in Gevira revealed by the ARC
and 5G2000, and current yield levels in the
scheme remain unexploited.

Several studies have argued that one major
reason for the low yield of wheat and the
wide gap between polential and farmers’
yiclds is the slow adoption of the
recommended package of improved
practices (Hassanand Ageeb 1992, Faki
1991). These studies suggested that because
of problems associated with availability of
inputs, particularly fertilizer and irrigation
water, many farmers could not use the full
package of technologies. Table 1 gives
several examples of the partial adoplion of

Table 1. Farmer adoption of components of the Improved wheat production technology in Gezra
(1989-1990). Percentags figures show rate of adoption,

ARC full Scheme
Technology component package average SG 2000 Ex-SG 2000
A. Improved variety
Condor (%) 100 58 56 100
Debeira (%) 0.0 40 33 0.0
Giza 155 (%) 0.0 2 1 0.0
B. Mechanical
Disc harrow (%) 100 40 90 62
Levelling (%) 100 3 100 100
Mechanical planting (%) 100 44 79 54
Mechanical application
of fertilizer (%) 100 8 62 5
C. Chemical
Full nitrogen (%) 100 22 98 92
Average level used
{kgma) 86 59 82 76
Recommended phosphorus (%) 100 18 124 72
Average use (kg/ha) 43 8 26 34
Optimal application date (%) 100 11 78 A
D. Other
Optimal sowing (%) 100 97 9% 100
Optimal date for
first watering (%) 100 80 90 86
Optimal number of
of irrigations (%) 100 16 80 74
Average number
irrigations applied 7.4 5 6.2 6.4
Average yield (tha) 37 1.4 2.8 23
Number of farmers 18 80,000 111 11

Source: Ageeb et al. (199)), Sudan Gezira Board, Annual Reports {Various issues), Survey data (1989-90),
SG 2000, Annual Reports (1989 and 1990), and Faki (1991).
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improved wheat technologies in Gezira. The
adoption of timely and adequate
applications of fertilizer and water inputs
has been the lowest compared to adoption
of the mechanical components (except for
mechanical application of fertilizer) and
recommended varicties (Debeira and
Condor). This is primarily due to
differences in the way input markets are
organized in Gerzira.

While the Gerira Board is responsible for
the procurement and distribution of sceds
and fertilizers to farmers, most of the
mechanical operations arc hired from
private dealers in the scheme. The level and
timeliness of fertilizer application are
accordingly beyond farmers’ control,
whereas private market arrangements scem
to function more efficiently in delivering
machinery services. This could be the main
reason behind the low adoptic n of the
chemical relative to the mechanical
components of the new technology.
Similarly, the number of irrigations a farmer
is able to apply depend on several variables
such as total waler availability (rainfall,
river level, etc), and location of the farm in
the scheme and along the ircigation canal.
This indicates that, while government
monopoly in the fertilizer market is a
barrier to higher adoption and yields,
physical and infrastructure constraints limit
the ability of Gezira farmers to exploit yicld
gains from adequate irrigation. On the other
hand, government control of seed supplies
was cffective as the Gezira Board was able
to deliver seeds of the recommended
cultivars to the vast majority of farmers.

Market distortions are relatively casy to
eliminate through more liberal policies for
input procurement and allacation. On the
other hand, improving the supply and
distribution of irrigation water may require
substantial investments in rehabilitation of
the existing irrigation infrastructure to

increase the carrying capacity and
conveyance efficiency as well as the overall
water supply to the scheme.

As mentioned carlier, the relatively higher
adoption rates among SG 2000 farmers
compared to the average for the scheme
explains the wide yield gap between the
two groups. Farmers participating in SG
2000 demonstrations are selected by the
Department of Agricultural Extension of the
SGB. Demonstration sites are changed every
year to test the new technology under a
wide range of farm conditions and to
diffuse the package to larger proportions of
the farming population across the scheme.
The extension department personnel
together with 5G 2000 staff explain the
advantages of the recommended practices to
farmers and facilitate the carly arrival of
machinery and inpuls to participating
farmers and supervise application of the
technological components in farmers’ fields.
These farmers can, therefore, be considered
favored as they enjoy relatively more timely
and adequate deliveries of the
recommended inputs. However, the higher
adoption rates and yield advanlage among
ex-5G 2000 farmers (Table 1) indicate the
effective role of SG 2000 field
demonstrations in the transfer of wheat
technologies in Gezira.

Economic Efficiency and the
Comparative Advantage of
Wheat Production in Gezira

This study uses the domestic resource cost
(DRC) framework to evaluate the
comparative advantage of wheat compared
to alternadve uses of Sudan’s irrigated land
resources in Gezira. Results obtained from
previous DRC studies in Sudan are mixed
and inconsistent (Ministry of Finance and
Economic Planning 1992 and 1989,
Nashashibe 1980, Sigma One Corporation
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1983, Jansen 1986). Wheat has shown a
comparative disadvantage in most of these
studies. These studies, however, suffered
common problems. First, none of them
evaluated the cfficiency of the potential new
wheat production technology recently
released and tested by ARC and S¢ 2000.
Second, analyscs and results in these studies
were based on calculating nominal levels of
costs and returns with no atempt to
separate technical coefficients from prices.
The results of these studies were therefore
useful for only one year, as they cannot be
easily updated to examine the validity of the
conclusions under changing relative prices,
technologies, and policy environments. In
this study, costs and returns are
decomposed into technical parameters and
nominal values (prices) for quick updating,

The DRC framework

Wheat must show a comparative advantage
over alternative crops available to Gevira
farmers in order o attract rescarch and
production resaurces. For wheat (o be the
most efficient user of Sudan’s irrigated land
resources, the foreign exchange cost of
producing wheat locally must be tess than
its import price. This, however, is sufficient
for economic efficiency only when other
production alternatives are not available, in
which case the opportunity cost of doniestic
resources used to produce wheat will be
Zero.

The DRC ratio (Appendix 1) measures
relative efficiency of wheat compared to the
other enterprises in terms of the cost of
domestic resources in local currency
required to save or generate one unit of
foreign exchange. This coefficient 15 then
compared to the effective or parallel
exchange rate. An alternative measure of
cconomic efficiency thatis easier to interpret
is the Resource Cost Ratio (RCR). The RCR
is obtained when both the numerator and
denominator are expressed in the same

currency units. A value of RCR between O
and 1 implics that value added per unit of
product is larger than the value of domestic
resources used to produce that unit, and
wheat has comparative advantage.

The major difficulty with usirg DRC and
RCR methods relates o valuing inputs and
outputs. This is particutarly so when
choosing the appropriate price for
nontraded factors such as land, labor,
capital, and water, especially when no
market for the resource exists. Also, the
prices of tradable inputs often do not
correspond to their true economic value due
to market imperfections and government
intervention to control prices and ration the
distribution of goods, resulting in distorted
prices the DRC framework therefore
distinguishes between economic and market
(private) prices For prices to refloct the true
eeonomic value of resources and products,
and for properly evaluating the cconomic
efficiency of alternative productive uses of a
country’s resources, policy distortions must
therefore be removed

Competition for agricultural

resources in Gezira

Competiton amony the four crops grown
on the scheme (wheal, cotton, sorghum, and
groundnut) i influenced by the capacity of
the irrigation infrastructure and the
cropping scequence and calender.

Land and trrrigution water—Currently, the
Gezira irrigation network can support only
S0% cropping intensity—that is, only 50% of
the land can be irrigated at one time. By
introducing wheat as a winter crop in the
rotation, 739 cropping intensity was
possible on the 1.9 million heetares
comprising the Gezira and Managil
Extension Schemes, However, bottlenecks
occur when some operations overlap.
Nevertheless, 210,000 ha (257 of the land)
remain idle during the fallow phase of the
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current cropping structure in Gevira. This
indicates that arca planted 1o wheat (210,000
ha) can easily be doubled if the capacity of
the irvigation infrastructure on the scheme is
increased. Insufficient irrigation wator is
therefore the main factor limiting arca
expansion in the Scheme.

While land 1s currently not a imiting factor
for expanding wheat production in Gezira,
wheat competes forirrigation water with
the other crops in the rotation, mainly
cotton. Cotton s the only crop with a
growing season that extends over the
production cycle of wheat through winter,
and hence competes with wheat for
irrigation water Fhe peak demand for
waler oceurs between mid-October and
mid-November, especially when the
sorghum and groundnut harvest is delayed
and overlaps with the first irrigation and
planting of wheat.

Labor and mechanical power—Wheat
cultivation in Gezira is highly mechanized
and unlike cotton requires little fabo . Only
three major operations overlap in wiwat and
cotton production. irrigation, weed’ny, and
harvesting. The fact that wheat s pot
weeded and is mechanically harvested,
whereas cotton weeding and harvesting are
labor intensive, makes competition for labor
and machinery between the two crops
minimal. Given this situation, the present
study considers cotton to be the major
competitor with wheat and irrigation water
to be the most limiting resource in Cevira.

Feasible wheat technologies in Gezira
Analysis revealed that, while yield levels
achieved under full paciave wheat are
considered a feasible alwernative for Gezira,
they may not be attainable by all farmers in
the scheme for several reasons First, the
ARC full package of wheat technology was
tested in the fields of 18 farmers inonly two

blocks (nine cooperating farmers per block)
out of the 107 blocks in Gezira. This
represents a relatively small demonstration,
Sceond, yield levels achieved under large-
scale testing of the new wheat technology
by 5G 2000 in fields scattered over 43 blocks
across Geeira (1,635 ha in 1990) averaged 2.8
t. ha for the same period, only 759 of the
average yield achieved inthe full package
demonstrations of ARC (Table 1),

The quality and quantity of inputs and
operations applied under ARC supervision,
among other things, are considered the
major reason behind the high yields
achieved with the (ull package of wheat
technology The prospects for all farmers in
the Scheme to achieve the same precision
and tmeiiness inapplying the
recommended technology are not very high
piven the current adoption rates. This is
particularly true for inputs such as
irrigation water, for which the level and
allocationare not controlled by farmers or
scheme management. Only 164 of the
Gezira farmers were able o apply seven
irrigations on wheat in 1990 (SGB 1990).
This indicates that, evenif all other inputs
were made available at the right time to all
farmers, irrigation water cannot be evenly
distributed across the 09 million ha Gezira
Scheme, and thus a large number of farmers
may not be able to apply enough water to
achieve potential yields.

Accordingly, an intermediate technology
was evaluated to represent partial adoption
ol the full ARC wheat technology due to
unavailability or delays in delivering inputs
to farmers. The intermediate technology
deviates from the (ull package mainly in
using no phosphorus, less than seven
irrigations, and conventional levelling. The
three technology levels—the traditional
practices that have dominated wheat
production in Gezira, the full package of
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new wheat production methods used in
ARC demonstration plots, and the
intermediate technology used at the Gezira
Pilot Farm—are described in Table 2.

For the intermediate technotogy, average
yields obtained on the Gezira Pilot Farm are
adjusted o levels attanable under farmers’
conditions and management using the 824
achievement factor of former SG 2000
farmers in Table 1. A simuilar achievement
factor (827 ) was used to adjust average full
package yield levels obtaimed on ARC
demonstrations The 20-year average vield
(19677 68-1987 /88), ad)justed for farmers’
under-reporting of wheat yiclds in Gezira,
was used as the yield level attainable under
tradinonal practices: Farlier rescarch
estimated the under-reporting of wheat
productionin Gezira at 237 (Saleh 1983,
Hassan 1989) [ ack of information on
potential improvements in cotton practices
precluded the use of alternative technology
levels for cotton production in the scheme

The DRC analysis performed in the nest
sections of this paper accordingly evaluates
the ccononne efficieney of existing as well
as potential wheat technologies in using the
country’s irrigated agnicultural resources,
compared to the current practices on colton
in Gevira

Table 2. Wheat technologles in the Gezira Scheme.

Private and Social
Profitability of Wheat

Enterprise budgets were constructed for the
profitability analysis. Technical coefficients
for the physical input-cutput relationships
associated with the production and
marketing of the two competing crops,
wheat and cotton, were compiled from
various surveys (Hassan et al. 1993). Two
regimes, described below, were used to
price inputs, services, and producis.

Market pricing

Actual prices at which farmers buy inputs
and seil output were used o compute
private profitability. These prices are mainly
determined by the povernment and contain
vanous distortions resulting from
overvalued exchange rates and indirect
taxation vnamports and exports. Imported
mputs and products were priced at different
exchange rates set by the Sudan
Government Border prices were adjusted
for handhing and transport costs and all
direct and indirect subsidies and taxes.

Theaverage wage rate in the Scheme was
used as the price of labor Land, waler, and
capital, onthe other hand, are not freely
traded 1n Gezira, although farmers are
charged 1or their use by the Gezira Scheme
adnuinistration Tenant farmers have access

Traditional Potential intermediate Potential full package
Practice technology technology (Pilot Farm) (ARC technology)
Seed rate (kg ha) 120 143 143
Nitrogen (kg ha) 43 86 86
Phosphorus (kg ha) 00 00 18.4
Disc harrow No Yes Yes
Number of irngations 5 6 7
Levelling No Conventional Precision
Planting method Broadcast Mechanical Mechanical
Yield {tha) 128 189 3.05
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to subsidized credit from the SGB at 10%
interest, whereas the commercial interest
rate was more than 20%. The effective price
of capital was therefore considered to be
10% for computing private returns.

Economic pricing

For the analysis of social profitability,
markel prices of tradable inputs were
adjusted to reflect the true economic values
of commodities. World prices were thus
converted into Sudancse pounds using the
shadow rates of exchange. Before adopting
the “erawling-pog” regime in February
1992, none of the multpie exchange rates in
effect provided an adequate estimate of the
scarcity value of foragn currency i Sudan
(El Badawi 1990, Brown 1992) While the
official and parallel rates set by the
povernment overvalued Sudan's currency,
the free market rate contamed a large nisk
premium, since the market was illegal

Private and soaual profitability were
compared and the extent ol distorhons in
relative prices was examined in this study
for the 1990 data when surveys were
conducted The free market exchange rate
prevailing in 1990 (Ls 24 6 = USS 1) was
used as the shadow price of foragn
currency. At the same time, the Hesble
exchange rate setat I~ 89 7in February 1992
was used with trend prices to evaluate

social profitabihity and test for the sensitivity

of the results to exchange rate adjustments

Similar to the market for foregn exchange,
there is more than one source and price for
capital in the Gezira Scheme  These sources
include” 1) ~ubsidized credit extended by
the SGB o its tarmers at 10 interest, 2) the
commercial rate of return on mvestment in
the Islamic banking system of Sudan, which
averaged above 207 11 1990 (Survey of
Commercial Banks, Khartoum 1990), and 3)
the free market rate prevairling in informal
money markets, which ranged between 30

and 100% in 1990 (Survey of wheat farmers
in Gezira, 1990). Given that the rate of
inflation was about 25% in 1989-90
(Ministry of Finance 1990), informal money
markets provided the only investment with
positive real returns. Sensitivity analysis
was performed in this study by using two
rates as the opportunity cost of capital to
generate a real rate of return of 5and 13%,
respectively, given the current rate of
inflation. As the labor market is considered
competitive in Gevzira, the average wage rate
on the scheme was used as the opportunity
costof labor Land and water are not traded
i Geaira The analysis therefore derives
private and social returns to land and water.

Fable 3 presents net private and social
returns per heaare and per millimeter of
irngation water, derived (at 1990 prices)
from detailed crop budgets. Private
profitability calculated at 1990 market prices
(Table 3, sechon Ay indicates that wheat
dominates cotton with the hughest net
returns realized for the full package of
wheat technology However, this ranking
changes under econonue pricing (Table 3,
section B) While full package wheat
continues o generate the highest social
returns per millimeter of ierigation water,
cotton dommnates intermediate technology
and traditional wheat practices, which are
the most common in Gevira

soaal pnicing reveals distortions created by
the various input and output pricing
policies that were i effect in Sudan in 1990.
Fable 3, section C measures such policy
distortions by calculating the net policy
clfect INPE) and effective production ratio
(1K) for the competing crop enterprises.
Fhe negative values of NPE and of EPRs
less than unity indicate that both cotton and
wheat producers were heavily taxed in
1990 0On the other hand, Gezira farmers
benefitted from indirect subsidies on
fertilizers and machinery through the
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overvalued exchange rates applied to these
imports. At the shadow exchange tate,
however, the tax on product prices was
higher in 1990 than the subsidy on prices of
inputs used per hectare of wheat and cotton
Table 3 shows that, if the shadow exchange
rate of Ls 24.6/USS 1.0 was the true value of
Sudanese currency in 1990, traditional
wheat growers in Gevira paid a net tax of
more than [.s 30,000 (or USS 1,300) on their
cotton/wheat tenancy, ie., USS 620, ha.

Phese results indicate that cotton production
bears a much higher tax compared to wheat
in Sudan Such distortionin relative prices
and terms of trade can bias the structure of
incentives against cotton and leads o
incfficient allocation of productive resources
away from cotton and into wheat In bricf,
Table 3andicates that, unless the improved
wheat production technology of the ARC s
fully adopted, wheat cannot compete with
cotton for a sociatly optimal allocation of
productive resources in Gezira Farmers,
however, will contirue to carn higher
returns on wheat than cotton if current price
policies continue to tax cotton production
relative to wheat.

The domestic resource cost analysis

The DRC analysis assumes that the
availability of irrigation water is limiled, so
walter has a positive opportunity value
indvpendent of pumping costs. Net social
returns to Jand and water in the best
production alternative were therefore used
to determine the opportunity cost of
irrgation water, as there is no markel for
irrigation water in Gevzira.

Economic prices were computed for the
survey year (1990) using the 1990 prices and
the free market rate as the shadow price of
foreign exchange (Table 3) In order to
provide for the important policy changes
that took place in sudan in 1992, such as the
movenment lowards liberalized trade and
prices and adoption of a flexible exchange
rate regime, the 1990 analysis was updated

as follows (see Table 4):

¢ Long-run trend prices of wheat, cotton,
fertilizer, and machinery were derived
for the year 1992 Trend prices were
derived from lincar regressions fitted to
25 years of price data for 1965-1990.

Table 3. Net private and economic returns to land and water In Gezira (1990 prices).

Cotton Wheat Technologies
Loiig  Medium  Tradi- Inter- Full
staple  staple tional mediate package
A. Netprivate returns to land (Ls/ha) 1,278 828 2,884 4,444 7.975
Net private returns to water (Ls/mm) 04 0.3 24 3.0 47
B. Neteconomic returns to land (Ls/ha) 15,360 16,344 4,094 6,164 11,009
Net economic returns to water (Ls/mm) 52 58 34 4.2 6.4
C. Measures of policy distortion?
NEP(A-B)(Ls/ha) -14,082 -16,166  -1,210 -1,720  -3,034
EPR 0.22 0.20 0.7 0.72 0.73

# NEP denotes the net policy effect and EPR the effective protection ratio. EPR is the ratio of value added

(VAD) at market prices to the VAD at social prices.
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* The unified exchange rate of 1.s 89.7/US
$1.00 adopted in 1992 was used as the
shadow price of foreign exchange.

* Economic prices of domestic resources
were updated for prices ruling in 1992,

When DRC ratios were calculated for the five
crop enterprises using long-run price trends
in 1992, long-staple cotton dominated the
three wheat technoiogy levels. While
traditional and intermediate level wheat
technologices are highly inefficient under
trend prices (Table 4), the dominance of
long-staple cotton (RCR of 0.99) over full
package wheat (RCR of 1.16) is very weak.

Sensitivity analysis and the efficient

range for wheat production in Gezira

Since DRC results are based on partial
equilibrium methodology, lincar and static
technology, and assumptions of constant
prices, their validity should be further tested
under conditions that deviate from the basic
assumptions of the DRC framework.

The effect of technical change in wheat
production has been incorporated to some

extent in the above anaiysis by calculating
the efficiency of wheat production at various
technology levels. Changing world prices
and their effects on such measures of
economic efficiency have also been
tentatively explored in the previous anzalysis.
Other factors, however, are important to
determining the economic efficiency of
wheat production in Gezira. A major
deficiency of the present study is the
assumption of a single technology level for
cotton, i.e., no technological progress in
cotton production. This was due o lack of
dala on alternative cotton practices that
might lead to potential improvement in
production methods.

Moreover, due to a number of processing
and marketing problems that have seriously
affected the quality of Sudan’s cotton, Sudan
has been selling its cotton for almost half the
world price of comparable products, such as
Egyptian cotton. In 1989, Sudan sold its
long-staple cotton (average grade) for US$
0.98/1b, whereas Egypt received about USS$
1.8/1b for the same extra-fine cotton grades
(Cotton Marketing Corporation 1990). If

Table 4. Resource cost ratios for cotton and wheat enterprises In the Gezira Scheme under

economic pricing (shadow exchange rate).

Cotton Wheat Technologies
Long Medium Tradi- Inter- Fult
staple staple tional  mediate package
1990 prices(US$/1) 1,958 1,530 170 170 170
Net economic returns (Ls/mm) 5.2 5.8 34 42 64
Value added (Ls/mm) 6.3 7.0 45 5.4 5.6
Resaurce cost ratio 1.2 1.1 1.7 1.4 0.9
Lung-run trend prices for 1992(US$/)2 2,025 1,575 140 140 140
Net economic returns (Ls/mm) 19.8 19.6 92 111 16.8
Value added (Ls/mm) 21.8 21.8 11.8 13.7 194
Resource cost ratio 0.99 1.01 1.91 1.64 1.16

#  The long-run trend prices were obtained from a linear regression of 25 years time-series price data

(1965-90).
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improvements are achieved on the
markeling front, the potential for a much
higher price for Sudan’s cotton is great.
While an investigation into the potential
gains from rescarch and investment in
improving the cotton processing and
marketing infrastructure in Sudan was
beyond the scope of this study, it is
important to test the efficiency limits of
wheat production in Gezira against possible
movements in the world cotton to wheat
price ratio. This is also important given the
many imperfections in the world wheat
market and the prospects for higher world
wheat prices in the future, despite recent
trends of declining wheal prices wilh
increased competition among supplicrs and
the record harvests of 1990-91. The weak
dominanc: of long-staple cotton under
trend prices, plus the fact that world wheat
prices are expected to rise by 1510 30% due
to changing world trade regimes and lower
subsidies on wheat production and exports
(CIMMYT 1991), provide additional reasons
for examining the sensitivity of the RCR
results to changing relative prices.

RCRs were therefore recalculated for
different levels of relative cotton to wheat
prices. The sensitivity analysis helped

delineate the region of economic efficiency
of wheat production in Gezira, including
threshold yiclds. Appendix 1 describes the
procedure used to delincate efficiency
ranges and yield levels at which wheat
production is efficient in Gezira.

Figure 2 defines threshold levels of wheat
yicld and efficiency range for the full
package of improved wheat production
practices in Gezira over a range of relative
prices of long-staple cotton to wheat. Table
5 compares yield levels realized under the
three wheat technologies considered in this
study to threshold yields.

Figure 2 and Table 5 indicate that the three
wheat technologies are dominaled by cotton
at the 1992 trend prices (point C on the
graph). While the actual cotton price was
higher, wheat was traded at a price lower
than the long-run trend prices in 1992, and
thus wheat was even less efficient at actual
price levels. Results of the sensitivity
analysis also show that the world wheat
price has to rise to USS 155 for the full
package wheat technology to become
efficient at current yield levels (point B in
the figure and row 3a of Table 5). This
means that the world wheat price has to be

39 Vads0 Vad=0 Points on the graph

1va> ACR : ACR=1 A, Position of full-package wheat

1 >1 No comparative FPW) at the 1990 pri "
:g 20 1 advantage ( )a e. N price ratio
© 1 4 (11.5) - dominating.
8 15 A c /| N B. Threshold price ratio (13.1) for
5 1 B /TD 1992 trend price ratio (14.5)° F.PW efficiency region at current
= o] | yield levels (3.1 t/ha).
8127 d C. Position of FPW at the 1992
3 ] | | RCR<«1 trend prices (inefficient).
'g 9] | Comparative advanlage D. and E. indicate Threshold yield
= ] | (3.4 and 3.8 tha) for FPW to
S 6 ] | become efficient at the 1992

] | | trend and actual prices,

3 L1 i respectively.

o 1 2 3 4 5
Wheat yield (t/ha)

Figure 2. Efficiency range for full-package wheat technology in Gerlza-trend prices,
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about 11% higher than the 1992 trend price
for full package wheat to become the most
efficient alternative in Gezira. This measures
the narrow margin of economic efficiency
and dominance of long-staple cotton over
full package wheat in terms of relative and
a2bsolute price movements. This is an
inportant factor since the prospects for a
stronger world wheat price may be higher
under the unfolding new international
economic order of freer world trade.

Moreover, Table 5 shows that for yield
levels currently obtained in Gezira under
traditional practices to become efficient, the
import price of wheat has to be higher than
USS 240/¢, which is more than 70% higher

than the 1992 trend price and about three
times the price of wheat in the first half of
1991. This indicates that a substantial shift in
the relative world prices of cotton and
wheat is needed for the traditional wheat
practices currently followed by the vast
majority of farmers in Gezira, to compete
with cotton for the irrigated land resources
of the scheme. Sensitivity analysis results
also show that wheat yields in Gezira needs
to rise by 10, 47, and 67%, respectively, from
their current levels for full package,
intermedia* ;, and traditional wheat
technologies to compete with long-staple
cotton at the 1992 trend prices (row 5 of
Table 5and point I> on Figure 2).

Table 5. Threshold ana current ylelds (tha) for the 1990 and 1992 prices (US$/t) of wheat and

cotton.

Wheat technologies

Full Intermediate Traditlonal
package technology practices
1. CIF trend prices, 1992(US$/1) 140.0 140.0 140.0
2. Price ratio of ong-staple cotton to wheat 14.5 14.5 14.5
Threshold price ratio for efficiency
atcurrent yield levels? 131 9.5 8.1
a. Threshold price of wheat (US$/t) 155.0 213.2 248.9
b. CIF world prices, 1990 (US$/t) 170.0 170.0 170.0
Price ratio (11.5) (11.5) (11.9)
¢. CIF world prices, 1992 (US$/1) 125.0 125.0 125.0
Price ratio (16.9) (16.9) (16.9)
4. Currently feasible yield levels (t/ha) 3.1 1.9 1.28
5. Threshold yield (t/ha) for production
efficiency (RCR>1) at trend prices® 34 28 2.16
Percent yield increase required 10% 47% 67%
6. Thieshold yield (ha) for efficiency
at actual 1992 prices® 3.8 3.1 2.38
Percent yield increase required 23% 63% 86%
7. Threshold yield (t/ha) for positive
returns (VAD>0) at trend prices 03 0.5 0.3

a, b, and c correspond to points B, C, and D of Figure 2, respectively.
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Also, one should not forget the fact that
Sudan currently receives about half the
world price of comparable kinds of cotton
due to quality problems in its lint exports.
This also shows the high potential returns to
investment and research directed toward
more efficient cotton processing and
marketing, which would improve the
quality and competitiveness of Sudan’s
colton exports and thus decrease the
attractiveness of wheat.

Conclusions

Relalive profitability and the DRC
methodology were used to evaluate the
comparative advantage of the existing and
potential wheat technologies versus cotton
in Gezira to determine if wheat represents
the most efficient option for using Sudan’s
irrigated land resources. Results of the DRC
analysis indicate that, while wheat
dominates cotton when the complete
package of improved wheat production
methods is applied, the traditional wheat
production practices used by the vast
majority of Gezira tenants and the
intermediate technology level tested in the
Scheme are highly inefficient compared to
cotton at 1990 prices. I lowever, long-staple
cotton dominated all wheat technologies
(including fu:l package) at the actual and
trend prices in 1992,

Sensitivity analysis showed that it will
require a world wheat price that is 11%
higher than its long-run trend for full
package wheat to become the most efficient
alternative in Gezira. As wheat prices are
currently below their long-run average, and
since average yield levels in Gezira are
much lower than potential yields obtained
under the full package of improved wheat
technologices, at present it may not be
economically efficient for Sudan to expand

wheat production at the expense of cotton
in Gezira. Before more land and water are
switched from producing cotton to wheat,
the gap belween potential and farmers’
wheat yields needs to be closed so as to
make wheal farming in Gezira efficient.
According to sensitivity analysis results,
Gezira tenants who currently produce
wheat using traditional methods would
have o raise their yicld levels by more than
80% to compete with cotton at the 1992
price levels, i.c., [rom 1.28 to 2.4 t/ha.

Policy makers in Sudan must therefore
focus on removing the obstacles to higher
and faster adoption of improved wheat
production technologies tested by ARC in
Gezira. Input procureinent and delivery
systems need to be liberalized for more
efficient and timely utilization of modern
inputs. More flexibility is also needed in
allocating land and other resources among
competing crops within the public irrigation
schemes so that employment of domestic
resources can respond to changing
international economic opportunities.

On-farm testing of the new wheat
technology in Gezira should continue,
particularly at locations where water
shortages are severe, lo realize the true
range of yiclds that can potentialiy be
obtained in the Gezira Scheme. Adaptive
rescarch should attempt to modify the
package of wheat technologies currently
promoted by ARC to suit different locations
in the scheme. It is also important for Sudan
to invest more research resources and
efforts to refine the lint quality and improve
the marketing processes of its cotton crop.
This is crucial for the question of economic
efficiency, as potential yield gains from
improved wheal production methods need
to be weighed against potential gains from
quality upgrading in cotton.
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Appendix 1: The Domestic Resource Cost (DRC) Framework

The DRC method (see Monke and Pearson 1989 and Morris 1989) provides the analytical too.
for evaluating economic efficiency among alternative enterprises. The basic formula for the
DRC ratio is shown in equation 1:

C =X N,X,/PQ,-X RQ) where:

¢ C measures the value of domestic resources used in saving or generating a unit value in
activity i,

* N, is the opportunity cost price of nontradable primary factorr,

* X, is the quantity of factor r used in activity i,

* P,and Q are the import or export parity price and quantity of tradable product i, and

. R,ta.n'dl QF are the import or export parity price and quantity of tradable input j used in
activily i.

The denominator of equation 1 derives value added in activity i (VAD)) and the numerator
calculates the economic value or cost of domestic resources (CDRS) used to produce Q.
When CIIRS is expressed in local currency and VAD in foreign currency, C, computes the
DRC ratio of activity i. Thus, the DRC analysis measures relative efficiency in terms of the
cost of domestic resources in local currency required to save or generate one unit of foreign
exchange. This coefficient is then compared to the effective or parallel exchange rate.

A alternative measure of economic efficiency that is easier to interpret is the Resource Cost
Ratio (RCR). The RCR is obtained from equation 1 when both the numerator and
denominator are expressed in the same cu rrency units. The value of RCR is then interpreted
as follows:

* 0<RCR, < Timplies that value added per unit is larger than the value of domestic
resources used to produce that unit; thus i has comparative advantage.

* KRCR, > Timplies no comparative advanlage.

* RCR, <0 implies that the value of the foreign and domestic tradables used to generate one
unit of i is larger than the unit price of i (negative value added); hence there is no
comparative advantage.

Threshold Yield and Efficiency Range Analysis

Itis clear from equation 1 that the RCR of wheat is a function of the price of cotton, as the
price of coiton determines the social value of land and irrigation water and hence affects the
value of domestic resources—CDRS (numerator of equation 1).

RCR, (P, P, P, a) = [CDRS (P, a)]/ [VAD(P_, P, a)] (2)

Equation 2 defines the RCR of wheat (RCR,) as a function of the price of wheat (P), price of
cotton (P ), and a vector of other prices (P), and technology and policy parameters (a). To test
the sensitivity of the results to changing relative world prices, the following relationships
between efficient wheat yields and the relative prices of cotton and wheat are defined:
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* Threshold yield. Used to define the range of wheat yields (Y, ) below which the
value added (VAD) is negative, i.e., local wheat generates foreign exchange losses;
VAD=Y_ P _-Z i I’i QN (3)

From equation 3, threshold yicld levels are defined along the curve at which VAD is
equal to zero. Rearranging equation 3 leads to:
Y, =(SPQI/P, (4)

Holding constant the numerator of equation 4, we solve for levels of wheat yicld (Y,) for
different levels of the international price of wheat ).

* Efficiency range. Represented by the area in which 0 < RCR < 1. Rearranging equation 2
according to the condition that RCRw = 1, we get:
CDRS(, a) = VAD(P_, P, a) or,
Yw = [CDRS(, a) + S P Q_|/P, (35)

Holding other variables constant, equation 5 is used to solve for levels of Yw for various
combinations of Pcand Pw.
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Abstract

Sudan’s strive towards wheat self-sufficiency has been accompanied by government support,
control over wheat production and disposal, and high rescarch input. Future prospects will be
affected by farmers decisions under liberal production policy and subsidy removal. This paper
addresses factors that may influence farmer decisions. Risin by five fold over the past three
decades, high and increasing wheat demand has been well established, especially in urban areas.
Despite the potential for high yields, wheat profitability and its contribution to farm income
have been relatively low. While its yreld variability, due to variation in winter temperatures,
has been high, its yield trend has been significantly rising. Wheat represents a logical choice in
most irrigation schemes due its utilization of land, water and capital at their slack periods and
its limited wse of labor when its requirements in other crops are high. Cotton is the main
competitor to wheat in the use of winter water. Although wheat has lower §T0ss margins per
wnit of land and irrigation water than cotton, those to labor and cash capital are higher. With
improved technology, its returns to land and water are even comparable to those of cotton.
Under a free crop choice, the wheat area would exceed half a million hectares at optimum crop
organization in the irrigated sector. About one third of that area would be at u low technology
level, Limited subsidy or increased input availability would lead to desired national production
targets. The effect of wheat price on production is reflected by a relatively high supply elasticity.
Its substitutability to sorghum is manifested by their high cross supply elasticities. With
improved technoiogy, wheat yields and farmers incomes will significantly improve. Current
input/output price relationships would, however, induce lower input levels that would induce
lower total wheat production.

Introduction

Sudan has strived for the last three decades
to attain wheat sel(-sufficiency. This has
been accompanied by large efforts towards
crop adaptation to the relatively less
favorable environments within the irrigation
systems in central and eastern Sudan, Since
this also entails economic viability of wheat
to farmers there, the government has until
recently practiced control over ils
production process, its prices and its
disposal avenues. The provision and nricing

of inputs and the determination of wheat
farm-gate prices were manipulated to
ensure a profit margin to the average
farmer.

Except for northern Sudan where private
production and marketing are usually
practiced, the bulk of the wheat is produced
in government irrigation schemes. These
comprise the Gezira, New Halfa, Rahad,
and the Blue and White Nile pump
schemes, which together accommodate
more than 90% of the crop. The
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administrations in these schemes determine
wheat areas and cultivars, provide or
organize land preparation, supply inputs
including seed, fertilizers, pesticides, and
arrange for harvest and crop delivery to
flour mills. Inputs are credited to farmers
whose responsibility is to supy ly their own
or hired labor for manual operations. Prices
were determined annually based on
expected production costs and the parity
price of imported wheat.

Bread prices have been controlled at
subsidized levels to consumers. The
subsidy, which constitutes the difference
between the price paid to farmers and that
charged to bakeries, is substantial and
constitutes a burden on government
expenditures. [t was estimated at 4% of the
government expenditure in the 1987-88
budget (Ministry of Finance and Economic
Planning 1988).

On the other hand, research has provided
technologies that have resulted in tangible
wheat yield improvements. However,
despite government support and the
increase in the wheat yield potential, wheat
proiitability for producers has been
relatively low. Questions arise on the
competitiveness of wheat and its production
prospects if farmers in irrigation schemes
are to make their own decisions on the
desirable crop mix. The issue gains utmost
importance through the recent government
policies that aim at greater liberalization in
the production process and a consistent
removal of subsidies on wheat bread.

The objective of this paper is to assess some
economic indicators that are expected to
influence farmers’ decisions on wheat
production aspects under limited
government controls in irrigation schemes.
The indicators considered in postulating
farmers response are: 1) the nature and

development of wheat demand, 2) wheat
financial benefits to producers, 3} wheat
yield variability, 4) wheat position and its
compelitiveness in the farming system, and
5) the economic assessment of technology
use in wheat.

Wheat Demand

Reliable figures on wheat demand in Sudan
are difficult to obtain due to continued price
fixation and the persistence of shorl
supplies whether of domestic or external
origin. However, it is evident that a
substantial part of the demand has
remained unsatisfied. This is especially
apparent in urban arecas where the bulk of
the wheat is consumed. The rising wheat
demand is, however, reflected by actual
wheat consumption, which has increased
cnormously during the last three decades.
The current average per capita consumption
is over 33 kg as compared with 20 kg in

1971 and 6 kg in the carly 1960s. Sudan
currently consumes about 850,000 t, met by
local production for the first time during the
1991-92 season.

The driving force for wheat demand in
Sudan is urbanization, rising incomes, and
population growth. According to
projections based on 2.8 and 5% rates of
growth in population and income,
respeclively, wheat demand is expected to
exceed 1 million tons by the mid-1990s
(Ministry of Finance and Economic
Planning 1988).

Most of the demand is concentrated in
urban arcas where wheat has largely
replaced the use of sorghum. Except for
northern Sudan and the New Halfa area in
castern Sudan, sorghum and millet
represent the stable food sources in rural
areas. Based on established consumption
habits in urban areas, the price elasticity of
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wheat demand is expected to be low,
reflecting a relatively stable per capita
consumption level. With an estimated figure
of 0.8, income elasticity is, on the other
hand, relatively high (Ministry of Finance
and Eccnomic Planning 1988) and indicates
expectancy of high consumption with rising
incomes. With increased urbanization, the
demand for wheat is expected to increase.

There is substantial room for substitution
betweer wheat on one hand and sorghum
and millet on the other hand, but such
substitution is relatively low in urban areas.
It will take considerable time until a shift in
preference is reversed towards sorghum
consumption.

The above points show that the demand for
wheat will remain high and that production
should respond to the ever-rising
requirements if demand is adequately
reflected to producers through the correct
price signals.

Financial Benefits of
Wheat for Producers

The bulk of wheat production has shifted
gradually through the years from the north
to the sorghum-consuming areas in central
and eastern Sudan. Essentially, wheat
represents a cash crop in its most important
producing areas. It has to profit producers
and should fit in current farming systems so
that its production can be maintained or
expanded. Profilability represents a major
indicator in this case. This can probably be
reflected by the considerable wheat arca
fluctuations in Northern Sudan. Despite the
consumption needs of the population there,
the variations in wheat area and its share of
total cultivated area have been largely asso-
ciated wilh farmers’ response to the market.

Wheat profitability is reflected by comparing
its average net returns and ils contribution to
total farm income with those of other main
crops in three irrigation schemes over the
1981-92 period (Table 1).

Table 1. Net returns from crops® in Irrigation schemes and their relative share in farm Income,

1981.92.

Scheme/item Cotton Wheat Groundnut Sorghum
Net roturns

{Ls/ha)®:

Gezira 26 (78) 173 (97) 391 (96) 158 (81)
New Halfa 304 (52) 2086 (77) 421 (76) 128 (96)
Rahad® 220 (34) 153 (70) 383 (108) 220 (125)
Average 260 (55) 177 (81) 398 (93) 169 (101)
% of total incoms

Gezira 39 21 29 11

New Halfa 45 24 26 5
Rahad 50 7 35 18
Average 45 17 30 11

# Computed at the 1981-82 price level.
b

US$1.

Ls = Sudanese pound; exchange rate in 1981-82 was Ls1.31 to US$1; current exchange rate is Ls127 to

¢ Wheat averages for Rahad are only for the last two seasons.

Figures in parenthesas are standard deviations.
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Net returns in Table 1 are calculated ai the
1981-82 price levels by deflating actual
values by the official exchange rate of the
Sudanese Pound (Ls) to the US Dollar. With
an average net return of 1.s177/ha, wheat
ranked third among the four field crops. Its
contribution to total tenancy net returns
averages 17%, higher only than that of
sorghum.

Yield Variability

With respect to its profitability, wheat
variability is explained with the substantial
yield variation over time. Table 2 shows the
degree of variation of the main field crops in
the Gezira and New IHalfa irrigation
schemes.

With a cou{iicient of variation of 35%, wheat
variability was especially high in the Gezira
Scheme. It was, however, morce or less
comparable to other crops in New Halfa, but
slightly higher than groundnuts and
sorghum. Taking into consideration that
wheat receives much attention from the
schemes” administrations and it enjoys
uniform supply of inputs and management
practices as compared to sorghum and
groundnuts, its yield variability levels
should have been lower.

Table 2. Variability in crop yields (tha) in Gezira
and New Halfa, 1980-92.

Gezira New Halfa
Crop Av.yield CV. Av.yield C.V.
(%) (%)
Cotton 1.50 24 1.44 26
Wheat 1.26 35 117 24
Groundnut 1.38 21 1.69 19
Sorghum 1.07 28 1.0C 23

Source: Records of the Sudan Gezira and New
Halta Schemes.

On the other hand, yield trends are
increasing in all schemes (Figure 1). Yield
levels in northern Sudan are higher than
those of other schemes. The increasing yield
trend, mainly due to technological
improvement, compensates for a
considerable part of the risk due to yield
variability. Despite the presence of many
management factors that affect wheat yields
within and across scasons, yield variability
over lime is largely explained by the
variation in winter temperatures. Analysis
of time-series data reflects significant
correlation between average wheat yields in
the Gezira and the mean temperatures in
December, January, and February.
Although the highest correlation (r=-0.75)
was recorded for the mean temperature in
February, canonical correlation of the yield
with the mean temperatures in these
months was also high (r=0.87).

