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Introduction

Chickpea was first cultivated about 5000
years BC. The species originates from the
Mediterranean basin, where it is still widely
grown. But 90 percent of the world chickpea
growing area is now concentrated in Asia.

Along with other grain legume species
(beans, lentil, faba bean), chickpea is a basic
component in the diet of North African and
West Asian countries. Its proteins effectively
substitute those present in food of animal
origin, such as, meat, milk, eggs and cheese.

The history of Italian chickpea cultivation
shows a trend shared by other developed
countries. Once widely cultivated (180,000
ha in the 1920s and 100,000 as late as the
1950s), by 1993 chickpea was grown on only
4000 ha in Italy. This decline resulted from
an increasing consumption of animai instead
of plant protein, and serious problems in
crop mechanization.

Recently, however, a reversal in this trend
has been seen. Diet excesses and high
animal-protein consumption commen to all
developed countries, including Italy, are a
frequent cause of nutritional imbalance and
metabolic troubles. This, along with a better
knowledge of the basic principles of
nutrition, is encouraging many consumers to
re-evaluate plant protein foods (mainly
beans, chickpea and lentil), and reintroduce
them into the everyday diet.

Italian agriculture may benefit from an
expansion of national chickpea cultivation.
Increased internal production could lead to a
replacement of the sizeable quantities (85
percent of national needs) at present
imported from Turkey and Mexico.
Furthermore, due to its low water
requirements, and capacity to fix
atmospheric nitrogen, chickpea is
particularly adapted to farming systems in
central and southern Italy.

During the last 10 years, new chickpea
cultivars have been bred and released in
Italy. Their characteristics helped overcome
most of the problems that had prevented
profitable  chickpea  cultivation  and

production. These include resistance to cold -

stress and parasites (Ascochyta rabiei and
Fusarium oxysporum), which is necessary if

the crop is to be planted in the fall, when it
can use water reserves created in the soil by
fall-winter rain. Germplasm characterized
by an erect habit was also included in
breeding programs, so that harvesting could
be completely mechanized and cultivation
costs lowered. The first two cultivars
possessing such characteristics, Sultano and
Califfo, were officially registered and
released by ENEA (Italian Agency for
Renewable Energy) in 1937. Five more
cultivars are now waiting for official
registration.

The use of modemn cultivars has enabled
increases in chickpea production in Italy of
around 90 percent. Such increments could
only be achieved with the introduction in the
national breeding programs of qualified
germplasm distributed by the International
Center for Agricultural Research in Dry
Areas (ICARDA) of Aleppo, Syria. Italian
scientists from ENEA, the Experimental
Institute for Plant Pathology and the
Experimental Institute for Cereal Culture
have cooperated in such programs with
ICARDA scientists, also with funds from the
cooperation department of the Italian
Ministry for Foreign Affairs. More recently,
the European Union has financed other
chickpea breeding programs carried out by
ENEA and the University of Tuscia in ltaly, in
association with Spanish and British
institutions.

There would not, however, be sufficient
grounds for an expansion of chickpea
consumption in Italy and other developed
countries if research had not highlighted
some basic benefits related to the inclusion
of such legumes in the human diet. The
blood glucose content, for instance, is lower
after a legume-based meal, although it will
remain relatively high levels for longer. It is
therefore possible to avoid both the early
peaks and, later, the deficiencies of glucose,
which are typical of the diabetes syndrome.
For such reasons, chickpeas are among foods
with lower glycemic index, which is a
measure of the glucose absorption.
Furthermore, the inclusion in the diet of dry,
cooked legumes reduces the blood



cholesterol level, thus eliminating or
alleviating some cardio-circulatory
“afflictions.

Further encouragement for an expansion
of chickpea consumption may stem from a
more innovative attitude on the part of the
processing industry—output is currently
confined to canned chickpeas. This could
lead to the introduction of several new
products with high added value, such as,
biscuits, snacks, and pre-cooked flour, so far
marketed only on a pilot scale. To that end, a
first meaningful, cheap opening could be the
production and sale of chickpea flour ready
for cooking. In West Asian countries, it
represents the raw material for the cooking
of a purée-like meal called humus, which is
unanimously appreciated by European
travellers and local people.

vi

- A parallel strategy, more likely to vield

results in a short period of time, may
consist of the identification, development
and large-scale diffusion of a series of
chickpea-based regional dishes. The
organizers of this conference have made an
effort in that direction, by distributing a
chickpea cookbook including West Asian,
Spanish, Italian, biblical and Ancient Roman
recipes, and by offering a chickpea-based
meal.

During this conference, an effort was
made to focus on the issues and problems of
chickpea improvement, cultivation and
marketing, through the contribution of sonle
components instrumental to their solution:
agriculture, agro-industry, and consumer
research.

Domenico Bagnara
Director of INTAGRES



international Genebanks and Crop Improvement
in Developing Countries

G. C. Hawtin

International Plant Genetic Resources Institute (IPGRI), Rome, Italy

For practical crop-improvement purposes,
genepools of interest to plant breeders may be
classified into:

1.  Unrelated taxa that can contribute
simply inherited traits through genctic
engineering, and which are generally best
conserved in situ.

2. Wild crop relatives that are an
important source of specific traits, but which
may require special techniques to transfer them
into the cultivated genecpool. They may be
conserved both in situ and ex sifu.

3. Landraces and farmer varieties that
hybridize readily, but which may also be
associated with undesirable traits. They may be
conserved both on farm and ex situ.

4.  Released modern cultivars, which are
often the gene source preferred by plant
breeders and are generally best conserved ex
Situ.

Ex-situ conservation has the advantage that
the material is readily available to users and
can be well documented. However, it is only
possible to conserve ex situ a relatively smail
proportion of potentially useful genetic
diversity cost effectively, and the conserved
material is unable to continue to evolve under
natural or farmer selection pressure.

An effective ex-sifu conservation program
involves a number of linked activities,
including the taxonomic, spatial and temporal
assessment of genetic diversity, collection,
characterization, evaluation, documentation
and conservation of material, and the
dissemination and exchange of material and
information, Ex-situ conservation is not an end
in itself, but a mechanism for ensuring genctic
diversity is accessible to those who need to use
it, today and in the future.

While the largest number of ex-situ
accessions is maintained worldwide in seed
genebanks, generally under low-temperature
conditions, many species cannot be effectively
conserved in this way. Species which have
recalcitrant sceds (1.c. cannot withstand
desiccation and die in low temperatures), or

which are clonally propagated, have to be
conserved in field genebanks, in-vitro under
slow-growth conditions, or as cryopreserved
tissues.

Many institutions are involved with the
conservation of genctic resources worldwide.
Within countries, these range from local
communities and NGOs to national institutions
such as genetic resources units, breeding
programs, botanical gardens, herbaria,
university departments and private seed and
breeding companics. Many countries are
developing national programs to promote co-
ordination among the various groups.

In an attempt to rationalize and backstop
national efforts, international and regional
research institutes provide a range of services.
These include making their genebank facilities
available to national programs (e.g. for housing
duplicate samples); providing training and
information, and safeguarding and dissemina-
ting the genetic materials held within their
gencbanks.

The Food and Agriculture Organization
(FAO) of the United Nations is organizing an
international network of ex-situ collections in
an attempt to provide an action framework for
plant genetic resources globally. Guidelines
have been prepared, or are under preparation,
for genebank management, including the safe
movement of germplasm. In June 1996, FAO
will host the  International Technical
Conference for Plant Genetic Resources for
Food and Agriculture. It is planned that this
ministerial-level meeting, to be held in Leipzig,
Germany, will adopt a Global Plan of Action
for plant genetic resources, which will contain
a new framework for action, and a set of costed
activities that the international community
considers to be of high priority.

The international policy framework for
plant genetic resources is in a state of flux.
New policies relating to access 1o genetic
resources and the equitable sharing of the
benefits arising from their use are being
discussed in a number of different fora. The



original international instrument covering plant
genetic resources, the International Undertaking
on Plant Genetic Resources, is now being re-
negotiated to bring it in line with the new,
legally binding, Convention on Biological
Diversity. The issue of how to implement
farmers’ nights is aiso under discussion within
the context of the revision of the International
Undertaking. From the very open, essentially
unregulated system of the past, the
Convention’s recognition of national sovereign
rights over genetic resources requires
governments to accept responsibility to
conserve genetic resources, and at the same
time to adopt measures to ensure access to
them on mutually agreed terms, including
provisions for sharing benefits. At the same
time, the Multilateral Trade Agreement
requires that countries adopt measures to
recognize intellectual property on plant
varicties, either through patents or a sui
generis system such as plant breeders’ rights.
It is expected that there will continue to be
considerable debate on these issues before
agreement is reached internationally.

The world's largest international effort to
conserve and use agricultural biodiversity is
being undertaken by the internationa! agricul-
tural research centers of the Consultative
Group on International Agricultural Research
{CGIAR). Of the 16 centers located around the
world, 12 have genebanks that collectively
house germplasm collections comprising a total
of about 500,000 accessions, mainly of major
food crops and their relatives, In 1994, the
centers  signed agreements with FAO
recognizing that these collections are not center
assets but that the cen-ters act as trustees of the
material on behalf of the international
community. By signing the agreements, the 12
centres became the first formal members of the
FAO International Network.

Also in 1994, the CGIAR established the
Systemwide Program on Genetic Resources
(SGRP) to co-ordinate action among the
centres and with national programs and
international organizations outside the system.
The SGRP promotes collaborative research,
training and other activities on both in-situ and

ex-situ conservation. It is sponsoring an in-
depth external review of all its genebank
operations and is establishing the Systemwide
Information Network on Genetic Resources
(SINGER), which will provide access to data
on all the holdings via Internet and through
other electronic means. :

Plant breeders worldwide have traditionally
looked to genebanks as a source of ndvel
genetic variation to use in their cfop
improvement work. As repositories of major
collections, international genebanks hhve
played, and continue to play, a leading role in
the supply of this diversity. Through the
activities of genetic-rcsources programs, the
genetic variation contained within landraces
and farmers’ varicties is being tapped for use in
the development of new varieties.

Whereas modern varicties may be widely
adopted by farmers, especially in the more
favored environments, this is not uniformly the
case throughout the world. The formal plant-
breeding sector may be unable, for technical
and economic reasons, to develop varieties of
crops that are adapted to the often harsh and
highly variable conditions that prevail in the
more marginal environments, which are
widespread in many developing countries. In
order to provide greater support to farmers
living under such conditions, genebanks should
reassess their role. In addition to serving the
needs of formal-sector breeders, genebanks
could provide greater support directly to the
farming communities through such actions! as
providing a safe repository for local landrades,
under conditions that ensure continned access
by local communities; through providing
locally-adapted materials originating in similar
agroecological conditions for direct testing and
selection by farming communities; and thrmlkgh
providing advice and information, both to the
communities themselves and back to the plant
breeders working in the formal sector. In this
way, genebanks could become not just a sysﬁem
for conserving genetic diversity for use [by
present and future plant breeders, but. dlso
significant actors in support of communities’
efforts to develop their own improved crops
and agricultural systems.



Chickpea Breeding in Italy

F. Saccardo', P. Crind*, A. Brunori*and P. Vitale?

' Universita della Tuscia, Dipartimento di Produzione Vegetale, Viterbo, Italy
2ENEA CR Casaccia, Divisione Biotecnologie e Agricoltura, Rome, Traly

Summary

The first Iialian chickpea-breeding program
started in 1982, as a collaborative effort by
ENEA (Italian Agency for Renewable Energy,
Rome), the Experimental Station for Wheat
Culture (Caltagirone, Catania) and the
Experimental Institute for Plant Pathology
(Rome). During the succeeding years, the
activities expanded and were divided into two
projects. One, involving ICARDA
(Interational ~ Center  for  Agricultural
Research in the Dry Areas) and five Italian
rescarch institutions (ICARDA/Italy project
1988-1994), was funded by the Italian
Foreign Ministry. The other, involving Spain,
Italy and England (ENEA/ECLAIR project
AGRE CT 90~0051/1991-1995), was funded
by the European Union. These breeding
programs aimed at developing cultivars and
lines characterized by high-yield potential;
satisfactory cold tolerance; resistance to
Ascochyta rabiei for winter planting; drought
tolerance, and resistance to Fusarium
oxysporum f.sp. ciceri for spring sowing. The
experiments also considered erect plant habit,
which facilitates mechanical harvesting, and
high quality grain.

Germplasm from ICARDA, ICRISAT, and
the Spanish seed company KOIPESOL, as well
as Jralian ecotypes collected by ENEA and by
the Germplasm Institute of Bari, were
evalnated and used.

Two ideotypes suited for winter and
spring sowing, were identified. Further
genetic  variability was generated through
intra- and interspecific hybridizations. The
segregating progenies were grown according
to the pedigree method (ICARDA/Italy project),
and by a modified bulk method (ENEA/ECLAIR
project). In this last case, two generations per
year, one in the southern hemisphere, were
grown. Agronomic assessment of advanced
lines was carried out with replicated ficld
trials at different Italian locations. The

incidence of ascochyta blight and fusarium
wilt on all the genotypes at both the vegetative
and reproductive stages was recorded, either
in the open field or in the greenhouse.
Germplasm accessions and advanced lines
were also tested for cold tolerance by
laboratory and field methodologies.

New lines of chickpea are being
developed  through  the  hybridization
programs, Several interspecific crosses have
also been tried, but fertile offspring werc
obtained only from the combinations Cicer
arietinum x C. reticulatum; C. arietinum x
C. echinospermum, and C. echinospermum x
C. reticulatum. Karyotype studies of Cicer
wild species and hystological investigations
on pollinated flowers were also performed.

In 1990, four cultivars were released:
Sultano and Califfo, adapted to winter sowing
because of their resistance to ascochyta blight
and cold tolerance; and Calia and Principe,
suitable for spring sowing and drought
tolerant. In  particular, Sultano is
characterized by good seed quality for
industrial use, but its small grain size has
reduced its market acceptance. Within the
ICARDA/Ttaly and ENEA/ECLAIR projects, new
selections from ICARDA nurseries produced
the new cultivars Pascia, Otello, Emiro, Visir,
and Ali, which were registered and added to
Italy’s wvariety list. These varieties are
resistant to ascochyta blight, cold tolerant,
and outyicld Sultano and Califfo. Pascid and
Visir have large grains and are potentially
popular with the consumers, while the other
varieties are of interest as animal feed.

Estimates of the economic returns at the
farm and country level from the introduction
of these new chickpea cultivars have been
reported.

Studies are also needed to develop new
chickpea food products through the
application of appropriate  processing
technologies.



Introduction

Chickpea (Cicer arietinum L.) is a grain
legume well adapted to the pedoclimatic
conditions of central and southem Italy, It
represents an alternative to the prevailing
monoculture of durum wheat in these areas,
because of its high nitrogen-fixing capability;
high protein content, and variety of uses as
food and feed. The last 50 years have seen a
drastic reduction in chickpea cultivation in
Italy, from about 140,000 ha to the present
4000 ha (FAO Yearbook 1993). Several
factors have caused this decline, (1) the poor
grain yield (1.1 t/ha; FAO Yearbook 1993} of
the traditional spring-sown ecotypes; (2) the
reduction in consumption of pulses as a result
of changing economic and social standards;
(3) the lack of varieties adapted to the climate
in southern Italy; and (4) the cultivated

pathogens, mainly Ascochyta rabiei (Pass.)
Labr., which cause severe damage to the crop.

