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1.1. GENERAL

The Food lLegume Improvement Proyram (FLIP) continued its efforts during
1989 on the improvement of kabuli chickpea, lentil and faba bean within
the framework of the Medium-term Plan of the Center. Crop improvement
research, training and information dissemination activities were
urdertaken with a view to enhance the capability of the national
programs in the West Asia and North Africa (WANA) region and to
encourage and assist them in their efforts to improve the productivity
ard yield stability of the cool season food legumes and in the transfer
of technology to their farmers. In line with the increasing thrust at
the Center m the Medium-term Plan on improving productivity of the
farming systems in relatively drier areas, efforts on improvement of
kabuli chickpea and lentil were increased with a corresponding
reduction in the efforts on faba bean, which is usually grown under
more assured moisture supply conditions. Research on adaptation of dry
peas to the dry rainfed farming systems of WANA was continued, under a
restricted core grant from the BMZ, Federal Republic of Germany.

As in the past, multidisciplinary teams of researchers from FLIP
and other research programs at ICARDA worked on specific research
projects in each of the crops with full involvement of the scientists
fram the national programs wherever possible. Kabuli chickpea
improvement work was carried out jointly with the Internmaticnal Crops

Research Institute for Semi-Arid Tropics (ICRISAT). In pasuancz of



the policy of decentralization of breading efforts, activities
continued to expand in the North African Regional Project and the FLIP
scientist located at Morocco worked closely with the national programs
in Algeria, Libva, Morocco and Tunisia and coordinated activities of
the regional network. Netwcrking of research efforts on all the three
cool season food legumes in the Nile Valley of Egypt and Sudan and the
highlands of Ethiopia received boost with the start of the Nile Valley
Regional Program (NVRP) as the IFAD/TItalian Goverrment supported Nile
Valley Project on faba bean terminated. FLIP worked very closely with
the national programs in Iraq, Jordan, Pakistan, Syria and Turkey in
developing strong 1local crop improvement efforts and ensuring
camplementarity. Linkages with legume researchers in China and the
USSR were expanded.

Collaboration with several institutions in the industrialised
countries of Eurcpe and North America continued for basic research to
inprove the efficiercy of our crop improvement efforts and develop
better understanding of the .mechanisms of host-plant resistance to
various biotic and abiotic stresses. Application of biotechnology in
crop improvement was one of the important activities in this

collaboration.

The principal research station of ICARDA at Tel iladya as well as
the subsites in northern Syria (Breda, Jindiress, and lattakia) and the
Bekka valley of ILebanon (Terkol) were used for the major crop
improvemert research work. The weather conditions prevailing at each
of these sites is depicted in the Figures in Section 11. In general,



the season was drier than the long-term average at all test sites
affecting crop growth and yield adversely. However, it did provide a
good opportunity for the evaluation of the breeding material of lentil
and kabuli chickpea for drought tolerance. Research sites of
different national programs were also used for strategic joint research
on the development of breeding material with specific resistance to
sane bictic stresses. For the advancement of breeding material by an
additional generation durirg summer, the high elevation research site
of the Jordan Ministry of Agriculture in Shawback (for lentil ard faba
bean) and the Terbol research station (for kabuli-chickpea) were used.

1.2. ACHIEVEMENTIS

A sumary of the major achievements of the program in research,
training and networking activities during the 1988/89 season is given

below:

1.2.1. Kabuli Chickpea
Program contimued to place emphasis on both winter- and spring-sown
chickpeas. The importance of winter sowing became particularly evident
in this relatively drier season when spring-sown chickpea failed to
give any seeu yield in several areas. The area under winter sowing is
increasing throughout WANA. Winter sowing of new breeding lines at
three locations (7Tel Hadya, Jindiress and Terbol) over six years
(1983/84 to 1988/89) gave a yield increase of 62% (625 kg seed/ha)
over the spring-sown crop. Adoption and impact studies on winter
sowing have shown interesting results in Syria and Morocco.



The national programs contimued to make good use of the
genetically enhanced material supplied by ICARDA. Six cultivars,
namely TS 1009 and TS 1502 in France, Janta 2 in Iebanon, ILC 237 in
Oman, ard Elmo ard Elvar in Portugal, were released as cultivars.
With these, the total number of releases reached 27 in 13 countries
including Algeria, Cyprus, France, Italy, Lebanon, Morocco, Omman,
Portugal, Spain, Sudan, Syria, Tunisia, and Turkey. In addition,
scientists in 12 countries have selected 42 entries for pre-release
multiplication and/or on-farm testing. We furnished 15,595 entries to

NARSs in 4. countries for use in their breeding programs.

Screening for biotic and abiotic stresses was given high
priority. Resistant sources have been identified for two diseases
(Ascochyta blight and Fusarium wilt), two insect-pests (leafminer and
seed beetle), cyst nematode and cold either in cultivated species or in
the wild Cicer spp. or both. Efforts are underway to transfer genes
for resistance fram wild to cultivated species using conventional
interspecific hybridization and also embryo rescue technique. A major
achievement in interspecific hybridization was the production of Fp
seeds from crosses C. arietinum X C. echinospermum and C. reticulatum X
C. echinospermum for the first time, providing the opportunity of
transferring genes fram C. echinospermum to the cultivated species.

The low rainfall that characterized the 1988/89 season provided an
excellent opportunity to select droucht-resistant lines. From the
drought-tolerance project on chickpea initiated four years ago, the

early maturing selections made performed well this year. There is a



gradual shift toward earliness in the material being generated. For
exanple, only 103 of the lines were found to be early and productive in
the intermational trials, which included entries developed four years
ago. In contrast, in the preliminary trials, which included entries
developed last year, nearly 50% proved early and gave reasonable yield
this year. A line-source sprinkler system proved very effective in the
study of the response of diverse genotypes to varied moisture supply
and to identify true response to drought. Multi-location testing of
several early maturing lines in the southernly latitudes showed good
adaptation in areas where in the past ICARDA enhanced germplasm showed

poor adaptation.

