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This workshop brought together leading chickpea scientists from around the world to:
summarize the present status of chickpea production and utilization; review progress since the
first international chickpea workshop in 1979; project future goals for production and use of
chickpea; identify constraints impeding progress, and research needed to reach these goals;
prioritize research required to overcome the constraints; recommend and develop collaborative
research proposals based on these priorities; and suggest the resources and training required to
effect these proposals. .‘

These proceedings update information on work on chickpea since 1979. They contain 31 full
papers covering; chickpea status and potential, utilization, genetic resources and enhancement
of germplasm, physiology and agronomy, pathology, insect pests, breeding strategies and
approaches to crop improvement, and transfer and exchange of technology. In addition there
are 20 abstracts on recent advances in chickpea improvement that cover all the main chickpea-
growing areas worldwide, reports of discussions and recommendations. All abstracts, discus-
sion reports, and recommendations are published in French and English.
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Inaugural Session






Opening Address

L.D. Swindale!

Mr Chairman, distinguished speakers at the head table, distinguished delegates, colleagues, and
friends

Let me add my welcome to the one extended to you by Dr Nene on behalf of International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT). It is a wonderful time of the year to be
present at our Center, and we hope that you will enjoy being here, and will enjoy participating in the
Second International Workshop on Chickpea Improvement. The world is well represented at this
meeting, with delegates from 28 different countries here, or due to arrive during the course of the
meeting.

A conference such as this, should benefit all participants. It is not a conference solely to advise and
benefit ICRISAT and International Center for Agricultural Research in the Dry Areas (ICARDA).
Y ou should be able to share your problems as researchers on this interesting and important crop, and
you should be able to discuss possible solutions, even common solutions, to those problems.
Hopefully you will learn about new advances in the science and new techniques for dealing with the
crop. And most of all, I hope that you will obtain some new perspectives about this ancient crop and
thereby improve your understanding of its future role in the agriculture of your countries and of the
world.

The international agricultural research centers are your servants. They are here to serve the
scientists of the national agricultural research systems, and we can serve you best if you will tell us
what you most need. So take every opportunity in the discussions and in private conversation to inform
the ICARDA and ICRISAT scientists what they should, or could, do for you to make your job easier,
to make your research more productive, and to allow you to utilize the sparse resources that are
available for research on chickpea as efficiently as possible. Particularly do I appeal to you to provide
ICRISAT Center with advice and suggestions as to what it should do for you. Foralong time ICRISAT
Center has seemed to be but one of several Indian agricultural research institutions working on
chickpea and producing cultivars for this country. We are keen to enlarge upon this role. Not, let me
clarify, tomove away from serving India. Not atall! This is our host country, it helps us in many ways
and we are anxious to serve it well. But we think that we will serve it best if we implement the work
of Indian scientists rather than compete with them.

Now most of you have faces familiar to me; you have been to ICRISAT before and participated
in various meetings and conferences. For those who have come to ICRISAT for the first time, I would
like to just say a few words about our Center. The Institute was created in 1972. It was the first center
created by the Consultative Group for International Agricultural Research (CGIAR) after the group
itself was formed in 1970. And it was set up very specifically to work in a difficult agricultural area
to service the needs of the rainfed, semi-arid tropics. ICRISAT does not work to any significant extent
on irrigated agriculture. We work in an area that occupies 11% of the globe and houses 15% of the
world’s population. It is an area of great agricultural promise and great agricultural problems, largely
because of the uncertainty of the rainfall and the ever-present possibility of drought.

Concentrating upon the semi-arid tropics, and the food crops of that region, we work to improve
five mandate crops, two cereals, sorghum and pearl millet, two pulse crops, chickpea and pigeonpea,
and groundnut which is a major source of cooking oil for many people of the region as well as an
important cash crop. We try, in addition, to determine the constraints to agricultural development and
to find ways of alleviating them—ways which involve improvements in science as well as
improvements in policy. Our five crops and our geographic region fit pretty well together. But some
of our crops, and particularly chickpea, are important in many other parts of the world. We recognize

1. Director General, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh
502 324, India.



and accept a responsibility to provide assistance and support to all those who work with this crop
wherever they may be located.

Chickpea was originally a crop of the subtropics, but it is also very widely grown within the tropics.
Because of its broad spread, we share an international responsibility for the crop with our sister center,
ICARDA, based at Aleppo, Syria. That relationship has been strong, close and very productive. Dr
Mohan Saxena, representing ICARDA, will be the keynote speaker of this Workshop.

Chickpea is the world’s most important pulse crop, way ahead of any other. Although more than
80% of the chickpea in the world is produced on the South Asian subcontinent, it is an important crop
in many other countries, particularly in the regions of Central and West Asia, around the Mediterra-
nean, in some northeastern African countries, and in Mexico and other countries in Latin America.
More recently it has been produced in Australia and New Zealand and in the United States. 1 first
encountered chickpea as part of a salad dish commonly used in the United States. When I came to
ICRISAT, of course, l encountered it as dhal and as flour. And in West Asia, as a paste mixed up with
vegetable oils in a preparation known as ~omos. I have heard about its use for animal feed, and there
are supposedly numerous other uses of the crop. 1 hope that you will think about the utilization of the
crop, in deciding what research is needed for the Nineties.

Although chickpea is an important crop in many parts of the world, the results of research over the
last decade are not particularly promising. Dr Saxena will tell you that global production and yield
of chickpea has not changed very much in recent years, although in some countries there have been
significant increases, particularly in Turkey, in Australia, in my own country of New Zealand, in
Myanmar, in the U.S., and more recently in the Sudan. On the other hand, according to the abstracts
of your papers, the crop has declined in Ethiopia, Spain, and Iraq.

India has made substantial increases in pulse production in recent years. This has come about
largely because India has embarked upon a concentrated effort to increase food crop production, not
particularly because of any inherent increase in the productivity of this crop. Iraq imports $0% or more
of its chickpea and India also imports a large amount. New Zealand sells its chickpeas to India. Dr
von Oppen, who will speak on economic issues, points out the indicators suggest that the prospects
forincrease in demand are good. And yet many authors complain or comment upon the relatively poor
yields, and they speak about lack of adequate moisture, poor weed control, low or no inputs, and a near
absence of research. Furthermore, the crop has been called “‘recalcitrant”, meaning that it does not
respond particularly well to efforts to bring about significant improvement in genetic potential. Two
ICRISAT scientists have concluded that there has been no significant change in yield potential in
chickpea in India in 20 years or more. Two others say that the crop is unlikely to progress in the
northern part of this subcontinent because of the existence of several serious diseases. All these do
not speak well for increased production of chickpea in its traditional locations. Perhaps these will not
be the places where chickpea will be grown in the future. The production and the research effort may
shift to where chickpea seems to have greater comparative advantage.

The world is changing fast all around us. It would not be unwise to assume that international trade
in agriculture will know few barriers by the year 2000. Crops will be grown wherever they have the
greatest comparative advantage. Farmers who have areal interest in growing the crop and doing it well
will benefit from their efforts. And countries that are willing to invest adequately in research on the
crop will find that they will have an export market as a result. If you will think in those terms, you
will prepare for chickpea 1o play an important role as a commercial commodity in the future, and
perhaps embark upon some interesting and new types of research for yourselves.

The most significant advance in chickpea productivity in recent years has been through winter
sowing in the Mediterranean area. Significant increases in yield are possible, and the change will
enable chickpea to substitute for or add to lentils in rotation with wheat and barley. That is extremely
important in these days of concem for the sustainability of agriculture, and it is a very good reason for
ensuring that a great deal more research is done on chickpea in those particular regions.

Short-duration kabuli chickpeas seem to be proving attractive in the south of India, around
ICRISAT, and I am pleased to say that we have helped in bringing about that change. The short-season
crop escapes terminal drought stress and the kabuli type is proving popular in the market. How well
these new trends will continue only a few more years will tell! But they seem to be quite promising.



The abstracts of the papers to be presented at the Workshop give examples of several other potentially
important scientific advances. You will be able to judge those much better than I can. Perhaps they
will Jead to breakthroughs in various parts of the world and adjustments in chickpea production. | was
particularly pleased to note that several of the papers had been authored jointly by scientists from
different countries. That to me, suggests, that there is already good cooperation among chickpea
scientists. It sounds like the basis for an extremely good outcome to this meeting, and for effective
cooperation in research on chickpea in the future.

Drs N. Smith and D.G. Faris will describe the usefulness of networks in helping countries,
particularly those that are short of funds, to get more advantage from cooperative trials and research
projects. Most networks, in my view, are more form than substance. I hope that your networks will
be different, and I am encouraged by the fact that already you cooperate well together.

So I wish you all a successful conference. I hope that you will enjoy your stay at ICRISAT, that
you will be rested as well as exhilarated and ready at the end of the week 1o once again tackle Indian
Airlines and that you all return home quickly and safely to your home countries. My best wishes for
a successful year, and fruitful research on Chickpeas in the Nineties.

Thank you very much!






ICRISAT’s Legumes Program

D. McDonald!

On behalf of ICRISAT’s Legumes Program I welcome you to this important chickpea workshop. 1
would like to provide you with a brief overview of the Legumes Program, its responsibilities,
organization, and some of its activities. This may help you if you wish to meet some of our staff
working on other legume crops during your visit.

ICRISAT’s mandate covers three legume crops—chickpea. pigeonpea. and groundnut. Chickpea
and pigeonpea are the principal pulses of the Indian subcontinent, and are very important in the
nutrition of the people of this region.

As many of you are already aware, chickpea is grown in South and West Asia, in several countries
of Africa and the Americas, in Australia, and in Mediterranean countries. The bulk of the crop, around
80% of world production, is grown on the Indian subcontinent. The mandate to improve chickpea
production is split between International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) and Intemational Center for Agricultural Research in the Dry Areas (ICARDA).
ICARDA with its base in Syria concentrates research on the large-seeded kabuli type of chickpea that
is commoly grown around the Mediterranean and in West Asia, while ICRISAT Center gives greater
emphasis to work on the smaller-seeded desi types more commonly grown in India.

Pigeonpea is very widely grown in tropical and subtropical regions of the world, but it is difficult
to calculate production in many regions as it 18 rarely grown as a field crop outside of South Asia, and
eastern and southemn Africa. It is estimated that around 90% of world pigeonpea production is from
the Indian subcontinent. Research on pigeonpea is coordinated from ICRISAT Center and most of
the research is done in India, but a small program has recently been established in Kenya to serve those
areas of castern Africa where the crop is grown.

Our third legume. groundnut, is widely grown in tropical and subtropical regions of the world and
is important as a source of protein to humans and livestock, and very important as a cooking oil. The
haulims left after removal of the pods provide a nutritious hay that is in high demand in arid regions
where there is a scarcity of forage for livestock. The People’s Republic of China and India are the
largest producers together contributing over 50% of the world’s production.

Groundnut research on global and Asian problems is organized from ICRISAT Center, while a
research team based in the ICRISAT Sahelian Center in Niger looks after West African problems, and
another team in Malawi is responsible for research on the crop in member countries of the Southern
African Development Coordination Conference (SADCC).

The need to improve production of chickpea, pigeonpea, and groundnut is apparent when one
compares their low average yields in the semi-arid tropics (SAT) of from 0.65t0 0.85 tha' with individual
SAT-farmers’ yields of over 3 t ha', and research farm yields of well over 5 t ha'".

Our research emphasis is directed at alleviating production constraints of chickpea, pigeonpea, and
groundnut grown under rainfed conditions and. for the most part, in low-input farming systems. We
are concerned with both abiotic and brotic constraints and for all three crops we are working on
drought, nutritional problems, photoperiod, temperature, and humidity effects, diseases, and pests.
Ourmajor approach to these problems is through the use of genetic resistance ortolerance to individual
stress factors, and we work closely with the ICRISAT Genetic Resources Unit which provides us with
varieties and landraces of our crops and genotypes of their wild relatives for use in germplasm
enhancement and breeding programs. In our Legumes Program here at ICRISAT Center we have
seven disciplinary units; three Breeding Units, one for each crop; and Units of Crop Physiology,
Pathology. Entomology, and Cell Biology where scientists work on all three crops. We also have the
coordinating Unit of the Asian Grain Legumes Network. and a special Legumes On-farm Testing and
Nursery Unit (LEGOFTEN) set up in response to a request from our host government to cooperate

L. Program Director, Legumes Program, International Crops Research Institute for the Semi-And Tropics (ICRISAT),
Patancheru, Andhra Pradesh 502 324, India.
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with Indian national programs to promote increased production of the three ICRISAT mandate
legumes by on-farm testing and demonstrations.

Legume scientists work in close cooperation with scientists of the Resource Management Program
who incorporate ICRISAT legumes and cereals crops into improved and sustainable farming systems.

As we have developed germplasm collections, pursued crop improvement research, and built up
strong technological and information bases, we have simultaneously been setting up cooperative
linkages with national agricultural research systems (NARSs) so that the benefits of ICRISAT work
can be effectively transferred to them. Our strategic plans envisage significantly increased coopera-
tive research and training activities. As some developing countries in Asia are making rapid advances
in developing their agricultural research infrastructures, and as many other countries are doing their
best to follow suit, we have to re-think our strategies for cooperalive research and training. We have
to arrange for training of national systems scientists in advanced technologies to assist them in their
home institutions. This has influenced our plans to further develop the capabilities of the Program in
respect of advanced biotechnological methods. Hopefully, some NARSs will later be able to offer
training and assistance in these research fields to scientists in other countries where facilities and
expertise have yet to be developed. Emphasis will also have to be given at the other end of the research
scale to development of production technologies suited to specific agroecological and socioecological
conditions, and capable of giving stable and sustainable yields of our legumes.

In trying to meet the research and training needs of NARS we have received excellent cooperation
from organizations such as Food and Agricultural Organisation of the United Nations (FAO),
Australian Centre for International Agricultural Research (ACIAR), Peanut Collaborative Research
Support Program (Peanut CRSP), International Development Research Centre (IDRC), and Centre
de coopération internationale en recherche agronomique pour le développement (CIRAD).



Objectives of the Workshop

The Chickpea in the Nineties (Second Intemational Workshop on Chickpea Improvement) will bring
together leading chickpea scientists from around the world to:

summarize the present status of chickpea production and utilization;

review progress since the first international chickpea workshop in 1979;

project future goals for production and use of chickpea;

identify constraints impeding progress, and research needed to reach these goals;
prioritize research needed to overcome the constraints;

recommend and develop collaborative research proposals based on these priorities; and

suggest the resources and training required to effect these proposals.

An interesting field visit will form a part of the program.

Purpose

Scientists from many different countries are participating, and we expect to have useful and lively
brainstorming sessions that will have an impact on chickpea research and development in the Nineties
and beyond.
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Objectifs du Colloque

Le Pois chiche dans les anneés 90 (Deuxitme colloque international sur I'amélioration du pois chiche)
réunira les chercheurs les plus importants travaillant sur le pois chiche dans le monde entier, afin de :

¢ faire le point du statut actuel de la production et de l'utilisation du pois chiche;
e revoir les progres effectués depuis le premier colloque international sur le pois chiche tenu en 1979;
e projeter les objectifs futurs pour la production et I'utilisation du pois chiche;

o identifier les contraintes entravant le progrés, et la recherche nécessaire pour atteindre les buts
envisagés;

o ¢&tablir les priorités pour la recherche nécessaire & la maitrise de ces contraintes;

¢ recommander et élaborer des propositions de recherche collaborative basées sur ces priorités; et de

suggérer les ressources et la formation requises pour réaliser ces propositions.

Le programme comportera également une visite intéressante aux champs. Des chercheurs de nombre de
pays différents participeront 4 ce Colloque, et 1'on espére avoir des séances d’échanges d’idées utiles et
animées qui auront un impact sur la recherche et le développement du pois chiche dans les années 90 et

au-dela.

12



Problems and Potential of Chickpea Production
in the Nineties

M.C. Saxena!

Abstract

Though global production and yield of chickpea (Cicer arietinum L.) has not increased markedly
in the past few decades, the world’s population has been rising. Consequently, the net availabil-
ity of chickpea per caput has declined. There is a large gap between the potential yield and the
farm yield. Major factors responsible for this are inappropriate production practices including
weed control, inadequate biological nitrogen fixation, damage of crop by several pathogens and
pests, and susceptibility of cultivars to abiotic stresses. Recent research has addressed these
constraints by: (i) characterizing the photothermal regulation of flowering to facilitate identifi-
cation of genotypes best adapted to specific areas, (ii) studying genotype X environment interac-
tion to adapt the crop and the associated microsymbiont in the niches available in different
cropping cycles in traditional and non-traditional chickpea areas; (iii) identifying sources and
mechanisms of resistance to major biotic and abiotic stresses in both cultivated and wild Cicer
spp; (iv) developing techniques, by application of appropriate biotechnological tools, to transfer
desirable traits in high-yielding and adapted backgrounds; (v) developing integrated pest and
disease control; and (vi) testing improved genotypes and production techniques in different
cropping systems through on-farm research with socio-economic appraisal. These researches
have started producing results of considerable practical importance and their application
through appropriate transfer of technology should lead to increased productivity and production
of chickpea in the future.

Résumé

Problémes et le potentiel de Ia production du pois chiche dans les années 90 : Si les derniéres
décennies n’ont pas témoigné d'une amélioration sensible de la production mondiale et du
rendement du pois chiche (Cicer arietinum L.), la population mondiale, par contre, ne cesse
d accroitre. Par conséquent, la disponibilité nette de pois chiche par habitant est en baisse. 11
existe un écart important entre le rendement potentiel et le rendement au champ. Les facteurs
importants responsables de cet état des choses sont : les pratiques culturales peu adaptées y
compris la lutte contre les adventices, l'insuffisance de la fixation biologique de l'azote, les
dégéts aux cultures par divers agents pathogénes et ravageurs, ainsi que la sensibilité des
cultivars aux contraintes abiotiques. Afin de faire face a ces contraintes, les travaux de
recherche récents ont porté sur : (i) 1a caractérisation de la régulation photothermique de la
floraison pour faciliter I'identification des génotypes le mieux adaptés & des sites spécifiques;
(ii) I'étude des interactions génotype x environnement afin de pouvoir intégrer la culture et son
microsymbiont associé dans les niches disponibles dans le cadre des cycles de culture différents
dans des zones de pois chiche traditionnelles et non-traditionnelles; (iii) I'identification des

1. Program Leader/Agronomist-Physiologist, Food Legume Improvement Program, Intemational Center for Agricultural Research in the
Dry Areas (ICARDA), P.O. Box 5466, Aleppo, Syna.

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nineties: proceedings of
theSecond International Workshop on Chickpea Improvement, 4-8 Dec 1989, ICRISAT Center, India. Patancheru, A.P. 502 324, India:

ICRISAT.
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sources et des mécanismes de résistance aux contraintes majeures biotiques et abiotiques dans
Cicer spp. cultivé et sauvage; (iv) la mise au point de techniques, par I'application des outils
biotechnologiques appropriés, permettant le transfert des caractéres désirables dans des
variétés adaptées et & haut rendement; (v) la mise au point d’une lutte intégrée contre les
maladies et les ravageurs, et (vi) la mise & 'essai des génotypes et des techniques de production
améliorés dans des systémes de culture différents, et ceci par l'intermédiaire de recherches en
milieu réel accompagnées de bilans socio-économiques.

Ces travaux de recherche fournissent déja des résultats d'une grande importance pratique.
Leur application, gréce 4 un transfert de technologie approprié, devrait conduire 3 I'améliora-
tion de la productivité et de la production de pois chiche a l'avenir.

On a global basis, chickpea (Cicer arietinum L.) is the
third most important pulse crop after dry beans
(Phaseolus vulgaris L.) and dry peas (Pisum sativum
L.). Although predominantly consumed as a pulse, dry
chickpea is also used in preparing a variety of snack
foods, sweets and condiments (Saxena 1987¢). Green
fresh chickpeas are commonly consumed as a vege-
table for a short period before the crop is mature.
Nutritionally, chickpea is relatively free from various
antinutritional factors, has a high protein digestibility,
and is richer in phosphorus and calcium than other
pulses (Ramalho Ribero and Portugal Melo in press).
Because of its higher fat content and better fiber di-
gestibility, chickpea holds great promise as a protein
and calorie source for animal feed for both ruminants
and non-ruminants (Cordesse in press; Ramalho Rib-
ero and Portugal Melo in press). Chickpea straw has a
forage value comparable to other straws commonly
used for livestock feed (Ramalho Ribero and Portugal
Melo in press). Because of these diversified uses of the
crop and its ability to grow better with low inputs under
harsh edaphic and arid environments than many other
crops, it is an important component of the cropping

systems of subsistence farmers in the Indian subconti-
nent, West Asia, and North Africa. Some of these
attributes together with its ability to derive more than
70% of its nitrogen from symbiotic dinitrogen fixation
(Saxena | 988) make chickpea a promising crop for the
‘alternative agriculture’ that is now attracting consid-
erable attention in the industrialized world (National
Research Council 1989).

Changes in Chickpea Production in
Relation to Population Growth

The changes in area, production, and yield of chickpea
on a global basis and in Asia in the last five decades are
shown in Table |. A comparnison of the data for 1934-
38 with those for 1961-65 shows a 50% increase in
production both in Asia and worldwide. However,
since 1965 there has been a slight reduction in produc-
tion following a reduction in the area sown, in spite of
some increase in the productivity of the crop. In
contrast, the population has grown continuously (Table
2) in this period, showing a 163% increase in Asia and

Table 1. Change in area, production, and yield of chickpea in Asia and in the world in the last five decades.

Asia World

Area Production Yield Area Production Yield
Period (103 ha) (103 ¢) (t ha-) (10% ha) (103 ¢) (t hat)
1934-38 7790 4280 0.55 8760 4700 0.54
1948-52 9060 4800 0.53 10300 5400 0.52
1961-65 10843 6443 0.59 11865 7039 0.59
1971-75 9020 5519 0.61 9968 6349 0.64
1979-81 8747 5377 0.61 9530 5971 0.63
1986-88 8948 6249 0.70 9747 6846 0.70

Source: FAO Production Yearbooks, FAO, Rome.
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Table 2. Change in population in Asia and in the world
in the last five decades.

Population {(millions)

Year Asia World
1937 1137 2136
1954 1454 2658
1967 1987 3502
1981 2624 4513
1987 2939 5026
1988 2994 5114

Source: FAO Production Yearbooks, FAQ, Rome.

139% worldwide from 1937 to 1988. The negative
effects of these changes on per capita availability of
chickpea are obvious. And the sector most affected by
this reduced availability is the rural poor, in whose diet
chickpeas, like other puises, play a dominant nutri-
tional role (Oram and Belaid 1989). Efforts will have to
be made in the 1990s to increase the production of
chickpea at a faster rate than in past decades, and that
is the challenge to researchers and the extension and
production agencies concemed with the crop.

The status of area, production, and yield of chickpea
in major geographical regions in the world during the
1980s is shown in Table 3. The major regions are the
Indian subcontinent including Myanmar; West Asia,
North Africa, and Southern Europe; Ethiopian and the
East African Highlands; the Americas (mainly Mex-
ico); and Australia (Smithson et al. 1985). The major
share in area and production is that of Asia followed by
Africa, the Americas, and Europe. Yields onaregional
basis are higher in Europe, and in the Americas than in
Asia and Africa. Average yields are higher in the
countries where the crop is raised under more assured
moisture supply conditions because of either higher
rainfall (e.g., in Greece and ltaly), or partial or com-
plete irrigation (e.g.. in Mexico and the Nile Valley).
The global yield averaged over 1985-87 is, however,
low at 0.7 tha' and is close to that of Asia, where the
crop is generally grown in harsh production environ-
ments. Raising the productivity in Asia is the key to
global improvement in the production of the crop.

Prospects for Increased Production in
the Nineties through Area Expansion

Because of the increasing demand for other food crops,
and the decreasing possibility for bringing newer areas

under crop production, scope for increasing chickpea
production through area expansion on a long-term
basis is rather limited. However, if the economics of
production of chickpea could be improved, it could
gain areas in several countries in West Asia, North
Africa, and Mediterranean Europe, which over the past
few decades have experienced a reduction (Pluvinage
in press). Compared to other crops, the economics of
chickpea production in these areas was poor because of
low yields, and high iabor costs due to a lack of
mechanization of operations and lack of chemical
weed control. Fortunately, these problems are being
addressed by recent research, and practical solutions
are becoming available for adoption. Scope also exists
to increase the area under chickpea through replace-
ment of fallow. This program is receiving high priority
in several countries in the West Asia and North Africa
(WANA)region where nearly 20% of agricultural land
is left fallow (Oram and Belaid 1989). Turkey has taken
a lead in this regard by initiating a program of more
efficient use of fallow land through a pilot project with
the assistance of the World Bank. The first phase of the
project started in the late 1970s, and the second phase
is currently underway. Rotational studies conducted in
southeastern Anatolia on a long-term basis, showed
that although wheat yields in ‘fallow-wheat’ rotation
were the highest (3.4 tha ') amongst various two-course
rotations, the yields in ‘chickpea-wheat’ rotation were
only marginally lower (3.2 t ha''), whereas those in
‘wheat-wheat” rotation were nearly half of that level
(1.89 t ha') over the period 1983-88. There was an
additional yield of nearly | t ha' of chickpea and 1.76
t of wheat in ‘chickpea-wheat’ and 'wheat-wheat’
rotations in the year when ‘fallow-wheat’ rotation was
in the fallow phase (Oram and Belaid 1989).

These results have been used as a base for an educa-
tional campaign, accompanied by the provision of
inputs, machinery, and credit, to replace fallow by
legumes such as chickpea, lenti], and vetch. There was
anoverall reduction of 33% in the fallow area in Turkey
between 1979 and 1986. The impact of this has been
that the area under chickpea grew at an annual rate of
15.9% between 1980-1986, and production has nearly
doubled although the yields have slightly decreased
(Table 3). Cold, drought, and ascochyta blight are
major yield constraints for chickpea in those areas of
the Anatolian plateau where fallows are being replaced
by the introduction of this crop. Development of cold,
drought, and ascochyta blight resistant genotypes
adapted to these environments and appropriate agro-
nomic practices could lead to further improvement in
production in these areas through increased yields.

If the main reason for the striking success in reducing
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Table 3. Changes in area, production, and yield of chickpea over periods 1979-81 and 1985-87 in different countries

(FAO, 1988).
Production
Area (102 ha) (103 t) Yield (t ha!)
1979-81 1985-87 1979-81 1985-87 1979-81 1985-87
North Africa 169 194 94 118 0.56 0.61
Algeria 42 63 16 17 0.39 0.27
Egypt 7 9 11 15 1.54 1.57
Morocco 53 81 38 55 0.62 0.68
Tunisia 67 4] 29 31 0.44 0.75
Eastern Africa 181 240 135 155 0.75 0.65
Ethiopia 154 180 128 135 0.83 0.75
Tanzania 27 60 7 20 0.28 0.33
South Asia 8341 8431 4989 5690 0.60 0.68
Bangladesh 57 48 40 37 0.70 0.78
India 7092 7163 4474 4935 0.63 0.69
Myanmar 127 177 79 154 0.61 0.87
Pakistan 1065 1043 396 564 0.37 0.54
West Asia 354 724 366 720 1.03 0.99
Iran 48 101 52 73 1.09 0.72
lraq 20 16 12 12 0.63 0.77
Palestine 4 4 4 6 1.30 1.64
Jordan 2 2 1 ] 0.60 0.53
Lebanon 2 2 3 3 .15 1.28
Syria 65 67 49 40 0.72 0.60
Turkey 213 532 245 58S 1.15 1.10
South Europe 158 131 98 90 0.61 0.69
Greece 15 5 15 5 1.04 1.16
Iraly 14 9 16 10 1.18 1.15
Portugal 35 25 12 12 0.33 0.49
Spain 92 90 53 60 0.56 0.70
Central and
South America 243 192 244 205 1.00 1.00
Mexico 195 150 218 177 1.10 1.18
Argentina 5 3 4 3 0.81 1.00
Chile 18 15 9 11 0.51 0.85
Peru 3 3 2 2 0.78 0.83
Oceania 0 34 0 36 1.06
Others 84 84 45 47 0.54 0.56
Total 9530 10030 5971 7061

Source: FAO Production Yearbooks, FAQ, Rome.

fallow and diversifying the cropping system through
the introduction of chickpeas to the rainfed areas of
southeastern Anatolia was the special ecological situ-
ation of the upland areas, this approach should be
applicable in Afghanistan, Iran, northern Irag, northern
Pakistan, Nepal, Mexico, Ethiopia, and parts of Algeria
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and Morocco (Oram and Belaid 1989). If however, the
Turkish success was mainly due to technical achieve-
ments, economic incentives, good extension efforts,
and appropriate market development, it should be more
widely applicable throughout the WANA region. Ac-
cording toa very conservative estimate, there is currently



a potential for the replacement of nearly six million
hectares of fallow land in this region by legumes such
as chickpea.

On the Indian subcontinent, where the high pressure
of population on agricultural land necessitates intensi-
fication of cropping, the development of extra-short
duration cultivars could permit the introduction of
chickpea into those cropping systems that have tradi-
tionally been of low intensity because the available
moisture supply is insufficient for double cropping
with crops of normal duration. In a country such as
Egypt, where intensity of cropping on the presently
cultivated iand is already high, newer areas are being
reclaimed from the desert by irrigation. Chickpeas have
shown great potential for introduction into these areas.

There is also scope for further expansion of chickpea
in such countries as Australia and those in North
America, where the crop has only recently been intro-
duced, because of its potential role in economical and
environmentally safe crop diversification, and in the
development of a sustainable ‘alternative agriculture’.

Prospects for Increased Production
through Improved Yields

Yield Gap

As indicated earlier, the global productivity of chick-
pea has shown a trend towards some increase in the last
few decades, but at 0.7 t ha™' it continues to be rather
low, and far below the potential levels of productivity
actually realized at research stations, demonstration
plots, and farmer managed on-farm trials. A chickpea
yield analysis by Bahl and Baldev (1981) in the Indian
states of Haryana, Uttar Pradesh, Madhya Pradesh, and
Rajasthan, using the data of the coordinated varietal
trials, the ‘minikit’ trials, and the state average, has
shown a gap of more than 70% between the research
station yield and the state average, and nearly 50% gap
between the improved cultivar minikit yields on farm-
ers, fields and the state average. Similar data are
available from the G.B. Pant University of Agriculture
and Technology (GBPUAT 1986) in India, and Inter-
national Center for Agricultural Research in the Dry
Areas (ICARDA) in Syria as shown in Figure 1. Infact,
the yield gap is more than 80% in Syria, where the
productivity of chickpeas in research station trials and
large demonstration plots has exceeded 4 t ha'. The
large gap between yields in on-farm demonstrations
and average yields obtained by farmers points to the
opportunities that exist for some major productivity
gains by alleviating the production constraints at farm

level. Recent national, regional, and international
research efforts have helped in the identification of
some of these production constraints and in developing
appropriate solutions.

Factors Affecting Productivity at Farm Level

Several environmental, agronomic, and biotic factors
constrain productivity of chickpea. The relative impor-
tance of these factors, however, varies from region to
region because of the diversity of agroecological con-
ditions. Since the yield in chickpea under normal
cropping conditions is dependent on the symbiotic
association between the host plant and the specific
Rhizobium, the crop is constrained in its performance
when conditions for either of these become sub-opti-
mal.

Environmental Constraints

Drought is the major environmental constraint to
chickpea productivity in many areas of the Indian
subcontinent and the WANA region because the crop is
grown mainly on the receding soil moisture conserved
from the rain received prior to the chickpea growing
season. Development of genotypes that either escape
drought because of short duration or have intrinsic
properties to withstand drought would help to enhance
and stabilize productivity in these areas. Work at
International Crops Research Institute for the Semi-
Arid Tropics (ICRISAT) (Saxena 1987; ICRISAT 1989)
and lately also at ICARDA (ICARDA 1989), has
shown promising results. Traits such as high early
vigor and fast development of canopy cover have
shown high positive correlation with yield (ICARDA
1989).