Wheat Competitiveness
In spite of its relatively low returns, wheat

possesses an important advantage as the
most suitable winter crop option in the

tha
32

28+

24 -

Figure 1. Wheat yield trends in three major
production schemes.
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cropping systems of the irrigation schemes.
It utilizes land and irrigation water during a
slack period and because of its low labor
requirements, il does not compete for labor
at peak harvest times of summer crops
(Figure 2). Wheat is expected to be a logical
choice as a winter crop for years to come.
Vegetables and some other crops (faba bean,
chickpea, and spices) compete on a small
scale during the winter, occupying no more
than 10% of the area available for winter
cropping. Other potential crops may be
winter fodder and winter maize, although
their competitiveness has yet to be verified.

Wheal's cullivation should, nevertheless, be
governed by its economic competitiveness
and its area should be dictated by the
availability of irrigation water. Cotton
represents the main competitor for winter
waterand its arca is, in turn, controlled by
the extent of cultivation of summer crops,
primarily sorghum and groundnuts. Some
competition, however, exists with summer
crops if their sowing is delayed in which
case their irrigation continues into the
winter months.

With the need to produce summer crops,
particularly sorghum, cotton will not fully
utilize the available water during winter.
The degree of competitiveness between
wheat and cotton is examined by a simple
linear programming model, which

Wheat [

]
L

A'S ONDJFMAM

Figure 2. Cropping calender in irrigation schemes.

maximizes total real net returns with water
and land constraints only under the
assumption of no overlap between summar
crops and wheat. Figure 3 shows the resulls
of wheat and cotton area combinations,
delineated by varying the arcas of summer
crops and analyzed by a quadratic
regression model. The two crops are
complementary up to 181,000 ha of cotton,
after which its expansion would result in
nearlya proportional decrease in wheal
area. This means that there are good
opportunities to produce wheat if it is
economically feasible. Further opportunitics
exist to expand on wheat area with reduced
irrigation levels, lower than thos  estimated
for optimum plant growth.

The competitiveness of wheat compared to
cotton can be delincated by a comparison of
their gross margins to scarce production
factors at current costs and prices. This is
depicted by Table 3 in which wheat is
represented by three levels of technology
that differ in fertilizer doses, number of
irrigations, and land preparation practices.
The low level utilizes 92 kg N/ ha and six
irrigations. The medium and high levels
receive eight waterings and phosphate
fertilizers while in the high level more land

Wheat (Thousands of hectares)
260
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220 -
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160
140
120
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0 40 80 120 160 200 240 280
Cotton (Thousands of hectares)

181,000 ha

W=1298554+0.991C-0.0000012C?

Figure 3. Relationship of wheat and cotton areas at
optimum crop allocation and variable area of summer
crops in Gezira,
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preparation operations are performed.
Cotton is represented by the cultivar
Barakat at the usual management practices.

Despite its lower gross margins per unit of
land and irrigation water, wheat returns to
labor and cash capital outlays are higher.
This provides the opportunity for wheat
expansion in relation to cotlon as labor,
finance, and their costs become scarce.
Moreover, use of high technology in wheat
will be conducive to its higher returns to all
factors including irrigation and land for
which cotlon is usually more competitive.

With respect to foreign exchange carnings,
cotton has greater advantages over wheal.
Assuming no imperfections in the input and
outpul market, their respective value added

were $899 and $350/ ha. Flowever, with
high wheat technology, its value added will
increase to $604 /ha. Nevertheless, wheat
has the advanlage of lower foreign
exchange requirements as compared to
cotton, in spile of the reversed proportional
requirements to their total production costs.

Taking constraints in irrigation schemes into
consideration, a linear programming sector
model was initiated using 1991-92 costs and
prices to examine optimum cropping
patterns in the irrigated sector with and
without government intervention (Faki et al.
1992). Irrigation water, labor, rotation, and
consumption requirements of sorghum
were considered as the main constraints in
each scheme while fertilizer was
constrained at the sector level. Three

Table 3. Gross margins of wheat and cotton to pioduction factors.

Cotton Wheat Wheat Wheat
Item {Long) Low Medium High
Gross returns
Average yield (tha) 1.685 1.428 1.904 2.856
Price (Ls/t) 40,889 16,000 16,000 16,000
Gross returns (Ls/ha) 68,901 22,848 30,464 45,696
Varlable cocts
Machinery 4,367 4,248 4,415 5,548
Labor 6,426 1,142 1,571 2,047
Material 35,671 12,859 14,628 16,247
Other 5,650 0 0 0
Total 52,114 18,249 20,614 23,842
Factor requirements
Labor {man days/ha) 166.6 14.3 19.0 23R
Water (m®/ha) 11,995 5,997 7,996 7,996
Cash capital (Ls/ha) 50,508 17,964 20,221 23,329
Efficiency indicators (gross margins)
Land (Ls/ha):
including labor 16,786 4,598 9,850 21,854
Excluding labor 23,212 5,740 11,420 23,901
Water {Ls/m? 1.94 0.96 1.43 2.99
Labor (Ls/man day) 139 402 600 1,004
Cash (Ls/Ls/month) 0.051 0.053 0.094 0.171

Source: Authors’ calculations based on estimates of the Sudan Gezira Board.
Ls = Sudanese pound.
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technology levels were tested depending on
the water and fertilizer amounts applied.
Table 4 shows the results with respect to
wheat arcas, its production, and technology
level,

Under a free farmers” decisions and with the
prevailing input availability, the cropping
pattern would include the cultivation of
528,000 ha of wheat, representing 43% of the
net cultivated area in the irrigated sector
and producing 758,000 t. About 51% of
these areas would be in the Gezira Scheme.
However, with such constraints on water
and fertilizers, 30% of the wheat will be
grown under low technology levels. With
policy interventions to produce cerlain
amounts of grains, high technolog y should
be applied at the expense of input use in
other crops. This applics, in particular, to
schemes where extremely poor yields are
obtained in the absence of adequate
amounts of water and fertilizer.

Depending on the nature of Lolicy options,
wheat area would generally decrease as
cottonarea is increased. If the water supply
is raised by 25%, wheat arca and production
would be enhanced. Further increases in

cotton would lead to a reduction in wheat
area even if full relaxation of inputs is
achieved. However, the shift to high wheat
technology use would result in attaining the
same level of production.

In a scenario with increased input costs and
crop prices, an assumption that simulates
the present situation, both wheat area and
its production would decrease by about
20%. Cotton would, by contrast, expand by
more than five times. This indicates that

Table 5. Summary of average wheat productivity
with on-farm trials in four irrigation schemes In
Sudan, 1985-89,

#of  Yield % yleld
Scheme seasons (tha) Increase MRR (%)
Gezira 4 2776 62 643
New Halfa 4 2036 89 532
Rahad 1 1.568 51 -
Blue Nile 1 2.188 120 940

# Marginal Rate of Return (% increase in net
benefits over that in variable packages costs).

Source: Coordination Meeting of the Nile Valley
Regional Program on Cool Season Food Legumes
and Wheat (1991).

Table 4. Wheat area (000 ha), production (000 t), and technology use (% of farmers) in the irrigated

sector with different policy options.

Technology
Policy options Area Prod. High Low
Free cropping pattern 528 758 70 30
Approx. of current pattern, an 653 75 25
relaxed input availability
Cereal production targets and 302 600 S0 10
fixed cotton area
Cereal and cotton production 489 770 80 20
targets and 25% more water
More cotton production targets, 261 600 100 00

relaxed input levels

Source: Faki et al. (1992),



ProbucmioN prospecTs In Supan 10

input subsidy removal would imply a shift
of emphasis towards more cotton and less
wheat.

The effect of a wheat price change onits
supply is considerable. This was examined
by the model together with variations in
sorghum prices where the two crops are
close substitutes. Figure 4 shows the supply
responsc of the two crops. The arc supply
elasticities were 2.03 and 1.43 for sorghum
and wheat, respectively. A higher response
of sorghum to its price changes in the
irrigated sector is recorded as compared to
that of wheat, which is nevertheless
substantially elastic. The high
substitutability of the two crops is reflected
by their considerable cross supply
elasticities which were 1.69 for whealt in
response to a sorghum price change and
1.19 for sorghum in response to a wheat
price change. These figures indicate that
national production needs could be geared
effectively through crop pricing policies.

Technology Use
The effect of improved wheat technology on

yiclds and farmers’ incomes has been
verified in different regions with on-farm

Price (000 of Lsh)

12
Wheat
Sorghum
10 A
8
6 -
4 ¥ T 1 T T T
400 600 800 1000 1200 1400 1600 1800

Production (000 t)

Figure 4. Supply response of gralns in the irrigated
sector,

rescarch over a considerable number of
scasons. Table 5 summarizes the effect of
timely sowing, improved land preparation,
adequate plant nutrition, and irrigation on
wheat yiclds in four wheat producing areas

The high yield increases with the technolog
package that ranged between 51 and 120%
were associated with paramount marginal
rates of returns that reached 940%, implying
high returns to investment in higher
technology use.

However, with recent changes in the
structure of costs and prices, the level of use
of technology is expected to change. This is
depicted by an example on fertilizer use.
The following functional relationship was
estimated for the effect of nitrogen and
phosphate fertilizers on wheat with
researcher-managed trials under field
conditions in two locations in the Gezira
{M.A. Satti, pers. comm.). The derived
functions were deflated by 30% to estimate
an expected response under farmer
management:

Y1=1121+ 24.66 N + 65.97 I’ - 0.240 N2
-0.866 P (1) and

Y2=1414 + 3332 N + 34.15P - 0.319 N*-
0.878 I* + 0.628 NP (2)

where: Y1 and Y2 are wheat yields in the
two locations in t/ha, N is the amount of
nitrogen in kg N/ha, and P is the amount of
phosphate in kg ,0,/ha.

With current fertilizer and farm-gate wheat
prices, the economically optimum rates
would be 40 and 64 N and P,0, kg/ha for
the first location and 55 kg N/ha with no
use of phosphate or 21 kg P,0,/ha with no
use of nitrogen for the second location. In
general, the oplimum total fertilizer doses
would be 63 and 90% of the recommended
in the two locations, respectively. With the
over-proportional rise in prices of other
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inputs relative to that of wheat, use of lower
levels will be economically viable. This may
imply lower tolal wheat production.

Conclusions

Despite government support and the
existence of a potential for high yields,
serghum profilability has remained variable
and relatively low. This has important
implications on expected farmers’ decisions
under current policies of liberalization and
subsidy removal. On the other hand, wheat
enjoys high and increasing demand that
would stimulate local production. It also
represents the most suitable option as a
winter crop in the farming systems in
central and eastern Sudan due to its
utilization of slack resources during winter.
In spite of its lower returns to land and
waler compared to cotton, its returns to
labor and capital are higher. With high
technology, even its returns to the former
two factors are comparable to those of
cotton. In fact, a range of complementarity
exists between cotton and wheat due to the
need for cultivation of summer crops that
compete with cotton. At 1991-92 cost and
price levels, wheat would be grown in an
area of over 200,000 ha under a free-

cropping pattern. Most of it should be
under a high technology level. With
increased inpul costs, its area and
production would decrease. The optimum
level of input use would decrease affecting
total wheat production. Input availability, a
producer subsidy, and use of high
technology are conducive to attaining
national production targets.
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Rainfed Wheat in Tropical Environments:
The Nigerian Experience

B.K. Kalgama, M.C. Ikwelle, and O.G. Olabanji
Lake Chad Rescarch Institute, Maiduguri, Nigeria

Abstract

In Nigeria, wheat research and production in the highlands under rainfed conditions is still in
its infancy. Research on the Mambilla Plateau (1,800 masl) in Taraba State has shown that
wheat cultivation under rainfed conditions will not only increase total wheat area, but will also
shorten the breeding cycle und development of new varieties. An average grain yield of about
2.2 t/ha has been recorded on the Mambilla Plateau. The optimum sowing date was mid- to late
August. Stem borer (Sesemia calamistis) is the major insect pest. Leaf spot (Seploria spp.) and
foot rot (Helminthosporium spp.) are the major diseases.

Introduction

Wheat (Triticum aestiviom [..) has been
grown in northern Nigeria for centurices,
possibly as a result of introduction by the
Arabs through the trans-Saharan trade. The
carly efforts to grow wheat in Nigeria were
restricted to small plots in the low-lying
soils of fertile river flats or along river banks
in the Sudano-Shelran zones of the country
where the climatic factors of the cool, dry
season are favorable to wheat production.

In Nigeria, favorable temperatures are
obtained between latitudes 10 and 14°N
during the cool, dry season from November
to February when wheat can be cultivated
under irrigation (Olugbemi 1973).

Wheat cultivation under irrigation requires
very large investments in infrastructure and
often the cost of production for the irrigated
crop is very high. With the ban on wheat
importation into Nigeria, which was
temporarily lifted recently, there was a great
necd to increase both wheat area and yield.

Rainfed wheat in the highlands of Nigeria
could increase the much desired output as

well as reduce production coslts Lo a great
extent when compared with wheat grown
under irrigated conditions.

Attempts at rainfed wheat production in
Nigeria have been made at various limes.
The Institute for Agricultural Research
(IAR) at Samaru, Zaria tested some
materials at Bokkos and Tahoss in Jos,
Plateau State without conclusive results.
Palmer (1976) reported that lines from
rainfed trials in Jos had well developed
grains that were not adversely affected by
high temperature. Most recently, the Lake
Chad Research Institute (LCRI), which has
the national mandate for genetic
improvement of wheat and barley in
Nigeria, embarked on testing some wheat
lines and varieties under rainfed conditions
in the Nigerian highlands.

Varietal Evaluation

Beginning in 1987, LCRI began varielal
evaluation of rainfed wheats at Gembu in
Mambilla Plateau (6 to 7°N and 10 to 11°E).
Tables 1-3 show the results over the 1987-89
period. Results on grain yicld in 1987
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(Table 1) showed the highest yield was
obtained from Chre’S’-386 (2,156 kg/ha).
Eleven entries yielded significantly higher
than the average yield. Three check varieties
(Indus 66, Siete Cerros, and Inia 66), which

Table 2. Mean performance of 11 lines of bread
wheat In a ralnfed trial at Gembu (Mambilla
Plateau), Nigerla.

Grain
yleld

Duys Plant

Entry to50% height No. of

are traditionally irrigated, produced the no*  heading (cm) spikes/m? (kg/ha)
lowest grain yields (Table 1). 5 51 63 118 1,317
7 56 Il 132 1,310
Table 2 presents the results of the 1988 wet 8 51 73 170 888
scason. Highly significant differences were 11 56 A 133 1,791
observed in five of the six agronomic 12 35 74 126 691
characters assessed. All entries headed 13 51 7 141 1,104
between 50 and 60 days after sowing. The 15 57 70 144 1,339
Y b 16 58 93 143 2,149
highest yielder was again Chre ‘$’-386 17 57 93 121 1:097
(2,149 kg /ha). Six other entries cach yielded 20 59 69 164 642
more than 1,000 kg/ha. All entries showed 22 57 69 124 490
b‘illcr a‘daplfﬂi()n than the check variety LSD0.05 NS 1484 24.0 514
(Sicte Cerros). CV(%) 756 1553 1433  48.53
* See Table 1.
Table 1. Bread wheat evaluation under rainfed conditions at Gembu, Nigeria, 1987.
Lines/varieties Yield (kg/ha) Plant height (cm) Days to 50% heading
2. Titmo Sa 420 906 65 50
3. Veery'S'-1931 912 65 52
4. WRMRKAL-284 919 28 50
5. R.27-GHL 98 1,175 21 49
6. Blue Jay'S'-1721 1,381 80 49
7. Hork's'-1729 1,156 70 50
8. Top'S-Napo 1729 1,125 69 55
9. Veery'S'-601 944 68 53
10. Todwhile'S' 188 656 64 50
11, YD'S-1938 1,312 90 52
12. AFM-T -397 1,094 95 52
13. Maya Puni 1766 1,406 78 52
14. WRB'S' 158 781 60 49
15, JUP BJY 251 1,687 73 50
16. Chre'S'-386 2,156 96 51
17. MFEKM'S'-977 1,062 70 50
18. V.641225-1945 750 62 51
19. ILT-GB-1951 894 82 52
10. Atlas 57 1907 1,031 67 50
21. Indus 66 562 60 52
22. Siete Cerros 450 79 50
23. Inia 66 437 92 49
Mean 1,027 74.27 50.45
CV (%) 39.37 15.01 2.27

Source: [kwelle (1290).
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In 1989, Hork ‘$’-1729 (entry no. 7) had the
highest yield (3,650 kg/ha). Table 3 shows
that Chre’S’ (entry no. 16) had the highest
mean yield (2,135 kg/ ha) for the 1987-89
period. This line is currently being
multiplied and distributed for further
evaluation at other siles, particularly the Jos
and Obudu plateaus. Other varieties with
mean yields greater than 2,000 kg/ha for the
period included Hork’S'-1729 (entry no. 7)
and JUP BJY 251 (entry no. 15).

The mean temperatures during the growing
period over the three years ranged between
24.0 and 25.8°C (maximum) and 14.9 and
15.0°C (minimum). However, rainfall during
the crop cycle in 1989 was 850 mm, some
30% higher than the previous two years.

Sowing Date

Sowing date trials were done in 1988 and
1989 on the Mambilla Plateau. The results
show that the optimum date for sowing

Table 3. Grain yield (kg/ha) of 11 entries of
bread wheat under rainfed conditions at
Mambilla, Nigeria, between 1987-1989.

Entry Year Jyears’
no.* 1987 1988 1989 mean yleld
2 806 738 3,480 1,708
3 912 653 2,870 1,478
7 1,156 1,488 3,650 2,098
9 944 444 970 786
11 1,312 2,006 2,070 1,796
13 1,406 1,103 2,470 1,660
15 1,687 1,352 3,200 2,080
16 2,156 2,080 2,170 2,135
17 1,062 1,226 2,920 1,736
19 894 580 3,420 1,635
21 562 706 2,480 1,249
Mean 1,182 1,126 2,700
CV(%) 394 485 284

* See Table 1.

wheat in the highlands is mid- to late
August (Olabanji et al. 1990). This period
coincides with about the last third of the
rainy period, which provides the crop with
about 550-650 mm of rain from planting to
malurily; it then matures under dry weather
in November. Earlier sowings matured in
the rain and the grains molded.

Pests and Diseases

Major problems associated with rainfed
wheal production are pests and discases
that thrive due to the climatic conditions,
particularly the high humidity that occurs
during the growing season. Stem borer
(Sesemia calamistis) is the most important
insect pest. The larvae of this pest bore into
the stem and cause the whiteheads and
dead hearts observed in the field. Leaf spot
(Septoria spp.) and foot rot
(Helminthosporium spp.) are the major
discases.

Conclusion

There is great potential for rainfed wheat
production in the Nigerian highlands. A
large number of materials is being evaluated
to idenlify adaptable materials. Studies on
pest and discase incidence and weed control
are currently underway. A full package of
technology for rainfed wheat production in
Nigeria is envisaged. This will not only
increase the total wheat output in the
country, but will also shorten the breeding
cycle for developing irrigated wheat
variclies as two or more crops can be grown
annually under irrigated and rainfed
conditions.
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Crop PrROTECTION IN THE WARM ENVIRONMENTS

Integrated Pest Management of Cereal Aphids in
the Nile Valley: Problems and Potential

R.H. Miller
International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria

Abstract

There is a considerable amount of information on the pest and natural enemy complexes in
wheat in the Nile Valley countries of Lgypt and Sudan. Similarly, various projects have led to
the development of chemical and cultural control techniques, including resistant varieties, that
may be incorporated into an integrated pest management (1PM) program for wheat. Research is
needed on the economics of pest control in wheat, on the effectiveness of endemic natural
enemies, and on the potential for introducing new natural enemies or augmenting populations
of those in the field. A pilot IPM project, which is bused on the use of aphid-resistant varieties,
the preservation or augmentation of natural enemies, and minimal use of chemical pesticides, is

feasible in the future.

Introduction

Aphids are the most serious insect pests
attacking wheat and barley in kgyptand
Sudan. Aphids cause their damage by
sucking fluids from their hosts, vectoring
diseases, and providing a sugary substrate

(honeydew) for fungal pathogens on leaves.

In addition, plants attacked by aphids are
often rendered more susceptible to other
discases and inscct pests. Aphid control in
the Nile Valley is accomplished primarily
through chemical insecticides, which are
frequently applied up to three times per
season. Attemplts to develop alternative
control strategivs have thus far not been
successful or are in a rudimentary stage of
developmernit. Desires to preserve the
environment, protect human health, and
reduce hard currency costs associated with
chemical pesticides have led policy makers
and agriculturalists to support integrated
pest management (IPM) in controlling
disease and insect pests of wheat and other
important crops such as cotton and
sugarcane.

IPM is defined as the integrated use of a
variety of pest control techniques to reduce
pest populations to economically acceptable
levels with minimal injury to the
environment (Miller 1991). Inherent in the
IPM concept is the consideration given to
protecting human health and preserving the
environment. In IPM, sound ecological and
economic principles determine pest control
strategies to optimize and sustain crop
production. Ecology-oriented IPM programs
are frequently more complex than
prophylactic spray programs and therefore
require greater training of farmers and
extension workers. As a result, IPM
programs may not be readily accepted by
farmers or agricultural administrators who
may fear crop failures associated with new
and unfamiliar strategies. Also, the real value
of IPM may not be in the increased or
sustained production it fosters, but in
protecting or revitalizing a damaged
environment.

Itis difficult to assess the environmental
impact of [P'M programs. Ecosystems involve
multiple trophic levels and communities
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linked by intricate intra- and interspecific
interactions. The effect of eliminating sprays
from an ecosystem may therefore be subtle,
or most obvious in components of the
system not normally considered by farmers,
such as soil microbes, birds, or water fauna
and flora. In severely disrupted systems,
several years may be required before
ecological homeostasis may be regained
and, if localized extinctions have occurred,
may only be achieved with species re-
introductions.

IPM programs have been most successful
and visible in systems where pesticide
misuse has led to noticeable disruption of
trophic level interactions or obvious
declines in crop production and human
health. These systems are frequently
typified by the use of high amounts of
inpuls necessary to sustain relatively high
yiclds. An example is the successful
management of irrigated rice in Indonesia
(Kenmore 1991) where a massive training
program taught farmers to preserve natural
enemies of pests that had been aggravated
by pesticide overuse after the government
had severely restricted pesticide use. I’M
has also been successful in situations where
an introduced pest has followed its host
plantinto a new growing region, even if the
crop involved is of relatively low value and
the farming community is impoverished.
An example of this is the successful control
of the cassava mealybug in Africa. Here,
natural enemics of the cassava mealybug
were collected from cassava’s home range
in South America and then reared and
released in the cassava-growing belt of
tropical Africa (Kiss 1991).

IPM has long been discussed as a long-term
objective of wheat production in the Nile
Valley, but there has been a lack of focused
activity directed specifically toward this
goal. The purpose of this paper is to review
research conducted under the auspices of

the Nile Valley Regional Project on Cool
Season Cereals in Egypt and Sudon since
1988 to evaluate the potential for
implementing [PM in aphid control in these
countries, to identify possible impediments
to this objective, and to propose solutions to
overcome them. The long range goal is to
stimulate formulation of a comprehensive
IPM program for wheat aphids in Egypt
and Sudan.

Aphids In the Nile Valley

Several common aphid species altack wheat
in the Nile Valley of Sudan and Egypt
(Table 1); four species predominate in
Egypt. Of these, Rhopelosiphum padi ..
causes the most serious yield losses in
Middle and Upper Egypt while
Rhopalosiphm maidis Fitch is the most
serious pest of rainfed barley along the
northwestern coast. Sitobion avenae F. rarely
attains population levels high enough to be
considered a serious pest of cither wheat or
barley. Schizaphis graminiom Rondani is
commonly observed throughout Egypt and
may occasionally cause serious yield losses

Table 1. Cereal aphids and thelr natural enemies
reported in NVRP-sponsored studles in Egypt
and Sudan, 1988-1992.

Egypt Sudan
Aphids

Schizaphis graminum Rondani  S. graminum
Rhopalosiphum padi L. R. maidis
Rhopalosiphum maidis Fitch

Sitobion avenae F.

Diuraphis noxia Mordvilko

Natural enemles

Coccinella spp. Coccinelia spp.
Chrysopa spp. Cydonia spp.
Syrphidae Chrysopa spp
Arachnida Syrphidae
Diaeretiella rapae M.

Aphidius spp.
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(Miller et al. 1992). The biotype structure of
S. graminum populations has not been
ascertained at present (M.G. Mosaad, pers.
comm.) although some evidence exists that
biotype C may be present.

In Sudan, S. graminum is the dominant
wheat aphid in the Nile Valley with
biotypes A and H dominating aphid
populations (Sharaf Eldin 1992). Low
populations of R. maidis are also observed
early in the growing season, bul are
displaced by S. graminum during the latter
part of the growing season in late January
and early February (ARC 1988). Aphid
infestations in the Gezira irrigation scheme,
the newly developed Rahad wheat growing
area, and the New Halfa region are almost
exclusively comprised of S. graminum.

Aphid infestations in Egypt and Sudan are
controlled by one or more applications of
chemical insecticides. Field scouts monitor
aphid populations and spraying is
recommended when aphid populations
exceed 30% infested plants in Egyptand
35% infested plants in Sudan. Pirimor and
Malathion are frequently used in Egypt,
while Ekatin has been used effectively and
almost exclusively in Sudan for several
years. New pesticides are evaluated each
year in both countries.

In Sudan, chemical products, including
Decis, Sumithion, Danitol S, Pirimor,
Furadan, and Brifur provided poor to
adequate aphid control (Sharaf Eldin 1992).
Neem extracts and Pirimor had less effect
on natural enerny populations than other
products. A seed dressing of Gaucho 70
provided the best aphid control and
outperformed Ekatin. Furthermore, Gaucho
70 performed well alone and when mixed
with fungicides frequently applied as a seed
dressing and did not adversely affect
natural enemy populations. Sced dressings,
such as Gaucho 70, have not been

considered in Egypt due to current
restrictions on soil pesticides aimed at
avoiding ground water contamination.
There is no evidence that Gaucho 70
contaminates ground water in Sudan when
properly applied.

Grain yield losses have been estimated at up
to 20% in Egypt (Tantawi 1985). More recent
studies within the Nile Valley Regional
Program (NVRP) show that yield loss in
wheal differs among varicties and that
resistance to aphids can substantially reduce
aphid-induced yield losses. Mosaad et al.
(1992) expressed yield losses in aphid-
infested plants in Upper Egypt as a
percentage of yield obtained in the same
varicties but protected by spraying (Table
2). Yield of the most resistant bread wheat
and durum wheat lines averaged over 90%
of the sprayed controls, while the least
resistant bread wheats averaged about 70%

Table 2. Yield reduction of bread wheat and
durum wheast lines tested at Shandawil, Egypt in
1989-90. Aphid tolerance In infested lines ls
expressed as a percentage of the same lines
treated with Malathion (after Mosaad et al. 1992).

Most resistant
Entry % of control

Leastresistant
Entry % of control

Bread Wheat
41 97.4 28 75.4
13 97.3 21 75.4
38 96.9 1 74.4
25 96.6 45 732
3 96.4 19 67.3
Mean 96.9 7341
SE 0.2 1.5
Durum Wheat
5 97.2 13 719
25 95.6 34 67.7
9 94.7 7 65.8
10 94.2 4 64.0
29 93.7 12 61.6
Mean 95.1 66.2
SE 0.6 1.7
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and the durum wheats about 66%. In a
similar study, El Ghani et al. (1991) obtained
grain yields in aphid resistant lines ranging
from 3 to nearly 6 t/ha while susceptible
lines averaged slightly over 1 to about 4 t/
ha (Table 3). In this study, the percentage
yield reduction attributable to aphids
ranged from less than 10% in the highest
yielding lines to between 30 and 40% in
susceptible bread and durum wheals.
Tammam and Towfelis (1992) described
average yield losses in unsprayed plots of
18% in bread wheat and 16% in durum
wheat compared to the same entries
protected by malathion under moderately
highaphid R. pudi infestations.

Grain yield losses due to aphids in Sudan
have been estimated at nearly 30% in Sudan
in unsprayed fields (Figure 1; Kannan 1992).
Yield losses determined from plots sprayed
atdifferent infestation levels of 8. gruminum

clearly indicate that a level of 35% infested
Plants resulls in the greatest yield
preservation. This level has been used as a
threshold to implement spray programs in
the major wheat growing areas (N. Sharaf
Lldin, pers. comm.).

Gralin yleld (tha)
3

— Unsprayed fislds

25 4 __
2 1=
15 -

1 -4

0.5 -
0

15 55

25 32 45
Aphid infestation at spraying

Figure 1. Grain yleld obtalned by spraying at
different aphid infestation levels at Rahad,
Sudan In 1992,

Tabie 3. Grain yleld (tha) and yleld reduction (%) due to aphid infestations of the five highest and
lowest ranking genotypes under natural infestations at Shandawil, Egypt in 1990-91 (after EI Ghanl

et al, 1991),
Durum Wheat Bread Wheat
No.Entry  Spray NoSpray % reduction No. Entry Spray NoSpray % reduction
Aphid-resistant lines

5 4.86 4,02 3 6 3.36 325 3

20 4.15 3.82 8 5 4.24 4.07 4

41 6.40 5.84 26 9 2.30 2.20 5

26 312 2.81 10 23 385 3.64 7

23 3.€6 3.26 11 15 2.66 2.47 7
Mean 4.27 412 8.20 Mean 3.28 313 5.20
SE 0.56 0.55 1.39 SE 0.36 0.35 0.80

Aphid-susceptible lines

1 5.80 324 44 25 4.00 246 38

16 5.87 4.41 42 10 372 245 34

37 6.26 373 40 14 4.01 275 3

25 5.18 3.16 39 12 2.1 1.63 23

9 6.89 4,31 37 8 4.94 3.84 22

Mean 6.00 3.57 40.40 Mean 3.76 2.63 29.60
SE 0.28 0.21 1.21 SE 0.46 0.35 n
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Natural Enemies

Natural enemies of aphids are present in the
Nile Valley of both Egypt and Sudan (Table
1), although species compositior: differs
between countries. In the Sudan Coccinella
spp. is the most common predator (Figure 2)
followed by Chrysopa spp. Cydonia, a
coccenellid, was observed in 1990-91 and
was more efficient than Cocenellu (Figure
2B; Kannan 1¢92). As shown in all arcas
(Figure 2ABCD), natural enemy populations
lag behind those of S. gramimum and are not
offective in regulating them. Aphid
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per 100 Sweepa Parasitoids/100 Sweeps

45 30
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populations generally peak in mid-January
and rapidly decline as the crop matures and
daily temperatures rise.

The most striking difference between the
natural enemy complexes of Egypt and
Sudan is the absence of hymenopterous
parasitoids in the Sudan. It is possible that
Sudan’s harsh climatic, outside of the
relalively cool winter growing season,
suppresses parasitoid populations. Heavy
pusticide applications on cotlon and other
crops planted concurrently with wheat may
have also suppressed parasitoid
populations.

% Inf Plants & Aphids Predators &
per 100 Sweeps Parasitolds/100 Sweeps
10 5
nf Plants

8 4

6

4

2
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0 EA\72
Jan,
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No. 0.4

Chrysopa
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0

8 S
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Feb.
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D. New Halfa, 1990

Flgure 2, Aphid infestations and population densities of natural enemies sampled at four locatlons

In Sudan.
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In Egypt Coccinella spp. and Chrysopa spp.
are the dominant aphid predators followed
by syrphid flies and spiders. Two braconid
parasitoids have been reported, but they
appear too late in the seasoin and in such
low numbers as to preclude regulation of
the aphid population. In general, aphid
populations peak in February and March in
Middle Egypt ard slightly carlier in warmer
Upper Egypt (Figure 3). Predator and
parasitoid populations lag significantly
behind aphid populations and ever achieve
sufficiently high population deasities to
regulate them (El Heneidy et al. 1992).

A spray program described by El L eneidy
et al. (1992) was ineffective in controlling
aphids in experiments conducted in Egypl
(Figure 3). The pesticides also had little
effect on natural enemy populations.
Following two applications of Malathion,
the number of aphids per plant decreased in
the earlier part of the season in Middle
LEgypt, but the percentage of infected plants
did not change significantly (Figure 3A).
The aphid populations rebounded (rom the
first spray treatment within a week. Natural
enemy populations may have slightly
decreased due to the carly spray

50 Mafathion 50 :
@% |nf Plants % lrlf Plants
10 - i 1 © Aphids/Plant
01e Aphids Plant 40 P Malathion
30 A 30 - A
20 20 4
10 - K 10
0 Lo o g §§§|.»: 0 Lo NURTR AT RLET RN BTG
7142128 4 111925 4 1116 23 31 8 1421 29 121929 2 91623 1 6 152129 7 1119 28
Jan. Feb. Mar. Apr. Jan. Feb. Mar. Apr.
A. M'ddle Egypt C. Upper Egypt
60 50
50 Predators/100 Piants Malathion 404 Predators/100 Plants
" © %Parasitsm ‘L © %Parasitism
1 , 30-
204 Malathion
20 -
204 N
10
10 N R
- N
o . 0 lorg § SEhl
4 1219292 91623 1 6152129 7 1119 23
Jan. Feb. Mar Apr Jan. Feb. Mar. Apr.
B. Middle Egypt D. Upper Egypt

Figure 3. Fesponse of aphid and natural enemy populations to insecticide treatments In Middle and

Upper Egyptin 1892,
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(Figure 3B), but also rebounded within a
week. There was no effeci on cither aphid
density per plant, the percentage of aphid-
infested plants, or on natural enemy
pepulations due to the second spray
treatment applied in April. Aphid
populations appeared to be already in
decline at the time of this spray application,
as were parasitoids. Predator densities
remained nearly constant.

Similar results were observed in a repetition
of the spraying treatments in Upper Egypt
the same year. Aphid densities per plant
and the percentage of plants infested by
aphids actually increased over levels at the
time of spray. .y a week following the
treatment (Figure 3C). Populations of
naturid cnemies showed no response to the
spray treatment (Figure 313). The sccond
spray l:caiment was again applied while
aphid populations were declining, possibly
duato plant serescence and increasing daily
temperatures.

A siimilar experiment had been conducted
tire previous season in Upper Egypt at Al
Maragna and Shandawil (Figure 4AB; El

Heneidy et al. 1991) using one application

Predators/100 Plarts
%Parasitism

27 3 10 1723 3 10 17 24 31 7 14 22
Jan, Feb. Mar. Apr.
A. Al Maragha

of Pirimor and two of Malathion at the first
site and a single application of Malathion
limited to aphid-infested hotspots at the
latter. The heavy pesticide applications at Al
Maragha may have resulted in a subsequent
decrease in parasitism and predators, but
the limited application at Shandawil caused
no noticeable effect. No aphid population
data were collected during this experiment.
However, visual rankings of low, medium,
or high aphid densities were made based on
inspection of the plants. As in 1992, little or
no effect was attributable to the pesticide
application.

Germplasm Development

In 1984 an aphid screening laboratory was
established in Giza, Egypt, to identify wheat
lines possessing aphid resistance. Nearly
5000 lines per year, originating from the
Lgyptian national program, ICARDA and
CIMMYT, and institutions outside of West
Asia and North Africa, have been tested in
this laboratory against S. graminum and R.
padi (Miller el al. 1992, El Einen et al. 1989).
Laboratory tests have shown that progeny
[rom crosses made with the commercial
Egyptian varieties Giza 157, Sakha 61, and

50 Pradators/100 Plants
40+
30+
204
10 4
0 }
27 3 1017 23 3 10 17 24 31 7 14 22
Jan. Feb. Mar. Apr.
B. Shandawil

Fiqure 4. Response of natural enemy populations to insecticide treatmeats in Upper Egyptin 1931,
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Sakha 69 and the Amigo-lines containing the
R2 translocation from rye are resistant to S.
graminum. The best performing lines have
been assembled into a small yield trial and
tested for two years under naturally
occurring aphid infestations in Middle and
Upper Egypt. Table 4 shows results from
these yield trials evaluated for resistance to
R. padi. The lines shown performed better
than the commerc:al variety Sakha 69 used
as a local check adapted to Nile Valley
conditions. The best performing lines in
these trials possessed moderate levels of
aphid resistance combined with high yield.
Lines with higher levels of aphid resistance
yielded less. This nursery is still under
evaluation in Egyptand was recently
distributed to five countries on the Arabian
Peninsula where climatic, agronomic, and
pest problems resemble those of the Nile
Valley.

Wheat relatives may provide a source of
resistance genes for future crosses. Youssef
etal. (1992b) identified several Aegilops

accessions possessing resistance to S.
graminwm and R. padi (Table 5) from a
nursery provided from ICARDA’s Genetic
Resources Unil. The nursery is still under
evaluation and newly collected material is
being prepared for testing against various
aphid species.

Discussion

The accumulated data on wheat aphids in
the Nile Valley suggest that a sufficient
number of control “tools” and the expertise
to wicld them are available in Sudan and
Lgypt for successful IPM. [PM strategies and
obstacles common to both Egypt and Sudan
are discussed herewith,

Ulilization of aphid-resistant varieties in
combination with enhancing natural enemy
populations should be the keystone of wheat
IPM in the Nile Valley. Results from Egypt’s
yield trials suggest that wheat varieties
possessing acceptable yield and moderate

Table 4. Grain yield (t/ha) and percentage leaf area occupled by R. pad! for best yielding wheat lines
from selfed BC3/BC4 in 1990 and 1991 (after Youssef et al. 1992a).

R. padireaction Grain yield

No. Cross 1990 1991 1990 1991
1 134XS69/274/2* 20-30 20 1.024 1.483
2 134X569/357/6 40-50 30 0.897 1.387
3 134X569/295/5 30-40 50 0.884 1.182
4 134XS61/304/3 30-40 40 0.940 1.405
5 134XS61/305/1 30-40 40 0.860 1.131
6 134XS61/321/1 30-40 40 0.835 1.270
7 136XS69/377/5 40-50 60 0.894 1197
8 136X569/358/2 20-30 20-30 0.777 1.540
9 136X569/394/366/1 20-30 20-30 0.975 1.393
10 136XS69/376/1 20-30 20-30 0.889 1.430
11 136xs69/376/2 30-40 40 0.851 1.343
Overall Mean 33 36 0.893 1.342
SE. 23 37 0.020 0.040
S69 (mean) 60 60 0.804 1.128

* 134 = Bushland: Amigo TAM 101; 136 = Bushland: Amigo TAM 105; S69 = Sakha 69; S61 = Sakha 61.
> Bold type indicates lines/values with yields greater than that of S69.
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aphid resistance may be useful in reducing
the frequency of pesticide applications, and
may eliminate their need altogether when
aphid infestations are low. Different S,
graminum biotypes may be present in Egypt
and Sudan. This may account in part for the
relatively poor performance of S. graminum-
resistant Egyptian wheals in Sudanese ficld
tests. Winter weather conditions in Sudan
that promote S. graminum development may
also contribute to the “swamping out” of
aphid resistance due to the massive aphid
population. Solutions to this problem
include the identification of S. graminum
biotypes in Egypt. S. graminum screening is
carried out a screening laboratory in Giza
using stock cultures of S. graminum
generated from locally collected parents.
Such screening targeted toward Sudan may
have to be relocated to Sndan.
Reconfirmation of the biotypes observed in
Sudan is also necessary as the differential
screening nursery contains wheat lines
developed for temperate North America and
is poorly adapled to growing conditions in
Sudan.

Table 5, Aegllops accessions showing
resistance to S, graminum (after Youssef et al.
1992h).

Mean
Genetic aphid

Specles Accession Ploldy formula rating

Resistant to S. graminum

Ae. speltoides 400047 2X S 1
Ae. speloides 400049 2X S 1
Ae. triuncialis 400121 4X uc 1
Triticum tauschii 400359 2X D 1
(formerly Ae.
squarrosa)

Resistant to R. padi
Entry numbers
16,17,18,19,23,202,203,250
Ae. geneculata 40,41,43,56,57 58
Ae. umbeliulata 277,279,2295

ICARDA Genetic Resources Unit Nursery.

Ae. triuncialis

Aphid population performance differs
along the length of the Nile Valley.
However, a single economic threshold is
employed across all wheat growing regions.
Pesticide use would possibly be lowered
without significant yield loss if a higher
threshold was used in arcas where aphid
populations do not normally perform well.

Scouting and application procedures should
be reviewed in cach country. While the
basic strategy of spraying when a critical
aphid population is attained is sound, the
actual practice may be faulty. Observations
suggest that too large a region is sprayed on
the basis of scouting reports originating
from a relatively small portion of that
region. Similarly, the effectiveness of the
spray application should be determined by
follow-up surveys in the sprayed arcas. If
aphids are still present, then the chemical
used and the application technique should
be revised to the lowest poss'ble dose of
chemical applied in the most economical
and safest manner. Logistical problems may
introduce delays in applying sprays to
infested areas which allow aphids to cause
economic loss. L.owering the economic
threshold to initiate spraying carlier will
lead to overuse of peslicides. A betler
strategy is to avoid technical problems by
adequale prior planning that anticipates
possible bottlenecks.

