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About ICARDA

Established in 1977, the International Center for Agricultural Research in the Dry Areas
(ICARDA) is governed by an independent Board of Trustees. Based at Aleppo, Syria, it is one
of 18 centers supported by the Consultative Group on International Agricultural Research
(CGIAR), which is an international group of representatives of donor agencies, eminent
agricultural scientists and institutional administrators from developed and developing countries
who guide and support its work.

The CGIAR seeks to enhance and sustain food production and, at the same time, improve
socioeconomic conditions of people, through strengthening national research systems in
developing countries.

ICARDA's mission is to meet the challenge posed by a harsh, stressful and variable environment
in which the productivity of winter rainfed agricultural systems must be increased to higher
sustainable levels, in which soil degradation must be arrested and possibly reversed, and in
which the quality of the environment needs to be assured. [CARDA meets this challenge through
research, training and dissemination of information in a mature partnership with the national
agricultural research and development systems.

The Center has a world responsibility for the improvement of barley, lentil and faba bean, and
a regional responsibility in West Asia and North Aftica for the improvement of wheat, chickpea,
forage and pasture—with emphasis on rangeland improvement and small ruminant management
and nutrition—and of the farming systems associated with these crops. Resource management,
with emphasis on water resources in the dry areas, is an important component of ICARDA's
mandate.

Much of ICARDA's research is carried out on a 948-hectare farm at its headquarters at Tel
Hadya, about 35 km southwest of Aleppo. ICARDA also manages other sites where it tests
material under a variety of agroecological conditions in Syria and Lebanon. However, the full
scope of ICARDA's activities can be appreciated only when account is taken of the cooperative
research carried out with many countries in West Asia and North Africa.

The results of research are transferred through ICARDA's cooperation with national and
regional research institutions, with universities and ministries of agriculture, and through the
technical assistance and training that the Center provides. A range of training programs is
offered extending from residential courses for groups to advanced research opportunities for
individuals. These efforts are supported by seminars, publications and specialized information
services.



[ ] bl O w o RN 5 b S om W B me oE . oo

D-Ahco-4

Production and Improvement of
Cool-Season Food Legumes
in the Sudan

Proceedings of the National Research Review Workshop, 2730 August
1995, Agricultural Research Corporation, Wad Medani, Sudan

Editors

Salih H. Salih
Agricultural Research Corporation, Shendi Research Station, Shendi, Sudan

Osman A. Ageeb
Agricultural Research Corporation, Wad Medani, Sudan

Mohan C. Saxena
International Center for Agricultural Research in the Dry Areas, Aleppo, Syria

Mahmoud B. Solh
Nile Vailgy and Red Sea Regional Program, ICARDA, Cairo, Egypt

Sponsors

Agricultural Research Corporation, Wad Medani, Sudan
International Center for Agricultural Research in the Dry Areas, Aleppo, Syria
Directorate General for International Cooperation (DGIS), The Netherlands

through

Nile Valley Regional Program, ICARDA, Cairo, Egypt



© 1996 The International Center for Agricultural Research in the Dry Areas
(ICARDA)
a joint publication with the Agricultural Research Corporation (ARC)
P.O. Box 126, Wad Medani, Sudan.

All rights reserved.
ICARDA encourages the fair use of this material. Proper citation is
requested.

Citation

Salih, Salih H., Ageeb, Osman A., Saxena, Mohan C. and Solh, Mahmoud B.
(eds.) 1996. Production and Improvement of Cool-Season Food Legumes in the
Sudan. Proceedings .of the National Research Review Workshop, 27-30 August
1995, Wad Medani, Sudan. ICARDA/Agricultural Research Corporation.
ICARDA: Aleppo, Syria. viii + 250 pp.

AGROVOC descriptors

Food legumes; Sudan; production; improvement; technology transfer; faba
bean; lentil; chickpea; agronomy; soil fertility; crop protection; insect pests;
virus diseases; wilt and root-rot diseases; weed control; research review.

ISBN: 92-9127-042-3
Language editor: Hala A. Hafez

ICARDA

P.0O. Box 5466, Aleppo, Syria

Phone: (963-21) 213433/213477/225112/221512
Fax: (963-21) 213490/225105

Telex: 331208/331206 ICARDA SY

E-mail: ICARDA@CGNET.COM

The views expressed in these proceedings are those of the authors and not
necessarily those of the sponsors. Maps are reproduced as submitted by the
authors; they are not intended to show political boundaries and the sponsors
hold no responsibility whatsoever in this regard. The mention of trade names
does not imply endorsement of or discrimination against any product by
ICARDA or the ARC.

1



Foreword

Faba bean, lentil and chickpea are among the most important food legume crops
in the Sudan, providing a major part of the daily diet for the population. Because
of their high protein content, they also provide a major portion of the protein
requirement to alleviate malnutrition problems in the country. Food legume
crops also play an important role in sustaining the productivity of the farming
systems in the Sudan because of their beneficial effect on the soil through the
fixation of atmospheric nitrogen.

Yield levels of food legumes have been considerably low. Because of low
production and increasing domestic demand, imports and prices of food
legumes have increased to the point of becoming unaffordable to the large low-
income sector of the population. Thus, striving to achieve self-sufficiency in
food legumes has been vital to meet local demand and reduce imports.

In its efforts to overcome the constraints hindering agricultural development,
particularly in the production of food legumes and wheat, the Sudan, through
its Agricultural Research Corporation (ARC), has joined forces with the
International Center for Agricultural Research in the Dry Areas (ICARDA) in
a collaborative program involving two other Nile Valley countries: Egypt and
Ethiopia. The Nile Valley Regional Program (NVRP) for Cool-Season Food
Legumes started in the Sudan in 1988/89 and extended to 1994/95 through the
support of the Directorate for International Cooperation (DGIS), Ministry of
Foreign Affairs, the Netherlands. Nearly a decade before, in 1979, the first
ICARDA regional outreach project—the Nile Valley Project (NVP)—had
started, initially to improve faba bean in Egypt and the Sudan, and later, in
Ethiopia as well. The project was financed by the International Fund for
Agricultural Development (IFAD) and extended through two phases from 1979
to 1985. In the third phase, Italy joined with IFAD to support NVP activities
from 1985/86 to 1987/88. The approach followed in the NVP and, later, in the
NVRP is considered as an effective methodology in technology transfer and
capacity building.

The Food Legumes Program has the overall objective of developing improved
technologies and transferring them to the farmers to enhance productivity and
yield stability of food legumes, with due consideration to the sustainability of
the farming systems under which these crops are produced. As a partner,
ICARDA collaborates with the Sudan in the development of research
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workplans, technical backstopping, the provision of germplasm and training
opportunities, and contributes to research coordination at national and regional
levels. In addition to ICARDA, ICRISAT provides chickpea germplasm,
particularly genetic stock resistant to wilt/root-rot diseases.

Technology development and transfer, undertaken by multidisciplinary and
multi-institutional teams of scientists, extension agents and farmers, resulted in
high adoption levels by farmers of improved high-yielding cultivars and
recommended cultural practices.

The emphasis of the program was on increasing yields at economically feasible
levels—one of NVRP's major objectives. Increasing productivity results in better
net returns to the farmers and contributes to alleviating poverty in rural areas.

This book documents the achievements in food legumes in the Sudan within the
NVRP in back-up research, technology transfer, human resource development
and capacity building. It illustrates the impact of investment in agricultural
research. The valuable financial support of IFAD and Italy and that of DGIS of
the Netherlands to NVRP is greatly appreciated by the Sudan and ICARDA.

Osman A. Ageeb Adel El-Beltagy
Director General Director General
Agricultural Research Corporation (ARC) ICARDA
Wad Medani, Sudan Aleppo, Syria
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Preface

The principal cool-season food legumes in the Sudan are faba bean, lentil,
chickpea, haricot bean and, to a lesser extent, field pea and lupin. The first
three crops have a significant role in the diets of the Sudanese people and
contribute substantially to the economy of the country. These crops are
gaining further in importance as a source of protein for the majority of the
population which cannot afford animal products because of escalating prices.

Research on faba bean, lentil and chickpea started long ago at Hudeiba
Research Station of the Agricultural Research Cerporation (ARC) at Ed-
Damer in northern Sudan. Work on faba bean—the most important food
legume in the Sudan—has had a particular boost since 1979 when the Nile
Valley Project (NVP) on Faba Beans was started by the ARC in collaboration
with the International Center for Agricultural Research in the Dry Areas
(ICARDA) through financial support from the International Fund for
Agricultural Development (IFAD). Because of the rapid impact achieved by
the project on faba bean improvement and production in the target areas
(because of the farmer participatory on-farm research), the research was
expanded to include other cool-season food legumes as well as wheat in
1988/89 when the Nile Valley Regional Program (NVRP) on Cool-Season
Food Legumes and Wheat was launched by the ARC and ICARDA with
financial support from the Directorate General for International Cooperation
(DGIS) of the Netherlands Government.

The overall objective of this Program was to develop and transfer improved
production technologies to the farmers to improve the productivity and
economic returns from the major cool-season food legumes and wheat,
thereby ensuring improved economic well-being of the people and
sustainability of the agricultural production system in the country.

The Program has made remarkable progress in back-up research and transfer
of technology during the seven-year period of its operation. Although the
results of the work done have been published regularly in the Program annual
reports, a collective review and documentation of results will serve as
reference and base for further research. Accordingly, a National Research
Review Workshop was organized at the ARC headquarters in Wad Medani,
Sudan, from 27 to 30 August 1995, as part of the closing activity of the
NVRP. This volume’presents the Proceedings of that Review Workshop.



The Workshop as well as the publication of its Proceedings have been
generously funded by the Netherlands Government, to whom we are greatly
indebted. We thank Dr. Hala Hafez, the production editor of the publication, for

her long hours of work in putting the Proceedings together and seeing it through
to publication.

The Editors
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Introduction

Mahmoud B. Solh
International Center for Agricultural Research in the Dry Areas/NVRSRP
Regional Office, P.O. Box 2416 Cairo, Egypt

Faba bean, lentil and chickpea are grown mainly in the northern part of the
Sudan where environmental conditions suit their production better than in other
parts of the country. Their growing season is restricted to a short period of time
by the high temperatures prevailing at the beginning and end of winter. Faba
bean is produced exclusively under irrigation, while lentil is raised mainly under
irrigation, but also after flood recession in some areas. A large area of chickpea
is grown on residual moisture after flood recession. These cool-season food
legumes provide a major source of low-cost protein for masses in the Sudan,
especially for low-income groups. Faba bean, lentil and chickpea are equally
important as income earners for their producers and contribute to soil fertility
through biological nitrogen fixation.

Faba bean is the most important food legume in the Sudan. It constitutes the
* main dish on the breakfast and dinner tables for a large sector of the population.
It has the biggest area share, averaging about 20,000 ha to a maximum of over
35,000 ha. Average faba bean yields are about 1.8 t/ha, but annual fluctuations
are considerable depending on climatic conditions, mainly temperature. In some
years the production of faba bean falls below demand and, thus, a sizeable
amount needs to be imported to bridge the gap.

Lentil used to be grown in small areas in the far north. As a result of policies
established by the government, lentil production expanded in the last decade
resulting in a remarkable increase in its area, which reached 10,000 ha in the -
1992/93 season. Lentil yields range between 0.4 and 1.4 t/ha.

Chickpea is an important cash crop in the Sudan which faces strong competition
with the other winter grain legumes—faba bean and lentil—as well as with other
cash crops like spices. Average area grown to chickpea in recent years reached
5,000 ha. Its yields range between 0.83 and 2.8 t/ha, depending on weather
conditions. Optimization of crop yields is a necessity to maintain its rank in the
existing cropping system.



Constraints that contribute to low productivity of faba bean, lentil and chickpea
include poor cultural practices used by farmers; lack of high-yielding cultivars;
stress inflicted by the harsh environmental conditions, particularly high
temperatures; diseases; insect pests; weeds; and intrinsic factors pertaining to
the sensitivity of these species to sudden changes in climatic conditions.
Irrigation water is the most important single constraint to agricultural production
in northern Sudan. As a result of the high cost of pumping water from the Nile,
irrigation water is a costly resource that justifies strict allocation among the
different crops grown.

Wilt and root-rots are the most important diseases of cool-season food legumes
in the Sudan, especially in areas where the farmers do not adhere to crop
rotations. High temperature has been considered the most important
predisposing factor for the development of wilt/root-rots in faba bean. A number
of virus diseases affect faba bean in the Sudan. These diseases, particularly the
mosaic group, appear late in the season, coinciding with the onset of the cooler
weather and the build-up of insect vector populations. Mixed infections occur
naturally, leading to substantial yield losses.

Insect pests (e.g., aphid, leaf miner, cutworm, pod borer, etc.) represent one of
the major biotic constraints that limit the production of cool-season food
legumes in the Sudan. The rate of infestation of the wide range of herbivores
which attack every part of the plants, and the magnitude of damage to the crops,
which can be tremendous, vary depending on area, season and cultural practice.
Control strategies, which should be simple and affordable, should place
minimum reliance on chemical insecticides which, in any case, are becoming
very expensive besides being hazardous to the environment and to nontarget
organisms.

The production of food legumes in northern Sudan is greatly constrained by
weeds which cause up to 80% reduction in seed yield. Weeds create serious
competition for water, nutrients and light because of the low competitive ability
of legume crops during the early stages of their growth.

Overcoming the above.constraints is only possible through the adoption of
optimum crop management practices and the use of improved, high-yielding,
adapted cultivars. The narrow genetic base of faba bean in the Sudan limits the
genetic variability of the species required for effective selection for the desirable
characters. Thus, the methodology used in faba bean improvement includes an
extensive introduction and hybridization program to create wide genetic
variability. The limited lentil and chickpea growing areas in the Sudan do not
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justify extensive breeding programs, thus, the improvemeﬁt programs rely
heavily on introduction of germplasm from ICARDA and other parts of the
world. '

The Nile Valley Regional Program (NVRP) for Cool-Season Food Legumes and
has the overall objective of developing improved technologies and transferring
them to the farmers to enhance productivity and yield stability of these food
legume crops, with due consideration to the sustainability of the farming
systems under which these crops are produced. This Program, which extended
between 1988/89 to 1994/95, is a collaborative effort between the Agricultural
Research Corporation (ARC) in the Sudan and the International Center for
Agricultural Research in the Dry Areas (ICARDA). The Program is financially
supported by the Directorate General for International Cooperation (DGIS),
Ministry of Foreign Affairs, the Netherlands.

After research workplans are jointly planned by the ARC and ICARDA, the
ARC implements the NVRP methodology in three phases. Under back-up
research, the first phase, activities cover gaps in applied research knowledge.
New areas of research are explored as well as research to resolve constraints
facing the adoption of new technologies by farmers. In the second phase, on-
farm researcher-managed trials, experiment station research findings are
evaluated for verification under actual farm conditions. The organization and
management of these trials remain with the national scientists, while the
supervision is shared between the scientists and the extension workers.
Treatments that provide larger economic returns than those traditionally
obtained by farmers are included in the third phase, farmer-managed
demonstrations. In this phase, the technologies tested successfully on farms are
demonstrated to the farmers in large pilot production fields which the farmers
lay out with advice from researchers and extensionists. Throughout the
Program, ICARDA provides technical backstopping, germplasm and
opportunities for human resource development, and contributes to program

management and research coordination. ICRISAT also provides chickpea
germplasm, with particular emphasis on resistance to wilt/root-rot diseases.

In the following chapters, a review of the research conducted in the Sudan on
the production, improvement, agronomy and protection of faba bean, lentil and
chickpea and the transfer of the recommended improved technologies to farmers
within the NVRP during the last decade is presented. Achievements and some
future directions and strategies for further work are also highlighted.



Chapter 1
Cool-Season Food Legume Production
in the Sudan
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Food Legume Production Situation

Abdelmoneim Taha Ahmed
Gezira Research Station, P.O. Box 126, Wad Medani

Abstract

Cool-season food legumes are important crop commodities produced and
consumed in the Sudan. They are a major source of low cost protein for the
middle and low income strata of the population. They are equally important
as income earners for their producers. Important crops of this category are
faba bean, lentil and chickpea. Production is concentrated in the Northern
State, taking advantage of the relatively cool winter. Area and production of
the three crops are variable, reflecting the weather conditions and, to some
extent, market and policy-related factors. Faba bean has the biggest area
share, averaging about 20,000 ha to a maximum of over 35,000 ha. Average
faba bean yields are about 1.8 t/ha, but annual fluctuation is considerable
depending on climatic conditions, more particularly temperature. Its
consumption has spread over time in all parts of the country. Production is
domestically consumed and imports have been required in seasons of short
supply. Chickpea average area before 1992/93 was 800 to 2,000 ha. Its yields
vary from 0.83 to 2.8 t/ha, depending on weather conditions. Production is
also locally consumed. Lentil used to be grown in small areas in the far north.
Due to high prices and government support, its production expanded in the
last decade reaching 10,000 ha in recent seasons. Lentil yields range between
0.4 to 1.4 t/ha. Production has been short of supply and imports are always
needed. Production is under farming systems of small private pump schemes
and some big public schemes. The crop sharing system in private schemes is
based on resource participation which creates conflicting perception among
resource owners towards technology use. In public schemes, the system is
based on fixed water charges. Generally, there has been very limited
government intervention in the production or pricing of these crop. Producers
have acquired considerable freedom in production and marketing. The
national strategy for food legumes is aiming to boost production through area
expansion and productivity increase, conservation of soil fertility and foreign
exchange generation through import substitution and export promotion.
Recently the government has been engaged in the provision of subsidized
major inputs, particularly fuel and finance. Lentil has received the highest
attention.