In the WANA region, where the crop is traditionally
spring-sown, another major environmental constraint
is the supra-optimal temperature regime during the
reproductive phase of the crop (Fig. 2). ICARDA’s
strategy to deal with this constraint, and also to reduce
the effect of drought, has been to shift the sowing date
from spring (March/April) to early winter (early De-
cember) in the low-altitude areas of WANA. This
permits matching various phenological stages of crop
development to the environmental conditions that are
optimum for them (Saxena 1987b). The results of this
change have been striking — yields have shown phe-
nomenal increases, although the magnitude of increase
has varied depending upon the severity of cold spelis
during winter (Fig. 3). The prerequisite for winter
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Figure 1. Yield gap analysis for chickpea in Syria: A and B are the mean seed yields (t ha"!) of 24
genotypes in the CIYT- W-Mr-87 yield trial at research stations of Jableh and Jindiress; C is the yield (t
ha-1) of ILC 482 chickpea in yield maximization plot (2 ha); D is the yield (t ha-!) in farmers’ field (1.24
ha) of ILC 482 in 1985/86; and E is the average yield (t ha"!) of chickpea in Syria in 1985-87.

sowing of chickpea in WANA is a high level of cold
tolerance and resistance to ascochyta blight, and there-
fore ICARDA in collaboration with the National Agri-
cultural Research Systems (NARSs) in WANA has
given major attention to this aspect of crop improve-
ment research (Singh in press). On-farm evaluation of
winter sowing has shown large economic gains (IC-
ARDA 1988) and several NARSs have released culti-
vars adapted to winter sowing (Singh in press).
Collaborative studies with scientists in southeastern
France have shown that the advantage of winter sowing
can be achieved even in coolerenvironments than those
found in the low-altitude sites around the Mediterra-
nean Sea. Using ICARDA-developed chickpea breed-
ing lines in sites with minimum temperatures ranging
from -10°C to -18.5°C, Wery (in press) showed that it
was possible to group them into three categories based
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on their ‘frost resistant ratio’ (i.e., number of plants at
harvest:number of plants emerged): (1) Fall type
(resistant to frost; e.g.. FLIP 81-293C, FLIP 82-128C,
FLIP 83-7C), (2) Winter type (tolerant to frost; e.g.,
ILC 3279, 1LC 482, INRA 199), and (3) Spring type
(susceptible to frost; e.g., ILC 1929). The first group
included cultivars that withstood as low a temperature
as -12.5°C with no snow cover on the crop. The second
and the third group had decreasing levels of cold
tolerance. Wery (1988) showed that chickpea cultivars
in category 1 (e.g., FLIP 81-293C) could be used for
autumn sowing in plateau areas with a yield potential of
nearly Stha'. Research on enhancing cold tolerance in
chickpea has made excellent progress at ICARDA
(Singh et al. 1989a) and it is being complemented by
collaborative basic research with scientists in ltaly and
France.
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Figure 2. Crop phenology of winter- and spring-sown chickpea ILC 482 in relation to the weather
conditions during the period of crop growth at Tel Hadya, Syria, 1985/86.

Another promising line of work with respect to
adaptation to environment is being pursued at ICRI-
SAT (Saxena et al. 1988). It aims at improving flow-
ering and pod setting at low temperatures in the crop
grown under northern Indian conditions so that the
reproductive period of growth, and thus build-up of
economic yield could be increased. Recent studies
(ICRISAT 1989) have shown that there are lines setting
pods when night temperatures ranged from 7°C to -1°C
and several of these indeed have a high harvest index;
but their yields are still not higher than those of the
conventional types. Obviously more work on varietal
improvement and development of optimum agronomy
is needed.

Matching the crop phenology with environmental
conditions to ensure that exploitation of the available
environmental resources is maximized, is the key to
reducing the environmental constraints to crop produc-
tivity in stressful environments (Buddenhagen and
Richards 1988). Chickpea breeders have, therefore,
developed systems to evaluate genotypes specifically
targetted to the environments available in different

cropping systems. National programs such as the All
India Coordinated Pulses Improvement Program
(AICPIP) and international centers such as ICRISAT
and ICARDA have diversified their screening nurser-
ies and yield trials keeping the target environments and
niches in the cropping systems in view, and this has
facilitated identification of cultivars well adapted for
the purpose (ICARDA 1989; ICRISAT 1989). This
direction will have to be increasingly followed. Fortu-
nately, the recent research work on photothermal
modulation of flowering in chickpea has permitted the
development of predictive models (Roberts et al. 1985)
and simple and efficient protocols for characterizing
the germplasm for this phenological trait (Roberts and
Summerfield 1987). These will further help breedersto
develop genotypes well adapted to different environ-
mental conditions.

Agronomic Constraints

Whereas use of landraces and unimproved cultivars
with low inherent yield potential and susceptibility to
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Figure 3. Effect of sowing date on yield of chickpea ILC 482, Tel Hadya, Jindiress, and Ter bol

stations of ICARDA, 1986/87.

abiotic and biotic stresses continues to be a major yield
retardant (Bahl and Baldev 1981), there are many other
agronomic factors that prevent full realization of the
yield potential at farm level (Saxena 1987a). Since
chickpea is grown in diverse environmental conditions
and cropping systems, not only the cultivars but alsothe
agronomic practices suitable for each of these condi-
tions have to be identified and recommended to the
farmers. On-farm trials to validate research station
results for different agroecological conditions and
cropping systems become important in this regard.
Inadequate plant stand is the most common yield
retardant in many production areas in the world
(Sheldrake and Saxena 1979; Saxena 1987a). The
effect of inadequate plant stand becomes particularly
conspicuous in those cropping situations where the
adverse environmental conditions do not permit yield
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compensation by increased per plant productivity. Poor
quality seed, conventional sowing methods, inadequate
seedbed preparation, lack of seed treatment against
seedling diseases, and damage by rodents and birds are
some of the common causes of inadequate plant stand.
Good information on methods to improve plant stand is
available and should be transferred to farmers for
adoption. The use of graindrills in WANA has permit-
ted establishment of more uniform and optimum plant
stands with lower seed rate, in contrast to the traditional
broadcast sowing using ducks-foot cultivators. Since
suboptimal soil moisture content at the seeding depth is
often responsible for inadequate emergence, studies on
genotypes able to germinate at low soil moisture con-
tent have been undertaken, and if this trait could be
combined with other economic traits it would help to
increase and stabilize chickpea production. Differ-



ences among genotypes have also been found in the
ability of seeds to withstand long periods of wet and
cold seedbed conditions common in the plateau region
(Wery 1988), and these can also be exploited while
adapting chickpea for autumn or winter sowing at high
altitudes in WANA.

Weeds cause considerable loss in yield of chickpea
(Bhan and Kukula 1987). Although weeding by hand
to prevent weed competition during the period before
the development of a full canopy cover has invariably
been most effective, limitations of labor and high labor
costs often prevent the adoption of this method particu-
larly in WANA. Through the International Chickpea
Weed Control Trial coordinated by ICARDA, several
national programs in WANA have identified effective
herbicides to control weeds. The best treatments have
involved the preemergence application of such herbi-
cides as terbutryne (2.5 to4 kg a.i. ha''), chlorbromuron
(1.5to 2.5 kg a.i.ha'), methabenzthiazuron (3.0 kg a.i.
ha ') or cyanazine (0.5to 1.0 kg a.i. ha'') either alone or
incombination with pronamide (0.5kga.i. ha'') for wide-
spectrum weed control (Saxena 1987a). There is aneed
to evaluate these treatments on farmers' fields and
demonstrate their value. On-farm evaluation of effective
weed control treatments in northern Syria gave yield
increase of 17-105%, the effect being particularly
conspicuous in the winter-sown crop (ICARDA 1986).

Since the productivity of chickpea in many areas is
constrained by the lack of moisture, particularly during
the reproductive growth phase, supplementary irriga-
tion (if available) can improve and stabilize yiclds.
Studies at ICARDA have shown that yields of both the
spring- and winter-sown chickpea crop can be im-
proved by a supplemental irrigation with 50 to 100 mm
of water, the relative improvement in yield being more
in the spring-sown crop (ICARDA 1988). There are
large genotypic differences in response to supplemen-
tal irrigation, and work 1s in progress at ICARDA to
make use of this variation in improving the productivity
of chickpea (ICARDA 1988) since many farmers in
WANA have access to water for supplementary irriga-
tion.

Inadequate symbiotic nitrogen fixation, either be-
cause of lack of an adequate soil population of Rhizo-
bium, or inefficacy of the strains present, or unfavor-
able environmental conditions for symbiosis, can cause
reduction in chickpea yield. As the adaptation of
chickpea is being extended to newer areas, this aspect
becomes increasingly important. Work at ICARDA
has shown high genotype x strain interactions for
symbiotic nitrogen fixation and yield (ICARDA 1989).
A simple technique involving intact soil cores to assess
the efficacy of symbiotic nitrogen fixation of a strain

has beendeveloped. Polyclonal antibodies have proved
valuable in distinguishing the effective strains from the
native population using ELISA techniques (Makkouk
et al. 1989). A technique for assessing the need for
inoculation is being disseminated to the national pro-
grams so that scope for introduction of improved bio-
logical nitrogen fixation (BNF) on farmers’ fields can
be determined. One of the reasons for growing chick-
pea inrotation with cereals is to conserve soil nitrogen.
Hence nitrogen balance studies on the whole system are
important, and these are being conducted in collabora-
tion with the national programs in WANA. Results
obtained so far suggest that there is scope for improve-
ment in the BNF of chickpea in WANA, and similar
studies are needed in other areas.

Biotic Constraints

A major biotic constraint to the productivity of chick-
pea is the damage to the crop by diseases, insect pests,
nematodes, and parasitic weeds. These organisms are
also responsible, to a large extent, for the instability in
the yield of the crop in the major production areas in the
world.

Although a large number of pathogens affects the
crop, the most serious diseases on a global basis are
those caused by Ascochyta rabiei (ascochyta blight),
Fusarium oxysporum f.s. ciceri (fusarium wilt), Rhi-
zoctonia bataticola (dry root rot), Botrytis cinerea
(botrytis gray mold) and bean leaf roll virus (stunt).
The major insect pests include pod borers (Helicoverpa
armigeraand Heliothis spp.),and leaf miners (Liriomyza
cicerina and Phytomy:za cicerina). Seed beetle (Cal-
losobruchus spp) damages stored produce and causes
considerable physical and economic losses. Root-knot
(Meloidogyne artiellia), cyst (Heterodera ciceri), and
root-lesion (Pratylenchus thornei) nematodes com-
monly affect the crop, but their incidence is generally
restricted to certain areas and cropping systems. Oro-
banche spp (broomrapes) can adversely affect the pro-
ductivity of winter-sown chickpea in the Mediterra-
nean region in the fields infested with this parasite.

Researchers have addressed these problems and in-
formation on yield losses, chemical control, and host-
plant resistance that have been developed has been
recently reviewed for diseases (Nene and Reddy 1987;
Singh 1987)and insect pests (Reed etal. 1987; Weigand
in press). Host-plant resistance has been given higher
priority because of its simplicity and the economics of
its use by farmers. The development of integrated
control measures based on host-plant resistance, cul-
tural methods, and selective use of safe chemicals has
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also been emphasized. The transfer of this information
and technology is a major challenge that will have to be
effectively met by national research and extension
systems. As host-parasite interactions are dynamic,
there is a need for continued efforts to identify newer
sources of resistance in the cultigen and use them in
breeding programs to develop durable multiple-stress
resistance in genotypes adapted to specific environ-
ments.

Wild relatives of crop plants contain a wealth of
desirable characters including resistance to stress fac-
tors (Frey 1983) and wild relatives of chickpea are no
exception. Work at ICARDA showed that higher
levels of resistance to ascochyta blight, leaf miner,
cold, and the only sources of resistance to cyst nema-
tode and seed beetle could be found in wild annual
Cicer spp. accessions rather than in cultivated species
(Singh et al. 1989b). Techniques have to be developed
to use the useful traits from the wild Cicer spp. by
overcoming barriers to inter-specific hybridization. In
vitro culture techniques will have to be developed and
used, and work is already underway at several institutes
including ICARDA and ICRISAT. Invitro techniques
could also be applied to recover mutants tolerant to
particular antimetabolites such as host-specific patho-
toxins using somaclonal variation (Scowcroft 1989).
Fortunately progress is being made in identification of
pathotoxins for such host-parasite interactions as
chickpea — Ascochyta rabiei and chickpea - Fusarium
oxysporum (pers. commun. R.N. Strange, University
College London), and this should facilitate work on
breeding for resistance to the diseases caused by these
pathogens. Also, better understanding of the mecha-
nisms involved in host-plant resistance to parasites can
help in developing more efficient and rapid screening
techniques for diseases and insect resistance.

Breeding for host resistance could be further facili-
tated by application of restriction fragment length
polymorphism (RFLP) since it permits DNA finger-
printing, trait mapping, and marker-based breeding,
and makes the reservoir of genetic material available in
landraces, wild relatives and germplasm accessions
more accessible (West et al. 1989). In collaboration
with the Institute of Botany of the University of Frank-
furt, FRG, some progress has been made by ICARDA
in DNA fingerprinting using *?P-labeled (GATA), probe
in the chickpea genome (pers. commun. K. Weising,
University of Frankfurt and F. Weigand, ICARDA)
and work at several other centers has also started.
Development of non-radioactive probes for oligonu-
cleotide fingerprinting is also showing promise.
Chickpea breeders should thus be able to routinely use
this powerful tool in the nineties. Application of other
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developments in biotechnology to improve host resis-
tance in chickpea also seems promising. Utilization of
gene coding for the production of insect toxin by the
spores of Bacillus thuringiensis (B.t.) can be an impor-
tant application of genetic engineering in chickpea, as
ithas been for several other crops (Delannay et al. 1989;
Meeusen 1989), not only for controlling lepidopteran
larvae (Dulmage 1981), butalso for dipteran (Goldberg
and Margalit 1977) and coleopteran (Krieg et al. 1983;
Herrnstadt et al. 1986) larvae. The technique uses the
Agrobacterium tumefaciens transformation system,
where transgenic A. rumefaciens serves as a vector for
the desired gene (Meeusen 1989). Our tests on wild
strains of A. rumefaciens have identified highly virulent
strains (Weigand and Saxena 1989) that could eventu-
ally be used as vectors for transferring B.t. genes
through a non-tissue culture technique. Of course, the
possibility of using transgenic cultivars would depend
upon the assurance of their safety, and the regulations
in the country concerned in this regard.

Use of anendophyte that produces some antibiotic or
antitungal substances and thus protects the crop against
pathogens is a new system for biological crop protec-
tion against diseases that is being commercially sold for
some important crops by ‘Crop Genetics International,
USA’ (Carlson 1989). Scope for use of such a system
inchickpea needs to be investigated. Some preliminary
work at ICARDA showed that in the phyliosphere of
ILC 482 chickpea there was a bacterium that showed an
antifungal property for Ascochyta rabiei.

Future Outlook

The outlook for improving the production of chickpea
and its yield in the nineties looks bright. The research
gains made so far in terms of improved production
systems and locationally specific cultivars need to be
consolidated and effectively transferred to farmers
through national agricultural research and extension
agencies. Better targetting of extension efforts, in-
creased emphasis on enhancing the production capac-
ity, and distribution of improved seeds, and appropriate
governmental policy for price support, crop use and
marketing would ensure that the potential for improved
production and productivity as promised by the current
research is actually realized on farmers’ fields. Na-
tional programs will have to work more closely with
their farmers in verification and validation of their
applied research, and evaluating the socioeconomic
consequences in different agroecological conditions
and production systems. International centers, work-
ing closely with NARSs on one hand, and with institu-



tions in industrialized countries on the other, should
backstop NARSs by developing better understanding
of the physiological basis for yield and the mechanisms
underlying resistance to stresses, devising more effi-
cient breeding and screening techniques, and ensuring
that modem developments in biotechnology are ap-
plied in chickpea improvement.
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e When a farmer decides to grow chickpea for the e Lorsqu'un paysandécide, pour la premiére fnis,

first time he needs to know which crops it could
replace, and what yield is needed for it to com-
pete economically with those crops. For example
in Australia, the need to break continuous cereal
cropping because of nematode infestations led to
chickpea replacing wheat in some areas.

In the rainfed areas of the West Asia and North
Africa (WANA) region, yield levels of about
1 t ha'! make the crop competitive with cereals.
One of the constraints responsible for the yield
gap between farmers’ fields and experimental
plots is the non-availability of effective, easy-to-
use herbicides. There is, therefore, a need for re-
search to find such herbicides, and this work
should include on-farm trials with economic
evaluation.

In the 1990s more emphasis needs to be given to
finding new ways of using chickpea. The high
protein content of chickpea makes it ideal for such
uses as textured protein products, noodles, baby
foods, and as a component of loaf and flat bread.
It could also be used in mixed feeds for ruminant
and non-ruminant animals.

In the 1990s consideration needs to be given to
biological nitrogen fixation (BNF) by chickpea.
In WANA, BNF is poorer in chickpea than in the
other two common food legumes and the crop
often suffers from nitrogen deficiency. Introduc-
tion of more effective strains of Rhizobium has
shown good promise. ‘Need-to-inoculate’ trials in
farmers’ fields have confirmed the advantage of
using efficient strains, even in traditional chick-
pea-growing areas.

Effective use of molecular biology requires basic
genetic information. Presently such information
is lacking for chickpea. Thus ICARDA intends to
allocate about 10-15% of its resources for chick-
pea improvement to such basic research in the
coming years. In collaboration with mentor insti-
tutions in industrialized countries ICARDA sci-
entists intend to develop information on the basic
genetics and cytogenetics of chickpea. ICARDA
already has one such collaborative project in
progress with institutions in Italy.

de cultiver le pois chiche, il a besoin de savoir
quelles cultures celui-ci peut remplacer, et quel
rendement permettra au pois chiche de concur-
rencer économiquement ces cultures. Par ex-
emple, en Australie, le besoin d’interrompre la
culture continue des céréales a cause des infesta-
tions par les nématodes a provoqué le rem-
placement du blé par le pois chiche dans cer-
taines régions.

Dans les zones pluviales de larégion de I’Asie de
1'Ouest et de I’Afrique du Nord (région ‘WANA),
des niveaux de rendement d’environ 1 t ha!
rendent la culture concurrentielle a I'égard des
céréales.

Une des contraintes responsables pour I’écart
de rendement entre le milieu paysan et les par-
celles d’essai est la non disponibilité d'herbi-
cides efficaces et d'usage facile. Il existe donc le
besoin des travaux de recherche pour identifier
de telles herbicides; ces travaux doivent com-
porter des essais en milieu réel avec I’évaluation
économique.

L’identification de nouvelles méthodes d’utili-
sation du pois chiche doit recevoir plus d'im-
portance dans les années 90. La teneur trés éle-
vée du pois chiche en protéines le rend idéal
pour les utilisations telles les produits a protéine
texturé, les pétes, les aliments pour enfants, et
comme composant du pain rond et du pain plat.
Il peut également &tre utilisé dans les aliments
mélangés pour les animaux ruminants et non-
ruminants.

Dans les années 90, il serait utile de considérer
la fixation biologique de l'azote par le pois
chiche. Dans la région WANA, la fixation est
plus faible chez le pois chiche que chez les deux
autres légumineuses alimentaires communes.
La culture subit généralement une carence
d’azote. L’introduction des souches plus effica-
ces de Rhizobium s’est révélée prometteur. Les
essals ‘Besoin d’inoculer’ (Need-to-inoculate
trials) effectués en milieu réel ont confirmé
'avantage de 'utilisation des souches efficaces,
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mémes dans les zones traditionnelles de culture
du pois chiche.

L'exploitation efficace de la biologie molécu-
laire exige des informations génétiques de base.
Actuellement, une telle information n’est pas
disponible pour le pois chiche. Ainsi 'ICARDA
envisage-t-il affecter environ 10 & 15% de ses
ressources de I'amélioration du pois chiche a de
tels travaux de recherche fondamentale dans les
années a venir. En collaboration avec les insti-
tutions guides dans les pays industrialisés, les
chercheurs de 'ICARDA envisagent le déve-
loppement de I'information sur la génétique et
la cytogénétique fondamentales du pois chiche.
L’ICARDA a déja mis en place un tel projet
collaboratif avec des institutions en Italie.
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World Market for Pulses and Implications
for Chickpea Research

M. von Oppen'
Abstract

World trade in pulses has been consistently increasing over the past ten years. From a stagnant

3% of total production over many years, it began to increase to about 6% around 1980 and 8%

around 1985; because their unit value is more than twice that of cereals, pulses are more

transportable and can be expected to further advance in world trade 1o at least the level of

cereals, which have long remained constant at around 12% of total production. At present more

than 50% of the pulses exported originate from developing countries, and most of these are

being imported by industrialized countries.

The reasons for such a rapidly growing world market in pulses include the following:

* in industrialized countries there is a growing demand for vegetarian diets and consequently
for pulses and food products derived from pulses;

* in several developing countries rising incomes lead to a growth in demand for pulses, e.g., in
India; and

* intensified agricultural research and exchange of information enables potential suppliers to
take up production wherever a comparative advantage exists, e.g., in Australia.

it is likely that chickpeas will follow these general statistical trends for pulses as a whole.
Hence chickpea researchers would need to test the following hypotheses:

Areas of comparative advantage for chickpea production can be identified on the basis of
agroclimatic data in combination with yield trials and field research on the costs of production.
There arc potential regions for chickpea production in other parts of the semi-arid tropics and
subtropics, where presently chickpeas are grown only to a limited extent.

Demand for chickpeas will increase in industrialized as well as developing countries.
Assuming that chickpeas are produced in areas of comparative advantage and that supplies of
chickpeas increase in line with projected demand (so that prices remain remunerative and
stable), new trade flows will develop; world chickpea trade will grow beyond 12% or even 20%
of the total production.

If the above hypotheses are correct, ICRISAT and ICARDA researchers may have to review
their research priorities to decide whether chickpea research should remain focused on the
traditional target group of small producers and local consumers.

Résumé

Marché mondial des légumineuses, et les conséquences pour la recherche sur le pois chiche :
Depuis les dix derniéres années, on constate une croissance réguliére du commerce mondial
des léguminecuses. Aprés une stagnation, pendant plusieurs années, & 3% de la production
globale, le commerce s '‘est élevé 4 environ 6% vers 1980, et 8 8% vers 1985. Etant donné leur
valeur unitaire plus de deux fois supérieure & celle des céréales, les légumineuses sont plus
facilement transportées, ct peuvent avancer davantage sur le plan du commerce mondial pour
atteindre au moins le niveau des céréales. Celui-ci est longtemps resté constant a environ 12%
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de la production globale. A 1'heure actuelle, plus de 50% des léguminecuses exportées provien-

nent des pays en développement, la plupart étant importées par les pays développés.

Les raisons d'une telle expansion du marché mondial des légumineuses sont, entre autres :
o dans les pays industrialisés, la demande pour des régimes végétariens ne cesse d ‘accroitre; il

y a, par conséquent, une forte demande pour ces cultures et des produits alimentaires
dérivés;

e dans plusieurs pays en développement, notamment en Inde, l'augmentation des salaires
engendre une augmentation de I8 demande pour les légumineuses;

o la recherche agricole intensifiée, et I'échange des informations, permet aux fournisseurs
potentiels de reprendre la production partout o il y a un avantage comparatif, par
exemple, en Australie.

1l est fort probable que le pois chiche suivra ces mémes tendances générales statistiques de
I'ensemble des légumincuses. Ainsi les chercheurs auront-ils 4 tester les hypothéses suivantes :

Des zones d ‘avantage comparatif pour Ia production de pois chiche peuvent étre identifiées
en fonction des données agroclimatiques, accompagnées d'essais de rendement et recherches
en milieu réel sur les colts de production. Il existent des zones potentielles de production de
pois chiche dans d’autres parties des régions tropicales et subtropicales semi-arides ou Ia
culture des pois chiche est actuellement limitée.

La demande pour les pois chiches s'élévra progressivement tant dans les pays industrialisés
que dans les pays en développement.

Siles pois chiches sont produits dans des zones d ‘avantage comparatif, et si la fourniture des
pois chiches augmente en fonction de la demande projetée (de fagon & ce que les prix
demeurent rémunératifs et stables), il en résulterait une mise en place de nouveaux flux
commerciaux. Le commerce mondial du pois chiche pourrait dépasser, par conséquent, 12%,
voire 20% de la production globale.

Si ces hypothéses s'avérent valables, les chercheurs de I'ICRISAT et de 'ICARDA auront
peut-étre a revoir les priorités de leurs travaux de recherche afin de décider si 1a recherche sur le
pois chiche doit rester axée sur le but traditionnel de petits paysans et de consommateurs

régionaux.

The earlier state of stagnant or declining world pulse
production in relation to steadily increasing cereal
production has been reversed. Since the early 1980s
pulse production has increased at a rate faster than
cereals; the gap between the index of world pulse
production and world cereal production is narrowing
(Fig. 1a). The proportion of pulses traded in the world
rose from a long-time 3% to over 8% of world
production in 1987.

In 1986 we argued, “there are several reasons to
believe that the past trend of stagnating pulse area and
production of 1970s is giving way to a moderately
improving trend ...” (Rao and von Oppen 1987). The
expectations expressed then for Asia have been con-
firmed by the actual development in recent years (Fig.
1b).

Even though African data (Fig. 1c) show adecline in
the index of pulse production and those for Africa and
Asia (without China) both indicate a high variability
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at the regional level, the continuous upward trend of
pulse production at the world level is clearly visible
(Fig. 1). For chickpeas, however, such a trend reversal
has not yet begun; and one asks whether the reasons that
have led toanincrease in pulse production in the world
during the 1980s are also valid for chickpeas in the
1990s.

The increase in pulse production was expected for
the following three reasons: breeders were optimistic
about producing higher-yielding varieties; national
and international demand and trade of pulses were on
the increase; and a growing awareness by policy
makers about the importance of pulses for producer
and consumer welfare in developing countries had
led to a more active support of pulse improvement
programs. These points have proved to be valid for
pulses as a whole; however, chickpeas seem to follow
a pattern and pace of their own.

The development of chickpea production and trade
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Figure 1. Indices of cereal and pulse production
a. World (excluding People’s Republic of China),
b. Asia (excluding China), and c. Africa (Base year
1970 = 100).

in the world is documented in the following section. It
leads to questions in the subsequent section on chick-
pea-specific research prospects, comparative advan-
tage and trade, and policy decisions. Finally the
implications for future research are drawn.

Chickpea Production and Trade

Data on production and trade of chickpea have been
compiled by Rees (1988). In Table 1, the annual
growth rates of chickpea production in developing and
developed countries are given for the period from 1981
to 1986.

The data show that in India, by far the largest

1990 chickpea producer in the world, chickpea production

since 1981 has only grown very slowly at less than 6%
per annum; however, the next three most productive
countries, each producing between 200 000 to more
than 600 000 t of chickpea, show remarkable annual
growth rates. They are Pakistan 11%, Myanmar 18%,
and Turkey 21%. Two other countries where chickpea
production seems to be expanding rapidly are Uganda
(32%) and Sudan (8%). All developing countries
together have an annual growth of chickpea production
from 1981 to 1986 of about 7%.

Three out of the six chickpea-producing countries in
Europe have a declining production, while the other
three show increasing trends, so that the overall
growth for the developed countries is <5%.

Table 2 shows the average annual consumption of
chickpeas countrywise per caput for the period 1981-
1985. The highest consumption rates of S to 6 kg per
caput are found in the major producing countries India
and Pakistan; Tunisia, Myanmar, Turkey, Ethiopia,
Syria, and Malawi follow with 3 to 4 kg per caput.

In the developed countries chickpea consumption
per caput is comparatively low; it amounts to around
1 to 2 kg in Spain, Portugal, and Greece, and to less
than | kg in the others.

The distribution of world chickpea production and
consumption, as shown in Tables 1 and 2, indicates
that countries primarily produce to satisfy their own
needs. Accordingly, international trade in chickpeas
exported (Table 3) and imported (Table 4) is limited:
world trade comprises only about 2 to 4% of world

1990 production. Turkey, Mexico, and Syria are major

exporters; Spain and Algeria are major importers; and
over recent years India has increasingly been import-
ing chickpeas (30 000 t in 1986).

The general picture of production, consumption,
and trade as reflected in the available FAO data upto
1986 shows that some countries such as Turkey and
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Table 1. World production of chickpea 1981-86 ("000 t).

1981 1982 1983

Annual rate
1984 1985 1986  Average of growth %

Developing countries

India 4328.0 4642.1  5289.9
Pakistan 336.9 293.7 491.0
Turkey 235.0 280.0 290.0
Mexico 145.3 160.5 169.0
Myanmar 102.3 155.6 125.7
Ethiopia 118.3 101.5 118.5
Iran 61.0 60.0 60.0
Syrian Arab Republic 63.8 370 74.8
Bangladesh 37.6 36.8 409
Morocco 6.0 50.9 55.9
Tunisia 320 33.0 37.0
Nepal 22,0 23.0 22,0
Malawi 18.0 19.0 20.0
Egypt 12.8 16.2 10.1
Algena 16.8 93 99
Iraq 12.0 11.6 12.5
Colombia 11.0 11.0 11.0
Tanzania 1.5 8.0 8.0
Chile 6.4 4.1 3.2
Uganda 2.0 3.0 4.0
Argentina 39 1.3 1.7
Peru 2.1 22 22
Lebanon 25 2.6 20
Jordan 1.5 1.5 1.5
Sudan 1.0 0.7 0.8
Cyprus 0.6 0.5 0.5
Libya 0.3 0.3 0.3
Dominican Rep. 0.3 03 0.3
Bolivia 0.3 0.3 0.3
Palestine (Gaza Strip) 0.1 0.1 0.1
Total developing 5587.2  5966.0  6862.9
Developed countries
Spain 33.2 47.1 49.4
Italy 15.6 14.5 13.4
Portugal 7.6 9.7 8.2
Greece 12.7 10.5 8.0
Israel 3.0 24 36
Yugoslavia 1.3 2.0 1.9
Total developed 734 86.1 84.6
World total 5660.6 6052.1 6947.4

4750.0 4561.4  5683.1 4875.8 5.6
527.3 523.7 571.6 458.4 11.4
335.0 400.0 600.0 356.7 20.6
172.7 170.0 180.0 166.3 44
173.3 137.6 2340 154.8 18.0
108.5 135.0 135.0 119.5 2.7

50.0 53.0 55.0 56.5 -2.0
35.8 50.4 53.2 52,5 -3.6
414 38.2 38.2 38.8 0.3
28.7 454 45.0 38.6 49.6
22,0 30.0 35.0 315 1.8
20.0 19.0 18.0 20.7 -3.9
21.0 220 21.7 20.3 38
11.4 16.5 17.0 14.0 5.9
12.6 16.0 18.0 13.8 1.4
9.4 12.0 12.5 1.7 0.8
11.0 11.0 11.0 11.0 0.0
9.0 9.0 10.0 8.6 5.9
6.9 9.2 8.9 6.5 6.7
4.0 8.0 8.0 4.8 320
3.8 3.0 3.0 28 -5.1
23 24 24 23 27
1.6 1.2 1.4 19 -10.9
0.6 1.6 1.6 1.4 L5
0.6 1.1 LS 0.9 8.4
0.5 0.5 0.5 0.5 -1.3
0.3 0.4 0.4 0.3 3.0
0.3 0.3 0.3 0.3 0.0
0.3 0.3 0.3 0.3 0.8
0.1 0.1 0.1 0.1 0.0
6360.4 6278.2 77727 6471.2 6.8
61.9 57.0 57.0 50.9 11.4
14.2 12.7 11.1 13.6 -6.6
14.0 13.4 12.0 10.8 9.5
6.0 6.0 7.0 8.4 -11.2
23 35 24 29 -4.4
1.9 2.1 2.7 20 15.7
100.3 94.7 92.2 88.6 4.7
6460.7 63729 78649  6559.8 6.8

Source: FAO Production and Trade Yearbooks, 1983-86 (taken from Rees 1988).

probably Mexico are expanding production and
exports of chickpeas while others are compensating
a decreasing or stagnant production by increasing
imports (e.g., Greece and India). These may be the first
signs of a reallocation of chickpea production to

34

areas of comparative advantage.