The actual cost of control programs should
be considered when developing economic
thresholds and injury levels. Because pest
control programs are frequently subsidized
by government agencies in both countries,
the true cost of the control program may be
overlooked when the control program is
designed. Because several government
agencies may handle different aspects of the
program, the true magnitude of personnel
and transportation costs, the price of the
active ingredient, and the cost of obtaining
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and maintaining equipment may be
obscured. The term “economic threshold” as
used in NVRP reports is also misleading
because it is based only on yield and pest
population interactions rather than
considering market factors affecting the
crop and its protection.

There are control techniques that should be
employed, or at least investigated, within an
IPM context in both Sudan and Egypt.
Natural enemy populations may be
enhanced in both countries. Factors
regulating predator and parasitoid
populations should be identified. Functional
response studies and studies on other
predation parameters (Hassell 1978) are
needed to identify the potential of current
natural enemy populations in regulating
aphid populations. Population
enhancement, either by augmenting natural
populations by releasing reared predators
such as Coccinella or Cydonia, or by altering
the environment to enhance naturally
occurring populations may be useful
(Parella et al. 1992). Introd uction of new
parasitoids into Egypt to augment those
already established or into Sudan to
establish them should be considered.

The interaction of the wheat-insect system
with other crops is not well defined. In
Sudan, there is almost certainly an
interaction between the heavy pesticide use
on cotton and the aphid/ natural enemy
complex on wheat, although this has not
been demonstrated. Similar spillover effects
are likely present in Egypt but have not
been documented.

In Egypt, management practices on crops
grown concurrently with wheat and on
crops providing refuges for aphids and
naturai during the summer months should
also be considered when developing
biological control strategies. Natural
enemies resistant to commonly used

pesticides on crops surrounding wheat
fields and on wheat may be developed and
released. Results of seed dressings such as
Gaucho 70 in Sudan should be considered
for use in Egypt.
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Questions/Discussion

A comment was made that most of the
aphids present are vectors for Barley Yellow
Dwarf Virus but that BYDV presence or
absence was not mentioned. Dr. Miller said
that research over the past three years has
indicated the presence of the virus in the
Nile Valley in Egypt and that it may also be
present in Sudan. ELISA analyses have
identified the major strains present in Egypt
and this survey work was continuing. He
indicated thal past BYDV incidence, while
very variable, was probably not as
economically serious as initially feared.

Dr. Miller was questioned on the
possibilities that aphids were building up
resistance to malathion. He replied that
there are several explanations for the minor
elfect of malathion in the experiments
outlined in his paper, one of which is
resistance in the aphid populations. This is
suggested by the fact that malathion was
ineffective in different experiments in two
successive years. However, other
rescarchers in Egypt have used malathion in
yield loss assessments with excellent results.
This could suggest that application errors
may have occurred in the reported
experiments, or perhaps the chemical itself
was defective. He said that the lesson to be
learned was that spraying programs,
experimental or commercial, should be
monitored to interpret and resolve problems
such as these.

When asked if a standardized methodology
for assessment of aphid infestation had been
developed, he replied that population rating
scales, so important for screening for aphid
resistance, as well as defining economic
threshold levels, had been developed in
Egypt and Sudan. Though not identical,
both rating systems take into consideration
aphid density per plant, the percentage of
infested plants, and in the case of greenbug,
damage to the plant.

Finally, Dr. Miller was questioned whether
the instability in genetic resistance indicated
in Sudan was also found in Egypt. He
explained that aphid population behavior,
like plant development, varies due to
changes in the environment. He said that in
Egypt, despite fluctuations, aphid
populations are almost always sufficiently
high to result in infestations that cause
observable damage. The problem observed
in Egypt is that seedling resistance
identified in the laboratory doesn’t always
carry through to the adult plant in the field.
He felt that variability observed in Sudan
may result from differences in environment
from site to site, affecting aphid behavior
and plant performance. He indicated that
many aphid-resictant Egyntian lines
perform poorly in Sudan and this is
probably due to slight vernaliztion
requirements, met in Egypt but not in
Sudan, and perhaps due to biotype
differences between the two countries.
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Pest Problems of Wheat in Sudan

N. Sharaf Eldin
Agricultural Research Corporation, Wad Medani, Sudan
H. Omer Kannan
Rahad Research Station, El Fau, Sudan

Abstract

In Sudan, wheat aphids, termites, and the spotted sorghum stem borer are the main insect pests
of wheat. Considerable research has been conducted in close collaboration with the ICARDA/
Nile Valley Regional Program. All programs were oriented towards an integrated pest
management approach and addressed its important components. Intensive work was carried out

on population dynamics, relative distribution, and abundance of the natural enemies of aphids

during both the growing and off-seusons. Investigutions were initiated to investigate the

possibility of early angmentation with natural enemies for biological control. Screening ofa

great number of breeding lines agaimst aphids showed some promise, but a closer cooperation by

all relevant disciplines is still necded. In the area of chemical aphid control, the economic
threshold level was estublished as 35% nfested plants. The search for lower rates and safer
chemical and botunical insecticides continued with emphasis on seed-dressing materials and
granulated insecticides. A breakthrough in protection of wheat is anticipated through the use of
a new seed-dressing material in the next few years. Lor termites, cultural measures have been

successfully utilized for control with outstanding results.

Introduction

Although wt:eat has been under cultivation
for hundreds of years in northern Sudan, no
serious lusses due to pests have ever
occurred to justify control measures. A
possible explanation for this could be the
minimum use of chemical insecticides on all
crops in the arca, which maintained an
undisturbed natural balance.

However, wheat production in the new
areas south of Khartoum (Gezira, Rahad,
New Halfa, White Nile, and Blue Nile) has
been faced with a number of insect pest
problems, notably the aphids.

Pests of Wheat

Important pests of wheat in Sudan include
aphids, termites, stem borers, leaf miners,
rodents, and birds. Of these, aphids are the

main economic pests. Termites, leaf miners,
and stem borer occur regularly, but seldom
reach an economic threshold. Birds and
rodents appear erratically and can cause
substantial grain losses in years of heavy
oulbreaks.

Aphids

The two important aphid species are the
green bug, (Schizaphis graminum Rond) and
the maize aphid (Rhopalosiphum waidis
Fitch). Both species attack wheat in all parts
of the Sudan, but S. graminum is the more
imporlant onc and responsible for most of
the damage and yield reduction. R. maidis
appears carly (December) and colonizes the
heart of the plants, and then leaves the crop
at the onset of booting and does not seem to
cause any economic loss (Muddathir 1978).

When comparing the relative importance of
aphids on wheat in the traditional and the
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new areas, it is apparent that they have a
higher economic impact in the new areas.
Grain losses due to aphid attack in the new
areas are estimated to be in the range of 25-
30% (Sharaf Eldin 1976). This is possibly
due to heavy insecticide use to control
cotlon pests, which has upset the delicate
balance of natural enemies that feed on
different aphid species attacking both cotton
and wheat.

Aphids have not yet been reported as
serious discase transmitters, but recently a
light incidence of barley yellow dwarf virus
(BYDV) has been reported from the New
Halfa arca. One of these two species is
thought to transmit the disease (Ahmed
1992).

Economic threshold level for spraying—Since
aphids cause economic losses, annual
chemical control has become necessary in
Sudan’s new wheat areas. To determine the
most effective spraying intervals, assessing
the level of infestation at which economic
injury level is sustained was the first step. A
number of infestation levels from 5 to 65%
with a difference of 10% between levels was
monitored. Results confirm that a 35%
infestation level is the economic threshold
level (ETL) for spraying against aphids in
the Sudan (Sharaf Eldin 1985, Kannan 1991).

Assessmenl of aphid infestation can be
based on two parameters: 1) the percentage
of infested plants or 2) the number of

aphids per plant; the former method is now \

being used for commercial spraying. But
due to opposing views on the validity of
relying on percentage of infestation alone,
integration of both methods into what is
termed as the “degree of infestation” is now
under investigation. This will be compared
with the current ETL.

Chemical control—Chemical control being a
quick and effective method has been
practiced for over 20 years in the new areas.
Several hundred single and mixed
insecticides in different concentrations and
Gosage rates have been screened against the
two aphids. After undergoing the required
two or three years of testing at the research
farm and in farmers’ fields, a substantial list
of chemicals has been approved for
commercial use by the Technical Pests and
Diseases Committee. For economic reasons,
only a few of these are in use, most
particularly the specific aphicide, Pirimor.
Others include Ekatin, Metasytox RS0,
Dursban, and Reldan.

Recently, a policy of testing lower dosage
and safer insccticides has been adopted;
neem seed and leaf extracts are being tested
at different dosage rates against the aphids
and their natural enemies. Newly produced
chemical insecticides as sced dressings and
granular formulations—being safer, more
specific to the target insect, and less costly—
are now receiving special consideration in
our screening program. Gaucho 70
produced now in powder form for seed
dressing and as granules and Furadan have
given extremely promising results. Gaucho
70 as a seed dressing gave excellent
protection of the crop against the two
aphids throughout the 90-day season (Table
1). Italso improved crop stands, which
resulted in higher grain yields. Gaucho 70 is
active at a low dosage rale of 1 g/kg of seed
and is anticipated to mark a breakthrough
in wheat protection against aphids (Sharaf
Eldin 1992).

Spraying is recommended whenever 35%
infestatior. is reached. Subsequent sprays
are determined by the build-up of
infestation. On average, one or two sprays
are required during the cropping season. In
the past, the area of the block was taken as
the sample unit, but now more intensive
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surveys have been undertaken and the
sample size has been reduced to 36 ha. This
will help in selective spraying, which will
reduce the number of sprays in the future.

Since spraying against aphids was iniliated
in the late 1960s, the number of sprays has
varied from one ycar to another, reaching a
maximum of two during the 1991-92 season.
Accordingly, the total cost of protection and
the ratio of cost of protection to the total
cost of production has varied as shown in
Table 2.

Biological control—A number of predators,
including Cydonia, Coccinella, Syrphids, and
Chrysopids exist in different parts of the

Table 2. Mean number of Insecticlde sprays In
commercial fields and the cost of protection.

Costof
chemlcal
No.of +application Protection
Season  sprays (Ls/acre) cost* (%)
1985-86 1.58 19.0 6.9%
1986-87 1.05 115 4.0%
1987-88 0.98 139 4.3%
1988-89 1.01 156 2.8%
1989-90 1.38 279 2.9%
1990-91 1.51 51.3 2.4%
1991.92 2.15 113.0 22%

*  Percent of total production costs.
Ls = Sudanese pound

Table 1. Lerge-scale screening of Insecticides against wheat aphids (Percentage Infested plants.

Data transformed to Arcsin),

Date of aphid count

Chemical rate/ha 13 Jan. 18 Jan. 21 Jan, 26 Jan, 3Feb.
Gaucho 200 g* 1.708a 0.855 0.605a 0.003a 0.605a
Gaucho 150 g* 4.627a 2.064a 2.204 4.181abc 1.801ab
Dani 20% 0.4 L° 62.443b 70.304b 1.814 0.003a 8.930bc
Dani 20% 0.2 L® 57.650b 69.597b 1.458 1.708ab 9.383c
Dani 20% 0.15L° 58.270b 74.277b 11.410 6.840¢ 16.940d
Sumi 50% 0.4 L® 65.897b 80.307b 0.003 1.458ab 3.803abc
Sumi 50% 0.2 L° 66.797b 72.463b 2.779 4.870bc 9.103¢
Ekatin 25% 0.25 L® 67.383b 83.700b 5.028 3.174abc 7.148abc
SE (8.347) (5.170) (2.472) (1.282) (2.1311)

9 Feb. 13 Feb. 20 Feb. 27 Feb. 5March
Gaucho 200g* 0.003a 0.605 0.003 0.003 0.003a
Gaucho 150g* 4.210ab 3.413 1.458 0.003 0.855a
Dani 50% 0.4 L® 10.180ab 4.357 4.978 6.953 6.913b
Dani 50% 0.2 L* 7.073ab 5.800 4.097 4.804 5.483b
Dani 50% 0.15 L* 17.623b 11.387 7.000 5.887 6.447b
Sumi 50% 0.4 L* 5.993ab 1.458 2.557 2.204 2.921ab
Sumi 50% 0.2 L® 15.600ab 4.570 3.910 3.544 6.100b
Ekatin 25% 0.25L* 21.383b 6.900 4.591 3.610 5.591b
SE. + {4.969) (2.446) (1.691) (1.589) (1.557)

Dani = Danito! S, Sumi = Sumithon,

* Applied as seed dressing.
® Sprayed on 19 Jan. 1992.
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country with different intensitics. They
exercise some natural control and are
perhaps responsible for keeping aphid
populations below economic levels in the
north. Normalty, the natural enemies
appear late in the season after the aphid
population has already reached damaging
levels, and to synchronize the appearance of
the predators with that of the pest, an carly
augmenlation with the natural enemies is
needed. Accordingly, some investigations
were initiated to monitor the effect of
releases of different numbers of the adult
coccinellid in field experiments. Some
positive results were generated, but because
of logistic problems the studies were
suspended.

Resistance—Natural resistance in plants to
aphid attack constitutes one of the most
effective and desirable methods of insect
control. With the global concern over the
use of chemical insecticides, great emphasis
is now given to breeding resistant varietics.
In recent years, efforts have been devoted to
screening a number of breeding lines of
wheat provided by ICARDA, CIMMYT,
Egypt, and the national program. Screening
was mainly carried out in the field and
assessment of resistance was based on
percentage infested plants, number of
aphids per plant, and visual rating of the
damage. So far, success has been limited,
although some level of resistance was found
in a few breeding lines with inferior
agronomic characters. This calls for a closer
cooperation of all relevant disciplines.

[t has been observed that the same breeding
lines react differently to aphid attacks at
different locations. This poses the possibility
of different green bug biotypes in these
areas and has necessitated the initiation of
studies to determine if biotypes are indeed
present using the green bug differentials.

Termites

Termites (Microtermes thoracalis) are soil-
inhabiting insects found throughout the
tropics and subtropics. Their infestation
depends on the nature of the soil,
temperature, moisture conditions, and the
presence of dry plant tissucs. In Sudan, they
are common in heavy clay soils and are
reported to be important in the Rahad
Scheme where infestation is encountered in
patches, mostly in the highlands recciving
inadequate irrigation. The insect primarily
feeds on and damages the main stem.
Infested plants, especially young ones, turn
pale, wilt, and die particularly under dry
conditions.

Under severe conditions, lermites can cause
considerable stand losses (Kannan 1992),
Rescarch has revealed that dry spells,
untreated seeds, inadequale fertilizer, and
long intervals between irrigation are
conducive to termite attack and significantly
reduce yield (Table 3).

Currently in Sudan, wheat seed is treated
with an insecticide before planting to reduce
the effect of termites and, in addition,
farmers are advised to irrigate at shorter
intervals during hot spells during the
season.

Stem borers

The spotied stem borer (Chilo partellus
Swinh) and the dura stem borer (Sesamia
cretica LED) are sporadically encountered,
mainly on the edges of the field. Infestation
is very low, i.e., about 0.1% and does not
require control measures. The larvae feed
inside the stems leading to yellowing and
the death of plant and empty heads. To
maintain the low level of infestation,
cultural practices are recommended that
destroy the damaged plants where pupation
and larval diapause have taken place.
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Leaf miner

The wheat leaf miner (Pseudonapomyza
spirosa Sp.) is very sporadic and infests
mainly the edges of the field. A
hymenopterous parasite has been isolated
from the miner and it is possible that this is
keeping the insect in check.

Rodents
Arvicanthus niloticus SUND (Nile rat) and
Mastomysus natalensis SUND are the two

most prevalent species in fields and villages.

They can cause substantial yield losses in
years of heavy outbreaks. Estimates of
wheat grain losses ranged between 15 and
70% in the Gezira Scheme during the 1975-
76 season.

A control campaign is annually launched
during April-June in Gezira; zinc phosphide
baits in the fields and Warfarin in the
villages are used. Kelrat, a recently released
safe rodenticide, is an anti-coagulant that
can be used both in field and village and is
preferable to Warfarin because only a single
feeding is enough to kill the rat.

Birds

The weaverbird (Quelea quelea aethiopica
SUND), considered one of the most
important pests of cereals in Sudan, can fly
long distances and attacks grain fields in
great numbers and causes considerable
losses. It inhabits trees near rivers or other
water sources where it breeds and from
where it attacks crops (Schmutterer 1969).

The house sparrow (Passer domesticus
arboretus Bp.) lives around villages near
grain fields and normally does not fly long
distances in search of food.

Destroying nests at breeding sites—the
traditional control method—is laborious
and less effective especially for the
weaverbird. Poisoning drinking water with
avicide (fenthion) has proved successful and
more practical where it can be used safely.
However, the method now in wide use, and
which is more effective and economic, is
acrial spraying of Queletox on breeding and
roosting sites carly in the morning or at
dusk.

Table 3. The effect of Fernsan D seed dressing, fertilizer application, and Irrigation intervals on

termite Infestation (mean of six counts).

1990-91 1991-92

infested plants Yield Infested plants Yield
Treatment® (%) {(kg/ha) (%) (kg/a)
1. Seed dressing + 1P® + ON 13.3 1,080 2.6 800
2. No seed dressing + 1P + 1N® 139 1,570 7.4
3. Seed dressing + 1P + 2N\° 9.0 1,620 1.7 1,200
4, Seed dressing + 1P + 1N 13.6 1,120 1.7 1,030
5. Seed dressing + 1P + ON 293 390 18.8 780
6. No seed dressing + 1P + 1N 26.0 360 328 600
7. Seed dressing + 1P + 1IN 213 790 14.2 640
8. Seed dressing + 1P + 2N 256 520 14.7 470

* Treatments 1-4 irrigated 10 days before and 7 days after flowering; treatments 5-8 irrigated 10 days

before and 10 days after flowering.

> 1P =43 kgP,0./ha; 1N = 86 kg N/ha; 2N = 172 kg N/ha.
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Questions/Discussion

Dr. Eldin was asked to comment on the
safety of Gaucho seed dressing. He replied
that the chemical appears active up to about
90 days after emergence, but analyses of the
mature grain have found no residues. He
was also questioned whether the seed
dressing would be effective when
infestations appeared late in the growing
cycle (as in Egypt). He said that, in Sudan,
attacks by aphids start before flowering and
consequently the seed dressing was highly
effective but admitted that the later attacks
in Egypt may not justify its use.
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PHysioLoGY oF HEAT STRESS

Physiological and Biochemical Criteria for
Evaluating Genotypic Responses to Heat and
Related Stresses

D.W. Lawlor
Institute of Arable Crops Research, Rothamsted Experimental Station,
Harpenden, Herts., United Kingdom

Abstiact

The concepts behind the use of biochemical processes and their physiological consequences for
improvement of wheat productivity in hot, dry, and bright environments are considered. The
example of photosynthetic metabolism is taken: the structure of the system and the limitations to
assimilation caused by light harvesting and electron transport, ribulose bisphosphate synthesis,
and ribulose bisphosphate carboxylase-oxygenuse (Rubisco) enzyme activity are outlined. A
major limitation to C();, fixation, particuldurly in hot dry environments, is the oxygenase activity
of Rubisco, which is the origin of the carbon lost in photorespiration. Photorespiration increases
greatly as a proportion of CO, fixed at higher temperatures. Gas exchange analysis can be used

to detect genotype differences in heat response. For efficient photosynthesis, it is essential to
maintain balance between the supply of energy und that of carbon dioxide and an active
mechanism of CO, fixation for assimilate production. Assimilate consumption must also be
balanced with assimilate production in the long term as accumulation of assimilates in the
photosynthetic apparatus may lead to feedback iahibition of the mechanism. Imbalance in
metabolism caused by large energy flux relative to CO, assimilation results in high energy
states of chlorophyll and electron transport components, accumulation of cellular reductant
(e.g., NADPI) and leads to fermation of reactive forms of oxygen. The latter are potentially
damaging to metabolism, causing chlorophyll bleaching and lipid oxidation. Hence, thylakoid
membranes may be damaged, their functions impaired and photo-inhibition results. Protective
mechanisms, particilarly the carotenoid system, “detoxify” these damaging compounds. The
onset of energy imbalance can be detected by decreased CO, assimilation and increased
chlorophyll fluorescence, which indicates the energy status of the thylakoids. The use of these
techniques for selection of heat and water stress tolerant genotypes is discussed.

Introduction

A plant’s genes—the genotype—delermine
the number, type, and extent of the traits
produced—the phenolype—which
delermines the plant’s response to its
environment, both the ‘average’ and the
range of conditions, including extreme
events. Responses can be considered as both
gereral and specific; the general is shown
by all autotrophic higher plants, and reflects

particular requirements for a range of light,
water, nutrients, and temperature (Edwards
and Walker 1983). Response Lo each of these
factors may be described by a response
curve (Figure 1). Below a threshold of the
particular condition, the plant processes
(v.g., growth, reproduction, and
photosynthesis) cannot occur but above the
threshold the rate of the process increases,
eventually reaching a maximum over a
narrow or wide range of conditions (Brooks
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and Farquhar 1985). With further increase in
the magnitude of the environmental factor,
the rate decreases, often precipitately, and
eventually stops at an upper limit. Specific
responses are similar but differ
Guantitatively depending on the genotype,
exhibiting different thresholds, rates of
response to the environmental factor, and
different absolute rates and maxima
obtained. Such specific genotypic
differences are of great importance in plant
breeding and crop adaptation to stress
conditions (Lawlor 1987a).

The magnitude of the differences between
plants depends on their evolutionary
history, phylogeny, and ecological type
(e.g., sunand shade plants). Major
differences exist. [ or example, in the
angiosperms, the C3 and C4 forms of
photosynthetic metabolism allow different
photosynthetic responses to environment;
C4 plants (e.g., sorghum and maize) are
particularly adapted to hot, brightly lit,

Cool Hot

™

v

Environmental Factor

Figure 1. Theoretical response of a plant
process (e.g., rate of growth or photosynthesis)
to an environmental condition such as heat. The
two genotypes, A and B, differ in both the
optimum for the response and the high
threshold (temperature) at which the process
ceases. Selectlon for characteristics of B would
be a disadvantage in the average environment
of A and vice-versa for A In B rfovsever,
between the two environmer:ts the value of A or
B features would not be so clear.

often dry environments whereas C3 plants
(e.g., wheat) are generally more efficient in
dim light and cooler, moist conditions
(Edwards and Walker 1983). There is a great
range of ecological preferences of species
withina genus, e.g., durum wheats
(Triticum durum) of Mediterranecan
environments and hexaploid wheats
(Triticum aestivum) of temperate regions.
Also, within a species, e.g., the hexaploid
bread wheats, there is considerable variation
inresponses. The range of potential
responses of plants to complex
environments is enormous, with
constellations of characteristics that confer
ability to grow and survive. For example,
plants adapted to very bright light have leaf
canopy architecture, leaf structure, and
metabolic features enabling them to grow in
hot and dry conditions, whereas those
adapted to dim light have adaptations of the
same mechanisms so that components differ
quantitatively between high and low light
plants. Within the wheats, relatively small
changes in composition may affect the
ability to utilize solar radiation and to
minimize damage under conditions that
decrease CO, supply (e.g., stomatal closure
during waler stress).

There is strong correlation between
environmental factors, which constitute a
habitat. For example, solar radiation
experienced by crops depends on
geographical location and cloud cover;
periods of large energy flux are thus
associaled with infrequent or reduced
rainfall, low atmospheric humidity, and
high temperatures. However, more extreme
conditions prevail at some time in most
areas, such as dry periods in the wet humid
tropics. Farmers target periods within the
normal environment that are favorable to
production of a particular crop. Plants
adapted to extreme drought conditions will
have features reducing water loss,
maintaining photosynthetic rate and
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protecting metabolism against damage
caused by cellular desiccation and excessive
energy loads.

To produce wheat with large and stable
production in extreme environments such
as those of the hot dry tropics, it is essential
to exploit natural variation in the genotypes,
which may confer productivity combined
with resistance to damage. The genes must
provide a combination of traits that will
allow the crop to develop an optimum leaf
area and to produce adequate numbers of
ears and grains upon which yield
production depends. Both of these traits
require formation and growth of tillers in
addition to the main stem. Also, plants must
make and maintain ample photosynthetic
machinery of high etficiency to maximize
total assimilate production (Lawlor 1987a).
A further requirement is the ability to store
assimilates before anthesis and to
remobilize them for grain-filling under
adverse conditions (Evans 1993). All these
processes must operate in fluctuating and
often extrcmely stressful conditions; human
demand for increasing wheat production
under conditions o which the species is not
adapted (e.g., very hot, dry arcas) places
added burdens on the plant, not only to
survive, but to make large yields with a
minimal supply of nutrients, water, etc. To
do so requires major changes in the plant’s
biochemistry, which is likely to be slow to
achicve by classical breeding, and, indeed,
may not be possible unless the basic
biochemical and physiological
characteristics are amenable o change by
genetic engineering techniques.

Whealt shows enormous variation within
and between species with biochemical
adaptations (the integrated results of which
are visible as structural differences and
measurable as differences in biomass and
yield or physiology) enabling genotypes to
survive and produce yield. Plant breeding

attempts (via the obvious phenotypic
features) to exploit the differences in these
biochemical processes and combine
different desirable trails and improve
phenotypic characteristics to achieve the
required productivity. Agronomy modifies
the environment so that the potential
maximum productivity can be expressed
fully. Only by matching genotype needs
with the agriculturally-modified
environment can maximum potential be
achieved (Lawlor ct al. 1989, Evans 1993).

Relevant to this conference is the capacity of
genotypes to produce in very hot, dry
environments with very bright light and,
particularly, to maintain productivity even
in relatively infrequent extreme conditions
(Figure 1), those to which the plant is not
normalily exposed, but to which it must be
adapted if damage is to be avoided. Here
the biochemical and physiological basis ot
plant responses to extremes of light,
temperature, and water supply is explored.
The question posed is: what biochemical
features, controlled by the gerotype, are
required for an efficient phenotype, i.e., one
able to survive and yield in extreme
environments (L.awlor 1983, 1987a)?

Plant breeding has largely concentrated on
the empirical combination of traits and on
selection of desired characteristics, e.g., high
yield and stability of yield, under particular
environments, generally those in which the
crop will be grown (target environments).
This ‘black box” approach has advantages in
that it considers not a single or limited
number of factors (e.g., pholosynthetic
characteristics, grain size) that contribute to
productivity, but includes all factors, even if
the mechanisms are not understood or
indecd known. Therefore, selection in the
target environment and repeated trials of
selected material are likely to test,
thoroughly, genotypic ability to produce
dry matter and yield in those conditions.
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However, a purely empirical approach is
unsatisfactory in thai it may ignore
important processes which, if deliberately
selected, might achieve more effective
combinations of traits of greater potential
for a particular or wider range of
environments. This approach presupposes
that the trait can be identified efficiently by
suitable genetic, biochemical, or
physiological markers and then combined
into a suitable genotype to achicve a desired
product. Many biochemical processes are
well characterized, but their complexity and
consid :ble interaction make it difficult to
quantitwmor to relate any one
biochemical step or component to an end
product (e.g., yield), which is the result of
many metabolic sub-processes (Lawlor
1987a, Evans 1993). Indeed, it is even
difficult to show that physiological
processes, generally at a higher level of
complexity than the biochemical, are
directly causal in determining yield. This
will limitapplication of genetic engineering
techniques to breeding (or production and
stress resistance.

Genes and limiting factors

Genes code for proteins, which form the
structural and biochemical components,
including enzymes, of the plant cell. This
metabolic machinery is responsible for
assimilation of materials, e.g., carbon
dioxide and nutrients (c.g., NO,), from the
environment to form the plant and
ultimately yield. The nature of these
components and how they are incorporated
into physiological systems (¢.g., formation
of particular proteins and lipids and their
combination into men.sranes and
organelles) determine organ structure and
function and thus the responses of plants to
their environment. The combinations of
characteristics of the components ultimately
determine the system’s efficiency in growth,
production, and survival in extreme
environments,

Returning to Figure 1, the genome
represented by A might produce a key
enzyme, which functions more efficiently at
cooler temperatures than that of B,
conferring greater productivity at the lower
lemperature. In hot conditions, an A-type
enzyme cannot work efficiently and
production decreases so that B enzyme is an
advantage. However, the potential
advantage conferred by a particular enzyme
or biochemical component at the level of
photosynthesis, the plant, or crop is an
advantage only if all other components
perform correctly at the particular
temperature. If this is not so, as may be
expected in the A plant ina hot
environment, then introducing the B
enzyme in the A type genome is of no
value. To improve the efficiency and
productivity of B would require transferring
the characteristics of type A into the B
genome while retaining the heat tolerance of
B; this is only effective if those particular
characteristics of A are not heat-sensitive.
Clearly, itis of importance to know what
the characteristics of the system are if the
plantis to be altered. In closely related
genotypes, variation in individual
components, e.g., enzyme characteristics,
may be very small and differences in
efficiency may depend on extremely small
changes in proteir structure. The enzyme
ribulose bisphosphalte carboxylase-
oxygenase (Rubisco), the CO, assimilating
enzyme, has a molecular mass of 550 kDa,
with 675 amino acid residues per active
dimer in wheat, yet changing one amino
acid at the active site, or even one at
considerable distance from it, generally
adversely affects catalytic efficiency
(Andrews and Lorimer 1987). Thus, changes
ingenotype and phenotype, which confer
advantages in particular environments, are
subtle. Also the number of processes
involved in the adaptation of higher plants
o their environment are extremely large
(Edwards and Walker 1983).
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Plant growth is the result of many processes
operating close to a ‘systems norm’, i.e., a
particular rate under given conditions, with
complex regulatory mechanisms that may
vary with conditions to ensure efficient,
long-term function. A limiting factor may
be clear when one factor (e.g., nitrogen
supply) is deficient in an otherwise good
environment or an enzyme (e.g., of
chlorophyll synthesis) is lacking. HHowever,
under conditions to which the plant is well
adapled, complex interplay of multiple
regulatory processes is more likely. Because
of these complex systems, the specific
reasons for differences between genotypes
in particular environments, the G x I
interaction, and the mechanisms
underpinning them are very poorly
understood. Ultimately, the sum of the
integrated processes determines the plant’s
success in a given environment.
Unlortunately for plant breeding, the
controlling biochemical and physiological
processes that confer an advantage for
productivity in particular environments are
difficult to identify in such a complex
system. If plant breeding is to use
biochemical and physiological information
and knowledge of how they relate to
environment, as an alternative to empirical
breeding techniques, it is necessary to
understand the mechanisms that confer
resistance to extreme environments and to
develop selection criteria and techniques
that will identify the traits in potential
breeding material and thus allow them to be
used.

Bicchemical and Physiological
Factors Determining Genotype x
Environment Interactions

The foregoing provides a background for
analysis of processes that contribute to G x
E interactions and specifically to obtain
varielies with improved CO, assimilation

and yield under hot, brightly lit, water-
stressed conditions. Here we choose one
plant process out of many to illustrate how
particular physiological responses are
determined by biochemistry and how they
might be selected. The photosynthetic
mechanism is considered, how its function
depends on environment, and how a
malfunction can be detected by fluorescence
and gas exchange measurements. The
possible use of these techniques in genotype
selection for heat and drought tolerance is
considered. The concepts are not specifically
restricted o wheat and information is
derived from many species; the basic
processes are very similar but differ
quantitatively. However, it must be realized
that the total production of assimilates
depends on leaf arca capturing light energy
to drive CO, assimilation, as well as on
cfficiency of photosynthesis per unit leaf
arca. Formation and growth of leaves are
thus important processes that are essential
for production. Also, development of ears
and spikelets, followed by formation of
fertilized ovules (i, storage sites), together
with adequate transport into grains, is a
prerequisite for assimilate storage and yield
(Lawlor et al. 1989); they are not further
considered.

Photosynthetic production:

leaf area versus efficiency

Assimilation of CO, is considered,
recognizing that other processes, e.g.,
assimilation of nitrate ions by
photosynthesis, are also important. Total
production of carbohydrates from CO,
depends on the assimilation per unit area of
leaf (itself a complicated function of light,
water supply, temperature, and 0,
concentration as well as of CO,
concentration) and on the total leaf area
(and its characteristics) of the crop per unit
ground area. The two main routes that
could be taken in plant breeding and
selection for high assimilate production
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are: 1) formation and maintenance of large
leaf area index, and 2) development of high
assimilation efficiency per unit leaf area.
Route 1 has been that taken in breeding
bread wheats (i.e., hexaploids). Empirical
selection has been for large leaf area index,
but this may have had several damaging
consequences for resource ulilization; while
increasing light capture and total CO,
assimilation, it also increases water loss and
demand for nutrients, etc., which are
required to make leaves, arguably at the
expense of grain sites. Most importantly,
selection has resulted ina decreased CO,
assimilation rate compared to the
progenitors of present cultivated wheats
(Evans 1993). The question has often been
asked as to why this negative selection for
photosynthesis should have occurred, but
without satisfactory explanation. Selection
for polyploidy may have resulted in larger
organs, including leaves, with larger cells but
their content of melabolic machinery, e.g., of
the photosynthetic system, has not increased
in proportion to change in lecaf arca.

Crucial questions are: what limits
photosynthetic assimilation capacity in
existing wheats, particularly in hostile
environments, and how may the ‘resistances’
be overcome by breeding? If, as suggested
earlier, the problem lies in increasing ploidy
then it may be necessary to reverse the trends
in breeding and selection and obtain plants
with smaller cells and higher content of
machinery, without losing advantages of
larger sink sizes (e.g., grain numbers and
capacity) or of high harvest index. A number
of factors may limit assimilation rate. The
schematic of the photosynthetic system
(Figure 2) provides some insight (Edwards
and Walker 1983, Lawlor 1987b). The
pathway of CO, flux into the leaf is a main
site of regulation, with the stomata
dependent upon radiation and CO,
concentration in the intercellular spaces
(itself a function of the ambient CO,)) and

rate of assimilation. Water stress decreases
slomatal conductance. Regulation of
conductance is critical not only to CO,
assimilation, but also for water loss.
Carbon isotope discrimination provides a
method of assessing the relative
importance of these effects (water use
efficiency = WUE).

A structural feature of leaves that may
have a strong effect on the efficiency of
photosynthesis is the ratio of mesophyll
surface area to leaf surface area, which
affects diffusion rates of CO, into cells and
is important if the conductivity of the cell
surface to CO, is low. Another important
feature is the nitrogen content or the
related total soluble and Rubisco protein
and chlorophyll contents per unit leaf area
(Lawlor et al. 1989). All represent the
amount of metabolic machinery in the leaf
and therefore relate to potential
assimilation,

Productive wheats have large amounts of
N per unit lcaf area; a large and regular
supply of N (applications of fertilizer) is
needed to develop high photosynthetic
capacity and to prevent remobilization of
proteins from old to young leaves or to
cars, resulling in decreased efficiency of
CO, assimilation when large rates are
required for ear growth and grain-filling.
However, a very large content of
components is not effective in increasing
photosynthetic rate, which decreases per
unit of N in leaves of large N content
compared to those of low N. This
inefficient use of N is an additional reason
for secking more efficient CO, assimilation
rather than increasing leaf arca. Returning
to the question of cell size, it is possible but
not proven that diffusion and transport of
metabolites and products are slower in
large than small cells and may be a basic
rate-limiting step (Lawlor ct al. 1989).
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Productivity of modern, high yielding
wheats is very much related to organ
numbers and size. Selection of specific
features, such as short stems, have reduced
lodging and freed assimilates for
reproductive growth while the increased ecar
and grain numbers provide increased sink
capacity. The need for large crop leaf area,
achieved via larger numbers of leaves of
greater size, is explicable as the main route
to maximize biomass. However, the major
penalty, already mentioned, of large leaf
area index (L Al), especially in hot, dry
regions, is the substantial loss of water. If

LAl were reduced, but CO, fixation
maintained or increased, then it would
reduce the water use and increase WUE. An
aside: increasing atmospheric CO, increases
the CO, assimilation rate and reduces
stomatal conductance, resulting in increased
production and yield, decreased water loss,
and substantially improved WUE. Under
these conditions, carbon isotope
discrimination is a valuable method of
selecting for high WUE, as mentioned
carlier. Breeding for greater productivity
and stability in dry and hot environments
by route 2—increasing photosynthetic
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Figure 2. Schematic of the structure of the photosynthetic system in a C3 leaf such as wheat: co,
diffusion down the concentration gradient to Rubisco provides the substrate for carbohydrate
production. Light energy Is used to make RuBP for CO, assimilation. The function of the complete
system determines the photosynthetic efficiency and capacity, stresses such as heat may damage
specific components and alter the balance between different parts of the system (Lawlor and Keys
1993),
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efficiency—would be advantageous, but this
depends upon identifying and overcoming
the factors limiting CO, fixation.

Itappears relatively simple to change the
size of plants and their organs, e.g., greatly
increased yields resulting from the
incorporation of dwarfing genes into wheats
that allowed improvements in harvest index
and reduced lodging, but it is more difficult
to alter the inherent characleristics of
metabolism. The next phase of plant
breeding may require direct attention to
more complex metabolic problems than in
the past, if significant advances in
productivity are to be achieved. Note the
improvements in wheat yields over the last
half century occurred without improvement
in greater total biomass production per unit
of land and with decreased cfficiency of
photosynthesis per unit leaf arca in high
yielding varieties.

Mechanisms Regulating CO,
Assimilation by Leaves

What are the mechanisms regulating the
assimilation of CO, (and NO,) by leaves?
Currently, there is controversy resulting
from the complexity of the metabolic system
(Figure 2) and of the CO, supply routes to
the sites of fixation. Simplifying the system
greatly, the following subprocesses are
essential:

* Lightenergy capture and transduction
with the formation of biochemical
carriers of encrgy (ATP’) and reductant
(NADPL),

* Utilization of these for production of the
acceptor for CO, assimilation ribulose
bisphosphate (RuBP),

* Supply of CO, involving stomatal
regulation of CO,diffusion,

* Rubisco catalvzed carboxylation of RuBP
by CO,,

* Oxygenation of RuBP resulting in
photorespiration which offsets gross
assimilation,

* Transport of assimilates in and to cells
and tissues,

* Consumption of assimilates by sink
organs.

Energy capture and transduction

These are the functions of the thylakoids of
chloroplasts (Lawlor 1987b). Light energy
capture, charge separation, with electrons
energized and passed to and reducing the
components of the electron transport chain,
sets in motion the events of photosynthesis
and ultimately results in production of dry
matter. The light harvesting chlorophyll
protein complexes are associated with
photosystems Il and 1 (PSII and PSI), and
together they function to capture and
convert light energy to chemical energy.
This requires the electron transport
components and results in reduction of
electron acceplors in the stroma, namely
ferredoxin (Fd) and the soluble acceptor
(NAFP'), giving Fd_, and NADPH. The
amounts and types of chlorophyll protein
complexes vary according to the plant and
environment, particularly light intensity and
quality, during development. Efficient use
of light requires a balance between the
chlorophyll antenna, which captures
incident photons, and the number and
activity of the reaction centers (RC), which
are specialized chlorophyll dimers able to
eject electrons to acceptors in the thylakoid
membrane when energized by the antenna.
In weak light, a large antenna is required to
harvest infrequent photons and to channel
sufficient energy to the RCs. In bright light,
however, the large flux of photons excites
the antenna more frequently and therefore
only a small antenna is nceded (speaking
teleologically) to energize the RCs. A large
ratio of antenna to RCs and a large number
of RCs per unit leaf area are essential to use
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the light energy available and achieve high
rates of electron transport.

Electron transport involves many steps with
electrons being transferred from one
acceptor to another along a chain. Electron
transport is also coupled to proton transport
into the thylakoid lumen; this proton
pumping results in a gradient of proton
energy (the proton motive force), which
drives ATP synthesis from ADP and Pi by
the enzyme Coupling Factor (CF) in the
stroma. Therefore, achieving rapid rates of
electron transport and balance between A'TP
and NADPH synthesis requires regulation
of a number of processes via amount and
activities of components in thylakoids
(Brooks and Farquhar 1985). This is
achieved by different expressions of genes
for components, controlled by light and
other environmental factors, and by
organization of thylakoids into granal
stacks, which restricts the CF to the external
surfaces and increases the antenna size, but
at the expense of ATP and NADPH
synthesis.

Thylakoids developed in bright light have
few granal stacks and relatively little
membrane, but they do have an increased
capacity for electron flow and for synthesis
of ATP and NADPH compared to those
from weak light. If ATP synthesis, for
example, is slow relative to other processes,
as it may be in very bright light, it may limit
photosynthetic rate and other processes,
e.g., protein synthesis in chloroplasts
(Pradet and Raymond 1983). Reduced
synthesis of ATP may also result from an
inadequate supply of inorganic phosphate
ions (i) and if recycling of i between cell
compartments {e.g., cytosol, vacuole, and
chloroplast) is inadequate (L.awlor and
Jacob 1992). This illustrates the integrated
nature of the photosynthetic process and the
many limitations that may occur, depending
upon the environment.