Consumption Demand

Traditionally, faba bean consumption has been confined to urban areas. It
has, however, spread over the last two decades to all parts of the country.
Consumption has also been rising due to urbanization, population growth,
changing consumption habits and the rising prices of meat. Faba bean is
consumed by all income groups, with the consumption in the middle class
being the highest. The per capita consumption averages 2.25 kg per month in
urban areas (Yousif 1988). The two main demand indicators—its
responsiveness to the crop price and consumers' income—are both favorable
for faba bean producers. Faba bean has a relatively low price elasticity of
demand, estimated at 0.2 (El Mubarak et al 1984). This implies that
producers can sustain higher crop prices without a considerable expected
decrease in demand. Faba bean income elasticity, on the other hand, ranges
between 0.85 and 1.48 in different areas (Yousif 1988). The measure is
showing high responsiveness of demand to income, implying that production
expansion would still be demanded.

For chickpea, there are no available estimates on consumption and demand.
The evidence, however, is that production is consumed domestically and
small imports in some years are reported. Chickpea consumption is
particularly high during the Holy month of Ramadan (the Moslem fasting
month) as an old tradition which is still observed.

For lentil, production and import records indicate that its demand has been
rising. Based on these records, the Sudan's annual consumption of lentil has
been estimated a few years ago at about 15,000 tons per annum. However,
more than 16,000 tons have been imported in 1994.

Production

Food legume production is concentrated in the Northern State, north of
latitude 16°, taking advantage of the relatively cool winters in this area.
Production takes place under farming systems of small private pump
schemes and some big public schemes. The private pump schemes are
characterized by a crop-sharing system based on resource participation. The
main parties involved are the pump owner, known also as the scheme owner,
and the farmer or tenant. The pump owner is responsible for the provision of
water while the farmer provides his labor for field operation. Other
purchased inputs and services are shared. This traditional arrangement has
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created a conflicting perception towards technology use by the desire of each

~party to adopt the technology components provided by the other party. The
situation is specifically true for irrigation water, the major component of all
technological packages.

Production in public schemes', on the other hand, is based on payment of fixed
water charges. Production decisions are almost fully under the farmers' control.
However, the government can indirectly affect production through credit and
price policies. For example, in recent years the government has been
encouraging lentil production by the provision of credit, inputs and technical
support. As a result, the lentil area is substantially expanding at the expense of
other crops.

The three crops are grown at the same time as other annual crops and some
perennials, most of which are high value crops. Given the limited cultivable area
of the region, this implies high competition for food legumes. The crop mix and
areas are determined by several factors of which market-induced ones are the
main.

Faba bean is considered among the most important annually produced crops
with respect to its share in area and farm income. Area, production and average
yield of faba bean are shown in Fig. 1. Faba bean average area is around 20,000
ha and reaches 35,000 ha in some seasons. Compared to an area of 6,700 ha in
the early sixties, considerable production expansion has taken place. Its average
yields are around 1.8 t/ha, but annual fluctuation is considerable due to weather
conditions and biological factors. However, during the last two and a half
decades, average yield has indicated-an increasing trend (Fig. 2). From 1960 to
1980, there has been an increase in area, but after 1981/82, there has not been
a consistent trend. Imports were 14,877 tons in 1991. All domestic production
is locally consumed.

Chickpea is grown in an area of about 800 to 2,000 ha (based on data collected
up to 1991/92). It is either irrigated or grown under residual moisture following
the flood. Yields vary from 0.83 to 1.8 t/ha, depending on winter temperatures
and management levels. From 1980/81 to 1991/92, area, production and yield
of chickpea have all shown an increasing trend (Fig. 3).

! public schemes are under the process of privatization,

9
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Lentil used to be grown in small areas in the past (up to the 1960s) under river
floods in the far north. Since 1984, its production has expanded due to high prices,
research input and government support with the objective of reaching self-
sufficiency. Within the past five seasons, its area and production have expanded
tremendously to reach 10,000 ha and 14,000 tons, respectively, in 1992/93. Lentil
yields range between 0.47 to 1.4 t/ha and have shown an increasing trend (Fig. 4).
As a result, lentil imports were substantially decreasing (Fig. 5). In the last two
seasons, however, the imports again have increased because of the decrease in
production after having reached self sufficiency in 1992.

The considerable yield variability in food legumes is related to weather conditions,
biological factors and levels of management practices. Given the highly
competitive nature of the production systems, production of these crops would
not be attractive with the current yield levels. Sustainable increases in yields would
be crucial for legumes to keep their well recognized position in the farming
systems of the area. Realization of high yields, however, is dependent on farmers'
adherence to improved production technology. On-farm research has proved over
the years and across locations that improved management practices are superior
to traditional practices and, therefore, they assure higher profits for farmers. This
has been shown by high yield advantages and higher rates of return on investment.
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Production Constraints

The major constraints to production of food legumes are those related to natural
resource endowments, biological factors and institutional limitations. The
limited cultivable land of the area and competition from other high-value crops
limit area expansion. Legumes are grown among a variety of other crops such
as tree crops, vegetables and spices which are all high-value crops.

The yields of legume crops are known to be sensitive to weather conditions,
particularly temperature, and are reduced by high temperatures, insect pests and
diseases. The adverse effects of natural factors are further magnified by the use
of traditional low yielding cultivars and the poor management practices.

Inadequate credit availability and marketing arrangements are also important
constraints to production expansion of these crops. The use of low levels of
inputs and practices is related to farmers' limited access to credit. Marketing and
its implication on benefit distribution is also an important issue in production
and technology use. The remoteness of the production region and its lack of
infrastructure prevent adequate interaction with the rest of the country. This has
forced small farmers to sell their products in local markets at lower prices.
There is a widely held belief that crop dealers have market power to affect
prices. This is based on the large difference between producer and consumer
prices. The implication is that benefits that accrue to marketing agents are more
than those to farmers.

The level of financial benefits to producers has been considerably influenced by
the recent open market policies. Producers have long been enjoying subsidized
inputs, particularly diesel fuel. Due to the policy change, the cost of irrigation
has undergone a three-fold increase between 1991 and 1993. Crop prices,
however, have increased less proportionately. This has been aggravated by the
lack of adequate finance. The implication is that farmers use suboptimal levels
‘of inputs.

The challenge for researchers is to develop a cost-effective production
technology that is also tolerant to natural and biological stresses. This could be
done by the development of cultivars that are resistant to insect pests and
diseases, strategies of integrated pest management and location-specific
practices with respect to input levels and practices.

13



Government Policy for Food Legumes

Generally, there has been limited government intervention in the production or
pricing of these crops, except the lentil promotion campaign mentioned earlier.
The national strategy for food legumes, however has the following objectives:

® Increase production by eight-fold by the early 2000s.

® Boost production, particularly of lentil, through area expansion and
productivity increase.

® (Conserve soil fertility.

® Generate foreign exchange through import substitution and export
promotion.
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Discussion

Q: Prof. Abdalla A. Abdalla

What are the productivity levels of faba bean that will make production profitable in
view of the high cost of fuel (LS 30,000 per barrel) in the north?

A: Hamid Faki

Fuel, which affects the cost of water provision, is one major component in production
costs that affect profitability in northern Sudan. Analysis within the project does not
cover whole crop budgets, but faba bean can be argued to have maintained its
profitability since farmers in the north who have freedom in cropping have continued
to produce the crop with varying levels depending on its profitability in individual
seasors.
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Faba Bean Improvement

Salih H. Salih' and Farouk A. Salih®
! Shendi Research Station, P.O. Box 33, Shendi
2 Shambat Research Station, P.O. Box 30, Khartoum North

Abstract

The overall objective of the faba bean breeding program in the Sudan has
been to develop genotypes having high and stable seed yields and good
quality seed, both in the traditional and new areas of production. The specific
objectives were to breed for resistance or tolerance to stress conditions
especially diseases, insect pests and suboptimal irrigation. Attempts to
change the breeding system of the species to autogamy were sought. To
fulfill such objectives, genetic variability raised by the conventional methods
of germplasm introduction, selection and hybridization, besides mutation
breeding, was utilized. Six new cultivars (SM-L, Hudeiba 93, Basabeer,
Shambat 75, Shambat 104 and Shambat 616) were released in the past eight
years as high yielders, more stable and of better seed quality. Resistant or
tolerant genotypes for powdery mildew (PM1, PM2 and F402/4) and wilt
root-rot (Shambat 104 and Shambat 616) diseases were identified. Lines
tolerant to aphids and leaf miner were also spotted as well as genotypes that
could tolerate suboptimal irrigation. Studies on the breeding system showed
that the natural outcrossing rate ranged between 12 and 41%. Most of the
local germplasm was found to possess high levels of autofertility.

Introduction

Faba bean is the most important food legume in the Sudan. It constitutes the
main dish on the breakfast and dinner tables for a large sector of the
population, especially low income groups in the urban areas. In addition, it
contributes to soil fertility through biological N,-fixation. The crop is also an
important source of income for farmers in northern Sudan. In some years the
production falls below the demand and, thus, like in 1994, a sizeable amount
needs to be imported to bridge the gap. The area under faba bean cultivation
has increased from about 7,450 ha in 1965 to about 30,000 ha in the 1994/95
season. The main production zone of the crop is the Northern State where

19

1 -
ws; T D i .!‘««.\—.5 muui Qﬁr I(# -~ ¢ g



more than 70% of crop is produced, and the Nile State which produces about
20% of the crop. Small amounts are produced in Khartoum State, central Sudan
and Jebel Marra area in western Sudan. The crop is traditionally grown on small
holdings by lift irrigation. The productivity of the crop is generally low
compared to, for example, the productivity of faba bean in Egypt where the crop
is also grown under irrigation. Constraints contributing to this low productivity
may be summarized in the following:

® Poor cultural practices practiced by farmers.

® Lack of high yielding cultivars. Most of the released high yielding genotypes
have not found their way to farmers because of seed multiplication problems.

® Stress conditjons inflicted by harsh climatic conditions, particularly the short

~ growing season, high temperatures, diseases, pests and weeds.

@ Some institutional problems related to inferior extension services, lack of
certified seed and problems pertaining to the availability of important inputs
like irrigation water and pesticides.

@ Intrinsic factors pertaining to the species itself, especially the problem of
flower and pod shedding which may amount to 90%, and which is aggravated
by harsh environmental conditions, particularly hot winds and high
temperatures.

Research on faba bean improvement has started at Hudeiba Research Station in
the Nile State in the early 1960s and in the Faculty of Agriculture at Shambat
in the mid 1960s. In 1980, research was also initiated at Shambat Research
Station in Khartoum State. Between 1979 and 1987, the Nile Valley Project
(NVP) on faba bean improvement was launched through a joint effort between
the Agricultural Research Corporation (ARC), the International Center for
Agricultural Research in the Dry Areas (ICARDA) and the International Fund
for Agricultural Development (IFAD). In 1988, the Nile Valley Regional
Program (NVRP) was initiated to cater for and strengthen back-up research and
transfer of technology on other winter legumes, besides faba bean, and wheat.
NVRP involved the ARC, ICARDA and the Netherlands Government as the
donor. As a result of NVRP efforts, substantial information on the crop
improvement has been generated. Improved packages of production, through
which the productivity could be highly boosted, were demonstrated on lots of
farmers' fields. Remarkable results were obtained. Through the NVP/IFAD and
later NVRP/Netherlands endeavors, faba bean production has been advanced to
new areas in central Sudan where land and water are more abundant.
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This review discusses and summarizes the breeding work on the improvement
of faba bean to date with emphasis on achievements under NVRP. Some future
directions and strategy for improving this crop are mentioned.

Objectives

The objectives of the faba bean improvement program in the Sudan may be
summarized as follows:

@ Breeding for high seed yield and yield stability in the traditional and new
areas of production.

& Breeding for better seed quality.

® Breeding for resistance or tolerance to biotic stresses, namely, diseases,
insect pests and less watering.

® Breeding for early maturity and tolerance to abiotic stresses, namely, limited
moisture (less watering) and high temperatures.

@ Studying the crop breeding system in an attempt to change the system to full
autogamy.

Methodology

In order to achieve the above objectives, the program aimed at increasing the
genetic variability of the species to enable effective selection for the desirable
characters. The genetic base of this crop is considered to be narrow in this
country. To broaden this base, the conventional methods of plant breeding have
been used, namely:

® [Introduction of exotic germplasm. More than 2,000 accessions have been
imported since the mid 1960s from different places including Egypt,
Ethiopia, ICARDA, Europe and the former USSR.

® Selection from local landraces. Hundreds of single plant and mass selections
were made from different production areas in the country.

@ Hybridization among the local and introduced material for attributes of
interest by using single, triple, back and multiple crossing. Mutation breeding
through x-irradiation has also been used. Few Sudanese cultivars were
irradiated in Sweden in the early 1970s, and as a result, many mutants
differing in seed characteristics, resistance to diseases and other traits were
obtained.
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The elite selections raised through these methods were usually maintained,
multiplied and purified under insect-proof cages for a number of generations
before evaluation. The evaluation of the material was carried out using the
conventional procedure of testing in preliminary, advanced, national and/or
verification yield trials. The preliminary testing was carried out in the research
station where the material was raised; the advanced and national testing was
usually done in a number of research stations or research sites, while the
verification test was conducted on farmers' fields before varietal releases.

Achievements

High Seed Yield, Yield Stability and Better Seed Quality

It is known that seed yield has low heritability because of the strong influence
of environmental effects (Lawes ef al. 1983), and thus efforts were made to
develop selection indices based on other characters correlated with yield and
having high heritability.

The main criteria used for selection were a high number of pods per plant, as
this was found to be highly correlated with seed yield (Kambal 1969; Yassin
1973), and large or medium seed size. This last character is one of the most
stable in faba bean (Dantuma and Thompson 1983) and thus increases in faba
bean yields are more likely to occur with larger seed size (Lawes ef al. 1983).
Larger seed size is also a quality character that is preferred by consumers in the
Sudan (Ali 1983).

At Hudeiba Research Station, the first released cultivar, BF 2/2, was a single
plant selection from the local 'Baladi' genotype (Mutwakil, 1968, personal
communication). The cultivar Hudeiba 72 was a selection from an Egyptian
variety 'Rebaya’ and was released in 1972 for its higher yield and stability than
other genotypes (Yassin 1973). These two cultivars, however, are no longer
available to farmers.

In the early 1980s, new programs were launched at Hudeiba and Shambat
research stations to breed for better performing genotypes. Since then, six new
cultivars have been released in the traditional and new areas for their high yield,
good stability and seed quality. In 1987, the genotype SM-L, bred at Hudeiba
Research Station, was released under the name 'Selaim Improved' for the now
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Northern State. The good performance of this cultivar, indicated by Salih and
Ali (1989), may be seen in Tables 1 and 2. In 1993, two other genotypes: Bulk
1/3 and BB 7, also bred at Hudeiba, were released under the names "Hudeiba 93'
and "Basabeer', respectively (S. Salih ef al. 1993). Tables 3, 4, 5 and 7 show the
performance of these cultivars. The genotype 00616 was also released in 1993
for the new areas under the name of 'Shambat 616’ (F. Salih ef al. 1993a).
Tables 6 and 7 indicate the superiority of this line. However, two other
cultivars, 'Shambat 75' and 'Shambat 104', had already been released. The first
was released for Rahad area (Salih and Mohamed 1992) and the other for Gezira
(F. Salih 1992). Shambat 75 is more stable in yield and of better seed quality
than the check cultivar (Table 8), while Shambat 104 is more yielding than the
check cultivar (Table 9). A summary of the characters of the above-mentioned
six cultivars is presented in Table 10.

Table 1. Seed yield of eight faba bean lines grown in Selaim area during the
1981/82-1984/85 seasons.

Season/Seed yield (kg/ha) Relative mean
Line yield (%)
1981/82 1982/83 1983/84 1984/85 Mean

SM-L 3173 3655 2824 2369 3005 128
NEB 42485 3399 4063 2874 1680 3004 128
NEB 152S 3211 4101 2844 1271 2857 121
Hudeiba 72 3013 3166 2383 1661 2556 109
BM 9/3 2928 2972 2572 1401 2468 105
188 x GI 2496 3475 2158 1457 2397 102
ZB-M 2628 3062 2208 1290 2297 98
Local 3006 3153 2238 1023 2356 100
Mean 2982 3456 2513 1519

SE () 217 313 278 321
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Table 2. Some seed quality attributes for eight faba bean lines grown in
Selaim area. '

'Character
Line 100-seed % non-soakingt Protein content§ Cooking time
wt.T (g) seeds (%) (min)
SM-L 54.9 4.5 31.1 170
NEB424S 413 7.4 29.7 165
NEB 152 8 43.6 9.8 30.1 185
Hudeiba 72 42.5 13.1 29.6 185
BM 9/3 37.5 10.5 30.2 185
188 x GI 40.3 10.5 30.2 165
ZB-M 38.7 10.9 29.6 165
Local 55.4 3.6 30.8 235

1, 1, § Average of four, three and one season data, respectively.

Table 3. Average seed yield of some faba bean selections for three seasons
in different locations.