Studies on breeding methods included: investigation of the
associations of various characters with seed and total biological yield
an 6170 accessions of kabuli chickpea; analysis of stability of
different characters across enviromments; inheritance of cold
tolerance; genetics of resistance to Ascochyta blight; and development
of modified bulk-pedigree method for breeding cold and Ascochyta blight
resistant chickpeas.

Studies on the pathogenic variability in Ascochyta rabiei were
continued using single-spored isolates on the currently available host
differential set of 9 genotypes under controlled environmental
conditions. The six isolates differed in aggressiveness with isolate 3
being the weakest and isolate 6 most aggressive. Using these 9
genotypes and 6 isolates almost all levels of disease severity were
recorded. Present study indicated that there was mno reversal of



ranking in the genotypes with different strains and therefore screening
of breeding material against most aggressive isolate 6 should be
sufficient to identify resistant genotypes.

Work on the application of restriction fragment length
polymorphism (RFLP) to identify economically important genes in
chickpea genctypes and the isolates of Ascochyta rabiei has been
started in cooperation with the University of Frankfurt, FRG. The
analysis of 15 chickpea genotypes performed to date revealed that
chickpea has a high degree of polymorphism making it specifically
suitable for RFIP analysis.

One spray of Endosulfan reduced the percent mining of leaves by
leafminer and increased seed yield of spring chickpea in the studies
carried out at 3 locations in farmers’ fields in northem Syria.
Studies at Tel Hadya showed that neem seed extract might be an
effective alternative to conventional insecticides for the control of
leaf miner. Studies on the integrated control of pod borer were
continued at Izraa Research Station, as a part of a graduate student
thesis, in collaboration with the University of Damascus. Variaticns
on the susceptibility of chickpea genotypes to aphid infestation
appeared to be related to the pH of leaf washings - higher pH indicated
higher susceptibility.

Studies on dinitrogen fixation in chickpea involved investigations
on identification of an alternate inoculant carrier to peat and the
chickpea host plant genctype and Rhizchium strain interactions. A soil



containing >10% organic matter fram the Ghab valley of Syria, when
arendad with charcoal, proved equally effective to peat in maintaining
high (>109 g¢™1) populations of rhizcbia nodulating chickpea aover
periods of 126 days, indicating the suitability of this material as an
inoculant carrier. Studies on inoculation of a range of chickpea
cultivars with different strains of Rhizobium showed significant
interactions for seed and nitrogen yield responses as well as for the
fraction of total nitrogen derived from fixation, suggesting that
through appropriate cambinations biological nitrogen fixation could be

considerably improved.

1.2.2. lentil)

Average lentil yields are low because of poor crop managemenc and the
low yield potential of landraces. In S. Asia and E. Africa diseases
are also a major constraint to production. Accordingly, an integrated
approach to lentil improvement is being pursued at ICARDA covering the
development of both improved production technology and genetic stocks.
A high priority has been placed on research on lentil harvest
mechanization systems to reduce the high cost of harvesting by hand in
the West Asja and North Africa region. Agronomic research to develop
improved production practices is conducted in coordination with the
Farm Reswurce Management Program, and is extended to the region via
the International Testing Network. Increasing the biologicaly-fixed
nitrogen in the wheat-based cropping system is the aim of the
activities in Rhizobjum research and Sitona weevil control.

During 1989 the National Programs of Australia, Canada, Chile and



Morocco released lentil cultivars received through the Food Legume
International Testing Network, bringine the total to eleven of such
countries. ‘Centinela’ (Chile) and ‘ILL 4605’ (Morocco) were both
released on the basis of their resistance to lentil rust, reflecting an
increased emphasis within lentil improvement given to breeding for
resistance to key diseases. Screening for resistance to Fusarium wilt
is now undertaken at Tel Hadya in cooperation with the University of
Aleppo. Screening for resistance to Ascochyta blight is done at Tel
Hadya and by the joint breeding program in Pakistan. Rust screening is
conducted in cooperation with the Moroccan program. As a result,
sources of resistance to these diseases are now available and being
shared with national programs through the Internationa). Testing
Network.

The breeding program, divided into three streams directed towards
the three agroecological zones (low-med. elevation Mediterranean
region, lower latitudes and high elevation), continued making nearly
300 crosses to develop segregating populations targeted for different
regions with emphasis placed on relevant constraints, providing
breeding material for naticnal programs for selection and cultivar
development in situ. In support of these activities the program
developed four new nurseries this yea:. The subnormal rainfall at
Breda and Tel Hadya locations this year facilitated selection of
breeding lines for drought tolerance and, in addition, the use of line-
source sprinkler system proved very effective for this purpose.
Special traits associated with better crop performance under drought
were identified.



To support the genetic improvement work, studies were carried out
on variability in lentil growth habit, genotype x enviromment
interaction for the potential feeding value of lentil straw, methods of
plant selection, and heterosis. The program also developed a uniform
system for the description of the developmental stages of lentil,
adoption of which will help ocommnication amongst the lentil
scientists.

The genetic improvement in lentil in future might require transfer
of alien genes to the cultigen. Stiudies showed that Agrobacterjium
tumefaciens can be used as a gene vector for application of genetic

engineering in lentil.