Compared to the traditionally spring-sown
material, a significant increase in grain yield
may be achieved by winter sowing (Saxena
1980, 1990). In this case, however, chickpea
is seriously hampered by its high
susceptibility to ascochyta blight (Singh
1993) and poor tolerance to cold (Singh et al.
1993). In many countries where the crop is
traditionally spring-sown, new varieties
adapted to winter sowing have been released
(Singh, 1987; SAT, 1992; ICRISAT, 1994). Thg
productivity of spring-sown chickpeas has
also been improved by breeding for droughit
tolerance (Saxena et al. 1993, Rahangdale ett
al. 1994; Gowda et al. 1995),

Following thc pioneer work of ICARDA
(Singh et al. 1983), chickpea-breeding

material’s  high

susceptibility to

several

Table 1. Italian research programs on chickpea.

programs have been initiated through national

Project title Partners Funding Years
institution
New protein sources Italian Institutions - CNR (IPRA) 1982-1986
Improvement of Italian ENEA; Experimental Institute of ENEA 1982-1987
chickpea crop. Plant Pathology, Rome;
Experimental Station for Wheat
Culture, Caltagirone, Catania
Quantitative and Experimental institutes of Italian  Italian 1987-1993
qualitative improvement Agricultural Ministry; Italian Agriculture
of food legumes (faba universities, CNR; ENEA Ministry
bean, chickpea and
lupin).
Development of chickpea ~ ICARDA,; universities of Viterbo Italian 1988-1994
germplasm with and Naples; ENEA; Experimental Foreign
combined resistance to Institute of Plant Pathology; Ministry
ascochyta blight and Experimental Station for the
fusarium wilt using wild Wheat Culture
and cultivated species.
Development of chickpea ~ KOIPESOL, Semillas, Spain; ENEA, European Union  1991-1995

germplasm, which is
resistant to ascochyta
blight and fusarium wilt,
and is therefore suitable
for winter-sowing in
southern Europe as an
alternative to cereal
grains,

University of Cordoba, Spain;
Centro de Investigagion y
Desarrollo Agrario, Spain;
University of London, UK

(ENEA/ECLAIR
project AGRE CT
90-0051)




and international projects (Table 1), at several

Italian research institutions, with the

objectives of:

e evaluating germplasm and identifying
ideotypes adapted to Italian conditions

e developing new genetic variability
through  intra- and  interspecific
hybridizations as well as mutagenesis and
brotechnological approaches

* releasing new cultivars,

The activities referred to here were carried
out within the ENEA, ICARDA/taly and
ENEA/ECLAIR projects. The ENEA project
aimed at defining the ideotypes adapted to
Italian conditions and at developing the first
Italian varieties of chickpea. The strategy
adopted (fig. 1) was based on the evaluation
of exotic and local germplasm, the
characterization of Italian isolates of A.
rabiei, and the development of agronomic
practices, such as, sowing time and density,
weed control, Rhizobium inoculation, and
rotations. Investigations of the technological
characteristics of the grain have also been
performed to differentiate the genetic material

for human consumption from that suited to
animal feeding,

The ICARDA/Mtaly project used eight wild
annual species of Cicer to develop new
germplasm with combined resistance fo A.
rabiei, F. oxysporum and cold. In addition,
karyotype  analyses and  histological
investigations were conducted to understand
the bases of incompatibility barriers among
the Cicer spp. Studies of the interaction
between A. rabiei and chickpea were also
undertaken to clucidate the mechanisms of
resistance. The relative strategy is described
in fig. 2.

The ENEA/ECLAIR project involved the
identification of wuseful germplasm; the
combination of genetic resources by
intraspecific  hybridizations;  agronomic
assessment of advanced lines, and
development of winter varieties combining
high yield, possibly large grain, and resistance
to A. rabiei. In order to speed up the process
of homozygosis, two generations per year
were run: one in Italy and the other in the
southern hemisphere. The strategy adopted is
described in fig. 3.

1 —

» Evaluation of chickpea world
germplasm collection
¢ ICARDA and local material

drought} stresses
* Identification of ideotypes A. rabiei

* Survey and collection of Italian
isolates of 4. rabiei

in¢cluded * [dentification of Ascochyta ine d Nutritional
» Geographical adaptability trials |~ races and map of their * sc;wntndg a;:a and
e Screening for resistance to biotic prevalence in Italian regions * plan y ensi 3; technological
(A. rabiei) and abiotic {cold, = Development of screening * weed contro evaluation

techniques for resistance to

Development of new
agronomical practices
such as

« fertilization and
inogulation with
Rhizobium, etc,

Agronomic trials

Multilocation agronomic trials

of high-yielding lines

Chickpea varieties

Fig. 1. Chickpea improvement in Italy: strategy adopted by ENEA project (1982~1987)



Intra- and
interspecific
hybridizations

Collection of Italian
isolates of 4. rabiei
and F oxysporum f.sp.

ciceri and study of the
patterns of virulence

Evaluation of
cultivated and -
wild germplasm Mutagenesis
by gamma rays
on seeds
Genetic
variability
Ne—————

Selection for resistance to:
- A. rabiei

- F oxysporum f.sp. ciceri
- cold

Development of lines and
agronomical assessment

Chickpea high-yielding a
gress-resistant varieties

Development of
screening techniques

field, greenhouse and
laboratory

Fig. 2. Chickpea improvement in Italy: strategy adopted by the ICARDA/Italian

Institutions project (1988 =1994)

Germplasm evaluation and
identification of ideotypes adapted
to the ltalian environment

ENEA project

In TItaly, chickpea is almost exclusively
cultivated as an early spring-sown crop
(sowing at the end of February or at the
beginning of March and harvesting in July),
because in this period the temperature starts
rise and the winter rain ceases. Sowing to
chickpea in November or early December
allows the physiological maturity of the plant
to be reached in June/July, after a longer
biological cycle. The plant thus profits from
the moisture accumulated in the winter, which
provides conditions, which favor high yields
(Saxena 1980). In this respect, results
obtained within the ENEA project showed that
(1) chickpea genotypes can survive winter
conditions even when the temperatures fall to
-12°C, (2) winter-sown ascochyta-resistant
materials on average yield twice as much as

the susceptible and spring-sown genotypes;
(3) under Italian conditions, the yicld of
winter-sown chickpea can reach 3 t/ha
(Saccardo and Calcagno 1990; Crind et al.
1992). Furthermore, a large variability for
yield components and diseasc resistance was
observed in a wide collection of native and
forcign germplasm. A total of 2131 entries
were assessed, under both winter and spring
sowing, and at different locations in central
and southern Italy. Germplasm resources
included material from ICARDA and ICRISAT
collections as well as Italian ecotypes.
Twenty-one genotypes were identified as
interesting for central and southerm Italy.
Some of these, characterized by high yield
and erect plant standing, cold tolerance and
resistance to ascochyta blight, were adapted
to winter sowing and corresponded to a
‘winter  ideotype.!  Ascochyta  blight
represented the most serious discase of
winter-sown chickpea (Porta-Puglia and
Crind 1993). |



ENEA advanced lines selected

from a previous breeding program

ICARDA and ICRISAT
trials and nurseries (Tarquinia}

Hybridization program
(Santiago, Chile)

KOIPESOL lines

Evaluation of
Germplasm Collection
(Tarquinia, Italy)

Development of segregating

Ecotypes from different
Italian regions

March-April T

material by a modified bulk
" method (Tarquinia, [taly)
g
a
2
g
Development of segregating
L5 material by a modified bulk
method (Santiago, Chile)

Development of pulse lines
{Targuinia)

Agronomical trials
(Tarquinia, Pesaro, Foggia)

Chickpea winter varieties

Fig. 3. Chickpea improvement in Italy: strategy adopted by the ENEA/ECLAIR AGRE CT 90

0051 project (1991-1995)

However, even in the presence of a
devastating attack of the blight, high levels of
resistance to 4. rabiei were recorded. Italian
ecotypes, analyzed in different locations and
years, were highly susceptible to the blight.

Cold tolerance is also an important
component of adaptation of the crop to
winter-sowing conditions. Cold tolerance was
identified in 27 selections from ICARDA
accessions, after screening winter-sown
material, in localities where, in January and
February, the temperature normally falls
below zero (-10 to -11°C) (Tucci et al. in
these proceedings).

Other genotypes, including some [talian
ecotypes, showed good adaptability to spring
sowing and had all the prerequisites of a
‘spring  ideotype.” Resistance to F
oxysporum f.sp. ciceri and drought tolerance

are important factors for this material. The
spring ideotype presents a semi-prostrate
habit with several lateral branches, a deep
root system and a large number of seeds, all
characteristics  associated with drought
tolerance. Spring-sown chickpeas usually
present a high photo-respiration rate, because
of the high temperatures occurring during
vegetative  growth,  which  negatively
influences the crop vield. Nevertheless, it was
possible to select genotypes adapted to spring
planting, which maintained a high yield
potential and presented distinct traits—like
earliness, a high number of fertile branches in
the basal part of the plant, and a good grain
quality.

The main characteristics of both winter
and spring ideotypes adapted to the Italian
environment are summarized as follows:



Winter Sowing
» Long vegetative cycle: 150-180 days
+ Resistance to A. rabiei
Cold tolerance
Erect plant habit
Apical position of the pods

Spring Sowing

Short vegetative cycle: 100-120 days
Resistance to A. rabiei and F. oxysporum
Drought tolerance

High number of fertile branches in the
basal part of the plant

* Good grain quality

Among the genetic resources evaluated
within the ENEA project, five ICARDA
accessions (ILC 72, ILC 482, ILC 484, ILC
515, and ILC 3279) were selected as
particularly adapted to winter sowing. These
lines present all the agronomic and
physiological  characteristics of  the
corresponding winter ideotype. They are
resistant to A. rabiei and cold tolerant. Under
conditions of ascochyta attack and cold, the
lines ILC 3279 and ILC 72 gave acceptable
yields (> 2 t/ha) and a plant survival rate of
about 70%, which was higher than that
observed for the Italian ecotypes (5-20%).
Two high-yielding Sicilian ecotypes, Calia
and Principe, corresponding to the spring
ideotype, were identified.

Plant progenies were derived from ILC 72,
ILC 3279, Calia and Principe and evaluated
at different sowing dates. ILC 3279
selections, presenting the characters of the
winter ideotype, gave the maximum grain
yield when the sowing was advanced to
December, while selections from Calia, with
the traits of the spring ideotype, expressed the
highest potential when sown in February
(Saccardo and Calcagno 1990), Increasing the
sowing density from 24 to 80 plants/m’
improved seced yield up to a density of 40-45
plants/m®. Furthermore, high plant density of
the tail and erect plant types, typical of ILC
3279, allows them to successfully compete
with weeds. The small, semi-prostrate growth
habit of the plant progenies obtained from the
ecotype Calia, showed an optimal plant
density of 25-30 plants/m® (Saccardo and
Calcagno 1990).

| Development of new genetic

variability

Intraspecific hybridizations
1carDA/taly Project, and ENEA/ECLAIR Project

Annually, beginning in 1983, F; and 'F;
progenies from ICARDA nurseries were grown,
analyzed and selected in central and southémn
Italy for agronomical traits and resistance/to
ascochyta blight and cold tolerance. In both
locations, a high variation for plant heiﬁht
(35-78 cm), plant productivity (6-55 g) and
harvest index (0.32~0.68) was observed
(Saccardo et al. 1987). Some progenies, well
adapted to winter-sowing conditions, proved
to be high yielding and resistant to stresses. A
few advanced F, and Fy, lines, selected for
resistance to 4. rabiei and cold tolerance in
central Italy, and to drought and sometimes to
A. rabiei in southern Ttaly, outyicided the
other experimental lines and controls. The
different yield responses under dry and humid
conditions {as found in Caltagirone and
Foggia in south Italy, and Tarquinia in central
Italy, respectively) emphasizes the availability
of lings adapted to specific environments, A
comparison of the grain yield showed that
lines identified in Tarquinia realized their high
productivity potential only in central Italy,
where the selection was done, whereas the -
lines selected under the dry conditions of
southern Italy, in particular C 145, C 149 and
C 153, reacted well also to the humid
conditions of Tarquinia (fig. 4). Within the
ENEA/ECLAIR project, new genetic resources
were acquired to widen the ENEA germplasm
collection. The new cycle of selection
confirmed the validity of ICARDA lines ILC
3279 and ILC 72, and allowed the
identification of new lines, like 27117-6, FLIP
84-92C and ICC 3996, as sources |of
resistance to ascochyta blight in several cross-
combinations. Moreover lines were identified
for the character large grain, which| is
particularly requested for direct hunhan
consumption as well as for agro-industry
several genotypes have also been identified
among Italian ecotypes and ICARDA screening
nurseries and have been used as parents in fthe
hybridization programs. !
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Fig. 4. Grain yield of chickpea lines selected under humid (Tarquinia, central Italy) and dry
(Caltagirone and Foggia, southern Italy) conditions and agronomically assessed in both
environments (T = Tarquinia; CF = Caltagirone and Foggia)

Among 208 Italian ecotypes evaluated,
those coming from the regions of Marche and
Abruzzo showed the highest grain yield and,
together with the Sicilian ecotypes, revealed
also the largest grain weight (100-seed weight
> 50 g). Only four ecotypes survived a severe
attack of ascochta blight in Pesaro during
1991-92,

A total of 203 cross-combinations were
accomplished using parents resistant to
ascochyta blight and others presenting
interesting  agronomical traits (Table 2).
Particular care was taken to combine
ascochyta resistance and large seed. In
planning  the  hybndization  program,
advantage has also been taken of the large-
seeded lines provided by KOIPESOL. Breeding

material was handled according to a modified
bulk in which, in each generation, seeds from
the most promising plants were utilized to
make the new bulk. Two generations per year
were grown: ong in Chile, where climatic
conditions are not favorable to the
development of A. rabiei, and the second in
Italy, under late spring sowing.

Seed generation, number of bulks and
selections of individual plant progenies
harvested at the end of the ENEA/ECLAIR
project are given in Table 3. Because of the
two generations per year, Fs and F; progenies
originated  from  the  hybridizations
accomplished in 1991/92 and 1992/93, were
raised and F_ and F, seeds were harvested.

Table 2. Breeding objectives and successful cross-combinations accomplished during the four

years of ENEA/ECLAIR project.

Objectives Cross-combinations

1991/92 1992/93 1993/94 1994/95 Total
Resistance to both ascochyta blight and fusarium wilt 2 0 0 ] 2
Large seed, resistance to ascochyta blight and erect plant 1 19 4 10 45
architecture
High yield and resistance to ascochyta blight 41 14 9 14 78
New genetic potential for large seed 8 47 13 0 73
Combining genetic sources of resistance to ascochyta 0 5 0 it 5
blight
Total 63 85 31 24 203




Table 3. Chickpea breeding material obtained within ENEA/ECLAIR PROJECT AGRE CT 90~
0051,

Seed generation  Provenance Bulks Plant-progenies
(No.) (No.)
F: ENEA hybridizations 10 -
F, ENEA hybridizations 27 -
Fs ICARDA nursery CIF4N-SL-95 - 7
Fs ICARDA nurserigs CIFAN-MR-94 - 21 :
and CISN-LA-95 - 21
ENEA hybridizations 66 -
Fs ICARDA nursery CTYT-LA-95 - 5
ENEA hybridizations 57 - ;
- 1,200 i
F, ENEA hybridizations - 6
Total 160 1,260
E 932 . E 93-2¢
E¢AR 1941 7% 1CC 3886 (CM 1575x 27117-8 x CSS 15/8
30 4 3 4
g2 - £ 1
2 2
g g
woqg 10
0 A 0
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!

Fig. 5. Frequency distributions of 100 seed weight in some Fg bulks harvested during 1994/95

within ENEA/ECLAIR project AGRE CT 90-0051
(parents with 100-seed weight > 45 g are underlined)
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Table 4. Reaction to ascochyta blight, fusarium wilt and cold in wild accessions of annual Cicer

spp. (ICARDA/Italy project).

No. accessions

Cicer sp. A. rabiei F. oxysporum Cold Accesstons with resistance
R S R S R S to multiple stresses’
C. reticulatum 3 16 7 16 7 12 ILWC 21-21, ILWC 2131
C. echinospermum 2 2 1 0 0 -
C. bifugum 5 12 22 1 5 9 ILWC 7/7-12, ILWC 8/8-3
ILWC 34/8-1
C. judaicum 16 2 9 16 2 28 -
C. pinnatifidum 8 12 5 20 1 21 -
C. yamashitae 0 0 0 2 0 1 -
=resistant, =susceptible ¥2 to at least stresses

The analysis of the average seed weight of
F., Fs and F; bulks, harvested in Tarquinia in
1995, indicated that progenies with large
seeds (> 43 g) have been obtained. An
example of the variability observed for seed
weight, within individual bulks, is given
fig. 5, where 100 seed weights as small as
20-25 g and higher than 60 g are present.
These bulks have been derived from cross-
combinations involving parents resistant to A.
rabiei (ICC 3996, 27117-6, 86-37/2, FLIP
84-92C) and donors of large grain. The
resistance to ascochyta blight of the large-
seeded progenies remains to be tested.