Season/Seed yield (kg/ha)

Genotype 1990/91F 1991/92f 1992/93t  Mean
Bulk 1/3 (Hudeiba 93) 2053 3771 4110 3311
Cross 42 1597 3598 4207 3134
SM-L 85/1/1 1641 3587 3963 3064
H.72/71 1617 3431 4138 3062
H.72/4 1307 3390 4244 2980
ZBF 9/4 ' 1138 3674 4105 2972
Cross 40 1256 3784 3818 2953
W 2/1 1577 3528 3716 2940
ZBF 3/3 1317 3179 4207 2901
Hudeiba 72 (check) 1514 3202 3804 2870
7ZBF 1/1 1362 3354 3818 2845
F 402/4 1244 3262 3960 2822
BF 2/12/2 1244 3405 3752 2800
Cross 4B/1 909 3114 3788 2504
Mean 1413 3455 3974

1, 1 Means of two and three locations, respectively.
Source: S. Salih et al. (1993).
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Table 4. Seed yield of some promising faba bean lines at various locations,

1991,
Location/Seed yield (kg/ha)

Genotype Hudeiba Shendi Shambat Wad Medani Mean
BB 7 (Basabeer) 1050 2587 1497 3069 2051
Bulk 1/1 678 2264 1754 3222 1980
Hudeiba 72 (check) 681 2080 1739 3111 1903
ZB 1/1 660 2061 1590 3181 1873
0094 624 1995 1860 3014 1873
557/80 617 1626 2130 3042 1854
00564 679 1668 2106 2944 1849
Kadabas 1/1 698 1537 1888 3181 1824
00594 478 1555 1929 3319 1820
00605 599 1170 1803 3097 1667
7ZB2 953 1958 1153 2292 1589
Mean 701 1864 1768 3043 1844
SE (+) 176** 221% 09** 237* 95

* #% Significantly different at the 5% and 1% levels, respectively.

Source: S. Salih et al. (1993).

Table 5. Seed yield of faba bean lines in the national verification trial at
various locations, 1992/93 season.

Location/Seed yield (kg/ha)

Genotype Hudeiba Wad Medani Faki Hashim Shambat Gezira Rahad Jebel Marra Mean
BB 7 430Dt 49703 5.35(8) 390 (2) 4.54(1) 2.29(1) 3.72(2) 4.15
(Basabeer)

Bulk 1/3 3.54(8) 524 (1) 5.70 (5) 423(1) 3.69(3) 2.06(7) 3.77(1) 4.03
(H.93)

00616 3.86(4) 4.86(4) 5773) 3.76(3) 435(2) 222(4) 3.05(5)  3.98
00594 3.94(3)  4.99(2) 6.54(1)  3.58(7) - 3.58(7) 2.19(6) 3.24(3)  3.93
00634 3.62(6) 422(7) 576(4) 339(5) 3.95(4) 2242 291(6) 3.73
557/80 405(2) 3.69(8) 5.54(7) 3.40(4) 417(3) 222(3) 3.06(4)  3.73
BF 2/2/8/1 3.63(5) 4.43(6) 6.06(2) 3.35(6) 3.43(8) 1.94(8) 291(7) 3.68
H.72 355 4,78 (5) 5.68 (6) 268(3) 3.85(5) 220(5) 2.90(8) 3.66
(check)

Mean 3.81 4.65 5.80 3.47 3.94 2.17 3.19 3.86
SE () 0.35 0.28 0.28 0.20 0.37 0.09 0.27

SD 0.62 0.49 0.48 035 0.65 0.16 0.46

CV (%) 16.3 10.5 8.3 10.1 16.5 74 14.4

T Numbers in parentheses indicate rank.
Source: F. Salih et af. (1993b).
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Table 6. Comparative performance of faba bean line 00616 (Shambat 616)
and the mean of Hudeiba 72 and BF 2/2 (checks) in seed yield in different
seasons.

Genotype/Seed vield (kg/ha)

o/ :
Season | 00616 Checks 0% Increase
1982/83 2966 2358 26
1983/84 1750 1302 34
1984/85 . 1380 1588 -15
1985/86 3679 3026 22
1986/87 2078 1725 21
1987/88 3084 2256 37
1988/89 2734 2391 15
1989/90 2785 2868 -3
1989/90 2461 1925 28
1989/90 2250 1795 25
1990/91 1033 658 : 57
1990/91 1436 1252 15
1991/92 3593 3212 12
1992/93 - 1 4020 3600 12
Mean 2518 2140 18

Source: S. Salih et al. (1993).

Table 7. Some seed quality attributes for the eight faba bean genotypes
tested in the verification yield trial (VYT), 1992/93.

G Quality trait
enotype % hard seeds % total defective seeds Protein (%)

BB 7 6.9 9.7 34.7
Bulk 1/3 7.6 9.5 35.5
00616 8.9 11.4 29.2
00594 94 13.4 35.0
00634 7.9 _ - 115 33.9
557/80 8.9 11.8 , 35.1
BF 2/2/8/1 52 7.8 35.0
Hudeiba 72 8.2 14.7 34.6
Mean 7.9 11.2 34.1
SE () 0.35 0.63
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Table 8. Some yield components and seed quality attributes of 12 faba bean genotypes grown in Rahad area,

1987/88 season.

Breeding No.of 1000-seed Total defective  Hard Hydration = Cookability Tannic acid Crude
line pods/plant wt. (g) seeds (%) seed (%) coefficient (%) (%) (%)  protein (%) .
71 19.1 443 11.3 10.9 174 37.2 0.05 274
70 155 413 11.9 11.3 174 1352 0.06 27.8
75 18.4 417 59 4.7 193 30.5 0.06 28.0
656 18.6 413 10.4 9.6 173 31.8 0.04 27.1
72 15.5 423 12.6 11.0 179 31.8 0.07 28.1
BF 2/2 18.4 390 13.4 12.7 175 27.8 0.07 29.0
7 18.1 - 407 10.2 9.6 174 35.2 0.05 27.9
633 20.2 424 11.9 10.9 172 36.0 0.04 " 278
35 15.6 420 16.7 16.1 167 425 0.06 26.2
634 18.2 415 12.8 12.4 168 41.0 0.06 294
532 19.2 395 6.2 6.0 180 355 0.04 29.0
80 17.2 433 13.1 12.0 178 28.2 0.07 30.0
Mean 17.8 416 11.4 10.6 176 34.4 0.06 28.1
SE (%) ' 1.0 0.9 31 2.3 0 0.5




Table 9. Comparative performance of line 00104 (Shambat 104) and the
mean of Hudeiba 72 and BF 2/2 (checks) in seed yield in different
experiments and seasons.

Genotype/Seed yield (kg/ha)

Seasont 00104 Chooke Increase (%)
1981/82 1831 1070 71
1982/83 3183 2456 30
1983/84% 2679 2214 21
1983/84% 1761 1550 14
1984/85 1308 1389 -6
1986/87 2079 ' 1709 22
1987/88 2073 1942 6
1988/89 3245 3054 7
1989/90 3183 2825 13
Mean 2371 2023 20

T Results from 1985/86 not available. .
T Two separate trials were executed in 1983/84, one at Shambat, the other at Wad Medani. In
both trials the genotypes were different except for a few common genotypes.

Breeding for Tolerance to Stress Conditions

Diseases and insect pests are among the major constraints of faba bean
production in the Sudan. Although these hazards are amenable to control
through cultural or chemical methods, the best and cheapest method of control
remains to be through breeding resistant/tolerant genotypes. Breeding of tolerant
genotypes that give reasonable yields under suboptimal irrigation is another goal
of faba bean breeding for stress conditions.

Breeding for resistance to diseases

Powdery mildew. In the Sudan, powdery mildew is caused by the fungi
Leveillula taurica, Erysiphe pologoni and Odium sp. (Hussein and Freigoun
1979). The disease used to be very serious on faba bean in the Sudan in the
1950s and 1960s. Tarr (1955) reported losses of up to 50% in yield due to
defoliation and desiccation of the plant. The incidence of the disease, which is
usually pronounced in late-sown crop, is now generally decreasing.
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Table 10. Faba bean released cultivars in the last eight years.

Cultivar Year of Attributes - Areaof Breeder
release release

Selaim 1987  High seed yield (> 20% over check). Northern Salih H.

Improved Better seed quality. State Salih

(SM-L) Tolerant to aphids.

High degree of autofertility.
Shambat 75 1990  High and stable yield (8% over check). Rahad  Farouk

Good seed quality. area A. Salih
Shambat 104 1990  High and stable yield (20% over check). Central Farouk
Early maturing, Sudan  A. Salih

Tolerant to seedling diseases.

Hudeiba 93. 1993  High and stable yield (12% over check). River NileSalih H.
Better seed quality. State and Salih
Tolerant to moisture stress. new areas
High degree of autofertility.

Basabeer 1993  High and stable yield (20% over check). River Nile Salih H.
Good seed quality. State and Salih -
Tolerant to moisture stress. new areas
High degree of autofertility.

Shambat 616 1993  High and stable yield (18% over check). Central Farouk
Acceptable seed quality. Sudan  A. Salih
Tolerant to seedling diseases.

Around 1965; Mutwakil (personal communication) identified a powdery mildew-
resistant, but unadapted, Russian genotype that was crossed with local material.
Unfortunately, no conclusive results were obtained since evaluation for
resistance to the disease was usually carried out under natural conditions of
infection which vary from one season to another. Resistance to this disease was
also sought through mutation breeding where some promising selections were
raised from local genotypes treated by x-irradiation in Sweden (T. Yassin and F.
Salih, personal communication). However, S. Salih (1992, 1993) was able to
select at least three genotypes, namely, PM1, PM2 and F402/4 that were resistant
to the disease. The first two selections were from the local collection, while
F402/4 was a single plant selection from the Egyptian cultivar Giza 402.

Seedling diseases. Wilt and root-rot diseases, which are attributed to Fusarium
oxysporum and F. solani £. sp. fabae, respectively, are the most important fungal
seedling diseases of faba bean in the Sudan. The disease complex is aggravated
by high temperatures and thus poses a problem in the new areas of production in
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central Sudan. Hundreds of local and introduced accessions were screened. for
resistance to this complex in sick plots. No good source of resistance has yet
been discovered but many tolerant lines were identified; of these are the cultivars
released for the new areas: Shambat 104 (F. Salih 1992) and Shambat 616 (F.
Salih et al. 1993a).

Virus diseases. About 10 viruses have been reported to attack faba bean in the
Sudan. Among these, Bean Yellow Mosaic Virus (BYMYV), Bean Leaf Roll
Virus (BLRV) and Broad Bean Mottle Virus (BBMYV) are the most important
(see the review on virus disease on faba bean in these proceedings). A number
of genotypes were screened for resistance to these viruses. Noticeable degrees of
variability were found among these genotypes in their reaction to the diseases,
‘but as yet no resistant line could be identified.

Breeding for resistance to insect pests

Aphids and the leaf miner, found in the new areas, are the most important faba
bean pests. At Hudeiba and Shambat research stations, many local and
introduced accessions were screened for resistance to aphids. However, many
lines, including the released cultivar Hudeiba 72, were identified as tolerant to
the insect (see the entomology report in these proceedings). One introduced line
from Egypt, called 'Pakistani’, was found to be immune to aphids but,
unfortunately, gives very small seed yield and poor seed quality. The line could
be hybridized with the released cultivars to transfer this character.

On the other hand, hundreds of breeding lines and cultivars were evaluated for
resistance to leaf miner at Gezira Research Station in central Sudan. About 40
lines were identified to have some degree of tolerance to this pest (Sharaf Eldin
and El Amin 1994). :

Tolerance to limited moisture conditions

The studies carried out to investigate the adoption of the improved cultural
practices of faba bean in northern Sudan, consistently indicated that the
recommended irrigation regime, in particular, was the least adopted by farmers
for various reasons (Ahmed 1991, 1992, 1993). Therefore, if some genotypes that
gave reasonable seed yields under suboptimal irrigation could be identified, that
would be a significant achievement. For this reason, a number of promising
genotypes were evaluated for three seasons under different watering regimes at
Hudeiba. Some lines, including the released cultivars Hudeiba 93 and Basabeer,
were identified as tolerant to less water application (S. Salih ez al. 1993; also see
the report on food legumes water relations in these proceedings).
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Studies on the Breeding System

One of the characteristics of faba bean is its large and unpredictable variation
in yield in different locations and seasons. One of various reasons for this
instability in yield is thought to be the partial dependence of the crop on insects
for pollination since it is partially an outcrossing species.

In recent years, several breeding programs have concentrated on developing
autofertile lines that do not depend in their fertilization on flower tripping by
insects. This is expected to improve the yield stability of the crop (Lawes et al.
1983) and would allow populations and segregants to be screened and
multiplied under open pollination (Hawtin 1982).

Two aspects of the faba bean breeding system have been investigated in the
Sudan: the estimation of the degree of natural outcrossing and the evaluation of
some genotypes for their degree of autofertility. These studies will formulate a
basis for the attempts to change the breeding system of this species to autogamy.

Estimation of natural outcrossing

The first study in this respect seems to be that of Kambal (1969) at the Faculty
of Agriculture at Shambat in Khartoum State. He found the outcrossing to range
between 35.8 and 42.1%. Salih (1987) found the range to be between 12 and
18% at Hudeiba in the Nile State. Recently at Shambat, Salih et al. (1994) found
the outcrossing to range between 14.2 and 17.4%.

Assessment of the degree of autofertility

This study was carried out mainly on local lines and cultivars. The study of
Salih (1987) at Hudeiba Research Station revealed that most of the lines tested
showed a high degree of autofertility. That study confirmed the work of Saxena
et al. (1981) and Hawtin'(1982) who found the cultivar Hudeiba 72 to be highly
autofertile, and in fact, that might explain the result obtained by Yassin (1973)
in which he showed this cultivar to have good yield stability. The recent
evaluations carried out at Shambat and Hudeiba also showed many lines to
possess high degrees of autofertility. The work carried out by Kambal (1969) to
study the manual tripping on pod set of six genotypes showed that the line IW
did not respond to manual tripping and showed the highest capacity to set pods
without flower manipulation.
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Futui Directions

The work on faba bean improveme: " in the Sudan revealed that the bulk of
the introduced germplasm was not adapted and thus could not be used
directly. All of the released cultivars in the last decade were from local
selections. This fact necessitates launching proper and intensive campaigns
for collection of local germplasm, especially from Merawi and Wadi Halfa
areas in the Northern State and Jebel Marra in western Sudan. Nevertheless,
germplasm introductions fom abroad should continue as a source for
desirable traits.

The prime breeding objective will remain to breed for high and stable yields,
especially for new areas of production where land and water are abundant
and thus suggested for future horizontal expansion of the crop area. In this
context, genotypes that are early maturing, tolerant to heat, salt toxicity and
wilt/root-rot complex and of better seed quality will be important. Screening
for resistance to wilt/root-rot complex necessitates the establishment of
proper sick plots in Shambat and Wad Medani research stations.

Other important areas are breeding for resistance to viruses where promising
material is still lacking, continuing screening for tolerance to aphids and leaf
miner insects, and breeding for better nitrogen fixation in the new areas in
collaboration with rhizobiologists.

Screening for specific traits contributing to high seed yield and stability, e.g.,
high autofertility, independent vascular system (IVS), closed flower and high
number of seeds per pod should continue.
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Discussion

Comment: M.B. Solh

Considering the efforts of NVP in expanding faba bean to nontraditional areas south of
Khartoum, placing future emphasis on breeding for these areas may be a waste of time,
since faba bean expansion in Gezira is not expected to develop and we already have two
released cultivars. My second point is that, based on the literature and on experience,
tolerance of faba bean and chickpea to salinity is not expected to yield tangible results
or economic yields. Thus, one would save such efforts for other breeding objectives.
Thirdly, please specify resistant genotypes or give the reference where they may be
found.

A: Salih H. Salih

First, the production of faba bean in the new areas south of Khartoum is a debatable
issue. If it is decided to extend faba bean production in that area, whether by policy
makers or by farmers, then we are suggesting some areas that could be researched so
that the crop gives high productivity. Second, salinity does not pose a problem for faba
bean in the traditional areas of production, but it might be a problem in the new areas
if it is decided to extend the production of this crop there. Third, the names of tolerant
genotypes to disease and aphids are mentioned in the text. Those tolerant to leaf miner
will be given. More details will be given in the entomology and pathology reviews.

Comment: M.B. Solh

There is a need to specify the breeding methodology (i.e., pedigree vs. bulk or modified
bulk, introduction) and provide the flowchart for evaluation (type of trials). There is also
a need to include a table of the cultivars, characterlstlcs adaptation, year of release, and
responsible researchers.

A: Salih H. Salih

Some of the methods are mentioned in the text, more information will be given. The
table requested will be provided (Table 10).
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Q: Ali Kambal

Please comment on the following points: (1) Although there are many released cultivars,
they did not reach the farmer; (2) the fate of 'Habashi' (autofertile) and the 'Russian’
cultivar (powdery mildew resistant); and (3) the breeder has moved from Hudeiba to
Shendi, whereas the main area is the Northern State.

A: Salih H. Salih

(1) Yes, the released cultivars have not reached the farmers and this is one of our
headaches. Multiplication and distribution of seeds is the responsibility of the Seed
Propagation Administration. Unfortunately, for various reasons, they could not satisfy
this objective. Yet, at the ARC we are trying to increase the released cultivars, and this
season, for example, we had about 4.5 tons from the cultivar SM-L. (2) Unfortunately,
'Habashi' and the 'Russian’ genotype are no longer in our germplasm collection. (3)
Fortunately, Dongola Research Station has now been established and two agro-breeders
were posted there.

Q: Mohamed A. Gabbar

We have observed faba bean and chickpea grown in Gezira around wheat fields, and
their production is now available in the market. Does this mean that the crops can be
successfully grown?

A: Salih H. Salih

Faba bean could be successfully grown in central Sudan including Gezira, and that was
verified by the extensive research work conducted for a number of seasons in central
Sudan. Chickpea is a successful crop also in Hawata area in central Sudan. An area of
approximately 1680 ha is usually grown there on residual moisture when the Rahad
River recedes.