Nearly 0.6 million MI' of red ootyledon lentil is consumed
anmially in the world after post-harvest processing into split dehulled
seed. The process involves cleaning of seed, brief immersion of seed
in water, spin-drying, standing to temper, separation into seed size
fractions, dehulling/splitting, and final separation. The effects of
seed size fraction, immersion times, temperature and duration of air-
drying, and standing time on the efficiency of dehulling/splitting
lentil were examined. High dehulling yield resulted from the small
seed fraction (4mm), an immersion time of one minute, no air-drying,
and a standing time of 24 hours. A genotype x enviromment interaction
study revealed that it would be feasible to consider selecting
genotypes for improved dehulling properties, but at present we will
monitor the quality traits and maintain them at a comparable level to
the local cultivar while focusing on improving the yield of seed and
straw and other agronamic characters.
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Studies on biology and control of m crinitus, being a major
insect pest of lentil in the region, were contimied. Nodule damage
fram the larvae of this insect could be controlled effectively by
application of Carbofuran. Seed dressing with Pramet also proved very
Apmnising and this may serve as a safer and cheaper method of control
than the use of Carbofuran. Effect of nodule damage control on the

biological nitrogen fixation is being investigated.

The ICARDA lentil growing region includes a wide diversity of
soils, climates, crop management and history of lentil production.
Indigenous populations of Rhizobium leguminosarum should, therefore, be
very diverse. Hence, sampling of this population from nodules of
lentils growing in seven countries from ICARDA region was done.
Symbiotic effectiveness studies under aseptic hydroponic culture showed
that 50% of total isolates (mostly from Turkey and Jordan) were highly
effective whereas the rest (mostly coming from Syria, Bgypt and north
west Africa) were moderate to low in symbiotic efficiency. Isolates
that ocould tolerance high temperature (>40°) and high salinity levels
(0.5% NaCl) were also identified. Efficient strains are being further
studied for their performance under field conditions. Studies on host
plant genotype and rhizocbial strain cambinations in the field showed
significant interactions for yield response thereby indicating the
possibility of improving biological nitrogen fixation in lentil by

selecting appropriate combinations of the symbionts.

Lentil harvest is the major production problem in the
Mediterranean region because of the high cost of hand harvest. Systems
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of mechanization deveioped earlier were tested again in 1988/89 hut
because of cold and dry winter, the cip growth was restricted which
precluded machine harvest and demonstrated the ecological limits of
lentil harvest mechanization.

1.2.3. Faba bean
In accordance with the decision of the Consultative Group on

Intermational Agricultural Research (CGIAR) to phase-out crop
improvement research at ICARDA by transferring it to the national
programs, the ICARDA faba bean breeder and pathologist moved to Douyet
m Station (near Fes in Morocco) as of 1 September 1989, with
similtanecus reduction in the research work at Tel Hadya and Lattakia
and increase at various research stations in Momgco. Also, work in
other north African countries and in the Nile Valley of Egypt and Sudan
and the high-lands of Ethiopia was expanded.

The national programs continued to use ICARDA enhanced germplasm.
The line 80S 43977 has been released as ’‘Favel’ in Portigal. In
Ethiopia 27 lines are in advanced national multi-location trials and
532 lines are in preliminary screening nurseries. One determinate line
(FLIP 84-146 FB) is in on-farm trials in southern China for relay
cropping with cotton. 1In Syria, determinate line 80S 44027 is in the
second year of on-farm testing. In Algeria 14 lines were included in
multilocation testing and same of the large seeded selections (Seville
Giant, New Mammoth) are candidates for release.

The work at lattakia had led to identification of a large number
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of lines with resistance to one or more of the common faba bean
diseases (chocolate spot, Ascochyta blight, rust, stem nematode) in the
past. One hundred and thirty six disease-resistant scurces were
evaluated for IBPGR/ICARDA faba bean descriptors. Publication of this
data in cataloy form will increase the use of this material by the
national breeding programs for disease resistance.

Work on common viruses showed that two pure lines (BPL 756 and
758) were resistant to BIRV and tolerant to BYMV. Four BPL’s had high
level of resistance to BYMV. Results of a preliminary study suggested
that Phomopsis spp. could be a potential biological control agent
against Qrobanche crepata in faba bean.

As a part of the Nile Valley Regional Program a total of 1100 faba
bean lines fram BEgypt, Sudan, Ethiopia and ICARDA were screened for
resistance tc Aphis craccivora in the Giza laboratory, of which 40
lines showed same degree of resistance. The field screening of a total
of 344 lines revealed 36 l.nes with resistance. In two field
experiments with 15 previously selected genotypes each, 5 to 6
genotypes with low aphid infestation and yield reduction were
identified. Of the most promising lines identified to date a
"Regional Aphid Screening Nursery" will be established and tested in
the three countries. In the screening of 114 BPLs at Tel Hadya in the
plastichouse for resistance to Aphis fabae, five BPLs were found to be
resistanf, of which one was also resistant and two tolerant against 3.
sxassivora.

Field experiments on response of same promising and diverse faba
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beangenotypwtodifferentstminsof&umi_m_gagainshawed
significant interactions for seed and nitrogen yield highlighting the
potential for exploiting cultivar-strain interactions for improved
biological nitrogen fixation even in an area where the naturalized
population of Rhizobjum is adequate.

1.2.3. Dry Peas '
Work contimued on the evaluation of dry pea cultivars developed

elsewhere for their adaptation to the farming systems of WANA and
providing the adapted materials to the NARSs in the region. Of the 308
lines evaluated during the season, 14 were selected because of their
superior performance, for multilocation testing at ICARDA. From the
preliminary yield trials at Tel Hadya and Terbol, 23 accessions were
selected for the Pea Adaptation Trial in WANA for the 1989/90 season.
National programs have found the material supplied useful. Sudanese
program released "Karima-1" as a cultivar for the Northern Province of
Sudan.