Another chickpea producing and exporting country
not listed as yet in the FAO data is Australia. Table
S shows how the development of chickpea production
began in 1983 with 4 000 t and that it has reached



Table 2. World consumption of chickpea 1981-85.

Total consumption (000 t)! Averag.e
consumption
1981 1982 1983 1984 1985 Average (kg caput-l)

Developing countries

India 4330.3 4643.4 5302.2 4764.5 4586.5 47254 6.51
Pakistan 338.2 303.3 497.0 531.6 528.0 439.6 4.89
Turkey 62.9 123.7 126.2 175.7 288.4 155.4 322
Myanmar 102.3 155.6 125.7 173.3 137.6 138.9 373
Ethiopia 118.1 101.3 117.6 108.3 134.3 1159 3.41
Mexico 80.8 126.4 96.4 127.5 125.8 111.4 1.48
Iran 61.0 60.0 70.1 58.0 60.0 61.8 1.48
Algeria 46.8 314 50.6 539 56.0 478 2.32
Bangladesh 37.6 36.8 40.9 414 38.2 389 041
Morocco -4.2 50.8 55.0 28.7 454 35.1 1.57
Tunisia 30.1 326 37.0 220 375 31.8 4.60
Syrian Arab Republic 62.2 -1.9 55.3 -5.6 404 30.1 313
Iraq 22.0 23.6 245 344 25.0 259 1.77
Nepal 22.0 23.0 220 20.0 19.0 21.2 1.35
Malawi 18.0 19.0 20.0 21.0 220 20.0 3.09
Colombia 144 15.0 15.4 13.0 13.0 14.2 0.51
Total developing 5417.3 5818.4 6727.6 6243.9 6237.0 6088.9

Developed countries

Spain 76.0 90.1 81.0 84.9 80.0 82.4 2.16
Italy 15.6 14.5 13.4 14.2 127 14.1 0.25
Portugal 7.9 13.2 12.3 14.4 12.5 12.1 1.20
USA 13.0 9.2 13.8 12.1 9.6 11.5 0.05
Greece 12.6 11.7 9.3 7.8 10.0 10.3 1.05
Israel 3.0 24 3.6 23 s 3.0 0.72
Total developed 129.4 143.2 135.4 1379 130.5 135.3

World total 5546.7 5961.6 6863.1 6381.7 6367.5 6224.1

1. Consumption = Production + imports - exports, therefore some negative entries appear in the table for some exporting countries.
Source: FAO Production and Trade Yearbooks, 1983-85 (taken from Rees 1988).

83 000 t in 1989/90, nearly all of which is exported.
‘Australia is well placed to become the only developed
country to be a consistent supplier of relatively low
priced desi chickpeas’ (Rees 1988).

Thus, with unrestricted international trade allowing
for free exchange, chickpeas are finding new locations
for production and export. In contrast to the limited
international trade in chickpeas, movements within
India are substantial owing to the widely distributed
demand for chickpea there (von Oppen and Rao 1987).
For India it has also been shown that chickpea produc-
tion is becoming increasingly concentrated in the
rainfed areas of Madhya Pradesh and Rajasthan (von
Oppen 1982). Similarly, Italy is concentrating produc-
tion in the southemn regions; this is leading to an
increase in overall yield despite an overall decrease in
production (Orsi and Casini 198S5).

However, an unrestricted trade is not always as-
sured. India decided in 1987 to impose a 25% ad
valorem tax on all grain legume imports and it is not
known how long this tax will remain in force (Connell
1987). The tax has since been raised to 35% in October
1988 and then reduced to 10% in November 1989. This
causes a disincentive for Australian production and
export of desichickpeas. On the other hand, if this tax
remains in force for several years then the higher
demand will provide incentives for increasing produc-
tion in India (Table 6).

Implications for Research

To summarize, there is an overall trend of growing
production and national and international trade in
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Table 3. World exports of chickpea 1981-85 (000 t).

Average
1981 1982 1983 1984 1985 1981-85
Developing countries
Turkey 172.1 156.3 163.8 159.3 111.6 152.6
Mexico 64.5 34.1 72.6 45.2 44.2 52.1
Syrian Arab Republic 1.6 38.9 19.5 414 10.0 223
Singapore 1.5 1.4 54 23 0.9 23
Morocco 10.2 0.1 0.8 0.0 0.0 2.2
Chile 38 1.4 0.8 0.7 4.0 2.1
India 1.0 0.6 1.0 1.5 1.5 1.1
Cyprus 0.1 0.0 0.0 5.0 0.0 1.0
Tunisia 19 0.4 0.0 0.0 0.0 0.5
Ethiopia 0.2 0.2 0.9 0.2 0.7 04
Argentina .0 0.6 0.0 0.0 0.0 0.1
Jordan 0.1 0.1 0.1 0.4 0.1 0.1
Malaysia 0.0 0.2 0.1 0.1 0.0 0.1
Pakistan 0.1 0.0 0.0 0.0 0.3 0.1
Saudi Arabia 0% 0.0 0.0 0.1 0.0 0.0
Peru 0.0 0.0 0.1 0.0 0.0 0.0
Kuwait 0.0 0.1 0.0 0.0 0.0 0.0
Philippines 0.0 0.0 0.0 0.0 0.0 0.0
Total developing 257.2 2344 265.1 256.2 173.2 237.2
Developed countries
Greece 1.4 0.6 1.2 0.2 0.1 0.7
Spain 0.4 0.7 1.4 0.0 0.0 0.5
Portugal 0.2 0.1 0.1 0.5 0.9 04
Total developed 2.0 1.4 279 0.8 1.0 1.6
World total 259.2 235.8 267.8 257.0 174.2 238.8

1. NA = not available.

Source: FAO Production and Trade Yearbooks, 198386 (taken from Rees 1988).

grain legumes. In comparison, world production of
chickpeas is still only increasing slowly. However,
there are indications of the beginning of a reallocation
of the production of this crop to areas of comparative
advantage, and of an increase in trade.

Research on chickpea improvement requires veri-
fication and quantification of these trends and an explo-
ration of where exactly the development will lead. If
chickpeas behave as other pulses and break out of their
former primarily self-sufficiency oriented production
and consumption pattemns and enter international
trade, then overall production may rapidly increase.
However, the new locations of production and con-
sumption will have to be identified, technologies and
farming systems developed, suitable seed material
provided, etc. Also the welfare effects of these
changes on consumers and producers will need tobe
assessed. Several research problems need to be ad-
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dressed. These areas are described below by
postulating a hypothesis and proposing an approach
for its verification.

Chickpea Breeders’ Supply Projections

Hypothesis: Chickpea breeders can assess the poten-
tial for chickpea production in the major
future producing areas.

To test this hypothesis an opinion survey should be

carried out among the breeders as a group to identify:

e the future producing areas in India;

e other countries offering promising prospects;

e expected yields in those countries and regions at

different levels in

o farmers’ fields, demonstration plots and research

stations.



Table 4. World imports of chickpea 1981-86 (000 t).

Average
1981 1982 1983 1984 1985 1986 1981-85

Developing countries

Algeria 30.0 222 40.8 41.3 40.0 28.0 34.8
Iraq 10.0 12.0 12.0 25.0 13.0 15.0 14.4
India 33 1.9 13.3 16.0 26.6 30.0 12.2
Lebanon 11.0 11.0 11.0 10.0 9.0 10.4
Jordan 6.6 7.0 9.8 8.4 10.1 10.0 8.4
Saudi Arabia 4.7 6.1 7.0 7.4 7.0 8.2 6.4
Pakistan 1.4 9.6 6.0 43 4.5 7.0 52
Iran 0.0 0.0 10.1 8.0 7.0 5.0
Colombia 34 4.0 44 20 20 20 32
Malaysia 3.0 2.5 2.6 29 3.0 2.8
Singapore 2.2 24 43 2.1 1.1 3.0 24
Venezuela 22 20 23 44 0.0 1.1 22
Tunisia 0.0 0.0 0.0 0.0 7.5 NA! 1.5
Libya 49 1.4 0.0 0.0 0.0 NA 1.3
Cyprus 0.0 0.3 0.3 5.4 0.3 0.2 1.2
Brazil 25 1.3 24 0.0 0.0 NA 1.2
Kuwait 1.0 25 24 0.0 0.0 22 1.2
Philippines 0.6 0.4 0.5 0.4 0.2 0.3 0.4
Panama 0.3 0.2 0.2 0.2 0.2 NA 0.2
Qatar 0.0 0.0 0.0 0.5 0.6 NA 0.2
Uruguay 0.2 0.2 0.2 0.3 0.1 0.2 0.2
Bahrain 0.0 0.0 0.0 1.0 0.0 NA 0.2
Dominican Rep. 0.0 0.0 0.2 0.0 0.0 NA 0.0
Brunei 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Egypt 0.0 0.0 0.0 0.0 0.0 NA 0.0
Total developing 87.3 86.8 129.9 139.8 132.0 NA 115.2
Developed countrics

Spain 43.2 437 33.0 23.0 23.0 40.0 33.2
USA 13.0 9.2 13.8 12.1 9.6 11.6 11.5
Greece 1.4 1.9 25 2.1 4.1 83 24
Portugal 0.5 3.6 42 0.9 0.0 39 1.8
Malta 0.0 0.0 0.0 0.1 0.1 0.1 0.0
Bulgaria 0.0 0.0 0.0 0.0 0.0 NA 0.0
Total developed 58.0 58.5 53.5 38.1 36.8 NA 49.0
World total 145.3 145.3 183.4 177.9 168.8 173.1 164.2

1. NA = not available.

Source: FAO Production and Trade Yearbooks, 1983-86 (taken from Rees 1988).

Regional Comparative Advantages for Chickpea
Production

Areas of comparative advantage for
chickpea production can be identified
on the basis of agroclimatic data in
combination with yield trials and field
research on costs of production.

Hypothesis:

Apart from the traditional producing areas, there are
regions with a potential for expanding chickpea
production in other parts of the semi-arid tropics and
subtropics, where chickpeas are not grown at present
to a large extent, e.g., Ethiopia, Uganda, Sudan,
Malawi, etc., but current developments indicate the
possibility of a comparative advantage. A projection
of future demand and prices required in all of these
regions should be attempted.
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Table 5. Production of peas ('000 t) in Australia.

Year Field peas  Chickpeas Cowpeas Total
1980/81

1981/82

1982/83 29.5 0.0 36 331
1983/84 133.4 3.6 38 140.8
1984/85 164.1 59 31 173.1
1985/86 240.7 36.4 34 280.5
1986/87 518.0 63.0 9.0 590.0
1987/88 485.0 42.3 4.0 531.3
1988/89 533.0 63.8 35 600.3
1989/90 530.5 83.1 37 617.3

Source: Australian Bureau of Agricultural and Resource Eco-
nomics, mainly: Commodity and Statistical Bulletins,
1986, 1987, 1988.

Chickpea Demand Projections
Hypothesis:  Demand for chickpeas increases in in-
dustrialized as well as in developing
countries.

High income and price elasticities of demand for
pulses are found among low-income groups in devel-
oping countries (Table 6). Consequently economic
growth and population increases cause a rapid growth
indemand in certain developing countries. In industri-
alized countries consumption of chickpeas is intro-
duced by immigrants belonging to, and travellers
coming from, chickpea-eating societies; moreover,
the number of vegetarian consumers is increasing in
industrialized countries and, for these, chickpeas pro-
vide an attractive option. A projection of quantities
demanded and prices paid in developing and
industrialized countries is necessary.

Trade Patterns of World Trade in Chickpeas
Hypothesis:  Assuming that chickpeas are produced
in areas of comparative advantage as
projected and that supplies of
chickpeas increase in line with pro-
Jecteddemand, then new trade patterns
will emerge.

The existing and projected trade flows could be
derived from information created under the previous
two hypotheses. Aninterregional trade model could be
applied to quantify trade flows and price levels which
will emerge. Price/quality relationships will need to be
taken into consideration in such an analysis, as well as
the utilization of chickpeas as an industrially processed
food product.

Conclusion

Urlike pulses as a whole, chickpeas are yet to respond
to changes in the world market. However, there are
reasons to believe that such a response can be
hypothesized. If the hypotheses are found to be
acceptable, then intemational chickpea research in the
1990s may need to be reviewed; it will be necessary to:
(1) redefine mandate areas and priorities; (2) identify
target populations and the roles of producers and
consumers; and (3) determine strategies for attaining
satisfactory  progress in regional and overall
chickpea production,
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Present Status and Prospects for Utilization of Chickpea

R. Jambunathan and Umaid Singh'
Abstract

Although desi and kabuli types of chickpea are used in a variety of ways around the world for
different end products, detailed information on their similarities and differences is lacking.
Additional knowledge on physical, chemical, and functional properties of desi and kabuli types
will provide valuable clues about their end-use quality. This will also lead to better evaluation
of newly developed chickpea cultivars and could provide avenues for better utilization. The
influence of adverse growing, harvesting, or storage conditions on end-product quality also
needs to be monitored. The present status of knowledge in these areas and future research needs
are discussed.

Résumé

Bilan actuel et prévisions d'utilisation du pois chiche : Bien que les types ‘desi’ et ‘kabuli’ de
pois chiche sont utilisés de plusieurs maniéres dans le monde pour fournir des produits finis
différents, nous ne disposons guére de renseignements détaillés sur leurs similarités et leurs
différences. Des connaissances additionnelles sur les propriétés physiques, chimiques et
fonctionnelles de ces types desi et kabuli fourniront des données utiles sur la qualité de leur
usage final. Elles permettront également une meilleure évaluation de nouveaux cultivars de
pois chiche et pourraient ainsi fournir des indices sur I'amélioration de l'utilisation. L’influ-
ence de conditions défavorables de culture, de récolte ou de stockage sur la qualité du produit
fini mériterait aussi d’étre suivie. Le bilan actuel des connaissances dans ces domaines et les

besoins a venir en matiére de recherche sont examinés.

Amongst grain legumes, chickpea is unique because of
the variety of food products that are prepared from it in
different parts of the world. Chickpea forms an impor-
tant dietary component in those countries in which it is
a major crop. Although most of the world’s chickpea
production and consumption is in India (>70%), the
crop is also important in other countries of Asia, Africa,
Europe, and the Americas (ICRISAT 1986).

There are two main types of chickpea: desi, which
constitutes about 85% of the total production, and

kabuli which accounts for the remaining 15% of grain
produced. Some of the differences between these two
types of chickpea have been documented (Jambu-
nathan and Singh 1980; Singh et al. 1982). The nutri-
tional quality, biochemistry, and technology of chick-
pea have been thoroughly investigated (Singh 1985;
Williams and Singh 1987; Chavan et al. 1988). Chick-
pea is a good source of carbohydrates, protein, miner-
als, and trace elements, and its protein quality is similar
to, or better than other legumes, such as pigeonpea,
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black gram, and green gram (Williams and Singh
1987). Inthis paper, the present status and prospects for
utilization of chickpea are discussed.

Consumption of Whole Seed and Dhal

Chickpea is mostly consumed in the form of whole
seed, dhal (decorticated split cotyledons) or as dhal
flour {besan). From a questionnaire on chickpea utili-
zation sent to 386 scientists in 47 countries in 1986, we
received responses from 102 scientists from 23 coun-
tries on the mode of consumption of chickpea (Table 1).
The information provided in Table | may be considered
as intelligent guesses by chickpea scientists around the
world. In India, about 75% of chickpea is consumed in
the form of dhal or besan, and the remaining 25% as
whole seed. This finding appears to be similar to that
in other Asian countries, except in Afghanistan and
Nepal, where besan preparations are not common. Most
of the chickpea consumed in other countries including
Australia, Ethiopia, Mexico, Sudan, Tanzania, Turkey,
UK, and USA is in the form of whole seed

Methods of Utilization

Several traditional processing practices are still used to
convert chickpea into a consumable form. These
processes include soaking, sprouting, fermenting, boil-
ing, steaming, roasting, parching, and frying. Some
important food products based on these methods of
preparation are listed in Table 2. Among the common
pulses in India, chickpea is prepared as food in a very
wide variety of ways.

Developing green (immature) chickpeas harvested
10-15 days before maturity are consumed as snacks or
vegetables with the major meal of the day. Sometimes,

Table 1. Relative proportion (%) of chickpea consump-
tion in the world!.

Asia
(excluding  Other
Component India India)  countries
Whole seed 25 23 88
Dbal (decorticated) 33 58 6
Besan (dhal flour) 42 19 6

1. Based on the responses received to a questionnaire. Number
of respondents, India 76, Asia 8, and other countries {8.
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green seeds are boiled and fried with potatoes; other-
wise they are roasted in the pod, shelled, and then
consumed. Green chickpeas have less starch and
protein, and more sugars than mature chickpeas and
they are easily digested, even when eaten raw (Push-
pamma and Geervani 1987).

Soaking and boiling whole seed before frying is a
common practice. The seed is usually soaked to reduce
the cooking time. Soaked seeds become soft after
boiling for 20-25 min, whereas dry seeds take much
longer. Afterboiling, excess wateris discarded, and the
boiled seeds are fried after the addition of spices, when
the dishes are prepared according to local food habits.
Germinated chickpea is also processed and consumed
in different ways.

Roasted dhal and puffed whole seeds are also com-
monly used. For puffing, the seed is sprinkled with
fresh or salt water, allowed to remain ina wet condition
for 5-10 min and then roasted with hot sand at 240°~
250°C for 1-2 min. The husk is thus loosened and
removed by winnowing. The puffed chickpea seeds are
eaten inthis form. Roasted dhal is popularon the Indian
subcontinent. Chickpea flour made out of whole seed
or dhal is mixed with wheat flour in the ratio of 3.7 for
making rot 1e., unleavened bread. Other uses of
chickpea flour include dhokla, a fermented breakfast
food, and several extruded and fried products.

Most of the chickpea produced in the Mediterranean
region is consumed in the form of homos-biteheneh,
falafel, and risqieh (soaked and boiled seeds are used in
these preparations). Roasted and sugar-coated chick-
peas are also commonly eaten in this region. Lablebi
which is prepared by boiling kabuli chickpea in water
with salt and pepper is a common food in Tunisia and
Turkey.

Cooking Quality of Whole Seed and Dhal

The cooking quality of whole seed and dhal of chickpea
is important in gaining consumer acceptance. Re-
cently, we determined the cooking quality of whole
seed and dhal samples of 125 genotypes having a large
variation in 100-seed mass (range 10.4-36.7 g). The
cooking time of whole seed of these genotypes varied
from 52 10 98 min and for dhal from 26 to 46 min. This
shows that decortication i.e., removal of the seed coat
from whole seed reduces the cooking time considera-
bly. Desi types are normally decorticated before con-
sumption whereas kabuli are eaten in the form of whole
seed. There was a positive and significant correlation
(P<0.01) between cooking time of whole seed and 100-
seed mass (Table 3). Protein content was positively and



Table 2. Some important food preparations of chickpea around the world.

Food!

Component

Method (in brief)

Country

Dhal

Chhole

Pakoda

Kadi

Unleavened bread

Kiyit injera
Roasted
Homos-biteheneh
Tempeh

Lablebi

Dhokla

Salad

Green immature
seeds

Decorticated dry
split cotyledons

Whole seed

Besan (dhal flour)

Besan

Whole seed/ Besan

Whole seed
Whole seed at

Whole seed

Decorticated split seed

Whole seed

Besan

Whole seed

Whole green seed

Boiled in water to a
soft consistency and
fried with spices and
consumed with cereals

Prepared and consu-
med similar to above

Batter is fried in
oil and consumed as
a snack

Besan is boiled with
butter milk and used
as curry

Chickpea flour is
mixed with wheat

flour and rotiis prepared.

Fermented

Grains-heated
245-250°C for 2 min.

Soaked, boiled and
mixed with other
ingredients.

Fermented product.

Boiled in water with
salt and pepper

Fermented with green
gram flour

Boiled in water and
served with other
vegetables.

Raw, salted or
roasted and consumed

Bangladesh, India,
Nepal, and Pakistan

Afghanistan, Bangladesh
India, Iran, and Pakistan

Egypt, India, Iran,
Pakistan, and Sudan

Indian subcontinent

Ethiopia, India,
Pakistan, and Syria

Ethiopia

Afghanistan, Ethiopia,
India, Iraq, Iran, and Nepal

Egypt, Jordon, Lebanon,
Syria, Tunisia, and Turkey

Canada, and USA

Jordon, Tunisia, and
Turkey

India

Australia, Canada,
Mexico, Spain, and
USA

Ethiopia, India, Iran,
Nepal, Pakistan, and Sudan

1. Local names are given where applicable.

significantly correlated with the cooking time of whole
seed and dhal (Table 3). Interestingly, there was a
positive and significant correlation (P<0.01) between
the cooking time of dhal and whole seed.

Cooking time is a heritable characteristic that differs
widely among genotypes. Williams and Singh (1987)
reported a range of 50 to 237 min for the cooking time
of kabuli types and suggested that genotypes with
shorter cooking time be selected in the breeding pro-
gram. However, it should also be kept in mind that
cooking time of whole seed is significantly reduced by
simple household practices such as soaking overnight,

so that most of the differences between cultivars are
reduced or eliminated (Williams and Singh 1987).

Organoleptic Properties and Consumer
Acceptance

The important criteria for acceptance of chick pea foods
by consumers are appearance (color), taste, texture
(mouth feel) and flavor. These terms are collectively
referred to as general acceptability. The nutritive value
of chickpea in addition to the general acceptability and
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Table 3. Correlation matrix for 100-seed mass, protein content, and cooking quality of 125 chickpea genotypes,

ICRISAT Center, 1987/88!.

Whole seed Dhal
100-seed Seed Cooking Water Cooking
mass coat Protein time absorption Protein time
® (%) (%) (min) (gg") (%) (min)
Whole seed
Seed coat (%) —0.64
Protein (%) 0.26 -0.28
Cooking time
(min) 0.71 0.54 0.36
Water absorp-
tion (g g') -0.68 -0.51 -0.37 -0.93
Dhal
Protein (%) 0.01 -0.03 0.83 0.19 -0.20
Cooking time
(min) 0.59 -0.26 0.33 0.53 -0.52 0.53
Water absorp-
tion (g g') -0.57 0.25 -0.30 -0.52 0.55 -0.05 -0.98

1. For 123 degrees of freedom, the correlation values at 5% level of significance are +0.17 and those at 1% level of significance are £0.23.

eating quality should also be considered while develop-
ing new genotypes. They must also meet stipulated
industrial and commercial requirements for processing
into acceptable foods. A new cultivar must satisfy
these requirements for better utilization by consumers.
Growing seasons play an important role in influencing

the quality and consumer acceptance of chickpea.
Cooking quality and organoleptic properties of whole
seed of some kabuli cultivars grown in different sea-
sons at one location showed considerable differences
(Table 4). L 550 and ICCC 33 when grown in 1985/86
produced lower scores for color, texture, flavor, and

Table 4. Cooking quality and organoleptic properties of whole seed of kabuli chickpea cuitivars grown in 1984/85 and

1985/86 seasons at Hisar!.

Cooking quality Organoleptic properties?

Cooking Water General

100-seed time absorption accept-

Cultivar mass (g) (min) (ratio) Color Texture Flavor Taste ability
L 144 28.9 80 1.07 39 3.1 36 38 39
(24.9) (78) (1.20) (3.6) 3.0) 3.2) 3.2) 3.3)

ICC 25 17.n (64) (1.02) 3.3) 3.0 3.4 3.0) 3.2)
L 550 18.2 74 1.04 37 3.1 34 3.1 34
(18.5) (72) (1.04) 2.5 (1.8) 2.1 2.3) (.7
ICCC 32 16.2 66 1.07 2.7 31 29 29 2.7
(17.9) (66) (1.12) 2.2) 2.2) 2.1 2.1) (2.2
ICCC 33 16.4 62 1.15 3.0 3.1 28 2.7 3.0
(16.8) (64) (1.15) (1.6) (1.8) (.7 (1.5) (1.7
ICCC 34 18.4 60 1.20 3.7 34 36 35 38
(20.9) (66) (1.15) 3.0 (2.8) 3.2) 3.9 3.5

SE $0.21 t1.12 $0.03 $0.16 $0.20 10.21 $0.16 $0.24

0.18) (0.75) (0.02) 0.14) (0.18) (0.22) 0.21) 0.17)

1. Figures in parentheses show the data obtained in 1985/86.

2. Rating scale : Excellent, 4; good, 3; fair, 2; poor, 1, based on evaluation of 10 panclists.
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taste than when grown in 1984/85. Differences were
also observed in the cooking quality parameters of
these cultivars due to seasonal effects. This suggests
that both growing season and cultivar influence the
acceptability and eating quality of chickpea and that
these should be carefully monitored.

Processing and Nutritive Value of Chick-
pea-based Products

The effect of the processing method on the nutritive
value of chickpea products has been investigated.
During the course of processing, chickpea receives
either one or a combination of the three major treat-
ments i.e., germination, fermentation, and heat-treat-
ment. Heat-treatment generally includes, steaming,
boiling, roasting, or frying. When cooked after soaking
for 20 h and sprouting for 24 h, the protein efficiency
ratio (PER) of chickpea increased significantly over
that of nontreated seeds (Deep et al. 1978). Germina-
tion had no advantage over moist heat treatment in
improving the biological value of the protein, but the
PER of chickpea germinated for up to 48 h was higher
than that of the non-germinated control (Venkataraman
et al. 1976). Germination of chickpea did not alter the
concentration of amino acids (Finney et al. 1982) but it
improved the carbohydrate digestibility (Jaya and Ven-
kataraman 1981). Tempeh and dhokla, both fermented
products had better protein quality than the
nonfermented control (Williams and Singh 1987).
Fermentation also increased the levels of the vitamins,
thiamine and riboflavin and improved the concentra-
tion of limiting amino acids (Williams and Singh 1987).
Although the protein quality of chickpea depends on
the method of cooking, moist heat treatment is better
than dry heat treatment (Geervani and Theophilus
1980).

Conclusions

There is little available information with supportive
evidence on the consumption pattern of whole seed,
dhal and besan of chickpea. It would be desirable to
document the various forms of foods that are prepared
from desi and kabuli chickpea around the world along
with detailed recipes and photographs. It may then be
possible to classify these products into a few major
groups for conducting further research. The effect of
environment on chickpea quality factors and consum-

ers acceptance has to be evaluated before releasing any
advanced genotypes for cultivation.

Future Research Needs

A Consultants’ Meeting on Uses of Grain Legumes was
held at ICRISAT Center in March 1989. Scientists
from several countries involved in chickpea production
and utilization participated in this meeting and made
recommendations for future research. Important rec-
ommendations were:

1. Develop and standardize reliable evaluation
methods.

2. Carry out research to understand the inherent
properties of desi and kabuli chickpea. Use the
knowledge gained to improve the quality of
traditional chickpea foods and explore altema-
tive avenues for utilization at consumers level
and industrial manufacture of human foods and
animal feeds.

3. Develop new genotypes with-improved dehul-
ling properties.

4. Investigate the effects of storage on various
quality parameters and take appropriate follow-
up action.

5. Establish a network of scientists to better under-
stand consumer needs in different parts of the
world and to identify areas for collaborative
research and training needs.
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Session 1
Main Items of Presentation and Discussion

e There is a worldwide trend towards increased
demand for chickpea both in developing and in
industrialized countries.

e To meet this demand in the 1990s, new produc-
tion areas with comparative advantages for chick-
pea production need to be identified and devel-
oped.

e Factors such as irrigation and changes in sowing
date can substantially increase chickpea yield, but
this knowledge has so far found little practical
application. There is need for further investiga-
tion of these factors, and for their implementa-
tion.

e As starch is a major component of chickpea seed
(65%), improvement of starch quality should re-
ceive more attention.

Recommendations for Economic Research on
Chickpea

There are indications that the rapidly increasing de-
mand for chickpea in developing and industrialized
countries cannot be met solely by chickpea produc-
tion from traditional locations. Therefore, chickpea
production will move into areas of comparative ad-
vantage. If these assumptions are correct, the fol-
lowing research on the economics of production, de-
mand and trade is urgently required:

e To determine the potential supply of chickpeas at
two levels: in collaboration with mentor institu-
tions, and with national agricultural research sys-
tems (NARSs); by assessing experts’ opinions on
future yields in potential production areas in the
world; and by determining production areas based
on agroclimatic data and crop modeling in com-
bination with yield tnals and field research on
cost of production.

e To assess future demand for chickpea, by quanti-
fying the demand in developing countries, through
work on elasticities of demand and on consumer
preferences for quality characteristics, and by as-
sessing the potential demand in industrialized
countries through research on emerging trade
patterns, and by conducting consumer and trader
opinion surveys.

e To project trade patterns; by analyzing the exist-
ing world trade of this crop using an interregional
trade model to generate information on future

trade flows and price levels of chickpea; and by
incorporating the expected changes in supply and
demand into the model so that future production
and trade patterns can be projected.

Session 1
Principaux thémes de présentation et de discussion

e [l existe une tendance mondiale 4 une demande
accrue pour le pois chiche tant dans les pays
industrialisés que dans les pays en dével-
oppement.

e Pour satisfaire a cette demande dans les années
90 il serait nécessaire d’identifier et d’aménager
de nouvelles régions de production ayant des
avantages comparatifs pour la production du
pois chiche.

e Les facteurs tels Iirrigation ou les changements
de date de semis peuvent considérablement
augmenter le rendement du pois chiche, mais
ces connaissances ont trouvé peu d’application
pratique jusqu’a maintenant. La poursuite de
I’étude de ces facteurs ainsi que leur mise en
oeuvre sont donc nécessaires.

e Etant donné que ’'amidon est une composante
majeure de la graine de pois chiche (65%), il faut
accorder plus d’attention a I’'amélioration de la
qualité de I’'amidon.

Recommandations pour la recherche économique
sur le pois chiche

Les indices laissent A croire que la demande
rapidement croissante pour le pois chiche dans les
pays en développement et dans les pays industria-
lisés ne peut pas &tre satisfaite uniquement par la
production du pois chiche dans les régions traditi-
onnelles. La production du pois chiche sera donc
adoptée dans des régions d’avantage comparatif.
Si ces hypotheses s’averent valables, les travaux de
recherche suivants sur 1’économie de la produc-
tion, la demande et le commerce seront nécessaires
d’urgence : ’

e Ladétermination de I'offre potentielle des pois

chiches a deux niveaux : en collaboration avec
des institutions guides et avec les systémes nati-
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onaux de recherche agricole, i) par I’étude des
opinions de spécialistes sur les rendements fut-
urs dans les zones de production potentielles
dans le monde, ii) par la détermination des
zones de production 3 I’aide de données agro-
climatiques et de la modélisation des cultures en
combinaison avec des essais de rendement et la
recherche en milieu réel sur le co0t de production.

L’évaluation de la demande future pour le pois
chiche, i) par la quantification de la demande
dans les pays en développement, & I'aide des
travaux sur les élasticités de demande et sur la
préférence des consommateurs pour les caracté-
ristiques de qualité, ii) par I’évaluation de la
demande potentielle dans les pays industrialisés
a travers la recherche sur les nouvelles orienta-
tions commerciales, et iii) par la réalisation des
enquétes des opinions des commergants.