Synthesis oi ribulose bisphosphate (RuBP)
The balance between ATP synthesis and
NADPH formation is important for
regeneration of RuBP by the photosynthetic
carbon reduction (Calvin) cycle. This
complex multi-enzyme cycle must have
sufficient capacily (amount and activity) to
regenerate RuBP rapidly if high rates of
photosynthesis are to be achieved (Edwards
and alker 1983, Lawlor 1987b). RuBP
reacts with CO, on Rubisco in the
chloroplast stroma, giving rise to 3-
phosphoglyceric acid, which then enters the
carbohydrate synthesis pathways. In bright
light, the potential for CO, fixation is
considerable although the actual rate
depends on the response of the partial
processes leading to RuBD regeneration.
Environmental conditions, such as
temperature, also affect the behavior of the
systems but the quantitative relations are
unclear.

Characteristics of Rubisco

This enzyme is of the greatest importance in
CO, assimilation and largely determines
photosynthetic efficiency. Itis a large
multimeric protein of 550 klda molecular
mass with cight active sites per molecule for
the reaction of RuBP and CO,; the reaction
is extremely slow (a turnover number of
about 2 s, <0 to achieve rapid rates of CO2
assimilation, large amounts of protein per
unit leaf area are required (Andrews and
Lorimer 1987). In wheal leaves, Rubisco
constitutes between 40 and 60% of the total
soluble protein. Other enzymes have
reaction rates 100 to 1,000 times faster and
are also smaller molecules, thus constituting
much less of the leaf proteinand N,
requiring much less nitrogen for synthesis.
Inefficiency of Rubisco is one reason for the
very large N content of leaves required for
productive crops. Rubisco activity is not
saturated with CO, at current atmospheric
concentrations, for when C3 leaves are
supplied with additional CO,, their
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photosynthetic rate increases and with it
production of dry matter and, generally,
yield. Hence, the CO, assimilation capacity
polentially available in Rubisco and the
photosynthetic system is not now fully
utilized.

Another very imporlant, adverse, feature of
Rubisco is that it catalyzes the reaction of O,
with RuBP; this oxygenase reaction occurs
at the same enzyme sites as CO, fixation
and CO, and O, are mutually competitive
inhibitors (Jordan and Ogren 1984, Andrews
and Lorimer 1987). Because oxygen in the
atmosphere is at a much larger
concentration than CO,, and the CO, inside
the leaf is considerably below atmospheric
concentration, there is a substanlial rate of
oxygenationin C3 leaves. The oxygenase
reaction gives 3PGA and also
phosphoglycolate (PG), which is
metabolized via the glycolate pathway in C3
mesophyll cells; four carbon atoms (2 G
molecules) entering the glycolate pathway
results in one CO, being released in the
mitochondria during photorespiration. The
proportion of photorespiration to
photosynthesis depends on the O,/CO,
ratio and is therefore a function of their
partial pressures in the atmosphere and leaf
intercellular spaces. High temperatures
increase the oxygenase activity of Rubisco
and also the solubility of O, relative to that
of CO, so that photorespiration increases
greatly as a proportion of net
photosynthesis with elevated temperature.
Thus, C3 photosynthesis becomes very
inefficient in hot environments when leaf
temperature exceeds 30°C. The glycolate
pathway cannot be inhibited beyond the
oxygenase reaction, to eliminate
photorespiration, for accumulation of
metabolites leads to inhibition of
photosynthesis (Edwards and Walker 1983).
An alternative is modification of Rubisco to
reduce or eliminate the oxgenase reaction.

To increase and maintain CO, fixation at
high temperatures, improvements in the
characteristics of Rubisco are needed, e.g.,
eliminating the oxygenase reaction, and
increasing the reaction rate and affinity for
CO,. In nature, Rubisco propertics have
improved over evolutionary time, e.g.,
Rubisco of photosynthetic bacteria is much
less efficient than that of angiosperms, but
the differences between higher plants are
relatively small, particularly within the C3s
(Andrews and Lorimer 1987). Changes
required to enzyme structure for increased
efficiency are likely to be subtle. C4s have
rather less efficient Rubisco than C3s, but
have avoided the problem of
photorespiration by circumventing Rubisco
characteristics, adding on to C3 metabolism
a CO, pump utilizing phosphocnolpyruvate
carboxylase. This increases the CO,
concentration at the sile of RubP®
carboxylation in the bundlie sheath cells of
C4 plants. These extensive biochemical and
structural modifications reduce or prevent
the oxygenase reaction and make C4 plants
much less dependent upon atmospheric
CO, concentration and (of great importance)
tolerant of high temperatures (Edwards and
Walker 1983).

Plant breeding has not substantially altered
the characteristics of Rubisco or other
components of the photosynthetic
mechanism and is unlikely to do so in the
foreseeable future. It appears (earlier
discussion) that breeding may have
inadvertently decreased overall
photosynthetic efficiency. However, it may
be possible in the future to improve the
process via alterations to the amounts and
proportions of components that will confer
advantages for crop production.
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Carbon transport and assimilation

At high temperatures, the rates of metabolic
activity, including growth and respiration,
are increased relative to cooler conditions,
although the increase may not conform to a
Q,; = 2. Transport of assimilates and of Pi
across the chloroplast envelope does not
seem to be limiting, although accumulation
of starch in chloroplasts, the consequence of
Pi deficiency, is often observed under warm
conditions. Pi deficiency may be important
in regulation of C efflux, but little is known
of temperature effects. Genotypic ability to
transport and utilize assimilated C could be
tested by measuring starch accumulation in
leaves following active photosynthesis,
Methods for detecting starch are relatively
simple and could be applied to large
numbers of samples, but it is more difficult
to quantify starch (and other biochemical
constituents) without much time and effort.

Metabolism of the primary products of
photosynthesis o sucrose is regulated by
the amounts and activities of the enzyme
sucrose phosphate synthase. There is
complex regulation related to amounts of
carbohydrates in tissues. Sucrose is
translocated from the cell to the phloem
across the plasma membrane by a still
poorly understood transport system, but
there is no evidence that this mechanism is a
limiting factor per se. The demand for
assimilates by sink organs is more
important for it determines removal, over
long periods, of assimilates that may affect
photosynthetic rate by feedback
mechanisms (L.awlor 1987b). Sink demand
is greatly increased by high temperatures,
which accelerate development of organs
and their rates of growth and respiration.
Depletion of assimilates within the tissue
may decrease or remove feedback inhibition
of the photosynthetic mechanism.

Consequences of Metabolic
Imbalance in Photosynthesis for
Thylakoid Energetics

Plants have only limited mechanisms for
avoiding excessive and potentially
damaging light fluxes to the photosynthetic
apparatus, e.g., orientation of leaves away
from the direct sun rays decreases the flux
of energy. Wheat genotypes adapted to hot,
dry, bright conditions may benefit from
erect leaves and awns and leaf rolling due (o
water loss may reduce the full impact.
Normally, when reaction centers are filled
with electrons, the energy captured by the
antenna is used for electron transport and
NADPIH and ATP synthesis, but if
consumption of AT and NADPH,
normally used in metabolism, e.g., for CO,
and NO, assimilation, is blocked or their
synthesis is impaired, then excitation energy
accumulates in the antenna and reaction
centers. Damage occurs if the energy
captured by the antenna chlorophylls
cannot be used in photosynthesis or by
alternative methods of dissipation. Damage
to the photosynthetic mechanism follows
rapidly if controlled energy dissipation is
inadequate (Cornic and Briantais 1991). The
sites of damage may be, for example, at the
thylakoid membrane that is sensitive to
heat, or in the stromal enzymes (e.g.,
inhibition of ATP synthesis by water stress
as a consequence of damage to the Coupling
Factor). The results of an over-energized
stale are photoinhibition, generation of loxic
forms of oxygen, and decreased enzyme
capacity, eventually this leads to decreased
assimilation and productivity. Energy is
dissipated (Figure 3) directly as heat and
fluorescence or transferred to carotenoids
and converted into heat (Bilger and
Bjérkman 1990, Krause and Weis 1991).
These mechanisms act as a safety valve,
reducing the possibility of damage to
chlorophyll (photo-bleaching) and proteins



138 DW. Lawior

of the reaction centers (D1 prolein), which
characterize photo-inhibition (Demmig-
Adams and Adams 1990).

Another important consequence of a highly
reduced electron transport chain is that
electrons pass to acceptors such as ()z,
forming several reactive forms of oxygen,
e.g., superoxide, which in combination with
a proton, gives the perhydroxy radical,
hydrogen peroxide and the hydroxyl radical
(see Lawlor 1987b). All are highly toxic and
must be rapidly destroyed, e.g., superoxide
is converted by the enzyme superoxide
dismutase to hydrogen peroxide, which is
in turn broken down by catalase to water
and O,. There are several other mechanisms
for regulaling the energy and reductant
state of cells, e.g., ascorbate and reduced

glutathione (a tripeptide with thiol groups)
operate in a detoxification cycle. Plants
lacking these mechanisms are quickly
damaged by light. In addition, the
importance of carotenoids must be
emphasized; triplet states of chlorophyll,
which can be very reactive and damage
other molecules, are removed by the
carotenoids. Carotenoids also undergo
epoxydation reactions with excited states of
oxygen and detoxify singlet oxygen and
reguiate the NADPH levels in cells with
violaxanthin and zcaxanthin in membranes
operaling in a cycle to oxidize NADPH.
This type of regulation is most important
for maintenance of thylakoid energy balance
under varying light flux and changing rates
of metabolism (Demmig-Adams and
Adams 1990).

Peroxidase 4. Peroxide Superoxide ——2 Superoxide dismutasa
PAR T‘ 0, Carotenoids ——)» Heat
Chloraphyll
triplets @ —— Antenna < Reaction Electron ———— Electron
center transport acceptors
Heat
Fiuorescence Electrons
from water
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ATP —l- NADPH T
Carotenoids €O, NO, Carotenoids
assimilation
H,0
\ 4
Heat

Figure 3. Scheme of the ways in which light energy and reduced compounds can be used In
photosynthesls, including detoxification mechanisms.
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From the point of view of breeding
genotypes resistant to heat and water stress,
it is probable that the ability to regulate
energy and reduction state of cells and
remacve any toxic compounds formed is of
great importance (Lawlor 1983, Lawlor and
Khanna-Chopra 1983). Yet measurement of
such biochemical components is very
difficult. However, the state of the system is
indicated by the fluorescence emission
(Schreiber and Bilger 1987, Krause and Weis
1991).

Fluorescence as an Indicator of
Energy Status of Thylakoids and
Photosynthetic Metabolism

Chlorophyll fluorescence (at about 680-720
nm wavelength) indicales the energetic state
of the chlorophyll matrix. When dark
adapted leaves are illuminaled (Figure 4),
fluorescence is emitted, the so-called

: rL :

() (i) _(iii)

Flgure 4. Fluorescence emission from a leaf
exposed to very dim light (i), glving the basal
fluorescence (F ), then to a very brlef flash of
bright light (i), which saturates the electron
transport system and gives maximum
fluorescence (F ) followed by normal light (ill).
The changes indlcate the state of the
photosynthetic system and the utilization of the
captured tight energy (F ).

Kautsky transient. Fluorescence rises
rapidly from a minimum (F ) to a maximum
(F_) because the energy is net used in
eiectron transport as the R has lost the
electron to the quinone acceptors in the
chain but further transport is not possible.
Only when energization of the membrane
allows ATP synthesis to start and stromal
enzymes are activated does CO,
assimilation proceed consuming NADPH
and NADP" is recycled to accept electrons.
Consequently, the RCs can function, energy
in the antenna decreases, and fluorescence
drops. Eventually, a steady state is obtained
between the rate of CO, fixation and light
capture, indicated by fluorescence emission.
The variable fluorescence (F = F_ - F,) is an
important indicator of the energy status of
the thylakoid. Conditions that block electron
flow increase fluorescence and a low ratio
of F /F_ indicates inefficient utilization of
captured light energy. The use of modulated
fluorescence techniques allows
measurement of fluorescence under normal
illumination conditions so that the processes
using energy (‘quenching’), e.g., by
photochemical processes such as CO,
assimilation and nonphotochemical
processes involving carotenoids, can be
determined. The method is a sensitive probe
of the state of the photosynthetic system; it
can be used to compare genotypes under a
range of conditions in the field and is
relatively fast and can be automated.

Fluorescence indicates the stress (heat,
water, nutritional) experienced by plants.
Genotypes that are less sensitive to the
inhibitory effects of stress may be identified
by a low fluorescence under particular
conditions; an increase indicates stress
damage (Schreiber and Bilger 1987,
Stuhlfauth et al. 1988). Thus, it reflects the
integrated response of metabolism to many
physiological and environmental factors.
However, changes in fluorescence may be
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relatively insensitive indicators compared to
other physiological processes, e.g., more
severe drought is needed to induce
substantial fluorescence than to reduce
expansion growth of tillers and leaves.
Biomass production and yield may
therefore be affected by small LAl and
reduced light interception, coupled with
fewer grains, before fluorescence changes.
Fluorescence analysis, combined with gas
exchange measurements, will be most
profitable when used to select,
comparatively in the same environment,
genotypes resistant to severe conditions
suchas heat and drought. Selection may not
confer high yielding capacity because the
physiological traits that combine to reduce
the likelihood of stresses may restrict the
ability of a crop to yield under more
favorable conditions. In developing and
testing selection criteria, it would be
valuable to correlate behavior of indicator
systems such as carotenoid or protective
enzyme content/activity. Such analysis may
indicate if genotypes do, in fact, utilize these
mechanisms to avoid heat damage and
show points in metabolism affected directly
by siress.

Criteria for Selection of Crops with
Large Assimilation Rates under
High Temperatures

There is uncertainty as to the idcal
composition of the photosynthetic system
for large rates of CO, assimilation under
high temperatures combined with water
stress and bright light. Given the
inefficiency of Rubisco and its temperature
sensilivily, it is essential to maintain large
amounts of Rubisco in the leaf to prevent its
premature remobilization (therefore
adequate N supply is essential during
growth, including grain-filling). To
maximize Rubisco activity, adequate RuBP

supply is essential. Hence photosynthetic
enzyme activity must be large plus the
availability of ATP and NADPH must be
assured, for which the chlorophyll antenna
must be large enough to ensure rapid
capture of available photons. Electron
transport capacity must match that of other
parts of the system. Hence, the aim is to
achieve the formation of a large capacity,
high activity photosynthetic system capable
of producing large rates of CO, fixation to
match the demands for assimilate supply
coming from the sinks. Currently, these
detailed aspects of biochemical funciion are
difficult to determine, methods are slow and
inexact, and concentration on any one
aspect runs the risk of neglecting other,
equally important, parts of the system.

There is also the problem of adaptation to
conditions during growth, e.g., expression
of particular genes is under environmental
control. As conditions may substantially
alter plant composition and function,
selection in one environment may prove
unsuitable for genotypes in the different
“target” environments. Net CO, fixation rate
(measured by portable infrared gas
analyzers) may be used for selection as it
integrales all aspects of the biochemistry,
e.g., light harvesting, Rubisco and Calvin
cycle functions and transport of
intermediates and products (I.awlor 1987a).
By examining photosynthesis under a range
of conditions, including heat and water
stress, it is possible lo assess genotype
responses and differences, but
measurements are relatively slow and
comparisons must be made on material of
the same age to avoid senescence effects.
Measurements should be made under
normal and extreme conditions to fully
assess plant responses.
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Conclusions

Analysis of photosynthesis indicates that the
capacity for, and balance between, the
capture of light energy by the thylakoid
system, transduction of that energy into
NADPH and ATP, and utilization of these
two compounds in CO, assimilation are
essential features for a productive system.
Utilization of assimilales by sinks is also
very important. Active photosynthesis
requires balance between the processes of
light energy capture, transduction to
chemical form, and its consumplion in
biochemical p.ocesses. If carbor
assimilation is impaired by heat or water
stress (by stomatal closure or damage to
metabolism), accumulation of energy in
thylakoids leads to production of damaging
metabolic intermediates that can be
removed by specific mechanisms. Such
energetic/metabolic imbalance can be
detected by chlorophyll fluorescence. By
combining fluorescence and photosynthesis
measurements, it may be possible to analyze
the genotype in the target environment and
the G x I interactions and thus obtain
genotypes better suited to particular
environments.
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Questions/Discussion

Dr. Lawlor was questioned on the effect of
environmental stress in the reproductive
phase. He replied that, to his knowledge,
the most sensitive phase is in pollen
formation and fertilization. It appears that
meiosis is affected by heat and possibly
pollen tube growth is also inhibited. There
are also effects of stress on the size of cars—
number of spikelets and number of
potential grain, which arise during early
growth of the reproductive organs. Grain-
filling is affected by the supply of
assimilates and the shortening of the filling
period.

He was asked whether it might be useful to
follow starch content during grain-filling as
an indicator of heat stress tolerance. He
agreed that assimilate content of
carbohydrates, soluble sugars, and starch
indicates the availability for the grain. He
suggested that the contents at anthesis may
be informative as it may determine ¢ .rly
grain growth.
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Temperature Analysis and Wheat Yields in
the Gezira Scheme
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Abstract

Temperature is the single most important climatic element affecting the growth, development,

and yield of wheat in the Gezira. The normal mean temperatures for December, January, and

February are 24.1, 23.6, and 25.4°C, respectively (1951-80). This paper analyzes the

temperature regime during the last 10 years (1981-82 through 1991-92) and relates the analysis
to the yield of wheat in the Gezira Scheme. Results show that it is important to consider 10-day
averages of mean temperature in addition to the monthly woerages. Also, good management may
offset the harmful effects of high temperature and yield relates well with the mean temperature

over the whole season.

Introduction

Wheat has become a very important food
crop in Sudan. About 70% of the arca
occupied by wheat in Sudan is in the Gezira
Scheme where it is grown under irrigation
during the short winter season (November
to February). The normal mean
temperatures for December, January, and
February are 24.1, 23.6, and 25.4°C,
respectively (1951-80). Temperature is the
single most important climatic element
affecting the growth, development, and
yield of wheat in the Gezira. The objective
of this paper is to analyze the temperature
regime during the last 10 years and relate
the analysis to the yield of wheat in the
Gevzira Scheme.

Methodology

The maximum and minimum temperatures
for December, January, and February were
recorded at the Wad Medani
Agromeleorological Station (14° 44°N) for
the last 10 years. Ten-day and monthly

averages were computed for each month.
Yield data for the 10 scasons (1981-82
through 1991-92) were collected from the
Sudan Gezira Board. Table 1 shows the 10-
day and monthly averages of mean
temperature and wheat yield dala.

The temperature regime during the best
year (1991-92) was compared with the worst
year (1981-82). Wheat yields in 1990-91 were
compared with 1991-92 for the whole
scheme and on the research farm. Yields
from 20 ha in the Darwish block during
1986-87 to 1988-89 were compared with
scheme and research farm yields. Yields
during the 10 seasons were aiso plotted
against the mean temperatures of
December, January, and February.

Results

The average mean temperature for the last
10 years in December was higher than the
1951-80 mean by 0.9°C while January and
February were cooler by 0.3 and 0.7°C,
respectively.
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The highest yields obtained in the last 10
years over the whole Gezira and Managil
Schemes was 2.24 t/ha in 1991-92. The
temperature regime during the December-
February period was the most favorable
with mean temperatures of 22.9, 21.4, and
21.4°C during December, January, and
February, respectively. The lowest yield was
0.78 t/hain 1981-82. The mean
temperatures for December, January, and
February were 263, 25.4, and 24.1°C,
respectively. The temperature was high
compared to 1991-92. However, there are
other seasons when December and February
were warmer than 1981-82.

The importance of looking at 10-day
averages is illustrated by the following. In
1981-82, the mean temperature during the
last 10 days in January was 28°C and in the
last 10 days of February, it was 29°C. This

very high temperature, which was not
reached inany corresponding 10-day
period in any other season, may have been
the reason for the very low yield in 1981-82.

In 1990-91, very high temperatures
occurred during the first 10 days of
December (29.8°C) and the last 10 days of
February (28.2°C). The yields in 1990-91
over the whole Gezira were only 47% of the
yields in 1991-92. However, during the
same season, the yields from the research
farm in 1990-91 were 78% of the 1991-92
yields from the same farm. This shows the
effect of good management involving
frequent irrigation, adequate fertilizers, and
optimum sowing date. With good
management, the yields in the unfavorable
season were depressed by only 22%
(resecarch farm), while over the whole
scheme the reduction in yield was 53%.

Table 1. Monthly and 10-day (I, Il, ) mean temperatures (°C) and mean yields In the Gezira Scheme
over the last 10 years.

81- 82 8% 8- 8 8- 8 8- 90 91 Average

82 8 8 8 8 8 8 9 9 92 8.0
Dec. | 276 239 288 259 217 256 270 241 298 249 257
Dec. Ii 261 222 273 270 227 253 273 233 275 229 950
Dec. Ii 253 241 219 233 245 234 243 226 277 214 241
MeanDec. 263 234 260 254 228 247 263 233 283 229 250
Jan. | 247 203 252 251 217 241 200 257 225 186 231
Jan. i 233 206 223 228 253 221 186 215 239 214 208
Jan. il 280 196 225 244 249 247 220 256 224 241 239
MeanJan. 254 201 233 241 240 236 203 243 229 215 233
Feb. | 209 238 268 271 27.0 247 204 232 245 209 238
Feu. Il 233 252 291 251 270 241 227 251 249 214 247
Feb. Il 280 257 276 280 285 269 233 209 282 216 058
MeanFeb. 241 250 278 268 272 252 221 232 257 214 247
D+J+F 253 28 257 254 247 245 229 228 256 21.9 243
Yield (Vha) 078 142 092 096 106 113 134 15 1.05 224 125
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Yields from the research farm were higher
in 1986-87 than in 1987-88, while the reverse
was true for yields from the scheme.
Temperature comparisons show that
December was cooler in 1986-87, January
about the same or slightly warmer, but
February was much warmer in 1986-87. The
fact that the yields from the scheme were
lower in 1987-88, while those from the
research farm were higher may indicate
again the that good management was able
to offset the harmful effects of February's
high temperatures.

Finally, the yiclds from the Scheme were
plotted versus the mean temperature for
December, January, and February. Figure 1
shows that there is a curvilinear relationship
and a reasonable fit. [t seems the cumulative
effect of temperature is important
throughout the season.

Yield (tiha)
2.4 -

2.0 1
1.6 1
1.2 1
0.8 - °

04

21 2 23 24 25 26
Mean temp. (D+J+F)'C
Figure 1, The relation between the December-

February mean temperatures and average ylelds
In the Gezira Scheme over the last 10 years.

Conclusions

This research reaches three major
conclusions:

* Itis important to consider 10-day
averages of mean temperature in
addition to the monthly averages.

* Good management may offset the
harmful effects of high temperature.

* Yield relates well with mean
temperature over the whole season.

Questions/Discussion

It was suggested to Dr. Adam that he
might try using a “stress days” concept
(i.e.,, the number of days when
temperaltures exceed a certain level) for
explanation of temperature effects. There
were a number of comments regarding his
view that effects of heat could be reduced
by good management. He re-iterated that
proper management—optimum seeding
date, frequent irrigation, and adequate
fertilizers—could substantially reduce the
effect of high temperatures. This was clear
in 1989-90 and 1990-91 when some farmers
obtained 5-6 t/ha in spite of the hot
conditions. It was also stressed that
irrigation at critical periods could be
particularly effective in reducing heat

stress.
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Abstract

Breeding for earliness while maintaining stabilized productivity of wheat is a major concern of
plant breeders, especially for its important escape mechanism from terminal heat and drou ght
stresses, and for cropping intensification. Vernalization requirement, photoperiod response, and
temperature are the main determining factors in crop earliness. Four bread wheat (BW) and
four durum wheat (DW) genotypes were cvaluated for their responsiveness to vernalization,
photoperiod, and heat stress under field conditions. A plastic house screening technique was
evaluated for its suitability to differentiate drou ght resistance traits. The basal vegetative period
of the six insensitive cultivars to photoperiod (P) and vernalization (V) was approximately the
same as their duys to heading under heat stress field conditions. The P-insensitive and V-
sensitive BW cultivar Dorghal headed very lute, while P- and V-sensitive DW cultivar Kabir 1
failed to reach heading stuge under heat stress Sreld conditions. Grain yield under the driest
regime was closely and posttively correlated with biological yield, kernels/spike, main stem
gran yield, and water use efficiency (in relation to grain and biological yield). This supports the
view that selection for these traits under drought conditions will be efficient for developing high
yielding cultivars for moisture-limited areas.

Introduction optimal yield in these environments. The
processes determining the timing of

Larliness in cereals is a very important flowering and development, i.c., Vand P
escape mechanism from terminal heat and responses, and those influenced by growth
drought stress. Itis known to be influenced ~ temperature can, therefore, be considered as
by such factors as vernalization (V), highly significant to wheat's adaptation and
photoperiod (), and solar radiation. hence, yield (Halloran, 1975, Pirasteh and
Borlaug et al. (1964) reported that the low Welsh, 1980). Water use efficiency (WUE) is
sensitivity to day length of the wheats an imporlant physiological characteristic

developed in Mexico is undoubtedly one of  thatis related to the ability of wheat to cope
the factors contributing to their wide with water stress. Withholding irrigation or

adaptability throughout the world. inducing water stress has increased WUE
(Bapna and Khuspe 1980, Rao and Bhard waj

The successful adaptation of wheat to 1981, Johnson et al. 1984). Since WUE is a

diverse environments worldwide appears to ~ potential selection criterion for wheat

be mainly a consequence of breeding and improvement, an understanding of how it is

selection for flowering time which confer affected by stress must be attained.



ROLE OF PHOTOPERIOD AND VERNALIZATION 147

The objectives of this study were to:

* Characterize eight wheat genotypes for
their response to vernalization,
photoperiod, and heat stress under field
conditions;

* Identify morphophysiological traits
associated with yield under four
moisture regimes; and

* Assess the WUE of eight bread and
durum genotypes under stressed and
optimum conditions.

Materials and Methods

Cultivars

Eight bread wheat (BW) and durum wheat
(DW) genotypes with a wide range of
variation for their response to water stress,
carliness, growth habit, and vernalization
response were chosen for this study.

The four BWs consisted of two genotypes
with reported drought tolerance (Cham 6
and Dorghal) and two cultivars with good
adaptation under optimum moisture
condition (Yamama and Debeira). Similarly,
two drought-tolerant DW genotypes (Om
Rabi 5and Kabir-1) and two genotypes with
good performance under oplimum
conditions (Stork and Gallareta) were
studied.

Vernalization and photoperiod responses
Germinated seeds of the eight genotypes
were vernalized [ollowing the technique
described by Parvis and Gregory (1952).
Vernalized and unvernalized scedlings were
transplanted to pots and placed in two
separate growth cabinets inside a plastic
house with 12 and 16 hours of light
duration. IHeading date was recorded as
described by Haun (1973). The basal
vegelative period (BVP) defined as days to
heading under 16 hours plus 42 days of
seed vernalization was measured. The eight
wheat genotypes were characlerized based
on their response to P and V according to

the technique described by Ortiz Ferrara et
al. (1993).

Moisture regime experiment

Four watering regimes, consisting of 35, 55,
75, and 95% of ficld capacity, were used to
evaluate the eight wheat genotypes under
plastic house conditions. Temperature was
kept constant between 22°C day/ 16°C night.
Plastic pots 16 cm in diameter were filled
with a 2.5-kg mixture of two parts clay loam
soil and one part sand. The soil mixture had
a field capacity and permanent wilting point
of 30 and 7%, respectively. Before planting,
0.8 g of urca, 0.5 g of ammonium sulfalte,
and 0.2 g of superphosphate were applied
to each pol. Six seeds were planted in each
pot and the germinated seedlings were
thinned 1o three uniform plants after 10
days.

Pots were checked daily and weighed.
When the surface of the soil became dry,
water was added to bring the moisture level
to the required treatment percentage. The
amount of waler added for each regime was
recorded so that water consumptive use
(WCU) for cach pot could be determined.

The experiment was set up as a randomized
complete block design with four replicates.
Data analysis was done using a MSTAT-C
statistical package. The following traits were
measured: days from planting to heading
(DHE), days to maturity (MD); grain-filling
day (GFD = MD - DHE), flag leaf arca
(FLA), plant height (PH), spikes per plant
(5/P), spikelets per spike (S/S), kernels per
spike, (K/S), and 100 kernel weight (KW).

At maturity, plants were cut at the surface
of the soil to determine biological yicld
(BY). Plant heads were classified into main
stem head and tiller heads. Grain was
removed from the heads, then weighed to
determine main stem grain yield (MSGY)
and tillers grain yield (TRGY). Total grain
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yield was calculated as MSGY + TRGY.
Harvest index (HI = TGY/BY) was
calculated. WUE was calculated in relation
to biological yield (WUEBY) and grain yield
(WUEGY).

Summer field experiment

During the summer of 1992, the eight wheat
genotypes were planted in the field at Tel
Hadya, Syria (36°N) to study their
performance under heat stressed conditions.
Characters measured to characterize the
eight genotypes included: growth habit
(1=erect; 9=prostrate), vernalizalion
requirement (1=low, 9=high), and DHE.

Results and Discussion

Growth habit (GH), vernalization
requirement (VR), and days to heading
(DHE) of the two groups of varieties under
heat stressed field conditions are presented
in Table 1. Significant differences were
found between genotypes. Dorghal (BW)
and Kabir 1 (DW) had higher scores for
both GH and VR. This resulted in a delayed
heading date for Dorghal (66 days) and a
failure in Kabir 1 to reach the heading stage.

Table 7 also shows the basal vegetative
period (BVP = number of days to heading
under 16-hour day length with vernalized
seed), the mean effect of a short-day length
of 12 hours (AP), and the mean effect of
unvernalized seed (AV) for the eight
genotypes. All genotypes were classified as
insensitive to photoperiod (P), except the
DW Kabir 1. This cultivar showed a higher
degree of sensitivity to I>. The BW cultivar
Dorghal and the DW cultivar Kabir were
sensitive to V. The BVP of the six insensitive
cultivars to P and V (Table 1) was
approximately the same as their DHE under
heat stress-field conditions. The P-
insensitive and V-sensitive cultivar Dorghal
headed very late, while the - and V-
sensitive genotype Kabir 1 failed to

complete normal spike development under
heat stress.

The GH, VR, and heading date of the tested
wheat genotypes under heat stress support
the classification of the genotypes according
to their P and V responses (Table 1). Our
resulls agree with the findings of Midmore
et al. (1982) and Ortiz Ferrara et al. (1994).
These results confirm that wheat genotypes
insensitive to both P and V will be earlier
and escape from heat and drought prevalent
in hat and dry environments.

Midmore et al. (1984) reported that
genotypes that were relatively insensitive to
P’and V had the best performance at all
sites, especially in those with higher
temperatures during the season. Late
genotypes sensitive to V or very sensitive to
I’ gavea poor relative performance at the
hot lowland sites where yield and kernel
number/m? showed negative correlation
with days lo anthesis. This occurred despite
more tillers and more initial spikelets /spike,
and could only be partly attributed to
higher temperatures affecting these
genotypes during their later stages of
development.

Effect of moisture regimes

Water consumption/ pot was significantly
reduced by increasing waler stress (Table 2).
The cultivars differed significantly in water
consumption. Kabir 1 (sensitive to both P
and V) and Dorghal (sensitive to V) had the
highest while Yamama (insensitive to PP and
V) had the lowest in cach regime. This was
mainly due to the earliness of Yamama. The
interaction between genotypes and moisture
regimes was significant.

Increasing water stress caused significant
decreases in WUEGY and WUEBY. This was
particularly clear under 35% FC regime
(Tables 3 and 4). Similar results have been
reported by Rao and Bhardwaj (1981) and
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Table 1. Agronomlc characteristics of eight wheat genotypes under summer heat stress and thelr
response to photoperiod (P) and vernalization (V) under controlled conditions.

Field conditions Controlled environment
Genotype GH VR DHE BVP AP AV
BW Cham 6 4.0 2.7 47.0 45,8 27() 0.4()
Dorghal 7.7 8.0 65.7 50.6 4.8 () 15.2 (+)
Yamama 1.7 1.0 42.0 454 20 () -0.4 ()
Debeira 1.7 1.0 45.0 47.4 9.2 () -0.6()
Mean 38 3.2 499 47.3 47 4.0
DW Om Rabi 5 28 1.7 48.7 47.8 10.6 (-) 2.2()
Kabir 1 8.1 9.0 80.0 (E) 47.6 24.8 (+) 33.2(+)
Stork 3.1 1.0 457 46.0 209 1.2(}
Gallareta 34 3.0 51.0 490 46() 44()
Mean 44 3.7 56.4 476 10.5 92
L.SD.05 09 04 1.5
CV (%) 16.5 84 2.7

GH = growth habit: 1 = erect, 9 = prostrate;

VR = vernalization requirement: 1 = low, 9 = high;

DHE = days to heading; BVP = basal vegetative period;

AP = mean effect of photoperiod; AV = mean effect of vernalization.
() = responseto P andV, + = sensitive, - = insensitive.

E = estimated.

Table 2. Consumptive water use (L/pot) of bread  Table 3. Water use efficiency (graln yield, g/L) of

and durum wheat genotypes under four bread and durum wheat genotypes under four
molsture regimes (MR). molsture regimes (MR).
Geno- Geno-

Fleld capacity (%) type Fleld capaclty (%) type
Genotypes(G) 35 55 75 95 mean Genotypes (G) 35 55 75 95 mean
Bread wheat Bread wheat
Cham 6 45 64 72 84 66d Cham 6 09 10 11 13 10a
Dorghal 50 68 81 89 72bc Dorghal 08 11 14 1.0a
Yamama 42 62 73 79 64e Yamama 07 09 1.0 09b
Debeira 46 68 82 91 72bhc Debeira 07 1.0 141 . i.0a
Mean 46 66 77 86 688 Mean 07 10 11 11 10A
Durum wheat Durum wheat
Om Rabi 5 49 66 78 88 7.0bc Om Rabi 5 06 08 1.0 1.0 08¢
Kabir 1 50 72 86 99 77a Kabir 1 05 07 08 08 07d
Stork 43 61 71 B85 65de Stork 05 09 09 11 09b
Gallareta 49 64 77 90 70b Gallareta 05 06 09 10 074d
Mean 48 67 78 91 74A Mean 05 08 09 09 08B
MR mean 4.7V 66" 7.7" 88 7.0 MR mean 06" 09" 1.00 1.0 09
CV% 3.6 Cv% 15.17

LSD 0.05 MR=0.1  G=02 MRxG=04 LSD0.05 MR=01 G=01MRxG=NS
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Table 4. Water use efficiency (biological yleld, Johnson et al. (1984) and in the growth
giL) of bread and durum wheat genotypes under chamber (Campbell and Davidson 1979,
four molsture regimes (MR). Fleitholt 1989). The cultivars differed
significantly for both variables, but the
Fleld capaclty (% Gt;;:- interaction between G and MR was
_eic capaclty (%) _ significant only for WUEBY. Cham 6 and

Genotypes (G) 35 55 75 95 mean Dorghal tended to be high for WUEGY,
while Kabir 1 and Stork had the lowest

Bread wheat

Cham 6 18 23 25 29 24a  WUEGY.

Dorghal 15 23 24 26 22b

Yamama 13 20 25 25 214 Kabir 1 had the highest WUEBY due to its
Debeira 15 22 26 27 22b late maturity and sensitivity to P and V,
Mean 1.5 22 25 27 224 while Yamama had the lowest WUEBY due
Durum wheat to its carliness and insensitivity to P and V.
Om Rabi 5 16 21 22 23 20cd

Kabir 1 1.7 24 26 29 24a  Correlation cocfficients between GY and
Stork 1219 21 27 20cd  goyera| morphological trails are shown in
Gallareta 12 18 23 24 19¢

Table 5. GY was closely and positively

Mean 1420 23 26 218 ocinted with 11, TRGY in BW and DW.

MR mean 1.5V 241 241 2 29 The correlation coefficient became weaker
under the driest regime (35% FC). The

CV % 7.3 associations of GY with BY and WUEBY

LSD 0.05 MR=01 G=01 MRxG=02 were positive and significant for BW, while

Table 5. Correlation coefficlents between total grain yleld and morphophysiological traits under
four molsture regimes in bread (BW) and durum {DW) wheat.

Field capacity (%)
Trait 35 55 75 95
Harvest index BW 0.29 0.58* 0.78* 0.65"
ow 0.32 0.79 0.58* 0.80+
Biological yield BW 0.89+ 0.67* 0.88* 0.89+
oW 0.30 0.21 0.32 0.16
Kernels/spike BW 0.54* 0.57* 0.51* -0.04
DW 0.83* 0.70* 0.60* 0.36
Main stem yield Bw 0.70= 0.74% 0.66** -0.22
Dw 1.0 0.87* 0.62* 0.54*
Tiller yield BW 0.34 0.72= 0.70* 0.89+
DW 0.00 0.81+ 0.77% 0.65**
WUEBY BW 0.s2= 0.61* 0.50* 0.86*
oW 0.26 0.29 0.25 0.08
WUEGY BW 0.93* 0.95* 0.88* 0.89+

oW 0.87+ 0.97+ 0.91+ 0.95"
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they were positive but nonsignificant for
DW. The association of GY with K/S and
MSGY reversed from being negative and
low under optimum (95% FC) to positive
and significant under dry (35% I'C) for BW.
The DW cultivars responded differently
from a low coefficient under wet to highly
significant and positive under dry. The
association between GY and WUEQGY was
high and positive across the two wheat
species and the four moisture regimes.

The association between GY and DHE was
low and positive across the four moisture
regimes for BW. This was due to the
controlled temperature conditions in which
the trial was conducted.

Our results support the view of other
authors that selection for high BY, K/8,
MSGY, WUEBY, and WUEGY under
drought conditions would be efficient traits
to consider when developing cultivars
resistant to this abiotic stress.

Our results show that relative yield and its
attributes’ performance under dry and wet
condilions seem to be common starting
points in the identification of trails related
to drought tolerance. Table 6 shows that
the drought-tolerant BW cultivars Cham 6
and Dorghal have these characteristics.
They had low reductions in GY, BY,
WUEBY, WUEGY, S/P, 5/S, FLLA, and had
a higher KW and longer GFD. They were
carlier than the other BW cultivars under
thedry relative to the wet regime. The
drought resistance DW cultivars Om Rabi
5 and Kabir 1 also showed the same
response.
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Abstract

Heat tolerance is an essential characteristic for growing wheat in Upper Egypt. Twenty-four
wheat lines and varieties were evaluated for heat tolerance under two different planting dates
(early and late planting) in addition to three irrigation regimes (50, 70, and 90% water soil
depletion) at Ll-Mataana, Qena Governorate. Early plunting date and the irrigation at 50%
water soil depletion resulted in significantly higher grain yield than other studied treatments.
Three experiments under desert conditions were carried out in the Qena Governorate in 1991-
92. Four seeding rates (120, 155, 190, und 255 ky/ha) and five N levels (140, 180, 2185, 250, and
285 kg N/ha) were used to evaluate grain yield of variety Giza 160 under high-temperature
conditions. There was a shight effect of seeding rate on grain yield. Increasing nitrogen level up
to 250 kg N/ha p voduced the highest grain yield. Using improved cultural practices with high
yield potential cullivars can increase grain yield under high temperature conditions.

Introduction

Wheat is a major cereal crop in Egypt.
Increasing wheat production is an ultimate
goal to reduce the gap between production
and consumption.  ligher wheat prices and
lower costs of production in relation to
other crops have encouraged increased
wheat arca, approximately 20% in Upper
Egyptalone during the last three years.
Moreover, wheat production in Upper
Egypt has been expanded in newly
reclaimed areas on about 12,000 ha in the
desert around Sohag and Qena
Governorates. However, the Upper Egypt
Governorates (Sohag, Qena, Aswan, and
New Valley) have the lowest wheat
productivity levels in Egypt with average
yields of 3to 4.5 1/ ha.

Considerable increases in day temperature
during the period from anthesis (late
February) to ripening of wheat are common

in Upper Egypt (Figure 1). The exposure to
hot wind, even for a shorl time during this
period, could drastically reduce spike
fertility and grain-filling (Fischer and
Maurer 1976). Developing high yielding
cultivars that are tolerant to high
temperatures will be vitally important to
improve wheat production in the region.

°C
40
30 1
20 O\O\\/
10 Max.
O Mean
O Min,
0 T T T ¥ T 1

T T
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May.

Figure 1. Monthly mean temperatures for Upper
Egypt during the wheat growing season.
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Heat tolerance is a polygenic trait, and
selection in segregating populations is
difficult. It is therefore necessary to develop
novel approaches to enharce the efficiency
of selection in programs of wheat breeding
for heat stress. Further understanding is
needed of the factors that limit plant
productivity under high temperatures. The
use of agricultural practices that minimize
heat stress could be an important means to
increase yield in these environments (Puri et
al. 1977, 1985).

The objective of this report is to evaluate the
influence of planting date, seeding rate,
nitrogen fertilizer, and water regime on the
grain yield of wheat under heat stress
conditions in Upper Egypl.

Effect of Heat and Water
Stresses on Wheat Yield

Twenty bread wheat entries selected from
introduced malerials and four local wheat
varieties were included in this study. The
local varieties consisted of three bread
whealts (Giza 155, Giza 160, and Sakha 69)
and one durum wheat (Sohag 1). The 24
entries were evaluated under two planting
dates (25 Novemberand 5 January) and
three different water regimes, irrigation
being applied at 50, 70, and 90% depletion
of available water (DAW).