1.2.4. Oxobanche Control

This research, conducted jointly with the University of Hohenheim, FRG,
emphasised development of integrated control of the parasite in the
cool season food and forage lequmes. The most promising cumbinations
cf control measures were: slightly delayed sowing (than the date
optimm for non-infested crop) + glyphosate herbicide for faba bean;
delayed sowing of the adapted cultivar (ILL 8) + imazaquine herbicide
in lentil; less infested genotype + hand pulling in Chickpea; less
infested genctype + imazaquine herbicide in field pea.
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1.2.5. Intermational Testing Proqram

This program is a vehicle for dissemination of genetic materials and
improved production practices in the form of intermational nurseries
and trials, to national program scientists in and outside WANA region.
A total of 1022 sets of murseries and trials (447 sets for 19 types for
chickpea, 410 sets of 17 types for lentil, 127 sets of 8 types for faba
bean and 38 sets of one type for dry pea) were distributed for the

1989/90 season to 105 cooperators in 47 different countries.

1.2.6. Nile Vall onal

The Nile Valley Project (NVP) on faba bean which was successfully
operated in Egypt and Sudan fram 1977 to 1988, and in Ethiopia from
1985 to 1988, was raised to a regional program in 1989. The research,
training and development activities were expanded to include chickpea
and lentil in addition to faba bean. On-farm trials with improved
production practices gave econamic increases in yield in all threa
crops. Back-up research helped in developing breeding material witt
inprcvedz&sistanoetodiseasaaniinsectpestsarﬂindeveloping
econamic and more efficient production techniques for evaluation in
the on-farm trials. Adoption studies on the improved production
techniques have been initiated in the program.

1.2.7. North African Regional Program

Cooperation with the national programs in Algeria, Morocco, Tunisia and
Libya expanded during 1988/89. Several selections of ICARDA advanced
breeding lines ard segregating populations out-yielded the local checks
by significant margins in the multilocation testing of faba bean,
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chickpea, ard lentil. A mmber of lines were released or recoamended
for pre-release mltiplication. For chickpea, FLIP 83-47C and 84~-92C
will be released to farmers in Tunisia as dual season (winter .nd
spring-sown) cultivars. In Algerii, FLIP 81-57W and FLIP 81~-293C and
in Morocco FLIP 83-47C, FLIP 83-48C, and FLIP 84-92C were recammerded
for pre-release mltiplication because of wide adaptation and
resistance to Ascochyta blight. For lentil, Precoz (ILL 4605), I24 and
156 were released and ILL 6002, ILL 6209 and ILL 6212 were recammended
for pre-release miltiplication in Morocco. Precoz particularly with
stood well the epidemic of rust in Morocco this season. In Tunisia,
FLIP 84-103L, and 785 26002 and in Algeria FLIP 86-20L are in pre-
release multiplication. For faba bean, Aquadulce aid New Mammoth in
Algeria and FLIP 83-106 FB and two selections fram local populations in

Tunisia are candidates for release.

Disease surveys in the three countries provided a good assessment
of the disease situation. Based on field and laboratory screening six
chickpea lines showed broad-based resistance to Ascochyta blight across
Algeria, Morocco and Tunisia: FLIP 82-150C, 83-47C, 83-48C, 84-92C, 84-
93C and 84-182C. In Tunisia, 183 accessions of chickpea were confirmed
as having resistance to Fusarium wilt after two cycles of screening.
In Morocco, nearly 100% control of nodule damage by Sitona larvae was

ocbtained with Promet seed treatment in faba bean.

Agronamic studies were conducted on all the three food lequmes and
on~-farm evaluation was carried out. Demonstrations of winter-sowirg of
chickpea were increased and socio-econamic appraisal of the technology

was started in Morocco.
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1.2.8. Training and networking

In order to strengthen the research skills in the national programs,
grup-trainimarﬂj:ﬂividualmn-degreeaswellasdegmetrairdm
prcgrams were ocontimued. A total of 154 participants used these
training opportunities. Group training included ‘Residential Training
Course’ as well as specialised short courses on ’Insect Control’,
‘Disease Methodologies’, ‘Ientil Harvest Mechanization’ and ! Legume
Inoculant Production’. We alro conducted ‘in-country’ courses on
‘Breeding Methodologies and Hybridization Techniques’ in Pakistan,
‘Hybridization Techniques’ in Morocco and Bgypt and ‘Seed Technology’

in Morocco.

To enhance the interaction between the food legume scientists
within and outside WANA we organized or co-sponsored a series of
workshops and meetings. These included: 1.’/Internmational Workshop on
Present Status and Future Prospects of Faba Bean Crop Improvement in
the Mediterranean Countries’, Zaragossa, Spain; 2. ‘International
Symposium in China’, Hangzhou, Zhiejiang Province, PRC; 3.
‘Consultancy Meeting on Breeding for Disease Resistance in Kabuli
Chickpea’, Aleppo; 4. ‘Chickpeas in the Nineties’, ICRISAT, India.
Also a 'W%tAsianSeminaronFoodlegmm'washeldin'mrkeyarﬂa
‘Meeting for North African Regional Program on Food Lequmes’ was held
in Morocco. In addition, several travelling workshops were organized
in the region to expand information exchange on research methods and
evaluation procedures.
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2. FKABULI CHICKPEA IMPROVEMENT

The kabuli chickpea improvement is a joint project with ICRISAT
Center, India. The aim of the project is to increase and stabilize
kabuli chickpea production in the developing world. Of the four main
regions where chickpea is grown, the Mediterranean region and Iatin
America produce mostly kabuli type chickpea. Five to ten percent area
under chickpea in other two main regions (Indian subcontinent and East
Africa) is also devoted to kabuli type. Kabuli chickpea is also grown
in high elevation areas (>1000 m above sea level) in West Asia,
especially Turkey, Iraq, Iran, and Afghanistan. Ascochyta blight and
Fusarium wilt are two major diseases of chickpea. ILz2f miner in the
Mediterranean region and pod porer in other regions are major insect-
pests. Kabuli chickpea is mainly grown as a rainfed crop in the wheat
based farming system in areas receiving more than 350 mm rainfall in
the West Asia and North Africa (WANA) region. In Egypt and Sudan and
parts of South Asia, West Asia and Central America, the crop is grown

with supplemental irrigation.