La projection des structures des échanges com-
merciaux, i) par 'analyse du commerce global
actuel de cette culture & I'aide d’'un modtle de
commerce interrégional pour engendrer des
informations sur les flux commerciaux et les
niveaux de prix futurs du pois chiche, i1) par
I'incorporation, dans le modele, des change-
ments escomptés dans la fourniture et la de-
mande afin de pouvoir projeter les structures
futures de commerce et de production.
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Chickpea Genetic Resources - Present and Future

M.H. Mengesha!, L. Holly?, R.P.S. Pundir’, and T.A. Thomas®
Abstract

Chickpea, Cicer arietinum L., is an ancient crop cultivated in over 40 countries. However, the
important diversity areas are India, Pakistan, Ethiopia, Turkey, and Mexico. The Cicer taxon forms
a vast gene pool encompassing 42 wild Cicer species besides the cultivated, Cicer arietinum L. In
the early sixties, systematic assembly of chickpea germplasm was started by the Regional Pulse
Improvement Program (RPIP), India. The work was further pursued by ICRISAT and ICARDA.
The last two organizations are entrusted respectively, with the global and regional responsibilities
of the chickpea germplasm. Besides, there is considerable germplasm holding of this species at
the National Bureau of Plant Genetic Resources (NBPGR, India), Instituto Nacional de
Investigaciones Agricolas (INIA, Mexico), National Seeds Storage Laboratory (NSSL, Fort
Collins, USA), United States Department of Agriculture (USDA, Washington D.C., USA), and the
Vavilov Institute of Plant Industry, USSR. The gene bank at ICRISAT now holds 15 939 chickpea
accessions representing 42 countries. ICARDA collection consists of 6804 accessions from 34
countries. About 3/4 of the accessions were assembled from other institutes and the remaining
are landraces recently collected from priority areas.

The passport data for the entire collection have been published. The accessions have also
been evaluated for 25 morphoagronomic traits at ICRISAT and 29 traits at ICARDA and the
results have been published in catalogs. Regional and multilocational evaluation also has been
started to identify useful germplasm lines with wide/specific adaptation. From the ICRISAT
collection, a total of 172 450 seed samples have been distributed to research workers in 74
countries.

In the future, local chickpea material is to be collected from Algeria, Iraq, Libya, Jordan,
Myanmar, Tanzania, and in parts of India and Ethiopia. Wild Cicer species can be collected from
Afghanistan, Iran, Turkey, and USSR. With emerging needs for new traits and plant types, the
germplasm would be further evaluated and screened for new characteristics such as response to
fertilizer, resistance to lodging, early seedling vigor, low light interception, etc. Future emphasis
will be given to collaborative research on germplasm enhancement, basic research on the use of
wild species, and long-term conservation of the germplasm.

Résumé

Ressources génétiques du pois chiche—aujourdhui et demain : Le pois chiche, Cicer arieti-
num L., est une culture ancienne, exploitée actuellement dans plus de quarante pays. Toute-
fois, les régions de diversité importantes sont I'Inde, le Pakistan, I'Ethiopie, Ia Turquie et le
Mexigue. Le taxon Cicer constitute un vaste pool génique comprenant 42 espéces de Cicer
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sauvage, outre l'espéce cultivée, Cicer arictinum L. Au début des années 60, le Regional Pulse
Improvement Program (R PIP) de I'Inde entreprit de rassembler systématiquement le matériel
génétique de pois chiche. Ce travail a été poursuivi par 'ICRISAT et 'ICARDA. Ces deux
derniéres organisations ont respectivement un mandat global et un mandat régional sur le
matériel génétique de pois chiche. En outre, une collection importante de ressources géné-
tiques de cette espéce est conservée dans les organismes suivants : au National Bureau of Plant
Genetic Resources (NBPGR, Inde), & 'Instituto Nacional de Investigaciones Agricolas (INIA,
Mexique), au National Seeds Storage Laboratory (NSSL, Fort Collins, Etats-Unis), au
United States Department of Agriculture (USDA, Washington D.C., Etats-Unis) et au
Vavilov Institute of Plant Industry, URSS. La banque de génes de I'lCRISAT conserve
aujourd’hui 15 939 entrées de pois chiche représentant 42 pays. La collection de 'ICARDA
regroupe 6804 entrées provenant de 34 pays. Environ les trois-quarts de ces entrées ont été
rassemblées a partir des collections des autres instituts et le reste est composé de variétés
locales récemment collectées dans des zones prioritaires.

Les données d'identification pour l'ensemble de la collection ont été publiées. Les entrées
ont également été évaluées pour 25 caractéres morphoagronomiques 4 'ICRISAT et pour 29
caractéres 4 'ICARDA, les résultats ont été publiés dans des catalogues. L évaluation régio-
nale et multilocale a également été entreprise pour identifier des lignées utiles 4 adaptation
large/spécifique. De lacollection de 'ICRISAT, un total de 172 450 échantillons de semences
ont été distribués & des chercheurs de 74 pays.

A l'avenir, on envisage la collection du matériel local de pois chiche dans les régions de :
Algérie, Irak, Libye, Jordanie, Myanmar, Tanzanie et de certaines parties de I'Inde et de
I’Ethiopie. Des espéces spontanées de Cicer peuvent étre collectées dans les pays d’Afghanis-
tan, d’Iran, de Turquie et d'URSS. Des besoins de nouveaux caractéres et de nouveaux types
de plantes nécessiteraient la poursuite de I'évaluation du matériel génétique ainsi que le
criblage pour de nouvelles caractéristiques comme la réponse aux engrais, la résistance 4 la
verse, la vigueur précoce des plantules, une faible interception de lumiére, etc. Les travaux
futurs seront axés essentiellement sur des recherches collaboratives sur I'amélioration du
matériel génétique, la recherche de base sur I'utilisation d’espéces sauvages et la conservation a
long terme du matériel génétique.

Chickpea (Cicer arietinumL.) is an ancient crop whose
earliest record from the Middle East dates back to 6250
BC. Subsequently, this crop spread to other countries
with arid/semi-arid and subtropical environments.
Chickpea is now cultivated in over 40 countries. Its
major cultivation and diversity are in Ethiopia, India,
Iran, Mexico, Myanmar, Pakistan, and Turkey. In
addition to the cultivated Cicer arietinum, 42 wild
species are known to exist. Natural distribution of these
wild species is restricted to countries around the Medi-
terranean Sea, Soviet Union, Ethiopia, Sudan, and in
the Himalayan mountains of India where perennial
Cicer microphyllum is endemic in cold and arid areas.
Several centers hold considerable numbers of chickpea
germplasm lines (Hanson et al. 1984; Pundir et al.
1988b). National programs such as the National Bu-
reau of Plant Genetic Resources (NBPGR), India and
Plant Genetic Resources Center (PGRC), Ethiopia hold
several germplasm accessions of their area.
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Germplasm Assembly at ICRISAT and
ICARDA Centers

After the establishment of ICRISAT in 1972, several
national centers contributed their germplasm to ICRI-
SAT. Possible duplicates were rejected and finally, in
1974, a total of 5958 germplasm lines originating from
31 countries were entered in the chickpea collection
(ICRISAT 1975). Germplasm assembly by correspon-
dence and exchange continued. New germplasm was
collected from priority areas (Table 1). By April 1989,
a total of 15 939 accessions had been registered in the
ICRISAT gene bank. With its inception in 1977,
ICARDA assumed regional responsibility to work on
kabuli chickpea and hence all the kabuli chickpea
accessions in ICRISAT gene bank and at other centers
were shared with ICARDA. New collections in the
ICARDA region were made (Table 1) and this Center
now holds 6804 accessions from 34 countries. We



Table 1. Recent collection expeditions for chfckpea and wild Cicer species, 1975-1989, conducted by ICRISAT,

ICARDA, and NBPGR.

Year Country/State

1975 Afghanistan (22)!, Pakistan (30), Turkey (25),
India: West Bengal (115)

1976 Afghanistan (13), India: Rajasthan (131)

1977 Afghanistan (13), Turkey (4), India: northern Karnataka
(84), Gujarat (111), Uttar Pradesh (15)

1978 Pakistan (10), India: Maharashtra, Gujarat and Karnataka
(40), Gujarat and Rajasthan (21)

1979 Bangladesh (32), Nepal: central and eastern region (45),
India: Uttar Pradesh (53), Himachal Pradesh (104)

1980 Myanmar (4), Nepal: western region (35),
India: Punjab (146), central Uttar Pradesh (15)

1981 India (27)

1982 Ethiopia: Central region (210), India (160)

1983 India (144)

1984 Ethiopia: eastern and southern regions (104), Cyprus
(28), Pakistan (259), India (114)

1985 Bangladesh (133), India (157), Turkey (109)

1986 Syria (11), India (366)

1987 Morocco (122), India (225)

1988 Syria (92), India (83)

1989 Algeria (13), India (139)

1. Figures in parentheses refer to numbers of germplasm accessions collected.

continue to collect seeds of wild Cicer species from
various countries. ICRISAT now holds and maintains
48 accessions of wild annual Cicer species these in-
clude: C. yamashitae (3); C. pinnatifidum (8); C. cho-
rassanicum (3), C. judaicum (16); C. reticulatum (6);
C. echinospermum (4), C. bijugum (7); and C. cunea-
tum (1).

A set of these wild Cicer species is also maintained
at ICARDA. The total number of wild Cicer accessions
held at ICARDA is 73 (Table 2), including the new
additions from Syria and Turkey (van Slageren et al. in
press).

Characterization and Evaluation

Chickpea descriptors were developed (IBPGR, IC-
ARDA, and ICRISAT 1985) in order to facilitate
effective characterization, documentation, and the easy

exchange of seed and information. The entire set of
germplasm accessions at ICARDA was evaluated in
spring-sown trials for 29 characters, and the results
have been published in catalog form (Singh et al. 1983).
At ICRISAT Center, chickpea evaluation work is car-
ried out in the postrainy season. Data were recorded for
25 morphoagronomic characters. Data obtained from
1974 to 1983 were summarized and published in the
ICRISAT Chickpea Germplasm Catalog (Pundir et al.
1988b). The summary of the results showed diverse
and useful genetic characteristics (Table 3). Results of
interdisciplinary screening tests of chickpea germplasm
are also given in Table 3.

The analysis of variance by country of origin re-
vealed interesting results. Accessions from Bangla-
desh produced more pods, had higher resistance to
fusarium wilt (Fusarium oxysporum), and were con-
spicuous with their shorter plant height. Sudanese
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Table 2. Evaluation of Cicer species for some biotic and abiotic stresses! at ICARDA, Tel Hadya, Syria, 1987/88.

No. of N;::rgf Ascochyta Leaf Cyst Seed
’ . blight miner nematode beetle Cold

acces- lines
Cicer specics sions tested R2 S2 R S R S R S R S
C. bijugum 14 24 16 6 0 16 22 1 18 3 23 0
C. chorassanicum 4 4 0 1 1 0 0 4 0 4 0 4
C. cuneatum 4 2 2 1 1 0 0 2 2 1 0 2
C. echinospermum 7 3 0 2 1 0 0 3 3 0 3 0
C. judaicum 18 46 32 11 40 5 0 46 11 36 19 28
C. pinnatifidum 13 30 26 4 30 0 0 30 2 28 30 0
C. reticulatum 10 43 0 12 0 2 0 23 5 15 22 1
C. yamashitae 3 2 0 2 0 0 0 2 0 2 0 2
Total 73 154 76 39 73 23 22 111 41 89 97 37

1. Due to shortage of seed not all the 154 lines were tested for cach stress.

2. R = Resistant, S = Susceptible.

accessions offer the best source for early maturity, a
high number of apical secondary branches, and high
seed protein content. Accessions from Chile are a
source of long growth duration, tall plant canopy, and
great seed mass. Accessions originating in India, pro-
duced the highest average seed yield at ICRISAT
Center. Accessions from Greece and USSR commonly
had an erect growth habit whereas germplasm from
Jordan had, in general, a spreading habit.

Much variation was observed when 6224 kabuli chick-
pea accessions were evaluated in 1987/88 by ICARDA
for 25 descriptors in a winter-sown trial at Tel Hadya,
Syria. Days to flowering ranged from 115 to 155.
Among the tested germplasm, 34 accessions were
classified as very early (ICARDA 1988). The results of
screening for biotic and abiotic stresses are given in
Table 3.

Evaluation of Wild Cicer Species

Wild species of chickpea possessing resistance to sev-
eral diseases, increased vigor, and the multiseeded
characteristic have been identified (Malhotra et al.
1987). Cicer cuneatum and C. judaicum are of special
significance for introgression work.

In addition to maintaining wild Cicer accessions as
population samples at ICARDA, work has started to
separate distinct genotypes from the bulk samples to
obtain well defined lines for further studies and utiliza-
tion in interspecific crosses. A total of 154 pure lines
were identified, these were separated and described on
the basis of morphological characters, and esterase and
protein banding patterns (ICARDA 1988). Evaluation
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of these lines helped in identifying genotypes resistant
to ascochyta blight, leafminer, cyst nematode, seed
beetle, and cold (Table 2). Cicer judaicum and C.
bijugum possess resistance to four stresses each, while
the latter has relatively large seeds.

Regional and Multilocational Evaluation

In general, crop species perform better near their area
of origin, and their perforrance may be unpredictable
elsewhere. Therefore, there is a need for multiloca-
tional evaluations to identify germplasm lines that can
perform well at diverse locations. Testing of ICRISAT
chickpea germplasm material in different locations has
already been started. In Ethiopia, ICRISAT and the
Debre Zeit Agricultural Research Center jointly evalu-
ated 1000 chickpea accessions during 1986/87 and
1987/88. Since 1986, long-duration chickpea has been
evaluated at Gwalior and New Delhi, in collaboration
with the National Bureau of Plant Genetic Resources
(NBPGR). Short-duration accessions are annually
evaluated at ICRISAT Center and Akola, India. These
experiments have already provided some useful results
(Thomas et al. 1988).

ICARDA, in collaboration with national programs,
has started to systematically evaluate chickpea lan-
draces in their original habitat. In 1987/88, 122 land-
races collected in Morocco were sown both at Settat,
Morocco and Tel Hadya, Syria for preliminary screen-
ing, with the main emphasis on comparing their per-
formance with promising breeding lines developed for
winter sowing (Holly et al. 1988).



Table 3. Chickpea germplasm accessions having special
trait(s)/resistance, based on evaluations at ICRISAT
and ICARDA.

No. of
accessions

Trait(s) identified
ICRISAT

Short growth duration (<39 days) to 43

flowering

Erect growth habit 86
Twin pods per leaf axil 100
Multiseed (>2.1 seeds per pod) 43
Heavy seed mass (>44 g per 100 seeds) 35
Tall accessions plant canopy >65 cm 43
Short accessions (plant canopy <19 cm) 55
High seed protein (>27%) 25
Polycarpy |
Prostrate growth habit 2
Glabrous stem ]
Fusarium wilt 166
Dry root rot 47
Stunt disease 1
Fusarium wilt and dry root 18
Fusarium wilt and black root rot 18
Fusarium wilt and botrytis gray mold 1
Fusarium wilt and ascochyta blight 1
Fusarium wilt and sclerotinia stem blight 8
Botrytis gray mold and ascochyta blight 2
Botrytis gray mold and colletotrichum 2

blight

Ascochyta blight and stunt 3
Fusarium wilt, dry root rot, and black 2

root rot

Pod borer 22
ICARDA (ICARDA 1988)

Ascochyta blight 12
Fusarium wilt 12
Leafminer 1
Cold 15
Cyst nematode 0
Seed beetle 0

Germplasm Diversification

New germplasm is the main source of diversity forcrop
improvement. There are alsooccasional genetic changes
(mutations) in the population, and if these natural
mutations are selected and tested, they may prove to be
very useful for future utilization. There are many

reports of such mutations. Some recent ones, namely,
lobed vexillum (Rao and Pundir 1983), polycarpy and
twin-podded (Pundiret al. 1988a), and thick stem, open
flower, and short bushy mutants (Dahiya et al. 1984)
are important. The recent reports on wilt resistance in
twin-podded chickpea (Pundir and Mengesha 1988)
and glabrousness in chickpea (Pundir and Reddy 1989)
which were generated by artificial mutagenesis, show
further enhanced variability in the genus.

Documentation

The ultimate value of any germplasm line will be fully
realized with the availability and clarity of the docu-
mented information about each accession. The pass-
port and the evaluation data of the germplasm held at
both ICRISAT and ICARDA have been computerized
and published as catalogs (Singh et al. 1983 and Pundir
et al. 1988b).

Future Outlook

The status of chickpea germplasm is periodically re-
viewed. Some of the chickpea-growing regions e.g.,
Algeria, Myanmar, parts of Ethiopia and India, Af-
ghanistan, Iraq, Libya, Jordan, Turkey, Tanzania, and
USSR are not well represented in the world collection.
Germplasm from these countries will be coliected in
the future with more emphasis on wild species. We
should also identify a center where aduplicate set of the
world collection of chickpea germplasm can be con-
served. Germplasm enhancement should be given em-
phasis in existing and future research programs mainly
to transfer desirable genes to elite backgrounds and in
developing new and efficient plant types. New bio-
technological innovations will have to be adopted when
necessary to transfer desirable genes from wild Cicer
species to cultivated chickpeas.
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Session 2
Main Items of Presentation and Discussion

e The gene bank of ICRISAT holds 15 939 chick-
pea accessions from 42 different countries. These
have been evaluated for 25 morphoagronomic
traits, and passport data have been published.

e Basic studies on interspecific differences in Cicer
are of great importance.

e Partial male sterility is already known in chick-
pea, but the search should continue for other use-
ful and novel traits, such as determinate growth
habit and complete and stable male sterility, which
are not presently available in the germplasm col-
lection.

Session 2
Principaux thémes de présentation et de discussion

e La banque de génes de I'ICRISAT possede
15939 introductions de pois chiche provenant
de 42 pays différents. Celles-ci ont été évaluées
pour 25 caractéres morphoagronomiques et les
données d’identification sont publiées.

e Des études fondamentales sur les différences
interspécifiques chez le Cicer sont d’une grande
importance.

e Lastérilité male partielle est déja connue chez le
pois chiche, mais il faut poursuivre la recherche
des autres caracteres utiles et nouveaux, tels le
port défini et la stérilité male compléte et stable,
qui ne sont pas disponibles actuellement dans la
collection de ressources génétiques.
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Adaptation of Chickpea to Agroclimatic Constraints

R.J. Summerfield’, S.M. Virmani?, E.H. Roberts', and R.H. Ellis'
Abstract

The experience of farmers, research scientists and plant breeders (notably those working in the
Indian subcontinent and Mediterranean basin) suggests that increasing emphasis should be
placed on improving adaptation to climate if chickpea crops are to yield well. An appropriate
phenology relative to the growing season available is especially important for improved
productivity in environments where drought stress and temperature extremes are to be expected.

Empirical approaches to the screening of germplasm for various adaptive traits have pre-
dominated in most breeding programs. Such methods have generated many data, but these
evaluation descriptors of the timing of phenological events are largely specific to location and
season and so are of limited use.

By considering not the time taken but the rate of progress towards phenological events (i.e.,
the reciprocal of time), we describe the quantitative responsiveness of germination and flowering
to photothermal conditions, question previous conclusions which concern the effects of vernali-
zation, and suggest protocols for screening and the genetic characterization of phenological
responses in the chickpea germplasm which are independent of environment and yet predict the
responses of accessions in any location or season.

Résumé

Adaptation du pois chiche d des contraintes agroclimatiques : L 'expérience des exploitants,
des chercheurs et des sélectionneurs (notamment ceux qui travaillent dans la région du
sous-continent indien et du bassin de la Méditerranée) laisse entendre que I'on devrait insister
davantage sur I'amélioration de I'adaptation au climat, pour que les cultures de pois chiche
puissent donner de bons rendements. Une phénologie appropriée en fonction de la saison de
culture disponible est surtout importante pour améliorer la productivité dans des environne-
ments ou il faut s ‘attendre a la contrainte hydrique et & des extrémes de température.

Des méthodes empiriques sur le criblage du matériel génétique pour différents caractéres
d’adaptation ont prédominé dans la plupart des programmes de sélection. De telles méthodes
ont fourni d’innombrables données mais les descripteurs dévaluation du calendrier des
événements phénologiques sont surtout spécifiques au lieu et & la saison et donc d’ intérét
restreint.

En examinant non pas le temps nécessaire mais le taux de progrés vers les événements
phénologiques (c est-a-dire Ia réciproque du temps), nous décrivons les réponses quantitatives
de la germination et de la floraison aux conditions photothermiques, nous examinons de fagon
critique les conclusions précédentes sur les effets de la vernalisation et, finalement, nous
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suggérons des protocoles pour le criblage et la caractérisation génétique des réponses phéno-
logiques du pois chiche qui sont indépendantes de I'environnement et qui pourtant permettent
la prévision des réponses du matériel génétique dans tout emplacement ou toute saison.

Four seminal publications devoted wholly or in sub-
stantial part to chickpea (Cicer arietinum L.) have
formally updated knowledge of the crop during the
decade which has ncw elapsed since the International
Workshop on Chickpea Improvement held at Hydera-
bad in March 1979 (ICRISAT 1980). In 1985, Smith-
son et al. scrutinized and synthesized more than 250
references for their review of world production, con-
straints to productivity, and prospects for crop im-
provement. Then followed the first (many authored)
standard reference book to be devoted to the crop,
providing “a sound basis and direction for future re-
search” (Saxena and Singh 1987). The severe con-
straints imposed by abiotic stresses in general, and by
droughts in particular, were debated in 1984 (ICRISAT
1987). And finally, it is sobering to compare many
“Country Reports” from the regions of North Africa,
West and Southeast Asia with those genetic and bio-
technologies now being applied in attempts to over-
come traditional constraints in the warmer regions and
elsewhere—as they are outlined in World Crops: Cool
Season Food Legumes (Summerfield 1988).

In contemplating the 1990s and seeking to comple-
ment published information, we shall describe briefly
the major chickpeacropping environments, and then go
ontodiscuss recent advances which attempt to quantify
selected adaptive traits. Departing from tradition, we
shall focus not on empirical evaluation descriptors
(which are largely specific to location and season), but
on the genetic characterization of those traits and asso-
ciated protocols for screening germplasm. This novel
approach, we believe, can be the basis for a better
exploitation of characters which are independent of
environment yet predict the responses of accessions in
any location or season.

Climates of the Major Chickpea-growing
Regions

Detailed reviews of the agroclimatic environments and
abiotic stresses which prevail in the major chickpea
cropping regions of South and Southeast Asia and the
Mediterranean are given by Chandra (1980), Huda and
Virmani (1987), and Saxena (1987a).
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South and Southeast Asia

This region includes the major producing countries for
desi chickpea: India (which accounts for about 60% of
world production, and more than two-thirds of the area
cropped worldwide). Pakistan, Nepal, Bangladesh, and
Myanmar. Figure 1 shows that the distribution of rain
fall is strongly seasonal throughout the region. In
general, more than 80% of the annual total falls during
a rainy season which extends from May/June until
October, with peaks during the summer monsoons in
August and September. The variability (unreliability)
of annual rainfall within the region is reflected by
coefficients of variation which commonly exceed 20%.

The wettest months are also hot (Fig. 1): average
diurnal air temperatures vary between 25" and 30°C, daily
maximum values are typically close to 35°C, and nights
are warm (20°-25°C). These temperatures are supra-
optimal for seed production (Sinha 1977) and so
chickpea is traditionally cropped during the postrainy
season when temperatures average around 20°C, with
warm days (20°-25°C) and cool (5*-10°C) or even cold,
frosty nights (-1°- 0°C). Rainfall is low and unreliable;
the crop essentially survives on moisture stored in the
soil profile.

The alluvial soils (Entisols) in northwest India and
Nepal may retain up to 200 mm of available waterin a
profile 120-cm deep. Over similar depths, the black
cotton soils (Vertisols) of peninsular India have the
potential to store 250 mm of available water.

Potential evapotranspiration demand during the 5-6-
month period extending from October/November to
March is typically within the range 200-300 mm for
most chickpea growing areas in the region. If the soil
profile is fully charged with available moisture, and if
some rain falls during the reproductive period, then
chickpeacrops can give excellent yields of biomass and
seeds. In reality, however, seed yields seldom exceed
0.7 t ha'' (Jodha and Subba Rao 1987).

Winter Rainfall Areas of South Asia and the Medi-
terranean Region

Throughout an extensive region from northern Paki-
stan, through Afghanistan, Iran and the Middle East,
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and into Mediterranean Europe chickpeas are exten-
sively cultivated during the wetter winter months or,
where snow occurs, during the cool dry springtime
period. Most (> 70%) of the annual precipitation (i.e.,
snow plus rain) falls during the 5-6 months between
November/December and the following April; sum-
mers are typically dry and warm (Khan 1980).
Although mean total annual precipitation through-
out the region rarely exceeds 500 mm (Fig. 2) it is
conserved and used rather effectively during the cool
winter season by a crop that has a relatively small
evapotranspiration requirement (200-250 mm). Mean
annual air temperatures are often cooler than 20°C
except in some areas where rainfall distribution is
bimodal (e.g., Fig. 2b). Where frosts and snowfall are
rare, chickpea crops are sown at the onset of the winter
rains. In colder regions, sowing coincides approxi-
mately with the time the seasonal values of mean daily
temperature rise to about 10°C. Providing crops can be
protected from, or are resistant to the ravages of asco-
chyta blight (Ascochyta rabiei), can tolerate cold and
waterlogging, are able to nodulate well, and can com-
pete effectively with weeds, then dramatic increases in
productivity can be achieved by sowing earlier, i.e.,
during the late winter months (Saxena and Singh 1984).

Agroclimatic Constraints

The principal agroclimatic constraints to chickpea
productivity and production are summarized in Table

1. In many parts of South and Southeast Asia, plant
stands in farmers’ fields are poor; the seed yields
harvested are often < 25% of those commonly achieved
without irmigation on experiment stations within the
same region, and from similar cultivars (Sheldrake and
Saxena 1979). Recent work on chickpea seed germina-
tion (as a prelude to rapid seedling emergence and the
achievement of target plant population densities) as it
is affected by the water-storage environment and sub-
sequent conditions in the seedbed is discussed by Ellis
1988; Ellis et al. 1986, 1987.

Once the crop is established, a large body of experi-
ence confirms that if chickpea is to have the potential to
yield well then an appropriate crop duration in relation
tothe available growing season is essential; not surpris-
ingly, sowing date is one of the most important agro-
nomic factors affecting productivity (Saxena 1987b).
Much has been leammed during the 1980s about the
modulation of phenology in annual crops by the pho-
tothermal environments experienced by imbibed seeds
and vegetative plants (Roberts and Summerfield 1987).
These advances, which we shall illustrate with chick-
pea, have exciting implications not only for predictive
purposes in fluctuating field environments, but also for
the genetic analysis of those responses and the screen-
ing of germplasm.

Photothermal Modulation of Flowering

One of the objectives of CGIAR Centers and of others

Table 1. Principal agroclimatic constraints to productivity and production of chickpea!.

Crop growth stage

Seedling Vegetative Flowering and
Soil group establishment period seed formation
South and Southeast Asia
Vertisols Hot and/or dry Supra-optimal Supra-optimal temperatures;
seedbeds temperatures drought (exacerbated by soil
(>30°C) cracking)
and/or drought
Entisols Hot and/or dry Drought Drought;
and/or saline (if winter rains soil salinity;
seedbeds fail); soil frost damage
salinity

Winter rainfall areas of Asia and the Mediterranean

Mollisols Cold and/or

and wet seedbeds;

Vertisols poor radiation
receipts

Cold tempera-
tures with or
without frost
damage

Drought;
poor radiation receipts;
frost damage

I. Compiled from numerous sources.
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Figure 2. Mean monthly precipitation values [snow plus rainfall (mm)] and air temperatures (° C) at
four locations representative of chickpea cropping areas in the winter rainfall zones of South Asia and
the Mediterranean region;a. Quetta, Pakistan - 30°N,67°E, 1673m; b. Peshawar, Pakistan - 34°N,71°E,
359m; c. Aleppo, Syria - 36°N,37°E, 393m; and d. Ankara, Turkey ~ 40° N,32° E, 894m. (Numbers above
each figure are the mean annual total precipitation receipts and mean yearly air temperatures).

{Source: Hargreaves and Samani 1986).
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seeking to improve output and yields in rainfed agricul-
ture is to help to design, for individual crops, cultivars
and production practices that are adapted to make the
best use of the features of a target environment (Mulitze
etal. 1987). To achieve this objective, data are needed
that describe variations in soils and climate, and espe-
cially in rainfall, together with ecophysiological mod-
els of the ways in which crop plants are adapted to their
environments (Bunting 1975). Studies on phenology
are important in this context, not only in relation to the
genetic improvement of crops but also for the agro-
nomic improvement of production systems (L.awn 1988;
Monteith 1987).

Inchickpea, cropdurations (i.e., sowing to reproduc-
tive maturity) are strongly correlated with relative
earliness to flowering (e.g., Pundir et al. 1988). Not
surprisingly, it is the time to flowering of different
genotypes sown on various dates at different locations
which researchers and breeders have been keen to
predict.

A decade ago, we (Summerfield et al. 1980) argued
that studies concemned solely with flowering responses
to photoperiod in chickpea were of limited use; as in all
annual crops for which data are sufficiently extensive,
responsiveness to photoperiod is strongly modified by
temperature (Summerfield and Roberts 1985). And so,
for example, whilst it is known that most of the chick-
pea genotypes that are resistant to ascochyta blight are
also very sensitive to photoperiod (Singh and Malhotra
1984), their reactions to temperature remain to be
determined. Thus, until recently, resistant genotypes,
phenologically well-adapted to particular photother-
mal environments, could only be identified by empiri-
cal and time-consuming trials at many locations.

It is now clear that the plastic trait of time from
sowing to flowering, f, in chickpea is modulated by
both the mean photoperiod (P) and the mean tempera-
ture (T) experienced during vegetative growth (Roberts
et al. 1985). However, as we describe in detail else-
where (Roberts and Summerfield 1987), photothermal
effects on flowering in annual crops, are best exposed
and quantified (between unambiguous limits) by models
that relate not times of flowering, but rates of progress
towards flowering (i.c., 1/f, the reciprocals of the times
taken) to photoperiod and temperature. These models
are based largely on work done in controlled environ-
ments but, as we shall illustrate here for chickpea, the
relations and the recommendations based on them
should prove applicable to fluctuating field environ-
ments. Furthermore, our experience with a wide range
of crops of both temperate and tropical origin, includ-
ing chickpea, is that between wide respective limits the
effects of photoperiod and temperature seldom interact
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when rates of progress towards flowering are consid-
ered.

Briefly, between a base, 7, , and an optimum tem-
perature, T, and between a critical, P_, and a ceiling
photoperiod, P_, variation in rate may be described as

a response plane given by:
1f=a+bT +cP 0))

in which a, b, and ¢ are genotype-specific constants.
The value of T, , at and below which there is no progress
made towards flowering (i.e., the time taken to flower
is infinite), is given by:

T,=-(a+cP)b @

This is because when T =T, then 1/f=0,andsoa +
bT, + cP = 0; the value of the base temperature, then
varies with photoperiod. Nevertheless, it is feasible to
use equation (1) to devise a photothermal time concept
for predicting time to flower. This is analogous to the
thermal-time concept (e.g., Robertson 1973) which,
while valuable, is only appropriate to photoperiod-
insensitive plants (or in the unlikely case of field crops
which experience a constant photoperiod throughout
the preflowering period).

The photothermal time necessary for flowering, 8%, is
measured in similar units to thermal time, i.e., day-
degrees (°C d) above the base temperature, T, , and is
given by:

6= 1/b 3)

Finally, for long-day species (LDP) such as chick-
pea, the critical photoperiod, P, we define as that
daylength below which there is adelay in flowering and
the ceiling photoperiod, P_, as the longest photoperiod
in which maximum delay is achieved. If this delay is
infinite the photoperiodic response is obligate, whereas
if it is finite the response is quantitative. Despite some
misleading statements to the contrary, LDP can even-
tually flower in relatively short days—-and short-day
species (SDP) can often flower in relatively long days.
The fact that a genotype is categorized as either a LDP
or a SDP tells us nothing about the duration of the
critical or ceiling photoperiods (Roberts and Summer-
field 1987; Summerfield et al. in press).

When pre-flowering daylengths are longer than P _in
LDP (i.e., under conditions where daylength is most
inductive but variations in it have no effect) then 1/fis
modulated exclusively by temperature, as described
by:

Vf=a+bT 4)



In these agronomically rare circumstances, it can be
shown that the value of T, is given by:

T, =-alb (5)

and that providing T_>T > T, then the thermal time, 6,
necessary for flowering may be calculated from the
expression:

0=1/ 6

Conditions in many field environments where chick-
peas are or may come to be grown are likely, we
believe, to be always or mostly within the range P <P
< P, and so equations (1), (2), and (3) will apply. We
recognize, however, that simple, linear equations may
give absurd values for the dependent variable and for
derived entities if the clearly stated and valid limits are
transgressed (e.g., Landsberg 1977). Certainly, more
information is needed on the effects of transitory excur-
sions into regimes where T>7 _and T <T,. In the in-
terim, however, an increasing body of evidence points
to the utility of equation (1) as a sound basis for the
prediction of field responses over wide ranges of each
of P and T — as we now illustrate.