The experiment was conducted at El-
Mataana Rescarch Station, Qena
Governorate of Upper Egypt during the
1988-89 growing scason. The experiment
design was a randomized complete block
with a spilt split plot arrangement of
treatments. Planting dates were whole plots
and waler regimes were subplols, while
wheat genotypes were sub subplots. The

experiment was replicated four times.
Recommended agricultural practices were
followed.

Some results (12 entries) are shown in Table
1 and indicate that late planting reduced
grain yield by between 30 and 48%. The two
entries (4 and 11) with the least percentage
yield reductions had relatively low potential
yields (as indicated by the yield at the first
date with DAW1). The highest grain yields
were oblained by Jup/Bjy’S’/ /Ures (entry
9) at both carly and late planting dates.

These data confirm carlier work (Randall
and Moss 1990) where grain yield was
negatively correlated with increasing mean
maximum temperature. Musich and Dusek
(1980) showed that increasing temperature
resulted in earlier termination of grain-
filling.

Our results indicate that the deleterious
effects of heat stress in Upper Egypl during
grain-filling can be minimized by selection
of the optimum seeding date.

The reduced irrigation treatments
significantly reduced yiclds from a mean of
3.34t0 2.62and 2.22 t/ha under 50, 70, and
90% DAW, respectively. At the optimum
planting date, there was a progressive
decrease in yield with reducing water
supply. However, at the late seeding date,
irrigation at 90% DAW resulted in yields
that were no different than irrigation at 70%
DAW, although 70% DAW produced a
greater yield loss at late seeding than at the
optimum date (26.3 vs 18.8%). This is in
agreement with data of Dawood et al. (1988)
and Kheiralla et al. (1989), who also found
that water stress results in greater yield
losses at late planting dates.



Table 1. The effects of seeding date and Irrigation at differing levels of soll molsture depletion {DAW) on the grain yleld (t/ha) of 12 selected entries In

Upper Egypt.

Planting date Overall means
25 November (D,) 5 January (D,)
50% 70% 90% 50% 70% 90% 50% 70% 90%

Varlety/Line DAW, DAW, DAW, Mean DAW, DAW, DAW, Mean RD, DAW, DAW, RW, DAW, RW, Mean
1. Lra's 437 394 266 366 229 211 210 217 407 333 302 93 238 285 291
2. Mon'S'[Tiresel 470 357 294 374 264 190 193 216 422 367 274 253 244 335 295
3. KuBage/Fn/U/3/Bza/4/Trm 364 354 242 320 239 147 150 179 441 302 250 172 196 351 249

/S/Aldan'S’
4. Cc/2*Tob/Mn 72131 369 296 198 288 273 176 157 202 299 321 236 265 178 445 245
5. Buc'S'/Pvn'S’ 458 370 277 368 235 216 220 224 391 346 293 153 248 283 2096
6. Bjy'S'/Coc 435 357 326 373 245 195 196 213 421 340 275 188 262 229 293
7. 12266/1406.101//Buc'S’ 375 275 229 293 206 151 152 170 420 290 213 265 190 345 231
/3pm/Mos 83.11.4 8//Nac
8.  Md'S/Buc'S 396 351 257 335 230 144 144 173 484 313 248 262 200 361 254
8. Jup/Bjy'S’'//Ures 514 376 282 391 287 196 200 228 417 400 286 285 241 398 309

10. Giza 160 447 380 298 375 242 179 180 200 467 344 280 186 239 135 288

11. Giza 155 433 281 282 332 238 217 221 225 322 336 249 259 252 250 279

12. Sakha 69 485 373 215 358 254 209 210 224 374 370 291 214 212 427 291

RD = Yield reduction due to late planting = [(D, - D,)/D,] x 100.

RW = Yield reduction due to reduced irrigation: RW, = [(DAW, - DAW,)/DAW,] x 100;

RW,

LSD5%: D DAW

= ((DAW, - DAW,)/DAW,] x 100.

DxDAW G
0.06 0.05 0.06 0.09

DxG
0.12

DAWxXG DxDAWxG

0.15

0.30

YIINALOG LYIHM 40 SYOLYDIAN]
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There were substantial differences between
entries in their reaction to restricted
moisture, particularly at 90% DAW. Entries
with median yield potential were least
affected. The effect of water stress was less
severe than that of late seeding.

Effect of Seeding and Nitrogen Rates

Three experiments were conducted in 1991-
92 to study the influence of seeding rate and
N fertilization on grain yield under heat
stress conditions on newly reclaimed soils.
Three sites were selected: El-Marashda El-
Baharia, El-Marashda El-Keblia, and Abo-
Teshtin Qena Governorate. These locations
are sandy with 7.3-7.8 pt1, low available
nitrogen (0.02-0.03%), and phosphorus at
24-39 ppm.

Sceding rates (SR) were 120, 155, 190, and
225 kg /ha. The N levels were 140, 180, 215,
250, and 285 kg / ha. Six equal doses of
nitrogen were applied, the first dose applied
at the one-shoot stage (Feekes Scale 1) then
four doses at seven-day intervals. The sixth
dose was applied at the boot stage (Feekes
Scale 9). The wheat varicty Giza 160 was
used. Irrigations were applied at 10-day
intervals.

Table 2. The main effects of seeding and
nitrogen fertilizer rates on the grain yield (tha)
of wheat grown at three sites In Upper Egypt.

Seeding Nitrogen rate (kg/ha)

rate
(kg/ha) 140 180 215 250 285

120 510 551 574 601 616
155 533 578 580 610 607
190 555 675 583 616 641
255 566 574 594 600 619
Mean 541 569 584 6.07 6.21

LSD (5%) Nitrogen: 0.22.

The experimental design was a complete
block with a split plot arrangement of
treatments in which seeding rates were
main plots and nitrogen rates were
sub-plots.

The analysis of variance indicated that
seeding rales had no significant effect on
yicld. There were no interactions between
seeding and nitrogen rates, or with
locations.

Overall, there was no significant effect of a
nitrogen rate greater than 250 kg / ha
{Table 2).

These studies indicate that there appear to
be differences between genotypes in their
reaction to late seeding date and moisture
stress. Future breeding and selection should
be of aninterdisciplinary nature to identify
genotypes with the desired adaptability to
farmers’ conditions in Upper Egypt. Under
these conditions, it is unlikely that large
yield increases will result from increases of
cither seeding rate or nitrogen application
above the recommendations However,
substantially higher yields will be obtained
by planting at the optimum date and
irrigating more frequently.
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Physiologists’ Approaches to Screening for High
Temperature Tolerance in Cereals:
The Indian Experience

J-M. Peacock, ICARDA, Aleppo, Syria; V. Mahalaksmi, [CRISAT, Patancheru, India;
G. Ortiz Ferrara, CIMMYT, Aleppo, Syria; C.J. Howarth, Institute of Grassland and
Environmental Research (IGER), Aberystwyth, U K; M. Nachit, CIMMYT, Aleppo, Syria;
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Abstract

In India, although wheat production has been expanding by around 2.5-3.0% per year, there has
been a dramatic shift from rainfed bo irrigated wheat; of the total urea the share of rainfed wheat

lund has decreased from 67% in 1961 to 25%

in 1986, or from around 9 million hectares in the

early 1960s to 6 million by 1984. However, this urea, along with Turkey, is still the largest in
the world. The wheat, which is sown in the post-rainy (rabi) season, depends largely on residual

water. Its productivity and stability depend on the development of material that is able to

germinate well. To ensure good germination, furmers tend to plant in late October or cven later

because the high soil surfuce temperatures earlier in the seuson severel y reduce germination and

establishment. However, when sowing is delayed, the valuable water, which is lost from the

profile, is not availuble to the plant. The problem is, therefore, very clear: to develop germplusm

that will germinate at the high soil temperatures that prevail at the onset of the rabi season. A

proven raethod of improving crop establishment under high soil temperatures in India is

described. A luboratory method that simulates this field heat damage and can be used to verify

the freld performance of selected genotypes is also described. The importance of an integrated

approach using techniques as diverse as field screening and molecular biology for the

understanding and improvement of wheat under heat stress is emphuasized. In conclusion, the
authors outline what the future approach of physiologists and breeders could be at I[CARDA for

these hot marginal regions,

Introduction

In India, as a whole, since the carly 1960s,
wheat production has been expanding by
around 2.5-3.0% per year, with an increase
in area from about 13 million to over 23
million hectares in the 1980s. There has,
however, been a dramatic shift from rainfed
toirrigated wheat: of the total area in wheat
production, the share of rainfed land has
decreased from 67% in 1961 to 25% in 1986,
and the actual area of rainfed wheat has
steadily dropped from around 9 million
hectares in the early 1960s to 6 million by

1984 (Byerlee 1992). Therefore, unlike many
arcas in the world, the wheat cropping area
in India is not expanding by cultivation of
the marginal areas.

However, the 6 million hectares of dryland
wheat in India, along with Turkey,
represent the largest in the world
throughout Central and South Asia.
Throughout central and southeast India,
rainfed (barani) wheat, which is sown in the
rabi season, is grown almosl exclusively on
deep black vertisols (Figure 1) and depends
largely on residual water. Its productivity
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and stability of production depend on the

development of material that is adapted to
the prevailing climatic conditions in these

regions.

Mecasurement of the environment or the
agroclimalic conditions for the region or
regions in question has been central to the
authors’ approach with other crops and
regions (Peacock et al. 1988). In addition to

limited soil water, the major climatic
constraint to wheat production in this zone
is high temperature, particularly high soil
temperatures at the time of sowing (Bagga
et al. 1987, Byerlee 1992). High germination
and good crop establishment are essential
under these conditions (Soman and Peacock
1985). To ensure good germination, farmers
tend to plant in late October or even later
(Figure 2). However, farmers must be

A = 40,000 ha rainfed wheat

Figure 1. Map of Indla showing area of black vertisols (shaded) in relation to the total rainfed

wheat areas.
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careful not to plant too late because with a
rapidly receding soil moisture profile the
crop will loze valuable water and could run
into severe diought during flowering and
grain fill. The problem is therefore very
clear: to develop germplasm that will
germinate at higher soil temperatures.

We describe a proven method of improving
crop establishment under high soil
temperatures in India and emphasize the
importance of landrace material in the
breeding program that was successfully
developed using material identified with
this method. We conclude by outlining what
the future approach of physiologists and
breeders could be at ICARDA for these hot
marginal regions.

The Environmental
Physiologist’s Approach

Poor seedling establishment is one of the
major factors limiting the production of
cereal grain crops in the semi-arid and arid

tropics. An example of this is pearl millet,
grown extensively by farmers in the Indian
state of Rajasthan, and in Sahelian and
Southern Africa (O'Neill and Diaby 1987,
Soman et al. 1987). High soil surface
temperatures (>55°C) have been reported to
reduce seed germination, emergence, and
survival of pearl millet seedlings in these
regions (Soman and Peacock 1985, Gupta
1986, Peacuck et al. 1992). Similar effects of
high soil temperatures on seedlings have
been reported in sorghum (Wilson et al.
1982, Ougham ct al. 1988) and wheat (Bagga
et al. 1987, Acevedo et al. 1990).

A breeding program was initiated for
Rajasthan to produce pearl millet genotypes
combining the apparent high-temperature
adaptability (thermotolerance) of the local
landraces and the yield potential of
improved genotypes from the Indian
Mational Program and ICRISAT. We believe
that this is most effectively done if specific
screening methods are available to evaluate
genotypes for thermotolerance to
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Figure 2. Effect of soll temperature and moisture on wheat germination (mean of 10 varieties),
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supplement the conventional multilocational
yield testing and breeding methods.

In this section, we describe techniques to
examine the effect of high scil surface
temperature on the survival of pearl millet
seedlings in the field in Rajasthan and in the
laboratory. The field technique demonstrales
that 1) scedling mortality is largely due to
high soil surface tlemperatures, and 2) there
is genetic variation for seedling survival and
thermotolerance. We also describe a
laboratory method that simulates this field
heat damage and can be used to verify the
field performance of selected genotypes. The
importance of an integrated approach
(resulls are presented using techniques as
diverse as field screening and molecular
biology) in the understanding and
improvement of crop response to
environmental stress is emphasized.

Location and soil conditions

of field experiments

The experiments were conducted at the
Agricultural Research Station, Fatehpur,
Rajasthan, India (Lat. 27° 37’'N), during the
dry summer months (April and May) of
1989 and 1990.

Seed material and experimental layout
Four experiments were conducted, two in
both 1989 and 19%0. In 1989, 76 genotypes
[75 millet, Pennisetum glaucum (1..) R. Br.,,
and one sorghum, Sorghum bicolor L.
(Moench)], selected to cover a range of
landrace, hybrid, and varietal variation,
were tested, and in 1990, 26 genotypes
representing a selection of the most
susceplible and tolerant lines to high soil
temperatures were lested. In all four
experiments, each plot was a row, 2.5 m
long, with 30 cm between rows. Plots were
arranged in a randomized complete block
design.

Experiments were sown in April and May.
On the nights before sowing, 15 mm of
water were uniformly applied 1o all plots
from two parallel sprinkler lines to bring
these soils to field capacity and to ensure
that the soil profile did not dry out during
the first 15 days of seedling growth. Eighty
seeds were sown per plot at a depth of

50 mm.

Environmental measurements
Temperature—Soil and air temperatures at
various depths and heights were measured
using copner-constantan thermocouples and
recorded at hourly intervals on the
automatic datalogger (CR21X, Campbell
Scientific Inc., Utah, USA). Air and soil
temperatures often exceed 40°C, and soil
surface temperatures around 60°C were
frequently recorded. Figure 3 shows typical
curves of the temperatures measured after
sowing, at emergence and during seedling
establishment (Peacock et al. 1993).

Soil moisture—Soil moisture was estimated
gravimetrically from soil samples taken at
numerous depths with a multiple-ring soil
sampler immediately after sowing and then

TTIrrryrrr1r1f1ry7r1rrrrrrrtirroerr
00 04 08 12 16 20 24
Time of day (h)

Figure 3. Diurnal temperature data recorded In
Fatehpur, Rajasthan, indla. Each measur: ment
is the mean value from three thermocouples
placed at soll depths of elther 5 cm {9) or 0.5 em
(e) or 150 cm above the soll surface (3.
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daily at 0600 h until 10 days after sowing
(DAS). In the root tip zone, soil moisture
did not fall below 5% (which is well above
the wilting point for these soils) confirming
that subsequent seedling death was not due
to low availability of moisture (Peacock et
al. 1993).

Plant measurements

Seedling death—The number of live seedlings
was counted daily (Peacock et al. 1993) and
at the same time dead seedlings were
marked with a wooden matchstick. Seedling
death at this stage could be attributed

largely to high soil surface temperature
because there was still adequate moisture in
the soil.

A “thermotolerance index” (TI) was
calculated as the ratio of seedlings surviving
to the total number of seedlings emerged
and these data are shown in Table 1.

Laboratory heat-girdling

apparatus and plant materials

In all experiments, millet seeds were
germinated in vermiculite in a glasshouse.
After a seven-day germination period,

Table 1. Thzarmololerance index for pearl millet and sorghum genotypes (Ranking order of each

experiment in parentheses).

1989 1930

Genotype Expt. 1 Expt. 2 Expt. 3 Expt 4 Mean
HHB 67 091 (6) 0.76 (6) 0.83 (1) 094 (1) 0.86
1P 3201 097 (1) 0.82 (2) 078 (3) 0.84 (8) 0.85
IP 3173 0.80 (11) 081 (3) 071 (4) 0.83 (10) 0.79
HiTip 88 0.72 (18) 0.80 (4) 078 (2) 0.80 (13) 0.78
NC D2 0.95 (2) 076 (9 0.46 (16) 0.89 (4 0.77
ICMH 451 0.92 (3) 070 (13) 0.58 (7) 0.79 (16) 0.75
RCB2 0.76 (16) 0.79 (5) 061 (5 082 (12) 0.75
IP 3188 091 (5 0.76 (9) 0.46 (15) 0.83 (11) 0.74
CZMP 84 0.77 (14) 0.63 (15) 0.61 (6) 0.90 (3 0.73
Sadore Local 075 (17) 0.76 (9) 0.55 (8) 085 (7) 0.73
LaGraP 88 0.78 (13 076 (9) 0.52 (10} 0.79 (16) 0.71
WRajPop 0.85 (8) 061 (16) 0.48 (14) 0.87 (5) 0.70
1P 3273 084 (9 0.75 (11) 0.27 (24) 09 (2 0.69
IP 3258 090 (7) 0.82 (1) 0.36 (20) 0.64 (21) 0.68
LaGraP 87 0.84 (10) 074 (12) 0.53 (9) 0.55 (23) 0.67
IP 3228 079 (12 0.66 (14) 051 (1) 0.69 (18) 0.66
IP 3342 0.92 (4) 0.55 (18) 029 (23) 0.80 (14) 0.64
IP 11145 069 (19 0.50 (21) 043 (18) 0.84 (9 0.62
ICMH 423 0.67 (20 0.53 (20) 0.50 (12 075 (17) 0.61
ICTP 8203 0.66 (21) 048 (22 048 (14) 0.66 (19) 0.57
EC 87 0.62 (22) 046 (23) 0.33 (21) 0.85 (6) 0.57
1P 3218 0.77 (15 0.31 (25) 045 (17} 060 (22 0.53
Civt 0.53 (23) 037 (24) 0.36 (19 0.65 (20) 0.48
ICMV 84400 048 (24) 054 (19 0.31 (22 0.53 (24) 0.47
BSEC C4 042 (29) 055 (17) 0.13 (25) 0.38 (26) 0.37
Sorghum 042 (26) 026 (26) 0.12 (26) 0.40 (25) 0.30
Mean 0.75 0.63 0.48 0.75

S.E. 0.057 0.054 0.051 0.044
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vermiculite was carefully washed from the
roots. Seedlings were then transferred to
wooden racks as described by Matsuda and
Riazi (1981). The scedlings were grown in
plastic trays containing an acrated
Hoagland's solution (HHoagland and Arnold
1938) supplemented with an iron chelate.
Each tray contained 90 plants (six racks of 15
plants each). Healt:. > and similar scedlings
were transferred to the heat treatments when
the plants were 10 days old.

Opaque plexiglass racks identical in size to
those described above were modified to
allow temperature control of the leaf
intercalary meristem (I>cacock et al. 1990).
Meristem temperature modification was
achieved by circulating water through a
brass tube inserted into a longitudinal
groove cut into each piece of plexiglass.
Meristem temperatures were measured with
fine thermocouples coupled with a
datalogger (CR21X, Campbell Scientific Inc.,
Utah, USA). For these studies, six racks were
placed in cach tray of Floagland’s solution.
There were three heated and three control
racks in each tray, ensuring that the root and
shoot temperatures were the same for both
treatments (sce Peacock et al. 1990). In heat-
girdling experiments, meristem
temperatures were set to 52°C, which
represents the average maximum
temperature at which seedlings died in the
field. Elongation of the youngest leal was
measured with a plastic ruler using the
method described by Peacock (1975).
Measurements were made at the beginning
and end of each daylight period and leafl
extension rate per day was calculated.

Results and Discussion

There was considerable genolypic variation
in Tl (Table 1). Genolypes BSEC C4 and
ICMV 84400 have consistently low T1 values,
whereas a number of genotypes including
the hybrid HIHB 67 and the local landrace

material IP 3201 have high values. The
superior performance of the first 10
genotypes, based on the mean of T1, is
explained to a large extent by examining
their background (P’cacock et al. 1993).

The consistently poor performance of
sorghum both for emergence and seedling
survivai supports the hypothesis that pearl
millet is more thermotolerant than sorghum
(Sullivan et al. 1977) and therefore provides
an excellent susceptible check.

A dendrogram of log semipartial R? for the
25 genotypes calculated using Ward'’s
Minimum Variance Cluster Analysis (not
shown), in general, reflects the rankings of
TI{Table 1). Three major subgroups of 4, 13,
and 8 genotypes are formed, clearly
separating genotypes with high and low T1
values (sce Peacock et al. 1993 for details).
Mostimportant to note is that with the
exception of 117 3218, all the landraces (1P
numbers) collected in the dry regions are
clustered together in subgroups 1and 2.
This is similar to what happened with
wheat in central southern India where
landrace lires like Hindu 62 and Kathia
both estabiished and yielded better than the
improved - 'mmended varieties for the
area (Byerlee 1992

Our field screening method is found to be
repeatable as evidenced from a lack of
significant interaction belween genotype
and experiment. The broad sense
heritability of the 1T trait is high (h*= 0.82)
and therefore of considerabie interest to the
breeders. In addition, the preliminary data
on pearl millet using the laboratory method
confirm ficld data and this is encouraging.

Mechanisms and genetics of plant
responses to high temperature stresses

We recognize that the variation in seedling
survival between genotypes of pear! millet
and sorghum may arise from different
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causes. Seedling death in sorghum and
pearl millet is related to the injury to the
meristem of the seedlings, which is located
near the soil surface where temperatures
can be very high. Recently, Peacock et al.
(1990) showed that injury of the meristem
retards subsequent leaf growth and restricts
the movement of carbohydrates to the roots,
which leads ultimately to seedling death in
susceplible genotypes. Figure 4 shows that,
in the shoots of the heated sorghum plants,
the concentration of total carbohydrate
(TSC, primarily sucrose, glucose, and
fructose; see Peacock et al. 1990) increased
substantially during the experiment

(Figure 4—left). After 173 hours of heat,
both TSC and starch concentration were at
least 3-fold greater than in the unheated
seedlings (Figure 4—right). In contrast,
meristem heating reduced root 15C o very
low concentrations, with a five-fold
decrease seenin 173 hours (Figure 4—right).
With millet, in our laboratory experiment
(data not shown), after one heat shock the
leaf expansion of ICMH 423 was reduced to
less than 5 mm/h whereas 11 3201
continued atover 15 mm/h. If these heat
shocks were continued over three days, then

Shoot TSC conc. (mg/g)

all the ICMH 423 seedlings died, whereas
fewer than 10% of the landrace seedlings 1P
3201 died.

The role of specific proteins, the heat shock
proteins (HSPs), in survival at high
temperature is currently being investigated
in several laboratories (Nguyen et al. 1992).
Howarth (1989, 1990a,b) has clearly shown
that HISPs are produced in pearl millet and
sorghum above temperatures of 35°C and
that at 50°C normal proteins no longer occur
(Howarth 1991; Figure 2). However, if a
pretreatment at 45°C is given, the seedlings
synthesize FHSPs and continue to grow and
survive a temperature of 50°C. Sinvilar
results in cereals have been shown for barley
and wheat (Stanca et al. 1987, Zivy 1987,
Krishnan et al. 1989, I Hendershot et al. 1992).

The precise function of HSPs in
thermotolerance is still not understood (for
reviews see Lindquist 1986, Ougham and
Howarth 1988, Nagao ct al. 1990, Nguyen et
al. 1992). The denaturation of normal cellular
proteins at high temperature and the
protective response associated with 11SP
synthesis has been suggested (Pelham 1986,

Root TSC conc. (mg/g)
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Figure 4. Effects of meristem temperature on (left) shoot total soluble carbohydrate (TSC)
concentration (sum of sucrose, glucose, and fructose, as determined by HPLC) and (right) root total
goluble carbohydrate concentration, each on a dry-weight basis. Seedlings were heat-girdled with
52°C meristem temperatures or nongirdled with 31°C. Data points are the means of three

replications of three seedlings each.
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Ellis 1991). A similar mechanism is possible
in plant tissues and it may be precipitated,
denatured proteins that restrict the flow of
carbohydrates to the root when a seedling is
“heat girdled” by high soil and meristem
temperatures. HSPs may be important in
protecting meristematic tissue during the
sudden daily fluctuations in temperature.
Current rescarch is investigating the
involvement of FHSPs in genotypes showing
differential thermotolerance. Recent data
(Howarth 1991) with two pearl millet lines,
HIB 67 and BSEC 4, showed that the
thermotolerant B 67 was able to
synthesize HSPs each time it encountered a
heat shock, whereas the susceptible BSEC C4
failed after the first heat shock synthesis
Likewise, in our field experiments, the
thermosensitive genotype BSEC C4 did not
die immediately when it experienced
extremes of temperature, but, when high
midday temperatures persisted for a number
of days in succession, death occurred.

There are limited studies on the genetics of
heat tolerance in cereals (Blum 1988) and
most of these have utilized solute leakage as
a measure of membrane stability (Sadalla et
al. 1990, Shanahan et al. 1990) or chlorophyll
fluorescence (Moffat et al. 1990) to indicate
relative acclimation to exposure to heat.

Similarly, very litil2 has been done on the
inheritance of [15Ps in plants. Marmiroli et
al. (1986) showed that in barley the 1
progeny had some HSPs common to both
parents, some common to one and a large
number appeared to be Fl-specific.
However, no measurements of heat
tolerance were conducted.

The possibility of using a rapid screening
method u:ing spedific antibodies or nucleic
acid probes to proteins such as FISPs to
screen for seedling survival at high
temperatures 1s of great value to a breeding
program, and the identification of the

relevant proteins is currently being
investigated by the Institute of Grassland
and Environmental Research (UK) and
others (Nguyen et al. 1992). Such proteins
could be used to measure rapidly and
precisely the abundance of a given gene or
setof genes. Lveniif a given gene is not
directly invoived in the mechanism of
acquired thermotoierance, this does not
mean that a given gene or its product
cannol be used for a screening lechnique if a
close correlation exists between its presence
and the ability to survive high temperatures.
Such a screening technique could then be
used 1o assess the thermosensitivity of a
piven genotype.

If the processes of plant acclimation and
survival can be understood, and thus
manipulated, the tolerance of plant species
can be further improved.

Present and future research at ICARDA on
developing heat-tolerant wheat lines
AtICARDA, the physiologists have adapted
the laboratory method described above fora
wider range of temperatures and species, by
replacing the temperature-controlied water
with a silicone oil (which is a liquid between
-75and +60°C). They have also replaced the
water culture with soil, in order to improve
their understanding of the effects of high
soil surface lemperature on root function
growth and development. By identifying
parents with distinct differences in heat
tolerance they hope to assistin the
development of biparental progenies that
will aid in determining the role of TSP
genes in heritable heat tolerance.

The work inidentifying appropriate
material will be greatly assisted by the
ICARDA/CIMMYT breeders localed at
ICARDA, who have already developed a
breeding methodology for heat tolerance in
both bread and durum wheat genotypes.
Breeding material is selected at Tel Hadya in
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northern Syria in late June-July when
maximum soil temperatures reach 44°C.
These temperatures are similar to those in
India in September at the start of the rabi
season, but are higher than those (42°C)
experienced at Wadi Halea and Wad
Medani in Sudan. For more details, see
varlier works (Nachit and Kelata 1991a,b;
Ortiz Ferrara et al. 1994; Acevedo et al.,
19590). In durum wheat, this strategy has
generated several promising lines, viz,
Wadalmez, Omitel 16, Omrabi 3, Omlahn,
and Genil 2 that have high levels of heat
tolerance and outyicelded the checks Cham 3
and Stork by as much as twice in some cases
(Nachit 1993).

Inaddition to working closely with the
breeders, we hope to develop collaborative
projects with molecular biologists at other
institutes.

In conclusion, we believe that by focusing
our attention vn this specific problem in
India, we will provide useful germplasm for
rainfed situations in other countries in Wesl
Asia and North Africa, notably at Jebbel
Marra and Abdu Naama in Sudan. We
believe that wheat scientists at ICARDA, in
conjunction with CIMMY'T and our
respective partners in the national programs
and advanced institutes in the developed
world, should be able to develop high
yielding wheats that are adapted to high
temperatures.
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Genotype Differences in Heat Stress in Wheat in the
Irrigated Gezira Scheme
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Abstract

Froe cultivars of bread wheat were sown on 9 and 23 November and 14 December 1991,
Detailed sampling was conducted during the growing cycle and at maturity. The latest sowing
dute produced yields some 33% lower than the carliest date. Sowing date affected most yield
components with the exception of spikewets per spike. Accumudated thermal units for the growth
stage terminal spikelet to anthesis was markedly affected, reducing from 96°C at the earliest to

41°C at the latest sowing date. Il Nielen had the highest grain yield at all dates, perhaps

assoctated with heavy awns and greater amounts of eprcuticular wax.

Introduction

Wheat (Tritficum aestivum 1) is best adapted
to cool environments, but now its
cultivation has expanded into the lower
latitudes to less than 15° as a winter crop
(Khalifa etal. 1977).

With adequate supplies of water and
nutrients in Sudan’s Gesira Scheme, yield
potential of 7.6 t/ha undur farmers’
conditions has beenobtained . Temperature,
the main linuting factor, is responsible for
seasonal vield variation.

The effect of temperature on wheat has been
extensively studied in Australia and Mexico.
Wheat grown in the irrigated Gezira Schemie
can experience high temperatures in either
the early or late parts of the growing season.
Hotenvironments reduce the length of all
development stages and high grain yield
can only be obtained when antibsis
coincides with the coolest period (Ishag and
Ageeb 1991).

The objectives of the present study were to
study the effects of temperatures (sowing

date variation) on growth, yield, and yield
components of cultivars differing in phasic
development.

Materials and Methods

Growing conditions

Five cultivars (Condor, Debeira, Wadi El
Neil, EI Neilen, and Veery'S') were sown on
three dates (9 and 23 November and 14
December 1991) at the Gezira Research
Farm (14 44'N). The experimental design
was split plot with the sowing dates as main
plots and the genotypes as sub-plots. Sub-
plotsize was 10x 1.6 m, eight rows each
and spaced 20 cm apart. Yield was obtained
from a net area of 6 m?. Treatments were
replicated five imes. Atsowing, 78 kg N/
ha as urea and 39 kg I’/ha as
superphosphate were applied. The crop was
irrigated at two-wecek intervals. The
experiment was keplt free from weeds and
aphids

Measurements

Light randomly selected plants were
removed three limes a week during the
vegelative phase to determine the
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primordial development with a microscope.
Thermal units for each developmental phase
were calculated as the sum of mean daily air
temperature above 1°C based on data from
a meteorological station situated 1.2 km
from the site.

Weekly plant samples from an area of 1000
cm? were taken to determine number of
shoots, number of leaves in the main stem,
and spikes/m’. Number of spikelets per
spike, grains per spike, grains per spikelet,
and 100-grain weight were recorded

Results

Grain yield

Differences between sowing dates were
highly significant. Late sowing (14 Dec.)
decreased the grain yield of all cultivars by
about 33%._ However, Condor outyiclded El
Neilen by 9% and Veery’S” and Debeira by
234 El Neilen and Veery'S' significantly
outyielded the other three cultivars sown at
the early dates (Table 1)

No significant differences were detected
between Condor, Debeira, and Wadi El
Neil. EI Neilen and Veery’S” had the highest

Table 1. Effects of sowing dates on grain yleld
of wheat cultivars (kg/ha).

grain yields, which were not significaintly
different from each other. Interaction
between genotypes and sowing dates was
significant. Condor as an carly maturing
genotype was less sensitive to late sowing
date.

Straw yield

Larly sowing dales produced similar straw
yields of about 7.6 t/ha and the difference
was notsignificant. Late sowing resulted in
a 32% decrease in yield. Wadi El Neil, a late
maturing genotype, gave the highest straw
yield, particularly at the 9 Nov. sowing date
(Table 2).

Yield components

Table 3 shows the effects of sowing dates
and cultivars on some yield components.
Sowing dates significantly affected number
of spikes per plant, number of grains per
spikelet, number of grains per plant, and
100-grrain weight. There were also
considerable differences between cultivars
i grains per spikelet, grains/plant, and
100-grain weight. El Neilen and Wadi El
Neil had the highest grain weights and
Condor the lowest.

Table 2. Effects of sowing dates on straw yleld
of wheat cultivars,

Sowing dates

Sowing dates
9 23 14

9 23 14

Cultivars Nov. Nov. Dec. Mean Cultivars Nov. Nov. Dec. Mean

+ 11337 +35047
Condor 2132 2412 1939 2161 Condor 5804 7880 5564 6417
Debeira 2440 2303 1573 2107 Debeira 7430 7647 5085 6714
WadiEINeil 2419 2559 1673 2207 3654  WadiEINeil 9130 7114 5731 7325 +2023"
El Neilen 2749 2866 1783 2466 El Neilen 7447 5198 6907
Veery'S' 2699 2914 1573 2395 Veery'S' 7734 7480 5178 6907
Mean 2488 2R06 1708 2267 Mean 7634 7480 5178 6459
SE. +79.7° SE. +289.9~
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Table 3, Effects of sowing dates and cultivars on some yleld components.

Spikes/ Spikelets/ Grains/ Graina/ 100-graln
plant splke spikelet plant wt. (g)
Sowing date
9 Nov. 20 19.8 20 60.8 38
23 Nov. 1.8 19.6 1.4 46.3 3.5
14 Dec. 20 19.2 1.7 47.4 26
Mean 1.9 19.5 1.7 515 33
SE + 0.05° 0.67NS 0.11° 0.04" 0.06™
Cultivars
Condor 21 18.6 1.7 50.2 341
Debeira 1.8 19.5 1.5 454 3.2
WI/EI Neil 1.9 20.0 1.6 50.2 34
El Neilen 20 19.9 1.7 54.6 3.6
Veery'S' 19 19.9 1.8 57.0 33
Mean 1.9 19.6 1.7 51.5 33
SE+ 0.07NS 0.38NS 0.06" 2.56' 0.07"

Table 4. Mean duration and range of wheat developmental phases In ditferent sowing dates
averaged over five cultivars.

Mean Range
Developmental phase (days) (days) T°C Tu
9 Nov.
GS1 (E-DR) 26.6 21-35 28.0 775
GS2 (DR-TS) 14.4 10-21 289 390
GS3 (TS-Anth ) 19.0 11-24 25.0 96
GS4 (Anth-Mat.) 35.0 - 221 311
381+GS2+GS3+GS4 95.0 91-105 1572
23 Nov.
GS1 (E-DR) 298 28-31 28.9 862
GS2 (DR-TS) 16.8 14-21 24.2 430
GS3 (TS-Anth.) 21.2 20-24 22.8 67
GS4 (Anth-Mat)) 336 27-42 224 283
GS1+GS2+GS3+GS4 101.4 91-106 1642
14 Dec.
GS1 (E-DR) 326 31-35 25.0 810
GS2 (DR-TS) 14.4 10-19 23.2 357
GS3 (TS-Anth) 17.6 13-22 21.3 41
GS4 (Anth-Mat ) 27.8 21-97 24.3 303
GS1+GS2+GS3+GS4 92.4 91-97 1511

GS1 = Emergence to double ridge.

GS2 = Double ridge to terminal spikelet initiation.

GS3 = Terminal spikelet initiation to anthesis.

GS4 = Anthesis to physiological maturity, Zadoks (DC =92).
T = mean daily temperature.

Tu = Thermal units above 1°C.
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Phasic development

Table 4 shows the durations of all four
development phases as affected by sowing
dates (mean of five cultivars). Thermal units
during the developmental phases are also
included. Duration from emergence to
double ridge was longer with the late
sowing, 27 compared to 33 days. The mean
rate of reduction for number of days from
anthesis to maturity between the 9 Nov. and
14 Dec. sowings was 20% (Table 4).

GS2, i.e., from double ridge to terminal
spikelet, was the shortest phase followed by
(553, terminal spikelet to anthesis.
Accumulated thermal units between
terminal spikelet and anthesis was reduced
markedly from 96°C for 9 Nov. to only 41°C
for the 4 Dec. sowing.

Discussion

The 1991-92 season was characterized with
cooler weather for the whole growing
season, with the exception of seven days
from 28 Jan. to 4 Feb. when mean air
temperature exceeded that of the 1990-91 for
the same period.

High temperature shortened the
developmental phase from anthesis to
maturity and this shortened the grain-filling
period, which is in agreement with Fischer
and Maurer (1976) and Midmore et al.
(1982). Soficld et al. (1977) reported that
higher grain weight is associated with a
longer grain-filling period. High
temperature also decreased the number of
grains per plant due to fewer grains per
spikelet.

Farly genotypes planted on early sowing
dates resulted in low yield due to fewer
grains per plant.

El Neilen produced the highest grain yield
in all environments. The yield advantage of
El Neilen in comparison with other cultivars
may be associated with heavy awns, greater
amounts of epicuticular wax, and larger
grains. Groundbacher (1962) pointed out the
value of awns as assimilatory organs under
warm, dry conditions. Awn arca was also
found to be associated with yield (Terare
and Peterson 1971). The importance of
glaucousness, which is the waxy covering
on wheal leaves, was suggested by Fischer
and Wood (1979). These waxes reduce heat
input to the tissues and consequently lowers
leaf temperature.
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Questions/Discussion

On the subject of whether increasing seed
rate may reduce the effect of late seeding,
Dr. Ishag said that previous results with
older varieties showed no effect on yield
over a wide range. He indicated that his
present thinking is to research the effect of
narrower rows (15-18 cm).
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Abstract

In peninsular India, high temperature stress has a strong influence on wheat growth and yield.
The stress intensity is severe under late planting causing the reduction in the duration of GS2
and GS3 growth phases. The genetic variability and association analysis indicated grain test
weight, spikelets/spike, and grains/spike under hot (normal planting) environments and spike
length and spikes/m* under very hot (late planting) environments may serve as valuable
selection criterta. The stability analysis for yield under normal planting over 10 locations
showed the superiority of improved varieties with regards to adaptation and better response to
both fuvorable and poor environments. Under late planting, the better adaptation of the variety
HD2501 was evident in all the environments when tested over nine locations. The exploitation

of landraces of durums and emmer wheats in evolving heat tolerant cultivars is suggested.

Introduction

Peninsular India is geographically located
between 8°N and 21° N latitude and
between 73°E and 85°L longitude (Figure 1).
Though maximum and minimum
temperatures during the wheat growing
season are high (Figure 2), wheat cultivation
is traditionally important in the region both
for grain and fodder. Until the introduction
of semidwar( bread wheats, this region was
dominated by tall durums and dicoccums
under rainfed and irrigated conditions,
respectively. With the introduction of
semidwarf wheats and the implementation
of new irrigation projects, the area under
irrigated wheat is increasing tremerdously.
However, yield levels are not high, possibly
due to greater susceptibility of semidwarf
wheats to heat stress (Fischer and Maurer
1978). This is a major factor limiting the
productivity and adaptation of wheat,

particularly when higher temperatures
coincide with critical stages of plant
development.

It is difficult to adequately define heat stress
in plants because plants’ response to heat
stress depends on the thermal adaptation,
the duration of the exposure, and the
growth stage (McWilliam 1980). The rate of
change of temperature, the duration, and
the degree of high temperature all
contribute to the intensity of heat stress.
Where heal stress occurs, it is important that
crops possess a certain degree of heat
tolerance to survive the stress period.

Metabolic stress and changes induced by
high temperature have long been considered
to be important contributing factors in plant
growth and yield depression (Sullivan et al.
1979). Yield reduction can occur at
temperatures above a mean of 15°C, spike
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and grain growth being especially sensitive.
Very hot conditions during stand
establishment and lack of full ground cover
will further contribute to yield loss (Fischer
1989).

Fischer and Byerlee (1991) broadly
categorized the high temperature stress
environments into four categories: hot dry,
hot humid, very hot dry, and very hot
humid. Hot and very hot climates are those
where the mean temperatures for the coolest
month of the cycle is greater than 17.5°C
and 22.5°C., respectively. Thus, the strong
influence of heat on wheat growth and yield
raises an important question regarding the
availability of genetic variability for
adaptation to the high temperature
environments.

The parameters related to metabolic changes
that indicate tolerance to heat stress are
difficult to record as the heat tolerance
mechanism itself needs to be understood
before subjecting the genotypes for
screening. Under these conditions, the
guiding factors are morphological and
biomass features that can be assessed casily.
Such morphological and biomass features
and their consistency in the high
temperature regions indirectly help to
evaluate the genolypes as tolerant to heat
stress or otherwise. A timely planted
(second week of November) ciop is
considered to pass through normal climatic
conditions in peninsular India although the
temperatures are quite hot (20°C). Larly
(third week of October) and late (second
week of December) planted crops obviously

[ ]
New Delhi

Figure 1. Approximate distribution of irrigated wheat in Penisular India.
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pass through relatively hotter periods in the
early (emergence to double ridge) and later
(double ridge to maturily) stages of crop
growth respectively (Figure 3). The yield
reduction is greater under late planted crops
due to reduced spike number per plant and
grain weight. The more apparent and
striking effect of high temperatures on
wheat growth is in the acceleration of plant
development and the overall reduction in
plant size (Shpiler and Blum 1991). The
reduction in the duration of GS1 (emergence
to double ridge) and G52 (double ridge to
anthesis) is associated with reduced spike
number per plant and grain number per
spike. The reduction in the duration of GS3
(anthesis to physiological maturity) is often
associaled with a reduction in grain weight
(Warrington et al. 1977).