In West Asia and North Africa, where the crop is currently
spring-sown, yield can be increased substantially by advancing sowing
date from spring to early winter. There are indications that
increasing plant density and reducing row width might increase yield
significantly, especially during winter. Winter sowing allows chickpea
crop to be harvested by machine. Major efforts are underway to
stabilize chickpea productivity hy breeding cultivars resistance to
various stresses, such as diseases (blight and wilt), insect-pests
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(leaf miner and pod borer), cold, and cyst nematode. Efforts are
underway to collect basic information for generating input responsive
cultivars, especially those which respond to application of phosphate
and water, Research input on drought tolerance has also been
increased as the spring sown crop is often exposed to drought stress.

During 1989, several collaborative projects operated. In the
project "Development of chickpea germplasm with combined resistance to
Ascochyta blight and Fusarium wilt using wild and cultivated species",
four Italian institutions and ICARDA collaborated. The screening on
cyst nematode was carried out in association with the Istituto di
Nematologia Agraria, C.N.R., Bari, Italy. Fusarium wilt resistance
screening was done in association with INRAT, Tunisia and the
Department de Patologia Vegetal, Cordoba, Spain. Screening for
tolerance of cold was done in cooperation with Agricultur-1 Research
Institutes in Turkey. Genetics of phosphate uptake was investig-ted in
association with the University of Hohenheim, Federal Republic of
Germany (FRG). A program on mutation breeding was conducted jointly
with the Nuclear Institute for Agricultural Biology, Faisalabad,
Pakistan. The University of Sasketchwan, Canada is collaborating with
ICARDA in the study of land races of the kabuli type of chickpea.
Studies on mechanism of drought and cold resistance and same aspects of
biological nitrogen fixation are being studied in collaboration with
INRA, Montpellier, France. Studies on leaf miner resistance and
application of restriction fragment length polymorphism (RFLP) in
characterizing chickpea genotypes are carried out in collaboration with

the Max Planck Inst., FRG.
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2.1. chickpea Breeding

The main cbjective of the breeding project is to produce cultivars and
genetic stocks with high and stable yield. Specific cbjectives in the
development of improved germplasm for different regions are:

1. Mediterranean region: (a) winter sowing: resistance to Ascochyta
blight, tolerance of cold, suitability for machine harvesting,
medium to large seed size (40% of resources); (b) spring sowing:
resistance to Ascochyta blight and Fusarium wilt, tolerance of
drought and heat, early maturity, medium to large seed size (30% of
resources) ;

2. Indian subcontinent and East Africa: Resistance to Ascochyta blight
and/or Fusarium wilt, heat tolerance, early maturity, small to
medium seed size, responsive to supplemental irrigation (15% of
resources) ;

3. latin America: Resistance to Fusarium wilt, large seed size (5% ol
resources); ard

4. High elevation areas: Spring sowing, cold tolerance at seedling
stage and heat tolerance at maturity, resistance to Ascochyta

blight, early maturity, and medium seed size (10% of resources).

2.1.1. Use of improved germplasm by national programs

2.1.1.1. International nurseries and trials

During 1989, more than 15000 breeding lines were furnished to 42
countries (Table 2.1.1.). Sixty-five percent of the material was
provided to NARSs in the WANA region, 7% to other developing countries

and remaining 28% to developed countries. Fifty-two percent material



20

Table 2.1.1. Number of entries furnished in the form of intermational
yield trials and nurseries and breeding lines.

Country —__ Trials and nurseries Breeding Total
No. of sets of No. of lines entries
trials/mirseries entries
Algeria 41 1268 13 1281
Argentina 2 46 46
Bangladesh 2 58 . 58
Bulgaria 2 122 122
Canada - - 703 703
Chile - - 200 200
Costa Rica 1 23 4 27
Cyprus 3 113 113
Egypt 5 125 . 24 149
Ethiopia 9 235 235
Federal Republic - - 116 116
of Germany
France 11 493 493
Greece 2 84 84
India 6 288 288
Iran 10 400 400
Iraq 3 119 3 122
Italy 19 825 419 1244
Jordan 12 435 435
Kuwait - - 4 4
Lebanon 7 302 302
Libya 8 308 308
Moroocco 21 715 .. 715
Mexico 11 277 59 336
Nepal 1 29 29
New Zealand - - 40 40
Qman 2 46 46
Pakistan 24 1204 14 1218
Portugal 9 307 307
Qatar 1 29 29
Saudi Arabia 7 283 283
Spain 25 763 28 791
Sri lLanka 5 119 119
Sudan 2 52 52
Swaziland 2 52 52
Syria 56 1581 1581
The Netherlands - - 8 8
Tunisia 35 1168 1168
Turkey 44 1653 7 1660
U.K. - - 9 9
U.S.A. 5 133 70 203
U.S.5.R. 5 167 167
Yemen P.D.R. 2 52 52
Total 400 13874 1721 15595
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furnithed to developed countries was for the joint research projects
with ICARDA. These countries were Canada, Federal Republic of Germany,
Italy, The Netherlands, and U.S.S.R. NARSs are making good use of the
material furnished to them.