Interspecific hybridization

ICARDA/Ttaly praject

By artificial inoculations with A. rabiei and
F. oxysporum f.sp. ciceri as well as by cold
treatment, new sources of resistance/tolerance
were identified in C. reficulatum, C.
Judaicum, C. bijugum, and C. pinnatifidum.
Two accessions of C. reticulatum and three of
C. bijugum also revealed resistance to

multiple stresses, at least to A. rabiei and cold
(Table 4). Some accessions of these species
showed levels of resistance to ascochyta
blight higher than those identified in the
cultigen (Crind et al. in these proceedings).
Haware et al. (1992) and Kaiser et al. (1994)
obtained similar results.

Screenings for resistance were performed
in both greenhouse and field using Italian
isolates of A. rabiei and F. oxysporum fsp.
ciceri. New screening techniques for
resistance to ascochyta blight and fusarium
wilt (Crind et al. in these proceedings) and for
tolerance to cold (Tucci et al. in these
proceedings) were developed. Karyotype
relationship among Cicer spp. were
established by computerized image analysis
(Venora et al. 1991). The eight wild annual
speciecs were divided into two non-
intercrossable groups: one comprising C.
arietinum, C.  reticulatum, and C.
echinospermum, and the other involving the
remaining five species (Ocampo et al. 1992).

To combine resistance to different stresses

Table 5. Interspecific hybridizations performed among C. arietinum and wild annual species of

Cicer (ICARDA/Italy project).

Cross combination Pollinations Seeds obtained Hybrid plants
C. arietinum x C. reticulatum 160 50 22
C. reticulatum x C. arietinum 56 6 3
C. arietinum x C. echinospermum 130 43 23
C. echinospermum x C. arietinum 45 6 2
C. arietinum x C. bijugum 560 0 0
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in the same genetic background of C.
arietinum, several interspecific hybridizations

were attempted (Table 5) but fertile offspring

were obtained only from the cross-
combinations C. arietinum x C. reticulatum,
C. arietinum x C. echinospermum and
reciprocals (Singh and Ocampo 1993;
Mosconi et al. 1995), confirming the findings
of karyotype analyses,

Post-zygotic  incompatibility  barriers
between C. arietinum and C. bijugum have
been observed by fluorimetric (Bergamini and
Mulceh; 1987) and histological analyses of
pollinated flowers. Foreign pollen, germinated
on the stigma, grew down the style and
reached the owvule. The hybrid embryos
collapsed 6-8 days after fertilization
{Mosconi et al. 1995).

Twenty-four and 48 fertilized ovaries from
the cross-combinations C. arietinum x C.
bijugum and C. arietinum x C. judaicum
were cultured in vitro on the medium
proposed by Agnihotri (1993). After 30 days
of culture, the ovaries developed. This
indicated that in-vitro culture may represent a
promising technique to overcome
incompatibility barriers among Cicer species
{Mosconi et al. 1995).

The crosses C. arietinum x C. reticulatum
were performed to transfer cold tolerance into
the cultigen, and F; and F. progenies have
already been obtained.

Mutagenesis and biotechnological approach
(TCARDA/Italy project)

In order to induce sources of resistance
against particularly aggressive Italian isolates
of A. rabiei (Porta-Puglia et al. in these
proceedings), dry seeds of the susceptible
cultivar Calia were irradiated with 200 Gy of

gamma rays. In M, the appearance of

chlorophyll (albina, xantha, chlorina) and

morphological mutants confirmed  the
effectiveness of gamma irradiation.
A total of 25,000 M. plants were

artificially inoculated at the plantlet stage in
the greenhouse. Repeated cycles of artificial
inoculation were applied on Ms-M;. Eighteen
M; progenies could be selected because they
showed mild disease severity (Saccardo et al.
1993). After a further inoculation performed
in the greenhouse with 5x10° spores/ml
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spraved on M; adult plants (podding stage),
two of these progenies showed resistance to
ascochyta blight at both the plantlet and the
podding stages.

As for other grain  legumes,
biotechnological methods seem promising
(Udupa et al. 1993; Barn and Wakhlu 1994;
Eapen and George 1994; Suhasini et al. 1994;
Sharma et al. 1995) and arc being used for
genetic transformation (Islam et al 1994,
Chowrira et al. 1995). In vitro regeneration
from mature embryos has been induced by
thidiazuron. This technique has been applied
in genetic transformation experiments with
encouraging preliminary results (Mosconi et
al. 1995, Santangelo et al. in thesé
proceedings).

Release of New Varieties

ENEA Project

After five years of agronomic assessment and
evaluation of ascochyta resistance and cold
tolerance of chickpea germplasm under
winter-sowing conditions in central and
southern Italy, ILC 3279 (from the former
USSR} and ILC 72 (from Spain) were
selected as high yielding, cold tolerant, and
ascochyta-resistant genotypes. The best plant
progeny among those raised from these
genotypes, was submitted to the official trials
of the Ttalian Ministry for Agriculture, Food
and Forest Resources and, in 1990, Sultano,
from ILC 3279, and Califfo, from ILC 72,
were jointly released by ENEA and the
Experimental Station for Wheat Culture.
Because of their encouraging yield levels, the
good degree of resistance to ascochyta blight,
and their adaptability to mechanical
harvesting, these varictiecs are the first
contribution to the improvement of chickpea
in Italy (Calcagno et al. 1988; Crind et al.
1992, Saccardo and Crind 1993). The yield of
Sultano and Califfo is not reduced by
ascochyta attacks, even in the presence
high disease severity. The varieties Princii
and Calia, susceptible to A. rabiet and cold
and therefore recommended for spring
sowing, were obtained as plant selccti::r:j
from the homonymous Sicilian ecotypes
released in 1990, The origin and the
characteristics of the four varieties are
summarized in Tables 6 and 7. ;



Table 6. Origin of ascochyta-resistant varieties of chickpea released or requested for release in
Italy.

Varictics ICARDA line Origin of Pedigree No. of
of provenance the germplasm patent
Sultano ILC 3279 ex-USSR - _ TONV/93
Califfo ILC 72 Spain - 69 NV/93
Principe - Ttaly Sicilian ecotype 71 NV/93
Calia - Italy Sicilian ecotype 68 NV/93
Pascia' FLIP 86-5C ICARDA CIYT-L  ILC 202 x ILC 3355 -
Otello' FLIP 86-21C ICARDA CIABN  ILC 136 x (ILC 202 x ILC 893) -
Visir! FLIP 83-1C ICARDA CIABN (ILC 480 x ILC 72) x ILC 263 -
Al ILC 6188 USSR -

Emiro! cross no. X81 TH85 ICARDA CIF3N ILC 72 x ILC 191 -

Mnseription to the National Variety List requested by ENEa

 Inscription to the National Variety List requested by University of Naples
CI1YT-L: Chickpea International Yield Trial - Large Seed

c1aBN: Chickpea International Ascochyta Blight Nursery

ICARDA/Italy project the occurrence of different mechanisms of
The varicties Visir and Al were obtained cold tolerance in both varicties. Ali survives
through selection, by the pedigree method, cold only if subjected to an acclimatization
within the ICARDA accessions FLIP 83-7C period of 15 days at +2°C; Visir shows cold
and ILC 6188. Selection was applied for tolerance without this pre-treatment. The level
resistance to ascochyta blight and tolerance to of cold tolerance of Visir is similar to that
cold in diffcrent Italian localities and years. observed for cultivar Sultano (Tucci et al. in
Cold tolerance of Visir and All was also these proceedings). The grain yield of both
maintained in the field when the temperatures varieties, in various environments and years,
fell below zero (Tucci et al in these is not too different from that recorded for the
proceedings). Laboratory tests demonstrated control  variety  Sultano (+3% +13%).

Table 7. Main traits of Italian chickpea varieties released or requested for release (averages of
four year agronomical trials in three localities).

Variety Plant Plants
Sowing height  Plant habit Reaction to survived o Grain 10Q-seed Seed type
time {cm) A. rabiei coldinthe  yield (t/ha)  weight
ficld* (%) ()

ENEA and Stazione Sperimentale di Granicoltura per la Sicilia

Sultano Winter 75 Erect Resistant 8¢ 3.0 36 Light, smooth
Califfo Winter 70 Erect Resistant N.D. 3.1 37 Light, smooth
Principe Spring 52 Semi-prostrate Susceptible 40 1.6 51 Light, rough
Calia Spring 50 Semi-prosirate Susceptible N.D. 1.7 37 Light, smooth
ENEA

Pascii Winter 65 Semi-erect Resistant N.D. 2.8 58 Light, rough
Mello Winter 56 Erect Resistant N.D. 35 32 Black, smooth
Emmiro Winter 63 Erect Resistant N.D. 39 33 Light, rough

Unjversity of Naples
Visir Winter 60 Semi-erect Resistant 90 31 52 Light, rough
Ali Winter 50 Erect Resistant 70 34 36 Light, smaoth

N.D.=not determined
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However, a remarkable improvement of yield
(+94%) was observed for the large-seeded
(100-seed weight: 52 g) and ascochyta
resistant  Visir, in comparison to the
ascochyta-susceptible and  large-seeded
cultivar Principe. The origin and agronomic

performances of both varieties are reported in

Tables 6 and 7.

ENEA/ECLAIR Project

A wide variation in yield performance has
been observed among experimental lines
agronomicaly assessed in different localities
{Tarquinia, Pesaro and Foggia). The highest
expressions of grain yield were associated
with relatively small grains even though,
compared to the high-yielding check varieties
Sultano and Califfo (100-seed weight: 36-37
g), several lines were more productive and
presented a 100-seed weight higher than 45 g,
Some of these high-yielding lines proved to
possess a broad adaptation in different
environments and years.

A line selected within the ICARDA cross-
combination ILC 202 x ILC 3355, and
submitted for registration in January 1995,
presented large grain (100 seed weight: 58 g)
and good resistance to ascochyta blight
together with an interesting vield potential
similar to cultivar Sultano (-7%). This line is
being registered as winter variety Pascia.
Compared to the large-seeded variety Principe
(100-secd weight: 51 g), Pascia represents a
real breakthrough (yield +75%) because
cultivar Principe is particularly susceptible to
ascochyta blight, which prevents its
cultivation under winter sowing. A second
hne, selected from the ICARDA cross-
combination ILC 136 x (ILC 202 x ILC 893),
was also submitted for registration in January
1995 and named Otello. This variety,
characterized by high yield (+15% with
respect to cultivar Sultano), good ascochyta
resistance, relatively small and black grain,
was developed as suitable for the feed
industry. Otello is particularly adapted to
southern Italy because it can be cultivated
early.

A further line has been identified through
many years of agronomic assessment.

Compared to the cultivars Sultano and

Califfo, it has a higher yield potential (+30%
in respect to cultivar Sultano) and a
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somewhat higher resistance to A rabiei,
Because of its small grain, it is particularly
suited for animal feed. This line has been
obtained from an ICARDA CIF3SN and in
January 1996 it was submitted for registration
to the National List of Italian Ministry for
Agriculture, Food and Forest Resources as &
new variety named Emiro. The origin and
characteristics of the new Italian varieties are
reported in Tables 6 and 7.
Conclusions and Perspective |
The existence of an Italian interdjsciplinai
group working since 1982 on chickpea h
allowed the development of seven winter and
two spring varieties, which could permit
increase in the area devoted to this crop)|
particularly if the traditional spring-sown
materials are replaced by the new winter
varicties. The new varieties, which are
resistant to ascochyta blight and cold tolerant,
have shown a yield potential higher than 2.5
t/ha, compared to the national average of 1.1
t/ha (FAO Year Book, 1993). The new
varieties; the small grained Otello, AR, Emiro,
and the large-seeded Pascid and Visir,
represent a real alternative to the cultivation
of durum wheat in rainfed areas of central
and southern Italy. In particular, the large
grain of Pascia and Visir, by meecting the
tastes of Italian consumers, might in a few
years, replace the import of large-grained
chickpea. Current Italian chickpea production
only accounts for 15% of national
consumption, the rest (22,391 t; FAO data
1993) comes from imports of large-seeded
varieties, mainly from Turkey and Mexico.

Although the winter-sown varieties allow
the doubling of grain yield compared to the
spring-sown material, the latter might
continue to be the only possible source for
chickpea cultivation in some localities.

By intra- and interspecific hybridizations,
a wide and new genetic variability for use ip
breeding programs has been obtained.
Interesting sources of resistance to 4. rabie,
F. oxysporum f.sp. ciceri and cold tolerancs,
sometimes combined in the same genotype for
at least two stresses, have been found ih
accessions of wild Cicer ssp. The existence of
particularly aggressive Italian isolates of A.
rabiei emphasizes the need for the sources of
resistance present in the wild species to be



transferred ito C. arietinum, if
incompatibility barriers can be overcome. The
preliminary results of in-vifro regeneration
and genetic transformation of chickpea open
the possibility to transfer exogenous gencs
into the cultivated material.

Although in the last 15 years relevant
results have been achieved in the development
of genetic material that is cold tolerant and
resistant to ascochyta blight, new efforts have
to be devoted to developing methodologies for
a thorough characterization of pathogen races
with respect to all the traits of agronomic
importance.  Interdisciplinary  approaches
should also be strengthened in order to release
cultivars capable of coping with biotic and
abiotic stresses.

Demonstration  activities are to be
promoted to show farmers the potential of the
new chickpea varieties and innovative
agronomuc practices including the
introduction of chickpea in rotations with
cereals. It is also important to encourage, by
offering some incentives, the industries of
central and southern Italy to use chickpea
grain not only for human consumption but
also for animal feed. Yield stability still
remains one of the most important goals to be
rcached by chickpea breeding and agronomic
research.

Estimates of economic return at farm and
country level from the cultivation of newly-
released chickpea cultivars

Farm value

The area under chickpea cultivation in central
and southern Italy roughly overlaps that of
durum wheat and other cercals. In rotations,

chickpea’s place i1s before or after cereals,
which also represent the standard of reference
when measuring crop competitiveness.

The comparative gross and net incomes
from cultivation of durum wheat and modern
and traditional chickpea varieties,
respectively, are reported in Table 8.

To the extent that the above assumptions
about productivity and prices will be true in the
future, the introduction of modern chickpea
cultivars in the agricutture of southern Italy may
be regarded as a valid rotation alternative to
durum wheat.

Country value
As reported in Table 9, Italian chickpea
production only accounts for 15.3% of the
country’s necds, the rest being covered by
imports, mainly from Turkey and Mexico.
Under the theoretical assumption of a
complete teplacement of imports by national
production, and barring any increase in domestic
consumption or export, chickpea cultivation
could spread over a maximum of 10,480 ha, as
shown in Table 10. The replacement of
traditional chickpea varieties with the newly
varieties will bring economic benefits to Italian
agriculture. Only in this case, the income might
reach 15.7 billion ITL, or 10 million USD per
year, as shown in Table 11.
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Table 8, Comparative gross and net farm incomes from chickpea and durum wheat cultivation.

Crop Average Price EU Gross Costs Net income
yield (ITL/t Subsidy income (ITLA (ITLA
(t/ha) x 1000)  (ITL/ha (ITLA x 1000) x 1000}
x 1000} x 1000)

Durum wheat 45 350 1,300 2,875 1,200 1,675

Chickpea (modern 2.5 1,000 0 2,500 900* 1,600

cultivars)

Chickpea 1.0 1,000 0 1,000 900* 100

(traditional cultivars)

*No utilization of herbicides or nitrogen fertilizers

15



Table 9. Quantities and values of chickpea production and trading in Italy (1994),

Type Quantity Value Quantity

{t x 1000) (ECU x 1000) percent of total
National production 4.0 (1,505)! ' 153
Import 222 10,574 84.7
(Turkey, Mexico)
Total 26.2 (12,479)*
Export - -

Price/t = 12,479,000 ECU/26,200 t = 476,3 ECU/t = 1,024,045 ITL/t (2,150 ITL/ECU) *estimateh

Table 10, Chickpea acreage to be grown to meet the national demand.