More than 20 years ago, Eshel (1967) sowed two
genotypes of chickpea (one from the USA, cv. Califor-
nia), the other from Bulgaria, cv. Bulgana) at success-
ive 3-week intervals between October and August at
Rehovot, Israel. Times from emergence to flowering
varied between 24-30 and 131-145 days; average daily
temperatures during the pre-flowering period differed
by almost a factor of two (from 12.0° to 22.7°C); and
average daylength (sunrise to sunset) varied between
10.5 and 14.1h [and, in passing, times to flowering of
both genotypes, we calculate, were strongly correlated
(r=0.989 and 0.994, n = 10) with those to reproductive
maturity].

When discussing his results, Eshel was unable to
“draw firm conclusions concerning the (flowering)
response of chickpea to daylength and temperature”
but suggested “that the effect of day elongation on
shortening the vegetative growth period was stronger
than the effect of temperature increase”. However,
when Eshel’s field data on times to flowering, f, are
transformed into 1/f and equation (1) is applied, the
photothermal model gives r? values of 0.84 (cv. Bul-
garia) and 0.99 (cv. California). Unfortunately, as is a
common problem with serial sowing date studies in the
field, the seasonal march in temperature and daylength
at Rehovot were almost perfectly correlated (i.e., as
days lengthened so average temperatures increased).
For that reason, we are hesitant to rely, in these circum-

stances, on the estimated values of the constants g, b, and
c. Nevertheless, application of equation (1) leaves us in
no doubt that cv. California was far more sensitive to P
than cv. Bulgaria which, in turn, was far more sensitive
to T. The similar phenological plasticity of these two
genotypes was, in fact, a consequence of markedly
different responsiveness to photoperiod and tempera-
ture.

Once again, the inclusion of an interaction term in
the photothermal model, i.e.,

f=a+bT+cP+dPxT) 7

had no significant effect (P > 0.05); it increased r?
compared with those given by equation (1) by only
0.006 or 0.009. We suggest, then, that responsiveness
to daylength and responsiveness to temperature in
chickpea are under separate genetic control.

We have discussed indetail elsewhere (Robertset al.
1985; Roberts and Summerfield 1987) how reliable
estimates of the genetic parameters a, b, and ¢ can be
obtained from just four field environments. Our tenta-
tive recommendations for chickpea are daylengths of
11-12h and 14-15h combined with day and night tem-
peratures which give mean values close to 15° or 23°C.

Genotype
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Figure 3. Relationship between actual times from
emergence to first flowering (d) and those times
predicted based on equation 3 for two genotypes of
chickpea grown in the field at Rehovot, Israel.The
solid diagonal line (y = x) represents perfect agree-
ment between observed and predicted times to first
flower. Source: original raw data of Eshel 1967 .
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Day temperatures > 25°C, we suspect, may be supra-
optimal for some (and possibly many) genotypes
(Roberts et al. 1985). Only after establishing linear
relations between 1 /f and eachof Pand T, and over wide
ranges of each factor, are we now able to suggest a
protocol for screening and the genetic characterization
of flowering responses in the chickpea germplasm.
Figure 3 shows the utility of equation (1) over the
photothermal range recommended using, as an ex-
ample, the original data of Eshel (1967).

Vernalization in Chickpea
(Fact or Artefact?)

The timing of flowering in various genotypes of chick-
pea has long been said to be significantly influenced by
quantitative responses to vernalization (e.g., Pal and
Murty 1941; Saxena and Siddique 1980). Vernaliza-
tion (i.e., the hastening of flowering by temperatures
much cooler than the optimum for growth) has been
thought to be especially important in later-flowering,
more photoperiodically sensitive genotypes; indeed, in
some cases, it has been thought to be capable of
substituting for longer photoperiods in this quantitative
long-day species (Angus and Moncur 1980). However,
problems arise in the design of experiments which seek
to demonstrate vernalization effects.

If a cool pre-treatment is given to imbibed seeds or
seedlings before transfer to a subsequent, warmer envi-
ronment, and pre-treatment effects on f are then com-
pared with a control treatment in which plants have not
been exposed to cold, it follows that if the cool pre-
treatment had been aregime where Th (equation (2)) was
exceeded, then some progress towards flowering dur-
ing pre-treatment would be expected as photothermal
time would have accumulated. The essential question
is: “Does any reduction in the subsequent time to
flowering following a putative vernalization treatment
exceed that which is expected due solely to the accu-
mulation of photothermal time during the pre-treatment
period?”

This question has been recently addressed for two
genotypes of chickpea known to differ appreciably in
their flowering responses to photothermal conditions:
kabuli cv. Rabat, from Morocco, is far more sensitive
to P than the desi accession ICC 5810, from northern
India, which is far for more sensitive to T (Roberts et al.
1985). Imbibed seeds of both genotypes were pre-
treated in various combinations of cold or cool tem-
peratures (1°-10°C) and durations (5-42 days) before
transfer of seeds or seedlings to each of six growing-on
regimes (photoperiodsof 11 or I Shday™' combined with
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various mean temperatures between 15.6° and 22.7°C).
Compared to the non-pretreated controls, these poten-
tially vernalizing treatments hastened subsequent times
to flowering by 6% for ICC 5810 and by 12-20% forcv.
Rabat (Summerfield et al. 1989). One interpretation,
then, is thatcv. Rabat responds to vernalization whereas
ICC 5810 probably does not.

However, knowledge of the values of the constants
a, b, and ¢ in equation (1) (Roberts et al. 1985) reveals
that,atagivenvalue of P, the value of T, is considerably
smaller in cv. Rabat than in ICC 5810. Consequently,
it is not surprising based only on considerations of
photothermal time accumulated during pre-treatment
that exposure to cool temperatures hastened flowering
relatively more in cv. Rabat than in ICC 5810. Indeed,
Figure 4 shows when photothermal time was accumu-
lated during both the pre-treatment periods and subse-
quently, flowering occurred when predicted (for cv.
Rabat, # =0.910, n = 162, P > 0.10; for ICC 5810, r?
=0.976, n = 162, P > 0.25). There is therefore no evi-
dence of a specific vernalization response in either
genotype. Accordingly, a thorough re-evaluation of
“responsiveness to vernalization” in the chickpea
germplasm might well be prudent.

Prospect

The main opportunities to increase yields in drought-
prone environments seem likely to be based on ap-
proaches that increase total water use and harvest index
of crops protected in one way or another from local
biotic constraints. In general, phenological traits are
important in that they offer to breeders the potential to
match crop growth to water supply (e.g., Buddenhagen
and Richards 1988; Lawn 1988). The rate of establish-
ment and stand density achieved affect the loss of water
from soil evaporation relative to the amount transpired
by the crop (Cooper et al. 1988). Later, timely flower-
ing must not only match crop durations with the grow-
ing season available, but must also favor satisfactory
partitioning of dry matter and nitrogen into harvested
organs. An ability to predict phenology in different
environmental circumstances (e.g., at different locations
and for different dates of sowing) would, then, enable
well-adapted genotypes to be grown so that environ-
mental resources are fully exploited (e.g., periods dur-
ing which water supply, radiation, and temperatures are
favorable) whereas the adverse consequences of sea-
sonal constraints (e.g., extremes of temperature and
aridity) are minimized. An ability to predict phenologi-
cal events in crop germplasm would assist in the breed-
ing process too: it would facilitate the more efficient
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screening of genotypes to select those best adapted to
specific target environments, and would enable the
range of environments over which genotypes need tobe
tested to be rationalized (Lawn 1981). In other words,
breeders would “more fully exploit the genetic re-
sources that are available to them as they have never
done before” (Frankel 1989).

The principal chickpea-cropping environments and
their regional variations have been well described; key
phenology parameters (for which useful heritable vari-
ations are already known to exist) can now be geneti-
cally characterized; and protocols for screening the
chickpea germplasm have been recommended. Prog-
ress during the last decade, then, leads us into the 1990s
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confident that chickpea genotypes well adapted to
traditional and novel systems of production can be-
come increasingly available.
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Defining, Modeling, and Managing Water Requirement of
Chickpea

Piara Singh', N.P. Saxena’, J.L. Monteith!, and A.K.S. Huda'
Abstract

A chickpea model based on the capture of water and light is presented. The model simulates
canopy and root growth, transpiration, total dry matter, and seed yield. The model is sensitive to
the amount of soil water made available either through rainfall or irrigation, and can thus be
used to assess the water requirements of chickpea for a given level of production. Simulations
for peninsular India show that maximum chickpea yields should be obtained if the crop is given
S em irrigation at flowering and at pod-filling. This preliminary version of the model needs
further testing and validation for a wide range of cultivars and environments.

Résumé

Définition, modélisation et gestion des besoins en eau du pois chiche : Un modéle de pois
chiche basé sur la prise de 'eau et de la lumiére est présenté. Le modéle simule la croissance de
la canopie et des racines, la transpiration, la matiére séche totale et le rendement en semences.
Le modéle est sensible 4 la quantité d'eau du sol mise & disposition, soit par suite de la pluie ou
de l'irrigation, et il peut donc servir pour évaluer les besoins en eau du pois chiche pour un
niveau de production déterminé. Les simulations pour I'Inde péninsulaire montrent que des
rendements maximum de pois chiche peuvent étre obtenus si la culture regoit 5 cm d'irrigation
au moment de la floraison et au stade de remplissage des gousses. Cette version préliminaire du
modéle doit subir des essais plus détaillés avant d’étre validée pour une gamme large de

cultivars et d’environnements.

The amount of water needed by a crop throughout its
growth is the sum of evaporation from the soil surface
and transpiration needed to achieve potential growth
and yield. This sum depends on the climate and the
cultivar grown. Crops need more water when potential
evaporation is rapid and the duration of growthis long.
Under rainfed conditions such potential water needs of
the crop are very rarely met because of infrequent
rainfall and decreasing soil water supply. It has been
shown in several studies that, depending on yield,

chickpea uses 100 to 450 mm of water and has water
use efficiencies ranging from 5.2 to 35.2 kg ha”' mm"'
for biomass yieid, and from 1.1to 15.7 kg ha'' mm! for
seed yield (Sandhu et al. 1978; Sivakumar and Singh
1987, Siddique and Sedgley 1986; Singh and Bhushan
1980; Keatinge and Cooper 1984). Huda and Virmani
(1987) made an initial attempt to utilize the information
on water use by chickpea to simulate seed yield of the
past years for ICRISAT Center, Patancheru and Hisar.
It was evident from these figures that water use by
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chickpea is location and cultivar-specific, and there-
fore cannot be generalized.

Doorenbos and Pruitt (1977) suggested a methodol-
ogy forassessing the water requirements of a crop using
potential evapotranspiration and crop coefficients. With
the recent advances made in the modeling of eva-
potranspiration, the soil evaporation and transpiration
could be separately estimated from the crop, climate,
and soils data. Thus the water requirements of a crop
(or cultivars) could be estimated more accurately
across environments than by using the fixed crop coef-
ficient approach. Hence to assess water requirements
of chickpea and to assess its yield responses to variabil-
ity in climate and management, we developed a growth
and yield model of chickpea using the framework of the
Resource Capture Model (RESCAP) initially devel-
oped for cereals by Monteith et al. (1989). The model
estimates soil evaporation and transpiration by simu-
lating the growth of a crop canopy (treated as a light
capture system) and of roots (treated as a water and
nutrient capture system). Crop growth and water
balance are simulated on a daily basis, and yield is
estimated at maturity. The model is briefly described
in the following sections.

Model Structure

Phenology

Chickpea development is determined by temperature,
photoperiod, drought stress, and cultivar. Chickpea is
a quantitative long-day plant. Considering changes in
dry-matter allocation with development, growth can be
divided into three phases: emergence to flowering
(GS1), flowering to pod-initiation (GS2), and pod-
initiation to physiological maturity (GS3). Duration of
emergence to flowering was computed according to
relations established by Summerfield et al. (1987)
which account for the influence of photoperiod and
temperature on flowering. The durations of GS2 and
GS3 were specified in terms of thermal time computed
(°Cd) above a base temperature of 8°C and with a
ceiling temperature of 30°C. The duration of all growth
phases was further adjusted allowing for the amount of
water deficit experienced by the crop. Studies at
ICRISAT have shown that the durations GS1, GS2,
and GS3 decreased by 1.9, 1.6, and 1.5°Cd mm' of
evapotranspiration (ET) deficit, defined as the differ-
ence between actual evaporation and potential taken as
0.9 x open-pan evaporation (unpublished data, ICRI-
SAT).
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Dry Matter Production

When water does not limit plant growth the rate of dry
matter production C (kg m2d™') per unit of intercepted
solar radiation S (MJ m? d') is assumed to have a
constant value of 0.67 g MJ"! of solar radiation (ICRI-
SAT 1988). When water is limiting, dry matter produc-
tion is calculated from the amount of water transpired
and the saturation vapor pressure deficit of the air. If q
is the mass of dry matter per unit mass of water
transpired, and SD is the mean saturation deficit of the
atmosphere (kPa), the quantity gd =q * SD is conser-
vative for a crop and has a value of 4.8 g kg™' kPa for
chickpea (ICRISAT 1988). On a day when dry matter
production is C, the demand for water to transpire is C
* SD/(qd).

Allocation of Dry Matter to Shoots

The fraction of above-ground dry matter (FAG) was
divided between leaves (FL), stems (FS), pods (FP),
and seeds (FG) in proportions which changed with
plant age. From emergence to pod-initiation (GS] +
GS2), 50% of above-ground dry matter was allocated
to leaves, and the remaining 50% to stems including
branches. After pod-initiation, the fraction allocated to
pods (pod wall + seed) was increased at a constant rate
from O to 1.1 to allow up to 10% translocation to pods
of the assimilates produced before pod-initiation (un-
published data of ICRISAT). All translocation was
assumed to occur from leaves. If a plant experiences
drought stress, vegetative growth is suppressed and
proportionately more assimilates are allocated to re-
productive organs. To allow for this, the fraction
allocated to pods was increased by an amount TCP per
mm of ET deficit. Similarly when pod-filling started
the fraction allocated to seeds increased with time from
Oto 1.1, and if water was short the fractional allocation
was increased by an amount TCS per mm of ET deficit.
Both TCP and TCS are cultivar-specific and were
obtained by cultivar calibration. Allocation to stems
was decreased exponentially from 0.5 to a minimum
value determined by the time after initiation of pods.
After assimilates were allocated to pods and stems, the
remaining fraction was allocated to leaves.

Root Growth and Water Uptake
The volume of available water per unit volume of soil

(AW) was assumed to be a function of soil depthZ. The
size and distribution of the root system was specified by



two parameters: the downward velocity of a root
“front” (THCK) which is the thickness of the soil layer
traversed by the root front in one day; and RLV, the root
length per unit volume of soil (m m) which is a
function of Z and therefore of time.

Analysis of sequential root harvests on a Vertisol
showed that chickpea reaches a maximum velocity of
root extension (RRMAX) of about 1.5 cm d”’ about 20
days after emergence. Field measurements on Verti-
sols have shown that RLV usually has a maximum
value of about 1 x 10* m m™ at minimum rooting depth
(RDMIN) and decreases with depth to about 1/10th of
this value at a maximum rooting depth (RDMAX) at
approximately 1.5 m. RLV was considered to be in-
versely proportional to the square root of rooting depth
RD. Then RLV at depth RD is

RLV (RD) = RLV(1) (RDMIN/RD)**

If the allocation of dry matter to the root system is a
fraction Xr of C then
Xr.C(TIME) = RHO . RLV . THCK(TIME)

where RHO isroot mass perunitlength(5 x 10°kg m
"}. During early growth we used equation 2 to calculate
THCK. Xr was set at an arbitrary value of .4, so that
THCK reached a maximum value of root exiension
(RRMAX) within 20-25 days after emergence as often
observed in the field. When THCK reached its maxi-
mum value of RRMAX, we set THCK at RRMAX and
allowed Xr to decrease with increasing depth.
Provided there is no input of water from rain or irriga-
tion and evaporation is limited by water extraction and
not by water demand, the available water at depth z and
time t' is assumed to decrease exponentially with time,
and can be calculated from the expression

AW(zt) = AW(2,0) exp (-t'/TAU) ... 3)

where t’ is the time when the root front arrives at depth
zand TAU is atime constant for the extraction process.
This quantity is likely to depend upon the physical
properties of the soil and on plant water relations, but
cannot yet be estimated with confidence from a sub-
model. We assumed TAU to be inversely proportional
to the root length density as suggested by Passioura
(1983) so that TAU is proportional to the square root of
depth. The rate of extraction at any depth was then
given by

-d {AW(z,t)} / dt = (AW(z,0) /TAU)exp (-t/TAU)
....................... @)

The depth of layer traversed by the root zone on the day
defined by time t after emergence is u(t) so that the
amount of water extracted from the layer is

THCK.d (AW(z,t))/dt

To find the total potential extraction XT for the whole
profile on day t this quantity was summed for values of
t’ from | tot. If XT is less than the water equivalent of
dry matter production as estimated from light intercep-
tion, XT was adopted as the transpiration rate and the
rate of dry matter production became

C = (qD/SD)XT.

When XT was more than the water equivalent of dry
matter production, or when the layer of soil above the
drying front but below seed depth was wetted by rain or
irrigation we assumed that growth and transpiration
were light limited until this water had been removed.
The rate of transpiration then reverted to XT.

Soil Evaporation

The rate of potential soil evaporation EP from newly
wet so0il with no ground cover was assumed to be 0.9
times the rate of evaporation fromaclass A pan, PANE.
Ground cover reduced the evaporation by the factor (1-
Fi), where Fi is intercepted radiation. Drying reduced
the rate by a factor proportional to the amount of water
in the surface layer expressed as a fraction of water held
atfield capacity. If AE is the actual water content of the
layer, AD is the air-dry value, and FC is the water
content at field capacity, then the actual soil evapora-
tion ES is

ES =0.9PANE (1-Fi) (AE-AD)/(FC-AD) ............ (6)

the air-dry water content was assumed to be 1/3 of the
value at the conventional wilting point -1.5 MPa.

Soil Water Status

Toa first approximation, water content at field capacity
is constant with depth in the root zone whereas the total
plant extractable water content decreases with depth.
At the maximum depth of rooting taken to be 1.5 m, the
maximum available water content (MAW) was as-
sumed to be half the value at 0.1 m. To initiate the
distribution of water, the ratio of actual to maximum
available water ISW was assumed to be the same at all

75



depths. The decrease of available water with depth was
therefore given by

AW = MAW*(] - 0.5*RD/RDMAX) * ISW

The corresponding initial soil water deficit (mm) was

SMDO = 0.75 * MAW * (1-ISW)*(RDMAX-
RDMIN)*1000 ....... 8

Soil Water Balance

Changes in the soil water deficit of the surface layer (0-
10 cm depth) were assumed to occur as a result of the
direct input of water from precipitation (P) or irrigation
(IRR) and losses as a consequence of evaporation (E) or
percolation (PRC). If SMI10D is the soil water deficit
in the top 10 cm on day ( t-1), then the water balance
for day t is as follows:

if (P + IRR) > SM10D,
thenPRC=P+IRR-SMI10Dand SM10D=0 ....... )
‘But if (P + IRR) < SMI0D then PRC =0

and SM10D=SMI0D-(P+IRR) .......cccooeurnnnn. (10)

" Similar algorithms are used if the soil water deficit in
the root zone (SMD) increases as a result of drainage
from above (PRC) and decreases as a result of transpi-
ration and drainage.

Model Performance

The inputs required to run the model are given in Table
1. The model was calibrated against the 1985 and 1987
measurements on cultivars Annigeri and JG 74, and
then used to predict biomass, seed yield, and eva-
potranspiration (ET) for other seasons. A total of 27
independent data sets for seasons from 1978 to 1986
were available for testing the performance of the model.
Simulated total dry matter was strongly correlated (r* =
0.87, P <0.01) with observed yields (Fig. 1). Similarly
simulated seed yields and ET were well correlated with
observations (r* = 0.72 for seed yield and r* = 0.91 for
ET) (Figs 2 and 3). These correlations suggest that the
model could be used more widely to assess water
requirements and the associated biomass and seed
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Table 1. Input requirements for the chickpes model.

Location data
1. Latitude (°’)

Climatic data (daily)

Solar radiation (MJ d-!)

Maximum and minimum temperature (°C)
Rainfall (mm)

Open-pan evaporation (mm)

S.  Relative humidity at 0700 and 1400 h (%)

Soil data
1.  Maximum available water capacity of soil (mm)
2. Actual available water at emergence (mm)

SN

Management data
1.  Plant population (plants m-2)
2.  Date of sowing (Julian)
3.  Date (Julian) and amount of irrigation (mm)

Crop coefficients

1. Specific leaf area (cm2 g1)
Extinction coefficient for radiation (unitless)
Dry matter transpiration ratio (g kPa kg-!)
Radiation-use efficiency (g MJ-1)
Root mass per unit length (kg m-!)
Root length density (mm-?)
Maximum velocity of root extension (m d-')
Photoperiod and thermal time relationships for
duration of growth stages (°Cd)

PNV W

° = Annigeri (1978, 1979, 1980)
* = JG 74 (1986) .

i °
— = ]:1 line °

5_

Simulated total dry matter (t ha™!)

l | | 1 1 1 )

2 3 4 5 6 7
Observed total dry matter (t ha!)

y = 0.41 + 0.94x (£ 0.07)
r2=087 P< 0.0l

Figure 1. Relationship between observed and
simulated total dry matter (t ha-!) of chickpea.



yields of chickpea in response to soil water availability
and supplemental irrigation.

The model was further used to assess yield responses
of chickpea (cv Annigeri) to irrigation schedules, and

[ . = Annigeri (1978, 1979, 1980)

351 ¢ =G 74(1986)
=3 | — = I:] line 0
= 2.5 °o
0 :
2 ...
=] 2 - .
3
o i 5 - oo zo ¢ o
8 .o‘
51 | .
E
“os |

0 1 i 1 i | 1 1 ]
05 1 15 2 25 3 35

Observed seed yield (i ha!)
y=-0.25+ 1.11x (20.113)
=072 P<001

Figure 2. Relationship between observed and
simulated seed yield (t ha"!) of chickpea.

sor
a5k °° Annigeri (1978, 1979, 1980) g
wk e = JG 74 (1986)
- — = 1:1 line .
E 35 - . - o
Nt L J %.
E 0F £ .
02 A
= . °
=20F °
E
»wistk 5%
or
5 =
J) ] i i 1 i 1 | i J
S 10 15 20 25 30 35 40 45 50

Observed ET (cm)
y=-1.44 + 0.99x (2 0.06)
rr=091 P <0.0]
Figure 3. Relationship between observed and

simulated evapotranspiration (ET) of
chickpea.

1o soil water availability on a Vertisol for 11 postrainy
seasons using the 1978 to 1989 climatic data. In re-
sponse to irrigation a maximum seed yield of 2.2
tha with a coefficient of variation (CV)of 21.4% was
obtained when the (modeled) crop was given 5 cm of
irrigation at vegetative, flowering, and pod-filling
stages (Table 2). Total biomass production with three
irrigations was 5.0tha' withaCV of 9.2%. On average,
the crop used 30.5 cm of water to produce 5.0 tons of
biomass per hectare. With two irrigations eachof Scm,
the best strategy was to irrigate the crop during flower-
ing and pod-filling to obtain higher and stable yields
over the years. The mean seed yield was 2.2 tha™! with
a CV of 13.3%. With one irrigation, the crop could be
irrigated either during flowering or pod-filling to in-
crease yields, but the yields were more stable when the
crop was irrigated during pod-filling. Non-irrigated
yield was 1.4 t ha”! with a CV of 13.3%. These predic-
tions on scheduling of and response to irrigation are
similar to those reported elsewhere (ICRISAT 1983).
The response of chickpeas to available soil water at
emergence (ASW) was also examined. On average 2.9
tha' of dry matter and 1.4tha' of seed were produced
when the soil profile was full (20 cm ASW) at emer-
gence (Table 3). As expected, the yields declined and
yield stability decreased with the decrease in soil water
availability and when ASW was only 50% of its.
maximum value, only 0.6 t ha'’ of dry matter and 0.3 t
ha' of seed yield could be produced. The crop was
unable to extract water deeper in the profile because of
restricted root growth.

It is clear from the above results that the model is
sensitive to water availability and could be used to
assess yield responses to soil water availability, rain-
fall, and supplemental irrigation. The model needs
cultivar-specific coefficients before it can be used for
new cultivars and needs testing for environments other
than peninsular India.

Future Work

More work is needed in the following areas to further
improve the model.

Phenology

More information needs 10 be genecrated on base tem-
perature, ceiling temperature, and photoperiod sensi-
tivity of developmental processes of individual culti-
vars of chickpea, so that phenological events can be
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Table 2. Simuiated response of total dry matter, seed yield, and ET of chickpea (cv Annigeri) to various irrigation
schedules on a Vertisol at ICRISAT Center, using climatic records from 1978 to 1988:.

Irri-

gation Total dry matter Seed yield ET
Irrigation amount Mean Ccv Mean Ccv Mean Ccv
schedule (cm) (t ha'!) (%) (t ha't) (%) (cm) (%)
Nonirrigated Nil 29 13.4 1.4 13.3 16.4 10.9
Vegetative 5 i3 11.8 1.4 15.7 20.7 8.6
(20 DAEy
Flowering 5 36 14.3 1.6 25.1 21.7 8.5
(40 + 2 DAE)
Pod-filling 5 35 14.8 1.6 13.7 21.1 15.2
(60 £ 2 DAE)
Vegetative + 10 4.1 14.4 1.5 29.0 25.5 8.1
flowering
Vegetative + 10 4.0 12.2 1.7 20.0 25.6 438
pod-filling
Flowering + 10 4.5 11.0 2.2 13.3 26.3 38
pod-filling
Vegetative + 15 5.0 9.2 2.2 21.4 30.5 4.2
flowering +
pod-filling

1. Amount of soil water available at emergence was assumed to be 20 cm, and 5 cm irrigation was given at ¢ach growth stage considered
in an irrigation schedule.
2. DAE = days after emergence.

Table 3. Simulated response of total dry matter, seed yield, and ET of chickpea (cv Annigeri) to available soil water
(ASW) at emergence on a Vertisol at ICRISAT Center, using climatic records from 1978 to 1988.

Total dry matter Seed yield ET
Amount of ASW Mean Ccv Mean Y Mean Ccv
at emergence {cm) (t ha™1) (%) {(tha) (%) {cm) (%)
20 29 134 1.4 13.3 16.4 10.9
15 1.6 249 0.9 19.7 11.0 16.6
10 0.6 70.2 0.3 74.4 6.3 34.0

predicted more accurately and the model appliedtoa  Assimilate Allocation
larger number of genotypes and environments.
Little is known about how the allocation of assimilates
to different plant parts, translocation, and senescence
Roots are modulated by physical stresses and management.

Careful studies are needed on growth and extension of

the root system of chickpea as influenced by manage-  Calibration and Testing
ment, environment, and soil characteristics. The model needs to be calibrated and tested for differ-
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ent genotypes and environments so that its use can be
extended to different chickpea-growing areas.

References

Doorenbos, J., and Pruitt, W.0. 1977. Guidelines for
predicting crop water requirements. FAO Irrigation
and Drinage paper no. 24. Rome: Food and Agriculture
Organization of the United Nations. 129 pp.

Huda, A.K.S,, and Virmani, SM. 1987. Agrocli-
matic environment of chickpea and pigeonpea. Pages
15-21 in Adaptation of chickpea and pigeonpea to
abiotic stresses. Proceedings of the Consultants’
Workshop. 19-21 Dec 1984, ICRISAT, Patancheru,
A.P. 502 324, India. ICRISAT: Intemnational Crops
Research Institute for the Semi-Arid Tropics.

ICRISAT (International Crops Research Institute for
the Semi-Arid Tropics). 1983. Pages 100-128 in An-
nual report 1982. Patancheru, A.P. 502 324, India:
ICRISAT.

ICRISAT (Intemational Crops Research Institute for
the Semi-Arid Tropics). 1988. Pages 327-330 in
Annual report 1987. Patancheru, A.P. 502 324, India:
ICRISAT.

Keatinge, J.D.H., and Cooper, P.J.M. 1984. Physio-
logical and moisture-use studies on growth and devel-
opment of winter-sown chickpeas. Paes 141-157 in
proceedings of the Workshop on ascochyta blight and
winter sowing of chickpea. ICARDA, 4-7 May 1981,
Aleppo, Syna (Saxena, M.C,, and Singh, K.B., eds.).
Aleppo, Syna: International Center for Agricultural
Research in Dry Areas.

Monteith, J.L., Huda, A.K.S,, and Midya, D. 1989.
RESCAP: a resource capture model for sorghum and
pearl millet. Pages 30-34 in Modeling the growth and
development of sorghum and pearl millet (Virmani,
S.M,, Tandon, H.LL.S., and Alagarswamy, G., eds.).
Research Bulletion no. 12. Patancheru, A.P. 502 324,
India: International Crops Research Institute for the
Semi-And Tropics.

Passioura, J.B. 1983. Roots and drought resistance.
Agricultural Water Management 7:265-280.

Sandhu, B.S.,Prihar,S.S.,Khera, K.L.,and Sandhu,
K.S. 1978. Scheduling irrigation to chickpea. Indian
Joumal of Agricultural Sciences 48:486-492.

Siddique, K.H.M.,, and Sedgley, R.M. 1986. Canopy
development modifies the water economy of chickpea
(Cicer arietinum L.) in south-western Australia. Aus-
tralian Journal of Agricultural Research 37:599-610.

Singh, G., and Bhushan, L..S. 1980. Water use, water-
use efficiency and yield of dryland chickpea as influ-
enced by P fertilization, stored soil water and crop
seasonrainfall. Agricultural Water Management 2:299-
305.

Sivakumar,M.V.K,, and Singh, P. 1987. Response of
chickpea cultivars to water stress in a semi-arid envi-
ronment. Experimental Agriculture 23:53-61.

Summerfield, R.J., Roberts, E.H., and Hadley, P.
1987. Photothermal effects on flowering in chickpea
and other grain legumes. Pages 33-48 in Adaptation of
chickpea and pigeonpea to abiotic stresses: Proceed-
ings of the Consultants’ Workshop, 19-21 Dec 1984,
ICRISAT Center, India. Patancheru, A.P. 502 324,
India: Intemational Crops Research Institute for the
Semi-Arid Tropics.

79






Chickpea Ideotypes for Genetic Enhancement of Yield and
Yield Stability in South Asia

N.P. Saxena and C. Johansen'
Abstract

Despite intensive breeding efforts, there has been no significant enhancement of yield potential
of chickpea in India over the last two decades at least. The harsh and variable environment
where chickpea is grown, predominantly as a rainfed crop, complicates conventional breeding
approaches using multilocational testing, as traits useful at one site may be detrimental at
another. Thus an ideotype approach is recommended to increase yields in specifically defined
environments. Constraints of the physical environment are described for chickpea in the major
growing areas of South Asia. Functional traits to overcome these constraints are then proposed.
For example, in drought-stressed environments, characteristics such as denser and longer root
systems and smaller leaf size are considered advantageous. At higher latitudes, failure of
conventional genotypes to set pods at low night temperatures is considered a major constraint
and progress has been made in identifying a cold tolerance trait. Further research is needed to
establish causal relationships, determine negative associations, and understand the inheritance
of putatively useful traits.