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

2.1.1.2. on~farm trials

puring 1988/89, five newly bred lines, namely FLIP 83-47C, FLIP 83-48C,
FLIP 83-71C, FLIP 83-98C, and FLIP 84-15C, were evaluated against the
two standard checks, Ghab 1 and Ghab 2, at 16 locations in
collaboration with the Directorate of Scientific Agric. Research,
Syria. Four trials failed due to extremely low rainfall, below 200 mm.
Two lines, FLIP 84-15C and FLIP 83-47C yielding 1456 kg and 1459 kg
ha~l, were marginally superior to the best check Ghab 1 (1422 kg ha™1).
But the 100-seed weight of FLIP 84-15C is 45 g against 28 g of Ghab 1
and FLIP 83-47C has higher level of resistance to Ascochyta blight and
cold than Ghab 1. In view of the poor performance of Ghab 2, it was
decided to drop it fram the future tests as a check.

The program has been involved in the on-farm trial activities with
many NARSs in West Asia and North Africa through the supply of seed of
the entries and advice to conduct trials.

NARS scientists and Dr. K.B. Singh.

2.1.1.3. Pre-release miltiplication of cultivars by national programs
Forty-two lines have been identified from the international museries

by scientists in 12 countries for pre-release miltiplication and/or on-
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farm testing (Table 2.1.2). ‘These lines meet the requirements of the
national programs for seed size, plant height and days to maturity.

Further, all new genotypes are tolerant to cold and Ascochyta blight.

Table 2.1.2. cChickpea cultivars identified for pre-release
multiplication and on-farm "esting.

Country Qultivar

Afghanistan FLIP 84-145C, FLIP 81~293C, FLIP 81-57W

Algeria FLIP 81-293C, FLIP 81-57W, ILC 190

Cyprus FLIP 85-10C.

Egypt IIC 2022, FLIP 80-36C.

Jordan IIC 482, ILC 3279.

Iragq FLIP 81-269C, FLIP 82-142C, FLIP 82-169C,
IIC 482, 1LT 3279.

ILebanon FLIP 85-5, FLIP 84-15C.

Libya ILC 484, FLIP 84-92C.

Morocco FLIP 82-150C, FLIP 83-47C, FLIP 84-~92C,
FLIP 34~-144cC.

Syria FLIP 82-150C, FLIP 83-47C, FLIP 83-48C,
FLIP 83-71C, FLIP 83-98C, FLIP 84-15C

Tunisia FLIP 84-92C, FLIP 83-47C.

Turkey FLIP 85-13C, FLIP 85~14C, FLIP 85-15C,
FLIP 85-60C, FLIP 83-31C, FLIP 83-77C.
87AK 71il2, 87 AK 71113, 87 AK 71114,
87 AK 71115.

2,1.1.4. Release of cultivars by national programs

Researchers in 13 countries have selected 27 lines and have releassd

them as cultivars (Table 2.1.3): 23 for winter sowing in the

Mediterranean region, and 2 for winter sowing in more southernly

latitudes.

Two varieties were released for spring sowing. There is a

need to generate more early maturing lines for spring sowing in the

Mediterranean region and for winter sowing in the southernly latitudes.

NARS scientists and Dr. K.B. Singh.
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Table 2.1.3. Chickpea cultivars released by different. national programs.

Country cCultivar Year of Specific features
released release
Algeria ILC 482 1985 High yield, wide adaptation
ILC 3279 1988 Tali, high yield
Cyprus Yialousa (ILC 3279) 1984 Tall, high yield
Kyrenia (ILC 464) 1987 large seed
France TS1009 (IIC 492) 1988 Released by TOP SEMFMCE
TS1502 (FLIP-81-293C) 1988 Released by TOP SEMENCE
Italy Califfo (ILC 72) 1987 Tall, high yield
Sultano (ILC 3279) 1987 Tall, high yield
Iebanon Janta 7. (ILC 482) 1989 High yielding, wide adapatation
Morocco  ILC 195 1987 Tall, high yield
IIC 482 1987 High yield, wide adaptation
Ooman IIC 237 1988 High yield, irrigation responsive
Portugal Elmo (ILC 5566) 1989 High yield
Elvar (FLIP 85-17C) 1989 High yield
Spain  Fardan (IIC 72) 1985 Tall, high yield
Zeari (ILC 200) 1985 Mid-tall, high yield
Almena (ILC 2548) 1985 Tall, high yield
Alcazaba (ILC 2555) 1985 Tall, high yield
Atalaya (IIC 200) 1985 Mid-tall, high yield
Sudan Shendi (NEC 2491/ILC 1335) 1987 High yield, irrigation responsive
Syria Ghab 1 (ILC 482) 1986 High yield, wide adupatation
Ghab 2 (IIC 3279) 1986 Tall, cold-tolerant
Tunisia Chetoui (ILC 3279) 1986 Tall, high yield
Kassab (FLIP 83-46C) 1986 large seed, high yield
Ardoun 1 (Be-Sel-81-48) 1986 large seed, Fusarium wilt resistant
Turkey ILC 195 1986 Tall, cold tolerant

Guney sarisi 482 (ILC 482) 1986 High yield, wide adapatation

All chickpeas are resistant to Ascochyta blight and released for winter sowing,
with the exception of Amdoun 1 which is resistant to Fusarium wilt and released
for spring sowing, and Shendi and IIC 237 which are intended for use under
irrigation. In Turkey, IIC 482 is released for spring sowing.

2.1.2. Screening for miltiple stresses

2.1.2.1. cCultivated species

Screening of germplasm lines was initiated in 1978 for Ascochyta
blight (Ascochyta rabiei), in 1979 for cold, in 1981 for leaf miner
(Liriomyza cicerina), in 1982 for seed beetle (Callasobruchus
chinesis), in 1986 for cyst nematode (Heterodera ciceri), and in 1987

for Fusarium wilt (Fusarium oxysporum). Lines evaluated between 1978
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and 1989 to different stresses have been shown in Table 2.1.4.
Resistant sources have been identified for Ascochyta blight, Fusarium
wilt, leaf miner, and cold. But no source of resistance was found for
sead beetle and cyst nematode. Resistant sources have been freely
shared with NARSs.