National demand 26,200t
Productivity of newly-bred chickpea varieties ' 25tha
Acreage needed to meet the demand 26,200/2.5=10,480 ha

Table 11. Potential country return from the introduction of new chickpea cultivars, assuming
that the national demand may be entirely met by national production.

Potential chickpea national average 10,480 ha

Net income increase from newly-bred over traditional chickpea 1,500,000 ITL/ha
varieties (ITL)

Value of increase in production: ha 10,480 x 1,500,000 ITL/ha 15,720,000,000 ITL

or about 15.7 billions ITL/y
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ICARDA-Italy Cooperation in the Development
of Chickpea Cultivars

K B. Singh and M.C. Saxena

International Center for Agricultural Research in the Dry Areas (ICARDA), Aleppo, Syria

Summary

The collaboration between ICARDA and Italian
chickpea-breeding programs has resulted in the
development of improved germplasm adapted to
Italian  chickpea-growing conditions and
permitting the adoption of winter-chickpea
technology. Another area in which Italy and
ICARDA have made good progress is in the
exploitation of wild species for chickpea
improvement. Wild specics are a valuable gene
pool for resistance to several biotic and abiotic
stresses. There is an indication that chickpea
yield can be increased through the introgression
of genes from wild relatives. These findings have
great significance in further improvement of
chickpea in the region.

Introduction

The genus Cicer belongs to the family
Leguminoseas, subfamily Papilionaceae and
tribe Cicereae. It comprises 43 species: 9
annuals, 33 perennials and one unspecified. The
annuat Cicer species are distnbuted from
Turkey to central Asia, and in scattered pockets
in Ethiopia, Sudan and Egypt. The cultigen is
distributed from the Mediterranean basin to
Myanmar, Australia, Ethiopia, Mexico, Chile,
and the cooler parts of the tropics at elevations
ranging from sea level up to 2400 m.

Chickpea (C. arietinum L.) is grown on 10.3
million hectares with a production of 7.0 million
tonnes (FAO 1994). It occupies 15.1% of the
world area devoted to pulses, providing 12.1%
of the global pulse production. The world
average vield of chickpea is low (about 0.7 tha).
Although important in the past, chickpea is
presently a minor crop in Italy, producing only
4000 tonnes during 1994. The interest in
promoting this ancient crop in Italy has,
however, been increasing.

ICARDA has been associated with the Ttalian
chickpea-improvement program for nearly a
decade as several Italian institutions have
participated in ICARDA’s International Legume
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Testing Network. The conference entitled La
Coltura Del Cece in Italia organized by the
Ente per le Nuove Tecnologie, I'Energia ¢
I'Ambiente (ENEA), documented some of this
collaboration (Crind 1987). In 1990, Italy and
ICARDA co-organized an international conference
on Breeding for stress tolerance in cool-season
food legumes and the proceedings were
published (Singh and Saxena 1993). Our
association with the Italian program has been
mainly in the field of exploiting wild species.
Here we will focus on this aspect and on varietal
development.

Objectives of ICARDA’s Chickpea

Improvement Program

The overall goal of ICARDA’s chickpea-

improvement program is to increase and

stabilize kabuli-chickpea production in the
world, through collaborative research with
national programs on the development of
germplasm and production technology.

The immediate objectives of this program are
to:

o enhance the level of resistance to ascochyta
blight and cold.

s develop large-seeded and/or early maturing
lines with resistance to ascochyta blight and
high yields.

o develop lines with multiple resistance,
especially to ascochyta blight, cold and
fusarium wilt, and early maturing lines with
resistance to soil-bome diseases.

¢ assist NARS to introduce winter sowing on a
large scale.

In the long run we also aim to:

¢ upgrade the genetic vield potential through
interspecific hybridization and increased
biomass and harvest index;

o exploit wild species for the transfer of genes
for resistance to biotic and abiotic stresses;



* prolong the reproductive phase through
introduction of early flowering and podding
at low temperature.

To achieve these objectives, a vigorous
breeding program has been under way at
ICARDA and diverse breeding material has been
developed ranging from early segregating
populations to genetically-fixed elite lines.

Distribution of international nursery
Using this material, the ICARDA-ICRISAT joint
Kabuli Chickpea Project has been distributing
16 types of nursery (five yield, five screening,
two segregating, and four stress). For the
1995/06 season, 403 sets of nurseries have been
distributed to 100 collaborators in 46 countries
(Fig. 1). This has helped strengthen NARS
chickpea improvement programs. To date, 69
cultivars have been released in 21 countries
(Table 1), and some of the best sources of
resistance to various stresses have become
available to NARS for use in their breeding
programs (Table 2).

The cooperators in Italy have regularly
received chickpea nurseries from ICARDA as per
their needs. For the 1995/96 season, nine sets of
nurseries were distributed to five cooperators.
This collaboration has resulted in the release of
chickpea cultivars in Italy. Our Italian
colleagues have also identified good sources of

Screening
22%

Yield
3%

resistance to various stresses in the ICARDA
germplasm for use in their breeding programs.

Introduction of winter sowing of

chickpea in the Mediterranean region
Chickpea is traditionally grown as a spring-sown
crop in the Mediterranean region. Experiments
conducted at ICARDA have shown that winterr
sown chickpea produces 50-100% greater see&l
yield compared with spring-sown chickpea (Fig,.
2). Increased yields are primarily from better use
of available soil moisture and favorable
temperatures during the winter and early spring
growing scason. Ascochyta blight, the most
devastating disease of chickpea worldwide, is
especially prevalent and severe in winter-sown
chickpea crops. We have therefore developed
cold- and ascochyta-blight-resistant cultivars
and passed them to national programs in the
region, which have released cultivars suitable for
their own conditions from this material. There is
no authoritative estimate of the area currently
sown to winter chickpea, but there are
indications that the area has been increasing. It is

‘expected that winter chickpea will eventually be

grown on over two million hectares, providing
an additional income of over US$ 500 million
annually.

This technology has also been of interest ttb
Ttaly (details are given elsewhere). i

Segregating
9%

Stress
38%

Fig. 1. Distribution of 1995 chickpea nursery
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Table 1. Kabuli-chickpea cultivars developed at ICARDA and released by nationai programs.

Country Cultivar(s)

Algeria ILC 482, ILC 3279, FLIP 84-79C, FLIP 84-92C

China ILC 202, ILC 411, FLIP 81-71C, FLIP 81-40C

Cyprus Yialousa, Kyrenia

Egvpt ILC 195

France TS1009, TS1502, Roye Rene

Iran ILC 482, ILC 3279, FLIP 8448C

Irag ILC 482, ILC 3279

Italy Califfo, Sultano, Pascia, Otello

Jordan Jubeiha 2, Jubeiha 3

Lebanon Janta 2, FLIP 85-5C

Libya 1ILC 484

Morocco ILC 195, ILC 482, Douyet, Rizki, Farihane, Moubarak, Zahor
Oman TLC 237, FLIP §7-45C, FLIP 89-130C

Pakistan Noor 91

Portugal Elmo, Elvar

Spain Fardan, Zegri, Almena, Alcazaba, Atalaya, Athenas, Bagda, Kairo
Sudan Shendi, Jeb el Mara 1

Syria Ghab 1, Ghab 2, Ghab 3

Tunisia Chetoui, Kassab, Amdoun 1, FLIP 84-79C, FLIP 84-92C
Turkey ILC 195, Guney Sarisi 482, Damla 89, Aziziye, Akcin, Aydin 92, Menemen 92, Izmir 92
USA Sanford, Dwelley

Table 2. Chickpea germplasm resistant to five biotic and two abiotic stresses developed at ICARDA,
Syria and released to researchers for use in breeding programs.

Stress Source of resistance

Ascochyta blight ILC 200, TLC 6482, 1CC 4475, ICC 6328, ICC 12004, FLIP 90-98C,
FLIP 91-2C, FLIP 91-18C, FLIP 91-22C FLIP 91-24C, FLIP 91-46C,
FLIP 91-50C, FLIP 91-54C

Fusarium wilt ILC 267, 1ILC 1278, ILC 1300, FLIP 86-93C, FLIP 87-33C, FLIP 87-38C
Leaf miner ILC 3800, ILC 5901, ILC 7738

Seed beetle ILWC 39, ILWC 181

Cyst nematode ILWC 292

Cold ILC 8262, ILC 8617

Drought FLIP 87-59C
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Evaluation of wild species for
agronomic and morphological
characters

Wild species have been exploited for the transfer
of useful genes in most major crops, but little
has been done to improve chickpea. Therefore,
228 accessions of eight annual wild Cicer
species plus 20 kabuli chickpea lines were
evaluated for 23 vegetative, flower, fruit and
seed descriptors at ICARDA, Syria, during
1993/94 to identify useful variations (Table 3).
Large differences between the cultivated and the
annual wild taxa were found, suggesting that
many traits underwent major changes during the
domestication of C. arietinum. Qverall, the

Table 3. Annual wild cicer species germplasm evaluated at ICARDA, Syria, 1993/94,

annual wild Cicer species were of no advantage
for direct genetic improvement of agronomic
traits in chickpea. Nevertheless, interesting
variability was found for a few descriptors: wide
leaflets in C. chorassanicum;, many branches in
C. bijjugum and C. reticulatum, and early
flowering in C. judaicum. This variability in the
annual wild Cicer taxa might be useful in distant
hybridization to produce positive transgressive
segregants. Because of this potential benefit, a
major collaborative research program on
exploiting wild Cicer spp. was developed by
ICARDA and several Italian institutions with
financial support from the Italian Government, -

Cicer sp.
Origin ari ret ech Jud pin bij cho yam cun |
Afghanistan 4 2 5 3 4
Ethiopia 2 2 1 4
Jordan 33 8
Lebanon 1 17 1
Palestine 2 9 5
Syria 7 22 8 4
Turkey 1 51 11 7 34 33
Total 20 51 11 67 49 37 5 7 4
1 ari= arietinum (check), ret = reticulatum; ech = echinospermum; jud = judaicunt, pin = pinnatificunt,

bij = bifugum, cho = chorassanicum, yam = yamashitae; cun = cuneatum.

Source; Robertson et al, (1995),
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Fig. 3. Symmetry indices in annual Cicer species

Karyotype analysis in Cicer

In this collaborative program, detailed karyotype
analysis of eight annual Cicer species, namely
C. arietimum, C. bijugum, C. cuneatum, C.
echinospermuy, C. judaicum, C. pinnatifidum,
C. reticulatum and C. yamashitae, was carried
out using the new computerized image-analysis
system. The number of chromosomes in all the
species was found to be 2n = 16, Based on the
karyotype analysis, the eight species were sorted
into two genes pools. C. arietinum, C.
reticulatum and C. echinospermum (group ong)
and the remaining five species (group two)
(Fig.3). It is expected that interspecific
hybridization will be easier within each group
than between the groups.
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Isozyme analysis of wild cicer
species

ICARDA undertook a study to examine genetic
variation within and between annual Cicer
species, The nine species formed four
phylogenetic groups based on genetic distance.
The first group comprised C. arietinum, C.
reticulatum and C. echinospermunt; the second
C. bijugum, C. pinnatifidum and C. judaicum,
the third C. chorassanicum and C. yamashitae,
and the fourth group consisted of one species
only, C. cuneatum (Fig. 4). Genetic distance
data supported a closer relationship of the
cultigen to C  reficulatum than to C.
echinospermum,
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Fig. 4. Dendogram of relationships among annual Cicer species (Source: Labdi et al. 1995)

Screening wild Cicer species for
resistance to fusarium wilt

Wilt caused by Fusarium oxysporum f. sp.
ciceri, is a widespread soil-borne disease of
chickpea. In an attempt to identify new sources
of resistance to wilt, 102 accessions of six wild
annual Cicer species were evaluated in the
greenhouse at the Institute of Plant Pathology,
Rome. The isolate used in this experiment was

from central Ttaly. All accessions of C
pinnatifidum and C. reticulatum of C. bijugum
and some of C. echinospermum, C. judaicum
highly-resistant reaction to wilt showed (Table
4). Both accessions of C. yamashitae were
susceptible. This evaluation has helped to
identify new and diverse sources of resistance to
wilt for use in chickpea breeding.

Table 4. Reaction of wild Cicer species accessions to Fusarium oxysporum f.sp. ciceri (solate No,

526 II). !
Cicer species Number of Accessions with disease score * '
accessions
0 >0-1 >1-2 >2-3 >3-4 |
C. bijugum 23 14 8 - -
C. echinospermum 4 - 1 2 1 -
C. judaicum 25 1 3 i0 6 -
C. pinnatifidum 25 - 5 10 10 -
C. reticulatum 23 2 5 7 o -
C. yamashite 2 - - - -
C. arietinum® 1 - - - - 1

50%; 3 = 51-75%; 4 = 76-100%.
® 'FLIP 85-88C'
Source: Infantino et al. (1995).

Assessed on a (-4 scale aocordlng to the percentage of wilting of plant canopy, 0 = 0%; 1 = 1-25%; 2 = 26~



Effect of culture filtrate of Ascochyta
rabiei on chickpea genotypes
Ascochyta blight caused by Ascochyta rabiei
{Pass.) Lab. is the major disease of chickpea in
the Mediterranean basin  including Italy.
Resistant cultivars are the best way to control
the disease. To accelerate cultivar development,
a screening technique capable of evaluating
germplasm for resistance to ascochyta blight in a
short period was needed. In an atiempt to
develop such a technique, crude culture filtrate
of A. rabiei, which induces phytotoxicity on
chickpea cuttings, inhibits root elongation from
the germinating seeds, and causes electrolyte
leakage was tried. The reaction caused by
culture filtrate on chickpea cuttings of
susceptible genotypes resembled ascochyta
blight. Resistant  genotypes could be
differentiated from the susceptible ones.
Differential reaction was also observed when
culture filtrate was produced by different
pathogenic groups of Italian ascochyta isolates.
While additional research is required, culture
filtrate holds promise as a screening technique
for resistance to ascochyta blight.

Exploitation of wild species for
resistance to biotic and abiotic
stresses

On evaluations of accessions of annual wild
species at ICARDA, sources of resistance were

identified for seven stress factors: ascochyta
blight, fusarium wilt, leaf miner, seed beetle, cyst
nematode, cold and drought (Table 5). The only
sources of resistance for seed beetle and cyst
nematode found so far are in wild species. Wild
species also had higher levels of resistance than
the cultivated species for fusarium wilt, leaf
miner, and cold. Whereas no accession of the
cultivated species was resistant to more than one
stress, several accessions of wild species were
resistant to four or five stresses. The most
important species for resistance to different
stress factors was C. bijugum, while C.
yamashitae was the least important.

Improvement of yield through
interspecific hybridization

One possible way to improve chickpea yield is
through the incorporation of genes from the wild
relatives. ICARDA has been following this line of
approach since 1988. A 9 x 9 diallel cross
involving eight annual wild Cicer species and the
cultivated species was made in 1989. The results
indicated that only two Cicer species, C.
echinospermum and C. reticulatum, can be
crossed with the cultigen. When F,s were grown,
heterosis up to 250% was observed against up to
75% in intraspecific crosses. This encouraged us
to advance the material and select lines with high
yields. During 1993/94, we tested over 100 Fg
lines and selected 22 lines, which produced

Table 5. Reaction of germplasm accessions of Cicer spp. to some biotic and abiotic stresses at Tel

Hadya, Syria from 1987/88 to 1992/93.