Genetic Variation and
Association Analysis

The existence of genetic variation for heat
tolerance in wheat, measured mostly as
reduction in yield, and its components has
received limited attention. The present
study has been performed to examine
genotypic variation for heal tolerance in
terms of yield components and their

subsequent effect on yield. Nine standard
and experimental varieties were planted
under three temperature regimes (Table 1).
This clearly indicales higher yield under
carly planting as evident from the low stres
intensity (relative yield loss) of 0.11
compared to late planting (0.35). According
to Warrington et al. (1977), of the three
major developmental phases, the most
important thermo-sensitive stage was founc
to be GS2. Reduction of the duration of GS2
under the influence of high temperature
resulted ina reduction in spikes per plant
(Fischer and Maurer 1976) and spikelets anc
or grains/spike (! alse and Weir 1970,
Warrington et al. 1977, Johnson and
Kanemasu 1983). Temperature during GS1
does not affect spike size, but higher
temperature at this phase decreases tillering
and the spikes/ plant (Warrington et al.
1977). Of the genotypes tested, var. HID-250
showed a low (0.69) heat susceptibility
index for yield under late-sown conditions,
indicating heat tolerance for GS2 and GS3
phases as clearly evident from low
reductions in spikes/m and grain weight.
However, other varieties (AKW-1071, HD-
2380, and NI-9406) were betier yiclders
under timely sown condilions.

Dc .c
321 28 -
30 T -
28 26 ]
2 24
] ) Timely-sown
22 22
20.‘ . I’ h
18 J Peninaular YT :.\./..’.-" 20
164 zons Indore b Early-sown
18
14 T T T T T T T ' . ' ’ , —
Jet. Nov. Dec. Jan. Feb. Mar. Apr. Sowing Tilering Booting Anthesis Dough Maturity
formation

Figure 2. Comparison of mean monthly
temperatures of wheat producing zones (India).

Figure 3. Average temperature during wheat
crop under early, timely, and late-sown
conditions in the Peninsular Zone.



Table 1. Performance of irrigated wheat genotypes under three temperature regimes at Ugar during 1991-92.

Varieties Early planting Normal planting Lste planting

Grain Days  Spikes/ Grain Days Spikes/ Grain Days  Spikes/

yield to m of TGW yield to m of TGW yield to mof TGW

(tha) anthesis  row (9) {tha) anthesls row (9) {tha) anthesis  row (9)
CPAN-3004 4.71 (0.63)° 75 73 425 5.05 76 90 396 345 (0.92)2 70 77 327
NI-9406 3.97 (2.50) 67 91 425 542 70 116 36.8 335 (1.10) 68 83 31.2
AKW-1071 5.40 (0.59) 71 98 47.3 5.76 74 99 38.9 3.62 (1.07) 71 69 355
HD-2189 (c} 4.05 (1.36) 67 53 455 4.74 68 70 39.4 2.53 (1.35) 65 65 376
HD-2380 (c) 397 (2.66) 62 71 52.0 5.55 62 116 50.7 3.14 (1.26) 60 82 430
MACS-2436 (c) 4.45 (0.36) 72 83 451 463 73 81 40.7 3.34 (0.81) 70 58 327
DWR-162 (c) 5.09 (0.16) 70 86 46.7 5.18 72 88 425 3.52 (0.93) 69 76 340
HI-977° 4.98 (0.09) 66 100 49.0 5.03 70 115 41.0 340 (0.82) 68 97 38.2
HD-2501® 4.80 (0.37) 47 50 430 5.00 51 55 401 3.80 (0.69) 49 54 399
Mean 460 (011)° 663 783 459 5.15 68.4 922 411 337 (0.35)° 656 734 36.1
SE+ 0.09 0.69 315 1.12 0.08 112 524 0.73 0.04 082 375 0.16

2 Figures in parentheses indicate heat susceptibility index (S) com
Y is yield under stress, Yp is yield without stress and X and Xp re

term (1-X/X) is defined as stress intensity.
b Varieties recommended for late planting.

¢ Values indicate heat stress intensity.

pared to normal planting. This is calculated by using the equation: S=(1 YiY ) -X/X,) where
present mean yields over all cultivars under stress and nonstress conditions, respectively. The

“1¥Y 13 IVNIHONVH Bllv
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Such genotypic variation to warm and cool
temperatures was also observed by Bagga
and Rawson (1977). Hence, to decide upon
the selection criteria for hot (timely) and
very hot (lale planting) environments, the
data from Advanced Varietal Trials
conducted for limely sown conditions with
17 adapted genotypes and late-sown
conditions with 12 genotypes adapted for
late planting in the Peninsular Zone during
1991-92 were subjecled to genetic variability
studies.

From Table 2, itis evident that there was
considerable reduction in the mears for all
the traits under late planting. The nmost
affected traits being spike length (20.26%),
spikes/m? (28.67%), grains/spike (28.17%),
and grain yield (29.76%). This study further

confirms the findings of Warrington et al.
(1977) that the growth stage GS2 is the most
thermo-sensitive. Fischer and Maurer (1976)
showed thata 1°C rise in the temperature
between the end of tillering and the
beginning of grain-filling reduced the yield
by 4% under their test conditions. Yield
reduction was associated with reduced
spikes/plant and grains/spike.

The variability studies showed relatively
high phenotypic (PCV) and genotypic
(GCV) coefficients of variation accompanied
by high heritability coupled with high
genetic advance for test grain weight,
spikelets/spike, and grains/spike under
timely sown conditions, which is indicative
of additive gene action. These trails can be
relied upon for further improvements

Table 2. Influence of temperature regimes on the estimates of genetic parameters in Irrigated wheat.

Coefficlent of variabllity ~ Horl- Genetic Genotyplc
Phenotyplc Genotypic tabllity  advance corrolations
Character Meany S.E. (PCV) (GCV) (%) (% ofmean) withyleld
1. Days to T 63.88+0.62 9.19 8.87 93.29 17.65 0.1970
anthesis L 62.04+ 057 (2.88) 7.08 6.72 90.09 13.12 0.0132
2. Days to T 112,99+ 0.51 4.16 4.01 92.89 7.96 0.2607
maturity L 100.33+0.38 (11.20) 3.63 3.51 93.53 7.00 -0.0496
3. Testgrain T 38.70+0.72 8.82 7.55 73.28 11.40 0.6376
weight (g) L 36.30+ 0.09 (6.20) 4.04 400  98.14 8.17 0.1148
4. Spike length T 10.41+ 0.08 16.89 16.78 98.70 34.35 0.2898
(cm) L 8.30+0.07 (20.26) 11.05 10.71 94.05 21.40 0.6672
5. Spikelets/ T 19.97+0.05 18.55 18.53 99.85 38.15 0.6760
spike L 17.03:0.17 (14.72) 7.72 7.36 80.75 14.44 0.0607
6. Spikes/m* T 406.57+11.14 10.86 8.55 61.96 10.91 0.9990
L 290.003+11.42 (28.67) 15.04 11.54 58.84 18.23 0.8497
7. Grains/ T 43.60+1.43 23.74 22.33 88.44 43.26 0.9720
spike L 31.36+0.92 {28.17) 10.41 7.53 52.25 11.20 -0.3719
8. Grain T 4699.28+ 0.57 22.80 20.56 88.76 32.48
yield (kg) L 3300.714 0.64 (29.76) 16.35 1486  65.37 15.04

T = Timely sown.
L = Late-sown.
Figures in parentheses correspond o percentage decrease.
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through selection under this environment.
Relatively high phenotypic (PCV) and
genotypic (GCV) coefficients of variation
coupled with high genetic advance
indicating additive genetic variance was
observed for spike length and spikes/m?
under late-sown conditions. I lence,
considerable improvement in these two
traits may be achieved through selection in
very hot environments.

Correlation studies also showed strong
positive associations of grain test weight,
spikelets/spike, grain/spike, and spikes/m?
with yicld under timely sown environments
indicating selection for these traits is
expected to resultin yield improvement,
Further, in this environment, although days
to maturity had strong positive association
with spike length, spikelets/spike, and
grains/spike, it had weak positive

association with grain yield and spikes/m?2
This indicated that genetic variability fora
longer life cycle is not the key trait
conferring yield potential (Reynolds et al.
1991). Under late-sown conditions, only
spike length and spikes/m? showed high
correlations with yield. This would suggest
that, in very hot environments, these are the
two key trails to be considered as selection
criteria in yield improvement.

Further, resolution of correlation
coefficients (Table 3) into direct and indirect
effects clearly brings out the important yield
attributes that should be looked for as
selection criteria under timely and late-sown
conditions. It is evident that the characters,
grain lest weight, spikelets/spike, and
grains/spike have not only shown high
correlations but also high positive direct
effects onyield, thus emphasizing their

Table 3. Direct and Indirect effects of ditferent traits on grain yield under two temperature regimes

in irrigated wheat.

Genotyplc

Daysto Daysto Graintest Spike Spikelets/ Grains/ Spikes/ correlation

Characters anthesis  maturity  weight length spike spike m?  with yleld
1. Days to T 1.4140 1.0651 -0.0964  -0.0298 0.6155 0.1982 -0.1416 0.1976
anthesis L 0.2149 0.4380 -0.1058  -0.1253 -0.0418 -0.0647 -0.0016 0.0132
2. Days to T -1.3644 1.1038 -0.0616  -0.0212 0.5132 02229 -0.1321  0.2607
maturity L -0.1805 0.5216 -0.1306 0.1928 -0.0478 -0.0209 0.0014 -0.0496
3. Testgrain T -0.3442 0.1719 0.3959 0.0072 -0.0657 02115 -0.0835 0.6376
weight L -0.1322 0.3989 0.1708 0.1179 0.1246 -0.0352 0.0025 0.1148
4. Spike T -0.1705 0.0945 00114 .0.2474 0.5535 02137 -0.1426  0.2898
length L -0.0341 -0.1274 0.0256 0.7893 0.1683 -0.2282 0.0055 0.6672
5. Spikelets/ T  -0.8600 0.5596 -0.0657  -0.1353 1.0122  0.3776 -0.2527 0.6760
spike L -0.0277 -0.0769 0.0657 0.4102 03289 -0.6919 0.0021 0.0627
6. Grains/ T -0.3881 0.3363 0.1144 .0.723 0.5244 07317 -0.2505 0.9720
spike L -0.0159 0.0125 0.0069 0.2066 02572 -0.8715 0.0010 -0.3713
7. Spikes/m* T  -0.6664 0.4851 0.1100 -0.1174 08512 0.6100 -0.0067 0.9990
L  -0.0525 0.1092 0.0632 0.6473 0.1011 -0.1305 0.3005 0.8497

T = Timely sown condition.
L = Late-sown condition.
Underlined values represent direct effects
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value as selection criteria under timely sown
conditions. They were also the means
through which other characters related to
the spike contributed to yield. Interestingly,
the situation is entirely different when we
consider late-sown conditions. Spikes /m?
and spike length stand out as important
yield traits by virtue of their high
correlation accompanied by high positive
direct effects on yield. Thus, the selection
criteria will have to be different for timely
and late-sown conditions.

Shpiler and Blum (1991) suggested that
grains/spike may correlate best with yield
in their hot environment. However, their
environment is different from the present,
where, under late-sown conditions,

the temperatures increased from planting
(21.5° C) to maturity (27.5° C).

The present study has clearly indicated that,
under a hot environment (normal planting),
grain test weight, spikelets/spike, and
grains/spike, while in a very hot
environment {late planting), spike length
and spikes/m? would serve as valuable
selection cri‘eria as considerable variation
was observed for these traits with limited
material that we have studied. It would
therefore suggest that there could be ample
scope for improving yield under hot and
very hot environments specifically looking
for such important trails in a large diverse
range of material, which could be further
utilized in breeding programs.

Adaptation of Wheat Varieties

The combination of higher yields and wider
adaptation is most important and
guarantees maximum spatial, temporal, and
system independent yield stability. FHence, it
is suggested that conducting yiceld trials and
screening of nurseries are likely to be better
indicators of performance under heat stress
environments than that of heat stress trials

specifically designed to measure the
tolerance of germplasm. Therefore, to study
the nature of adaptation of new wheat
variceties developed for two temperature
regimes separately, two sets of data were
used. Timely sown trials (hot environments)
were conducted with 17 standard and
experimental varieties at 10 locations and
late-sown trials (very hot environments)
with 12 standard and experimental varieties
at nine locations. Under timely sown
conditions (Table 4), the experimental
variceties DWR-187, DWR-188, CPAN-3004,
and recently released variety MACS-2496 in
the bread wheat group and DWR-185(d) in
the durum wheat group were found
significantly superior and the standard
varieties HID-2189, DWR-39, 1113-2380, and
HD-4502(d) were found stable. The
superiorily of these new varicties with

Table 4. Yield perfomance of wheat varleties
over locations and thelr rating according to
cultivar perfomance index under timely sown
irrigated conditons,

Graln  Over
yleld  sites
Varieties {tha) (Py) Rank
i. DWR-187 495 3753 3
2. CPAN/3004 495  38.77 2
3. DwR-188 494  40.00 1
4. MACS/2496(C) 485 2877 6
5  HD-2615 483 3255 4
6. DWR-185 (d) 478  25.65 7
7. AKW-1071 474 30.68 5
8. HD-2380(C) 474 2565 7
9. HD-2616 463 2565 7
10. DWR-162 (C) 461 2062 10
1. AKW-1811 4.56 15.03 12
12. DL-802-3 4.56 12.50 13
13. DL-788-02 442 1000 14
4. NI-9406 4.39 8.73 15
15. DWR-38(C) 427 1687 11
16. HD-4502 (D) 419 250 16
17. HD-2189 4.18 1.93 17
Mean 4.62
CD. 0.16
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regards to adaptation and their response to
favorable as well as poor environments is
evident from Figure 4. The cultivar
performance index suggested by Fasoulas
(1983} also indicated the superiority of these
new varieties. Similarly under late-sown
conditions (Table 5and Figure 5), the
significant superiority of AKW-1071 and
HD-2501 over Sonalika under favorable and
poor environments is evident.

Future Strategies

l.ocal durums and dicoccums are well
adapted to warm and dry climates with very
short, moderately cool winter and high
temperature during the grain-filling period
prevalent in most tropical arcas. This seems
to be due to natural selection over the
centuries. Physiological investigations have
shown that both emmer types and local
durums tend to have Jower stomatal
conductance, transpiration rate, and leaf
temperature than other forms of wheat.
These features are reported to confer heat
tolerance to the plant. These wheats have
also been found to show good grain-filling
capacity even under very high temperatures.

Grain yield (tha)

8.0 , DWR 187
h MACS 2406

7.2 OWR 183
4 HD 2380

DWR 162

6.4 1
] 7 Nparer

5.2 1

4.4 4

3.6

2.8
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22 14 2 6 1‘4 22 24
Environmental Index

Flgure 4. Stabllity parameters of timely sown

wheat varieties,

The grains show little shrivelling under
such conditions. Emmer types also possess a
very high degree of resistance to stem rust
and leaf rust, the major wheat diseases of
the region. I Hence, there is a need to
improve these wheats,

Table 5. Yield performance of wheat varieties
over locations and their rating according to
cultivar perfomance index under latz-sown
Irrigated conditions.

Grainyleld Over sites

Varieties (tha) (Py)  Renk
1. Ni-9406 3.58 16.16 6
2. DWR-183 3.58 13.13 7
3. DWR-154 3.54 6.06 9
4. DWR-195 3.77 18.18 4
5. AKW-1071 3.85 27.27 1
6. HD-2580 373 16.16 6
7. HD-1610 371 18.18 3
8. HD-2615 3.54 6.06 9
9. HD-2616 3.63 8.08 8
10. HD-2501 (C) 3.88 35.25 2
11. HI-977 (C) 3.52 5.05 10
12. Soralika (C) 349 16.16 5
Mean 3.66
Co. 0.18

Grain yleld (tha)

6.47

6.0

561 ..'NDISOI
5.21 . SORALIKA
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Figure 5. Stabllity parameters of late-sown

wheat varieties.
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Summary of Data from the 1st and 2nd
International Heat Stress Genotype Experiments

M.P. Reynolds
International Maize and Wheat Improvement Center (CIMMY'T), El Batan, Mexico

Abstract

The International FHeat Stress Genotype Experiment (IHSGL) is designed to look closely at a
small number of traits that seem to huve potential value as predictors of yield at high
temperature. The muain objectives of the IHSGI include: 1) basic studies on plant
characteristics, 2) developing faster sereening methodologies for heat tolerance, and 3)
increasing mternational cooperation. The target environaent includes 50 countries currently
tmporting more than 20 nullion tons of wheat per year. The hot environments studied seem to
show some groupung. In particular, a number of sites shotw reasonable yield correlations with
CIMMYT s hot dry environment at Tlaltizapan, Mexico. These are Sudun, India, and Bruzil,
while Syria and Thatlund are Clearly the environments most unhike the rest. Two physiological
traits, canopy temperature and membrane ernnv.sluiuhl_l/, look promusing and require further
investigution and protocol development if they are to be mcorporated imto breeding programs.

Introduction

Wheat has animportant place in the crop
rotations of many tropical cropping
systems. [Uis grown as the winter scason
crop in rotation with a number of other
species, for example with maize in Africa,
nice in Asia, and soybeans in Latin America
Fhere are many advantages to cultivating
wheat in this niche, among them being it s
a stapie food and it is drought and cold
tolerant, relatively high yielding, and casy
to transport and store. CIMMYT has been
involved in the production of heat-tolerant
germplasm since the 1960s Nonetheless, in
2 recent review of wheat breeding for hot
environments, among the important areas
identified for future woerk were: 1) basic
studies on plant charactenstics, 2)
developing faster sereening methodologies,
and 3) more international cooperation
(Kohli et al. 1991). These are among the
main abjectives of this project.

Target Environment

Probably the greatest challenge to
understanding the physiological problems
associated with high temperature stress is to
encompass the diversity of hot
environments that exist. Qur target
environmentincludes 50 countries currently
importing more than 20 million tons of
wheat per year (Fischer and Byerlee 1991).
since the experiments described in this
report have been conducted ona
multilocational basis as a collaboration
between CIMMYT and national programs in
warm wheat growing environments (Table
1), we anticipate that our results will be
representative of the range of warm climates
that exist ‘The International Heat Stress
Genotype Experiment (IHSGE) is designed
to look closely at a small number of traits
that seem o have patential value as
predictors of yield at high temperature.
Another objective of the experiment is to
assess the degree of genotype by
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environment interaction that exists between
environments. The range of environments
encompassed by the experiment is most
casily appreciated by comparing some of
the climatic data and main effects of crop
performance between environments. For the
Ist IHISGE, the vields ranged from 1.3 i/ha
in Thailand to 4.1 t/ha in Sudan, while life

Table 1. Countries with sclentists currently
participating in the IHSGE.

Country Type of heat stress

Bangladesh hot, humid

Brazl hot, humid

Egypt hot, dry

India hot, dry

Mexico hot, dry (very hot, dry
summer)

Nigeria very hot, dry

Sudan very hot, dry

Syna (summer planting)  hot, dry

Thailand hot, humid

cycles ranged from 11 to 17 weeks. Mean
daily iemperature for the cycle was lowest
in Brazil at 18°C and highest in the Sudan at
26°C (Reynolds et al. 1992)

Genotype by Environment
Interaction

While the ANOVA for yield indicated a
highly significant genotype by location
interaction term in both years, perhaps a
better indication of the variability is to
correlate the vields of genotypes at one
focation with those at all others. Tt is clear
when comparing these correlations that
yields in some locations are much better
correlated thanin others. For example in the
1st HHISGE, correlations between
environments for vicld were significant
between Tlaltizapan (Mexico) and three
other environments (Reynolds et al. 1992):
Sudan (r=082), India (r=0.66), and Brazil
(r=0.46). On the other hand, Syria and

Table 2. Correlation coefficients for yleld at each location with all ot:zi locations for the 2nd INSGE.

Bangla- Mexico Mexico Obg.

Country desh Brazll India Tlal. 512 Tlal. 2612 Sudan Syria Thalland Dec. Nigeria
Bangladesh 02t -049 002 -0.43 043 -016 002 010 -0.22
Brazil 021 000 022 046 -0.04 072 -007 -038 0.3t -0.02
India -049 0.2 - 020 039 022 -011t 019 021 -0.18
Tal. 5/12 001 046 020 - 0.32 083 021 -0 0.66 -0.01
Tal. 26/2 -043 004 039 032 032 033 002 029 043
Sudan -013 072 022 083 0.32 - 009 072 043 007
Syria -0.16 -0.07 -0.11  -0.21 0.33 009 - 043 -0.15 046
Thailand 0.02 -0033 -019 -0 -0.02 -0.72 043 . -0.33 026
Obg. Dec. 010 031 0.21 0.€6 0.29 043 -015 -033 - -0.25
Nigeria -022 002 018 001 0.43 007 046 026 -025 -
Mean 91-32 -0.14 011 -002 023 0.19 018 -012 -0.18 012 0.07
Mean 90-91 0.06 039 044 049 0.34 030 012 0.00 047 -

Tial. 5/12 and Tlal. 26/2 = 5 Dec. and 26 Feb. plantings at Taltizapan, Mexico; Obg. Dec. = Ciudad

Obregan, Mexico, Dec. planting.
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Thailand, also the lowest yielding main effects of yield components and
environments, appeared to be phenology were, in most cases, fairly
unrepresentative of other locations, or each consistent within each location (Table 4).
other. Results from the 2nd IHSGE (Table 2)
show, over all, much lower correlations
between environments. Nonetheless, some
of the same patterns emerge. Sudan and the
warm Mexican environments appear to be

Table 3. Correlation coefficlents betwean the 1st
and 2nd IHSGEs for yield, blomass, and
phenology at each experimental location.

the best correlated with all other Correlstion coefficient between

environments. Thailand and Uyria appear to 2 years data;

be unrepresentative of most other Daysto Days to

environments, but somewhat related to each Location Yield Blomass anthesls maturity

other in the 2nd 11SGE. A comparisor. of

the correlation between the 1st and 2nd ;l;i?cr:) | gg g; gg gg

IFISGE:s for cach Jocation (Table 3) reveals ‘ ' ' ' '

that in most cases yeaar 12 ;eatj va3r)iabilily] ,Meﬁw ! 6 .8 %0 1
Syria 42 — .75 .86

was not high. Most locations show Thaitand g 10 85 84

significant correlations from one year to the Brazil 57 86 10 .00

next for yield, biomass, and phenology. Bangladesh .53 72 .00 .69

Differences from one year to the nextinthe  India .32 .23 .30 51

Table 4. Comparison of two years of data from the IHSGE.

Yield Days to GRM? TGW Yield Biomass
Environment (t/ha) maturity HI (x10%) (9) (Day) (Day)
Sudan 1 37 83 0.38 11.8 32 45 119
Sudan 2 4.8 99 0.44 13.3 36 48 113
Tlaltizapan 1 3.8 99 0.41 111 34 38 93
Taltizapan 2 38 100 0.39 10.9 35 38 98
Taltizapan 1 24 78 0.37 8.8 28 3 87
Tlaltizapan 2 25 83 0.45 8.3 30 30 67
Taltizapan 1 1.3 82 0.47 4.8 28 17 38
Taltizapan 2 1.7 81 0.29 5.8 29 21 71
India 1 27 82 0.30 8.6 32 33 107
India 2 39 87 0.36 11.7 34 45 125
Bangladesh 1 41 105 0.42 - 39 39 -
Bangladesh 2 3.0 108 0.27 9.2 33 27 102
Syria 1 1.6 86 - - - 18 -
Syria 2 0.8 70 0.29 - 40 12 39
Brazil 1 34 117 0.38 10.4 33 28 75
Brazil 2 27 81 0.33 8.6 32 34 102
Nigeria 2 1.6 89 0.31 41 39 18 60
Average 1 29 92 0.39 9.2 KK] 28 87
Average 2 27 89 0.35 9.0 33 30 86

1 = 1890-1991 cycle.
2 = 1991-1992 cycle.
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One problem with interpreting correlations
of yield between environments is that the
correlation puts equal weight on superior
and poor performing genotypes. A
pragmatic breeder may be interested only in
which genolypes rank highly in the majority
of environments. If we consider the top four
ranking genotypes in the 1st IHSGE at
Tlaltizapan, we find that a favorable
number of them also appear among the top
four performers in the other locations of the
1st IHSGE (Table 5). If the same comparison
is made for the four top yielding genotypes

Table 5. Number of the top four ylelding
genotypes from Tialtizapan or Obregon also
among the top four ranking genotypes In other
locations of the 15t IHSGE.

Target Selection environment
environment Tlaltizapan  Obregon
Sudan 3 1
Thailand 3 1
Brazil 2 2
India 2 1
Bangladesh 1 2
Syria 1 1

from the temperate environment Obregon,
the four are less well represented in the
other warm locations.

With data from the 1992-93 cycle (3rd
I11SGE) and further data analysis of GxE
between environments, we should bein a
position to define two or three sub-
environments for the warm countries for
which breeding can be targeted.

Correlation of Morphological
Traits with Yield

With the target environments defined,
breeders need confirmation of which
selection traits to use for germplasm
improvement. In the 1st IHSGE, the most
promising morphological characteristic in
most of these environments appeared to
relate to biomass, especially final biomass,
nongrain biomass, spikes/m? and
groundcover at anthesis. There is also a
tendency in several locations for later
flowering and maturing genotypes to yield
better. In the 2nd IHSGE, the correlation
coefficients with yield for traits analyzed so
far (Table 6) were generally lower than in

Table 6. Correlation coefficients for yleld with plant characteristics across varieties for the

2nd IHSGE.

Biomass Straw Harvest Spikes/ Grains/ Thousand Grains/ Daysto Daysto
Country maturity blomass Index — m? spike grainwt. m? maturlty anthesis
Bangladesh 0.52 0.18 073 -010 076 -0.12 083 -0.14 0.00
Brazil 0.59 0.22 0.58 026 073 -0.30 0.83 0.09 0.34
India 0.82 0.69 020 -023 0.6 -0.13 0.76 0.00 0.00
Mex., Tlal. 5/12 0.87 0.44 0.88 016 073 0.00 0.91 0.61 0.89
Mex., Tlal. 26/2 0.85 0.69 -0.17 0.44 0.00 0.39 0.72 0.12 0.00
Sudan 0.48 -0.16 0.75 032 078 0.33 0.93 0.60 0.54
Syria 021 -0.15 0.66 0.00 061 - - -043 052
Thailand 0.81 0.24 0.92 0.46  0.61 0.55 089 072 052
Nigeria 0.63 0.39 0.45 0.47 058 0.29 0.97 009 -0.20
Obregon, Dec. 0.79 0.36 0.66 0.21 0.77 -0.64 0.87 - -
Mean 2nd IHSGE  0.64 0.28 0.51 020 0.59 0.10 0.85 0.03 0.08
Mean 1stIHSGE  0.78 0.50 0.49 039 0.39 0.22 0.90 0.32 0.25

Tlal.= Taltizapan.
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the 1st IHSGE. Nonetheless, the correlations
seemed to show more or less the same
trend. As we gel a better feel for which
environments group together, the
correlation with yield of various traits can
be expressed more meaningfully in relation
to the specific target environment(s).

One important consideration for a breeding
program, having decided on the selection
traits that are useful, is deciding upon a
selection eavivonment. That is to say in
which environment(s) is the d sired trait
expressed best. For example, can high
biomass or high numbers of spikes/m? be
selected for in a temperate cycle in Obregon
and still be expressed in a hotter location.
When traits are correlated between two
environments in Mexico and other similar
warm locations in the first IFISGE, it is clear
that the warmer (Tlaltizapan) of the two
Mexican sites is a much better predictor of
trait expression than the temperate Obregon
cycle (Table 7).

Correlation of Physiological
Traits with Yield

One trait that was well correlated with yield
in Tlaltizapan (Table 8) and Sudan was
canopy temperature, which can be

measured very quickly using an infrared
canopy thermometer. Canopy temperatures
as much as 5°C below air temperature have
been reported for wheat in dry
environments, when soil moisture was
plentiful (Idso et al. 1984). We are currently
trying to better characterize genetic
variability in canopy temperature in wheat
in Tlaltizapan, Mexico, where we routinely
measure temperatures up to 10°C below air
temperature in some genotypes. The
influence of factors such as stage of
development and climatic conditions are
being studied in terms of their effect on the
interaction between genotype and canopy
temperature. We hope that this will lead to
the development of a rigorous protocol for
screening germplasm for this trait. To
support our findings, we have iniiiated a
divergent selection study in collaboration
with CIMMYT breeders to establish the
contribution of crop canopy cooling to yield
under hot, dry conditions.

Another physiological trait that we have
been testing is membrane thermostability, in
collaboration with Romanian wheat
researchers. Membrane thermostability
(MT), which is measured by electrolyte
leakage from leaf tissue after a heat shock,
has shown correlations with grain yield of

Table 7. Comparison of two environments in Mexico (Obregon and Tlaltizapan, both with a
December sowing date) for their abllity to predict genotypic tralts In the similar warm locations of

the [HSGE.
Correlated with: Obregon Tlaltizapan
Spearman correlation coefficlents

Location Blom. Straw Sp./m? Mat. Blom. Straw  Sp./m? Mat.
Sudan .28 19 42 .46 .65 .56 .55 .63
India .39 19 .55 .83 .53 .38 .23 .48
Brazil .40 .30 13 .68 .63 .62 .52 .64
Maan .36 .23 .30 .58 .60 .52 43 .58

Biom. = biomass; Sp.= spikes; Mat. = maturity.
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field-grown plants in hot environments
(Shanahan et al. 1990). Measurements made
on leaf tissue from the 2nd IHSGE at
Tlaltizapan show a high correlation between
injury and yield loss for similar
environments in the 1st IHSGE (Table 9).
Studies with seedlings of the same
genotypes showed a similar but weaker
correlation.

“Stay green” or leaf chlorophyll content is a
trait that has been used to indicate heat
tolerance in the ho! environment (Acevedo
etal. 1991, Kohli et al. 1991). Flag leaf
chlorophyll content measured two weeks
after anthesis showed a significant
correlation (r=0.4) with yield in the second
planting date of the 2nd IHSGE in
Tlaltizapan. One study, conducled in
collaboration with Chapingo University,
Mexico, was aimed at a better
understanding of genetic variabilily in
photosynthesis under heat stress and
constituted an MSc. thesis. The data showed

the decline in photosynthesis of low
yielding genotypes to be related to declining
leaf chlorophyll concentration.

Many mechanisms for heat stress in wheat
have been reported in the literature. Not
many have been tested in the field. We have

Table 9. Correlations between membrane
thermal Injury measured on leaf tissue at
Tlaltizapan and yleld and bioma-s for the
IHSGE.

Correlation Coefficlent

IHSGE site leld Blomass
Brazil -.52 -.87
India -.66 70
Sudan -.58 -.63
Tlaltizapan, 1990-91 -51 54
Tlaltizapan, 1991 -45 59
Tlaltizapan, 1991-92 -75 -79
Mean -.60 -7

Table 8. Correlations between yleld and canopy temperature depression In Tlaltizapan, 1992,

Air Mean
Stage of Days after  temperature Time femperature Correlation
development irrigation (°C) ofday  depression (°C) with yleld
Cyclet
2nd node - 27 2pm 39 0.47
Booting 4 28 2pm 54 0.42
Heading 8 275 3pm 44 0.35
Anthesis 12 30 3pm 4.6 0.67
Anthesis 12 27 noon 2.8 0.38
Early grain-fill 3 30 3pm 4.4 0.73
Grain-fill 10 32 2pm 39 0.75
2w before maturity 3 31 1pm 2.8 0.75
1w before maturity - 30 . 7.7 0.45
Cycle 2
2nd Node - 35 3pm 8.1 0.47
Booting - 34 ipm 6.9 0.43
Heading . 33 ipm 82 0.57
Anthesis - 36 ipm 5.3 0.53
2w before maturity - 36 3pm 4.0 0.44

Source: Reynolds et al. (1992).
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tried to compare our data to the previous
observations in order to develop a
conceptual model for heat stress of wheat in
the field. Table 10 shows the reported heat
stress mechanism in the left hand column
and on the right whether it seemed to
account for the genelic variation in heat
tolerance in studies in Tlaltizapan and the
IHSGE. In considering these mechanisms, it
must be kept in mind that the processes
accounting for heat tolerance of a wheat
crop will depend upon the particular heat
stress environment in question.

Conclusions

Although still a iittle tentative at this stage,
the hot environments studied seem to show
some grouping. In particular, a number of
sites show reasonable yield correlations
with CIMMYT’s hot dry environment at
Tlaltizapan. These are Sudan, India, and
Brazil, while Syria and Thailand are clearly
the environments most unlike the rest.

We have some leads already on potential
selection traits. Genetic variability in
biomass accumulation in the hot

Table 1. Summary of heat stress mechanisms previously reportzd for wheat and whether they
appeared to account for observed genetic variability in the IHSGE.

Reported heat stress Accounting for genetic varlation
mechanlsr in heat tolerance (IHSGE)
Accelerated development Yes, in some

(Midmore et al. 1934) environments

Poor stand/canopy establishment
(Rawson 1988)

Evaporative cooling
(Idso et al. 1984)

Inhibition of meiosis
(Saini et al. 1983,
Zeng et al. 1985)

Sensitive growth phase
(Fischer 1985,
Shpiler and Blum 1991)

Photosynthesis/chlorosis
(Al-Khatib and Paulsen 1990,
Shpiler and Blum 1991)

Thylakoid thermostability
(Moffatt et al. 1990)

Membrane thermostability
(Shanahan et al, 1930)

Inhibition of starch synthase
(Bhullar and Jenner 1986,
Rijven 1986)

No, poor comelation
early growth and yield

Yes, IR thermometry data

Nc_grain:spikelet ratio
not correlated

Checking (correlate
PTQ during sensitive
stage with yield)

Yes, due to chlorosis

MSc. thesis project in
progress measuring
chlorophyll fluorescence

Yes

No association between
yield and TGW
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environment seems to be more important
than it is in temperate environments. Our
data lend some support the notion that this
trait can be selected for using a number of
morphological traits.

Two physiological traits, canopy
temperature and membrane thermostability,
look promising and require further
investigation and protocol development if
they are to be incorporated into breeding
programs.
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On-farm Trials to Investigate Seeding
Methods for Wheat

E.A. Babikir
Agricultural Research Corporation, Wad Medani, Sudan
A. All Elhassan
Agricultural Engineering Dept., Rahad Scheme, Sudan

Wheat in Rahad has mainly been sown by
the wide level disc drill introduced from
nearby areas that cultivate rainfed sorghum.
However, in the Rahad Scheme, there are
many Vicon spreaders used for
broadcasting fertilizers, especially urea. It
was suggested that these could be used for
broadcasting wheat seed. This operation has
been followed by a passage of disc harrows
to incorporate the seed. The farmer would
usually then use a 40-cm ridger to facilitate
the regulation of irrigation water.

This study sought to evaluate a system, in
comparison to those described above, in
which the ridger was used directly after the
Vicon spreader, to both incorporate the seed
and regulale irrigation applications. This
would reduce the cost of wheat production.

Results from on-farm trials in three blocks
within the Rahad Scheme are shown in

Table 1. The use of the wide level disc drill
resulted in yields some 10-11% higher than

the Vicon broadcasting systems. There was
no difference between these latter
treatments and thus the cost of seeding with
the Vicon spreader can be reduced by using
the 40-cm ridger to cover the seed and
shape the land for irrigation in one
operation.

Table 1. Yield (kg/ha) comparisons of three
wheat seeding methods in the Rahad Scheme.

Block Block Block Treatment
Machine 1 2 7 mean

Vicon spread-
er + 40-cm
ridger

1688 1818 1645 1717

Vicon spread-
er + disc
harrow

Wide level
disc seeder

1688 1802 1558 1682

1947 2004 1644 1865
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Response of Wheat to Nitrogen and Phosphorus
Fertilizers in Farmers’ Fields in the Rahad Scheme

E.A. Babikirand H.H. Abdalla
Agricultural Research Corporation, Wad Medani, Sudan

The Rahad Scheme is a newly developed
project in which wheat was first sown in
1989-90. At that time, the fertilizer
recommendations were those formulated
for the Gezira Scheme, due to no prior
research on wheat in the new area.

Subsequently, on-farm research
experiments, ranging from microplots to
large fields, have been conducted in the
northern and southern groups of the

Scheme. Some results are shown in Figure 1.

The addition of the recommended 2N rate
(86 kg N/ha) increased wheat yields (over
zero fertilizer) by 66 and 45% for the
northern and southern groups, respectively.
The addition of phosphorus (43 kg ,0,/ha)
to the 2N rate substantially increased yield,
althcugh phosphorus application alone had
no cffect on yield at cither location.

Generally, the response to N and P
fertilizers followed the same trend in both
locations and mean yield differences
betwecen treatments are summarized in

Table 1. The results show that the interaction
of NP fertilizers is very high. Thus, the
application of the 2N + 1P combination was
superior to the 2N application, while the 1P
application alone was simply a waste.
Accordingly, a reccommendation of 2N + 1P
has been passed by the ARC Husbandry
Committee as the recommendation for the
Rahad Scheme.

Yield (kg/ha)
4000

Southern group

Northern group =
3000 =
2000
1000 :E AE

: —:: i‘ =10
0 : : =

2N 1P IN+1P 2N+1P
Environmental Index

Figure 1. Effect of NP fertilizers on grain yield in

the Rahad Scheme.

Table 1. Mean ylelds (kg/ha) across sites in the Rahad Scheme and yield differences between

treatments.

Yield 2N+1P IN+1P 2N 1N iP
Treatment (kg/ha) (3643) (3044.7) (2466.1) (2169.7) {1659)
ON 15911 2051.9 1453.6 875.0 578.6 67.9
1P 1659.0 1983.0 1385.7 807.1 510.7
1N 2169.7 1473.3 875.0 296.4
2N 2466.1 1176.9 578.6
1N+1P 30447 598.3
2n+1P 3643
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Transfer of Wheat Management Technology Using
Demonstration Plots in the Rahad Scheme

E.A. Babikir and A.O. Mohamed
Agricultural Research Corporation (ARC), Wad Medani, Sudan

Wheat is a new crop in the Rahad Scheme,
introduced only in 1989-90. Its introduction
has been accompanied by a strong research-
extension linkage making use of
demonstration plots, field days, training
and visits to transfer new wheal cultivation
technologies to farmers,

In the demonstration plots, a package of
technology developed by ARC research was
applied that highlighted variety, seedbed
preparation, seeding date, fertilizer
application, and irrigation scheduling.
Yields in the demonstration plots were 74,
107, and 19% higher than the Scheme
averages for the last three scasons (Table 1).

In 1990-91, the average temperatures in
November and December were 3 and 4°C
higher than the long-term average, and are
presumably responsible for reduced yields,
particularly shown by the Scheme average
which fell by 33% compared to a drop in the
demonstration yields of 21%. Thus, the
detrimental effect of the high temperature
could be substantially modified by good
management.

In 1991-92 however, the yield gain using the
technology package was low. That growing
scason was unusually cool for an extended
period and consequently heat stress,
particularly on late-sown wheat, was
minimized. In addition, infestations of
Sudan grass were lower, again du2 to low
temperature. However, even in this highly
favorable season, the recommended
package of practices resulted in significant
yield increascs.

Table 1. Average wheat ylelds (kg/ha) of the
Rahad farmers' flelds and demonstration plots.

Yield
Scheme Demonstration difierence
Season average  plotaverage (%)
1689-90 1569 2720 74
1990-91 1041 2153 107
1991-G2 2274 2710 19
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Determination of the Economic Threshold Levels of
the Wheat Aphid (Schizaphis graminum)

H.O. Kannan
Rahad Resecarch Station, Elfau, Sudan

Aphid infestations are more serious in
Sudan’s newer areas of wheat production
and economic losses can be high if the insect
is not controlled.

Five levels of infestation (15, 25, 35, 45, and
55% of plants infested), compared to an
untreated control, were evaluated to
determine the level of infestation where
economic damage to the crop was incurred.

Low infestation levels (15 and 23%) were
required to be sprayed carlier and
consequently more sprays were necessary to
control the aphids during the crop cycle
{Table 1). No responses were obtained from
control at these carly stages. However,
Table 1 indicates that at the 35% level of
plant infestation, spraying the insccts

significantly increased yield. It may be
concluded that spraying may be effective
only after a 35% level of plant infestation is
reached.

Table 1. The effect of insacticide control of S,
graminum at different levels of infestation.

Infestation No.of N, oi ajshids/  Yield
level (%) sprays 100 plants (t/ha)
15 4 7.9 248
25 3 IA 2.56
35 2 9.3 3N
45 2 9.t 2.26
55 2 9.8 2.26
Contro! 0 17.8 2.02
SE 1.5 0.22




197

Bionomics and Seasonal Abundance of Wheat
Aphids (Schizaphis graminum) in the Rahad Scheme

H.O. Kannan
Rahad Research Station, Elfau, Sudan

This investigation was initiated in 1990-91 at
Rahad to quantify the population and fate
of the wheat aphid, S. graminum, and its
host plants during the off-scason. The
sampling arca was about 5 km around the
Research Farm where regular periodical
counts were carried out at two-week
intervals.

The study showed that the pest was
observed in some crops grown within the
sampled area during April-October (Table
1). S. graminum was recorded on alfalfa,
grass weeds, and Sudan grass, but were
more abundant on grass weeds, particularly
with early showers of May and June. Lower

intensity of the pest during August and
September was quite apparent and this
could be due to heavy rains at that time, in
addition to increasing populations of
predalors, mainly chrysopids.