Drs.K.B. Singh, S. Weigand, M.C. Saxena, R.S. Malhotra, O. Tahhan.

Table 2.1.4. Screening of chickpea germplasm accessions to biotic and
abiotic stresses at Tel Hadya between 1978 and 1989.

Scale Ascochyta Fusarium Leaf Seed Cyst Cold
blight wilt miner beetle nematode

1 0 5 0 0 0 0
2 0 1 0 0 0 0
3 16 2 0 0 0 15
4 16 9 8 0 0 114
5 1048 17 201 0 0 656
6 345 45 509 164 604 491
7 1814 40 1167 185 808 704
8 1168 380 8 1551 0 1724
9 11284 1143 3585 3253 3856 1811

Total 15691 1642 5478 5153 5268 5515

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

2.1.2.2. Wild species
Evaluation of eight anmual wild Cicer species continued for the second

year to identify sources of resistance to different stresses. Results
of two years evaluation are summarized in Table 2.1.5, Higher
susceptibility rating from the two years evaluation has been taken as
the actual rating. Sources of resistance were found for all the five
stress factors, Ascochyta blight, leaf miner, seed beetle, cyst



Table 2.1.5. Screening of gemmplasm accessions of Cicer spp to biotic amd abiotic

stresses at Tel Hadya, Syria during 1987/88

and 1988/89.

Scale Blight Ieaf miner Seed beetle Cyst nematode Cold
No. Spcies? No. Species No. Species No. Species No. Species
1 0 0 20 1,3,4,5,7 0 1 1
2 5 5,6 15 2,5,8 12 1,5,6,7 0 20 1
3 63 1.3,5,6 36 1,4,5,6 4 1,7 12 1 24 1,4,5,6
4 2 4,6 25 1,4,5,6,7 3 1,6,7 0 15 4,5,6
5 25 1,4,5,6,7 28 1,5,6,7 2 3,5 11 1,7 8 6
6 14 1,5,6,7 9 6,7 8 1,5,7 0 7 5,6,8
7 12 1,2,4,5,7 6 1,5,7 18 2,4,5,7 5 7,8 11 2,5,6,8
8 2 1,3 0 53 2,5,6,7,8 30 1,5,6,7,8 13 5,6
9 8 5,7,8 2 1 10 5,6,8 79 2,3,4,5,6,7 38 2,3,5
Total 131 121 130 137 137
(a) Scale: 1 = free; 5 = intermediate; 9 = killed.
(b) Species code: 1 = C. bijuqum; 2 = C. chorassnicam; 3 = C. cuneatum;
4 = C. echinospermum; 5 = C. judaicum; 6 = C. pinnatificum;
7 = C. reticulatum; 8 = C. yamashitae.

st
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nematode, and cold. Wild species were the only source of resistance
so far to seed beetle and cyst nematode and they had higher level of
resistance than the cultivated species for Ascochyta blight, leaf
miner,arﬂoold.mereasmsalmeofmistancewasfanﬁin
cultivated species for seed beetle, as many as 20 lines of five
different species were free from any beetle attack. These lines should
be used (1) to study the mechanism of resistance, (2) to study the food
value as compared to cultivated species, and (3) to transfer genes for
resistance from the crossable species such as C. reticulatum to
cultivated species. The most important species for resistance to
different stress factors was C. bijugqum while C. yamashitae was least
important. There is a need to evaluate the existing collections to
other important stresses and to collect additional accessions for
evaluation.

Drs. K.B. Singh, S. Weigand, M.C. Saxena, R.S. Malhotra, O. Tahhan.

2.1.2.3. Cambined resistance to cold and Ascochyta blight

Winter chickpea must possess resistant/tolerance to both oold and
Ascochyta blight. ILand races found resistant to one were susceptible
to the other stress. We, therefore, initiated a germplasm enhancement
program for cambirdng higher level of resistance to both cold and
Ascochyta blight. Screening is done in the field for cold between
October and February and for Ascochyta blight between March and June by
inoculating the cold tolerant plants with plant diseased debris backed
up by spray of spore suspension.

Out of 8891 F, plants, only 1238 plants or 13.9% were tolerant to



27

cold. areas, percentage of blight resistant plants was higher
(35.9%). Finally, 281 plants were selected as resistant to both
stresses.

Dr. K.B. Singh.

2.1.2.4. Identification of lines resistance to miltiple races of A.
xabjej.

To identify sources of resistance to the six races of Ascochyta rabiei
reported fram ILebanon and Syria, 1,069 germplasm accessions and
breeding lines were screened against the races in the greenhouse at Tel
Hadya, Syria during 1965/1986. Preliminary screening of the germplasm
was done by inoculating 10-day-old seedlings. Lines with little
infection were retested in the seedling and podding stages. Of the
total lines, 47, 27, 29, 8, and 13, and 4 were resistant to races 1, 2,
3, 4, 5, and 6, respectively. Although different lines appeared to
carry genes for resistance to several races, none was resistant to all.
Three lines (IIC-202, IIC-3856, and ILC-5029) were resistant to five
races and are being used in breeding programs at ICARDA, ICRISAT, and
national programs of North Africa, western Asia, southern and eastern
Eurcpe and the Indian subcantinent.

Drs. K.B. Singh and M.V. Reddy.