Scale' Blight  Wilt* LM SB CN Cold Drought
1 0 72 2 20 3 1 0
2 1 0 36 12 1 29 0
3 4 7 36 4 17 45 0
4 2 15 33 3 0 46 3
5 22 6 61 3 28 21 37
6 29 4 26 8 0 12 71
7 24 4 23 18 49 11 15
8 30 0 1 52 0 8 20
9 81 5 3 10 144 65 42
Total 193 113 231 130 241 238 188

1 Scale: 1 =free; 5 = intermediate; 9 = killed.

! Evaluation for wilt was done at Istituto Sperimentale per la Patologia Vegetale, Rome.
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Table 6. Some characters of five best F; lines derived from interspecific crosses at Tel Hadya, Syria, 1993/94,

Line Crossd Characters evaluated
DFL DMA HGT SW GRH UMAT PDD SCOL SSH
(cm) (g)

F7 derived lines
53 RA 104 155 43.4 31.5 erect u nd beige owl
95 AE 105 159 441 1.4 erect u nd beige round
5 AE 102 159 44.6 26.9 semi-spreading u nd orange round
81 AE 115 159 554 332 semierect u nd beige round
55 AE 117 160 434 309 semi-spreading u d beige owl
Parents
I1.C482 A 105 156 41.8 272 erect u nd beige owl
ILWC 124 R 119 158 234 116 spreading na d brown angular
ILWC 179 E 121 158 1.1 11.7 spreading nu d brown owl

mean 112 160 390 25.2

S.E. 1.89 1.98 5.13 2.152

C.V. 1.48 .14 11.99 7.52

2 A= C arietinum, R = C reticulatum, E = C. echinospermum, AE = C. arietimm (ILC 482) x C. echinospermum (1LWC 35); RA. = C. reticulatum
(ILWC 36) x C. arfetinum {I1LC 482),

DFEL = days to 50% flowering; DMA = days to maturity; HGT = plant height; SW = 100-seed weight; GRH = growth habit; UMAT = Uniformity of
maturity (4 = uniform, nu = non-uniform} PDD = Pod dehiscence (d = dehiscence, nd = non-dehiscence); SCOL = seed colour; SSH = seed shape.
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Fig. 5. Performance of five highest-yielding lines derived from interspecific hybridization

substantially higher yields than the check (ILC
482). These lines were evaluated in F, for seed
yield and other characters. The performance of
the five best lines is shown in Figure 5. The
increase in seed vield over the cultivated check
was up to 40%. Some of the undesirable
characters associated with the wild species are
given in Table 6. The derivatives from
interspecific crosses were nearly free of
undesirable genes from wild species.

Thus, we have succeeded in developing lines
with substantially higher yield and with all
observable characters similar to the cultigen
parent. Increased seed size, above-ground shoot
mass, and plant height seem to have contributed
to increased yield in lines derived from
interspecific  crosses. Encouraged by these
results, the research on this project has been
expanded. Several crosses and backcrosses have
been made and material is at different stages of
development. Also, efforts are underway to add
genes for resistance to biotic and abiotic stresses
to develop cultivars with high and stable
yields.
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Perspectives on Chickpea Use in ltaly

A. Bozzini

ENEA C R Casaccia, Divisione Biotecnologie ed Agricoltura, Rome, Iialy

Summary

Given the productivity of new and recently
developed cultivars, the demand for dry
chickpea seeds in Italy can probably be
satisfied by the cultivation of some 5000-
6000 ha.

Unless the demand is increased, there is no
scope for further applied-research efforts. To
justify additional activities, it is necessary to
promote chickpeas for human and livestock
UsE.

It also seems clear that at present the agro-
food industry is supposed to play the most
important role in increasing the demand for
chickpea and, as a consequence, increasing
chickpea production,

Chickpea Production in Italy

In 1936, the area cultivated with chickpea in
Italy was around 110,000 ha, mostly
concentrated in central and south Italy, with a
total production of about 40,000 tonnes and
an average yield of 0.4 tonnes per ha (Fig. 1).
In 1950, the same area produced 55,000
tonnes. Since then the area has continuously
decreased to reach the present 30004000 ha.

Average yearly production over the last
five years has been around 50,000 tonnes,
with an average yield per ha equal to 1.2
tonnes per ha. In 60 years the average yield
per ha tripled, starting, however, from a very
low basis (0.4 t).

In 1993, chickpea production in Italy
reached 48,000 tonnes, while the imported
product was equal to 22,391 tonnes, involving
an expenditure of around ITL 40 billion
(Table 1),
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Current use of chickpea in Italy :is
therefore equal to about 70,000 tonnes, an
amount that can be produced on some 4,000—
5,000 ha; particularly if we consider the
usage of the newest high-vielding varietiés,
resistant to ascochyta blight, and adapted to
fall seeding (Singh et al. 1984; Singh 1990;
Saccardo and Calcagno 1990).

In conclusion, with the present level of
chickpea use in Italy (about 1.3 kg per person
per year very few thousand ha can satisfy
hurnan consumption needs.

Without an important increase in demand
for human and livestock use further breeding
and agronomic research and development are
scarcely justified.

Hence the basic question, is it possible to
increase the national and the international
demand for this commedity, and if so how?

Analyzing the Demand for Chickpea
If we analyze the current patten of demand,
we can conclude that chickpeas are used as
human food—especially a special type of
soup (pasta e ceci) or boiled dressed with
salt, vinegar, and olive oil, or stewed with

tomato and some spices (garlic, sage,
rosemary, tc.) :
Moreover, like lentils, chickpeas are

mainly used only in the winter period.

In rural areas people usually use dry seeds
from their harvest, but in urban areas canned
and frozen chickpeas are also used.

Processed chickpeas represent only some
25-30% of the total consumption. _

Even with the increasing interest in grain
legumes associated with the mediterranean
diet, we cannot expect a significant increase
in this kind of use. j
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Fig. 1. Trends chickpea production from 1935 to present
Moreover, over the last few years, the food low expectation of the Italian food industry
industry has hardly, if ever, advertised or for this kind of commodity. Among food
promoted chickpea consumption in the Italian legumes, only peas and common beans enjoy
press or on television. a clear indication of the some promotion and propaganda.
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Table 1. Production and trade in Italy in 1993,

Commodity Production Imports Exports
(tonnes) (tonnes) (value) (tonnes)  (value)'
Faba bean 1,133,000 241,219 54,082 154 207
Common bean 374,000 67,350 2,590 1,929 2,993
Dry pea 291,000 22,944 7,513 641 668
Chickpea 48,000 22,391 2,454 238 231
Lentil 9,000 22,944 11,483 269 306
Total 1,855,000 374,948 138,122 3,231 4,405
Italian lira (billion) 221 7

' 000 USS.

In conclusion, prospects for an increase in
chickpea demand in the near future do not
appear to be brilliant.

The prospects for increased use of
chickpea in the livestock feed industry are
also bleak. This is because of the present
rather low mean yield of the crop and the
relatively low price the feed industry is likely
to offer for this commodity, since it is
possible to find similar products (soya bean
flour, dry peas, dry faba beans) at rather low
prices in the international market (for example
soya bean from USA and Brazil; dry peas
from eastem and North Europe; faba beans
from China).

The only hope is that, with the new more
productive and stable cultivars adapted to fall,
spring and even summer planting (under
irrigation) (Bozzini and Iannelli 1993), and
with a demonstrated potential of producing 4--
5, even 6 tonnes of dry seed per ha, the feed
industry could finally express a real interest in
chickpea.

At least a price of ITL 500,000 per tonne
(some US$ 310-320) should be granted to
producers as in the European Union financial
support has been granted to lentils, chickpea
and vetches equal to 130 ECU/ha (some ITL

277,000 US$ 170). This contribution covers

about a quarter of the production costs.

In fact, to compete with durum-wheat
revenue in the South, 4 tonnes of chickpea is
needed, at the above-mentioned ITL 500,000
per tonne. '

It is a pity that such a good product is to

be fed to animals and not directly to humans!
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How to Increase the Chickpea
Demand? ‘
At least three factors should be considered in
the endeavor to increase chickpea production
in Italy (and in the Mediterrancan area),
giving significance to the efforts of breeders,
pathologists, and agronomists involved with
this crop, at least in southern Europe.

(1) The need to provide Italians with better
information on the benefits of a diet based on
a higher consumption of grain legumes.

(2) The recognition that agricultural
production and agroindustrial transformation
are phases of the same technological and
economical process; that they are strictly
interconnected and complementary and,
therefore, agroindustrial demand must be the
lever or spring for increased agricultural
production.

(3) The need to diversify chickpea use
(Italians almost only use it as boiled seeds)
and to advertise the quality and the advan-
tages of new or uncommon chickpea products.

Here again the agroindustry is in a position
to take the lead.

A number of temperate and tropical grain
legumes, such as lentils, common beans,
chickpeas, mung beans, adzuki beans, and
faba beans, appear to have a beneficial effect
on sugar metabolism and on the cardio-
circulatory system, if consumed regularly
(Bozzini 1986).

Research carried out in Europe and North
America has shown that glucose remains in
the blood for longer and at lower levels when
a grain legume is included in the meal, thus



preventing first its excess and then its
deficiency after each meal, in contrast to the
diabetes syndrome. The use of grain legumes
in the diet, particularly of older people, is
therefore strongly recommended. Cooked dry
legumes also seem to reduce cholesterol in the
blood and are therefore beneficial in cardio-
circulatory disorders.

Moreover, the high content of good-
quality proteins present in  most of
domesticated grain legumes traditionally gave
them a reputation as the ‘poor people’s meat.’

In the last decades, breeding efforts have
also eliminated the presence of some residual
antinutritional, unpleasant and even
dangerous compounds, such as bitter and
poisonous principles in lupins; vicine, and
convicine responsible for favism in faba
beans, a neurctoxic principle in chickling
vetch, and tannins in faba beans and lentils.

None of these advances have found a
fertile ground in the food industry, at least in
Italy. The food industry prefers to play with
conventional products, and is unwilling to
take any risks with innovative products and
initiatives.

When the technologists in the Kellogg's
industry in the USA developed com and oat
flakes, they transformed a rather poor product
into a much more palatable one with greatly
increased value and fantastic profits!

More effort is needed to adopt and
promote products that are already well
known, at least in some parts of Italy, in the
Mediterrancan arca, and even farther away,
for example, in India.

The coastal area of Northern Tuscany and
Liguria, up to the city of Genoa, is well
known for a kind of pizza (torta di ceci,
cechra) made with chickpea flour. Its
preparation is simple and its nutritional value,
besides the good taste, is very high. If one in
every 10 pizza houses in Italy cooked this
pizza, it would be enough to multiply the
chickpea demand by more then ten, maybe 50
times. The industry could easily prepare a
‘ready to use” flour for both home and
industrial use and properly advertise the good
charactenistics of this ‘new’ product.

In all Near Eastern countries, a kind of
chickpea purée, humus, is eaten, particularly
as a kind of appetizer dressed with lemon
juice and with good quality olive oil and
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consumed with pita the flat Arabic bread.
Now in most of these countries, it is possible
to find canned, industrially prepared, humus
ready for use. All of my Italian friends, who
have wisited these countries, have without
exception, liked humus very much, finding it
very tasty and pleasant. It is likely, that with
very lirtle risk humus could be introduced in
Italy, with appropriate promotion.

In India, a thin sheet of a chickpea (and
lentil) pastry is fried crisp, flavored with local
spices and served as an appetizer. Similar
dishes, starting from ready-made industrial
preparations, can be found in Britain, The
Netherlands, even in Australia, where Indian
restaurants are common.

Many other possible dishes can be found,
even in the regional Italian kitchen, some of
which deserve proper attention and marketing
(see the booklet distributed on this occasion).

The main conclusion of this paper is that
the key to the future development of chickpea
production in Italy is now mainly in the hands
of the food industry. Although, it will
certainly help if plant scientists will be able to
provide farmers with higher and more stable
yields, in the order of 4-5 tonnes per ha.
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Plant Proteins in Humanh Nutrition:
the Case of Chickpea
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Consumption

A study carried out among 10,000 Italian
families by the Istituto Nazionale della
Nutrizione (INN; INN 1992) produced the
most (and probably the only) comprehensive
information on legume (including chickpea)
consumption in Italy today (Turrini et al.
1991). The national consumption of
legumes, divided into geographical areas, is
given in Table 1, The table shows a high
consumption of fresh legumes, thanks, to a
large extent, to the distribution of frozen
foods. On  average, total legume
consumption was 26 g per capita/day
(equivalent to an intake of once or twice a
week); this figure varies slightly depending
on the geographical region. Chickpeas,
which come under the dry-legumes category,
are the third most consumed legumes, after
beans and lentils.

Recommendations

The Italian guidelines (INN 1992) analogous
to those of other industrialized countries,
where one of the main guidelines is to
increase the variety of foods tonsumed,
includes a  specific  recommendation
regarding the consumption of vegetable
foods (cereals and legumes, vegetables and
fruit). The reasons being that cereals and
legumes are¢ high in polysaccharides (both
starch and fibre), and have a positive effect
on carbohydrate and lipid metabolisms;
vegetables and fruit are  high in
vitamins—especially those having an
antioxidising and protective effect, such as,
vitamin C and carotene—and have a high
fibre content. As these two food groups are
low in fat, they contribute to reducing fats in
the diet,

Table 1. Food intake in different geographical areas (mean, g/capita).

Food-legumes Ttaly North West North East Center South
Fresh 10,0 10,2 5,6 8.4 12,9
Preserved 6,1 72 7.1 54 5,9
Dry and flours 5,0 1,6 2.3 4.3 7.4
Frozen 39 2,4 54 4,9 3,0
Dishes 1,0 1,0 0,7 1,8 0,6
Total 26,0 22,4 21,1 24,8 29.8
From Turrini et al. 1991
INN’s  current study on legume The recent Dietary Guidelines for

consumption aims to provide an up-to-date
picture of how consumption has changed
over the last 10 years and to assess the
effects of the nutritional recommendation to
increase legume consumption (reinforced in
the last few years).
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Americans {US Department of Agriculture,
and US Department of Health and Human
Services 1995) give even greater importance
to this recommendation, ‘Choose a diet with
plenty of grain products, vegetables and
fruit.” In previous guidelines, the main



emphasis was on the consumption of these
foods as a source of fibre and starch. The
new guidelines emphasize how these foods
contribute to total nutrient intake: their
importance as a source of folates,
potassium, calcium and magnesium.

Nutrient Composition

The nutrient composition of legumes, in
particular the mean composition of
chickpeas (Camovale et al. 1994), certainly
meets these guidelines (Table 3). They have
20% mean protein content, a balanced
composition of essential amino acids (even
though there is a certain deficiency in
sulphur amino acids), a chemical score of
0.80 (refer to the FAO pattern, 1985);
satisfactory thiamin, riboflavin and niacin

content (according to recent data, they are
also a good source of folates: 0.20 mcg/100
g), and are a good source of iron, zinc and
calcium. Recently, attention has been drawn
to magnesium and potassium content. It
should be borne in mind that even though the
mineral content is high, in that it is a good
dietary source, their bioavailability is rather
low due to the presence of chelating
compounds. One of the particular
characteristics of chickpeas, compared with
other legumes, 1s their moderate lipid
content, comprised mainly of
polyunsaturated fatty acids (Table 4), which,
although being a positive factor in
nutritional terms, means that chickpea
products, especially chickpea flour, go
rancid more casily.

Table 2. Consumption frequencies within legume food groups.

Food Italy Narth West North East Center South
% % % % %
Legumes, fresh
Bean, snap green 47,25 60,10 48,78 44,69 44,52
Pea, green 22,35 20,70 21,95 16,62 25,93
Bean, white, mottled 16,33 15,71 27,37 14,71 14,46
Broad bean 13,55 2,49 L36 23,30 14,81
Other legumes 0,52 1,00 0,54 0,68 0,28
Legumes, frozen
Pea 75,49 60,00 42,91 83,77 90,00
Beans 12,22 12,38 35,81 6,46 4,00
Bean, snap green 11,03 26,27 20,27 8,73 4,22
Broad bean 1,26 0,95 1,01 1,05 1,78
Legumes, dry and flours
Beans 45,94 37,17 74,00 50,78 40,87
Lentil 34,15 36,28 9,00 29,75 39,16
Chickpea 16,07 17,70 7.00 17,13 16,69
Broad bean 1,53 1,77 0,50 0,47 2,10
Pea, green 1,05 1,77 7,00 0,16 0,59
Lupin 0,52 0,88 1,00 1,09 0,20
Other legumes and flours 0,36 1,77 1,00 0,00 0,33
Soybean 0,36 2,65 0,50 0,62 0,07

From Turrini et al. (1991)
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Table 3. Nutrient composition of chickpea (% fresh weight).