Résumé

Idéotypes de pois chiche pour 'amélioration génétique du rendement et de la stabilité du
rendement en Asie du Sud : En dépit d’efforts intensifs de sélection génétique, il n'’y a pas eu
d’amélioration significative du potentiel de rendement du pois chiche en Inde depuis deux
décennies au moins. L environnement difficile et variable ou 'on cultive Ie pois chiche, surtout
comme culture pluviale, complique les méthodes traditionnelles de sélection qui utilisent des
essais multilocaux, puisque des caractéres utiles 4 un endroit peuvent étre nuisibles 4 un autre.
C'est ainsi qu'une méthode basée sur les idéotypes est recommandée pour accroitre le rende-
ment dans des environnements spécifiquement définis. Des contraintes de l'environnement
physique sont décrites pour le pois chiche dans les principales zones de culture de I'Asie du
Sud. Des caractéres fonctionnels pour surmonter ces contraintes sont alors proposés. Par
exemple, dans des environnements ot Ia sécheresse est une contrainte, des caractéristiques
comme des systémes racinaires plus denses et plus longs et des surfaces foliaires plus petites
sont considérées comme avantageux. A plus hautes latitudes, 1Tmpossibilité des génotypes
conventionnels de former des gousses 4 de faibles températures nocturnes est considérée
comme une contrainte importante; des progrés ont été réalisés dans 1identification d'un
caractére de tolérance au froid. Des recherches plus poussées sont nécessaires pour déterminer
les rapports causaux, pour déterminer des associations négatives et pour comprendre I'héré-
dité de caractéres putativement utiles.

1. Senior Crop Physiologist and Principal Agronomist, Legumes Program, International Crops Research Institute for the Semi-Arnid Tropics
(ICRISAT), Patancheru, Andhra Pradesh 502 324, India.

ICRISAT Conference Paper no. CP 558.

Citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Chickpea in the Nincties: proceedings of the
Second International Workshop on Chickpea Improvement, 4-8 Dec 1989, ICRISAT Center, India. Patancheru, A.P. 502 324, India:

ICRISAT.

81



Significant genetic enhancement of yield potential (Y )
by empirical/conventional breeding approaches are
well recognized for such major crops as wheat and rice.
However, in South Asia no such progress has been
recorded for Y_ in chickpea despite intensive breeding
efforts over the last two decades. Most improvements
in yield and stability of recently released varieties can
be attributed to incorporation of disease resistances.
Genotype x environment interactions (G x E) are par-
ticularly large for chickpea and thus breeding programs
have, understandably, given a high priority to increasing

stability of yield by multilocational testing. Where
environmental differences are large, as is the case for
chickpea, we believe that a thorough understanding of
environmental constraints is necessary for the successful
progress of multilocational breeding programs, to in-
crease Y in any one environment, or to identify
genotypes with improved yield stability across envi-
ronments. For example, a trait useful in one environ-
ment may be detrimental in another environment, and
development of apparently stable genotypes may be an
averaging process whereby the new genotypes may not

Table 1. Major sbiotic constraints and their effects in contrasting chickpea growing environments in South Asia.

Warm winter Cold winter
Parameter Well- Well-
Constraint affected Rainfed watered Rainfed watered
Drought Plant stand Poor it Poor i
Biomass Small Sub-optimum Sub-optimum  Excessive
Harvest index Very high High Low Very low
Crop duration Short Medium Long Very long
Temperature
Heat Plant stand Poor I Poor 1
30°-35°C) Biomass Small Sub-optimum Sub-optimum  Excessive
Seed-filling Short Short Short Short
period
Cold Pod set 1 | Delayed Delayed
(«<5°C) Late sowing
Emergence 1 | Delayed Delayed
Biomass 1 Small Relatively
small
Light Efficiency of
interception
for:
Ceiling
biomass Intercep- Intercep- Intercep- Intercep-
tion too tion too tion low tion too
low high to high high
Pod set 1 Shading Possibie Large
shading shading
Nutrition
N (N, fixn) Biomass and Losses measurable in all environments
yield
P Biomass and Losses measurable in all environments
yield
Fe Biomass and 1 30-409% loss to total crop failure
yield
Toxicities
Salinity Plant stand Usually not a limitation Significant limitation
and growth

1. 1= not an important constraint.
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Table 2. Constraints and opportunities in exploiting functional traits in chickpea germplasm for constructing ideotypes.

Extent of Knowledge of Expected
useful nature of Ease of yield
Constraining variability inherit- screen- increase
factor Opportunity Trait in germplasm! ance! ing! (%)
Drought Improvement of plant stand Germination and emergence from 1 - 2 50
suboptimal seedbed moisture
Maximum exploitation Dense and long roots 2 2 3 30->50
of available soil water
Large and greater number of xylem - - 3 -
vessels
Greater water economy Smaller (fewer pinnules) leaf size 1 2 3 30->50
Stomatal regulation of transpiration - - - -
Matching seedfilling Large seed or twin pods at basal nodes 3 3 3 50
to favorabie thermal/
moisture regimes
Osmotic adjustment - - - -
Temperature
Heat Enable early sowing, good Germination and emergence at high - - - 50
plant stands and extending temperatures
growth duration.
Increasing biomass Early growth vigor and greater dry 1 . 3 20
matter addition in preterminal stages
Cold Overcoming failure of pod set, Pod set at low night temperatures 3 - 3 30
increasing harvest index
and possibly yield
Increase of biomass production Rapid emergence and early growth 1 - 3 >50
with late sowing vigor
Light Reduce mutual shading Small leaf size 1 2 3 20-30
Erect branched canopies 2 2 3 20-30
Reflect excessive light Multipinnate, 1 2 3 20
and reduce heat load chrysanthemum-like leaves
Continued



Table 2. Continued

g

Expected

Knowledge of

Extent of

Ease of

nature of
screen-

useful
variability
in germplasm!

increase

inherit-

Constraining
factor

(%)

ance!

Trait

Opportunity

Nutrients

Prolificity of nodulation, high

Selection of host for efficient

symbiosis

N

nitrogenase activity and nodule longevity

10-30

Greater efficiency of P uptake

and utilization

Increase yields

30-40

Greater efficiency of uptake

and utilization

Avoid yield losses

Fe

80—>100

Biomass production

Extending adaptation and
increasing productivity

Assessed on a scale of 0-3, where 0

Salinity

good; - = not known.

moderate; 3

negligible; 1 = limited; 2

L.

carry any improved traits as compared with well-
adapted landraces in a particular environment.

We suggest that an ideotype approach may be of
particular help to a breeding program where both E and
G x E effects are large. Ideotypes have traditionally
been considered only in terms of morphological char-
acters but we prefer to define functional ideotypes,
describing also particular physiological responses to
the constraining factors. The major steps in this ideo-
type approach are:

e thorough definition of the target environment
and identification and quantification of the con-
straints thereof;

e conceptualization, identification and testing of
traits likely to overcome particular constraints;
and

e genetic incorporation of these into adapted and
acceptable agronomic backgrounds, and exten-
sive validation within the defined target envi-
ronment.

In this paper we summarize our experience of ideo-
type development in South Asia, using two specified
target environments for chickpea — cold winter, as
represented by Hisar (29° N) in northemn India, and
warm winter, as at ICRISAT Center, Patancheru (18°
N) in peninsular India.

The major abiotic constraints of the target environ-
ments with which we are concemed are summarized in
Table 1. This clearly indicates the need for specific
ideotypes for given target environments.

Our current understanding of the opportunities for
overcoming, partially or completely, some of these
constraints, functional traits required, extent of vari-
ability in germplasm, knowledge of nature of inheri-
tance of a trait, and expected yield increases due to its
incorporation are listed in Table 2. Many of the
functional traits listed are a description of unique fea-
tures associated with an adapted genotype in a given
target environment. Information on establishing a
causal relationship between a functional trait and a
physiological process is usually lacking, and this de-
serves greater attention in the future. Fruitful utiliza-
tion of these traits largely depends upon a critical
evaluation of the trait with regard to negative associa-
tions, such as, undesirable pleiotropic effects, allom-
etric constraints, compensation effects the trait is likely
toexert, and the non-anticipated physiological changes
the introgressed gene may cause in the adapted agro-
nomic backgrounds. For example: long, dense and
thick roots; small leaf size; and cold tolerance (pod set
at low night temperatures) may be associated with



some suspected or unknown undesirable effects which
may negate the benefit and thus limit the utilization of
an otherwise useful trait.

Very often a desired variability in germplasm is
found to be associated with a poor agronomic and
genetic background. Proper evaluation of such traits is
possibie only when the desired genes are carried into an
acceptable background. In such efforts crop physiolo-
gists and breeders need to closely collaborate in the
transfer and evaluation of desired traits, forexample, in
the production of near-isogenic lines.

Ideotypes are not fixed targets and differ not only
from one location to another but at a given location
depending upon new cropping systems thatmay evolve.
Late sowing of chickpea to fit in a rotation with rice, or
early sowing of chickpea to follow immediately after
the rainy season are examples of unconventional crop-
ping systems where ideotype development for chick-
pea could be advantageous.

We believe that some of the components of ideo-

types described in Table 2 may also be useful in other
environments similar to the ones we describe, such as
spring sowing in West Asia (warm winter, rainfed) and
in Pakistan (cold winter, rainfed).
Space limitations preclude the citation of supporting
references for the proposals summarized here. How-
ever, they will be given later in a full publication by the
authors.
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Chickpea Ideotypes for Mediterranean Environments

R.H. Sedgley', K.H.M. Siddique?, and G.H. Walton?
Abstract

Chickpea ideotypes for Mediterranean environments must take into account the stress environ-
ment, i.e., the stresses associated with the soil factors/climatic regimes, and the competition from
the environment in terms of the method of cultivation, i.e., sowing density and spacing at high-
or low-density cultivation.

Mediterranean environments cover a wide range of conditions, and a number of different
ideotypes may need to be defined. The major characteristic of a Mediterranean climate is a cool
wet winter followed by rapid warming in spring, culminating in terminal drought.

Major differences between environments result from the intensity of the winter period, which
may be severe, as in parts of Syria with prolonged periods of wet, cold conditions, and
sometimes snow, and the danger of occurrence of epiphytotics, e.g., ascochyta blight, or mild
conditions, as in parts of southwestern Australia, with monthly mean minimum temperatures of
about 5°C and short rainy periods interspersed with clear dry conditions, which are less
conducive to foliar diseases.

The generally rapid onset of spring drought dictates that early pod set be a prime strategy for
avoiding drought stress. However, chickpea appears to require fairly high mean daily tempera-
tures (above 15°C) for successful pod set of early flowers, and so in addition to early flowering,
tolerance to sub-optimal spring temperatures is required.

Under high input systems, with good weed control, a communal type plant of erect habit with
few branches, sown at high density, should lead to a slower rate of moisture depletion in the
winter, and result in higher biological yields and harvest indices.

Résumé

Idéotypes de pois chiche pour des environnements méditerranéens : Les idéotypes de pois
chiche pour environnements méditerranéens doivent tenir compte de l'environnement de
stress, ¢ 'est-a-dire des contraintes associées avec les facteurs du sol/régimes climatiques, ainsi
que de la concurrence de I'environnement en termes de la méthode de culture, c'est-d-dire la
densité des semis et l'espacement dans la culture & forte ou & faible densité.

Les environnements méditerranéens couvrent une vaste gamme de conditions et la défini-
tion d'un certain nombre d’idéotypes différents pourrait 8tre nécessaire. La principale caracté-
ristique d'un climat méditerranéen est un hiver humide et frais, suivi par un réchauffement
rapide au printemps, s’achevant d'une sécheresse terminale.

Les principales différences entre environnements résultent de l'intensité de I’hivernage, qui
peut étre dur, comme dans certaines parties de la Syrie, avec soit de longues périodes de temps
humide et froid et parfois de neige, accompagnées du danger d’apparition d épiphytotiques
(flétrissure ascochytique) ou de conditions de temps plus doux, comme dans certaines parties
de I’Australie du sud-ouest, avec des températures moyennes minimales mensuelles de prés de
5°C et de bréves périodes de pluie intercalées avec des conditions claires et séches, qui
prédisposent moins aux maladies foliaires.

1. Senior Lecturer, Agronomy Department, School of Agriculture, University of Western Australia, Nedlands, WA 6009, Australia.
2. Crop Physiologist, and Rescarch Officer, Division of Plant Industries, Department of Agriculture, Baron-Hay Court, South Perth, WA
6151, Australia,
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Le début généralement rapide de la sécheresse du printemps impose le choix d‘une forma-
tion précoce de gousses comme stratégie primordiale pour éviter le stress hydrique. Toutefois,
le pois chiche semble exiger des températures quotidiennes moyennes assez élevées (au-dessus
de 15°C) pour réussir la formation de gousses a partir des fleurs précoces. Donc, outre Ia
floraison précoce, il est nécessaire d ‘avoir une tolérance aux températures sub-optimales du

printemps.

Dans les systémes a intrants importants, soutenu par une lutte efficace contre les adventices,
un type communal de plante 4 port érigé avec peu de branches, semé a forte densité, devrait
permettre un taux moins élevé de perte d’humidité en hiver et devrait fournir des rendements
biologiques et des indices de récoltes plus élevés.

Recent moves to improve the yield potential of crops
such as chickpea (Cicer arietinumL.), have given fresh
impetus to the approach of Donald (1968) involving the
“breeding of model plants or ideotypes”. Here, we
analyse and discuss ideotype characters for Mediterra-
nean-type environments, as exemplified at two loca-
tions: Tel Hadya (35° S5'N) (Aleppo) in Syria, and
Merredin (31° 29'S) in southwestern Australia.

Chickpeas have long been adapted to the Syrian
region, but have been evaluated only recently in south-
western Australia, where they are well adapted, but
low-yielding, relative to other crops (Siddique and
Sedgley 1986; Walton and Trent 1988).

Climate

The growing season at Merredin is 8 weeks shorter and
generally milder and drier than that for winter-sown
chickpeas in Aleppo. (Siddique and Sedgley 1987;
Cooper et al. 1988).

Growing season temperatures average 2°C higher at
Merredin than Aleppo. Winter-sown (15 November)
kabuli chickpea required 1396°C days (base tempera-
ture of 0°C) to flower by the second week of April in
Aleppo, when mean temperatures are relatively low at
12°C (Keatinge and Cooper 1983). For 1 June sowings
at Merredin, the same thermal time would accumulate
by the end of August (mean temperature of 15°C),
leaving 6 weeks for maturation, but with less soil water
stored than at Tel Hadya.

High humidity in early spring in Aleppo, associated
with a high incidence of ascochyta blight, led farmers
to adopt spring sowing to mitigate disastrous crop
losses, with sacrifices of seed yield and water use
efficiency (WUE) because of higher soil evaporation
(E)) and evaporative demand.

WUE is largely determined by three parameters
(Sedgley 1987). E (mm of water), transpiration effi-
ciency (TE: kg dry matter m?, mm' water transpired);
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and harvest index (HI = ratio of grain yield to biological
yield). Hlis the most sensitive of these to manipulation
by genetic means, and should therefore be the target of
ideotype breeding for higher WUE.

According to Siddique and Sedgley (1985, 1987)
late sowing reduced the WUE of grain yield in 1982 at
Merredin (Table 1) due mainly to the extra 25 mm E ;
H1 was unaffected. For early-sown chickpea in 1983,
high biological yield resulted from rapid development,
due to warmer conditions (2.2°C higher than monthly
mean temperature) in June; in the late sown crop,
excessive E_and lower TE reduced biological yield.
However, a 38% lower HI in the early sown crop
largely cancelled out the benefit of early sowing; early
flowering in mid-August and subsequent flower abor-
tion reduced HI and hence seed yield. In a test of
limited branching (Table 1), some water was saved in
the more erect biculm, but most of the increase in WUE
was due to the higher HI.

Ideotypes

Donald (1968) defined an ideotype as *a biological
model which is expected to perform or behave in a
predictable manner withinadefined environment. More
specifically, a crop ideotype is a plant model that is
expected to yield a greater quantity or quality of grain,
oil, or other useful product when developed as a culti-
var”. Donald’s general ideotype can be resolved into
three components (Sedgley 1990): a market ideotype,
which identifies the characteristics of the desired prod-
uct, e.g., cooking quality of the seed; a stress ideotype,
which identifies the characters required to fit the plant
to its target environment, e.g., phenology; and the
competition ideotype, whichidentifies the “communal”
characters required to enhance seed yield by minimiz-
ing negative effects of natural selection, through plant
competition on seed yield. These effects arise in the
normal course of early generation selection from widely



Table 1. Effect of sowing date and debranching on water use efficiency (WUE) of chickpea at Merredin, Western

Australis,
Water Sail Dry WUE of Grain WUE of
use evaporation matter dry matter yield Harvest grain
Treatment {mm) {mm) (tha) (kgha'mm-') (tha!) index (kg bha"! mm-!)
Sowing date
11 May 1982 213 105 4.94 23.0 1.46 0.29 6.8
(Early)
30 Jun 1982 227 130 3.84 17.0 1.11 0.29 4.9
(Late)
17 May 1983 191 70 6.76 35.2 1.25 0.18 6.5
(Early)
20 Jul 1983 182 110 i 17.7 0.94 0.29 5.2
(Late)
Debranching
Control? 198 87 6.10 31 1.54 0.25 7.8
Debranched 198 80 6.47 33 222 0.34 11.2

1. Sowing date experiment, Siddique and Sedgley (1987).

2. Siddique and Sedgley (1985); plant density 70 m-2; primary branches: 280 m-2 in control, 140 m-2 in biculm (two branches, i.e., main
stem and branch 1). In the debranching treatment all basal branches except the main stem and first-formed basal branch were cut off

when they were 3-4 cm long.

spaced sowings and mixed and segregating popula-
tions used by plant breeders.

The Competition 1deotype

Donald (1968), working with cereals, proposed a
“communal” plant form which included the characters
of limited tillering, erect habit and short stature, to
ensure that high-yielding morphological characters were
not lost inadvertently in early generations and to obtain
maximum biological yields in high density pure stands.
Plants are normally selected from mixed or segregating
populations, under widely spaced conditions, in early
generations because of the small amounts of seed
available for new genotypes. Donald found that char-
acters that conferred high competitive ability and high
seed yield onindividual plants, e.g., tallness or multiple
tillering, in these populations, were negatively corre-
lated with yield, when grown in pure stands, as in
commercial practice. Hence plants with the optimal
form for high-yielding crops, were likely to be dis-
carded in early generations. The characters of the
communal plant are not site-specific and were thought
to apply generally to annual seed crops (Donald and
Hamblin 1983). For chickpea they would include:
limited branching and erect habit, moderate height,
high photosynthetic capacity, and erect leaf posture.

Limited branching. Donald (1968) argued that ptant
neighbors should interfere minimally with each other,
i.e., they should be weak competitors. But since all
plants are genetically similar in crop stands, they should
all be weak competitors. Ideally this leads to stands of
uniculm or biculm plants, sown in nearly square plant-
ing patterns, and at densities high enough to utilize their
low competitiveness to fully exploit the environment
and so maximize biological yields.

Siddique et al. (1984) found that at low (23 plants
m'?) densities, plants grew as isolated units for most of
their early life and interfered less with each other than
at the higher (50 plants m?) density; each branch was
relatively more efficient in producing grain at low
rather than at high density, and HI was fairly uniform
among branches:

Harvest index

Density Main Branch Branch Branch Whole
stem 1 2 3 plant

Low 0.41 032 037 032 036

High 044 019 021 010 028
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Plants at high density exploited their environment
more than at the low density, as indicated by a higher
biological yield, i.e., higher seed yield potential; greater
interference between branches resulted in a steep de-
cline in HI of later branches and a lower overall HI, and
a lower yield.

Intra-plant competition was reduced in the debran-
ched treatment (Table 1), even though plant density
was the same as in the control. The primary branch
density was 140 vs 280, but the former density was still
sufficient to fully exploit the environment and so
maximize biological yield. In the debranched treat-
ment, representing the more communal type plant,
yield increased by 39%.

Erect habit. In Syria, Keatinge and Cooper (1984)
compared low and high density sowings of an erect line
(ILC 72) with one of traditional spreading habit (ILC
482). Biological yield of the high density erect line
averaged 17% more than that of the spreading line,
indicating a higher yield potential at high density.
WUE of grain production was 39% lowerin ILC 72, but
this was due to the lower HI. However, this can be
attributed to later flowering (2 weeks) in the erect line,
and so there seem to be good prospects for higher WUE
in earlier-flowering erect lines.

The Stress Ideotype

Stress ideotypes are site-specific and should be chosen
to alleviate the constraints that prevent “communal”
plants, grown at high density, from reaching their
potential. The limited wet season and terminal drought
stress in Mediterranean climates dictate early flower-
ing, whereas the varying intensity of low winter tem-
peratures may require different levels of vernalization
and low temperature winter hardiness (Murray et al.
1988).

Tolerance to suboptimal pre-flowering tempera-
tures. Low-temperature stress results in abortion of
early flowers and pods that develop at temperatures
below 15°C. Savithri et al. (1980) identified genetic
variation in the response of early flowers to sub-opti-
mal temperatures. At Merredin in 1983, only 38% of
flowers formed pods in the earliest sowing, which
started flowering at temperatures of 12°C compared to
83% in the latest sowing, which started flowering at
15°C (Siddique and Sedgiey 1986). The low Hlof 0.18
in sowing date 17 May (Table 1) was attributed to the
effect of low temperature on early flowers, and assum-
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ing a potential HI of 0.29, comparable to later treat-
ments; the estimated yield loss was 57%.

Saxena et al. (1988) reported potentially useful low-
temperature tolerant material at ICRISAT. Savithri et
al. (1980) showed that pollen tube development was
important in causing early flower abortion. This raises
the possibility of applying pollen manipulation tech-
niques (Zamir 1983) as a means of increasing the
efficiency of breeding programs for cold tolerance.

Conclusion

An ideotype with promise for winter sowing in Medi-
terranean-type environments would combine early
flowering and tolerance to suboptimal preflowering
temperatures with an erect, limited branching habit,
when sown as square as feasible at high density.
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Diagnosis and alleviation of mineral nutrient constraints in
chickpea

LP.S. Ahlawat!
Abstract

This paper deals with various methods of diagnosis of mineral nutrient constraints and their
alleviation in chickpea. Different criteria such as visible foliar symptoms, nutrient ratios, critical
and toxic nutrient concentrations with associated physiological and biochemical processes have
been documented. Under water stress chickpea showed differential response to nutrients like
iron, zinc, manganese, etc. Some nutrient elements such as sodium and calcium caused toxic
effects on growth, yield, and chemical composition of chickpea. Significant and economic
responses to major nutrients and their sources and methods of application under varying
agroclimatic conditions resulting in higher yields of chickpea have been presented. Besides,
application of micronutrients with appropriate sources and methods has also been documented.

Résumé

Diagnostic et allégement des contraintes en éléments nutritifs minéraux chez le pois chiche :
Cet article traite de diverses méthodes de diagnostic des contraintes en éléments nutritifs
minéraux chez le pois chiche ainsi que de leur allégement. Les différents critéres tels les
symptdémes foliaires visibles, proportions de substances nutritives, les concentrations critiques
et toxiques des éléments nutritifs avec les processus physiologiques et biochimiques associés
sont détaillés. Sous le stress hydrique, le pois chiche montre une réponse différenticlle aux
éléments tels le fer, le zinc, le manganése, etc. D’autres éléments comme le sodium et le calcium
provoquent des effets toxiques sur la croissance, le rendement, et la composition chimique du
pois chiche. Des réponses économiques et significatives sux principaux éléments nutritifs,
ainsi que les sources et les méthodes d ‘application de ceux-ci dans diverses conditions agrocli-
matiques permettant des rendements élevés de pois chiche sont également présentées. En
outre, I'application des oligo-€léments avec les sources et les méthodes appropribes sont
détailiées.

Chickpea cultivation is mainly confined to marginal
lands, usually deficient in one or more nutrients. In
India, chickpea is grown on a variety of soils, ranging
from coarse-textured sandy soils to heavy clay soils.
The crop is seldom fertilized and hence often suffers
from deficiency of one or more nutrients. Until the

1960s, the emphasis was on the supply of macronutri-
ents only, but continuous cropping has resulted in the
removal of large amounts of secondary and micronutri-
ents. The response to mineral nutrients largely depends
on various soil and environmental factors. Different
criteria have been proposed to diagnose the nutrient
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disorders in crop plants. Here an attempt has been
made to present information obtained on the diagnosis
and response to various mineral nutrients in chickpea.

Diagnosis of Mineral Nutrient Constraints

Soil testing is a common tool used to judge the mineral
status of the soil and to decide critical nutrient concen-
trations. The critical level of available zinc (Zn) for
example is 0.48 mg kg™ soil. In Entisols and Alfisols
the critical limit of Zn for chickpea is 0.35 ppm (Katyal
1985). In Alluvial soils, this limit was found to be 0.66-

0.89 ppm (Singh et al. 1987).

Foliar disorders, the first indication of nutrient defi-
ciency, have many limitations for practical use. For
example, nitrogen (N) and molybdenum (Mo) defi-
ciencies show almost identical symptoms in chickpea.
Similarly, phosphorus (P) deficiency symptoms are
identical to aluminium (Al) toxicity symptoms.

The deficiency symptoms for N, P, potassium (K),
and magnesium (Mg) appear initially in the older
leaves, whereas those of sulfur (S), copper (Cu), Zn,
and Mo occur mainly in young tissues. Toxicity
symptoms generally appear in older leaves, because of
their tendency to accumulate elements. The foliar
disorders of chickpea are given in Table 1.

Table 1. Foliar symptoms of mineral nutrient disorders in chickpes.

Mineral

nutrient Symptoms

Nitrogen Chlorosis first on older leaves, pink pigmentation on stems, and in a diffuse pattern on the upper
surfaces of older leaves.

Phosphorus  Dark green foliage, red-purple pigmentation on stem and upper surface of leaflets of the lower leaves.
Leaflets later become yellow-green or buff-green.

Potassium Chlorosis of margins and tips of older leaves, reddish pigmentation on leaflets. Necrosis developing
first on the tips of leaflets, and later covering the whole leaflet turning it light brown in color.

Calcium Development of rachis and leaflets of young expanding leaves arrested, growing tip of rachis, and
tips of unexpanded leaflets turn brown. Necrosis of leaflets. Death of growing points enhances
axillary bud development. Older plant parts remain dark green.

Magnesium  Young and middle-aged leaves initially show light green chlorosis, which becomes more severe on the
distal half of the leaflets of fully expanded leaves. Necrosis of the leaflet tips or margins in severe
deficiency.

Sulfur Chlorosis first appearing on younger leaves, extending over the entire plant tn severely deficient
plants. Red anthocyanin pigmentation on stems.

Copper Leaflet size of top 3-4 leaves on each stem reduced, leaflets remain tightly folded inwards along the
midrib. Fewer leaflets per leaf produced on the young leaves. Development of the terminal growing
point retarded.

Zinc Chlorosis of younger leaves, red-brown pigmentation on the margins of upper surfaces of leaflets, and
lower portions of the stems. Stunted plant growth. Stipules of younger leaves become chlorotic.

Manganese  Chlorosis and necrosis of leaflets and stipules of young expanded leaves, top leaves turn pale-green
in color, brown necrotic patches formed on leaflets except those around the leaf base and midrib. In
toxicity, diffuse red-brown pigmentation develops on stem.

Iron Chlorosis first on the terminal 3-4 leaves of cach stem. White light straw-colored necrotic patches
develop on the distal half of leaflets and stipules of young leaves.

Boron Yellowing and bronzing on the tip and margins of leaflets of young fully expanded leaves. Axillary
buds develop giving the plant a witches broom appearance due to the death of growing tip.
Toxicity results in chlorosis of tips and serrated margins of leaflets, and tips of stipules on lower
leaves. Necrosis later develops in chlorotic zones.

Molybdenum Plants show chlorosis similar to that of nitrogen deficiency.
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Plant analysis is the most reliable diagnostic method
for identifying nutrient disorders. However, the age of
the plant, the part analysed, and the environmental
conditions need to be considered while interpreting
plant analysis data. The critical nutrient concentration
is not a single value but a range above which the plant
is nutrient-sufficient and below which the plant is
deficient (Fig. 1).

Katyal (1985) and Reuter (1986), have identified the
nutrient concentrations in chickpea ranging from defi-
cient to toxic (Table 2). These show variations due to

genotype, growth stage, and environmental factors.
The information on chickpea, however, is meagre.
Cultivar differences to iron (Fe) deficiency are known
(Singh et al. 1986). Iron-deficient cultivars (Table 3)
accumulate less Fe** possibly because of lower redox
potential to oxidize Fe** to Fe***. Fe-susceptible cul-
tivars showed no chlorosis on soils with 65% CaCO,.
Potash application delayed the onset of chlorosis (Hamze
et al. 1987) (Table 4).

Nutrients do interact in the plant system. For ex-
ample, interactions between Cuand N, and S and N are

Excessive: may not
show toxicity symptoms

Adequate:
Deficient: Marginal: defined experimentally A\
visible symptoms no or derived from field C Toxic: showing
of deficiency symptoms observations High symptoms
/N A\ /\ A A\
( A Vv h'd Y
* -
{ 1 ~ )

defined experimentally

Critical value:

Relative growth or production (% of maximum)

Critical value for toxicity:

defined experimentally

Concentration in plant part

*Specified reduction in growth or yield (often 5%, 10%, or 20%)

Figure 1. Classification of nutrient status of plants,

Source: Reuter and Robinson 1986.
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Table 2. Nutrient concentration in chickpea plant.

Growth
Nutrient stage Plant parts Deficient Critical Adequate  High Toxic
N (%) Veg. Whole shoot 23
P (%) Veg. Whole shoot 0.24 >0.75
45 DAS Whole shoot! 0.09-0.25 0.29-0.33
77 DAS Whole shoot! 0.15-0.20 >0.26
S (%) Veg. Whole shoot 0.15
Cl1 (%) Veg. Whole shoot >1.6
Cu (mg kg!) Veg. Whole shoot <4.0 4-35 >35
Zn (mg kg!) Veg. Whole shoot 12-500 >510
40 DAS Whole shoot! 30
Mn (mg kg'!) Veg. Whole shoot <20 >520
TIDAS Whole shoot >120
B (mg kg!) Veg. Whole shoot <10 40 >235
Mo (mg kg'!) Veg. Whole shoot <0.1

1. Values obtained from soil culture,
Source: Katyal 1985; Reuter 1986.

Table 3. Concentration of nutrients in shoots of chickpea grown on Entisols, Rajendra Agricultural University, Bihar,
postrainy season 1984/8S.

Nutrient concentration

Genotypes and
their reactions Ca Na K Fe**
to iron chlorosis (kg (gkg") (gkg!) (mg kg'')
Tolerant

Dh G 82-1 1.9 0.7 29 155

Dh G 829 1.6 0.7 31 161
Susceptible

Dh G 82-16 29 0.5 3.0 121
Highly
susceptible

Dh G 81-3 3.1 1.3 34 91
Correlation with

shoot mass (r) -0.887 -0.790 -0.850 0.983*

* Significant at 5% level of probability
Source: Singh et al. 1986.

Table 4. Mineral content in chickpea genotypes with and without Fe-EDDHA on calcareous soil, Beirut, Lebanon.

Ca Mg K P Fet+++ Fe++
Treatment (%) %) (%) %) (ppm) (ppm)
Susceptible ICCL 81192
+ Fe-EDDHA 1.42 0.28 24 0.58 75 28
Control 2.83 0.83 4.2 0.64 50 14
Resistant ICL 263

+ Fe-EDDHA 1.49 0.26 2.6 0.66 82 36
Control 1.70 0.33 2.1 0.53 101 28

Source: Hamze et al. 1987.
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known. Similarly exchangeable sodium (Na) increases
Na and Fe concentration and decreases Ca, N, K, Mg,
Zn, and Mn concentrations (Singh and Abrol 1987).
Such nutrient disorder resulted in 50% decrease in
yield in chickpea.

Chickpea Response to Mineral Nutrients

Macronutrients

Chickpea responds favorably to low rates of 15-20 kg
N ha' in N-deficient soils (Singh and Khangarot 1987,
Thakur et al. 1989). Substantial increases in yield
ranging from 20 to 40%, have been obtained with 10-
20 kg N ha''.