Coccinellids were reported during April-
July mostly in cucurbits, whereas
chrysopids and syrphids were observed to
be abundant in cotton from August
onwards.

This study helped identify the most
important alternative host plants of the
aphid during the off-scascn. A pest control
strategy could involve eradication of the
alternative hosts.

Table 1. Off-season sampling of the wheat aphid (S. graminum) in the Rahad Scheme, Sudan.

Host plant
Predator where predators No. of
Time Aphid host plant specles reported aphids/plant
April Grass weeds, Coccinellids Cucurbits 141
alfalfa, Sudan
grass, eggplant
May Grass weeds, Coccinellids Cucurbits 4.3
alfalfa
June Grass weeds Coccinellids Cucurbits, 5.6
alfalfa alfalfa
August Grass weeds Coccinellids, Cucurbits, 0.2
syrphids, cotton
chrysopids
Sept. Grass weeds Syrphids, Cotton 0.2
chrysopids
Oct. Grass weeds Syrphids, Cotton 0.6

chrysopids
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Performance of Three Sowing Methods under Two
Tillage Systems for Wheat Production

A.O. Mohamed
Rahad Rescarch Station, Elfau, Sudan

An experiment on sowing machines was
conducted over two scasons. In 1990-91,
two seed drills, one with a tine furrow
opener and the other with 4 single disc
opener, were compared to broadcasting and
incorporating the seed under two tillage
systems: 1) chisel plowing + disc harrowing
and 2) disc harrowing alone.

The tine-furrow opener drill (Drill A)
resulted insignificantly higher yield than
the other two seeding methods (Table 1)
regardless of tillage method (which were
not significantly different).

However, Drill A applied urea as a banded
application in rows adjacent to the seed ro'y
and it was felt that this, and not the furrow
opening/sced placement aspects of the

Table 1. The effect of seedbed tillage and
seeding methods on wheat crop performance,
Rahad, 1990-91,

machine, may have been the reason for
higher yield. Thus, in the second season,
Drill A was used as a seed drill only (with
the urea broadcast and incorporated, as
with Drill B and the broadcast seed
miethods) or as the combined seed and urca
drill (Drill AF).

As there was again no difference belween
tillage treatments, mean performances of
the seeding methods in 1991-92 are shown
in Table 2. With the combined sced plus
urca method, Drill AF gave the highest
yield; the differences between the
treatments were not statistically different.
Yields were radically higher than the
previous year due to an abnormally long,
cool growing season.

Table 2. The effect of ditferent seeding methods
(means of two seedbed tillage systems) on
grain yield, Rahad, Sudan 1991-92.

Tillage Seeding Yield Plant pop. 1000-grain

method method (kgha) (10%ha)  weight (g)
CH Drill A 11520 1928 23.0
CH Drill B 8822 1902 31.2
CH Blcaster 7442 1965 27.2
DH DrllA 11167 1900 25.0
DH Drill B 8540 1788 305
DH B/caster B896.0 1852 238

Treatment Grain yield (kg/ha)
Drili AF 3100

Drill A 2920

Drill B 2760
Broadcasting 2970

SE +69.1

CH = chisel plowing + disc harrowing + leveling.
DH = disc harrowing.
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Wheat Tillage Systems in the Gezira Scheme

M.L. Dawelbelt and A.A. Salth
Gezira Research Station, Wad Medani, Sudan

Various tillage systems are being adopled in
the Gezira Scheme depending on the
availability of machines. The data were
collected from the 14 groups of the Gezira
Scheme. Selected sites representing the
different systems were studied. Four
ditferent tillage systems were identified
(Table 1). Some 231,600 ha were cultivated in
the 1991-92 season. The distribution of the
area by tillage system is shown in Figure 1
and the mean yields of the four systems are
shown in Figure 2. System D gave the

System A
59,470 (26%)

System D
21,405 (9%)

System C
L 46,183 (20%)

Figure 1. Area (ha) of wheat tillage systems in
the Gezira Scheme in 1991-92,

highest yield followed by system A. Systems
B and C were similar.

It seems that ridging, split-ridging, and
harrowing (A and ID) had beneficial effects
compared to the other lwo systems. Systems
Aand D resulted ina (iner seedbed because
of the extra manipulation. Shallow soil
inversion could be advantageous to the
wheat crop. System B had the lowest cost
followed by system C. Systems A and D

WCre more expensive.

Yield (kg/ha)
3000

2500

2000
1500
1000

500
o J

iy

SystemA SystemB SystemC System §
Tillage system

Figure 2. Mean grain yields of tillage systems
In the Gezira Scheme in 1991-92,

Table 1. Tillage systems In the Gezira Scheme during 1991-92,

Tiilage system

Feature A c D
System operations

One Ridging Ridging Ridging Ridging
Two Split ridge Split ridge Harrow Split ridge
Three Harrow Level - Harrow
Tractor

Horsepower 75-130 70-80 120 75-150
Type Wheeled Wheeled Clawler Wheeled
Harrow type Tandom & offset - Offset Offset
Cost (Ls/ha) 797.3 464.0 725.9 797.3

Ls= Sudanese pound.
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On-Farm Evaluation of Harrow Packing on Wheat
Yield in the Gezira Scheme

M.I. Dawelbeit
Gezira Research Station, Wad Medani, Sudan

This was an on-farm rescarcher/ farmer-
managed trial conducted during the 1991-92
growing scason. The objective was to
investigate the effect of harrow packing
(HP) onwheat yield. Currc tly used seed
drills in the Gezira Scheme use tine covering
devices. [t seems that compacting the soil
after sced placement and covering could
help improve crop establishment and
consequently yields.

The study was conducted at two locations,

cach with 12 cooperating farmers, with a
total area of 25.2 ha at each location.

Yield (kg/ha)

Farmers reported that harrow-packed areas
were easier to irrigate, especially the first
critical irrigation. It took less time to irrigate
harrow-packed arcas, mainly because the
harrow packer coil makes small furrows,
which facilitate water flow. No differences
were observed in the time of emergence.
Figure Tshows the yield data. Harrow-
packed arcas outyielded the unpacked. The
percent increase in yield due to harrow
packing was 5.3 and 9.4% for the first and
the second locations, respectively. Mean
yields in harrow-packed and unharrow-
packed arcas were 1,924 and 1,797 kg/ha,
respectively. Statistical analysis showed that
there is no significant difference (P = 0.05) in
yield.

2500

2190

Harrow packed
Not harrow packed

2000

1500

1658

1000

500

Location 1

Location 2

Figure 1. On-farm evaluation of harrow packing on wheat yieid in the Gezira Scheme.
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Summary Session

G. Varughese
Associate Director, CIMMYT Wheat Program, El Batan, Mexico

Over the last three days, we have had a very
productive dialogue as we covered a wide
variety of topics. Our discussions on the
expansion of wheat production in the hot
environments were particularly relevant
since we have been fortunate to meet here in
Sudan, which is one of the extremes for
wheat production in such environments. We
have seen that, in the last few years, annual
wheat production has gone from 150,000 to
almost 890,000 tons—a remarkable
achievement for the Sudanese.

Other countries in the warm areas are also
making progress. In Nigeria, close to
200,000 tons of wheat are being produced
annually. Egypt probably has one of the
highest average yields among developing
countries—although we do recognize that
LEgypt has a range of production
environments, from fairly favorable to hot
environments,

In India, there is also great diversity of
environments, from extremely hot to very
favorable production conditions. The report
from India indicated that there is still
enormous potential for increasing
productivity—there are about 24 million
hectares sown to wheat, about 787, of which
is irrigated and the national yield is still less
than 2.5 t/ha. Also, there is potential for
increase in the hotter, less favorable
conditions, through the use of local varieties
in the hybridization programs—the
landraces 1indi 62, Kharchia 65, and the tall
improv od variety C306 having very good
carly growth stage tolerance, as well as
many other varieties with heat resistance in
later growth stages. In addition, the

dicoccums show excellent tolerance to heat
stress indicating again the tremendous
potential for improvement to heat stress in
the warm environments.

General discussions during the meeting
revealed that scientists should work at
better defining their target environments
(minimum, maxintum, or mean
temperatures are not enough), and that
breeders and physiologists should better
differentiate between heat tolerance and
heat avoidance mechanisms. In addition,
more work should be conducted on the
relative lengths of vegelative and
reproductive phases to optimize the use of
target environments.

It scems we have made fairly good progress
in heat stress screening. However, our
current procedures tend to identify
tolerance or susceptibility to heat at a
relatively late stage in germplasm
development. We appear to be still far from
applying methodologies in the carly
generations. From general discussions, |
believe it was observed that no single
character or even set of characters could be
used as an index for selection of materials
tolerant to heat stress. However, the
physiologists in our audience came up with
some agronomic practices that can alleviate
the effects of heat stress. These included
timing and frequency of irrigation, good
seedbed preparation lo promote root
growth that will bring water from lower
depths to cool the meristem, and straw
mulch, which in Mexico has been shown to
reduce daily maximum soil temperatures.
This possibly affects root growth and hence
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enhances water uptake when the topsoil
dries. This is supported by canopy
temperature data. Also in Mexico, the
addition of animal manure has been
effective, much more so than the equivalent
rates of inorganic fertilizer. This may also be
an effect on root growth,

Finally, I noticed that in the plant protection
session, the major emphasis was on insect
pests. One has 1o presume that discases are
of very minor importance and that is true of
this region. However, we have to be ever
vigilant in walching the disease situation,
and keep in mind that it is not insects alone
that we have to worry about.

As I close this conference, | want to thank,
on behalf of CIMMYT, Dr. Osman Ageeb
and his energetic staff for the very
successful meeting they have orchestrated.
As the papers to be published in the

proceedings will show, it has been a very
informative and useful get together. [ was
very impressed with the large number of
active participants among our Sudanese
hosts, including representatives from the
Agricultural Research Corporation; the
Ministry of Agriculture, Animal Wealth,
and Natural Resources; the Agricultural
Production Corporations (i.e., Gezira,
Rahad, New Halfa, and Blue Nile); the
University of Gezira; Sudan University of
Science and Technology; Wadi El Neil
University; the Arab Organization for
Agricultural Development; and the Arab
Authority for Agricultural Investment and
Development.

Sincere thanks also goes to the United
Nations Development Programme (UNDP)
for co-sponsoring this conference with
CIMMYT.
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Participants, Wheat in Hot, Dry,
Irrigated Environments, Wad Medani,
Sudan, 1-4 February 1993

Australia

D.A. Saunders
Interag Pty. L.td.
Victor Harbor

Egypt

AM. AbdEIGhani

Field Crops Research Inst.
Agricultural Research Council
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A.M. AbdElIShafi Ali
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Agricultural Research Council
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Project
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Directorate of Wheat Research
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Sudan Gezira Board
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Hassan Hag Abdalla
Soil Science

Sudan Gezira Board
Barakal

Badr Eldin Abdelrahman
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Corporation

Wad Medani

Flamed Warrag Abdelrahman

Ministry of Agric. Planning
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Khartoum

Hussein S. Adam
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Neisheshiba
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Osman A.A. Ageeb

Administration
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United Nations Development
Programme
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Abdelmoneim M. Ahmed
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Corporation
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Mohamed Osman Mohamed
Ahmed
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University of Gezira

Wad Medani

Mohamed Sid Ahmed
Extension Dept.
Sudan Gezira Board
Barakat

Muddathir Ali Ahmed
Universily of Gezira
Wad Medani

M.S. Ahmed

New Halfa Research Station

Agricultural Research
Corporation

New Halfa

Radwan Mohamed Ahmed
Blue Nile Agric. Corporation
Wad Medani

Sirelkhatim Hassan Ahmed
Hudeiba Research Station
Agricultural Rescarch

Corporation
Ed Damer

Faisal M. Ali

Agricultural Research
Corporation
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Naiem A. Ali

Gezira Research Station

Agricultural Research
Corporation

Wad Medani
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Agricultural Research
Corporation

Wad Medani
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Arab Authority for
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Khartoum

Elfadil A. Babiker
Rahad Research Station
El Fau
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Farmers’ Union

Gezira Scheme

Wad Medani
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Dafalli Ahmed Dafalla
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Gasim A. Dafalla
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University of Gezira
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Abdalla B. Elahmadi

Plant Breeding Section
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WHEAT IN WARM AREA, RICE-WHEAT FARMING SYSTEMS

Opening Address

Majid-Ul-Haq
Minister of Agriculture and Irrigation, Water Resources, and Flood
Control, Government of The People’s Republic of Bangladesh

Itis a great pleasure for me to be with you
at this Conference on Wheat in Warm Area,
Rice-Farming Systems. I understand that
delegates from China, India, Nepal,
Thailand, Vietnam, Myanmar, and
Bangladesh are participating in this
conference. Additionally, CIMMYT
scientists from Mexico, Thailand, Nepal,
and Bangladesh are al<o present. [ welcome
you all. I am sure the papers that will be
presented and discussions that will follow
will contribute towards improved and
better production of wheat in
nontraditional, warmer environments,

The Wheat Research Centre of the
Bangladesh Agricultural Research Institute
is located in the northern region of
Bangladesh, on the eastern boarder of West
Bengal of India and near the southern
boarder of Nepal. This area represents the
warmer and drier area of these countries.
Wheat is the second most important cereal
crop after rice in our country. In the carly
1970s, wheat was cultivated only on 50,000
ha. Currently, 700,000 ha are covered with
wheat. I'roduction has increased from
115,000 to 1.5 million tons in this short
period.

The major contribution made by the wheat
breeders was selection of the high yielding
variety Sonalika. Farmers of Nepal, India,
Bangladesh, and some other countries of the
region are well acquainted with this variety.

We expect that here at the Wheat Research
Centre the distinguished scientists will have
a chance to share experiences with each
other concerning wheat breeding, growing
wheat in different climates and
environments as well as the latest sced
technology that will help us in our “Grow
More Food Program”. A short iour of our
wheat research plots and farmers’ fields
may give you an idea of the wheat crop’s
condition as well as the condition of our
farmers. These farmers will be happy to
show their crops and discuss their
problems. I am aware of the growers’ needs
and their commitment to grow wheat. |
would like to request the scientists from
similar environments present at this
conference to extend their technical help to
our workers to find out the problems of
spike sterility of wheat, premature
vellowing of leaves, leaf spot disease, leaf
rust, poor stands, heat-forced maturity, and
delayed planting. Discussions here will
surely benefit all of us and surely be
profitable for cach of the participating
countries” wheat research programs.

Finally, I would like to thank BARI and
CIMMYT as the co-hosts of this conference
and the financial assistance of the Uniied
Nations Development Programme (UNDP).
I'wish you a happy stay here in Dinajpur
during the next three days.

[ now declare the conference open. Thank
you all.
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KEYNOTE

Wheat in Warmer Areas: An Overview
of CIMMYT’s Involvement

R.A. Fisclier
Director, CIMMYT Wheat Program, [ Batan, Mexico

Abstract

This paper reviews developments in wheat in warmer arcas over the last decade or so during
which CIMMY'T has been explicitly involved in the UNDP-supported project. Also briefly
reviewed is the general situation with respect to wheat in developing countries to provide a
background aguinst which to view warmer area progress and prospects. The CIMMYT/UNDP

project demonstrated the potential of wheat tn nontraditional climates and has accumulated a
substantial body of research findings on wheat in these climates. As to the future, CIMMYT
will maintain a modest commitment to selection for tolerance to hot conditions in the
CIMMYT-Mexico breeding program. The Warmer Areas Wheat Screening Nursery
(WAWSN) commenced in 1987 and the Heat Tolerance Wheat Yield Trial (HTWYT) started in
1992 will continue to be distributed upon request to colluborators in warmer areas. The greatest
contributions in the future muay come from spillovers from the CIMMYT-IRRI-national
program rescarch on the rice-wheat system under way in South Asia,

Introduction

This conference was foreshadowed within
the United Nations Development
Programme (UNDP) Global Project 907001,
entitled Increasing Wheat Prod uction in
Warmer and Stressed Environments, which
supports CIMMYT’s work on wheat in
warmer, nontraditional arcas and continues
until mid-1993. Location of the conference
in Bangladesh, on the fringe of the warmer
areas as we define them, derives from a
fortunate coincidence of interests. We
needed to have a regional meeting to wrap
up achievements under the UNDP project in
Asia at the same time as CIMMYT’s bilateral
involvement in wheat in Bangladesh had
been refinanced by the Canadian
International Development Agency (CIDA)
and as the Bangladesh Agricultural
Rescarch Institutes ‘s Wheat Rescarch
Centre here in Nashipur had become fully
operational. One player is exiting the scene
at the same tlime as others are taking over.

However, before discussing developments
in wheat in warmer areas over the last
decade or so during which CIMMYT has
been explicitly involved in the subject, it is
usefu! to review bricfly the general situation
with respect to wheat in developing
countries. This provides a background
against which to view warmer area progress
and prospects.

Wheat in Developing Countries

Growth in wheat yields in developing
countries slowed somewhat in the 1980s,
dropping from 3.3%/ year in the 1970s lo
2.8%. Wheat arca growth also slowed, to
around 0.5% / year, meaning that produclion
growth was about 3.3%/ year in the 1980s.
All rates are undoubtedly even lower now.
Nevertheless, production records continue
to be broken, with 220 million tons (mt)
produced in developing countries in 1991-
92, including 55 mt for India and almost 100
mt for China.
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The last decade saw a continuation of the
long-term downward trend in the real price
of wheat on world export markets (Figure
1). This has been because of conlinuing
production growth, along with export
subsidies on the part of the Turopean
Communily, USA, and Canada, combined
with disruption in some major importing

countries such as the former USSR and Iraq.

Wheat is cheaper than ever before: the
wheat consumer is the major beneficiary of
this, but productivity gains have also
generally benefitted wheat farmers,

Developing countries confronted by cheap
wheat on world markets and under
pressure to free up domestic markets and to
balance budgets have moved to reduce
input subsidies for grain production (e.g.,
fertilizer subsidies in India and Bangladesh)
as well as bread price subsidies to
consumers. 1he econamic climate for wheat
producers has thus become noliceably less
attractive over the last decade. The possible
gradual elimination of export subsidies

(1985 US $h)
400
Real U.S. export
price of wheat
300 Trend (Hard Red Winter
ren

#2, Gulf ports)

100

0 T T T T T
1961 66 71 76 81 86 90

Figure 1. Evolution of real world wheat prices,
1961-90.

should a new General Agreement on Tariffs
and Trade (GATT) be negotiated and the
growing restrictions that environmentalists
seek to place on high-input agriculture in
developed countries are the only bullish
factors for developing country wheat
producers in the short-term.

In the longer term, however, the world must
mzet growing wheat demand, preferably at
reasonable prices, and definitely ina
sustainable manner. Crosson and Anderson
(1992), in a comprehensive look at the
future for the World Bank, estimate that
wheat demand in developing countries will
grow at 3%/ year for at least the next 15
years or so as a result of growing
population and increased per capita income.
This is faster than the estimated growth in
rice demand (2.4% / year). They also
examined ways by which this demand
growth could be met. Since | agree with
their reasoning, [ will give some space to
them here.

At the outset, Crosson and Anderson
excluded the possibility of a major role for
increased exports from the world's few
wheat surplus countries. Also, they argued
that growth in crop area through
development of new arable lands and
through intensification of cropping during
seasons when the land is idle offer little
prospect, particularly in Asia where new
land resources are scarce. Similarly, growth
in irrigation, a major source of production
growth in the paslt, has slowed markedly:
major potential irrigable lands in some
regions may prove oo expensive to
develop. At the same time, the authors
pointed to deterioration in the land resource
for grain production, as existing arca is
irreversibly lost through salinization,
overexploilation of waler reserves, erosion,
and urbanization.
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Another potential negative factor in future
agriculture lies with the climate and
atmospheric resources for agriculture.
Climate change as a result of greenhouse gas
build-up is predicted to adversely affect
developing countries in particular, although
the increase in atmospheric CO,
concentration, which largely drives this
change, will tend to counter the negalive
effects on crop yield. Stratospheric ozone
thinning and consequent increases in UV
radiation levels may also become significant,
although I would suggest that atmospheric
pollution from industry and automobiles
(eg. ozone, SOZ, NO:, heavy melals, and
smoke) are likely to have a greater negative
effect. Interestingly, Crosson and Anderson
did not consider that shortage of fossil fuel
would be a serious limitation on meeting the
need for expanding grain production, largely
because of the huge reserves still available
globally.

Having concluded that new land and water
resources for agriculture in developing
countries offer little scope and that possible
changes in climate and atmosphere could
have negative implications, Crosson and
Anderson pointed to new knowledge and
technology as a major driving force needed
for further production growth, and the only
resource that can be expanded without limit.
This can be considered in two parts, first
application by farmers of existing technology,
a closing of the station to farm yield gap, and
second, generation of new technology
through further rescarch. The former will be
an important element in the future, but in
some situations at least (¢.g., the Indian
Punjab), we have already seen a closing of
this gap in the last decade. Crosson and
Anderson place their greatest emphasis on
continuing investment in research to generate
new technology. And that is what our
conference is about this week.

Wheat Research in Developing
Countries

Clearly, there is a need for continuing, or
even increasing, investment in wheat
research in developing countries. Given this
imperative, it is interesting to ask what has
happened to the strength of the national
agricultural research systems (NARSs) in
wheat over the last decade. The number of
wheat scientists has continued to increase
and has probably reached adequate levels;
however, training and self-reliance are often
inadequate. Besides, NARS budgels are
generally more constrained than before and
operational support frequently quite
insufficient. Overall, CIMMYT estimates
that the capabilities of NARS wheat
programs have increased on average only
marginally since the mid-1980s: some
programs have gone ahead, notably that of
our hosts Bangladesh, while others have
slipped.

What about the role CIMMYT sees for itself
in future wheat research? Our mission
slatement has evolved, although the NARSs
and through them, the developing world
wheat farmers, remain our clients. What is
new is the explicit inclusion as objectives for
CIMMYT, of resource-use efficiency and
sustainability in wheat production. This
change will lead us into more research on
the natural resource issues, primarily soil
ones, in major wheat cropping systems, as
we see for example in the collaborative
project we have with the International Rice
Research Institute (IRRD) and NARSs on the
rice-whealt cropping system in the Indo-
Gangetic Plain. At the same time, CIMMYT
is becoming involved in more stralegic
research as demanded by new problems
and challenges facing our breeders,
pathologists, and agronomists. Modest
investment in molecular biology is one such
move. These new activities are, however,
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arising at a time when CIMMYT’s real
budget has contracted significantly. Some
traditional activities will have to be shed in
order to take up new ones unless a very
substantial increase occurs in special project
funding.

New elements outside of CIMMYT and of
the NARSs will influence our wheat
rescarch in the future. Concern for the
environment, expressed most clearly at the
United Nations Conference on the
Lnvironment and Development (UNCED)
in Rio de Janeiro last year, is one such
element. While preservation of tropical rain
forests and of biodiversity scem to be the
major environmental preoccupations,
agriculture and rural poverty indeveloping
countries have inevitably come in for critical
attention. Agricultural rescarch withan
environmental or sustainability perspective
may be the only solution to many pereeived
environmental problems in agriculture and |
believe that traditional agricultural research
structures are largely appropriate and
relevant to this challenge. However, we
have a lot of work ahead to convince many
outsiders and funders of research that this is
the case, and at the least we must be seen to
be environmentally sensitive and concerned
with the natural resource base of our
agriculture.

A second new element derives from the
wave of privatizalion presently sweeping
the world. For some administrators, this
wave should be allowed to wash away
publicly-funded research in agriculture. But
many rescarch issues in agriculture are not
attractive to private researchers because
money cannot be made out of solving the
problem— breeding better whealts or
solving environmental issues like soil
erosion are examples. The very countries
urging privatization often seem Lo forget the

huge role played historically by public-
funded agricultural rescarch in their own
rural development. Public rescarch could
become muore efficient with proper reward
systems, decentralized decision making and
budgets, etc., but wholesale privatization
must be resisted.

A third new clement revolves around
genetic resources, molecular biology, and
intellectual property rights (IPR). The
developed world is investing heavily in
crop-related molecular biological research.
Much of this investment is in the privale
seclor where companies will rely on
patenting and/or plant variety rights (PVR)
te derive profit from successful innovations.
Much uncertainty surrounds the IPR isz e,
Some observers warn that useful new
technologies and even naturally occurring
genes will be locked up by patents and
available only at an improper price. Others
have reacted by refusing to share
germplasm. Inthe case of wheat, [ believe
these are over-reactions to an admittedly
uncertain future. Much wheat molecular
biology will remain in the public sector and
CIMMYT and its backers intend to sce thal
any useful new tools for breeders will be
freely available. In addition, deals can be
worked out with the private sector. In all of
this, however, we must fiercely hold on to
the policy of free exchange of wheat
germplasm among all breeders and
countries, a policy that has been so fruitful
throughout the history of modern wheat
breeding. Registered varieties can be
accommodated in this scheme with proper
acknowledgment and, if necessary, through
transfer agreements. This is a new scenario,
especially for CIMMYT and developing
world breeders, but it should certainly not
be seen as the end of our success{ul
collaboration on wheat improvement.
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Achievements of the UNDP Project

In the early 1980s, in response to demand
from a number of nontraditional wheat
countries, CIMMYT began paying special
attention to wheat possibilities in these
countries. This effort gathered momentum
with the commencement of a UNDP-funded
Global project to support CIMMYT’s work
specifically in this environment. The UNDP
project has now run for 10 years, under
various titles, and will end in June of this
year. tis therefore appropriate to review
briefly progress achieved by the project.
Under this project, the CIMMY T Wheal
Program had an agronomist and breeder
and, finally only a breeder, based in
Bangkok, and for much of the project, a
breeder and an agronomist in Asuncion,
Paraguay. Besides, for the last 2 years a
physiologist in Mexico has been studying
heat tolerance.

Ina recent external review of the UNDP
project (Persley ctal. 1992), the project was
complimented for demonstrating the
potential of wheat in nontraditional
climates, for accumulating a substantial
body of research findings on wheat in these
climates—see the most recent conference
proceedings (Saunders 1991)—and for the
collaboration with the strengthening of
wheat researchers in relevant NARSs. This
doesn’t mean that wheat production has
changed dramatically in all target countries,
but in Paraguay, tropical Bolivia, and
central Brazil, for example, there have been
substantial increases. Also in Thailand,
production has more than doubled from a
tiny base, and Bangladesh is well positioned
to resume rapid production growth. Finally
Sudan, not nontraditional nor a specific
target country, but nevertheless a country
where wheat is grown under the world's
hottest conditions, has recently shown
dramatic wheat production increases. In

assessing these changes in production, we
should not lose sight of the impact of
economic factors mentioned earlier. The
economic changes amount to less incentive
for wheat production in nontraditional arcas
of developing countries than 10 years ago.

On the biological front, a great deal has been
achieved under the UNDP project. We now
have a clear idea of the warmer area
physical environments seen by wheat. We
started considering well watered, usually
irrigated, hot winter environments (> 17.5°C
coolest month), divided into humid foliar
discase-prone ones (like Bangladesh or
Paraguay) and dry discase-free ones (like
Sudan or most parts of Thailand). We soon
learned that we needed o include hot
watcer-stressed situations, where wheat
grows largely on residual soil moisture (like
central India, Myanmar, and parts of
Thailand where winter irrigation is not
possible). Wheat is one of the few food
crops suited (o this latter situation. Later the
possible refevance of the project to the
substantial arcas of late-sown, heat-stressed
irrigated wheat in temperate latitudes of
Pakistan and northern India, such as wheat
after long-cycle rice, became evident.

Results have accumulated to suggest that the
temperature constraint in hot environments
operates both via shortening the life cycle
and interfering directly with physiological
processes. Thus, a certain degree of latencss
seems desirable for best performance, and
on the physiological front, high membrane
and photosynthetic thermostability are
consistently associated with high yield in
hotenvironments. Also, variation in canopy
temperature seems to be related negatively
to performance, a relationship that may
reflect underlying physiological differences
in thermostability. Potential selection criteria
have been identified (Reynolds et al. 1992).
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However when we look at the water-
stressed hot environments, little progress in
understanding adaptation or breeding for
yield has been made in this harsh
environment.

On the disease front, spot blotch
(Helminthosporium sutivum) has been
identified as the number ane threat to wheat
in warm and hot humid areas, followed by
leaf rust (Pucciniu recondita), head scab
(Fusarium spp.), stem rust (P. graminis), and
tarvspot (I tritici-repentis) (Dubin and van
Ginkel 1991). Sclerotium rolfsii, powdery
mildew (Lrysiphe graminis), and bacterial
leaf streak (Xanthomanas campestris) are also
constraints in certain areas. For stem rust,
existing host plant resistance is still holding
up, while in the case of leaf rust notable
advances in understanding and exploitation
of durable resistance have been made in the
general CIMMYT program (Singh and
Rajaram 1992). With the exception of S.
rolfsii, sources of resistance have been
located for the other diseases mentioned
above, and more resistant advanced lines
developed with a few varieties already
released. Particularly promising is the
progress in spot blotch and scab resistance,
in both cases using predominantly Chinese
sources of resistance. The prospect for much
reduced losses through the host plant
resistance mechanism looks good, but more
rescarch is needed to complete the job. In
the meantime, seed dressing which is
currently hardly practiced in nontraditional
areas, offers good prospects for reducing
losses due Lo cerlain of the above discases,
and fungicide spraying will continue as a
widespread control measure in Brazil,
Paraguay and tropical Bolivia.

At first, the management or agronomy of
wheat in warmer areas received little
atlention under the UNDP project, but it

soon became evident that understanding
agronomic problems and improving
agronomy offered much scope for
increasing yield. One example arising from
work, not by the UNDP project but by
Global 2000, is the demonstration in the
very hot conditions of Sudan that irrigated
wheat yields of 5and even 6 t/ha could be
reached in farmers’ fielas if proper attention
is given to soil, fertilizer, and water
management. The warmer arca wheat crop,
since it develops and grows so rapidly,
appears more sensitive to the proper timing
of management interventions, and
especially adequate nutrition. An example
of a common nutritional problem in warmer
areas and receiving attention in Thailand is
that of boron-induced sterility: the effect
appears greater under humid conditions,
and genetic as well as agronomic solutions
appear feasible (Mann and Rerkasem 1992).
Besides, the highsoil temperatures place a
premium on agronomic techniques such as
surface mulching, which can cool the young
wheat plants. High soil temperatures also
stimulate organic matter breakdown, and
consequent soil degradation. For this and
other reas:ns, reduced and zero tillage for
wheal becomes even more desirable than in
temperate latitudoes.

Future Role of CIMMYT

Unfortunately, CIMMYT resources directed
towards the warmer wheat areas of
Southeast Asia and elsewhere will be
substantially reduced after mid-1993. What
will CIMMYT have to offer in the future? As
a result of the UNDP project, there is a
modest commitment to selection for
tolerance to hot conditions in the CIMMYT-
Mexico breeding program: the Warmer
Arcas Wheat Screening Nursery (WAWSN)
commenced in 1987, and the Ieat Tolerance
Wheat Yiceld Trial (HITWYT) begun in 1992,
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will continue to be distributed upon request
to collaborators in warmer arcas. But it is
not entirely clear whether very effective
selection for heat tolerance can be made in
the Mexican program, which relies largely
on late planting in northwestern Mexico to
achieve this goal. Some results from
Thailand suggest selecting segregating
populations in Thailand gives faster
progress. An alternative for CIMMYT in
Mexico might be to use more intensively the
higher temperature mid-altitude site of
Tlaltizapan, the site used over the last 2
years of the UNDP project (Reynolds et al.
1992). Results indicate that performance at
Tlaltizapan (January mean temperature of
20°C) correlates better with most hot sites
round the world (e.g., Sudan) than does
performance in late planting in Obregon. As
more sophisticated analytical techniques are
brought to bear on the results of CIMMYT's
international trials (e, Delacy etal. 1994),
itis likely that test sites that group more
closely with warmer area locations in client
countries will be identified.

On the disease front, CIMMYT will continue
to push for better resistance to
Helminthosporivm and Fusarivm. We have
goaod sites for screening in Mexico (Poza
Rica ani Toluca, respectively) and in certain
collaborating NARSs (e.g., Brazil,
Bangladesh). We have reasonable support to
continue this work. In the case of
Helminthasporium, a CIMMYT pathologist
will be heading this thrust and we can
anticipate progress although we need to
understand better the question of pathogen
variation. Special Helminthosporium and
Fusarium nurseries will continue to be sent
out. Bangladesh, Nepal, Brazil, and possibly
tropical Bolivia will be key NARS
collaborators. It is in the area of host plant
resistance that CIMMYT expects that its new

investments in molecular biology will give
their first payof[. These techniques and
products will be made available to NARSs.

Work by CIMMYT on wheat management
in warmer areas barely gol started before it
had to be cut. The last effort under UNDP,
the International IHeat Stress Management
Experiment (I1 ISME), is an ambitious
attempt to elucidate principles and
stimulate NARS research—it’s a start but
clearly not enough. The greatest
contributions in the future may come from
spitlovers from CIMMYT-IRRI-N ARSs
collaborative research on the rice-wheat
system under way in South Asia. The work
will extend into Bangladesh, where in
addition a bilateral project supports
CIMMYT and NARS work on wheat
management. Large challenges in
technology transfer or extension face wheat
agronomists in warmer nontraditional areas
where farmers have little experience with
the wheat crop.

Training and visiting scientist opportunities
for wheat researchers from nontradtional
wheal countries in Asia to come to Mexico
will be considerably reduced, as will visits
from CIMMYT wheat scientists to the
region. Given the input in these areas over
the last 10 years, with good support and
organization, some of new wheat countries
are fully capable of meeting the research
needs of wheat into the future. Some are
not. [ urge wheat programs in the region to
not spread themselves too thinly and
scientists to collaborate as much as possible,
for wheat areas and prospecls are not
enough to justify many separate wheat
research initiatives. I also urge careful
targeting of the most suited production
zones and close collaboration with
agricultural extension in these areas.
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Wheat Breeding Objectives In Nepal: The
National Testing System and Recent Progress

R.N. Devkota
National Wheat Research Program, Bhairahawa, Nepal

Abstract

At present, foliar blight caused by Helminthosporium spp. and post-anthesis heat and drought
stresses are the major constraints in wheat production in Nepal, particularly in the terai belt.
Specific breeding objectives and strategies to overcome such problems are discussed. Recent
progress in terms of area and production of wheat and adoption of modern varieties to different

agro-ecological regions of the country are also discussed.

Introduction

Nepal can be divided into two distinct
wheat production zones. One belt,
containing the terai, tars, and lower valleys
up to 600 masl, experiences a subtropical
climate and has the most fertile soil. This is,
by far, the best and the largest wheat
production zone comprising the plains arca
of the terai running east-west in the extreme
south as well as other arcas of similar
environment, i.e., inner terai, foothills,
lower valleys, and river basins. The rice-
wheat rolation is the predominant system
of this zone. The second belt, containing the
mid- and high hills and running cast-west
between the terai and the limalayas,
experiences a warm to cool lemperate
climate. The rice-wheat rotation is common
in the mid-hills (600-1700 masl) while
maize-wheat is common in the high hills
{(above 1700 masl).

Status of the wheat crop

Wheat, which ranks third in both arca and
production after rice and maize, contributes
about 19% to the cereal area and 14% to the
cereal production of the country. Spring
wheal is planted during the winter scason,
however, the naturally existing agro-
ecological diversity within the country does

not totally preclude the possibility of
cultivaling some winter or facultative
wheats in areas yet to be explored.

Wheat is a relatively new crop in the
country. Until about 30 years ago, it was a
traditional crop limited to hill areas in the
mid- and far-western regions. However,
after the introduction of Mexican photo-
insensitive, semi-dwarf/dwarf, lodging-
resistant, and input-responsive wheat
genotypes from India during mid-1960s,
wheal production was expanded to other
nontraditional arcas where a monecrop of
rice was the only predominant practice.
These photo-insensitive varieties are grown
commercially even during the summer
season in a wheat-poltalo rotation in some
high mountain areas. Today, wheal is
grown on approximately 600,000 ha and has
become a vilal component both in farms
and kitchens of Nepalese farmers.

Objectives

National Wheat Research Program (NWRP)
During the carly 1970s, increasing
population pressure in the country
compelled the government to realize that
stronger rescarch programs, particularly on
major food crops (rice, maize, and wheat),
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were required for increased production. The
inception of the National Wheat
Development Program (NWDP) in 1972
under the special Crop Commodity
Development Program marked the
beginning of an era of systemalic and
meaningful research and production
programs on wheat. The original NWDP
was recently renamed as the National
Wheat Research Program (NWRP) with the
following broad objectives:

* To increase wheat production and
productivity in the country by
coordinating a multi-disciplinary,
multilocational, applied rescarch and
testing system on wheat at the national
level.

* Toidenlify the major wheat production
constraints at the farm level, particutarly
under the rice-wheat system by
conducling diagnostic surveys and then
planning research programs accordingly
both on crop improvement and crop
management aspects.

* To produce and supply the required
quantity of source seed (breeder seed) for
further multiplication.

* To collaborate with various national and
international agencies or institutions for
wheat improvement.

Breeding and varivtal development
Breeding objectives for the rice-wheal areas
of the subcontinent inciude heat tolerance,
carliness, leaf rust resistance, and in certain
places Helminthosporiion spp. resistance
(Rajaram 1988). Wheat in Nepal, being
grown predominantly under a rice-wheat
system, does not differ much from the
objectives mentioned above. However, in
recent years, foliar blight caused by
Helminthosporium spp. has posed a threat to

wheat cultivation and now has priority over
leaf rust in the breeding program. Specific
objectives include the following.

Heat stress tolerance—Under the rice-wheat
system, late planting of wheat is common,
although optimum planting dates have been
identified. The main reasoiw for this are the
late harvest of rice varieties that have longer
malturity durations and residual moisture in
the rice field that makes land preparation
impossible immediately after rice harvest.
Usually under late planting, wheat is
exposed io increasingly high temperatures
combined with hot-westerly winds during
grain-filling. Consequently, major yield
components such as 1000-kernel weight,
number of spikes per unit area, and number
of grains per spike and hence grain yield are
reduced. Therefore, breeding aimed at
sclecting genotypes with heat stress
tolerance is one of the most vital objectives.

Disease resistance—l.eaf rust (Puccinia
recondita) and yellow or stripe rust (P.
striifformis) resistance in the past was the
main breeding objective. The program is
now considered strong enough in this
regard. HHowever in recent years, foliar
blights caused by Helminthosporium spp.
have become important diseases. Two major
species of Helminthosporium, i.e., tritici-
repentis and sativion, are known to cause
serious problems in wheat, particularly in
the terai. Predominance of the two species,
however, has changed over the years. The
principal foliar blight organism in 1987-88
was H. tritici-repentis while in 1989-90, it
was H. sativaom (Dubin and Bimb 1991).
Helminthosporium leaf blight combined
with heat stress during grain-filling is
causing significant yicld losses. Yield loss
assessment studies conducted at the
Bhairahawa rescarch station have shown
losses as high as 27%. Similar studies
elsewhere have shown that under the most
favorable conditions yield loss can be up tn
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80% and under certain field conditions, it
can go even up to 100% (Mehta 1985).
Hence, breeding for foliar blight resistance
is of high priority.

Drought stress tolerance—Significant areas of
wheat in Nepal are either rainfed or
partially irrigated as less than 25% of the
sown area has assured water supplics.
Winters are relatively dry and the wheat
crop planted into the residual soil moisture
from the late monsoon, in most cases, is
exposed to post-anthesis moisture stress.
This causes considerable yield loss and
hence breeding and selection for drought
stress tolerance is another important
objective of high priority.

Breeding for appropriate maturity to fit in the
rice-wheat pattern— Although this is more or
less related to heat stress tolerance, breeding
for the appropriate maturity class
particularly for the rice-wheat pattern is
important. In general, carliness and high
yield potential in wheat seem to be
negaltively associated and hence genotypes
that have medium maturity (usually judged
on the basis of heading / flowering) with a
high degree of heat tolerance are best suited
for rice-wheat rotations (Rajaram 1988).
Usually, early to very early maturing wheat
varieties are planted in late December or
early January following late maturing rice
varieties. This may not be a good
combination in itself as the carly maturing
wheat varieties, though they have potential
to escape post-anthesis heat stress, they
yield much lower. So the objectives should
be to manipulate the maturities of both
crops in order to find a suilable combination
that realizes the optimum yield in both the
cases. Breeding wheat varieties of medium
maturity class an2 rice varieties of medium
to early maturity class may provide a better
combination to realize aigher yields from
the rice-wheat system.

National Testing System

The multidisciplinary and multilocational
testing network, established for varietal
development in wheat, is approached
through a bi-directional system.

Direct introductions

Direct introductions of wheat materials of
wider genetic base from abroad (CIMMYT/
Mexico, CIMMYT Bangkok, national
programs such as India and Pakistan) have
helped to broaden the genetic variability in
the program. Materials received every year
in the form of segregating populations,
observation/screening nurseries, and yield
trials are tested and evaluated for
adaptability and diseases under local
environments. The best genotypes selected
out of these nurseries are either directly
released as cultivars for commercial
cultivation or utilized as a parent for
specific traits in the hybridization program.