Raw Cooked

Water 10,33 62,55
Protein 19,72 7,02
Lipid 6,29 2,36
Sugar 6,82 2,05
Starch 40,42 14,52
Scluble fiber 0,78 0,33
Insoluble fiber 12,45 5,29
Total fiber 13,23 5,62
Calcium, mg 142 58
Iron, mg 6,40 2,20
Zinc, mg 3,20 1,70
Phosphorus, mg 415 148
Natrium, mg 6,20 5,20
Potassium, mg 881 302
Magnesium, mg 140 -
Niacin, mg 2,51 0,90
Thiamin, mg 0,28 0,16
Riboflavin, mg 0,10 0,03
Table 4, Fatty acid composition and phytosterol content in chickpea.
Saturated fatty acids' 11,6
Monounsaturated fatty acids’ 25,5
Polyunsaturated fatty acids’ 62,5

Sytosterol* 98
Phytosterol

Stygmasterot 7
19 total fatty acid
* mg/100 f.w.

From Camovale et al. (1994)

Polysaccharides are particularly interest-
ing compounds. Comprising starch (40%
mean content) and fibre (13% mean con-
tent), their composition, structure, and
changes caused by technological treatments,
(both in the home and industry), are the sub-
ject of more in-depth studies (Lintas et al.
1992; Lintas et al. 1995), The physiological
and metabolic effects of polysaccharides in
legumes (as well as those from other
sources) have recently been reviewed
(British Nutrition Foundation 1990).
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As regards antinutritional factors, such
as protease inhibitors, lectines, phytic acid
and tannin, that interact with proteins and
minerals and reduce their use, chickpeas
contain similar moderate amounts to those
found in lentils (Carnovale et al. 1989).
Values found in the new cultivars, recently
introduced into Italy (Principe, Calia,
Sultano, and Califfo) also fall within the
average values found for chickpeas
(Camovale et al. 1989).



Use of Chickpeas in the
Production of New Foods

An increase in the consumption of legumes,
which would be desirable, would certainly
be helped by having new interesting products
on the market to include along with the
traditional ones.

The feasibility of using chickpea or broad
bean flour to prepare new products obtained
by extrusion cooking was studied in
collaboration with Mapimpianti. Both salted
and sweet products were prepared (biscuits,
toasted and fried snacks and pre-cooked
flours), using either solely a legume flour or
mixing it with comn, rice or wheat flours,

Their nutritional characteristics
(composition, protein quality, negative
nutritional  factors) and  organoleptic

characteristics were assessed (Camnovale et
al. 1990). The sweet products were not that
palatable but the salted products,
particularly those made mainly of chickpea
flour, were very palatable. As the changes in
nutritional quality caused by the cooking
techniques used were limited, and the
technological characteristics were positive,
the global assessment of some of these
products was satisfactory and therefore the
continuation of experiments in this direction
would be desirable.

Broad bean and chickpea precooked flour
products are already marketed in some
countrigs. The FAO/WHO supports their use
in food preparations for infants and have
already defined international regulations to
market them. There is no reason why they
should not also become widely used in adult
diets.

Study of Hydration and Cooking
Characteristics
A wider and more rational usc of chickpeas,
as well as of other legumes, in the food
industry requires more in-depth knowledge
of certain characteristics. For example, the
firmness and water-absorbing capacity of
the grains are of great importance as they
have an effect on the processes used to
transform chickpeas, both in home cooking
and in industry.

The study on the effects of cooking, a
parameter also of considerable interest to the

35

industrial transformation of legumes, is
hindered, among other things, by the absence
of objective, quantifiable parameters
required for its evaluation.

A study was therefore carried out on
legumes, particularly chickpeas, with the
aim of defining the hydration and firmness
characteristics and the cooking properties of
the grains and to find correlations between
these processes and their probable causes.
The first step was to define an analysis
protocol based on objective parameters.
Traditional gravimetric methods were used
to study hydration and instruments such as
Nuclear Magnetic Resonance were also
used, The latter was found to be a new and
interesting method for checking and
quantifying water-absorption p.ocesses in
grains and enabled various types of water
(free and bound) to be assessed separately.
Therefore, the hydration process in four new
chickpea cultivars (Principe, Califfo,
Sultano, and Calia) was assessed {Carnovale
et al. 1992),

A study of the hydration and cooking
characteristics of chickpea samples, which
were from Turkey and Mexico, but were
marketed in Italy, showed significant
differences connected with the country of
origin and the years in which they were
produced (Carnovale et al. 1992),

The cooking properties of 15 tinned
chickpea products available on the market in
Italy were studied using the back extrusion
test (INSTRON). A firmness range was
identified, with a statistically significant
difference ranging from 1.13 KN to 2.78
KN. The latter, the extreme value where
extrusion is perceptible, can be taken as the
maximum acceptable level (Carnovale et al.

1995). These experiments enabled the
definition of an experimentation
protocol—based on data taken from

instruments under standardized conditions—
to evaluate the technological characteristics
of chickpeas, which can also be applied to
other legumes.

In conclusion, chickpeas clearly meet the
present nutritional recommendations, however
consumption is still rather low. An increase in
consumption can only be brought about by
making the guidelines for a healthy diet better



known, and by producing and marketing new
products, as well as traditional products
which are nutritional and tasty,
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Abstract

The area of chickpea (Cicer arietinum L.)
cultivation in Italy has shrunk progressively
from 120,000 acres in the 1940s to 10,000
acres at the end of the 1980s.

This decrease is mainly due to backward
cultivation techniques and to a lack of improved
varieties.

The difficult Italian (especially Sicilian)
pedoclimatic conditions-scarce and irregular
spring rainfalls, sudden heat peaks in May and
June, hot scirocco winds blowing during the
spring chickpea sowing season-and the low
cultivation densities adopted (20-40 plants/m?),
used to represent insurmountable limits to the
productivity potential of this leguminous
species.
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Low and inconsistent grain yields, and the
amount of labor needed for some agricultural
practices have made chickpea cultivation
progressively less competitive and destined to

disappear.
Physiological and adaptation studies of new
foreign germplasm, carried out through

interdisciplinary research and  cooperation
between ICARDA and Italian institutions, have
led to the release of new cultivars and the
adoption of modern agrotechnologies. Of
particular importance has been the availability
of genotypes resistant to Ascochyta rabiei,
which may be planted in fall, and the adoption
of chemical weed control. Furthermore, the
morphology of the new cultivars (erect habit,
apical production) has permitted higher planting
densities and mechanized harvesting.
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Summary

A technique for cold tolerance evaluation in
controlled environments was developed. A
good correlation between the laboratory test
and ficld response was found only when
plants acclimated at 2°C for 15 days and at
seven-leaf stage were subjected to a
temperature decrease of 2°C/hour from
+15°C to -14°C followed by an increase back
to +15°C at the same rate. This temperature
cycle was repeated three times. Acclimation
was necessary because it was found that
while some accessions had a cold response
independent of acclimation, others displayed
their tolerance potential only after a period of
acclimation. Plantlets survival after this
temperature cycle showed a good correlation
with cold tolerance in the field, as evaluated
in terms of leaf and crown damage following
frost.

Using this screening technique, we have
evaluated several accessions of Cicer
arietinum and of six wild Cicer species from
ICARDA’s collection. Selection for cold
tolerance resulted in the identification of very
interesting lines that are now being registered
as cultivars Visir and Ali,

As far as the other Cicer species, it was
found that the most tolerant wild relative of
C. arietinum is C. reticulatum. We have
crossed the two species and obtained F), F,
and F; progenies. The latter are presently
being evaluated for cold tolerance,

Introduction

Crop susceptibility to environmental stresses
is one of the major causes of reduced
productivity and yield fluctuations between
cropping seasons all over the world. Most
agronomic practices are in fact devoted to
minimizing the negative effects of
environmental constraints on crops, which
alternatively could be overcome by using
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tolerant cultivars. The latter would be
particularly effective in countries with low-
input, mainly rainfed agriculture, where
traditional agricultural systems are often not
sufficient to contrast the effects of adverse
environmental conditions on crop production,

The relative importance of the various
abiotic stresses for chickpea varies with the
production region. While drought is the most
widespread abiotic stress throughout the
cultivation area (Saxena 1993), in arcas with
a temperate, Mediterranean climate, cold
stress is of major importance.

Due to its susceptibility to cold, chickpea
is traditionally sown in early spring in areas
where frost might cause severe crop damage,
and eventually complete vield loss.
Nevertheless, spring-sown chickpea has a
lower yield potential than the winter-sown
crop (Singh et al. 1993a). Autumn or carly
winter sowing is limited by the lack of
cultivars that are tolerant to ascochyta blight
and cold; able to nodulate well, and to
compete with weeds at lower temperatures.
Cultivars with those characteristics could be
sown carlier (Summerfield et al. 1990) thus
ensuring a better exploitation of available soil
moisture and a longer crop duration from
sowing to reproductive maturity, which
produces in a dramatic increase in yield
(Singh et al. 1989; Saxena 1990). In the last
few years, cultivars adapted to winter sowing
have been released in various countries
(ICARDA/ICRISAT 1992; Singh et al. 1993b, ¢;
ICRISAT 1994), but there is still a strong need
for cultivars specifically suited to the
different environments.

Breeding large populations for winter
survival in the field is hindered by the fact
that frost events vary in their occurrence and
intensity. Thus, we developed a technique ﬁi)r
evaluation of cold tolerance in controlled
environments, !



Materials and Methods

About 300 ICARDA accessions of Cicer
grietinum of different origin and 90
accessions of six wild Cicer species (Table 1)
were evaluated for tolerance to freezing and
survival in winter,

A laboratory test for evaluating tolerance
to freezing was set up using a growth
chamber with temperature control. Non-
acclimated (NA) greenhouse-grown plants,
or plants cold acclimated (CA) for 15 days at
2°C, 14 h light, were kept at 15°C in the dark
for three hours before the temperature was
decreased to -7°C at a rate of 2°C/h. After
three hours at -7°C, the temperature was
increased back to 15°C at the same rate. This
temperature cycle was repeated two more
times, then plants were put in a growth
chamber at 20°C, 14 h light. Chickpea plants
tolerance to freezing was evaluated 7 days
after the test and expressed as % survived
plants compared to the total plant number.
Genotypes with more than 50% plant
survival were considered ‘freczing tolerant.’
For cach experiment, 20 plants per genotype
were tested, with three replications.

The optimal conditions for the controlled
freezing test were set up using the sample
genotypes ILC3279 and RFS55, freezing
tolerant and susceptible, respectively. The
two genotypes were compared at four
different stages: 2-leaf stage, 4-leaf stage,
7/8-leaf stage, 12/13-leaf stage.

For a preliminary evaluation of cold
tolerance, about 300 C. arietinum genotypes
were sown during the second half of
December 1990 and 1991 in S. Angelo dei
Lombardi, Benevento, Italy, in plots of 20
plants for each genotype and three
replications in a randomized complete
design. Trials were repeated on selected
accessions in 1991/92 (about 80 accessions)
and 1992/93 (about 60 accessions) on a
mountain location (BN) at 700 m above sea
level. Only during 1990/91 and 1992/93 was
it possible to select for cold tolerance under
ficld conditions, because frost events with
temperatures as low as -7°C were recorded
when plants had 8/10 leaves.

The effects of subzero temperatures were
evaluated 15 days after each frost event.
Genotypes showing more than 50% plant
survival were considered to be freezing
tolerant,
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Selected genotypes were also evaluated
for agronomic traits (growth habit, crop
duration, productivity, seed size, harvest
index, yield stability) during 1992/93 (about
60 accessions) in four locations in Ttaly:
Benevento  (concomitantly  with  the
evaluation of frost tolerance), Bellizzi
{(Salerno); Viterbo and Tarquinia {Rome) and
during 1993/94 and 1994/95 i Bellizzi
(about 20 accessions) using the described
experimental design.

Results

In order to determine the optimal stage for
imposing freezing stress, plants of the
genotypes ILC3279 and RF55 at 2,4, 7/8 and
12/13 leaf stages, with different levels of
frost tolerance were subjected to the freezing
cycle described in Materials and Methods.
Seedlings (two-leaf) were found to be
completely tolerant to the applied freezing
conditions (Fig. 1). At the 4 leaf stage the
two genotypes could be easily distinguished,
but the difference was most striking at the 7/8
leaf stage, when the susceptible genotype did
not survive, while the tolerant genotype had
more than 60% survival. Older plants of both
genotypes (12/13 leaves) were unable to
survive the applied freezing conditions.
Therefore, the 7/8 leaf stage was found to be
optimal for freezing tolerance evaluation and
chosen for further experiments. When the
chickpea genotypes 1004, 1017, and ILC533,
were evaluated for tolerance to the controlled
freezing cycle, no correlation was found
between data on NA plants and data on
winter survival in the field (Table 1). In fact,
NA 1004 and 1010 were highly susceptible
in the growth chamber but were tolerant in
the field.

Nevertheless, when plants were
acclimated to cold prior to exposure to
freezing stress in the laboratory, genotypes
1004 and 1010 were also found to be tolerant
(Table 1). When we compared the freezing
stress tolerance in the field and in the
laboratory for a larger number of genotypes,
we found a good correlation between the two
parameters only when laboratory evaluated
plants were cold acclimated before the onset
of the controlled freezing cycle (Fig. 2).

During 1990/91, about 80 accessions were
selected in the field, which showed frost
tolerance. All those accessions were
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Fig. 1. Laboratory freezing test tolerance of two chickpea genotypes at different growth stages

Table 1. Freezing stress tolerance and yield of chickpea genotypes with different accl:matmn
ability. .