Generally the responses to applied P in chickpea in
the range of 40-60 kg P,O, ha' have been positive
{Table 5) (Ahlawat 1986; Thakur et al. 1989). The
effects of P are usually more pronounced when applied
in conjunction with starter N, Rhizobium (Pal 1986), or
irrigation (Dev et al. 1987). Placement of P 3-5 cm
below the soil surface and a foliar spray of 0.1% P,O,,
showed better results than broadcast application. Ina
pulse-pulse sequence, single superphosphate as asource
of P applied to rainy-season pulses gave greater re-
sponse in a succeeding chickpea crop than Mussoorie
rock phosphate (Daftardar et al. 1988).

The responses to K are generally small and seldom
significant. Increases in grain yields of the order of 18-
20% have been obtained with 20-60 kg K,O ha' under
Indian and Pakistani conditions (Thakur et al. 1989;
Hamidullah et al. 1989).

Secondary Nutrients

Information in this area is scanty. Based on two
studies, 80 kg S ha'' gave a 38% increase in grain yield
with a response of 7.6 kg grain for each kg of applied
S (Tandon 1986). The superiority of single super-
phosphate as a source of P may also be assigned to its
S (12%) and Ca (29%) contents.

Micronutrients

Zinc.  Zincdeficiency in chickpea plants depresses
the activity of glutamic dehydrogenase and carbonic
anhydrase. Katyal (1985) reported a response to Zn
application of more than 1 t ha'' in one third of the
experiments conducted in farmers’ fields. In pot cul-
ture studies, Singh and Gupta (1986) and Singh and
Badhoria (1986) obtained marked increases in yields
and improved root growth and nodulation with5 mg Zn
kg soil. Higher dry matter production and uptake of
Zn, P, and Fe were recorded with Zn applied at 5kg ha-
' in greenhouse studies (Dravid and Goswami 1987).
Thakur et al. (1989) obtained a 16% increase in grain
yield of chickpea with 25 kg ZnSO, ha'' over the rec-
ommended dose of NPK. Chickpea cultivars, H 208, H
355, Pusa43, L 144, and L 345 were zinc efficient and
least susceptible to zinc deficiency when compared
with other cultivars tested.

Manganese (Mn).  Chickpea plants deficientinMn
may accumulate P, Cu, Mo, and NO", in the tissues.

Table 5. Effect of phosphorus on chickpea yields (t ha!) at various locations.

Added New Delhi Rahuri! Indore NWF

P,O, India India India Pakistan

(kg hat) 1985/86 1984/85 1983/85 1982/84
0 1.3 1.0 1.2 0.4

20 - 1.1 - -

40 1.7 1.2 - -

46 - - 14 -

50 - - - 1.1

1. Mean of 24 trials.
Source: Ahlawat 1986; Joshi et al. 1988;
Thakur et al. 1989; Hamidullah et al. 1989,
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Kalbhor et al. (1988) observed improved nodulation
and dry matter yields with increasing levels of MnSO,
from O to 20 kg ha' on a clay loam soil with 16.3 ppm
Mn. Manganese sulfate is the most common and best
source of Mn. The optimum rate may range from
10-25 kg MnSO, ha"' as a soil application and 1-2.5 kg
ha'' as a foliar spray. Foliar spray, in general, proved
superior.

Iron. Chickpea genotypes differ in their suscepti-
bility to Fe chlorosis under iron stress owing to their
differential enzyme activities (Hamze et al. 1987).
Mehrotra et al. (1987) observed that seeds of chickpea
genotypes with higher Fe content were less susceptible
to Fe chlorosis. The effect of Fe was more pronounced
in the presence of Zn (Dravid and Goswami 1987). In
Kamataka (India), one spray of 2% ferrous sulfate
solution 30 days after sowing was effective and increased
the chickpea yields on calcareous soil (Perur and
Mithyantha 198S5).

Boron (B). Sakal et al. (1988) obtained increased
yields with increasing levels of B from0to 2.5 kg B ha’
', but rates higher than 2.5 kg ha'' caused reduction in
yield. Fruiting was most adversely affected in B-
deficient plants. In general, soil application of 1-2.5 kg
B ha'! or foliar application of 0.25 kg B ha'! is adequate
to mitigate B deficiency in chickpea.

Copper. In calcareous and in acid soils, as well as
in saline and sodic soils, the availability of Cu is
adversely affected. Coarse-textured soils are more
likely to be deficient in Cu. Perur and Mithyantha
(1985) recommended 5-10kg CuSO, ha'' for chickpeas
in Cu-deficient areas of Karnataka (India). Copper
sulfate is the most common source. The rate of CuSO,
is 5-10 kg ha! as a soil application and 0.5-1.0 kg ha!
as a foliar spray.

Molybdenum.  Theavailability of Mo in soils with
high clay content and in lateritic soils is generally low,
whereas its availability is relatively high in saline
alkaline and calcareous soils due to their higher pH. Pal
(1986) obtained a marked increase in chickpea yield by
applying up to 1.5 kg sodium molybdate ha'. The
effect of Mo was more pronounced when applied with
P and Rhizobium.
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Conclusion

The above discussion clearly indicates that no single
method of diagnosis of nutrient constraint is perfect,
and other supporting and confirming data may often be
needed. However, plant analysis often successfully
used and will give satisfactory results. There is not
much information on secondary nutrient and micronu-
trient requirement in chickpea in different situations.
Information on relative nutrient sensitivity of chickpea
cultivars would be of great help in identifying cultivars
for different chickpea-growing areas.
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Prospects for Optimizing Biological Nitrogen Fixation in
Chickpea

O.P. Rupela’ and D.P. Beck?

Abstract

Chickpea is largely grown in marginal lands by resource-poor farmers and has an important
role in sustaining cropping system productivity. Biological nitrogen fixation (BNF) is a major
component of the nitrogen economy of the system. Most of the early BNF work concentrated on
improving the role of Rhizobium in the symbiotic process, but with limited success. Genotypic
variability in N,-fixation, though established earlier, has not been used by crop improvement
scientists, but is proposed as a promising area to enhance BNF in chickpea. More work using
SN-based techniques to establish genotypic variability in BNF seems necessary, while experi-
ments to determine optimum levels of BNF in chickpea would be desirable.

During a recent successful program to identify spontaneous non-nodulating mutants we
noticed considerable plant-to-plant variability within a given genotype. It is suspected that this
variability is largely genetic. If so, it may be possible to select relatively high N,-fixing lines
within existing varieties and to make use of the variation in nodulation to quantify optimum BNF

for chickpea.

Résumé

Prévisions d'optimisation de Ia fixation biologique de I'azote par le pois chiche : Le pois
chiche est surtout cultivé dans des terres marginales par des paysans disposant de peu de
ressources et il joue un réle important pour maintenir la productivité des systémes de culture.
La fixation biologique d’azote est un élément important de I'économie de 'azote du systéme.
Au départ, la plupart des travaux s’ étaient concentrés sur 'amélioration du réle du Rhizo-
bium dans le processus symbiotique, mais les résultats n'ont pas été trés fructueux. La
variabilité génotypique dans la fixation de N,, bien qu’elle ait déja été déterminée, n'a pas été
utilisée par les chercheurs dans I'amélioration des cultures. Elle est cependant proposée
comme un domaine comportant de bonnes possibilités de travail sur I'amélioration de la
fixation de l'azote chez le pois chiche. 1l semble nécessaire d'effectuer des travaux plus
approfondis utilisant des techniques basées sur 5N afin d'établir 1a variabilité génotypique de
1a fixation d ‘azote; des expériences pour déterminer les niveaux optimaux de la fixation chez le
pois chiche seraient aussi souhaitables.

Une variabilité considérable d'une plante a une autre 3 I'intérieur d'un génotype déterminé a
été constatée au cours d'un programme récent, tenu avec succes, sur lidentification des
mutants spontanés non nodulant. 1l est possible que cette variabilité soit surtout génétique.
Dans ce cas, il serait peut-8tre possible de sélectionner des lignées a fixation relativement
élevée de N, au sein des variétés existantes et de tirer parti de cette variation de nodulation

pour quantifier Ia fixation optimale pour le pois chiche.
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Rhizobium strains that nodulate chickpea are specific,
and do not show cross-inoculation affinity with any
members of the known cross-inoculation groups (Rupela
and Saxena 1987). With updated nomenclature they
are called Bradyrhizobium sp. (Chickpea), but in this
paper we have used Rhizobium sp. (Chickpea). Re-
search on biological nitrogen fixation (BNF) in chick-
pea has largely concentrated on aspects of rhizobial
strain selection, and assessing yield improvement
through their use as inoculants. Several studies show-
ing large increases in chickpea yields due to inocula-
tion, often in soils containing high native rhizobial
populations, lacked data on nodulation and N, - fixation
(occupancy (%) by inoculantor *N assessment)to show
that the increased yield was really due to application of
Rhizobium. The contributions of the legume host in
determining different functions of this symbiotic pro-
cess are certainly important, but are poorly understood
(Beringer et al. 1988). In this paper we have restricted
discussion to applied aspects of BNF in chickpea and
given greater attention to the host plant.

Constraints in Increasing N, - fixation
High Native Population of Rhizobium

Much of the early research work on BNF created the
impression that yield of legumes can be significantly
increased by Rhizobiuminoculation. Subsequent work,
however, suggested that successful establishment of
inoculant strains in soils with high native populations
of rhizobia is difficultand is only occasionally observed
(Schmidt 1988). Therefore, use of identified effective
Rhizobium strains and Rhizobium strain x host geno-
type interactions, though significant in some cases (Rai
and Singh 1979), would be difficult to exploit for yield
increase.

Abiotic Factors

Abiotic stresses such as drought and high temperature
adversely affect nodulation and nitrogen fixation
(Rupela and Kumar Rao 1987). Chickpea is largely
rainfed and grown on residual and receding soil mois-
ture, and thus may face drought conditions during crop
growth. The amount of nodulation and N,-fixation is
related to the amount of soil moisture. Under rainfed
conditions, sowing depth is generally determined by
the depth of moisture in the soil profile. Increased
sowing depth, however, tends to decrease the amount
of nodulation.

Soil temperatures above 25°C during the day occurs
in some chickpea-growing areas (17°N, peninsular
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India) and is supraoptimal for nodule functions (Rupela
and Saxena 1987). Ambient maximum temperature
(weekly mean) remains >30°C at the time of sowing
and early growth stages of chickpea in latitudes at least
up to 26°N. Soil temperature in these areas is likely to
be higher than ambient. Similarly soil temperatures
lower than 15 °C that occur in the West Asia and North
Africa (WANA) region are likely to adversely affect
N,-fixation in the early stages of plant growth.

Nodulation and N, -fixation are greatly reduced
whenever high levels of soil nitrogen are available to
a legume (Rupela and Saxena 1987). Unpublished
studies at ICRISAT Center recorded a 4- to 6-fold
reduction in nodule mass when soil-nitrate concentra-
tion in the top 15 cm soil profile, where most chickpea
nodules occur, increased from about6mgkg' to about
13 mg kg'. Plant selection under such conditions
may encourage dependence on soil-N instead of on
fixed-N.,.

New Chickpea Areas

It is well established that areas new to a given legume
nodulated by specific rhizobia generally lack appro-
priate Rhizobium strains. Evaluation of legumes
without appropriate symbioses may adversely affect
legume introduction efforts and may result in the selec-
tion of inappropriate genotypes. Rice-growing condi-
tions have been observed to adversely affect the sur-
vival of chickpea inoculant (Rupelaetal. 1987). Devel-
opment of new cropping systems such as winter sowing
of chickpea in WANA, and chickpea after rice are the
areas where native chickpea rhizobia populations are
likely to be low or absent, necessitating inoculation as
part of the chickpea introduction package.

Promising Research Areas

Ecological Studies

Indigenous rhizobia when present in large numbers
generally out-compete the inoculant strain in forming
nodules on the host. Competition for nodule occu-
pancy must be better understood in terms of microbial
ecology, biochemistry, and molecular biology (Schmidt
1988). Selection of high temperature and high soil-
nitrate tolerant rhizobial strains is possible but would
be useful only in limited areas unless: (i) techniques to
establish inoculant Rhizobium in soils with high popu-
lations of native rhizobia are developed; and (ii) con-
comitant host selection for these traits is carried out.



Effective Symbiosis with Native Rhizobia

Simultaneous selection or manipulation of genotypes
of both symbiotic partners has been supported by many
reviewers. Genes from the Rhizobium and legume host
that are involved in the symbiosis are being identified,
and in some cases isolated and cloned, to facilitate
further studies and to provide sources of genes which
might be used in the future to manipulate either partner
(Beringer et al. 1988). This seems a desirable but
difficult approach. Until these methodologies have
shown promise,and techniques to establish inoculant
rhizobia in fields are perfected, exploitation of host
genotypic variability in N_-fixation in the presence of
native rhizobia appears the most applicable strategy to
improve BNF. It can be assumed that native rhizobia
are reasonably efficient. Prolifically nodulating geno-
types have been identified (Rupela and Saxena 1987)
that are stable across locations. The search for geno-
types with prolonged N_-fixation into the pod-filling
stage seems to be worth while. The transfer of such
traits into adapted genotypes is desirable.

Development of Specific Compatibles

With availability of nonnodulating chickpea lines
(Rupela and Saxena 1987) it seems possible to develop
or identify compatible Rhizobium strain(s) that could
only nodulate the given nonnodulating line. This could
by-pass the problem of competition that an inoculant
strain has to face from native rhizobia. Comparative
advantage(s) of host-specific Rhizobium combinations
over normal symbiotic genotypes could then be stud-
ied.

Plant-to-plant Variability in Nodulation within a
Genotype

During a recent successful search for nonnodulating
spontaneous mutants the authors also noticed a range of
nodulation within a high nodulating line K 850. Itis
plausible that variability for traits such as nodulation
would exist from bulking during development of a
variety. Whether this kind of variability is environ-
mental or genetic can be verified. If found to be genetic,
it has implications in assessing the optimum level of
nodulation/N,-fixation and in selection of high nodu-
lating/N -fixing lines from within a released variety.
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Improved Cropping Systems and Alternative Cropping
Practices

C.S. Saraf?, B. Baldev!, M. Ali% and S.N. Silim?
Abstract

The role of grain legumes in Indian agriculture has long been appreciated in view of their ability
to fix atmospheric nitrogen. Since the 1950s considerable attention has been given to various
cropping systems designed to improve profitability both in time and space. In view of the
improved plant types and soil-ameliorative properties, cropping systems involving chickpea are
increasingly being adopted. It has been found that inclusion of chickpea in cropping systems has
resulted in enhanced yield and profitability. However, alternative cropping systems are needed
in the 1990s for further improvement of chickpea yields under both rainfed and irrigated
conditions. An attempt has been made to highlight some research findings and ideas for future
improvement in chickpea yields.

Résumé

Systémes de culture améliorés et de nouvelles pratiques culturales : Le réle des légumineuses &
grains dans 'agriculture en Inde a longtemps été apprécié & cause de I'aptitude de ces cultures &
fixer l'azote atmosphérique. Depuis les années 50, une attention considérable a été accordée
aux divers systémes de culture destinés 4 I'amélioration de Ia rentabilité en fonction du temps
et ausside I'espace. Etant donné les types de plantes améliorées et les propriétés d‘amélioration
dusol, on constate I'adoption de plus en plus importante des systémes de culture comportant le
pois chiche. L’ insertion du pois chiche dans les systémes de culture a permis une augmentation
du rendement et de la rentabilité. Cependant, de nouveaux systémes de culture sont néces-
saires pour les années 90 afin de pouvoir améliorer davantage les rendements du pois chiche
dans les conditions tant pluviales qu’ irriguées. On 8 essayé de souligner quelques résultats de
recherche et des idées pour 'amélioration future des rendements du pois chiche.

The world population is growing rapidly, and by the
turn of the Century it is expected to be around 6.2 billion
(FAO 1986). The major population increase is ex-
pected in developing countries where self sufficiency
in food production is a major concern. In India, for
example, population has been increasing annually by
2.58% and demand for food by 3.25 to 3.40%. How-

ever the domestic food production has been rising only
by 2.60 to 3.10%.

Nutritional imbalances in the agricultural sector,
such as those causing high ratios of carbohydrate to
protein production, are common in developing coun-
tries. In India, over the last three decades, while the
contribution of wheat and rice to the total food grain
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output rose from 53 to 64%), the share of coarse grains
and pulses declined from 30.7 to 26.4%. Increasing
pulse production, and hence protein output, is thus one
of the major objectives in Indian agriculture.

Response of Chickpea to Water
Management

Crop yield can be increased in three distinct ways: a)
increasing the area under cultivation, b) increasing
productivity in existing areas, and c) increasing crop-
ping intensity. However, available information sug-
gests that there is very little scope for further expansion
of agricultural land. Hence, increasing cropping inten-
sity and crop productivity per unit area are possibilities,
which can be effective only if cropping systems are
improved and alternative cropping practices are adopted.
Since almost the entire area under pulse crops is rain-
fed, relatively high levels of tolerance to drought are
assumed to be present in these crops. However, water
management is more critical in pulses than in most
other crops. Excess and deficient moisture conditions
both reduce the yield of pulses. In other crops, excess
soil moisture may be tolerated without significantly
affecting levels of productivity.

It has been found that chickpea needs 15% soil
moisture by volume in the root zone extending down as
much as 50 cm in sandy loam soil (Baldev 1988) and
that this amount is critical especially during seed devel-
opment. Stress starts developing even with 12% avail-
able soil moisture. On the other hand, an excess of soil
moisture, caused by frequent rain, and too much irriga-
tion, leads to excessive vegetative growth, at the ex-
pense of seed yield.

From the above observations it is clear, that chickpea
cultivation must differ in rainfed and irrigated condi-
tions. In the former, techniques are needed to enhance
and maintain growth and in the latter vegetative growth
should be controlled at optimal levels.

Judicious use of soil moisture is a key to successful
rainfed farming. For most crops soil moisture is most
critical during the seed germination and seed develop-
ment stages. Chickpea is largely sown where there is
residual moisture at the end of a rainy season. Where
there is limited surface soil moisture, pre-sowing irri-
gation is desirable, but not always feasible. The only
practical agronomic practice that has given consis-
tently good results and is cheap, is deep sowing of the
seeds. Deep sowing (10-12 cm) not only enables better
germination compared to shallow sowing (3-5 c¢cm)
(Baldev 1988), but also reduces the incidence of wilt
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(Saraf 1974), thus ensuring a relativevly good plant
stand. The grain yield of shallow-sown chickpea in one
of ourexperimentswasonly 1.1tha*against 1.8t  ha
! from a deep-sown crop under nonirrigated conditions.
One irrigation applied to shallow-sown crops 75 days
after sowing increased the yield to 1.7 t ha' indicating
thatdeep sowing was equivalent to one irrigation. Ithas
been shown in agronomic trials under the All India
Coordinated Pulses Improvement Project (AICPIP)
that during normal years one irrigation applied to
chickpea at 45 to 75 days after sowing significantly
increases grain yields.

In deep sowing, root systems grow comparatively
deep, enabling the plant to extract soil moisture from
lower layers. Our studies of soil moisture profiles
during the crop season have shown that the growing
plant will move its root zone to draw its moisture from
deeper layers (Baldev 1988). In shallow-sown crops
the available soil moisture in nonirrigated plots was
less than 10% by the end of February, by which time
pod filling is initiated, compared to about 15% for
deep-sown crops.

Although irrigation can increase phosphorus uptake
efficiency, due to increased solubilization (Prabhakar
et al. 1987), excess soil moisture results in increased
vegetative growth in chickpea. Under normal soil
moisture conditions at New Delhi, flowering is initi-
ated by the end of December in early genotypes, and by
the end of January in late genotypes if they are sown in
mid-October. Excess soil moisture due to rainfall or
over-irrigation at this stage promotes excessive vegeta-
tive growth at the cost of flowering and fruiting, and
makes the crop prone to lodge which leads to decreased
yields. Delays in flowering will transfer the seed-
filling phase to an unfavorably high temperature envi-
ronment during April. Excessive vegetative growth is
also conducive to disease and pest attacks, poor par-
titioning of photosynthates, and abscission of flowers
and immature fruits.

Vegetative growth can be controlled by delaying the
date of sowing by a month or so, until the third week of
Novemberin Northwest India. Because of cool weather
conditions, late sowing also reduces vascular diseases
such as wilt.

However, a late-sown crop riay sometimes need
higher inputs in the form of imgation and fertilizers so
that the slow vegetative growth under the cool tempera-
ture regime can be speeded up to achieve optimum dry
matter production for good yields. The harvest index
increases slightly under late-sown conditions. The low
dry matter production during the vegetative phase due
to cool weather can also be compensated for by increas-
ing the plant density.



Chickpea in Intercropping Systems

Improved cropping systems and alternate cropping
practices can increase and stabilize food grain yields.
The adoption of acropping system in a particular region
results from ecological factors, suchas soil and climate,
as well as non-ecological factors, such as consumer
demand, market, socio-economic policies of the re-
gion, and technological capabilities. Can chickpea be
a successful intercrop or a beneficial grain legume in
multiple and relay cropping system and crop rotations?
Generally successful intercropping of two or more
species should result in efficient use of resources lead-
ing to enhanced total crop production returns when
compared to sole cropping (Saraf and Ganga Saran
1986). Intercropping of chickpea and safflower is
practised in India; it reduces the risk that sole crops are
exposed to (Malvi et al. 1988). Both are winter crops
and traditional chickpea cultivars are spreading types
and their yields are reduced by pest infestations and
diseases. Tall.upright, high-yielding chickpeacultivars
that are disease resistant and do not interfere with the
growth of safflower have been identified (Bahl and
Baldev 1981).

Intercropping with traditional chickpea genotypes
has had some success. Our research results show that
Land Equivalent Ratios (LLER) of 1.6 can be achieved
by intercropping chickpea with safflower.

The study of intercropping systems in rainfed agri-
culture in India is important as 72 million out of a total
of 142 million ha of cultivated land is rainfed (Swindale
1982). However, the benefits of intercropping are
better achieved by increasing inputs including irriga-
tion.

Our studies of water use in monocropping and inter-
cropping have shown that more water is seasonally
consumed by intercropping than by monocropping,
and that sowing pattern in sole cropping and plant
population in intercropping have little or no effect on
seasonal water consumption.

Safflower may not be the best companion crop for
chickpea in intercropping systems, possibly due to its
shading effect. It is not uncommon to observe lanky
chickpea in the chickpea-safflower combination. Other
highly remunerative crops such as mustard could be
used instead. Studies on genotypic compatability in
intercropping with the chickpea genotype, Pusa 261,
and the mustard genotype, Varuna, (Ali 1989) indi-
cated that in some locations for instance at Kanpur the
crops ratio 4:1 for chickpea and mustard gave the
highest yield.

Results from sequential cropping studies by the All
India Coordinated Research Project on Pulses show,

that at Gulberga in Kamnataka, India, the pearl millet—
chickpea sequence significantly outyielded the tradi-
tional sesame—safflower sequence and gave the highest
total monetary return (AICPIP 1989). Similarly Meena
and Ali (1987) have observed that chickpea-rice se-
quences have outyielded all other sequences.

Continuous cropping of cereals, a practice com-
monly followed in several regions, for example the
Mediterranean basin, can lead to a decline in yield. At
ICARDA, both winter and spring sown chickpeas ina
sequence with other legumes have a beneficial effect in
sustaining the yield of cereals and can replace fallow
without causing a decline in the yield of a succeeding
cereal. Replacing fallow is now one of the strategies
used to expand chickpea cultivation without competi-
tion to other crops (Silim and Saxena 1989).

Conclusion

Agronomic practices alone such as deep sowing under
nonirrigated conditions, late sowing under irrigated
conditions, suitable intercropping patterns, crop se-
quences, and crop rotations can increase chickpea yield
and total crop yield per unit area. However for a
quantum jump to occur in chickpea yields, genotype
improvement has to be coupled with improved agro-
nomic practices and cropping systems. Selection of
genotypes based on highly heritable characters has had
its value; in the future chickpea genotypes may need
such traits as deep rooting ability, and tolerances to
drought and to salinity for specific environments.

For irrigated chickpea, the major objective should be to
control excessive vegetative growth so that the harvest
index is improved and damage lodging minimized.
Late sowing is not without drawbacks, as pod filling
has often to occur under unfavorably high temperatures
in April. It will therefore be necessary to identify
genotypes that tolerate high temperature. Alternatively
cold tolerance can possibly be used in early-flowering

genotypes.
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Session 3

Main Items of Presentation and Discussion

Adaptation of chickpea to agroclimatic constraints
is of fundamental importance for cultivar devel-
opment. The rate of progress towards flowering,
determined by photothermal conditions, is of ma-
jor significance; it can be established for differ-
ent genotypes by following the screening proto-
cols presented at the workshop.

when extrapolating temperature data from con-
trolled environments to the field the effective field
temperature (T ) is determined by expanding the
formula

f = [(Tmu +Tmin)/ 2]1 f+1

- -
" pA B
Pt o Bl

where f=days io flowering, and T__ and T ___are
daily maximum and minimum temperatures  as
recorded in standard meteorological screens.
Tropical grasses and some tropical legumes have
base temperatures T, ~ 10°C and optimum tem-
peratures T~ 35°C, whereas for temperate spe-
cies these values are Tb ~ 0°C and T~ 25°C.
Only a few chickpea genotypes have been evalu-
ated for these traits. In terms of crop and areas
of production T, may be cooler in kabuli than in
desi types while T may be warmer in desi than
in kabuli. Genetic differences within the two
groups may well exceed those between them.
Considerable genetic variation exists in the
germplasm collection tested in California for high-
temperature tolerance. Flower and pod retention
was noted in some genotypes at 40°C. Other use-
ful traits for adaptation are earliness in maturity,
and the ability to produce flowers and pods at
extreme temperatures and under drought stress.
Modeling of chickpea’s growth and yield, al-
though only recently started, has already yielded
interesting results. The RESCAP model devel-
oped at ICRISAT, had a good predictability of
dry matter production (r* = 0.86) and could be
used to calculate the optimal time and quantity of
irrigation. However, further model development
is needed to predict partitioning of dry matter to
grain and water fluxes at the leaf surface.

The concept of functional ideotypes for prioritiz-
ing and testing useful traits was proposed for yield
improvement at locations where conventional
breeding faces problems e.g., due to variability
in harsh production environments. Some ideo-
type examples for particular environments were

mentioned: plants with a long, dense root system
and small leaves for environments prone to
drought stress; and cold-tolerant, early-maturing
plant types with a high harvest index and lodging
resistance for high latitudes. For high-input sys-
tems a communal plant type, with reduced
branching was proposed. Statements that ‘little
or no improvement in yield potential had been
achieved in chickpea over the past 20 years’, and
‘the ideotype approack could provide a possible
alternative to conventional yield breeding’ were
challenged. Examples of yield improvement over
years were cited. The complexity and apparent
limited success of previous ideotype breeding ef-
forts were pointed out.

Ideotypes for quality improvement can be de-
scribed. A ‘market’ ideotype needs to incorporate
the characters that the consumer wants, and
breeding programs must be both market- and
productivity-oriented.

Mineral nutrient constraints need to be identified
using such criteria and methodologies as piant
symptoms and critical nutrient concentrations.
The impact of alleviating mineral nutrient con-
straints was documented.

The emphasis for nitrogen fixation should move
from rhizobial strain differences to host plant
variability. The nodulation of the chickpea plant
is optimal when the seed is sown 10 cm deep;
but usually it is sown deeper than this because of
the limited soil moisture in the semi-arid tropics.
For undetermined reasons, chickpea has in some
cases been noted to exert a negative effect on the
succeeding crop. Depletion of soil nitrogen, or
water, or exacerbation of disease and pest prob-
lems were suggested as possible causes.
Increasing the ability of chickpea to fix N by ge-
netic means could be at the expense of yield po-
tential, due to competition between nodules and
reproductive parts for assimilates. The ideal com-
bination of host plant/Rhizobium strain is achieved
when most of the N-requirement of the legume
plant is satisfied through N-fixation, and some of
the N-requirement of the following non-legumi-
nous crop is also provided for.

With good nodulation, 70% of the plant’s N re-
quirement can be derived from N-fixation; with-
out inoculation and in fertile soils the plant de-
rives much less of its N-requirement from N-
fixation. Chickpea is extremely effective in ab-
sorbing mineral N from the soil and moderate
concentrations of mineral N, whether soil- or fer-
tilizer-derived, can severely depress nodule de-
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velopment and function. Therefore, to minimize
exploitation of soil N by chickpea, it would be
desirable to develop chickpea that can nodulate
and fix N under conditions of moderate to high
ambient mineral N.

It was suggested that genetic solutions to micro-
nutrient problems were not necessary as they
could easily be solved by simple and cheap
methods of fertilizer application.

The need for a common definition and usage of
harvest index for chickpea (accounting for fallen
leaves) was emphasized. It was also suggested
that calculation and more widespread use of har-
vest index for nitrogen would be desirable in
comparing genotypes and environments.

Recommendations

o Yield improvement in chickpea in the 1990s will

be best achieved through hybridization programs
based on wide variability with selection directed
toward location-specific characteristics and man-
agement strategies.

The growth physiology of chickpea is strongly
influenced by temperature, photoperiod, and wa-
ter supply: specific strategies need to be devel-
oped for each of the major agro-climatic zones in
which the crop is grown.

The objectives for each zone are best formulated
in terms of ‘functional ideotypes’ that define not
only desirable above-ground morphological char-
acteristics (the original ‘ideotype’ concept) but
also desirable physiological responses (e.g., to
temperature and photoperiod), rooting character-
istics, water use, nitrogen fixation attributes, and
characters useful in disease and pest resistance.
Methods of screening for some components of
functional ideotypes are available, and suggestions
were made for alternative and additional tech-
niques; these need to be more widely evaluated.
Although screening needs to be based on loca-
tion specific data, the applicability of screening
techniques, and usefulness of traits identified as a
result (e.g., drought tolerance traits), need to be
evaluated across regions.

The water-driven plant growth model presented
needs to be refined, and used to specify the plant
attributes and management strategies that optimize
the use of water at a particular location. This
modet will then be useful to estimate potential
yield, evaluate proposed changes in sowing time,
define the optimum rooting depth, and determine
the best use of irrigation water.
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The development of a carbon dioxide metabolism/
light-driven model will help to refine ideotypes
for plant structure, responses to temperature, and
responses to change in partitioning coefficients.
Rates of development of chickpea in response to
temperature and photoperiod are well established
although little practical use has been made of this
information. Therefore:

photothermal coefficients for each zone need to
be determined;

photothermal coefficients for each new line or
cultivar need to be described as a cultivar attrib-
ute; and

new cultivars need not be tested for yield in zones
to which their flowering behavior is not adapted.
The mineral nutrition of chickpea is inadequately
understood: responses to phosphate application,
and the requirement for trace elements in speci-
fied environments need clarification. Further work
is needed on the development of diagnostic pro-
cedures appropriate to chickpea to detect nutrient
imbalances and monitor nutrient status.

Chickpea is extremely sensitive to temperature,
and sources of genes for the following physio-
logical attributes need to be located:

capacity to germinate and grow vegetatively at
low temperature;

frost resistance;

decreased sensitivity to both low (<10°C) and high
(>30°C) temperature during flowering and early
pod fill; and

low maintenance respiration at high temperature.
Work on nitrogen metabolism and nutrition of
chickpea needs to be undertaken in the following
areas:

the ecology of Rhizobium in situations where in-
oculation is necessary, e.g., in new chickpea-
growing areas, on ‘problem’ soils or where
rhizobial populations are low;

the basic interaction between nitrogen fixation and
mineral nitrogen;

the abilities of different strains of Rhizobium or
particular plant genotypes to maintain nodule ac-
tivity during grain filling, since nitrogen fixation
in chickpea declines markedly after flowering;
decreased sensitivity of nitrogen fixation to min-
eral nitrogen to increase the capacity of chickpea
to contribute to increasing soil fertility of crop-
ping systems; and

effects of drought stress on nitrogen fixation, es-
pecially intermittent stress during vegetative
growth and flowering, as an integral part of
drought research.