Hybridizatlon and varietal development
Hybridization was initiated during the late-
1970s. A crossing block consisting of eight
or nine groups of specific traits is planted
on two or three dates of 10- to 15-day
intervals to synchronize pollen availability.
About 100-150 crosses between selected
exotic and locally adapted Nepalese
genotypes/cultivars of specific traits are
made annually. Depending on the
objectives, simple, double, triple, multiple,
and back crosses are made.

Segregating populations are handled
following a modified pedigree-bulk method
(space planting and individual plant
selection in F2 and 5, bulk selection in F3,
F4, and F6) with heavy artificial disease
epidemicz. Shuttling is done with some of
the stations located at higher altitudes.



WHEAT BREEDING IN NeraL 2190

Homozygous lines selected and bulked at
later generations (F6 or F7) and other
promising lines selected out of international
observation/screening nurseries are
included in multilocation screening
nurseries, i.e., the Nepal Advanced Lines
(irrigated) and Nepal Rainfed Nurseries.
These are also subjected to heavy epidemic
conditions. Level of resistance to various
biotic and abiotic stresses, earliness, plant
type, and grain type are the major traits
considered during selection. Promising
entries selected out of these nurseries form
the basis for national yield trials.

National preliminary yield trials (Initial
Evaluation Trials) and advanced yield trials
(Coordinated Varietal Trials) are organized
for both terai and hill conditions to havea
complete yield assessment on a
multilocation basis. These trials are
conducted under different environments,
i.c., optimum sowing date/rainfed,
oplimum sowing/irrigated, and late-
sowing/irrigated. Stability of yield over
environments, besides disease reaction and
agronomic traits, have been th2 major
thrusts of such trials.

Finally, before proposing for release, the
best entries are extensively tested under
farmers’ field trials and in the varictal
minikit program. Crop management trials
are also conducted to determine
adaptability to a wide range of cultural
practices.

Breeding Strategies

Based on the objectives, specific breeding
strategies have been execuled to develop
genotypes with resistance/tolerance to
different discases {foliar blight in
particular), heat stress, drought stress, etc.

Helminthosporium leaf blight (HLB)
Breeding for HLB resistance has been given
priority in present in the program. Starting
in 1989, steady progress has been made with
respect to HLB resistance. The following
methodologies are being used:

* Screening and identification of resistant
lines from different sources—The best
materials identified so far come from
China, Brazil, Zambia, and alien gene
lines (mostly Agropyron curvifolium
derivatives from the CIMMYT Wide
Crosses Program).

* Asafirst step, some simple crosses are
made using the identified resistant lines
as well as other introduced genotypes.

* Inthe next step, these Fls are triple-
crossed with the best adapted Nepalese
cultivar (Nepal 297 in this case) so as to
incorporate carliness and desirable types
into the progenies. Nepal 297 (HD 2320)
is as early as RR 21 (Sonalika) and on the
basis of studies done at Bhairahawa, it
also has a significant level of HLB
resistance.

* Not much work regarding the genetics of
resistance has been done so far, but it is
presumed to be polygenic. Therefore,
relatively larger populations (between
1500-2000 in the F2) have been
maintained to provide better chances for
isolaling tolerant/resistant plants from
the segregating populations. Moderate
selection pressure will be exerted in
earlier generations (F2-F4). F3 and F4
generations will be handled in bulks and
exposed (o late planting and hence to
post-anthesis heat stress. Grain
plumpness and HLB resistance will be
the major selection criteria.
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* Apart from the crosses made at the
NWRP, Bhairahawa, some 12
segregating populations specifically bred
for warmer areas are also received
regularly from CIMMYT. Shuttling with
CIMMYT is underway. A little over 2500
F3 progenies and about 600 F4 progenies
bred for MES5 (tropical environment)
were received from CIMMY'T, Mexico
during 1991. These progenies were
planted at NWRP, Bhairahawa in late
December. Foliar blight incidence,
earliness, and grain plumpness were
considered during selection. Part of the
seed of the best progenies selected were
again sent back to CIMMY'T, Mexico and
CIMMYT, Bangkok in 1992,

Rusts

Since the inception of the NWRP, a constant
endeavor to breed lines resistant to the two
important rust diseases (P. recondita and P.
striiformis) has greatly minimized their
severity in the country. Nevertheless,
hybridization, screening, and selection
against these two rusts are ongoing. As both
leaf and stripe rusts are severe in the hilly
regions, “shuttle breeding” initiated during
the mid-1980s still continues with the
stations located at the mid- and high-hill
areas, i.e., Pakhribas (1750 masl), Lumle
{1700 masl), Jumla (2200 masl), and
Khumaltar (1360 masl). In addition, some
specific F2 populations of spring x winter
crosses and other important nurseries
received regularly from CIMMYT have
increased the variability in the germplasm
for selection.

Loose smut

Although not a problem of the warmer
areas, loose smut of wheat (Ustilago tritici)
assumes importance in the hilly regions. A
small backcross program particularly on
RR21 and Nepal 297 has been initiated.

Heat stress

Late-maturing wheat varieties usually suffer
from heat stress, while early-maturing ones
escape to some extent. Regardless of what
particular attribute, the crosses have been
mad. for HLB, or rust, or loose smut, heat,
drought, elc,, ecarliness is one of the most
vital characters to incorporate into all
progenies. The strategy is to use at least one
parent with an early-maturing background
in the crosses made for any specific
objective. In all segregating populations,
screening nurseries, and field trials,
carliness as well as grain plumpness are
major characters considered during
selection, particularly for the warmer rice-
wheat arcas. The Warmer Arca Wheat
Screening Nursery (WAWSN) from
CIMMYT, Mexico and the 1ot Climate
Wheat Screening Nursery (HHCWSN) from
CIMMYT, Bangkok also provide material
for selection against heat stress.

Drought stress

Drought stress tolerance has been observed
in some genotypes such as Triveni
(HD218Y), Nepal 251 (HUW 251), C306, and
BL. 1249. Some of the local landraces
collected mainly from the mid- and far-
western hills are also observed to have a
high degree of drought stress tolerance.
Compared to improved genotypes, even
germination has been observed to be faster
in the local landraces. Ulilizing these
improved and local sources, a crossing
program has already been started. In
addition, specific F2 populations for semi-
arid areas, the Semi-Arid Wheat Screening
Nursery (SAWSN) and the Semi-Arid
Wheat Yield Nursery (SAWYT) received
regularly from CIMMYT are screened and
genotypes with better tolerance are selected
and advanced for multilocation testing.
About 40% of the wheat breeding and
varictal development activities in the
program are focused on drought tolerance.
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Recent Progress

The impact of wheat rescarch, particularly
the breeding program, can be clearly
measured in terms of increased arca and
production, development, dissemination of
high yielding improved varieties, sclf-
sufficiency in quality sced production, and
technical collaboration with wheat
programs in neighboring countries and
other international institutions.

Area and production

One of the most spectacular impacts of
wheat rescarch has been the rapid extension
in wheat area and production over the last
25-30 years, particularly during the period
after the inception of the NWRD (Figure 1),
Froma mere 118,000 ha in 1965-66 (when
improved varieties were first introduced),
the area sown to wheat has gone up o just
over 600,000 ha in 1989-90, the highest so
far. Simultancously, the total production
during the same period increased
tremendously from 147,000  to just over
850,000 t, also the highest so far. THowever,

ha or t (000)
900

800 1

700 1

Production
600 -

500

400 A

300 1

200

T T T T T T T T

1972 76 80 84 88 92
Year

Figure 1. Wheat area and production trends in
Nepal, 1972-92,

yield has increased much slower than
expected fromaround 1 to 1.4 t/ha during
the same period.

Development and dissemination of
improved varieties

l.erma 52, a tall wheat, was released in the
ecarly 1960s for the hills. However, after
introduction of the Mexican wheats from
inuia i the nad-1700s, a series of
cultivars—Ditic 62, Lerma Rojo 64,
Kalyansona, and RR 21 (Sonalika), the latter
possessing extremely wide adaplation—
were recommended in the late 1960s. Since
the inception of the NWRI in 1972, 14 more
new cultivars have been released for various
agro-ccological regions (Table 1). Some of
the cultivars such as Ul 262, Triveni,
Vinayak, Nepal 297, Nepal 251, and BI. 1022
have become quite popular in the terai. RR
21 is no longer a predominant variety in the
terai as its yield is decreasing due to its
susceptibility to leaf rust and HILB. The
annual rate of yield decline in this particular
variety has been estimated to be 6.8% over
the past 15 years (Morris et al. 1992). As a
result of this, UP 262 released in 1978 has
replaced RR 21 in many areas. Nepal 297
released in 1985 has become increasingly
popular and is being adopted very rapidly.
Itis as carly ax RR21 and therefore suitable
for the rice-wheat pattern, has larger grains,
and has resistances lo major discases (rusts
and HLB). Farmers utilize Vinayak for late-
sowing conditions, while Triveni is being
adopted under rainfed conditions. Nepal
251, with wide adaplation, performs
comparatively well under suboptimal
conditions and performs even better when
conditions are optimal.

Variclies for the hills are lacking. After the
recommendation of Lerma Rojo 64 and RR
21 during the late-1960s, it took more than
15 years for the NWRP to develop and
release its first two varieties for the hills.
Consequently, RR 21, despite its
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susceptibility to various diseases, is still the
predominant wheat variety in the hills.
However, the successful releases of
Annapurna-1and Annapurna-2 in 1988 and
Annapurna-3 in 1991 have provided
alternatives to RR 21. Farmers are adopting
these new releases mainly because of their
higher yield and better discase resistance.

With the successive release of new cultivars,
the rate of adoption of these cultivars has
also increased. Well over 90% of the terai
belt is now sown to improved varieties
(Morris et al. 1992). One of the reasons for
quicker adoption of the newer cultivars is
presumed to be the effective outreach
activities organized by NWRP in the form of
on-farm trials and the varietal minikit
program. The latter has been one of the
most effective tools for dissemination of
newly released cultivars.

Seed production

NWRP has the responsibility of producing
the required quantity of breeders’ seed.
Through the substantial emphasis on
maintenance breeding, following “head to
row” progeny, high quality breeder seed of
different varieties is produced every year
depending on demand. This seed is utilized
by various farms/stations to produce
foundation seed required by the Agriculture
Input Corporation, which handles further
multiplication and distribution of certified
seed. As aresult, self-sufficiency in wheat
seed production has been achieved and no
more seed is imported from abroad.

International cellaboration

Technical collaboration, mainly in terms of
germplasm exchange with wheat programs
of neighboring countries such as AICWIP
(India), PARC (Pakistan), and international

Table 1. Wheat varieties released in Nepal after the start of the National Wheat Development

Program in 1972,
Year of Recommended
Varlety Cross Origin release agroecological reglon
NL30 HD832-5-5-0Y/8B India 1975 Westemn terai
HD 1982 E5557/HD845 India 1975 Western and midwestem
terai
UP 262 S 308/B3jio 66 India 1978 Terai
Lumbini E 4871/Pj 62 India 1981 Terai
Triveni HD 1963/HD 1931 India 1982 Terai
Vinayak Unknown India 1983 Terai
Siddhartha HD 2902/HD 1962 India 1983 Terai
/[E4870/K 65
Vaskar Tzpp/P1/TC Mexico 1983 Midwestem terai
Nepal 297 HD 2137MHD 2186 India 1985 Terai
/HD 2160
Nepal 251 WH147HD2160// India 1988 Terai
WH147
Annapurna-1  Kyz'S'/Buho// Mexico 1988 Hills
Kal/Bb
Annapurna-2  Npo/Tob'S'// India 1988 Hills
8156/3/Kal/Bb
Annapurna-3  Kvz'S'/Buho//Kal/Bb Mexico 1991 Eastern and western hills
BL 1022 CM 58794.-1B-2B- Nepal 1991 Western, midwestern,
5N-1B-0B and far-western terai
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institutions like CIMMYT and the
International Center for Agricultural
Research in the Dry Areas (ICARDA), has
been active since NWRP's inceplion. This
has been further strengthened after the
establishmeni of the CIMMYT regional
office for South Asia in Kathmandu in 1985.
Shuttle breeding currently underway with
CIMMYT (Mexico) is one of the best
examples of collaborative research.

Other benefits

The returns to wheat research in Nepal have
been studied recently by Morris et al. (1992).
The overall benefits in terms of inlernal rate
of return (IRR) from wheat research as a
whole during the 1960-1990 period, is
estimated to be 75%. IRR from wheat
breeding alone is still higher (84%). The
average annual rate of increase of potential
yield through the development of new
varieties released since 1978 has been
estimated at 1.25% per year (Figure 2). This
may be interpreted as the potential future
rate of national yield gains as the newer
varieties become more widely adapted.

Yield (tha)
35
3.4 4 Growth rate=1.25%/yr
33 - Nepal 251.__-""
32 ' o
Vinayak et
31 Siddhartha g, .-"® Nepal 267
3.0 /__./ Vaskar
UP 262 _.-® Lumbini
294 °.- o
o o Triveni
28 4
27
26 1
25 .

1976 78 80 82 84 86 88 90

Release year

Figure 2. Yield galns in wheat varleties released
in Nepal, 1978-88 (Source: Morris et al. 1992).
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Questions/Discussion

Mr. Devkola was asked about a possible
rice-wheat conflict by selecting for medium-
maturity wheat while recommending that
rice varielies should be selected for shorter
malurity. He explained the short maturity
wheats do not yield sufficiently well in his
experience. On the other hand, late-
maturing lines suffer extreme heat stress at
the end of the growing scason. Therefore,
he is concentrating on medium maturity. In
the case of rice, the relative yield loss in
going towards carlier varieties is less than
the loss when earlier wheat varieties are
selected (compared to medium maturities).
He fecls confident of overall rice-wheat
yield benefit from the system utilizing carly
to medium malurity rice followed by
medium maturity wheat.
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Wheat Breeding Objectives, Yield Testing System,
and Recent Progress in Southern China

S. Changjian
Guangdong Academy of Agricultural Sciences, Guangzhou, Peoples Republic of China

Abstract

Southern China, comprising the provinces of Guangdong, Guangxi, Fujian, and Hainan, is one

of 10 agroecological wheat production zones in the country. It is climatically tropical to

subtropical. Wheat breedin g olyectives include early maturity, high yield, good quality, and

resistance to diseases, lodging, and sprouting. Since 1972, promising wheat lines have
undergone multi-location testing throughout the four provinces. Twenty-cight varieties, which
have been released from the program, have increased production in the region by 600,000 ¢,
Lines have been introduced from CIMMYT, Italy, and other wheat arcas in China.

Introduction

China’s wheat arca is divided into 10 major
agroecological zones differing ir
temperature, rainfall, wheat growing
duration, and cropping systems.

Southern China, comprising the provinces
of Guangdong, Guangxi, Fujian, and
Hainan, is situated between 104° 5°F and
122° E longitude and between 17° 5'N and
28° 2'N latitude. The topography of the
three mainland provinces slopes from
northwest to southeast and hills, generally
less than 500 masl cover 90% of the arca.
There are wide sedimentary plains in the
lower reaches of the rivers. The Wuyi and
Nanling Mountains in the north prevent
cold air from moving southward. In
addition, there is a warm, humid ocean
airflow from the southeast. In January, the
coolest month, the average temperature
ranges between 6 and 19°C, gradually
increasing from north to south. During the
wheat growing season, 230 to 650 mm of
rainfall are received, with about 600 to 900
hours of sunshine during that period. Only
spring wheats are grown on the red soils

and paddy soils derived from the red soils.
Farly-maturing varieties are required on the
coastal plains while in the inland hills, types
witha longer life cycle are more adapted.

Temperatures are high and relative
humidity is low during the carly growth
stages, resulting in poor plant development
and premature heading. Frosts occur during
flowering and continual rain and low light
intensity during grain-filling result in
epidemics of leaf rust, powdery mildew,
head scab, and septoria.

Breeding Objectives

Early maturity

The most common crop rotation in the area
is rice-rice-wheat. Only 110 to 140 days are
available for the growth of the wheat crop.

High yield

While the vegetative period is short due to
high temperatures, the period for spike
development is relatively long (about 30
days for the carly varicties and 40-50 days
for the longer growth duration types),
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resulting in large spikes. The grain-filling
period is 50-60 days resulling in large grains
(1000-grain weight greater than 42 g).
Selection emphasis is placed on large spikes
and grains. Mean yield of released varieties
is 4-5t/ ha.

Resistance to high humidity

The rainfall during the wheat crop is not
well distributed. About 15-20% falls during
the seedling stage, 20-30% falls between
tillering to flowering, and the remaining
50% falls during grain-filling. Selected lines
must have some degree of waterlogging
tolerance since waterlogging, particularly
on the paddy sails, is common. In addition,
the humid conditions during grain-filling
can result in grains germinating in the car.
Sprouting resistance is therefore important.

Disease resistance

The warm, humid climate after flowering is
ideal for the disease development,
particularly leaf and stem rust, powdery
mildew, scab, and septoria. These can
reduce yields by up to 30%. Starting in the
1970¢, lines from CIMMYT (beginning with
Potam 570, Inia 66, Tanori 70, etc.), and
Italy (Funo, Abbondanza) have been
introduced and varicties are now avatlable
with good resistance to leaf and stem rust
and seploria, and reasonable resistance to
powdery mildew. However, progress in
selection for scab resistance has been fess
successful.

Quality

The climalic conditions during grain-filling
are not conducive to the production of high
quality grain. However, large differences
have been found between lines in grain
quality and great efforts have been made to
ensure that the quality of the released
varieties is as high as possible.

Multi-Location Testing

To ensure that the released varieties are
widely adapled and have stable yicld,
multi-location testing is essential. The
Southern China Wheat Yield Testing System
(presided over by the Guangdong Academy
of Agricultural Sciences) was established in
1972 for the testing and promotion of new
wheal varieties. Sites for the experiments
are selected to represent all wheat agro-
environments in southern China. Up to 15
sites have been used per year. Varieties
selected for the yield trials are those which
have proved best in the regional yield trials
in Guangdong Province.

The multi-location testing system is a
vehicle for the exchange of germplasm and
academic exchange, and provides an
opportunily for the scientists to see the
reaction of their varieties in other locations.

During the last 20 years, 90 lines, including
47 carly and 43 mid-maturing lines, have
been tested in these experiments. Twenty-
cight lines were promoted to recommended
varieties. Today these varieties cover an area
of about 4 million hectares and have
resulted inan increase in production of
600,000 tons. The most popular varicties
resulting from the program are Yeomay
6148, Yeomay 6024, Anmay, and Longxi 35,
all of which have high yield, carly maturity,
strong disease resistance, and resistance to
high temperature and humidity.
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Wheat Breeding Objectives and the Provincial
Yield Testing System in Guangxi, China

Huang Jlayong and Zhu Guojin
Guangxi Maize Research Institute, Nanning, Guangxi, China

Abstract

Wheat growing in the double cropping system of rice in Guangxi Zhang Autonomous Region of
southern China is described. Due to the conditions being warm, humid, and cloudy, the
breeding objectives are for short stature, early maturity, powdery mildew and Bipolaris
sorckiniana resistance (or tolerance), and high yield with large spikes and grain. It is
emphasized that the female parent in a cross should be a disease-resistant line and the male, a
high yielding one, in order for a high proportion of the progeny tc have the disease resistance.
The provincial testing system in Guangxi is also outlined.

Introduction

Guangxi is situated in Southern China
between 21°34" and 26°30°N latitude and
104°20°-112°5°E longitude. The climate is
subtropical. The largest area sown to wheat
was 300,000 hectares in 1956, but in recent
years about 30,000 to 40,000 hectares

have been grown annually, distributed
through Yulin, Wuzhou, Liuzhou, | leqi,
and Baise prefectures, in a rice-rice-whcat
cropping system.

The growing season or wheat is from
November to March. Mean temperatures for
November and December are 17.5 and
15.0°C respectively; the total rainfall for
these months is 47.5 mm with 273 hours of
sunshine. Under these conditions, the plant
has rapid seedling growth, carly
differentiation, a short vegetative period
and a low number of car-bearing tillers.

January is the coldest month (about 6°C)
and temperatures increase again during
February (9°C) and March (14°C). During
January and February, about 20-30 days of
drizzle can be expected with a resultant
reduction in radiation. These conditions are
ideal for the development of powdery

mildew which is one of the major limiting
factors for wheat production in Guangxi.

Breeding Objectives

More than 100 wheat varieties have been
intensively studied t. find the important
yield determining factors. The results
showed the following were the major
factors, in descending order: diseases,
length of the growing cycle, grains/spike,
grain weight per spike, grain sprouting in
the spike, plant height, leaf length, and
tillering ability.

Consequently, our major breeding
objectives are powdery mildew resistance,
carlier maturity, and large spikes and grain.
Secondary selection criteria are sprouting
resistance, shorler slature, and shorter
upright leaves. Other factors, i.c., tillering
ability, plant shape, and leaf color, are not
considered important for Guangxi.

Breeding for powdery mildew resistance
has been conducted for many years. We
believe that wheat varicties with powdery
mildew resistance and good agronomic
characteristics can be produced by complex
crossing with more parents and gene
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recombination. We have found the
following crossing patterns to be effective:
Q/A//BorQ/A//B/A, where Q = the
disease-resistant line and A,B = resistant or
slightly sensitive varieties with pood
agronomic characteristics.

We have analyzed the progeny from 25
crosses and have found that if the female is
disecase-resistant, whatever the male is, the
progeny have a higher frequency of
resistance than if the male is the resistant
line, indicating that female selection is the

key to powdery mildew resistance breeding.

There are two types of resistance to

powdery mildew:

* A high resistance or immunity which is
controlled by a major gene. This
resistance breaks down easily because
there are many physiologic races and
high variability within the pathogen.

“Slow mildewing” resistance, which is
controlled by a major gene plus minor
genes, or only by minor genes. This
resistance is more durable.

vaerefore, we select “slow mildewing”
7pes with good agronomic characteristics.
Varieties of this type include Guimai No. 1,
No. 2, and No. 3. On these variceties, the
disease does notappear before heading and
only affects the lower half of the plant.
These are now grown over very large arcas
and have yielded 20-30% higher than the
older varieties, have earlier maturity and
consequently better fit the rice farming
system. In addition, they are more
responsive to improvements in
management.

Grain yicld must be the ultimate objective
for both breeders and farmers. Ananalysis
of the Guangxi Wheat Regional Test from
1975 to 1980 has been conducted to
determine important yield determining
characters over time and location. The

number of heads per unit area, grain
number per head, and grain size all showed
high correlations (r>0.7) with grain yield.
There was a poor relationship (r=0.117)
between heads/ plant and yield.

The Provincial Testing System

Any promising line must pass a series of
tests consisting of pre-testing, provincial
regional trials, demonstrations, and
appraisal by experts before release. All this
testing work is financed by the provincial
seed company, but conducted by the wheat
breeding institutions.

After pre-testing for 1-2 years, a promising
line will enter the Guangxi Regional Test for
a three-year cycle at five-six locations, cach
of which is the responsibility of the local
agricultural research station. All tocations
are sown to the same specifications and
maraged in the same manner, except that
planting date may be varied slightly (always
before mid-November) depending on the
second rice crop harvest date in that
location. All seed comes from the same

source.

In this way, the adaptability and yicld
potential of the entries in different
ceological conditions can be assessed and
specific adaptabilities can be determined.
The testing system provides a dependable
base for the recommendations for release of
a new variely.

Each year, the data from all locations are
centrally analyzed. The varieties are judged
on yi.ld, stability, and agronomic
characteristics. The selected lines are
demonstrated in farmers’ fields in
comparison with existing varieties.

Finally, all data are submitted to the
Guangxi Crop Seed Examining and
Approving Commiittee for evaluation and
variclal approval.
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Wheat Production Zones and Breeding
Objectives in Yunnan Province, China

Yang Yan-hua
Cereals Crop Institute of Yunnan Academy of Agricultural
Sciences, Kunming, Peoples Republic of China

Abstract

This paper discusses the varied conditions for wheal-growing in Yunnan Province, and divides the

wheat production into three great growing districts, on the basis of natural ecological conditions

and historical growing habits. The conditions and problems existing in various growing districts

are introduced and used to determine the breeding objectives,

Introduction

Yunnan Province lies in the southwestern
part of the People’s Republic of China and
has terrain increasing in altitude from the
northwest (76 masl) to the southwest

(6740 masl). The total area of the province is
383,000 km?, which are composed of 847%
mountains, 107 plateaus, and 6% basins
and river valleys. Due to the highly variable
topography, the province has many climatic
types—{rom cold-temperate, through
lemperate to subtropical and tropical zones.
Itis said of Yunnan Province that “there are
four seasons within one mountain, and the
weather here is different from that 5 km
away”.

The cultivable area is 2.8 million hectares,
on which wheat ranks third in arca and
production after rice and maize and is
grown in areas with altitudes between 1600
and 2000 masl.

In 1949, the wheat growing area was only
181,000 ha with a mean yield of 1065 kg/ha.
By 1992, this had increased to 593,000 ha
while yields had nearly doubled

(2049 kg / ha).

During the long period over which wheat
production has developed, divisions in the
wheat area have occurred due to major
climatic differences and growing systems.
Among the climatic conditions affecting the
divisions, rainfall and temperature are the
most important.

Farming Systems

The annual rainfall over most of Yunnan
Province is about 1000 mm with uneven
distribution. More than 85% of the total falls
from May to October. During the wheat
growing scason, from the last 10 days of
September to the beginning of June, average
rainfall amounts to 300 mm with January,
February, and March being particularly dry
with only 20-30 mm of rainfall. The low
rainfall, combined with high evapo-
transpiration caused by strong winds,
results in drought conditions in winter and
spring in nearly all years.

Wheat production can be divided into two
main types on the basis of water
availability:



229

WHEAT PRODUCTION IN YUNNAN

* Dimai, which refers to rainfed (dryland)
wheat, is distributed at the upper
altitudes with maize as the preceding
crop, and constitutes two thirds of the
total wheat area of Yunnan ’rovince.

* Tianmai, which is fully irrigated wheat
sown following rice, utilizes spring or
facultative varieties. Fertilizer application
rates are higher in this production system
and Tianmai produces 60% of the total
wheat production of the province.

The wheat growing arcas can be divided
mainly on the basis of the temperature
effects on the wheat growth cycle:

¢ Late-maturity district in the north,

* Medium-maturity district of the central
arcas, and

* Early-maturity district in the south.

In the central areas, the length of the wheat
life cycle is variable due to the topography
and climate differences and so the medium
maturity district is further subdivided into
two smaller regions, the late and carly-
medium maturity areas (Figure 1).

The Late-Maturity District

This district lies between 26 and 29° north
latitude and contains 17 counties of
northeast and northwest Yunnan, with a
cold-temperate to temperale climate. It is
characterized by adequate sunshine, high
radiation, and large diurnal temperature
fluctuations. The rainfall during the wheat
crop is 190-440 mm and frosts can occur
from mid-October to carly May. The mean
temperature is 10°C and wheat sown in
mid-November matures in mid-June. There
are only 20,000 hectares of rice-wheat in this
district.

Climatic conditions here are such that high
yields could be achieved although currently
the yields are low due to poor management
and low fertilizer rates.

As temperatures remain low from the
beginning of winter until carly spring, the
spike differentiation stage is long, resulling
in the formation of large spikes. The
sunshine, radiation, and the large diurnal
temperature fluctuations are conducive to
the accumulation of dry matter. In 1977,

| North Yunnan, late maturity
l1-1 Central Yunnan, late-medium maturity
I12 Central Yunnan, early-medium maturity
Il South Yunnan, early maturity

IV Unsuitable for growing wheat

Figure 1. Wheat-growing areas of Yunnan Province, China.
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“Fongmai”, a variety grown in Lijiang
County, set a record wheat yield for China
of 12.38 t/ha.

In this district, the low temperature causes
wheat to have a long life cycle (about 210
days), which causes conflicts with the crops
grown before or following wheat. Thus, a
breeding objective is to produce carlier
maturing varicties that grow slowly in the
vegetative stage but develop rapidly in later
stages.

In addition, stripe rust (Puccinia striiformnis)
is a serious problem due to the abundant
rainfall. Rainfall during harvest also causes
sprouting in the car. Thus, the breeding
objective in this district is to select earlier
maturity facultative lines with cold
tolerance, stripe rust resistance, and a long
dormancy period to minimize sprouting in
the spike.

The Medium-Maturity District

Most of this district is between 24 and 26°
north latitude, although some high-
elevation south of 24° and some low
elevation arcas north of 26° latitude are also
included. It contains 64 counties among
which are Kunming, Chuxiong, Dali,
Baoshan, Yuxi, and Qujing.

The climale is temperate with adequate
sunshine and a frost period of 110-165 days
(compared to 210 days in the Late-Maturity
District), or even less in some river valleys.
Although drought in winter and spring is
severg, this district is the main crop
production area in Yunnan as a large
proportion of it consists of fertile basins
with irrigation facilities. The rice-wheal
production system occupies 150,000
hectares out of the total wheat area of
385,000 hectares.

The late-medium maturity region is at
altitudes of 1900 m or more where the
average temperature during the crop is
about 11°C, and the life cycle of wheat is
185-200 days. Areas with an elevation of
about 1600 m, an average iemperature of
about 13°C and a crop cycle of 160-185 days
are included in the early-medium maturity
region.

The temperatures are conducive to good
spike development, but not so low as to
excessively prolong the wheat life cycle
which makes this district the most suitable
for growing wh~~tin Yunnan Province. The
farming technigues are advanced, irrigation
can be controlled, and fertilizers are
available such that their application can be
made at the correct time according to the
growth stages.

Consequently, yields are high and in the
counties of Kunming, Yuxi, and Dali,
average yield is now 6 t/ha. Wheal (rainfed
and irrigated) in this region conslitutes 65%
of the tolal sown area in Yunnan but
contributes 75% of the production.

Drought and frost are the climatic factors
that most influence the yield level. In winter
and spring, drought is severe and timely
irrigation and fertilizer topdressing have an
important effect in increasing yield.

On the other hand, the heavy frosts in
January and February or the late frosts in
March and April can severely restrict yields.
In addition, the climate here promotes
discases (stripe rust, leaf rust, powdery
mildew) and aphids.

In general, the breeding objectives in this
district are to obtain relatively carly
maturing, discase resistant spring varictics
of high yicld potential. As this district has a
long history of wheat production over a
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large area, varieties grown here have
tended to lose their rust resistance rapidly.
Breeders should therefore select varieties
with a range of resistance sources to check
the spread of rust.

The Early-Maturity District

The majority of this district is south of 25°N
latitude and includes 46 counties such as
Dehong, Linchang, Simao, and
Xishuangbanna. Temperatures are high
(mean temperatures range from 125 to
16.8°C depending on location) and there is a
short frost season or none at all.

In the southeast, the Karst mountainous
regions have highly permeable soils where
the topsoil moisture is rapidly depleted in
rainfed crops. In the southwest of this
district, there is adequate rainfall, friable
soils with relatively high temperatures.

The rice-wheat cropping system has been
increasing rapidly in recent years in this
district. At present, out of a total wheat area
of about 120,000 ha, 35,000 are rice-wheat,
mostly in the southwest. The wheat
growing cycle is short, about 160 days.

As wheat production is a relatively recent
development in this district, there is a lack
of farmer experience with the crop
management practices for high yields.
Fertilizers are generally used less than in
other parts of Yunnan and the varieties
have been introduced (rom other (cooler)
parts of the province and consequently
yields are low.

However, climatic conditions (temperature,
rainfall, short frost season) are suitable for
wheat and this district offers opportunities
for further wheat area expansion.

In breeding, spring types with stem and
stripe rust resistance, good quality and high
yield are the objectives.

Conclusions

Most districts of Yunnan Province have
climates suilable for wheat production,
although cach major districts has specific
varietal requirements and management
techniques.

In order to offer the farmers continually
improved varieties, breeding centers have
been established in all major wheat growing
districts. Cooperation by groups throughout
the province has strengthened the breeding
and selection programs to produce new
wheat varielies to progressively increase
wheal production throughout the province.

Questions/Discussion

Mrs. Yang, in response to a question
regarding sprouting in the car, cxplained
that in Yunnan Province, the wheat crop
matures in May while the rainy secason
commences in mid-April. Consequently,
sprouting is a very serious problem. In
order to solve this, seed dormancy is used
as an important selection criterion in the
breeding program.
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Suitable Wheat Varieties in the Rice-Based
Cropping Systems in Northern Vietnam

Minh Ta Duy and Long Tran Dinh
Vietnam Agricultural Science Institute, Vandien, Hanoi, Vietnam

Abstract

Two triple cropping systems—late spring rice followed by early rainfed rice then wheat or full
spring rice followed by early rainfed rice and wheat—have been proposed as the most
convenient patterns to include wheat in the rice-based cropping systems in northern Vietnam.
Five wheat varieties have been found suitable for these rotations and another 10 advanced lines

are under test.

The Potential for Wheat

Vietnam imports between 100,000 and
300,000 t of wheat flour annually. There is
no commercial wheat production in the
country although in the Trungkhanh
District in Caobang Province, there is a
small traditional area (30-35 ha/ year) where
wheat has been planted after rice for many
years with an old local variety yielding
about 1.0 t/ha.

There is currently an interest in growing
wheat in the northern mountainous arcas as
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an alternative to opium and to decrease the
food deficiency of these areas. In addition,
there is considered to be substantial
potential for growing wheat in the Red
River Plain.

The temperatures from November to March
are relatively suitable for wheat, but high
relative humidity, particularly in the Red
River Plain (Figure 1) promotes foliar
disease development. Rainfall during the
wheat growing season is low, varying
between 0 and 100 mm.
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Figure 1. Average temperature and relative humldity data for northern Vietnam.
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Cropping Systems

The cropping systems in northern Vietnam
are generally rice-rice-upland crop, but the
type of rice crops vary between locations,
due mainly to the elevation (decp-water to
highland arcas) and climate. While
nominally a three-crop system, only about
30% of the area (1.7 million hectares) are
sown annually to the third crop.

For wheat to be most conveniently fitted
into the cropping pattern, rice should be
harvested carly (end of September) or
transplanted late (beginning of March).
There are four proposed cropping systems
into which wheat may fit (Figure 2) of
which options 6 and 7 are preferred.

Thirteen long-maturation rice varieties are
released as full spring or {ull rainfed scason
varicties with yield potentials of 5-7 t/ha.
Twelve short-maturity rices (with yield
potentials of 4.5-6.8 t/ha) are available for
late spring or carly rainfed seasons.

Wheat Diseases

Discases are a significant problem for wheat
production in northern Vietnam. Planting
date studies on the Red River Plain have
shown that when seeded early (October 1),
whealt can escape three diseases (leaf rust,
powdery mildew, and head scab). Plantings
in carly November are attacked by leaf rust
(Puccina reconditu) and powdery mildew
(Lrysiphe graminis), but escape head scab
(Fusarium spp.), while late plantings (mid-
December) suffer heavily from
Helminthosporium leaf blight, leaf rust,
powdery mildew, and head scab. However,
late planting in the northern provinces (Cao
Bang in the northeast and Son La in the
northwest) are only slightly attacked by leaf
blight and powdery mildew, but leaf rust
and head scab cause more damage.

There has been some progress in selecting
for disease resistance among nearly 1900
introductions from the CIMMYT (Mexico,
Bangkok) and CIMMYT/ICARDA
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Figure 2, Present and proposed cropping systems In northern Vietnam.
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programs. Good leaf blight tolerance has wheat. The five wheat varieties used were

been identified in 162 lines, some of which TU (Thanbuyen, a very old variety), D11

also have leaf rust resistance and moderate (Line 11), 49CM (Tuc’S'/Mon’S'/ / Vee'S'),

resistance to powdery mildew (Table 1). 11CM (IAS58/4/Kal/BB/CJ/3/ Ald’S"),
and Hel 63 (Mad’S’/Bjy'S’).

Wheat-Rice Cropping Pattern Trials

‘The results (Table 2) showed that wheat

Cropping patlern trials were conducted at could be successfully incorpaorated into the
the Vandien Research Station over three rice cropping system as the third crop in the
years, beginning in 1989-90. The soil is Red River Plain of northern Vietnam. Table
medium-textured with 26-30% clay, 2 also shows results obtained under farmers’
pH(KCI) 6.5-7.0, organic matter 0.98-134%,  conditions in two northern provinees in a
and adequate phosphorus status. two crop system (with lower inputs).

Two carly rice varieties (IRRI 8423 and IRRI ~ In the future, crop management rescarch
352) were used in the trials with 100 kg N/ will be given more emphasis. Priorities of
ha. Only 80 kg N/ha were appliced to the breeding program will continue to be

Table 1. Disease response to sowing dates and locations of some disease-resistant lines in
northern Vietnam,

Spot blotch Powdery mildew
(H. sativum) (E. graminls)
Hanoi CaoBang Hanol Cao Bang Days to
heading
10 1 15 1 10 1 15 1 Leasf ————— Yield
Line/variety Oct. Nov. Nov. Dec. Oct. Nov. Nov. Dec. rust Hanol Cao Bang (t/ha)
Long 83-3393 3 3 3 -0 3 5 - R 50 - 3.2
Yiu 83N-6148 3 3 5 0 0 3 5 0 208 53 73 3s
Punjab 81 3 3 5 0 ¢ 5 5 0 R 53 7 30
COQ'S'/F61.70/... - 3 5 0 0 3 0 R 53 - 28
Cook//Vee'S'Dove/Seri 8 7 8 -0 5 9 R 48 - 25
(check)
Long 82-2124-1 3 3 3 -0 3 5 - R 58 - 30
Long Mai 12 3 3 3 0 © 3 5 5 R 52 75 32
Long 83-3108 3 3 3 0 o0 3 7 3 MR 58 78 28
Insee 1 3 3 5 0 o 3 5 3 R 62 78 33
Pgo/Fury//Sim/Aldans 3 3 3 -0 3 3 - R 62 - 29
Thanh Uyen,
Local check 3 3 5 0 0 59 9 5 100S 60 78 22

Notes: Diseases recorded 85 and 115 days after sowing at Hanoi and Cao Bang, respectively. Spot blotch
and powdery mildew, scale used 0-9, 0 = rasistant, 9 = susceptible; Leaf rust: R = resistance, MR =
moderate resistance, S = susceptible. ianoi: 5 masl, latitude: 21°01 N, longitude: 105°48'E; Cao Bang: 320
masl, 22°50°N, 106°31°'E. Missing data denote line not sown at that datefocation.
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early heat tolerance, suitability for late Acknowledgment
sowing (early maturity, late heat and
drought tolerance), resistance to the disease  The authors wish to thank Dr. Christoph

complex, and yields of 2-3 t/ha under Mann for his assistance in the preparation of
farmers’ conditions. this paper.

Table 2. Yields of rice-wheat croppling pattern trials at the Vandien Experiment Station, Hanol
and under farmers’ conditions in the northern provinces of Son La and Cao Bang; means of three
crop seasons,

Average yield over 3
seasons (Vha)

Late Early Crop1 Crop2 Crop3d
spring rice rainfed ice Wheat (Rice) (Rice) (Wheat)

Van Dien, Hanol (trial)
Transplanting 25 Feb.-5 March 25 June-5 July 10 Oct.

Variety IRR! 8423 IRRI 8423 Thanh Uyen  4.78 5.04 275
IRRI 352 IRRI 352 11CM 4.86 4.66 2.95
Moc Chau, Son La (farmers’ pattern)
Transplanting 16 June-5 July 7 30 Nov.
Variety Full rainfed rice Thanh Uyen,
49CM 2.12 22

Trung Khanh, Cao Bang (farmers’ pattern)
Transplanting 15 May-15 June  Dec.
Variety Fullrainfed rice  Local variety 1.65 1.2
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Wheat Breeding Program in Northern Thailand

S. Moolsri
Samoeng Upland Rice and Temperate Cereal Experiment
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Abstract

Wheat experiments were first conducted in northern Thailand in 1934, Research, particularly

breeding, has continued until the present. Most materials, until recently, have been introduced
S ! Y

from the CIMMYT und regional National | "rograms as advanced lines and segregating

populations. In 1983, the Rice Rescarch Institute released two bread wheat varietios for

northern Thailund, Samceng 1 and Samoeng 2. In 1987, the Rice Research Institute released
two additional bread wheat varieties, Fang 60 and Phrae 60. Wheat yields in farmers’ fields are
low, about 0.6-0.7 t/ha, although the yields on experimental stations are higher. We have

recognized that there are two distinct environments under which farmers may ¢row wheat in
northern 'Ihailand—minfcd upland and irriquted lowland. With this in mind, we have changed
our breeding objectives from broad aduptation to specific adaptation towards these two differing

environments.

Introduction

Bread was first introduced to Thai urban life
by the bakery of the Oriental Hotel in
Bangkok about a century ago. The
consumption of wheat in various forms has
gradually increased over the years until
today it is 6.05 kg per capita. Currently, this
wheat is imported and costs the country
about USS80 million annually. Although
wheat consumption has doubled in the last
25 years, it is still low in comparison to the
consumption of rice (145 kg per capita).

Wheat experiments in Thailand were first
conducted in northern Thailand in 1934. The
results showed that wheat could grow well
in the upper north and experiments were
continued. The materials were introduced
from various national programs, and in
later years, from the International Maize
and Wheat Improvement Center
(CIMMYT). Initially, the introduced
materials were advanced lines to test yield
potential and adaptability. One bread wheat
line from CIMMYT, Sonora 64, was