Genotype Yield' Plant survival to freezing stress?
(t/ha) (%)
field! laboratory test}
NA CA
1017 (Visir) 2.43 90 a 80a 99a
1004 (Al 2.92 70b Ob 94b
ILC 533 1.62 40 ¢ 0b Oc¢

T Plants grown in Benevento during 1993, lowest recorded temperature -7°C;

¥ Values followed by different letters are different at P=0.05;

§ NA = greenhouse-grown, non-acclimated plants; CA = plants acclimated for 15 days at 2°C, 14h
photoperiod.

evaluated under laboratory conditions and accessions of six wild Cicer species. Tﬁe
about 60 confirmed the tolerance found in the same good correlation between laboratory
field. During 1991/92 temperatures in the and field results was found in terms of
field were too high at all locations to screen survival to freezing temperatures (Fig. 3) of
for frost tolerance. The next year, a frost CA plants. The most tolerant species is C.
event in Benevento allowed evaluation of reticulatum, which showed an average plant
freezing tolerance. Twenty-two lines were survival of 51% at -7°C in laboratory tests
selected for their tolerance and good and 46% survival at the same temperature
agronomic characteristics and tested again under field con-ditions. On the contrary,
during 1993/94 and 1994/95 in Bellizzi. Cicer yamaschitae is highly susceptible, and

Among the selected genotypes, two were does not survive freezing conditions in either
found extremely interesting and are now in the laboratory or the field. Since it is possible
the process of being registered as cultivars to cross C. reticulatum with C. arietinum,|a
Visir and All. breeding program is now being developed to

The controlled freezing test was also used introgress the freezing tolerance of C.
for the preliminary screening of 90 reticulatum into arietinum form.
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Discussion

One of the most important goals in chickpea
breeding for adaptation to temperate climates
is to obtain cultivars with tolerance to
freezing stress. Field evaluation of large
breeding populations during the winter is not
always possible, since test winters when
frosts occur with the appropriate intensity
and at an optimal stage of plant development
are very rare. Besides, genotype scoring can
vary among seasons due to the non-
repeatability of frost conditions. Therefore,
the use of a test for the evaluation of freezing
tolerance under controlled conditions is
necessary, Several tests have been proposed
for estimating freezing-tolerance in different
crops, including measurements of electrolyte
leakage from injured cells, chlorophyll
fluorescence, and reduction of tetrazolium
chloride. We have developed a screening
technique based on visual evaluation of plant
damage after a freezing cycle, which is easy
and can be used with a large number of
samples. The cooling rate for the freezing test
was chosen in order to approach that
naturally found under field conditions
(Steffen et al. 1989). The optimal stage for
imposing the freezing stress was identified in
the 7/8 leaf stage. In accordance with
common knowledge, that the post-emergence
seedling stage is the most cold tolerant stage
in the chickpea plant’s growth cycle, the
younger plants were found to be frost tolerant
even in the most susceptible genotypes
(Singh et al. 1982; Saccardo and Calcagno
1990; Wery 1990). Also, as expected, older

plants were always dead after the freezing
test, since frost tolerance decreases during
the growth cycle of chickpea, with a
minimum tolerance during pre-flowering and
flowering, when temperatures below 15°C
result in abortion of early flowers and buds
(Sedgley et al. 1990) due to failure of polien-
tube development (Savithri et al. 1980). '

When greenhouse-grown chickpea plants
were abruptly subjected to the freezing test,
some accessions, which were tolerant in the
field, were completely killed. It is known that
many plant species subjected to low
temperatures  undergo  metabolic  an{
physiologic changes, which increase their
ability to resist frost damage (Levitt 1980).
We investigated whether the behaviour of
these accessions could be due to acclimation
processes naturally occurring in the field
during the winter. Therefore, the genotypes
1004, 1017 and TLC533 were grown for 15
days under environmental conditions (2°C,
14 h photoperiod) known to trigger
acclimation in other herbaceous species
(Chen et al. 1979) prior to imposing freezing
stress. Cold-hardened plants subjected to the
freezing test always showed a tolerance level
comparable to that found in the field, thus
demonstrating that some chickpea accessions
are indeed able to undergo cold acclimation.
On the basis of the results obtained, it was
possible to classify chickpea accessions ih
three groups: (1) tolerant but unable to
harden to the cold; (2) susceptible but able to
harden to the cold; (3) susceptible.
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The laboratory evaluation allowed
sclection to continue even in 1992/93 when
field evaluation was not possible as the
temperatures were too mild. Therefore,
selection was accelerated and cold-tolerant
lines were identified among the 300 C
arietinum accessions under evaluation in
only five years. Some of these accessions
have a very high level of tolerance, with a
frost-killing temperature as low as -12°C
(results not shown). Among the selected
lines, two with very favourable agronomic
characteristics are now being registered in
Ttaly as cultivars Alf and Visir.

The combined laboratory and field
evaluations made it possible to readily
identify tolerant accessions among the wild
Cicer germplasm, Varability for cold
tolerance is not very wide in C. arietinum.
Among 5672 accessions examined, only a
small number showed moderate tolerance to
cold (Singh and Jana 1993). Therefore,
sources of resistance to be found among the
wild Cicer germplasm are of great interest.
The possibility of crossing C. arietinum with
the wild annual Cicer spp. has already been
investigated by ourselves and other authors
(Singh and Ocampo 1993), and it is possible
to cross the cultigen to C. reficulatum and C.
echinospermum Interspecific crosses between
interesting accessions of C. reticulatum and
C. arietinum have been included in a
breeding program aimed to enlarge the
variability available in Cicer for cold
tolerance and to obtain tolerant varieties.

References

Chen, HH, P. Gavinlertvatana and P.H. Li.
1979. Cold acclimation of stem-cultured
plants and leaf callus of Solanum species.
Botanical Gazette 140(2): 142-147.

ICARDA/ICRISAT, 1992, New chickpea
cultivars released in Morocco, Pakistan
and Turkey. SAT News 10: 3,

ICRISAT. 1994. Cold-tolerant chickpea
varicties ICCV 883503, ICCV 88306,
ICCV 88510. Plant Material Description
53: 4, ICRISAT, Patancheru, India.

Levitt, J. 1980. Responses of Plants to
Environmental Stresses. 2nd edn. vol. 1.
Academic Press, New York.

Saccardo, F. and F. Calcagno. 1990.
Consideration of chickpea plant ideotypes
for spring and winter sowing. /n Present

43

Status and Future Prospect of Chickpea
Crop Production and Improvement in the
Mediterranean Countries (M.C. Saxena,
JI. Cubero and J. Wery, ed.). Options
Meéditerraneenes. Serie A: Seminaires
Meéditerraneenes No 9. CIHEAM,
Zaragoza, Spain.

Savithri, K.S.,, P.S. Ganapathy and S.K.
Sinha. 1980,  Sensitivity to low
temperature in pollen germination and
fruit-set in Cicer arietinum L. Journal of
Experimental Botany 31(121): 475-481.

Saxena, M.C. 1990, Problems and potential
of chickpea production in the nineties
Pages 13-25 in Chickpea in the Nineties:
Proceedings of the Second International
Workshop on Chickpea Improvement, 4-
8 Dec 1989, ICRISAT, Patancheru, India.
ICRISAT,

Saxena, M.C. 1993. The challenge of
developing biotic and abiotic stress resis-
tance in cool-season food legumes. In
Breeding for Stress Tolerance in Cool
Season Food Legumes (K.B. Singh and
M.C. Saxena, ed.). John Wiley & Sons,
Chichester, UK.

Sedgley, R.H., KHM. Siddique and G.H.
Walton, 1990. Chickpea ideotypes for
Mediterranean environments. Pages 87-
91 in Chickpea in the Nineties: Proceed-
ings of the Second International
Workshop on Chickpea Improvement, 4—
8 Dec 1989, ICRISAT, Patancheru, India.
ICRISAT.

Singh, KB. and B. Ocampo. 1993.
Interspecific hybridization in annual Cicer
species. Journal of Genetics and Breeding
47(3). 199-204.

Singh, K.B. and S. Jana. 1993a. Diversity for
responses to some biotic and abiotic
stresses and multivariate associations in
kabuli chickpea (Cicer arietinum L.).
Euphytica 68: 1-10.

Singh, D.P., HM. Rawson and N.C. Tuner.
1982, Effect of radiation, temperature and
humidity on photosynthesis, transpiration
and water-use cfficiency of chickpea
(Cicer arietinum L.). Indian Journal of
Plant Physiology 1: 32-39.

Singh, K.B., R S. Malhotra and M.C. Saxena.
1989. Chickpea evaluation for cold
tolerance under field conditions. Crop
Science 29; 282-285,

Singh, K.B,, R.S. Malhotra and M.C. Saxena.



1993a. Relationship between cold severity
and yield loss in chickpea {(Cicer
arietinum L), Journal of Agronomy and
Crop Science 170(2).121-127,

Singh, K.B., R.S. Malhotra and M.C. Saxena.

1593b. Registration of ILC 72 chickpea.
Crop Science 33(6): 1409,

Singh, K.B., R.§ Malhotra. and M.C. Saxena.

1993c. Registration of ILC 195 chickpea.
Crop Science 33(6): 1409-1410.

Steffen K L., R. Arora and J.P. Palta. 1989,

Relative sensitivity of photosynthesis and
respiration to freeze-thaw stress in her-
baceous species—Importance of realistic
freeze-thaw protocols. Plant Physiology
89: 1372-1379.

44

Summerfield, R.J,

SM. Virmani, EH
Roberts and R.H. Ellis. 1990, Adaptation
of chickpea to agroclimatic constraints.
Pages 61-72 in Chickpea in the Nineties:
proceedings of the Second International
Workshop on Chickpea Improvement, 4-
8 Dec 1989, ICRISAT, Patancheru, India.
ICRISAT.

Wery, J. 1990, Adaption to frost and drought

stress in chickpea and implication in plant
breeding. In Present Status and Future
Prospect of Chxckpea Crop Production
and Improvement in the Mediterraneah
Countries (M.C. Saxena, JI. Cubero and
J. Wery, ed.). Options Mediterrancenes.
Serie A: Seminaires Mediterraneenes No
9. CIHEAM, Zaragoza, Spain.



Ascochyta Blight and Fusarium Wilt Diseases in Chickpea:
Host-Pathogen Interaction

A. Porta-Puglia’, A. Infanting’, P. Crind?, R. Federico®, R. Angelini’, G. Venora?, M. Bragaloni®,

M.L. Falchetti! and C. Mosconi®

! Istituto Sperimentale per la Patologia vegetale, Rome, Italy

? ENEA CR Casaccia, Settore A gricoltura e Biotecnologie, Rome, Italy

* Il Universita di Roma, Dipartimento biologia, Rome, Italy

! Stazione Sperimentale di Granicoltura per la Sicilia, Caltagirone (CT), Italy
? Istituto Sperimentale per la Nutrizione delle Piante, Rome, Italy

Summary

Biotic stresses are important constraints
affecting the yield of grain legume crops. In
chickpea (Cicer arietinum L.) ascochyta blight,
caused by Ascochyta rabiei (Pass.) Labr. and
fusarium wilt, caused by Fusarium oxysporum
Schlect. f sp. ciceri (Padwick) Matuo & Sato,
can cause severc losses in the field. The use of
resistant varieties is the most reliable way to
control these diseases.

In order to obtain chickpea varieties with
durable resistance to diseases, research focused
on the knowledge of host-pathogen interaction
in chickpea was started by Italian research
institutions in cooperation with the International
Center for Agricultural Research in the Dry
Areas (ICARDA, Aleppo, Syria}.

Forty-one isolates of A. rabiei were collected
in several chickpea-growing areas and were
inoculated on 13 desi and kabuli chickpea lines.
A high variability in disease virulence was
observed and the isolates, according to the
results of cluster analysis, were grouped into
three main clusters corresponding to different
degrees of virulence.

The effect of culture filtrates of A. rabici
isolates was investigated. When tested on
susceptible chickpea cultivars, they induced
wilting and reduction in root growth of stem
cuttings and ion leakage of leaf discs.
Purification and characterization of a toxin from
culture filtrate of the fungus are in progress.

Image analyses were performed on the
epidermis and the second outer-stem cell layers
of uninoculated susceptible and resistant
cultivars. The resistant cultivar had a thicker
cell wall of epidermal cells and bigger cells in
the subepidermal layer, along with a lower
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number of xylem elements and xylem
parenchyma cells.

After inoculation with A. rabiei, the activity
of two oxidative cnzymes (peroxidase [POD]
and diaminoxidase [DAQ]) increased markedly
in the resistant cultivar in comparison with the
susceptible one. Lignosuberized barriers, set up
in response to pathogen invasion, were thicker
and wider in resistant plants and showed
apparent hystochemical activities of both PQD
and DAQ.

As regards F. oxysporum f. sp. ciceri, a
collection of isolates was established. The
isolate most virulent on the cultivar, Calia, was
characterized on a set of chickpea differential
lines. Then it was used in screening chickpea
cultivars and accessions of Cicer wild species
for resistance to the fungus.

Introduction

The major biotic stresses affecting chickpea
(Cicer arietinum L.) in the Mediterranean
region are ascochyta blight, caused by
Ascochyta rabiei (Pass.) Labr. and fusarium
wilt, caused by Fusarium oxysporum Schlect. f.
sp. ciceri (Padwick) Matuo & Sato. The
incidence of the former is increasing with the
shift from spring sowing to the agronomically
more convenient autumn-winter sowing.

Fusarium wilt is also expected to become
more important with the increase in chickpca
growing arcas, particularly in southemn Italy,
where the climatic conditions are more
conductve to the disease,

Genetic resistance is the most desirable way
to control both discases. Thus, to provide the
knowledge on which more efficient breeding
programs could be based, several Italian



institutions, in  cooperation with the
International Center for Agricultural Research
in the Dry Areas (ICARDA), have carried out
research programs conceming the host-
pathogen relationship. Several studies had
pointed out the pathogenic variability of A.
rabiei, for which both hypotheses of the
existence of physiological races (Reddy and
Kabbabeh, 1985) and of a continuous variation
of virulence in the fungal populations (Gowen
et al,, 1989) have been put forward.

Rescarch on the variability of Italian
populations of A. rabiei were carried out to
clucidate these aspects, to improve the
knowledge of the local situation, and to develop
methods of artificial inoculation and discase
rating to be used in screening for resistance.

As concerns the variability of F. oxysporum,
for which races have been described by several
authors (Haware and Nene 1982; Jiménez-Diaz
et al. 1989; Phillips 1988), a collection of
isolates was established, and their behavior was
tested and compared on many chickpea lines.

The mechanisms of resistance to fungal
pathogens in food-legume species have been
widely studied and many papers have been
published in the world (see Barz et al, 1993),
Both pre-formed and infection-induced defence
mechanisms have been investigated in the
chickpea-A. rabiei pair. These include
hypersensitive response, and plant enzyme
inhibitors, which counteract fungal enzymes
(Tenhaken and Barz 1990; Vogeslang and Barz
1993; Nehra et al. 1994) and phytoalexins
{Weigand et al. 1986).

Alam et al. (1989), Hohl et al. (1991),
Strange and Alam (1992), hypothesized the
involvement of exotoxins in the production of
carly symptoms of ascochyta blight on
chickpea. These were identified as
solanapyrones and, in particular, solanapyrone
B, which was consistently the major toxin.
Isolates of A. rabiei differ in the ability to form
the solanapyrones (Strange and Alam 1992) but
no correlation between the virulence of each
isolate and toxin production has been
established (Hohl et al. 1991). Recent studies of
Chen and Strange (1994) suggested the

presence of a new toxin, a polypeptide of

relative weight of 7551, For these reasons the
phytotoxic activity of cufture filtrates of A.
rabiei and their effects on resistant and
susceptible lines were also investigated.
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A role in the resistance of chickpea to
ascochyta blight has been ascribed to pre-
infectional  secondary  compounds  and
postinfectional pterocarpan phytoalexins. In
chickpea, pterocarpan biosynthesis is elicited
also by wounding. Moreover, it has been
reported that peroxidase may have some role in
chickpea resistance to ascochyta blight as the
increase of this enzyme activity after
inoculation was more pronounced and constant
in leaves and stem of resistant cultivars then
susceptible ones (Vir and Grewal 1974). The
role of plant structure and oxidative enzymes
present in the plant or induced/enhanced! by
stresses was investigated with the aim of
contributing to the understanding of relatively
less-studied aspects of the host-pathogen
relationship.

Ascochyta rabiei

Morphological and virulence variability
The Italian isolates of the fungus showed a high
morphological variability (Porta-Puglia et al

' 1987), apparently not correlated with virulence

in  preliminary  experiments.  Therefore,
morphological observations were abandoned
and subsequent research focused on the study of
variability in virulence.

A suitable method of inoculation and
incubation was developed (Del Serronce et al.
1987; authors of this paper, unpublished data).
A collection of single-spore isolates of the
fungus from different locations in Italy was
established.

Forty-one isolates were inoculated on a set
of 11 ICARDA lines and two Italian landraces by
spraying 15-day-old seedlings with a spore
suspension (1.8x10° conidia/ml). The plants
were incubated at 21x1°C in special plastic
cabinets within a conditioned greenhouse, at
RH>90% for the first five days. RH was then
reduced by gradually opening the top of the
cabinet after the fifth day. Fifteen days after
inoculation, the disease severity was evaluated
according to the following scale: 0 = no visible
lesions; 1 = a few small (up to 5 mm?) lesions
on stem and/or foliage; 2 = superficial stem
lesions exceeding Smm? and absence of stem
girdling; 3 = deep and extensive stem lesions,
stem girdling that can cause breakage om no
more than one branch; 4 = deep and extensive
girdling stem lesions, causing breakage on thore

~ than one branch followed by extensive wnltmg,
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Fig. 1. Phytotoxic effects produced by filtrates of A. rabiei cultures of different age on chickpea

cuttings and roots

5 = plant killed. Data submitted to ANOVA
showed highly significant differences among
both chickpea genotypes and ascochyta
isolates. The interaction genotype x isolate was
also highly significant (Porta-Puglia et al
1996). The virulence rating of each isolate
towards all the lines tested showed a large but
continuous variability. Factor analysis showed
that three factors describe 57.9, 7.9 and 7.1 %
of the total variability, respectively. The
chickpea lines that account for the major
variability (rotated factor matrix) were: ILC
1929 and ILC 200 for factor 1, ILC 482 and
ILC 484 for factor 2, ILC 191 and ILC 3279
for factor 3. The results of cluster analysis
show that isolates can be grouped in three main
clusters of 13, 11 and 17 isolates respectively.