Q: G.S. Youssef
I would like to know the methodology in testing or breeding for tolerance. Also,

immunity has not been recorded for aphids. Does the 'Pakistani’ line belong to the same
species as Vicia faba?
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A: Salih H. Salih

Assessment of aphid tolerance in faba bean is usually carried out under bee-proof cages
with artificial infestation. This is thought to create a good microenvironment for aphid
multiplication. The genotype Pakistani' was found to be highly resistant to aphids. This
genotype is a Vicia faba cv. minor.

Q: Mostafa Bedier

What were the experimental designs used to select new cultivars vs. local varieties? By
knowing the design, the analysis could be easily carried out and the selection of new
cultivars could be clear cut from the statistical point of view.

A: Salih H. Salih

In faba bean, we found the randomized complete block design to satisfy our evaluation

since we handle quite a large number of genotypes. For assessment of genotypes to
stress conditions, we sometimes use a split-plot design.
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Lentil Improvement

Abdalla Ibrahim Sheikh Mohamed
Hudeiba Research Station, P.O. Box 31, Ed-Damer

Abstract

Lentil (Lens culinaris M.) improvement is confined to the introductions of
advanced breeding lines and germplasm received mostly from ICARDA and
the region. It involves selection based on multilocation performance. The
superior performance of promising lentil genotypes for grain yield and
agronomic characters under farmer conditions at Rubatab, Wad Hamid and
Jebel Marra areas in the Sudan over several seasons justified the release of
the lines ILL 813 and ILL 818, to farmers in the Sudan under the names
Rubatab-1 and Aribo-1, respectively. The ongoing evaluation under farmer
conditions showed promising large-seeded yellow cotyledon-colored lines,
such as ILL 4605, ILL 6004, and ILL 6806, for potential releases as large-
seeded cultivars in the Sudan. Evaluation of promising germplasm under
station conditions at Hudeiba and Shendi revealed superior lines in grain
yield and/or seed size, such as Flip 84-51L, Flip 84-112L, ILL 7210, ILL 7212,
ILL 7617 and ILL 6465, compared to the checks.

Introduction

The relatively longer and cooler winter season in the north of the Sudan is most

favorable for lentil production (El Sarrag and Nourai 1983; Sheikh Mohamed

et al. 1989). Recently, however, the crop showed good performance at the lower

wadis of Jebel Marra area due to the favorable microclimate generated by the
effect of the high altitude (3000 m asl) (Sheikh Mohamed et al. 1994). The lentil
improvement program in the Sudan is based on introductions, evaluation and

selection within advanced breeding lines and germplasm introduced mostly

from ICARDA and the region. This is simply because the lentil area in the

Sudan is limited and does not justify an extensive breeding program including

hybridization. The objective of this paper is to review the lentil improvement

program and present cultivar recommendation for growth in the Sudan.
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Release of Cultivars

In view of the evaluation of hundreds of lentil (Lens culinaris M.) germplasm
received from ICARDA in the seventies and eighties, four small-seeded lines
(ILL 788, ILL 795, ILL 813 and ILL 818) and two large-seeded lines (ILL 4606
and ILL 6004) were evaluated for grain yield and agronomic characters under
farmer conditions in Rubatab area (Kudig 19°N, 33°E), Shendi area (Wad
Hamid 16°N, 33°E), and Jebel Marra area (Zalengi 14°N, 25°E) in the 1990/91,
1991/92, and 1993/94 seasons for comparison with the check Selaim.

The lines showed significant differences in grain yield at Wad Hamid and Jebel
Marra locations while no significant differences were observed at Rubatab. The
yield data over locations and seasons showed that the best line was ILL 818 (2.9
t/ha) followed by ILL 813 (2.8 t’ha) exceeding the check Selaim (2.6 t/ha) by 11
and 6%, respectively (Table 1). The grain quality was analyzed at the Food
Research Center in Shambat. The protein content of the lines was high, ranging
from 26 to 30%; the best lines in protein content were ILL 818 followed by ILL
813. Grain dehulled percentage was high, ranging from 86 to 94% (Table 2).
These results justified recommending the lines ILL 813 and ILL 818 in
December 1993 and releasing them to farmers in the Sudan under the names
Rubatab-1 and Aribo-1, respectively (Sheikh Mohamed et al. 1989, 1994).

Table 1. Grain yield of lentil lines in Rubatab, Wad'Hamid, and Jebel
Marra averaged over the 1990/91 to 1992/93 seasons.

Grain yield (kg/ha)/Location

Line — Mean % increase
Rubatab Wad Hamid Jebel Marra over check

ILL 818 1762 4542 2450 2918 11

ILL 813 1894 4683 1823 2800 6

ILL 795 1652 4398 1950 2733 4

ILL 4605 1700 3475 2140 2438 -7

Selaim (check) 1852 4216 1630 2630

SE (&) 212 155 116

Signif. level ** * ¥

** = Significant difference at the 1% level.
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Table 2. Protein content and grain dehulling properties of promising lentil
lines.

Grain dehulling properties (%0)T

Location/line Protein (%)
Dehulled Undehulled Broken Extraction
Rubatab
ILL 795 26 92 8 3 82
ILL 813 29 94 6 3 78
ILL 818 28 86 14 3 82
ILL 6004 27 96 4 1 82
ILL 4605 28 94 6 1 82
Selaim (check) 26 90 10 3 75
Wad Hamid
ILL 795 29 82 18 3 79
ILL 813 28 94 6 3 78
ILL 818 30 86 14 3 79
ILL 6004 24 91 9 1 80
- ILL 4605 29 87 13 2 79
Selaim (check) 28 78 22 3 74

T Dehulling was performed using the Tangential Abrasive Dehulling Device (TADD).

Selections for Desirable Traits

Along with the evaluation under farmer conditions, on-station selection of lentil
material for adaptability, high yield, earliness, and large seed size has been
ongoing from the early nineties at Hudeiba (17°N, 34°E) and Shendi (16°N,
33°E) research stations. The most promising lines with high yield and/or large
seed size compared to the checks, shown in Table 3, were selected. Some lines
such as Flip 84-5IL, Flip 84-112L, ILL 7212, and ILL 6717 outyielded the check
(Selaim) by more than 50%, while other lines such as ILL 6465 and ILL 7210
were better than the check in seed size by more than 50% (Table 3). These lines
will be further tested in yield trials or made use of in hybridization programs
which will be initiated for better performance in earliness, seed size and high
grain yield.
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Table 3. Grain yield and seed weight of promising lentil linesT of advanced
breeding lines and germplasm accessions.

Line Grain yield (kg/ha) 1000-seed weight (g)
Flip 84-51L 2286 47
Flip 84-112L 2041 47
ILL 6465 1740 75
ILL 7210 760 50
ILL 7212 1458 44
ILL 7217 2188 54
ILL 7617 2208 43
H4/3/81 1543 33
H5/8/81 1743 31
Selaim (local check) 1316 30
SE (+) 150

Significance level ** *

* ** = Significant difference at the 5% and 1% levels.
T Large-seeded > 30 g.

Additional germplasm received from ICARDA and local material were
evaluated in the early nineties. Four promising yellow cotyledon large-seeded
lines (ILL 4605, ILL 6002, ILL 6004, and ILL 6806) and three red cotyledon
medium-seeded lines (ILL 6024, ILL 6467, and ILL 795) were selected and
grown under farmer conditions in various locations in two seasons (1993/94 and
1994/95) in comparison to the checks (Aribo-1, Rubatab-1 and Selaim) which
are red cotyledon small-seeded types.

The lines showed significant differences in grain yield and 1000-seed weight in
all locations (Tables 4 and 5). Most of the lines were significantly better than the
checks in seed weight but this was not reflected in grain yield except in line ILL
4605 in 1993/94 at Rubatab (Tables 4 and 5).

Wilt/root-rot disease incidence was monitored at Hudeiba and Rubatab in
1993/94 and 1994/95. The lines evaluated showed significant differences in
disease incidence in 1994/95 at Rubatab, while no significant differences were
observed at Hudeiba in the two seasons (Table 6).
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Table 4. Grain yield of the lentil lines in multilocations averaged over the
1993/94 and 1994/95 seasons. '

Grain yield (kg/ha)/Location

Line Rubatab Hudeiba  Wad Jebel  Mean
Hamid Marra

ILL 795 1489 1129 1650 1435 1426

ILL 4605 1813 864 1265 1209 1288

ILL 6002 1650 960 850 915 1094

ILL 6004 1443 617 575 990 906

ILL 6024 - 1328 966 1388 1182 1216

ILL 6467 1587 1126 1738 966 1354

ILL 6806 1593 043 1100 1139 1194

Rubatab-1

(improved check) 1250 1049 1663 1525 1372

Aribo-1 ,

(improved check) 1173 1187 1638 1520 1379

Selaim | * .

(local check) 1762 862 1762 1293 1414

Mean 1509 970 1363 1217

SE (%) 200 100 158 . 60

CV (%) 28 20 23 10

Significance level * o *%

* ** = Significant difference at the 5% and 1% levels, respectively.
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Table 5. Seed weight of lentil lines in multilocations averaged over the

1993/94 and 1994/95 seasons.

1000-seed weight (g)/Location

Line Rubatab Hudeiba Wad  Jebel =~ Mean
Hamid Marra

ILL 795 28 19 26 30 26

ILL 4605 o 36 32 27 40 34

ILL 6002 41 35 31 42 37

ILL 6004 44 35 31 47 39

ILL 6024 31 29 30 31 30

ILL 6467 30 26 28 31 29

ILL 6806 36 32 31 44 36

ILL 795 28 19 26 30 26

Rubatab-1

(improved check) 28 21 25 30 26

Aribo-1

(improved check) 29 23 25 29 27

Selaim : '

(local check) - 27 18 24 30 25

Mean 33 27 28 35

SE (%) 1 1 1 1

CV (%) 6 8 9 7

Significance level ** *x ** *¥

** = Significant difference at the 1% level.
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Table 6. Wilt/root rot disease incidence in lentil lines at two locations,
1993/94 and 1994/95.

Disease incidence (%)/Location

Line ~ Hudeiba Rubatab
1993/94  1994/95 1993/94  1994/95
ILL 795 30.11 1.6% 2.4% 2.6%
ILL 4605 252 2.1 3 2.6
{LL 6002 26.4 1.3 3.1 1.6
ILL 6004 25.8 1.3 2.8 24
ILL 6024 177 15 2.6 1.6
ILL 2467 30.6 1.2 2.6 2.4
ILL 6806 222 2.1 29 2.5
ILL 795 30.1 1.6 2.4 2.6
Rubatab-1
(improved check) 31/4 1.7 2.6 1.9
Aribo (improved check) 29.4 1.5 2.5 2.1
Selaim (local check) 15.2 1.3 2.5 2.1
SE (£) 46 027 0.16 0.13
Significance level NS NS NS ork

T Percentage values transformed to arc sine.
I Percentage values transformed to square root of (x+1).
*** = Significant difference at the 0.1% level; NS = Not significant.

Future Considerations

® Seed multiplication of released lentil cultivars is urgently needed.

® On-farm evaluation of promising lines is necessary for further flow of
cultivar release. '

® Germplasm enhancement on-station should be strengthened by generating
variability through hybridization, pedigree and modified bulk selections..

® Evaluation of material under stress conditions such as residual moisture, high
temperature, and diseases, mostly wilt/root-rots, will be given priority.
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Discussion
Q: M.S. Mohamed

Why is the cooking quality of Sudanese lentil not good and efforts are being made to
improve it?

A: A. Ibrahim Sheikh Mohamed

Cooking quality is mainly a soil-type problem. If you grow lentil in good silty soils you
will get good quality lentil. If grown on saline or sodic soils, hard-seeded types are
produced.

Q: A. Kambal

There is emphasis in the lentil program on large seeds. Is this character related to yield?
A: A. Ibrahim Sheikh Mohamed

The large-seeded types are yellow cotyledon with low yield, but fortunately we have

large-seeded red cotyledon lentil with good yield and also other yellow cotyledon types
with high and reasonable yield.
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Q: A.H. Nourai

In the Sudan, lentil is eaten decorticated and small-seeded lentil is very popular as it has
red cotyledons. I observed that Sudanese lentil has a mixed cotyledon color varying
from red to pale. Are you considering cotyledon color in your breeding program?

A: A. Ibrahim Sheikh Mohamed

Yes, cotyledon color is considered and there are two types of lentil: red cotyledon and
yellow cotyledon.

Q: Abdel Galil Abdel Gabbar

The criteria for heat tolerance and moisture stress are not satisfactory. Is there any
coordination between agronomists (soil/water relations) and breeders? Also, how do you
deal with lentil yields since the range is relatively wide?

A: A. Ibrahim Sheikh Mohamed

Yes, there is coordination between agronomists and breeders, Regarding your second
question, lentil yield is a range of yields from different locations and seasons, that is
why we find a wide range of variation. However, we usually take the average and select
the cultivar according to its performance over locations as well as for specific locations.
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Chickpea Improvement

~ Abdalla Ibrahim Sheikh Mohamed
Hudeiba Research Station, P.O. Box 31, Ed-Damer

Abstract

Chickpea improvement in the Sudan is based on selections made within
germplasm introductions, mostly advanced breeding lines from ICARDA.
Selection was for adaptation, high and stable yield, resistance to wilt/root-rot
disease, earliness and large seéd size. The evaluation of chickpea (Cicer
arietinum L.) germplasm at Hudeiba and Shendi in the 1983/84-1986/87
seasons justified the release of the kabuli type line NEC 2491/ILC 1335 to be
grown by farmers in northern Sudan under the name Shendi-1. On-farm
evaluation of chickpea lines at Rubatab, Wad Hamid and Jebel Marra in the
1990/91-1992/93 seasons justified the release of the line ILC 915 to be |
grown by farmers in the Sudan under the name Jebel Marra-1. The ongoing
evaluation of large-seeded and medium-seeded kabuli chickpea lines under
farmer conditions in the same above locations in the 1993/94 and 1994/95
seasons showed promising genotypes such as Flip 88-36C and Flip 88-44C,
which could be recommended to be grown by farmers in the Sudan as large-
seeded cultivars. On-station breeding activities at Hudeiba and Shendi
revealed many promising medium- and large-seeded genotypes with
50-100% higher grain yield and seed size over the checks (Shendi-1 and
Jebel Marra-1). The line ICCV-2 showed wilt/root-rot disease resistance at
Hudeiba and good performance under residual moisture conditions at Wad
Hamid.

Introduction

The relatively long and cool winter season in the north of the Sudan is more
suitable for chickpea production compared to the central and southern parts of
the country. Recently, it was found that the crop is successfully grown in
Hawata area in eastern Sudan and Jebel Marra in western Sudan (Faki et al.
1992; Sheikh Mohamed 1989, 1990, 1991).
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Intensive breeding work has been ongoing at Hudeiba and Shendi research
stations to develop adapted, high and stable yielding, resistant to wilt/root-rots,
early and large-seeded chickpea genotypes. Because of the limited acreage of
chickpea in the Sudan, the improvement program emphasized introductions,
evaluation and selection within germplasm, mostly advanced breeding lines,
introduced basically from ICARDA, and to a lesser extent, from [CRISAT and
the region. The objective of this paper is to review the chickpea improvement
program and present varietal recommendations in the Sudan.

Release of Cultivars

The evaluation of chickpea (C. arietinum L.) germplasm introduced from
ICARDA in the late seventies and early eighties led to the selection of 19
promising lines which were grown at Hudeiba (17°N, 34°E) and Shendi (16°N,
33°E) in the 1983/84 to 1986/87 seasons for comparison with the local check
(Baladi). The results indicated the superiority of the kabuli line, NEC 2491/ILC
1335, over the check (Baladi) in grain yield by 43% at Hudeiba and 24% at
Shendi over the four seasons (Table I). This line exceeded the check in seed size
by 50%. In view of these results, the line NEC 2491/ILC 1335 was
recommended for release to farmers in northern Sudan in October 1987 and
released under the name Shendi-1 (Sheikh Mohamed 1989,1990, 1991; Sheikh
Mohamed et al. 1995).

In view of the evaluation of material received from ICARDA/ICRISAT in the
late eighties and early nineties, 10 kabuli chickpea lines were selected for grain
yield and desirable agronomic characters under farmer conditions at Rubatab
(Kudig 19°N, 33°E), Hudeiba (17°N, 34°E), Shendi (Wad Hamid 16°N, 33°E),
and Jebel Marra (Zalengi 14°N, 25°E) areas, in the 1990/91 to 1992/93 seasons
for comparison with the checks (Shendi-1 and Baladi). The lines showed
significant differences at Rubatab and Jebel Marra in grain yield. In both
locations, the best line was ILC 915 whose average yield over locations and
seasons exceeded the checks Shendi-1 by 15% and Baladi by 45% (Table 2).
These results justified the recommendation of the line ILC 915 in December
1993 which was released to farmers in the Sudan under the name Jebel Marra-1
(Sheikh Mohamed and Abu Sara 1993).

47

N



Table 1. Grain yield and 100-seed weight of chickpea line NEC 2491 ILL
1335 in comparison to Baladi (average of four seasons).

Cultivar 10'O-seed Grain yield (t/ha)
weight (g) Hudeiba Shendi
NEC 2491/ILL 1335 18 - 1.0 2.1
Baladi (local) 12 0.7 1.7
Increase (%) 50 43.0 24.0

Table 2. Mean Grain yield of chickpea genotypes in Rubatab and Jebel
Marra averaged over the 1990/91 to 1992/93 seasons.