Session 3
Principaux thémes de présentation et de discussion

e L’adaptation du pois chiche aux contraintes
agroclimatiques est d’'une importance fonda-
mentale pour la mise au point de cultivars. Le
taux de progrés vers la floraison, déterminé par
les conditions photothermiques, est d'une signi-
fication majeure; il peut &tre établi pour divers
génotypes en suivant les protocoles de criblage
présentés au colloque.

¢ Au moment de I'extrapolation, au milieu réel,
des données de température i partir d’environ-
nements_contrlés, la température réelle du
milieu (T) est déterminée par I'expansion de la
formule :

T2 '3 [(Toue T/ 20/841

Ou f = jours a la floraison, et T, et T, sont
les températures maximale et minimale quoti-
diennes telles qu’elles sont enregistrées sur les
écrans météorologiques types.

e Les graminées tropicales ainsi que certaines 1é-
gumineuses tropicales ont des températures de
base T, ~ 10°C et des températures optimales
T, ~ 35°C, alors que pour les espéces tempérées
ces valeurs sont T, ~ 0°C et T, ~ 25°C. Seule-
ment quelques génotypes ont été évalués pour
ces caractéres. En termes de culture et superfi-
cies de production, T, pourrait &tre moins éle-
vée chez les types kabuli que chez les desi, alors
que T, pourrait &tre plus élevée chez le desi que
chez le kabuli. Les différences génétiques al'inté-
rieure des deux groupes pourraient dépasser
celles entre eux.

e Une variation considérable existe dans la col-
lection des ressources génétiques testée en Cali-
fornie pour la tolérance aux températures éle-
vées. La rétention des fleurs et des gousses a été
constatée chez quelques génotypes 4 40°C.
D’autres caractéres utiles pour l'adaptation
sont la précocité de maturation, et le pouvoir de
produire des fleurs et des gousses aux tempéra-
tures extrémes ainsi que sous le stress hydrique.

¢ La modélisation de la croissance et du rende-

ment du pois chiche, bien que démarrée scule-
ment récemment, a déja donné des résultats
intéressants. Le Modéle RESCAP mis au point
a I'ICRISAT avait une bonne prévisibilité de la
production de matiére séche (r2 = 0,86) et pour-
rait &tre utilisé pour calculer le temps optimal et
la quantité d’irrigation. Toutefois, des travaux
plus approfondis sont nécessaires pour prédire
la partition de matidre séche au grain et les flux
d’eau 2 la surface foliaire.

Le concept d’idéotypes fonctionnels pour la
prioritisation et I'’évaluation des caractéres utiles
a été proposé pour I’amélioration du rendement
4 des emplacements ol la sélection tradition-
nelle fait face & des problémes, par exemple, dd
4 la variabilité dans les milieux de production
difficiles. Quelques exemples d'idéotypes pour
environnements particuliers étaient cités : les
plantes avec un systéme racinaire dense et long
et petites feuilles pour les environnements sus-
ceptibles aux stress hydriques; et les types de
plantes tolérantes au froid et & maturation pré-
coce avec une indice de récolte élevée et la ré-
sistance 4 la verse pour les latitudes supéricures.
Pour les systtmes & intrants élevés, un type
communal de plante avec ramification réduite a
été proposé. Des énonciations telles “Peu ou
aucune amélioration du potentiel de rendement
a été réalisée chez le pois chiche pendant les 20
derniéres années™ ou “I’approche par idéotype
pourrait offrir une solution autre que la sélec-
tion traditionnelle pour le rendement” ont été
remises en question. Des exemples de ’amélio-
ration du rendement pendant les années ont été
cités. La complexité et le succés apparemment
limité des efforts précédents de sélection d’idéo-
types ont été soulignés.

Des idéotypes pour 'amélioration de la qualité
peuvent étre décrits. Un idéotype ‘marché’ dev-
rait incorporer les caractéres utiles au consom-
mateur, et les programmes de sélection dev-
raient s’orienter tant au marché qu’a la pro-
ductivité.

Des contraintes en éléments minéraux nutritifs
devraient ¢tre identifites en utilisant des critéres
et des méthodologies telles que symptdmes des
plantes et des concentrations critiques des é1é-
ments nutritifs. L’'impact de 'allégement des
contraintes en £léments minéraux nutritifs a été
documenté.
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¢ En ce qui concerne la fixation de I'azote, I’ac-

cent devrait &tre reporté sur la variabilité de la
plante-hdte au licu des différences entre souches
rhizobiales. La nodulation de la plante de pois
chiche est optimale lorsque la graine est semée &
10 cm de profondeur; mais le semis s’effectue
normalement & une profondeur plus impor-
tante A cause de I'humidité du sol limitée dans
les régions tropicales semi-arides. Pour des rai-
sons non-déterminées, le pois chiche en quelques
cas, a &té responsable d’exercer un effet négatif
sur la culture suivante. La réduction de |’azote
dusol oude I’eau, I’exacerbation des problémes
de maladies et de ravageurs ont été suggéré
comme causes possibles.

L’augmentation du pouvoir de fixation N du
pois chiche par les moyens génétiques pourrait
¢tre au dépens du potentiel de rendement, dd a
la concurrence entre nodules et les parties
reproductives pour assimilats. La combinaison
idéale de planté-hdte/souche de Rhizobium est
réalisée lorsque la plupart du besoinen N de la
plante légumineuse est satisfaite a travers la
fixation de I’azote, et deuxiémement, une partic
du besoin en N de la culture suivante non-
légumineuse est également pourvue.

Avec une bonne nodulation, 70% des besoins en
N de la plante peut &tre dérivé de la fixation de
N; sans inoculation et dans des sols fertiles la
plante obtient bien moins de ses besoinsen N &
partir de la fixation de N. Le pois chiche est
extrémement efficace dans ’absorption du N
minéral & partir du sol. Les concentrations
modérées de N minéral, qu'il soit dérivé du sol
ou de ’engrais, peuvent sévérement réduire le
développement et la fonction des nodules. Par
conséquent, pour minimiser I’exploitationdu N
du sol par le pois chiche, il serait souhaitable de
mettre au point un pois chiche qui peut noduler
et fixer le N dans des conditions de N minéral
ambiant élevé ou modéreé.

11 a été suggéré que les solutions génétiques aux
problémes d’¢léments micronutritifs n'étaient
pas nécessaires car ils peuvent facilement 2tre
résolus par des méthodes simples et peu oné-
reux d’application d’engrais.

La nécessité d'une définition commune et
I'usage de 'indice de récolte pour le pois chiche
(tenant compte des feuilles tombées) a été sou-
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ligné. 11 a également été suggré que le calcul et
I’emploi plus élargie de I'indice de récolte pour
’azote serait désirable dans la comparaison des
génotypes et environnements.

Recommandations

e L’amélioration du rendement du pois chiche

dans les années 90 sera réalisée le plus efficace-
ment par l'intermédiaire des programmes d’hy-
bridation basés sur la grande variabilité avec la
sélection orientée vers les caractéristiques et les
stratégies de gestion spécifiques aux emplace-
ments.

La physiologie de la croissance du pois chiche
est fortement influencée par la température, la
photopériode et I’alimentation en eau; des stra-
tégies spécifiques doivent &tre élaborées pour
chacune des zones agroclimatiques importantes
dans laquelle la culture est exploitée.

Les objectifs de chaque zone sont le mieux for-
mulés en termes d’ “idéotypes fonctionnels” qui
définissent non sculement des caractéristiques
morphologiques aériennes désirables (le con-
cept ‘idéotype’ de départ) mais aussi des ré-
ponses physiologiques désirables (par exemple,
4 la température et a la photopériode), des
caractéristiques d’enracinement, l'utilisation
d’eau, attributs de fixation de |’azote, et des
caractéres utiles dans la résistance aux maladies
et aux ravageurs.

Méthodes de criblage pour quelques compo-
santes des idéotypes fonctionnels sont disponi-
bles, et des suggestions ont été faites pour des
techniques différentes ou supplémentaires.
Celles—ci doivent &tre évaluées plus largement.
Bien que le criblage doit &tre basé sur les don-
nées spécifiques & I'emplacement, I’applicabilité
des techniques de criblage, et I'utilité des caracte-
res identifiés par conséquent (par exemple, les
caractéres de tolérance a la sécheresse), doivent
&tre évalués & travers les régions.

Le modéle de croissance végétale 2 base de 1’eau
doit &tre raffiné et utilisé pour la détermination
des attributs des plantes et des stratégies de
gestion qui optimisent l'utilisation de I'eau A un
emplacement particulier. Ce modele sera alors
utile dans I’estimation du rendement potentiel,



dans I’évaluation des changements proposés du
temps de semis, dans la définition de la profon-
deur optimale d’enracinement, et dans la dé-
termination de la meilleure utilisation de I'eau
d’irrigation.

La mise au point d'un modele actionné par la
lumiere/le métabolisme du bioxide de carbone
permettra de raffiner des idéotypes pour la
structure de la plante, des réponses a la tempé-
rature, et des réponses au changement des coef-
ficients de partition.

Les taux de croissance du pois chiche en ré-
ponse & la température et 4 la photopériode sont
bien établis bien que peu d’utilisation pratique
est découlée de cette information. Donc :

e des coefficients photothermiques pour cha-
que zone doivent &tre déterminés;

e des coefficients photothermiques pour cha-
que nouvelle lignée ou cultivar doivent &tre
décrits comme un attribut du cultivar;

e il n’est pas nécessaire de tester de nouveaux
cultivars pour le rendement dans des zones
auxquelles leur comportement de floraison
n’est pas adapté.

La nutrition minérale du pois chiche est insuffi-
samment comprise. Les réponses 4 ’application
des phosphates, et le besoin en oligo-¢léments
dans des milieux spécifiques doivent atre expli-
cités. Davantage de travaux sont nécessaires sur
la mise au point de procédures diagnostiques
appropriées au pois chiche afin de détecter les
déséquilibres en éléments nutritifs et de suivre
les niveaux d'éléments nutritifs.

Le pois chiche est extrémement sensible a la
température et les sources de génes pour les
attributs physiologiques suivants doivent &tre
identifiées :

e pouvoir de germination et de croissance
végétative a des basses températures;

e résistance a la gelée;

e sensibilité réduite A la température basse
(< 10°C) aussi bien qu’tlevée (>30° C) pend-

ant la floraison et le remplissage précoce des
gousses;

e respiration de maintenance faible & haute
température.

e Les travaux sur le métabolisme et la nutrition

en azote du pois chiche doivent &tre entrepris
sur les thémes suivants :

e I'écologie du Rhizobium dans des situations
ol I'inoculation est nécessaire, par exemple,
dans les nouvelles régions de culture de pois
chiche, sur des sols “problémes” ou dans le
cas de populations rhizobiales peu élevées;

¢ ['interaction fondamentale entre la fixation
de ’azote et I’azote minérale;

o les pouvoirs des souches différentes de Rhi-
zobium ou des génotypes de plantes particu-
liers de maintenir I'activité nodulaire pend-
ant le remplissage des gousses, puisque la
fixation de 1'azote chez le pois chiche dimi-
nue considérablement aprés la floraison;

o lasensibilité réduite de la fixation de I'azote
a I'azote minérale pour accroitre la capacité
du pois chiche & contribuer & ’augmentation
de la fertilité du sol des systémes de culture;

o leseffets de stress hydrique sur la fixationde
I’azote, en particulier le stress intermittent
pendant la croissance végétative et la florai-
son, comme une partic intégrante de la
recherche sur le stress hydrique.
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Strategies for Management of Foliar Diseases of Chickpea

M.V. Reddy', Y.L. Nene', Gurdip Singh?, and M. Bashir>

Abstract

Ascochyta blight (AB), botrytis gray mold (BGM), alternaria blight (ALB), rust, and stemphylium
blight (SB) are important foliar diseases of chickpea. Foliar diseases occur in areas that have
the highest potential for chickpea production due to a long growing season and lack of drought
stress. Thus good growing conditions for chickpea and occurrence of foliar diseases are linked
and, unless the linkage is broken, there is very little chance of increasing chickpea production in
the northern latitudes.

Among the foliar diseases, serious attempts have only been made 1o develop control measures
Jor AB. High and stable genetic resistance, especially in the podding stage, is lacking in the
available germplasm. Integration of host-plant resistance with foliar fungicidal sprays is
effective and feasible, but needs wider testing and evaluation.

Limited screening for BGM resistance and observations on disease epidemics indicate that it
may be difficult to obtain a sufficient level of genetic resistance for exploitation in the
management of the disease. There appears to be some scope for manipulation of plant geometry
(including intercropping) and crop maturity for the management of the disease. It is essential to
integrate the control measures for AB, BGM, and other foliar diseases, as the incidence of these
diseases can overlap in certain areas.

The epidemiology of the diseases is not fully understood and this information is essential for
developing effective management practices. Germplasm enhancement for resistance and studies
on genetics of resistance and pathogenic vartability also should receive better attention.

Résumé

Stratégies de gestion des maladies foligires du pois chiche : La flétrissure ascochytique, la
pourriture grise due 3 botrytis, la flétrissure causée par alternaria, la rouille et la pourriture due
4 stemphylium sont d importantes maladies foliaires du pois chiche. Les maladies foliaires se
produisent dans des régions qui ont le meilleur potentiel de production de pois chiche, en
raison d'une saison de culture longue et de I'absence de stress hydrique. Il existe donc un lien
entre de bonnes conditions de culture du pois chiche et I'apparition de maladies foliaires. Par
conséquent, il ne semble guére possible d’accroitre la production de pois chiche dans les
latitudes nord & moins de briser ce lien.

Parmi les maladies foliaires, seule Ia flétrissure ascochytique a fait I'objet d ‘efforts sérieux de
mise au point de moyens de lutte. Il n'existe pas de sources de résistance élevée et stable,
particuliérement au stade de formation des gousses, dans le matériel génétique disponible
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actucllement. L’ intégration de Ia résistance de la plante-héte avec Ia pulvérisation de fongi-
cides sur les feuilles est efficace et faisable mais exige davantage d'essais et d évaluations.

Un criblage restreint pour la résistance & la pourriture grise due & botrytis et des observa-
tions sur les épidémies de la maladic indiquent qu il pourrait étre difficile d’obtenir un niveau
suffisant de résistance génétique pour servir & la lutte contre Ia maladie. Il semble possible de
manipuler 1a géométrie des plantes (y compris la culture associée) et Ia maturité de la culture
pour maitriser Ia maladic. 1 est essentiel d'intégrer des moyens de lutte contre la flétrissure
ascochytique, la pourriture grise due 8 botrytis, et d ‘autres maladies foliaires, car l'incidence de
ces derniéres peut se chevaucher dans certaines régions.

L’ épidémiologie des maladies n'est pas encore complétement comprise et cette information
est essenticlle pour mettre au point des pratiques de gestion cfficaces. L'amélioration du
matériel génétique pour Ia résistance ainsi que les études sur la génétique de la résistance et Ia

variabilité pathogénique devraient également recevoir davantage d'attention.

Chickpeas suffer from some senious foliar diseases. In
the order of importance worldwide, these are ascochyta
blight (Ascochyta rabiei [Pass.] Labr.), botrytis gray
mold (Botrytis cinereaPers. ex Fr.), stemphylium blight
(Stemphylium sarciniforme [Cav.] Wilts.), alternana
blight (Alternaria alternata (Fr.] Kiessler), and rust
(Uromyces ciceris-arietini [Grogn.] Jacz & Beyer).
The incidence of these diseases is mainly confined to
the chickpea-growing regions between latitudes 25°
and 45°, where the weather is cooler and wetter than in
growing regions at lower latitudes. As the higher
latitude areas have the greater production potential,
management of foliar diseases is important for increas-
ing chickpea production.

Research on chickpea diseases has recently been
reviewed by Nene and Reddy (1987). Here, we attempt
to summarize progress made during the past 10 years,
identify the gaps in knowledge as well as research
constraints, and to suggest research strategies for the
future.

Ascochyta Blight

Ascochyta blight (AB) 1s most serious between the
latitudes 30° and 45°, where relatively low tempera-
tures (15°-25°C) prevail during the crop season and
favor its development. Appearance of the blight how-
ever is not regular. The disease develops whenever the
winter-sown chickpeas in northwest India and Pakistan
and spring-sown chickpeas in the Mediterranean re-
gion receive rains during the crop season. There is no
AB problem if there are no rains but then drought
reduces the yield. A good season for the chickpea crop
is also favorable for AB and low yields result (Fig. 1).
This relationship will have to be considered when we
develop effective disease management sirategies.
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The average yield of spring-sown chickpeas in the
Mediterranean region is low (about 0.75 t ha'') mainly
due to drought and heat stress. Advancing the sowing
date into autumn results in 50-100% yield increase
provided AB is controlled (Hawtin and Singh 1984).
Hence control of AB is essential for increasing chick-
pea production in the countries in the Mediterranean
region but also in the major chickpea-producing re-
gions in India and Pakistan.

Botrytis Gray Mold

Botrytis gray mold (BGM) causes concealed damage in
chickpea, and its importance has only recently been
realized. Without visible symptoms on foliage, the
disease can cause flower drop resulting in poor pod
setting, and extension of the crop duration. Some pod
setting may occur late in the season when the day
temperatures exceed 30°C and conditions are unfa-
vorable for the disease. But the yields in such situations
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Figure 1. Relationship between chickpea yields
and ascochyta blight (4 scochyta rabiei).



are drastically reduced owing to drought and heat
stress. The regions between 25° and 30° are most liable
to BGM. The disease has a slightly higher temperature
requirement (25°C) than AB (20°C). It is a regular
problem in parts of India, Nepal, and Bangladesh.
During 1979-1982 it caused heavy losses in the Indo-
Gangetic Plains of India (Grewal and Laha 1983).
Reddy et al. (1988) visually estimated about 40% yield
loss due to BGM in Nepal during the 1987/88 season.
Though winter rains increase the disease problem they
donot seemto be essential for BGM development. This
is different from the situation for AB, for which rains
are essential. Heavy dew in the nights, irrigation,
excessive vegetative growth, early sowing, and dense
planting predispose the crop to disease.

Other Diseases

Stemphylium blight, alternaria blight, and rust are at
present of minor importance. Stemphylium blight
causes considerable damage in northwestern parts of
Bangladesh in some seasons. Alternaria blight occa-
sionally assumes importance in northeastern India.
Rust is more widespread and frequent, but as it occurs
late in the season, it does not cause much loss in yield.
Hardly any work has been carried out on the manage-
ment of these diseases, probably because they have
been somewhat over-shadowed by AB and BGM.
Once these two major diseases are controlled, the
potential damage caused by the minor diseases may be
better realized.

Table 1. Mean ascochyta blight severity and yield loss estimation! under noninoculated and artificially inoculated
conditions in a set of resistant chickpes germplasm lines at ICARDA, Tel Hadya, Syria, 1982/83-1985/86.

. Yield

Chickpea Blight severity Pod Average yield (t ha™) loss/
germplasm on vegetative infection increase
lines parts? (%) Noninoculated Inoculated %)
ILC 72 23 8 2.0 23 +15
ILC 182 23 9 2.5 2.6 + 4
ILC 187 24 5 22 24 + 9
ILC 191 25 12 2.1 21 0
ILC 195 24 8 24 24 0
ILC 200 24 2 25 2.2 -12
ILC 1757 33 36 2.6 1.4 - 46
ILC 2300 : 2.2 3 25 2.5 0
ILC 2506 2.0 9 23 2.7 +17
ILC 2956 2.7 3 2.0 23 + 15
ILC 3001 2.7 30 1.3 1.8 +38
ILC 3274 2.1 4 20 2.1 + 5
ILC 3400 2.7 20 2.2 2.1 -5
ICC 3634 20 16 20 22 +10
1CC 4200 29 29 23 1.9 -19
ICC 4248 29 32 23 1.9 -17
ICC 5124 29 16 2] 2.2 + 5
ICC 6262 2.2 2 23 2.6 +13
ICC 6981 2.0 18 23 2.6 +13

Mean 247 13.8 22 22 0
ILC 1929 9.0 94 26 0.03 9
(Susceptible control)

SE mean £0.27 5.3 10.21 #0.17

CV (%) 16.5 53.7 16.0 14.0

I. = Average of 1982/83, 1984/85, and 1985/86 seasons.
2. Scored on a scale of 1.9, where | = free and 9 = killed.

Source: M.V, Reddy and K.B. Singh, unpublished.
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Progress to Date
Ascochyta blight

Though work on ascochyta blight has been going on for
over 80 years, progress towards managing the disease
has not been satisfactory. Several effective seed dress-
ing and foliar fungicides have been identified, but their
application under field conditions has been neither
feasible nor economical. As many as 12 foliar sprays
were insufficient to control the disease in a susceptible
variety under epiphytotic conditions at the Interna-
tional Center for Agricultural Research in the Dry
Areas (ICARDA)in Syria. Fungicides are often needed
when it is raining or drizzling and it is not practicable
to spray. The resistant varieties released from time to
time in India and Pakistan eventually became suscep-
tible due to the appearance of new races of the pathogen
(FAO 1963). The extensive resistance breeding work
undertaken in the ICARDA-ICRISAT joint program

over the past 10 years has helped in the identification
and development of several blight-resistant, high-
yielding kabuli varieties for the Mediterranean region
(Tables 1 and 2). However, none was sufficiently
resistant in India and Pakistan, the two major chickpea-
producing countries (Table 3). Itis now well-established
that the fungus Ascochyta rabiei is highly variable, and
that the races present in Pakistan and India are more
aggressive than those prevalent in the Mediterranean
region (Singh et al. 1984). Lines with resistance in the
vegetative stagetoisolates of A. rahbiei prevalentinindia
(Singh et al. 1988) and Pakistan are available, but none
has resistance in both the vegetative and podding stages.
PK 51863 x NEC 138-2 the only line resistant under
field conditions in Pakistan (Igbal et al. 1989), showed
resistance in the vegetative stage to Indian isolates of A.
rabiei but not in the podding stage (Table 3).
Reliable inoculation techniques and disease rating
scales have been developed and standardized (Reddy et
al. 1984). A system for multilocational evaluation has

Table 2. Ascochyta blight resistant and high-yielding kabuli chickpea cultivars released in the Mediterranean region.

Year of
Country Cultivars released release Specific features
Algeria ILC 482 1988 Wide adaptation
ILC 3279 1988 Tall
Cyprus Yialousa (ILC 3279) 1984 Tall
Kyrenia (ILC 464) 1987 Large seeds
France TS1009 (ILC 482) 1988 Wide adaptation
TS1502 (FLIP-81-293) 1988 Cold tolerance
Italy Califfo (ILC 72) 1987 Tall
Sultano (ILC 3279) 1987 Tall
Morocco ILC 195 1987 Mid-tall
ILC 482 1987 Wide adaptation
Spain Fardan (ILC 72) 1985 Tall
Zegri (ILC 200) 1985 Mid-tall
Almena (ILC 2548) 1985 Tall
Alcazaba (ILC 2555) 1985 Tall
Atalaya (ILC 200) 1985 Mid-tall
Syria Ghab | (ILC 482) 1986 Wide adaptation
Ghab 2 (ILC 3279) 1986 Tall
Tunisia Chetoui (ILC 3279) 1986 Tall
Kassab (FLIP 83-46C) 1986 Large seeds
Turkey ILC 195 1986 Mid-tall
Gunej Sarisi (ILC 482) 1986 Wide adaptation

Source: K.B. Singh, personsl communication.
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Table 3. Evaluation of Cicerspp accessions for resistance against five isolates of Ascochyta rabiei in a growth room st

ICRISAT Center, 1988,
Blight score!

' ' CPK2 C235 E 100Y Gurdaspur IARI Mixture of
Cicer accession isolate isolate GH isolate isolate isolate isolates
ICC 202 (USSR) 4 (100)2 5 (100) 9 (100) 9 (100) 6( 50) 8 (100)
1CC 3996 (Iran) 4( 33) 5 (100) 9 (100) 6(-) 6( 33) 5 (100)
ILC 72 (USSR) 5( 45) 3(93) 5(100) 6{ 50) 6( 77 6( 69)
ILC 3279 (USSR) 4( 0) 4( 59 4( 89) 6( 85 6 (100) 5(7%5)
ILC 249 (India) 4( O 4 (100) 7 (100) 5 (100) 6 (100) 7 (100)
1CC 1903 (Morocco) 4( 33 5 (100) 8{ 90) 6 ( 80) & (100) 7 (100)
1 13 (ISRAD) 3( 25 5(100) 6 (100) 7 (100) 7( 89) 6( 91
EC 26435 (Morocco) 6( 0) 6 ( 80) 7( 86) 9 (100) 9( 57) 7( 25)
ICC 51276 (India) 4( 43) 3(99) 6 (100) 4(7%5) 7( 9 5 (100)
C 235 (India) 3(67) 5 (100) 5(100) 7 (100) 7 (100) 6(7D
V 138 (Mexico) 5( 0) 8 (100) 9 (100) 9 (100) 9 (100) 9( 71)
ILC 191 (USSR) 5( 0) 7(75 T7(67) 7( 86) 6( 64) 6( 80)
ILC 2380 (USSR) I(13) 4( 99) 6 (100) 4 ( 43) 6( 93) 6 (100)
PCH 128 (Morocco) 4( 9 6(73) 6( 58) 5( 8%) B(-) 7 (100)
CM 72 (Pakistan) 4( 0 7 (100) 8 (100) 8 ( 50) 8( 40) 8 (100)
E 100YM (India) 5(-) 4( 83) 6¢-) 8(-) 6 (100) 6(-)
1ICC 607 (India) 3I( 0 6 (100) 5(9%) 9 (100) 8 (100) 5 (100)
BG 26! (India) 5(13) S$(70) 6 (100) 9( 78) 8( 55 7 (100)
GG 575 (India) 6( 33) 6 (100) 4 (100) 4 (100) 5 (100) 4 (100)
PB 7 (India) 5(38) 7 (100) 7 (100) 9 (100} 6(92) 7 (100)
PANT-G-82-1 (India) 5(67) 5(92) 4( 69) 6( 44) 7 (100) (89
NEC-138-2 (India) 3( 33 6( 82) 5( 94) 6( 83) 7(78) S{ 83)
ILC 195 (USSR) 5( 0 5(67 5(78) 6( 9D 6(-) 6( 52
ILC 482 (Turkey) 4( O 5 (100) 6( 94) 6( 86) 4( 54) 5(7%
C. judaicum 4(-) 4 (100) 6 (100) 4( 0) 7 (100) 6( 75)
C. reticulatum 4 ( 50) 7 (100) 8 (100) 6 ( 86) 7 (100) 7(-)
E-100Y (HAU) 6( 0) 3( 88) 6 (100} S( 67 5 (100) 6 ( 50)
PK51825xCM 72 (Pakistan) 39 3(9D 6 (100) 3¢ 50) 7( 67 5(70)
PK51832xCM 72 (Pakistan) 5( 0 5 (100) 5(100) 5( 90) 7 (100) 6( %0)
PK51835xCM 72 (Pakistan) 6( 0) 5(69 4 (100) 5(7% 5(9D) 5(89
PK51863xNEC-138-2 (Pakistan) 4( 0) 3(65) 4 (100) 3(44) 4(67) 4(73)

I. Scored on a scale of 1-9, where | = free and 9 = killed.
2. Figures in parentheses are % pod infection.
3. ( - )= no podsel.

Source: M.V, Reddy et al., unpublished.

also been built up (Singh et al. 1984). The potential for
integration of host-plant resistance and a limited num-
ber of foliar sprays in the management of the disease is
shown in Table 4. Two foliar sprays of chlorothalonil
at the seedling and early podding stage in a moderately
resistant cultivar were most cost-effective (Reddy and
Singh, 1990). Limited information on the genetics of
resistance to blight exists (Singh and Reddy 1983,
1989). Some information on the development of dis-
ease in relation to humidity and temperature has been

obtained (Fig. 2). Temperature is a more critical factor
than humidity for the epidemic build-up of AB in
winter-sown chickpeas in the Mediterranean region
where usually the required humidity exists.

Botrytis Gray Mold

Compared to AB, very little work has been carried out
on BGM. During the past 5 years, there have been some
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Figure 2. Relationship between temperature, humidity, and development of ascochyta blight
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Table 4. Cost-benefit ratio of two foliar applications of chlorothalonil (Bravo 5002) for control of ascochyta blight in
moderately resistant chickpea cultivar ILC 482, Tel Hadya, Syria, 1982/83-1985/86.

Stages of the crop when Yield Value of additional Cost-benefit
sprayed with chlorothalonil (t ha'!) produce (U.S.$) ratio?
Seedling and early podding 2.52 209.0 1:5
Mid vegetative and early podding 2.102 159.5 1:4
Seedling and late podding 2.25¢ 1159 1:3

1. Average of two seasons.

2. Average of three seasons.

3. At the rate of U.S.50.35 kg! of chickpea seed.

4. Cost of two sprays of chlorothalonil at U.5.§ 38.5 he!.

Source: M.V. Reddy and K.B. Singh (1990).
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reports on identification of lines with field-resistance to
the disease (Table 5) (Rathi et al. 1984; Shukla et al.
1987; Sahu and Sah 1988). However, it appears that the
reactions of the lines depend very much on disease
pressure. Almost all lines that showed resistance to the
disease at Pantnagar (latitude 29°N) in northern India,
where the disease pressure is usually moderate, showed
high susceptibility, when tested at Rampur (latitude
27°N) in Nepal, where the incidence is much higher.
However, several showed some promise at Nepalganj
(latitude 28°N) in Nepal, where compared to Rampur
the disease pressure is moderate. Whether this vari-
ation is also due to different races, or only to environ-
mental factors needs to be investigated. Several seed
dressing and foliar fungicides have been found effec-
tive (Table 6) (Grewal and L.aha 1983; Singh and Bhan
1986a; Singh and Kaur, unpublished), but, the econom-
ics of the use of foliar fungicides for management of the
disease needs to be worked out. Singh and Bhan
(1986b) reported four physiologic races from states in
northern India. Observations made at ICRISAT Center

Table 5. Chickpes lines resistant to gray mold at Ludhi-
ans, Punjab, Indis (1982/83-1988/89).

Average!

Variety disease score?

GL 635
GL 699
GL 907
GL 926
GL 930
GL 84133
GL 84038
GL 84065
GL 84212
GL 86094

ILC 200

ICC 1903
ICC 1905
ICC 4000
ICC 4018
ICC 4065
ICC 4950
ICC 5033

P 1528-1
Cs

Cicer pinnatifidum

i L

—

1. Average of 6 scasons.
2. Scored on a scale of 1-9, where | = free and 9 = killed.

Source: Gurdip Singh, unpublished.

also indicate variability in the pathogen. Field observa-
tions have shown that kabuli types are comparatively
less susceptible than desi types. Also the tall and
compact types suffer less than the traditional bushy and
spreading types.

Gaps in Knowledge and Constraints

Ascochyta Blight

The major gap in our knowledge of the disease is in the
AB epidemiology. The fungus is known to survive in
the seeds and infected debris, and it is also known that
its ability to survive in debris under field conditions is
less than 2 years. No alternative hosts have been found.
The recurrence of the disease in severe form, over
exlensive areas, after gaps of up to 10 years is quite
puzzling, The likelihood of diseased debris or infected
seed serving as sources of inoculation in such cases is
remote. The logical explanation for such epidemics is
that long-distance dispersal of spores has occurred.
Hard evidence for this possibility is lacking. The role
of the teleomorph in the epidemiology of blight in the
Palouse region of USA by long-distance (>8 km) dis-
semination of airbome ascospores has been recently
reported by Kaiser and Muehlbauer (1988). Lack of
information on the nature of pathogenic variability in
A. rabiei is yet another major gap in our knowledge.
The major constraint in the management of AB is the
lack of strong and stable genetic resistance, also in wild
Cicer spp.

Botrytis Gray Mold

The epidemiology of the disease, especially the rela-
tionship between temperature, humidity, and disease
development under field conditions is not understood.
High levels of genetic resistance are not available. The
pathogenic variability in B. cinerea and the distribution
of races needs further investigation. The influence of
sowing date, plant population, irrigation, crop dura-
tion, intercropping, and crop rotation ondisease buildup
is also not fully comprehended.