A sub-set of the isolates used in this work
has been analyzed by the random amplified
polymorphic DNA analysis (RAPD) using
three decamer primers. As a result, several
amplification products common to all isolates
were observed and any single isolates could be
identified by an individual RAPD pattern. No
correlation between RAPD pattem and the
division of the isclates in pathogenic groups
could be cstablished. (Fisher et al. 1993).
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Toxic metabolites

To produce culture filtrates of 4. rabiei with
the greatest expression of toxicity, the optimal
conditions for fungal development were first
investigated. Isolates of different virulence
were grown for 14, 21 and 28 days (21x1°C)
on Czapek-Dox broth and on that proposed by
Nachmias et al. (1977). In vitro production of
phytotoxic compounds by A rabiei was
demonstrated by comparing the activity of
culture filtrates with that of uninoculated sterile
broths. The immersion of the basal part of stem
cuttings of the susceptible cultivar Calia in
different dilutions of culture filtrates and broths
showed that culture filtrates caused withering
of the stem and inhibition of rooting. In order
to produce culture filtrate, Nachmias broth was
preferred with respect to Czapek-Dox in further
testing because, when used as a control, it had
only a slight effect on the cuttings. On the basis
of damages scored on cuttings and reduction of
root clongation, culture filtrates obtained after
21 days of fungal development on Nachmias
broth showed a peak of phytotoxicity (Fig. 1);
the effects on stem cuttings and root elongation
were comparable. Culture filtrate of A. rabiei
was also able to induce ion leakage from



Table 1. Quter epidermic cell wall thickness (um) of stem
of four chickpea cultivars, mean values and S,D. !

Calia
Principe
Califfo
Sultano

86078
91«£1.1B
l11.0£06A
120x12A

Means of 100 measurements.

" Values followed by the same letters are not significantly different
according to Scott and Knott's cluster anaiysis (P=0.01).

chickpea leaflets of the susceptible cultivar
Calia. When produced after 14, 21 and 28 days
of fungal culture, it caused a.great loss of
electrolytes.

Similarly to the direct invasion of the
fungus into the host tissues, culture filtrate of
A. rabiei produced chlorosis, wilting and
cpinasty after 48 hrs of bioassay on stem
cuttings of chickpea. Hohl et al {1991)
reported that solanopyrone fractions are also
able to induce morphological changes in leaf
structure as well as losses in viability and
plasmolysis in cell suspension cultures.
Besides, cell-wall degrading enzymes, such as
cutinase, and other hydrolytic exoenzymes may
be involved in the penetration process of the
fungus (H6hl et al. 1990) and were also
identified in our culture filtrate of A. rabiei. In
the present experiments, the phytotoxicity was
maintained in the dialysate fraction, thus
suggesting the synthesis of toxic compounds
with a moiecular weight >10,000 by the
pathogen. Contrary to the results of Alam et al.
(1989), these compounds were also produced
in the absence of inducing chickpea substances,
considered as essential factors for toxin
production by Chen and Strange (1991). These
findings imply the need for more studies on the
isolation and purification of toxic compounds
from culture filtrates of the fungus in order to
establish if other toxins, different from
solanopyrones, are also synthesized by A.
rabiei, In preliminary studies, in progress at the
University of Naples, an 18,000 molecular
weight protein and other molecules with high
molecular weight seem to be associated with
the toxic activity of A. rabiei culture filtrate (V.
Fogliano, personal communication).

The ability to produce toxins consistently
differs among the A. rabiei isolates. The less
virulent isolate caused inhibition of root
elongation quantitatively different from the
most virulent one and similar observations
were also obtained by ion-leakage tests, in
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which the highly virulent isolate did not
express phytotoxicity and reacted similarly. to
the uninoculated broth. As already reported by
Hohl et al. (1991), the formation of tokic
compounds does not seem to be associated
with the development of the fungus but it is
influenced by the composition of the nutrient
medium and by the growth conditions. A
strong correlation between sporulation and the
amount of toxic compounds was described by
the same authors.

The effect of culture filtrates of A. rabiei on
stem cuttings of other legumes seems to imply
some specificity of action on the chickpea. The
different reactions of the species were not
evident with undiluted culture filtrate that
caused too strong effects. A discrimination of
the host was obtained with a lower
concentration causing severe damage only on
chickpea cuttings. A positive correlation was
found between the reaction of resistant and
susceptible lines to the culture filtrate and to
inoculation using the same isolate of the fungus
{Moscow et al. in press),

Pre-infectional defence mechanisms

The pathogen hyphae penetrate through the
cuticle of stem, leaves and pods at cell
junctions (Hoh! et al. 1990), but not through the
stomata. Recently, Kohler et al. (1995),
working with GUS-transformed strains of the
fungus, demonstrated that penetration can take
place also through hydathodes. The fungus
spreads and kills the host tissues and only the
lignified tissue is not attacked (Pandey et al.
1987). In many plant species, preformed
physical barriers such as cuticle, epidermis, and
other outer structures, have been supposed to
slow down or hinder penetration by pathogens
(Akai 1939; Van den Ende and Linsken 19772,
Royle 1976, Akai and Fukutomi 1980,
Campbell et al. 1980). In order to determine
whether the wall thickness and cytoplasm size
of the epidermal cells and second outer-ell



Table 2. Area of cell lumen (um?2) of first and second outer cell layers in

chickpea stems, mean values and S.D f

First layer Second layer
Calia 2022472 A 764, £ 218.2B
Principe 188.6 £87.5 A 528 + 1545C
Califfo 230.0+£73.0A 843 =+ 793B
Sultano 273.1+862 A 1188, + 2503 A

Means of 80 measurements.

! Values followed by the same letters are not significantly different according to Scott and Knott's

cluster analysis (P=0.01).

layer of the stem were related to resistance to
A. rabiei, young seedlings of four kabuli
chickpea cultivars (Sultano, Califfo, Calia, and
Principe), with different morphological and
bio-agronomical characteristics and various
reactions to A. rabiei, were collected in the
field and studied.

The cultivars examined showed different
epidermic and subepidermic structure both with
regard to the thickness of the cell wall and cell
area, The outer cell wall of the stem epidermal
cells was significantly thicker in the resistant
cultivars compared to the susceptible ones
(Table 1). Sultano had both the thickest cell
walls of the epidermal cell and the largest mean
area of the parenchymal cell of the outer layer
(Table 2). This cultivar was one of the most
resistant to ascochyta blight among the
germplasm recently tested in Italy (Calcagno et
al. 1987, Saccardo et al. 1987, Calcagno et al.
1992). Since the epidermal layer is also the site
of storage of the isoflavones biochanin A and
formonoenetin, precursors of phytoalexins in C.
arietinum (Barz et al. 1993), it could be
assumed that in this layer the protection
assured by a thick wall can be completed by
chemical mechanisms of resistance. Also in the
cultivar, Califfo, the resistance to the pathogen
seems to be associated with both wall thickness
of the epidermal cells and size of the first
parenchyma cell layer. The susceptible
cultivars, Principe and Calia, do not differ
significantly in outer cell wall thickness of the
epidermal layer, while the cell area of the first
parenchima layers is significantly different
hetween the two cultivars (Venora and Porta-
Puglia 1993).

In another investigation (Angelini et al.
1993), 15-day-old chickpea plants of the
cultivars Calia and Sultano were submitted to
histological analysis in order to ascertain
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further differences in tissu¢ organization.
Sultano showed a higher number of xylem cells
and xylem parenchyma cells produced by the
vascular cambium in the interfascicular regions
both in the first and fourth intermnode, as
compared to Calia.

These results need to be confirmed on a
larger number of varieties. Notwithstanding,
they may contribute to the understanding of the
defence mechanisms acting against penetration
of A rabiei in the host. Whether A rabiei
penetrate by mechanical force or with the aid
of cell-wall degrading enzymes, a thick
gpidermis is in itself a desirable trait that
retards penetration,

Post-infectional defence mechanisms
Previous studies dealt with the involvement of
peroxidase (POD) in the wound-healing
process occurring in chickpea stems as a result
of mechanical injury. POD activity is induced
after the stem is wounded in parallel to the
activity of diamine oxidase (DAQ) (Angelini et
al. 1990; Scalet et al. 1991). The latter enzyme,
involved in polyamine catabolism, is supposed
to be the source of H,0,; cssential for POD
activity in the lignosuberization process
occurring in the walls adjacent to the wound
(Angelini et al.1990).

As chickpea-ascochyta interaction may
result in physiological responses similar to those
observed in the wound-healing process, the time
course of biochemical and histochemical POD
and DAQ activities after inoculation of the
susceptible cultivar Calia and resistant cultivar
Sultano with A robiei conidia was studied.
Structural differences between the two cultivars
as well as wall autofluorescence and
lignosuberized  depositions during fungal
infection were also investigated. The isolate of
A. rabiei used in this study, when tested on a set



of chickpea lines, induced a susceptible reaction
on Calia and a resistant one on Sultano (Porta-
Puglia et al. 1987). Calia and Sultano 15-day-
old chickpea seedlings were inoculated by
placing the inoculum lengthwise the fourth (first
in some experiments) internode with a paint-
brush.

After inoculation, the plants were incubated
under conditions suitable for infection.
Internodes with necroses comparable in
extension were excised and used to obtain
crude homogenates for determining enzyme
activity or sections for histochemical studies.
DAOQ activity was estimated polarographically
using an oxigraph equipped with a Clark
electrode. POD activity was analyzed
spectrophotometrically following tetraguaiacol

. formation, Lignin/suberin depositions were
detected by the phloroglucinol/HC! method and
by autofluorescence analysis. Samples for
scanning electron microscope (SEM) analysis
were dehydrated in graded alcohol, dried with
the critical point method and sputtered with
gold (approx. 40 nm). No differences in conidia
germination were observed in the two cultivars
by SEM. Non-inoculated fourth internodes of
the resistant cultivar Sultano showed a greater
FOD and DAQ activity as compared to the
susceptible cultivar Calia. After inoculation,
both enzyme activitics were significantly
higher in Sultano as compared to inoculated

Calia (Table 3). Tissue injury in inoculated
resistant and susceptible seedlings was
followed daily through autofluorescence and
light microscopy analysis of autofluorescence
and wall lignosuberization in sections obtained
from the infected internodes. A crucial
difference between the two cultivars is that
invasion of pith parenchyma cells in the fourth
internodes was never observed in the resistant
cultivar while massive lysis of these cells
occurred in Calia. Infection areas in béth
cultivars were surrounded by a barrier made by
lignosuberization of cell walls of cortical
parenchyma as shown by phloroglucinol/HCI
incubation of internode sections, A greater
extent of lignosuberized barriers appeared in
the resistant cultivar Sultano as compared with
cultivar Calia. Apparent histochemical POD
and DAO activities were detected in the
lignosuberized barriers. Similar findings were
obtained from infected first internodes. These
results suggest that both the structural
organisation of xylem tissues, and the higher
enzymatic activities of DAQ and POD, and
their induction after inoculation may have a
key role in the resistance of the cultivar Sultano
to A. rabiei.

Fusarium oxysporum f.sp. ciceri
Field surveys in the main chickpea cultivation
arcas were carried out to collect samples of

Table 3. DAO and POD activities in crude homogenates obtained from the
fourth internodes of chickpea susceptible cultivar Calia and resistant
cultivar Sultano, 12 dpi with A, rabdiel conidia.

DAO nKat\g FWt POD pKat\g FW*
Calia 2.66 0.11
Calia inoculated 3.00 0.14
Calia inoculated® 375 0.74
Sultano 5.00 0.12
Sultano inoculated® 7.83 0.28
Sultano inoculated® 10.54 1.54

t Intemodes with necroses comparable in extension were respectively selected for two groups of
infection: *necroses with approx. 2 mm longitudinal extension; $necroses with approx. 1 em
longitudinal extension. Similar results were obtained when enzyme activities were expressed
on a protein basis, SD less than 10% of each value.
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wilted chickpea plants and 17 F. oxysporum
isolates were been obtained. Pathogenicity tests
were carried out on the susceptible chickpea
cultivar, Calia. A water-culture technique
(Nene and Haware 1980), with slight
modifications was used. The fungus was
multiplied on potato-dextrose broth on an
orbital shaker. A concentration of 1x10°
sporesiml was used. Seeds were surface
disinfested with sodium hypochlorite and
germinated in moistened sterile perlite. After
15 days, the seedlings were transferred into
plastic glasses containing the inoculum. Thirty
days after inoculation, the plants were
evaluated using a 04 scale, according to the
percentage of the plant canopy damaged by the
acropetal progression of wilting (0 = 0%; 1 =
1-25%; 2 = 26-50%, 3 = 51-75%; 4 = >76-
100%).

In comparative inoculations on plants
belonging to several species of the
Leguminosae, the isolates were pathogenic
only to C. arietinum. They were identified as F.
oxysporum fsp. ciceri. The most virulent
isolate of this collection (No. 526 II) was used
onwards in all the screening tests {see Crind et
al., in this proceedings). In order to characterize
this isolate, the following set of differential
chickpea lines was used: JG 62, C 104, JG 74,
CPS 1, BG 212, WR 315, Annigeri, Chafa, L
550 and K 850, Calia and FLIP 85-88-C were
used as susceptible checks. The reaction of the
differential lines (Table 4) did not fit in with

the pattern of other races previously described.

The need for standardization of the
techniques in order to obtain more comparable
results from different countries is particularly
noteworthy for pathotype classification of F.
oxysporum.

Conclusions

The overall results obtained demonstrate that
chickpea resistance to A. rabiei is an integrated
process in which many morphological and
physiological factors cooperate. Reinforce-
ment of plant cell walls represents a major
plant defense mechanism in response to the
pathogen’s attack. The occurrence of a
polyamine-oxidizing, H,O-generating sysiem
in the apoplast and its induction by fungal
infection represents an important machinery
never studied before in the defense response of
chickpea to 4. rabiei. Work is in progress to
exploit this system as a tool for rapid screening
of breeding material.

Further progress is expected in the
understanding of A. rabiei-chickpea interaction
through the use of molecular techniques.
Recently, an important advance has been
achieved in this field by the development of a
transformation system for the fungus by
Weltring ct al. (1993).

The discovery of specific band patterns in
Sultano and Calia, (respectively resistant and
susceptible to A. rabiei) by using several
arbitrary oligonucleotides, (Sonnante et al

Table 4. Reaction of differential lines of chickpea inoculated with the Italian
isolate of F. oxysporum No. 526 11 used to evaluate wild Cicer accessions.

Genotype Reaction Disease score'
JG-62 2.9 S
C-104 1.6 M
IG-74 2.3 M
CPS-1 38 S
BG-212 0.0 R
WR-315 0.0 R
Annigeri 36 S
Chafa 1.3 M
L-550 13 M
K 850-3/27 0.3 R
FLIP 85-88C 4.0 S
Calia 4.0 S

" assessed on a 04 scale according to the percentage of wilting of plant canopy. Score 0= 0%; 1=

1-25%; 2= 26-50%; 3= 51-75%;, 4= >75-100%. Scores of <1 =

meoderately susceptible (M), >3 = susceptible (S).
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resistant (R), >1-3 =



1995), represents a promising step in the
marker-assisted breeding in chickpea.

At present, the status of knowledge of plant-
fungus interactions in chickpea is more
advanced in ascochyta blight than in fusarium
wilt. For the latter, international cooperation is
particularly needed in order to establish
standard procedures in the study of the
variability in the virulence of F. oxysporum,
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