L Yield (kg/ha) % increase over check
ine

Rubatab Jebel Marra Mean Shendi-1  Baladi
ILC 915 2078 3943 3011 15 45
ILC 1327 1997 3334 2667 2 28
ILC 1631 1994 3280 2637 1 27
Shendi-1 (improved check) 1810 3403 2607 25
ILC 1353 1770 3077 2424 -7 17
ILC 1620 1612 2760 2186 -16 5
Baladi (check) 1670 2490 2080 -20
SE (£) 160 240
Significance level ok kK

** = Significant difference at the 1% level.

Selections for Desirable Traits

In view of the evaluation and selection of chickpea material bred at Hudeiba and
Shendi from 1990 to 1993, six large-seeded lines and three medium-seeded lines
were grown under farmer conditions in the same above locations in the 1993/94
and 1994/95 seasons in order to compare them with improved and local checks
(Jebel Marra-1, Shendi-1 and Baladi) which were medium-seeded lines. The
lines showed significant differences in grain yield and 100-seed mass in all
locations. All the Flip lines had significantly heavier seed size than the checks
but were not superior in grain yield except in Flip 88-44C at Wad Hamid (Table
3). The line Flip 88-36C showed relatively stable grain yield and good seed size
in all the locations.
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Table 3. Grain yield and 100-seed weight of chickpea lines over in Rubatab,
Hudeiba and Wad Hamid averaged over the 1993/94 and 1994/95 seasons.

Rubatab Hudeiba Wad Hamid Mean

Line/pedigree GYt SWif GY SW GY SW GY SW

(kgha) (g) (kglha) (g) (kg/ha) (g) (kg/ha) (g)
Flip 88-30C 1723 38 1496 41 1469 34 1563 37
~ Flip 88-32C 1265 40 1592 39 1303 34 1387 38
Flip 88-36C 1750 44 1736 46 1650 41 1712 44
Flip 88-39C 1546 38 2080 40 1651 34 1769 37
Flip 88-44C 1418 41 1659 43 2244 39 1774 41
Flip 88-56C 1901 36 1800 38 1481 33 1727 36
ILC 378 1570 19 2511 19 1750 18 1944 19
ILC 1327 1638 20 2610 19 1828 19 2025 19
ILC 2910 1597 17 2291 19 1775 17 1888 18

Jebel Marra-1

(improved check) 1935 18 2675 21 1979 17 2196 18
Shendi-1

(improved check) 2072 18 2534 20 2032 19 2213 19
Baladi

(local check) 1625 14 1983 17 1838 11 1815 14

Mean 1673 28 2080 30 1750 26
SE (&) 180 1 230 1 150 1
Significance level *k *k ko Rk ko k%

T GY = Grain yield;  SW = 100-seed weight.
** = Significant difference at the 1% level.

Wilt/root-rot and stunt diseases incidence was monitored at Hudeiba and
" Rubatab locations in the two seasons. At Hudeiba, wilt/root-rot disease was
observed in the two seasons with significant differences among the lines in
1993/94 only, while the stunt disease was observed in 1993/94 only with
significant differences among the lines. At Rubatab the stunt disease was
observed in the two seasons while the wilt/root-rot disease was observed in
1993/94 only with significant differences among the lines in both diseases
(Table 4). In both diseases the advanced breeding (Flip) lines were generally
more affected than the world germplasm collection (ILC) lines and checks.
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Table 4. Disease evaluation of - ckpea lines at Hudeiba and Rubatab,
1993/94 and 1994/95.

Hudeti ' Rubatab

Line/pedigree Wilt/root-rot  Stunt  Wilt/root-rot Stunt

1993/941994/9% :393/94  1993/94  1993/941994/95
Flip 88-30C 33t 21t 25t 1.6t 32t 353%
Flip 88-32C 34 22 25 1.5 2.8 28.0
Flip 88-36C 3.1 1.8 2.5 11 2.3 39.0
Flip 88-39C 3.2 2.2 22 1.5 5.4 40.9
Flip 88-44C 32 2.0 1.7 1.8 3.3 32.9
Flip 88-56C 3.6 2.1 2.3 1.4 2.2 38.3
ILC 378 1.8 1.4 2.0 1.1 1.4 26.7
ILC 1317 1.8 1.4 2.1 1.2 1.6 26.5
ILC 2910 2.2 1.5 1.7 1.2 1.3 26.8
Jebel Marra-1
(improved check) 1.7 1.4 1.8 1.1 1.2 30.2
Shendi-1
(improved check) 1.9 1.9 24 1.0 1.4 27.2
Baladi )
(local check) 2.3 1.8 22 1.2 1.5 29.1
SE (%) 0.3 0.3 0.3 - 0.2 0.2 3.2
Significance level *** NS NS *AE *oxk o

T Infection percentage values transformed to square root of (x+1).

T Infection percentage values transformed to arc sine.

*k kkk = Sionificant difference at the 1% and 0.1% levels, respectively.
NS = Not significant.

Because of the limited acreage of chickpea in the Sudan, the improvement
program emphasized the evaluation of germplasm, mostly advanced breeding
lines introduced from ICARDA, and to a lesser extent, from ICRISAT. Many
new introductions were evaluated and yield-tested in preliminary and advanced
yield trials in the 1990/91-1994/95 seasons. The material was divided into
medium-seeded (< 30 g/100-seeds) and large-seeded (> 30 g/100-seeds) lines. .
The most promising lines with higher grain yield and/or larger seed size than the
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improved checks (Jebel Marra-1 and Shendi-1) are presented in Tables 5 and 6.
Many medium-seeded lines exceeded the checks by 10-40% in grain yield and
many large-seeded lines exceeded the checks by 50-100% (Table 5 and 6). The
line ICCV-2, although not higher in grain yield than the checks, showed good
resistance to wilt/root disease in a sick plot at Hudeiba. It also showed good
performance under residual moisture conditions at Wad Hamid and under
prolonged irrigation intervals at Hudeiba. More information will be presented
in the pathology and soil-water relation reviews.

Table 5. Grain yield and 100-seed weight of chickpea lines in the breeding -
program at Hudeiba and Shendi (medium-seed size). ‘

Line Grain yield (kg/ha)  100-seed weight (g)
ICCV-2 1667 28
ICCV -3 2228 24
ICCV-89501 2514 25
ICCV-89503 2775 21
ICCV-89504 3203 28
ICCV-89506 2867 26
ICCV-89507 3431 23
ICCV-89509 3721 20
ICCV-89510 2844 28
ICCV-91301 1851 27
ICCV-91302 2298 25
ICCV-91303 2846 26
ICCV-91306 2031 29
ICCV-91307 3293 23
ICCV-91308 3407 23
Jebel Marra-1 (improved check) 2744 20
Shendi-1 (improved check) 2674 20
Baladi (local check) 2217 15
SE (£) 200 1
Significance level *E *k

** = Significant difference at the 1% level.
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Table 6. Grain yield and 100-seed weight of chickpea lines in the breeding
program at Hudeiba and Shendi (large-seeded).

Large-seeded trial 1 Large-seeded trial 2

Line Grain yield 100-seed Line  Grain yield 100-seed
(kglha)  wt. (g) (kg/ha)  wt. (g)

Flip 89-81C 2555 36 ICCV-92304 1204 35
Flip 89-82C 3229 38 ICCV-92307 1030 34
Flip 89-117C 3229 40 ICCV-92308 1115 35
Flip 89-120C 2778 37 ICCV-92310 1189 89
Flip 90-12C 1260 34 ICCV-92311 1123 35
Flip 90-28C 2029 35 ICCV-92315 852 40
Flip 90-71C 2393 34  ICCV-92316 862 34
Flip 90-12C 2506 30 ICCV-92318 885 33
Flip 90-12C 3376 36 ICCV-92320 1121 33
Flip 90-163C 2380 38 ICCV-92321 927 34
Flip 90-182C 1847 34 ICCV-92324 758 34
Flip 91-35C 1458 34 ICCV-92328 1098 35
Flip 91-69C 3438 42 ICCV-92329 1302 35
Flip 91-71C 3438 42  ICCV-92331 1195 32
Flip 91-75C 3194 36 ICCV-92332 1396 34
Flip 91-76C 3958 35 ICCV-92334 1001 32
Flip 91-77C 3646 32 ICCV-92336 956 36
Flip 91-80C 3542 38 ICCV-92337 960 31
Flip 91-88C 4063 42
Flip 91-142C 941 35
Flip 91-193C 1563 40
Flip 92-9C 2916 46
Flip 92-92C 3958 39
Jebel Marra-1
(improved check) 2138 20 1413 20
Shendi-1
(improved check) 2078 20
SE (£) 200 1 200 1
Significance level o ok NS **

** = Significant difference at the 1% level.
NS = Not significant.
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Future Improvement Prospects

® Sced multiplication of released cultivars is urgently needed to ensure the
availability of improved seeds to farmers.

® On-farm yield verification of promising material is essential for more flow
of cultivar recommendations.

® The breeding programs should be strengthened through single plant
selections and progeny evaluation from segregating populations introduced
from ICARDA.

® Evaluation under stress conditions, such as disease, limited moisture, and soil
salinity, are important. More emphasis is needed to develop cultivars
resistant to wilt/root-rot disease and tolerant to moisture stress and with early
maturity.
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Agronomy of Faba Bean

Gaafar El Sarrag Mohamed
Shendi Research Station, P.O. Box 33, Shendi

Abstract

Faba bean is grown as an irrigated winter crop mainly in the northern part of the
Sudan where environmental conditions suit its production better than in other
parts of the country. The growing season is restricted to a short period of time by
high temperatures prevailing at the beginning and end of winter. Under such
conditions, planting time is critical for achieving high yields. Biotic factors
(insect pests and diseases) also play a significant role in determining the
optimum sowing time. Due to the plastic nature of faba bean, large variations in
seed rate, plant spacing and plant population were not accompanied by sizeable
changes in grain yield. Irrigation at 7- to 10-day intervals throughout the growing
season proved good, but longer irrigation intervals (up to 15 days) were adequate
under high soil fertility (Gurier soils) and/or cool temperatures in the Selaim
basin. Studies showed that the reproductive phase (flowering and pod formation)
is the most sensitive to water stress, followed by the grain filling phase. In the
traditional faba bean growing areas there was no need for Rhizobium inoculation
or nitrogen application, but in new areas inoculation was needed. Chicken
manure alone or in combination with split applications of nitrogen fertilizer
increased yield on saline and alkaline soils. Phosphorus fertilizer, when placed
with the seed, increased yield. Salinity reduced faba bean yield and 50%
reduction in grain yield occurred at a salinity level of 9 mmhos/cm. Mulching
increased soil moisture availability during the first six weeks from planting and
reduced soil temperature which improved plant stand and grain yield. Seed
grading did not affect grain yield. Seed storage under laboratory conditions for
five years had no adverse effect on seed germination, but after eight years
germination reduced to 20%. The optimum time to harvest faba bean was
between 100 to 110 days after sowing for the cultivars H 72 and BG 2/2.

Introduction

Faba bean is grown as an irrigated winter crop mainly in the northern part of the
Sudan (Northern and River Nile states and, to a limited extent, Khartoum)
where environmental conditions suit its production. Lately, efforts were made




to extend its production to other nontraditional areas (i.e., Gezira, New Halfa
and Rahad schemes). Research work has been conducted at research stations
and in on-farm trials to tackle various agronomic problems, which are
summarized in this paper.

Planting Time

Faba bean production is restricted to a short period of time by the high
temperatures prevailing at the beginning and end of the winter season. The high
temperatures occurring during the growing season limit the yield. Biotic factors
(i.e., diseases and insect pests), which are themselves influenced by the weather
conditions, affect the optimum sowing time for the crop (Last and Nour 1961).

At Shambat the highest yield was given by crops sown in early November; crop
sown earlier than this period was more likely to be affected by insect pests.
Similarly, rapid yield drop was recorded when sowing was delayed after mid-
November, mainly due to disease infection (powdery mildew). Heipko (1966)
noted that plants sown in mid-October or early November formed most of their
fruits before powdery mildew infection became serious, while the late-sown
plants became infected in the budding or early flowering stage, resulting in
increased flower and pod shedding and decreased seed size. Abu Salih et al.
(1973) showed that delaying sowing of faba bean beyond October greatly
lowered the seed yield as a result of increased infestation with aphids and broad-
bean mosaic virus.

Ageeb (1977b) recorded highly significant effects of sowing date, irrigation
interval and their interaction on grain yield. The optimum sowing date varied
with irrigation interval, being in the second half of October when the crop was
irrigated every week and in the first week of November when the crop was
irrigated every two weeks (Table 1). Irrigation at weekly intervals in October,
when temperatures were relatively hot, created a micro-climate less favorable
for disease development and more favorable for plant growth and survival
(Freigoun 1980). The number of plants per unit area, number of pods per plant,
1000-seed weight and, to a lesser extent, the number of seeds per pod were also
affected by sowing date and watering interval (Ageeb 1977b).
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Table 1. Effect of sowing date and irrigation interval on grain yield of faba bean.

Irrigation Sowing date/Grain yield (kg/ha)

i(I(;;e;:)al October November December Mean
4 11 18 25 1 8 15 22 29 6 13 20 27

7 1308 2081 2386 2209 2043 2150 1820 1653 1377 1250 1000 787 547 13585

14 333 927 1338 1379 1459 1578 1344 1289 847 928 763 572 413 1013

21 231 512 889 1017 1033 1083 921 896 695 476 449 344 282 679

SE (£) 81.5 111

Mean 624 1173 1538 1535A 1512 1604 1362 1279 973 885 737 568 414

SE (£) 25.6

Source: Ageeb (1977b).



Taha et al. (1983), summarizing the results of a sowing date-variety trial
conducted over three seasons at six different locations from Shambat in
Khartoum State to Selaim in the Northern State, observed that the optimum date
varied with locality. For Selaim it ranged from 10 to 20 October; for Zeidab,
Aliab, and Shendi between 20 October and 10 November; and for Shambat
between 30 October and 10 November. The negative effect of early sowing in
the south was attributed to the higher incidence of wilt and root-rots as a result
of the warmer weather compared with the northern part of the country.

Ibrahim and Ali (1993) reported that the optimum sowing date for Hudeiba
ranged between 13 October and 17 November and that the variation in grain
yield was highly associated with the variation in biomass at maturity, harvest
index, plant height at maturity, single kernel weight and the number of seeds per
pod.

The results of a factorial experiment conducted at Hudeiba, Shendi and Shambat
over three seasons to study the effect of four production factors, each at two
levels (improved vs. farmers' practice), revealed that sowing on 1 November
consistently outyielded the farmers' practice of sowing towards the end of
November (Mohamed ef al. 1983b).

Method of Sowing

The standard method of sowing faba bean in research stations (Hudeiba,
Shambat and Shendi) is space-planting on 60 cm ridges. This method was
compared with the traditional farmers' practice at various locations (Aliab,
Shendi, Saiyal, Hagar El Asal and Basabeer) in farmers' fields by the author
from 1983 to 1986. These trials showed that the ridge method of sowing was not
superior to the farmers' practice in the traditional faba bean growing areas where
adequate land preparation was carried out.

Seed Rate

Last and Nour (1961) found that increasing the seed rate from 81.6 to 163.2
kg/ha increased the grain yield of a local variety (B.F.M.) by 48% and that of an
introduced variety (Rebaya 34) by 18%. On the other hand, Heipko and Dafalla
(1961, 1962) found no significant differences in the grain yield of two varieties
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(B.F.M. and R40) when seed rates of 73.3, 110.5 and 147.4 kg/ha were used. El
Saeed (1968) found that the yield of a local variety increased with increase in
the seed rate from 40.8 to 327.4 kg/ha, but yield increment diminished beyond
the seed rate of 163.2 kg/ha. Mohamed et al. (1984) studied the effect of seed
rate, method of planting and weed control, each at two levels, for two seasons
at Shendi and Aliab. The higher seed rate (160 kg/ha) consistently produced
higher grain yields compared with the lower rate (60 kg/ha). Later, in the
1985/86 season, a comparison conducted by the author between two seeding
rates (120 vs. 160 kg/ha) under farmers' conditions at three different locations
showed no yield differences. Considering the above results, the optimum seed
rate for faba bean in the traditional growing areas appears to be around 120
kg/ha.

Spacing and Plant Population

Ageeb (1977a) reported that the variation in row spacing (60, 40 and 20 cm),
plant spacing (20, 10 and 5 cm) and number of plants per hole (1 or 2) had no
significant effect on grain yield of the H 72 cultivar grown at Hudeiba Research
Station for two consecutive seasons. These findings reflected the plastic nature
of the cultivar which makes it insensitive to wide variation in plant population
as a result of the compensatory change in the number of pods per plant. This
was also evident in the work of Ishag (1971) who did not find any significant
change in grain yield when plant spacing was varied between 10 and 30 cm or
when two or three plants per hole were used, but grain yield was significantly
decreased in comparison to the above treatments when a plant spacing of 40 cm
or single plant per hole were used.

Taha e al. (1982) studied the effect of plant population in relation to sowing
date at Selaim, Hudeiba and Zeidab sites. The yield under the three seeding
densities (16.6, 33.3 and 49.9 seeds/m?) were similar at Selaim and Zeidab, but
at Hudeiba the highest density recorded significantly higher yield compared to
the other two densities (Table 2). ’

However, the actual plant population was far less than the theoretical plant
population as averaging over all sowing dates showed that percent plant
establishment for the 16.6 and 49.9 seeds/m? varied between 88 to 53.7% in
Selaim, between 84 to 57% in Zeidab and between 51 to 36% in Hudeiba,
respectively.
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Table 2. Effect of sowing date and plant population on faba bean grain yield and some yield components at
three different sites in the Northern Region.

Selaim Hudeiba Zeidab

Treatment  Grainyield No.of  No.of Grain yield No.of No.of Grainyield No.of No. of
(kg/ha) pods/plant seeds/pod  (kg/ha) pods/plantseeds/pod  (kg/ha) pods/plant seeds/pod

Sowing date , »
10 Oct. 2631 14.1 1.7 2241 23.9 2.3 1960 13.9 2.0

20 Oct. 28917 145 1.9 2398 21.6 2.3 1964 11.4 2.3
30 Oct. 2726 13.7 1.9 2491 18.1 2.3 2206 12.9 2.5
10 Nov. 2238 15.6 = 2.0 2270 16.0 2.6 2060 10.8 2.4
20 Nov. 1390 15.1 24 1560 16.0 2.3 1861 9.3 2.5
SE (%) 200 7.2 0.2 86 2.0 0.2 76 _ 0.2
Population (plants/m?) : : :
16.6 2253 205 - 1.9 2162 27.6 2.4 1905 17.0 24
33.3 2495 13.1 2.1 2195 -17.0 2.3 2055 9.8 2.3
49.9 2381 10.3 2.0 2339 12.8 2.4 2070 8.3 2.2
SE (%) 155 5.6 0.2 67 1.6 0.2 59 0.9 0.1

Source: Taha et al. (1982).



In central Sudan (Gezira and Rahad agricultural schemes), which is a marginal
area for faba bean, response to variations in plant population was different.
Ageeb (1980) found that decreasing the plant spacing from 20 to 10 cm and
increasing the number of plants per hole from one to two or three, significantly
increased grain yield at Gezira Research Station. It was suggested that the
difference in the response to plant population between the traditional and
marginal faba bean growing areas could be due to the fact that plants in central
Sudan were smaller and, therefore, a larger number of them could be
accommodated per unit area.

Row and plant spacing interaction was studied by Ageeb et al. (1984) for three
seasons at Gezira Research Station in Wad Medani (Table 3). Seed yield
increased as row spacing was decreased from 60 to 20 cm, but the difference
between 20 and 40 cm row spacing was not significant.

Moreover, at the narrowest row spacing of 20 cm, grain yield increased as the
plant spacing was increased from 10 to 20 cm and the reverse happened at the
widest row spacing of 60 cm. In contrast, average effects of variation in plant
spacing were not significant.

Table 3. Average effect of plant and row spacing on the seed yield of faba
bean at Gezira Research Station, Wad Medani.

Treatment Seedyield Plants/m* Pods/ 100-seed  Plant
(kg/ha) at harvest  plant  weight (g) height (cm)

Row spacing (cm)

20 2641 51.0 6.0 38.2 103.0
40 _ 2455 26.0 9.9 38.2 100.0
60 2150 19.0 12.4 38.1 102.0
SE () 75 . 0.3 0.3 0.2 1.4
Plant spacing (¢cm)
10 2433 38.0 7.7 38.3 102.0
14 2488 320 - 8.9 38.0 105.0
20 2366 25.0 11.7 38.2 99.0
SE (%) 78 0.3 0.3 0.2 1.4

Source: Ageeb et al. (1984).
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Water Management

Ageeb (1976, 1977b) studied the effect of three irrigation intervals in relation
to two phases of plant development (vegetative and reproductive phases, the
latter starting from pod set) of two faba bean cultivars on a heavy
montmorilonitic clay soil at Hudeiba Research Station. The results indicated
that the reproductive phase was more sensitive to water stress than the
vegetative phase. Increasing the irrigation interval during the second phase from
7 to 14 and 21 days reduced grain yield by 893 and 1183 kg/ha, respectively, but
application of similar treatment during the vegetative stage decreased grain yield
by only 394 and 570 kg/ha, respectively.

Ayoub (1972, 1973) found that an 8-day irrigation regime increased grain yield
by 22, 63 and 108% over 13-, 18- and 23-day regimes, respectively, at Hudeiba
Research Station. Babiker (1975) reported that irrigating faba bean at weekly
intervals increased grain yield by 92% over irrigating every two weeks.

Mohamed (1981) studied the effect of irrigation frequency in relation to the
stage of plant development. Three watering regimes (7-, 10- and 14-day
intervals) were applied continuously or interchanged in different combinations
according to the phase of plant development. Three phases of development were
defined: (1) vegetative (from sowing to the start of flowering); (2) reproductive
(from the start of flowering to 100% pod setting); and (3) grain filling (from
100% pod setting to maturity). The reproductive phase was the most sensitive
to moisture supply, followed by the vegetative stage, but the late grain filling
phase was the least sensitive (Table 4).

Table 4. Mean effect of irrigation frequency at three phases of faba bean
development on grain yield and yield attributes at Hudeiba.

Irrigation frequency (days)
Yield and attributes Phase I ~ Phase Il Phase IT1
7 10 14 7 10 14 7 10 14
Grain yield (kg/ha) 1354 1180 1170 1414 1226 1065 1243 1227 1235
No. of pods/plant 15.2 164 16 184 164 13 16.6 16.2 15.1
No. of seeds/pod 233 22 23 238 22 23 2.19 229 236
1000-seed weight (g) 394.4 368.5 380 381 386.5 375 382 382 3784

Source: Mohamed (1981).
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It was suggested that the best irrigation regime under Hudeiba conditions was
a 10-day interval during the vegetative stage and a 7-day interval during the
reproductive stage.

Mohamed ef al. (1983a) looked into the possibility of some saving in irrigation
water with minimal or no loss in faba bean grain yield by withholding irrigation
once, twice or three times at various stages of plant growth in a crop that was
basically irrigated at 10-day intervals. Comparison was made with the
performance of the crop that received continuous 10- and 15-day regimes up to
maturity. This trial was conducted at Hudeiba, Shambat and Wad Medani for
two seasons. But in the second season, the basal irrigation interval was changed
from a 10- to a 7-day regime at the Wad Medani site, as the former interval
proved to be too dry for the Gezira environment. Grain yield response to
moisture stress was highly significant at the Hudeiba site. The highest yield was
recorded by regular irrigation at 10-day intervals up to maturity, while the lowest
vield was given by the plots where water stress was imposed at both the
reproductive and the grain filling stages of growth. The reproductive stage
proved to be the most critical as omission of one irrigation cycle during this
period resulted in grain yield reduction of 1029 kg/ha, while missing one
irrigation during the vegetative and the grain filling phases reduced yield by only
292 and 188 kg/ha, respectively (Table 5). '

Regular watering at 15-day intervals resulted in better seed yield and saved three
irrigations compared to watering at 10-day intervals and omitting one irrigation
cycle during the reproductive stage. This showed that preconditioning the plants
by short periods of water stress is less damaging to the crop than when a single
water stress is applied at a critical phase of a crop that is well supplied with
irrigation water. Water-use efficiency was highest when one irrigation was
omitted during the late grain filling stage and lowest when one irrigation was
omitted during the reproductive stage.

Gravimetric determination of soil moisture in the active root zone of the crop
just before each irrigation at Hudeiba showed that the continuous 10-day regime
maintained the available water in the range of 2.4 to 22.9 mm, with the lowest
availability coinciding with the stage of maximum pod formation. Omission of
one irrigation in the early stage of vegetative growth maintained the soil
moisture just above the permanent wilting point or resulted in water deficit of
not more than 2.4 mm. In contrast, omission of irrigation during the reproductive
stage induced water deficits ranging from 10.3 to 16.3 mm below the permanent
wilting point (PWP). Omission of irrigation during the grain filling
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Table S. Effect of water stress on faba bean grain yield, yield components and water-use efficiency (WUE) at
Hudeiba (H) and Shambat (S).

Grain yield WUE (kg grain ~ Plant height No. of pods 1000-grain

Treatment ’ (kg/ha) /ha/irrigation) (cm) /plant weight (2)
' H S H s H S H S H S
Watering every 10 dayst 2455 2986 2455 298.6 77 93 15 25.2 355 388
Watering every 15 days 1693 2494 241.8 356.2 66 89 124 223 320 417
Asin 1 but 3rd irrigation omitted 2163 2696 2403 299.5 72 87 162 233 335 395
As in 1 but 7th irrigation omitted 1426 2873 1584 319.2 72 89 127  21.9 334 384
As in T but 9th irrigation omitted 2267 2954 251.8 328.2 76 90 13.1  20.1 344 406
As in t but 3rd and 7th irr. omitted 1549 2056 193.6 257.0 66 82 10.1  19.1 353 412
As in T but 7th and 9th irr. omitted 1375 2182 173.8 272.7 67 82 10 18.9 326 424
As in 1 but 3rd and 9th irr. omitted 1639 2743 204.8 342.8 75 93 15 22.9 323 387
As in T but 3rd, 7th and 9th irr. omitted 1505 2080 215 297.1 63 82 10 15.8 332 423
Mean 1766 2135 704 874 12.7 21.1 337 404
SE () 137 146 24 29 1.3 2.2 109 154

Source: Mohamed er al. (1983a).



phase resulted in water deficits ranging from 5.8 to 9 mm. The regular 15-day
irrigation regime recorded gradual increase in soil moisture deficit from 4 mm
below PWP on December 9 up to a maximum of 11 mm below PWP on January
8, and thereafter the water availability rose to 19 mm.

The response of faba bean to water stress at Shambat site was generally similar
to that at Hudeiba. At Wad Medani the highest yield (2747 kg/ha) was produced
by irrigating every 7 days throughout the growing season. This yield was 300 and
1054 kg/ha greater than the yield from the 10- and 15-day irrigation regimes,
respectively. However, the effect of water stress in relation to the phase of plant
development during the second season in Wad Medani was different from that
of the first season. It showed that the grain filling stage was more sensitive to
water stress during the second season, mainly due to the prevalence of warmer
weather during the first three weeks of February, and this magnified the effect
of the water stress and resulted in reduced grain size and hence lower grain yield.

Ibrahim (1986) examined the effect of differential irrigation on faba bean grown
under more favorable agroclimatic conditions in the Selaim basin where weather
is cooler and soils are fertile. He found that irrigating every two weeks
throughout the growing season was the most productive regime in terms of seed
yield, consumptive water use, and water-use efficiency. A similar irrigation
regime was found appropriate for faba bean grown under fertile soils (Gurier)
characterized by high water-holding capacity.

Plant Nutrition

Rhizobial Inoculation

In the traditional faba bean growing areas in the Sudan there was no response to
inoculation as the local rhizobial population was adequate to develop effective
symbiosis (Mahadi 1983). However, in the nontraditional areas, such as those
south of Khartoum, the population of native R. leguminosarum was low resulting
in a positive response to inoculation with effective strains.

Fertilizer Requirement
Nitrogen
Ayoub (1971), Babiker (1975) and Salih (1977, 1978) did not find significant

response to nitrogen addition in faba bean grown.at various locations in the
northern part of the Sudan.
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Yousif (1987) examined the effect of chicken manure and split nitroger
application on faba bean under saline conditions at Soba Research Statlo
(Khartoum State) for three seasons. Results showed that chicken manure at the
rate of 12 t/ha increased grain yield by more than 25% compared with the
control treatment (Table 6). Nitrogen fertilizer was only effective when applied
with chicken manure. More than 50% increase in grain yield was recorded for
a crop that received chicken manure combined with two doses of nitrogen (20
kg N/ha at sowing and 20 kg N/ha one month later).

Table 6. Effect of chicken manure and nitrogen application on faba bean
grain yield and yield components at Soba Research Station.

Grain yield  No. of No. of No.of  Plant height

Treatment (kg/ha)  pods/plant seeds/plant shoots/plant (cm)
Control 1125 8.1 17.0 2.3 53.9
40 kg N/ha at sowing 1143 - 89 17.8 1.8 58.2
40 kg N/ha in two dosest 1312 8.1 16.1 2.1 71.8
40 kg N/ha in three dosest: 1114 10.5 21.2 2.3 61.1
12.8 t/ha chicken manure 1268 8.0 14.7 24 69.0
12.8 t/ha chicken manure 1330 8.6 16.5 2.5 65.1
+ 40 kg N at sowing

12.8 t/ha chicken manure 1929 13.6 29.9 2.5 70.2
+ 40 kg in 2 dosest

12.8 t/ha chicken manure 1392 10.7 17.5 2.3 69.2
+40 kg in 3 dosesF .

SE (£) 148 1.2 2.6 0.2 . 34

120 kg N at sowing + 20 kg N after one month.
1 13 kg N at sowing + 13 kg N after one month + 13 kg N after two months.
Source: Yousif (1987).

Phosphorus

Soils of northern Sudan are known to have adequate amounts of total
phosphorus, but these soils are in general alkaline in reaction (pH > 8.0). Small
amounts of phosphorus are found in labile form because of chemical fixation.
Salih and Ageeb (1987) found no grain yield response to the level and method
of phosphorus application in Shambat. In contrast, El Karouri (1979) obtained
a positive response to phosphorus when it was placed in holes with the seed.
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Potassium

The clay soils of the Sudan are known to be rich in potassium and, therefore,
faba bean did not respond to the application of potassium fertilizers (Ayoub
1972; Babiker 1975).

Soil salinity

Faba beans are traditionally grown in the fertile 'Gurier' soils which are silty
loams deposited in a narrow strip along the banks of the Nile. Due to the
scarcity of good soils and the high demand for faba bean, new lands of inferior
quality (such as 'Karu' and 'Terrace') are coming into production. These lands
are affected to various degrees by alkalinity and salinity. El Karouri (1979)
showed that the salinity level at which 50% reduction in faba bean yield
occurred was 9 mmhos/cm. The correlation between yield and ECe was
significant and negative (r = -0.88).

Shelter Crop and Intercropping

Various experiments were conducted at Shambat and Wad Medani Research
Stations with the main objective of reducing soil temperature and, therefore,
decreasing the incidence of root-rot/wilt disease complex which normally
affects faba bean plant stand largely under the marginal agroclimatic zone, south
of Khartoum.

Grass mulching improved plant establishment and increased the number of
plants that survived to maturity at both Shambat and Wad Medani (Salih and
Ageeb 1983) and this was reflected in yield increases of 100 and 200 kg/ha,
respectively. Mulching also improved soil moisture status during the first six
weeks from planting and reduced the soil temperature through partial insulation,
resulting in vigorous plant growth.

Using pigeon pea (Cajanus cajan) as a shelter crop for the whole season or up
to the flowering stage of faba bean, Salih and Ageeb (1987) found no
improvement in plant stand. The plant population was reduced when the shelter
crop remained in the field for the whole season. The shelter crop significantly
reduced faba bean seed yield by 53% and 64% when retained for the short and
long duration, respectively. This could be due to the smothering effect of pigeon
pea on faba bean.
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Intercropping faba bean with sorghum (Sorghum bicolor L.) or maize (Zea may

L.) significantly reduced faba bean yield at both Wad Medani and Shamba’

compared to the pure stand (Ageeb ef al. 1989), mainly due to etiolation of
plants and reduction in plant stand.

Seed Quality

Seed Size

Salih and Salih (1980) indicated that grading faba bean for seed purposes did
not result in any economic benefit to farmers because the crop establishment
from smaller and larger grades was similar to that from ungraded seed.

Seed Age

Salih and Salih (1976) found that the storage of faba bean seed under ordinary
laboratory conditions between 1 to 5 years had little effect on germination
percentages (92-87%) but, when stored for longer periods, the percentage of
germination declined rapidly reaching 20% after 8 years. Grain yield changed
little, from 1738 to 1105 kg/ha, when 1 and 5-year old seeds were used. The
drop in yield was more rapid as the duration of storage increased and the yield
was only 105 kg/ha when 8-year old seeds were sown (Table 7).

Table 7. Effect of seed age on germination and yield of faba bean.

Seed age Germination Field emergence Seed yield
(years) (%) &) (kg/ha)

1 923 92.1 1738

2 91.3 86.1 1567

3 93.5 75.1 1410

4 94.8 713 1238

6 44.0 40.8 210

7 34.6

8 19.9 13.7 105

Source: Salih and Salih (1976).
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Harvesting Time

Ageeb (1980) showed that the optimum time for the harvest of cultivar H72 was
110 to 120 days from sowing, as harvesting 10 days earlier or later resulted in
significant reduction in grain yield (Table 8). Grain yield increased at a linear
rate as the time of harvest increased between 90 and 110 days as a result of the
increase in grain size. The yield levelled off at 110 and 120 days after which it
significantly dropped because of pod shedding. The percentage of hard seed,
which greatly affects cooking quality, was at its lowest when harvest was done
after full maturity.

Table 8. Effect of time of harvest on seed yield and other characteristics of
faba bean at Hudeiba.

Time of harvest Grain yield Pods/ 100-seed , Seed
(days after sowing) (kg/ha) plant weight (g) hardness (%)
90 559 29 20 19
100 1377 30 29 15
110 2186 28 33 10
120 2149 25 34 11
130 1793 24 34 6
140 1627 20 35 8
SE () 944 3 0.7 1.4

Source: Ageeb (1980).

Future Perspectives

Research work showed that the yield potential is high. Nevertheless, the gap
between research station and farmers' yields is considerable. Extension work is
needed to transfer improved technologies to farmers. The Nile Valley Regional
Program (NVRP) of ICARDA has done a commendable job in this area. Future
work on agronomy of faba bean should concentrate on stress physiology, i.e., '
on factors leading to excessive flower and bud shedding. Additionally, research
should be targeted more towards definite agroclimatic zones.
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Discussion
Q: Mohamed El-Borai

You mentioned the effect of different agronomic factors on faba bean yield. What are
the main factors, included in the recommended package, for maximizing yield on
farmers' fields?

A: G. El Sarrag Mohamed
The agronomic factors that mostly determine the level of production under farmers'

conditions are sowing date and irrigation. The interaction between these two factors is
highly significant as early planting requires shorter watering regimes.
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Review of Agronomic Research on Lentil

Abdalla Hussein Nourai
Hudeiba Research Station, P.O. Box 31, Ed-Damer

Abstract

Review of lentil agronomic research conducted in northern Sudan in the period
1982-1994 indicated that the optimum sowing date for Shendi area was
between late October and late November, while at Hudeiba, Rubatab and
Selaim, it was the first half of November. Yields were reduced drastically when
sowing was delayed to 10 December. Broadcasting the seed and then ridging
was the best sowing method in light soils which have low weed infestation,
while Nigaha sowing method (sowing in hills 25-30 cm apart with a hand hoe)
is suitable for weedy areas as it facilitates hand-weeding. Results of testing a
range of seeding rates (24-214 kg/ha) showed that a high seeding rate (107
kg/ha) appears to be optimum for the 'broadcasting-and-ridging' method of
sowing, while for Nigaha method a lower rate of 36 kg/ha was sufficient.
Studies on N and P nutrition and rhizobial inoculation showed the absence of
response to these treatments. In the southern part of the region, where the winter
is shorter and relatively warmer, frequent irrigation (every 10 days) was
necessary, particularly on light soils. In the northern part of the region, where
the winter is longer and cooler, a 15-day irrigation interval was sufficient.

Introduction

-Lentil is one of the traditional cool-season food legumes grown in northern
Sudan where it is raised after flood recession in Dongola area or under pump
irrigation in Rubatab area. On-station research on lentil crop was initiated in the
late sixties with the main objective of selecting high yielding cultivars and
developing the best management practices which boost lentil yields. In the early
eighties, on-farm research was started in different sites in northern Sudan in
order to verify the technology and then transfer it to farmers and get feedback
on the constraints which face lentil production so that they could be subjected
to further research.
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Since the area grown to lentil in the past was very small, the country imported
all its required lentil. Table 1 shows Sudanese lentil imports and their value for
the period 1960-1989. The quantity of lentil imported in the period 1980-1989
(10 years) was higher than the quantity imported in 1960-1979 (20 years),
indicating an increased lentil consumption. However, the price of lentil has
shown a substantial increase; the cost per metric ton increased from LS 60 paid
for imports during the period from 1960 to 1979, to LS 1248 per metric ton paid
for lentil imported in the period 1980-1989. In the early nineties, the Sudanese
- government launched a campaign to encourage lentil production so as to attain
self-sufficiency with respect to this important commodity. The components of
the campaign were the provision of credit to the producers, improved seed, and
technical support and extension, and the declaration of a fair product price. Due
to this policy the area grown to lentil remarkably increased and the Sudan was
declared self-sufficient in lentil in April 1993. However, in 1994 and 1995, the
production of lentil decreased due to adverse climatic conditions, primarily high
temperature, and the reduction in government support.

Table 1. Sudan lentil imports for the period 1960-1989.

Period Quantity Total value Average imports  Price/metric
(metric tons) (LS 1000) (metric tons/year) ton (LS)
1960-69 33,523 2,003 3,352 60
1970-79 37,241 4,610 3,724 124
1980-89 73,131 91,272 7,313 1,248

Source: Department of Statistics and the Sudan Bank.

The present paper reviews the findings of agronomic research on lentil
conducted from 1982/83 to 1993/94 and highlights areas which need further
research.

Sowing Date

Studies on sowing dates were conducted in four major production or potential
areas at Shendi, Hudeiba, Rubatab and Selaim (Taha ez al. 1984, 1985a, 1986b;
Mohamed 1994; Nourai et al. 1994). The optimum sowing date varied with
location. In Shendi area the optimum sowing date lied between the end of
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October and the end of November, while at Rubatab high grain yields were
realized from lentil sown on 29 October and 12 November (Table 2). At
Hudeiba and Selaim, the optimum sowing period was during the first half of
November. At all locations, drastic reductions in lentil yields were recorded
when sowing was delayed to 10 December (Table 2). The high yields obtained
from early-sown crop were associated with increased number of pods per plant
and larger seed size. The low yields with late-sown (10 December) crops were
mainly due to reduced vegetative growth and early termination of the crop
season because of the rise in temperature early in the reproductive phase
(Mohamed 1988).

Sowing Method

The effects of various sowing methods 6n lentil yield were tested. These
included: seeding in twin rows in ridges 60 cm apart; drilling in rows 20-30 cm
apart; broadcasting the seed and then ridging (either with an oxen-drawn plough
or tractor) into 40 or 60 cm ridges; broadcasting the seed and covering it with
Kardek;, and flat planting in hills 25 or 30 cm apart—the Nigaha method,
commonly used by farmers in Rubatab area—(Taha et al. 1984, 1985a, 1986D;
Nourai and Ali 1991; Nourai et al. 1992, 1993; Mohamed and Mohamed 1994).
Table 3 shows that the response to sowing method varied with the type of soil.
At Rubatab, where the soils are sandy loam, there was no apparent difference
between raising lentil in twin rows in ridges 60 cm apart, in rows 20 cm apart,
or 'broadcasting-and-ridging' into 60 cm ridges. However, at Shendi,
'broadcasting-and-ridging' was superior to the two other methods (Table 3).
'Broadcasting-and-ridging' increased grain yield by 47% and 22% over sowing
in ridges or drilling in rows, respectively, when averaged over the three seasons.

Table 4 shows the results of an experiment comparing two sowing methods
(broadcasting and oxen-ridging into 40 cm ridges and seed-sowing in hills 25
cm apart—the Nigaha method) conducted at Rubatab for three consecutive
seasons (1990/91, 1991/92 and 1992/93). 'Broadcasting-and-ridging' resulted in
a highly significant (P = 0.001) increase in lentil grain yield in one out of three
seasons with an overall 11% increase in grain yield (Nourai and Ali 1991;
Nourai ef al. 1992, 1993). Results of different sowing methods (sowing in hills
30 cm apart, drilling in rows 30 cm apart and 'broadcasting-and-covering' the
seed using Kardek) conducted at Selaim in the 1993/94 season indicated that
drilling lentil in rows 30 cm apart gave the highest grain yield (775 kg/ha)
(Mohamed and Mohamed 1994).
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Table 2. Effect of sowing dates and seeding rates on grain yield of lentil grown at two locations,
1982/83-1984/85: : '

Location/Grain yield (kg/ha)
Rubatab Shendi
1982/83 __1983/84  1984/85 Mean 1982/83  1983/84 1984/85 Mean

Sowing date
29 Oct. 2807 - 1647 1119 1858 1295 995 176 822
12 Nov. 2473 - 1806 1122 1800 1195 884 258 - 779
26 Nov. 2196 1479 617 1431 1604 975 193 924
10 Dec. 1297 773 - 166 745 1120 435 7 521
SE (%) 63.3 41.1 46.7 97.0 75.7 30.7
Signiﬁcance level Hkk %% 4 o %k ok ® Ak ok

Seed rate (kg/ha) :
107.1 2150 1388 687 1408 1400 720 132 751
142.9 2178 1457 786 1474 1128 868 163 720
178.6 2251 1434 796 1494 1382 879 180 - 814
SE (+) 544 35.6 40.0 84.0 65.6 26.6
Significance level NS NS NS NS NS NS

*, *** = Significant at the 5 % and 0.1% levels, respectively.
NS = Not Significant at the 5% ievel.
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Table 3. Efféct of Sbwing method and seeding rate on grain yield of lentil grown at two locations,
1982/83-1984/85.

Location/Grain yield (kg/ha)

- Rubatab Shendi
1982/83 1983/84 1984/85 Mean 1982/83 1983/84 1984/85 Mean
Sowing method
Broadcasting and ridging 2647 1610 1017 1758 1763 1335 271 1123
2 rows/60 cm ridges 2478 1651 1019 1716 1446 800 52 766
Drilling in rows 20 cm apart 2803 1461 1034 1766 1763 869 131 921
SE (%) _ - 1311 76.7 76.6 46.8 117 45.7
Significance level - NS NS NS * * *
Seed rate (kg/ha) ‘
107.1 2517 1454 1002 1658 1599 858 108 855
142.9 2596 1548 1050 1731 1629 1007 135~ 924
178.6 , 2771 1650 1047 1823 1752 1007 127 962
2143 2688 1642 996 1775 1650 1134 235 1006
SE (3) 54.4 54.4 57.8 70.9 95.1 29.6
Significance level . * NS NS NS NS *

;", ** = Significant at the 5 % and 1% levels, respectively.
NS = Not Significant at the 5% level.



Table 4. Effect of sowing method and seeding rate on grain yield of lentil
grown at Rubatab, 1990/91-1992/93.

Grain yield (kg/ha)
Season %
1990/91 1991/92 1992/93 <2 change

Sowing method

Flat planting in holes 25 cm apart 1152 1833 1420 1468

Broadcasting and ridging 982 2169 1725 1625

SE (+) 109 143 63

Significance level NS NS Hkk
Seed rate (kg/ha) |

35.7 ‘ 1377 1860 1536 1591

53.6 779 1913 1338 1343 -16

71.4 979 1962 1541 1494 -6

89.3 | 1020 2144 1675 1613 1
107.1 1117 2126 1773 1672 5

SE (&) 172 226 99

Significance level NS NS NS

*kk = Significant at the 0.1% level; NS = Not Significant at the 5% level.

It is worth mentioning that 'broadcasting-and-ridging' is a cheap method suitable
for light soils which are relatively free of weeds or when chemical weed control
is available, but its disadvantage is that it requires higher seed rate. The Nigaha
method of sowing has the advantage of low seed requirement and facilitates
hand-weeding (man days/ha needed for the first and second hand-weedings were
13 and 4, respectively, for Nigaha sowing as compared to 19 and 7,
respectively, for 'broadcasting-and-ridging' sowing). However, the
disadvantages of the Nigaha method are that it is more expensive (as it requires
intensive labor for plot levelling, making water ties and sowing) and its canopy
coverage of the soil is poor so the plants are exposed to bird damage at pod
formation. 'Broadcasting-and-covering' the seeds by Kardek is not a suitable
sowing method for lentil planting as the seeds will not be buried properly and
hence will be exposed to birds and also hand-hoeing is tedious and laborious.
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Seeding Rate

A range of seeding rates varying from 71 to 214 kg/ha were tested at different
locations in northern Sudan, namely, Shendi, Zeidab, Rubatab and Selaim in the
period 1982-1985. The results of a trial in which the treatments comprised a
factorial combination of two seeding rates (71 and 143 kg/ha), two sowing
dates, two irrigation frequencies and two sowing methods, indicated that
significant increases in lentil grain yield at all sites were realized when the
higher seed rate (143 kg/ha) was used (Mohamed ef al. 1983; Taha ef al. 1985b,
1986a). In further studies conducted at Shendi and Rubatab, in which the effects
of sowing dates and seeding rates (107, 143, and 179 kg/ha), and sowing
methods and seeding rates (107, 143, 179 and 214 kg/ha) were examined, there
was, in most seasons, only a nonsignificant (P = 0.05) increase in grain yield
with the higher seeding rates (Tables 2 and 3).

Based upon the above research findings and as a result of feedback from on-
farm research conducted at Rubatab where low seeding rates are used as the
Nigaha method is adopted, low levels of seeding rates varying from 24 to 167
kg/ha were tested (Nourai and Ali 1990, 1991; Nourai et al. 1992, 1993;
Mohamed and Mohamed 1994). In a study conducted at Rubatab in the 1989/90
season, investigating the effects of varying seeding rates (54, 71, 89, 107, 125
and 143 kg/ha) on grain yield of three promising lentil genotypes, results
indicated that highly significant (P = 0.001) increases in grain yield were
recorded when the high levels of seeding rates (71 up to 143 kg/ha) were used
(Nourai and Ali 1990). In another trial conducted at Selaim in 1993/94 with
varying seeding rates (24, 60, 95, 131 and 167 kg/ha), a highly significant
increase in lentil grain yield was obtained when the seeding rate of 131 kg/ha
was adopted (Mohamed and Mohamed 1994). However, in a further study
conducted at Rubatab for three seasons, with a factorial treatment combination
of two sowing methods and five seeding rates (36, 54, 71, 89, and 107 kg/ha),
grain yield increase with increasing seeding rate was significant in one out of
three seasons (Table 4).

It could be inferred from the above results that the seeding rate depends upon
the sowing method. A high seeding rate of 107 kg/ha could be used when the
'broadcasting-and-ridging' method is adopted in order to compensate for losses
in plant population due to burying of some seeds deep while ridging. In areas
where the Nigaha method is adopted, a seeding rate of 36 kg/ha appears to be
satisfactory.
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Crop Nutrition

Monitoring of Rhizobium nédulation of lentil plants grown at Rubatab at the
earlier stages of growth of this crop indicated that, in most cases, nodulation
was absent. Studies at Rubatab, however, indicated that there was no increase
in yield by application of nitrogen or inoculation with Rhizobium culture either
alone or in combination with phosphorus application (Mukhtar and Nourai
1984, 1985). The results of a study conducted in the 1988/89 season at three
locations (Shendi, Hassa and Rubatab), the treatments of which comprised a
factorial combination of two nitrogen treatments (0 and 43 kg/ha) and two
‘weedings and two insect pest control treatments, indicated that nitrogen
application resulted in a significant (P = 0.05) increase in grain yield at Rubatab
only (Nourai ez al. 1989). However, further studies at Rubatab, in which N and
P fertilization application (Nourai er al. 1990) and Rhizobium inoculation
(Ahmed and Nourai 1990; Mukhtar and Nourai 1991) were tested, showed no
effect of these treatments on lentil yield. It appears that the native rhizobia are
effective in supplying N to the lentil crop in quantities high enough to meet N
requirement and consequently attain the potential yield of the crop.

Water Management

Earlier studies in water management, conducted at Shendi and Hudeiba for three
consecutive seasons (Taha et al. 1984, 1985a, 1986b) comprised a factorial
combination of three watering frequencies (1, 2 and 3 weeks) imposed at two
plant developmental stages (from crop establishment to flowering and from
flowering to maturity). Results indicated that frequent irrigation during the
vegetative stage resulted in significant reduction in seed yield at Hudeiba, while
at Shendi, frequent irrigation during both the vegetative and reproductive stages
resulted in marked increases in grain yield. The variations in the response of
lentil to irrigation regimes at the two locations was attributed to the variation in
soil type. At Hudeiba, frequent irrigation caused some waterlogging damage
because the soils were heavier. Results of another trial, in which the treatments
comprised a factorial combination of two irrigation frequencies (10 and 15
days), two sowing dates, two seeding rates and two sowing methods, and which
was conducted for two seasons at Zeidab and three seasons at Shendi, Rubatab
and Selaim (Mohamed et al. 1983; Taha et al. 1985b, 1986a), showed that high
lentil grain yields were realized from frequent irrigation every 10 days. In a
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recent study at Hudeiba and Rubatab (Ahmed and Nourai 1991, 1992, 1993), in
which a factorial combination of two irrigation regimes (10 and 20 days) during
the vegetative stage and three irrigation regimes (10, 15 and 20 days) during the
reproductive stage were tesied on two lentil cultivars, lentil grain yield was
reduced significantly when water stress was imposed during the reproductive
stage by increasing the irrigation interval to 20 days from 10 days (Table 5).
Yield was also decreased to a lesser extent when irrigation interval was
increased from 10 to 20 days at the vegetative stage.

In a further study conducted at Selaim for two seasons (1992/93 and 1993/94),
the effects of watering regimes imposed at different developmental stages on
lentil grain yield were examined. The treatments comprised a factorial
combination of three watering regimes (10, 15 and 20 days) imposed at the
vegetative stage followed by four watering regimes (10, 15, 20 and 25 days)
imposed at the reproductive stage. Results indicated that significant increases
in lentil grain yield were obtained when the crop was irrigated every 15 days
during the vegetative stage while there was no apparent effect of variation in
irrigation frequency during the reproductive stage (Mohamed and Ahmed 1993,
1994). This is probably related to the good water-holding capacity of the fertile
silty loam scils of Selaim and to the cool winter weather.

Future Researéh

From the above review, it appeared that the following areas need further

research:

® Identification of the optimum seeding rates for varying sowing methods.

® Screening genotypes tolerant to moisture and heat stresses.

@ Strengthening research in the areas of insect pests, diseases and weed
control and water management.

® [Intensification of research on rhizobial inoculation for more effective
Rhizobium strains.
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Table 5. Effect of frequency of irrigation imposed at iwo developmental stages on grain yield of lentil genotypes
grown at two locations, 1990/91-1992/93.

Location/Grain yield (kg/ha)
Hudeiba Rubatab
1991/92 1992/93 Mean % change 1990/91 1991/92 1992/93  Mean % change
Frequency of irrigation during the vegetative stage (days)

10 770 1220 995 1096 1875 2776 1916
20 510 1060 785 -21 835 1924 2731 1830 -4
SE (z) 36 59 84 89 115
Significance level *kk NS * NS NS
Frequency of irrigation during the reproductive stage (days)
10 800 1335 1068 1247 2025 3267 2180
15 644 1166 905 -15 994 2062 2720 1925 -12
20 476 918 697 -35 956 1612 2274 i614 -26
SE (&) 45 72 103 85 177
Significance level ok ** ' ** *k **
Genotype
Selaim 671 1082 877 987 1871 2654 1837
ILL 795 609 1197 903 943 1828 2853 1875
SE (%) 35 41 51 84 85
Significance level NS NS NS NS NS

®, ¥k ®k% = Significant at the 5 %, 1% and 0.1% levels, respectively; NS = Not Significant at the 5% level.
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Review of Chickpea Agronomic Studies

Omer H. Ibrahim
Hudeiba Research Station, P.O. Box 31, Ed-Damer

Abstract

During the past decade (1985/86-1994/95), the major agronomic aspects of the
chickpea crop were effectively addressed by many research studies. These
aspects included the determination of the optimum sowing time, crop
establishment, nutrition and irrigation. The optimum sowing time was found to
be mid-November. The studies revealed that for yield maximization, the crop
should be planted on ridges at a plant density of 33.3 plants/m? or a seed rate of
60 kg of seed/ha. Crop nutrition studies addressed nitrogen and phosphorus
fertilization and Rhizobium inoculation. Results on ‘these inputs were
inconsistent. Response to N fertilization indicated the need for a starter dose,
while the response to P was negligible. Response to Rhizobium inoculation
studies generally showed that local strains were quite effective. Irrigation
studies showed that frequent irrigation (7- to 10-day interval) through the crop
cycle always resulted in the highest grain yield. The studies also indicated that
early termination of irrigation water drastically reduced (40-60%) grain yield.
Looking at the crop cycle as being composed of vegetiative and reproductive
phases, with the latter being the most sensitive stage to water stress, the
optimum irrigation schedule for chickpea was to apply irrigation water at 20-
and 10-day intervals during the vegetative and reproductive stages, respectively.

Introduction

Chickpea is an important cash crop grown in the Northern Region of the
Sudan. The crop faces strong competition with other winter grain legumes
like faba bean and lentil as well as other cash crops like spices. Therefore,
maximization of crop yield becomes a necessity to maintain its rank in the
existing cropping complex. Yield maximization is only possible through
adoption of optimum crop management practices and use of improved high-
yielding cultivars.
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During the past decade (1985/86—1994/95), the various production factors were
satisfactorily addressed on-station as well as on farmers' fields. The objectives
of these studies were to find the optimum cultural practices that could boost
chickpea productivity.

The reviewed studies dealt with the major agronomic aspects of chickpea
production. The subjects covered included sowing time, crop establishment, and
crop nutrition and irrigation.

Sowing Time

Fig. 1 shows the effects of sowing date on grain yield of chickpea
(1987/88-1989/90). The optimum sowing date for chickpea was found to be

. mid-November (2524 kg/ha). Sowing earlier (25 October) than mid-November
reduced yield by 34%, and sowing later (5 December) than mid-November
reduced grain yield by 9%.
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Fig. 1. Effect of sowing date on grain yield of chickpea (Taha 1990).
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Crop Establishment

The crop establishment aspect was approached in two ways, either as crop
architecture or as seeding rate. Tables 1 and 2 show the influence of plant
population and seed rate, respectively, on grain yield of chickpea over various
seasons. Results of these studies revealed that a plant population of 33.3
plants/m? or a seed rate of 60 kg/ha was satisfactory for good crop establishment
and, consequently, for maximum grain yield.

Table 1. Effect of plant populatior on grain yield of chickpea.

Grain yield (kg/ha)

Plants/m? Season _ ‘ Season

1985/86 1986/87 Mean 1987/88 1988/89 1989/90 Mean
16.6 1562 3102 2332
26.7 1260 2430 2496 2062
33.3 1790 3331 2561 1314 2534 2492 2113
44 4 1690 2619 2560 2290
SE (+) 48.8 54.3 734 NS NS

NS = Not significant.
Source: Taha (1987, 1990).

Table 2. Effect of seed rate on grain yield of chickpea.

Grain yield (kg/ha)
Seed rate Season
(g/ha) 1985/86 1988/89 1989/90 Mean
30 10731 - 2679 1344 1699
60 1469 3076 1618 | 2054
SE (&) 169.4 117.7 84.1

+ First seed rate in 1985/86 was 26 kg/ha instead of 30. '
Source: Nourai (1986b); Taha ez al. (1989, 1990a).
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Sowing Method

Two methods, sowing on-ridge or on-flat, were studied over four seasons
(1987/88-1990/91). Results showed that sowing on-ridges was superior to
planting on-flat (Fig. 2).
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Fig. 2. Influence of sowing method on grain yield of chickpea (Taha 1990;
Taha and Ali 1991).

Crop Nutrition

The effects of fertilizer (N and P) application and Rhizobium inoculation on
yield performance of chickpea were studied over different seasons and locations
(Tables 3, 4 and 5). Results showed that the response to P was negligible (Table
3). Grain yield response to N fertilization, on the other hand, was inconsistent
(Tables 6 and 7), but indicated the need for a starter dose (10-20 kg N/ha).
Rhizobium inoculation studies (Table 5) indicated that local strains were quite
effective,
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Table 3. Effect of phosphorus fertilization on grain yield of chickpea.

Grain yield (kg/ha)
P level Season
(kg P,Os/ha) 1 984/85 1985/86 1986/87 Mean
0 657 1498 2155 1436
71 702 1748 2136 1529
143 645 1783 2145 1524
SE (&) 13.8 59.8 NS

NS = Not significant.
Source: Taha (1987).

Table 4. Effect of nitrogen fertilization on grain yield of chickpea.

Grain yield (kg/ha)
Nlevel Season
(kg N/ha) 1988/89 1989/90 Mean
0 1558 1505 1532
43 1910 1450 1680
86 ' 1913 1488 1701
SE (+) 88 NS

NS = Not significant.
Source: Noufai (1989); Taha ef al. (1990a).

Table 5. Effect of Rhizobium inoculation on grain yield of chickpea,
1988/89.

Location/Grain vield (kg/ha)

Treatment o b Hudeiba Wad Hamid _ Mean
Control 3396 2605 2430 2840
120 kg N/ha 2993 12989 2613 2865
Inoculation 3104 2949 2702 2918
SE () NS NS NS

NS = Not significant.
Source: Taha ef al. (1989).
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Table 6. Effect of irrigation interval on grain yield of chickpea.

Grain yield (kg/ha)

!rrigation Season Season
interval (days)

1984/85 1985/86 1986/87 Mean  1985/86 1988/89

1888

817 2057 2502 1793
10 2096
12 667 1690 2252 1536
14 1457
16 524 1283 1679 1162 1491
20 1038
21 | 501
28
SE (£) 14 60 67 138 . 72

Source: Taha (1987); Nourai (1986a, 1989).

Table 7. Effect of terminal water stoppage on grain yield of chickpea.

Terminal Grain yield (kg/ha)

water 1991/92 1992/93 1993/94 1994/95 Mean
stoppaget  Hudeiba Rubatab Mean Hudeiba

To maturity 690 1130 910 1870 2692 3001 2521
90 DAS 750 820 790 1459 2495 2476 2143
80 DAS 1238 2239 2016 1831
70 DAS 410 790 600 1092 1591 1887 1523
50 DAS 380 350 370 |

SE (%) 77 1 102 78 126 126

T DAS = Days after sowing.
Source: Taha and Ali (1991); Ibrahim (1993, 1994, 1995).
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Irrigation Regfme

Application of irrigation water to chickpea was studied in three ways: (1)
imposing different irrigation intervals throughout the crop cycle; (2) timing of
last irrigation; and (3) irrigation schedule during both vegetative and
reproductive stages of the crop. !

Results showed that frequent (7-10 day intervals) irrigation during the whole
crop cycle always resulted in the highest grain yield (Table 6). It was also found
that early termination of irrigation water drastically reduced grain yield (Table
7). Grain yield losses of 59 and 40% occurred when irrigation water was
terminated 50 and 70 days after sowing, respectively.

Dealing with the crop life cycle as being composed of vegetative and
reproductive phases, it was found, as expected, that the reproductive stage was
the most sensitive stage to moisture stress developed through expanded
irrigation intervals (Table 8). Consequently, the optimum irrigation schedule
was established so as to irrigate the crop at 20- and 10-day intervals during the
vegetative and reproductive stages, respectively (Table 8).

Table 8. Influence of irrigation regime (varied by irrigation intervals in
days) on grain yield of chickpea.

Grain yield (kg/ha)
Schedule 1989/90 1992/93 1993/94 1994/95 Mean
(veg. +rep.)t :

Hudeiba Rubatab Hudeiba

10+ 10 2310 1751 - 1481 2439 2169 2030
15+ 10 1332 2263 2429 2008
20+ 10 2096 1985 1430 2059 2438 2002
10+20 1375 1633 1504
20+ 20 1153 1645 1399
SE (&) 128 156 NS 71 NS

T (veg. + rep.) = Irrigation interval in days during the vegetative and reproductive phases,
respectively. ’

NS = Not significant.

Source: Taha et al. (1990b); Ibrahim (1993, 1994, 1995).
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Discussion

Comment: Prof. Abdalla Abdalla

In the organization of the conference, I would have liked to see the achievements within
each crop grouped together. Also, there is a need to integrate the work of individual
scientists. And my question is: Where do we go from here in agronomy?

A: O.H. Ibrahim

I fully agree with Prof. Abdaila’s suggestions to integrate efforts and improve efficiency
of output.

Comment: M.B. Solh

I would like to comment on Prof. Abdalla Abdalla's comment on the need for the
organizers to have had a presentation on each crop on the impact of research under
NVRP. With respect to the organization, the last session of the workshop will be on
technology transfer and socioeconomic studies. Technology transfer will specify the
improved production packages developed in every one of the four crops of concern fo
NVRP. In addition, adoption and impact studies of improved technologies will be
presented. In these studies, the farmers' perception of these technologies will be
discussed. Certain components of the improved packages may be turned back over to
the researchers to make them more acceptable to farmers. After the last session, there
will be one day of discussions to highlight the future guidelines in order to have more
impact on national production.
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Water Relations of
Faba Bean, Chickpea and Lentil

Sir E1 Khatim H. Ahmed
Hudeiba Researck Station, P.O. Box 31, Ed-Damer

Abstract

Available literature on water relations of common food legumes (faba bean,
chickpea and lentil) in the Sudan was reviewed. Results were based mainly
on studies of the effects of different fixed or interchanged irrigation intervals
during two or more growth stages. Results indicated that crop response to
irrigation treatments is site-specific and subject to seasonal weather
fluctuations. However, with the exception of lentil on heavy clay soils, the
vegetative growth stages for the three crops were less sensitive to water stress
compared to later growth stages. Some savings in irrigation water during the
early ‘stages with minimal loss in seed yield are possible. Genotypic
differences with regard to tolerance to water stress were detected. These were
tested by subjecting different genotypes of the three crops to suboptimal
irrigation conditions in the field. Crop water requirements were measured by
the neutron probe at Hudeiba. Faba bean, chickpea and lentil require about
430, 380 and 365 mm of water, respectively.

Introduction

Faba bean, chickpea and lentil are grown mainly in the Northern Region of the
Sudan where environmental conditions (relatively cooler and longer winter
seasons) aré more suitable for production. Faba bean and lentil are produced
exclusively under irrigation while a large area of chickpea is grown on residual
soil moisture content after flood recession (Wad Hamid basin).

Faki (1991) reported that irrigation water is the most important single constraint
to agricultural production in northern Sudan. He further stated that expensive
water pumping from the Nile coupled with limited pump sizes, and energy and
- spare part availability problems render irrigation water a costly resource that
justifies optimal allocation among the different crops grown. For these reasons,
frequent irrigation is generally the least adopted component of packages in on-
farm trials.
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The main objective of this work was to review existing information on crop-
water relations of faba bean, chickpea and lentil in the Sudan. Neutron probe
studies at Hudeiba showed that faba bean, chickpea and lentil require about 430,
380 and 365 mm of water, respectively (Ahmed 1994).

Faba Bean

Studies on water relations of faba bean during the first phase of the
ICARDA/IFAD Nile Valley Project in the Sudan were reviewed by Saxena and
Stewart (1983). Results of trials conducted at different locations are given in
Tables 1, 2, 3 and 4.

Table 1. Effect of irrigation frequency during different growth stages on
faba bean seed yield at Hudeiba, 1979/80.

Irrigation interval (days)t

Seed yield (kg/ha)

s1 s2 S3
7 7 7 1466
10 10 10 | 1016
14 14 14 1004
7 7 14 1466
7 14 7 1038
7 14 14 916
14 7 7 1333
14 7 14 1345
14 14 7 1211
SE (+) ’ 193

1 S1 = From planting to start of flowering; S2 = From start of flowering to 100% pod settmg,
S3 = From 100% pod setting to maturity.
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Table 2. Effect of irrigation frequency durihg different growth stages on
faba bean seed yield at different locations, 1980/81.

Irrigation interval (days)t Location/Seed yield (kg/ha)
S1 S3 S3 Zeidab Aliab Hudeiba
7 7 7 2793 2664 2976
7 7 14 2298 2310 2319
7 14 7 2636 2402 2193
7 14 14 2090 2312 2074
14 7 7 2290 2576 2617
14 7 14 2221 2064 2126
14 14 7 2364 2494 2300
14 14 14 2105 1986 2126
SE (£) 160 136 167

T S1 = From planting to start of flowering; S2 = From start of ﬂowerihg to 100% pod setting;
S3 = From 100% pod setting to maturity.

Table 3. Effect of differential irrigation during different growth stages on
faba bean seed yield at Shambat, 1980/81.

Irrigation interval (days)T Number of Seed yield

irrigations (kg/ha)

S1 S2 S3
10 10 10 11 1811
15 15 15 8 1183
10 10 15 10 1450
10 15 15 9 1200
15 10 10 10 1464
15 10 15 9 1378
15 15 10 9 1308
10 15 . 10 10 1394
SE (&) 93

T S1 =From planting to start of flowering; S2 = From start of flowering to 100% pod setting;
S3 = From 100% pod setting to maturity.
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Table 4. Effect of water stress during different growth stages on faba bean
seed vield at different locations, 1981/82.

Location/Seed yield (kg/ha)

Treatment
Wad Medani  Shambat Hudeiba

Irrigating every 10 days to maturityt 974 2840 2571
Irrigating every 15 days to maturity 646 1847 1919
As in 1 but 3rd irrigation missed 957 2612 2596
As in T but 7th irrigation missed 678 2025 1389
As in T but 9th irrigation missed ' 801 1962 2017
As in T but 3rd and 7th irrigations missed 593 1856 1547
As in T but 7th and 9th irrigations missed 561 1655 1387
As in T but 3rd and 9th irrigations missed 646 543 1387
As in T but 3rd, 7th and 9th irrigations 513 1652 1374
missed

SE () 63 112 86

A trial was conducted at Hudeiba Research Station to study the effects of
different irrigation intervals at three plant growth stages: (1) from planting to the
start of flowering (S1); (2) from the start of flowering to 100% pod setting (S2);
and (3) from 100% pod setting to maturity (S3). Irrigation interval had a
significant effect on seed yield (Table 1). Irrigating every 7 days significantly
outyielded the 10- and 14-day intervals by 44%. Water stress between the start
of flowering and 100% pod setting was detrimental to seed yield as it reduced
the number of seeds per plant. When the trial was repeated during the next
season at two more sites, the continuous 7-day regime outyielded the 14-day
regime by 40, 34 and 33% at Hudeiba, Aliab and Zeidab, respectively (Table 2).
Results of a similar trial conducted at Shambat showed that irrigating every 10
days throughout the season was significantly superior tc irrigating every 15 days
(Table 3). Results also indicated that water stress is less critical to seed yield
during the early vegetative growth stage as compared to later growth stages.

The possibility of saving irrigation water with minimal losses in seed yield was
studied in a field trial replicated at Hudeiba, Shambat and Wad Medani during
the 1981/82 season. The trial examined the effects of withholding irrigation
once, twice and three times at different growth stages compared to irrigating

99



every 10 and 15 days throughout the season. Plant growth stages were: early
vegetative stage (17-27 days from planting), pod development (47-67 days),
late grain filling (67-87 days) and their different combinations. Results clearly
indicated that water stress during the early vegetative stage had no effect (Wad
Medani and Hudeiba) or very little effect (7% reduction at Shambat) on seed
yield. Water stress during seed formation decreased seed yield by 30% (Shambat
and Wad Medani) and 46% (Hudeiba) compared to continuously irrigated crops
at 10-day intervals. Omitting the ninth irrigation reduced seed yield by 18, 22
and 31% at Hudeiba, Wad Medani and Shambat, respectively (Table 4).

Following the same objective of saving irrigation water with minimal loss in
seed yield, a series of trials were conducted at Wad Medani (Farah 1992).
During the first two seasons (1982/83 and 1983/84) of the trial, the effects of
irrigating every 7 and 14 days throughout the season were tested. Irrigating
every 7 days compared to every 14 days reduced seed yield by 18 and 31%
during the first and second seasons, respectively. A third treatment, where the
crop was irrigated every 14 days until flowering and every 7 days thereafter,
was included in the 1984/85 season. This treatment produced the highest seed
yield and also saved two irrigations before flowering. In the following season
(1985/86), the 7-day treatment was omitted and 14 or 21 days were imposed
during the preflowering stage followed by every 7 or 10 days during the
postflowering period. Again, the highest seed yield was obtained from the 14-7
regime followed by the 21-7 irrigation regime (Table 5).

Table 5. Effect of irrigation intervals during two growth stages (vegetative
and reproductive) on faba bean yield at Wad Medani, 1985/86.

Irrigation intervalst (days)

Attribute .

14-7 14-10 21-7 21-10 SE (&)
Seed yield (kg/ha) 1957 1460 1702 1505 67
CWUZ (mm) 666 560 492 504
Number of irrigations 14