2.1.2.5. Evaluation of germplasm for tolerance to herbicide

Herbicides are being adopted by many NARSs to control weeds, especially
during winter sowing because of better cost-benefit ratio than hand
weeding. It was, therefore, decided to develop a screening technique
to evaluate breeding lines routinely to enable the program to furnish


http:Identificat.4n

28

only herbicide tolerant lines to NARS. A set of 1403 lines were sown
on 30 September 1988 in single row plots of 2 m length with 45cm
between rows. A check line ILC 533, previously observed as highly
susceptible to herbicides, was sown after every 10 test entries. Fram
1403 lines, more than 500 lines having a range of reactions from free
to killed were selected and sown during winter and spring. Accessions
were evaluated on a 1-9 scale, where 1 = no damage, 9 = caplete kill.

Results of autumn screening showed that 124 lines were free from
damage and 246 lines were highly tolerant (Fig. 2.1.1). Whereas all
lines including resistant and susceptible were free of any herbicide
damage during winter sowing. During spring, out of 124 accessiaons with

rating 1 in autum, only 23 lines were rated 1 (Fig. 2.1.1). Lines

No. of linea
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Figure 2.1.1. Frequency distribution of germplasm accessions
tested for tolerance to herbicide during autumn
and spring, 1988/89.
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with rating 9 during autum rated 9 during spring too. Although these
results need confirmation, it is obvious that herbicide application is
safe during winter.

Drs. Geletu Bejiga, K.B. Singh and M.C. Saxena.

2.1.2.6. Effect of season on expression of iron deficiency chlorosis
A total of 6330 germplasm accessions were grown at Tel Hadya during
winter of 1987/88 and were evaluated for iron deficiency chlorosis
using a 1-9 scale. Majority of the lines were found resistant to iron
deficiency chlorosis, but 18 lines showed susceptibility (8 to 9
ratings). These highly suscepcible lines were grown at Tel Hadya
during autumn, winter, and spring of 1983/1989 for confirmation of
their susceptibility to iron deficiency chlororsis. Results showed
that there were significant differences between seasons. Mean ratings
of 18 lines were 5.7, 7.0 and 5.1 during autumn, winter and spring
sowing, respectively. The symptom of iron deficiency chlorosis was
more pronounced in winter than the other two seasons. The highly
susceptible lines (IIC 2405, IIC 5725 and IIC 5736) were campletely
yellow and stunted and failed to produce any seed. ".These can be used
as indicators of iron deficiency .and for physiological studies.

Drs. Geletu Bejiga and K.B. Singh.

2.1.3. Screening genotypes for response to su:_:pla:attal irrigation

During 1985/86, 1986/57 and 1987/88, the same set of 50 genotypes and
during 1988/89 a new set of 72 genotypes were evaluated for response to
supplemental irrigation. The rainfall during 1985/86, 1986/87, 1987/€8
and 1988/89 were 316, 358, 504, 496, and 234mm, respectively.
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Irrigation was scheduled based on daily water balance camputations of
rainfall and pan evaporation and validated by soil moisture
measurements with the neutron probe. Mean yields of genotypes tested
with .and without supplemental irrigation are shown in Figure 2.1.2.
Supplemental irrigation gave an average of 80% or 1.34 t ha™l more
yield than no irrigation. Response to irrigation showed high genetic
variability. Same genotypes, such as IL 142, ILC 295, FLIP 82-150C
gave highest response and other lines, such as IIC 652, ILC 1099, IIC

Seed yield (t/ha)

4.0 4
Bl Rainted

Irrigated ! i}

3.0

2.0

1.0 A
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85/88 86/67 87/88 88/89
Year

Figure 2.1.2. Mean yield of 50 chickpea genotypes
during the first three years and 72
genotypes during the fourth year as
affected by supplemental irrigations.
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955, responded least. Although total biamass was two times more with
supplemental irrigation (SI) over rainfed (R), the harvest index was
lower (38%) with.SI than with R (46%). Average plant height with SI
was higher (58cm) than with R (47cm). But the 100-seed weight was
lower with SI (34g) than with R (37g). Full irrigation produced
' slightly lower yield than the supplemental irrigation suggesting that
the presently available cultivars do not respond to full irrigation.

Drs. K.B. Singh, E. Perrier, and M.C. Saxena.

2.1.4. Develomment of improved germplasm for wheat-based farming
systems.

2.1.4.1. Bulk-pedigree method for breeding cold and Ascochyta blight
resistant chickpeas

Bulk-pedigree method for chickpea has been developed and is being

practiced at ICARDA for last ten years to breed cold and Ascochyta

blight resistance lines. This method makes use of facilities for the

off-season advancement at Terbol (980 m elevation). 1In brief, it is

shown in Figure 2.1.3. and described below.

Making cross.  Resistant sources to cold and Ascochyta blight

identified at ICARDA and confirmed in other countries +through

international nurseries are used in the crossing program. Each year

200 crosses, including 100 two-way and 100 three-way, are made during

the main season at Tel Hadya.

F; generation. Each of the 200 crosses are grown flanked by their

parents on either side under continuous light in the off-season (late

June to early October) at Terbol, ILebanon. This pattern of planting

helps in eliminating selfed plants. Continuous light helps in early
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Figure 2.1.3, Bulk-pedigree method of breeding cold and Ascochyta
blight resistant chigkpeas.



33

flowering and timely maturity of all crosses. In order to be certain
that F; plants are crossed, seed fram single plants are harvested
individually to be sown in plant-row in F5 generation.

F> populations. About 2000 seeds are sown for each cross in early
November at Tel Hadya and evaluated for cold between November and
February and for Ascochyta blight between March and June. Generally,
Tel Hadya experiences 30 to 40 days of freezing temperature with lowest
temperature ranging between -6°C anmd -10°cC. Plants that are
susceptible to cold are uprooted and only tolerant plants remain in the
nursery by the beginning of March. Depending upcn the time and
duration of cold, the percent of susceptible plants have varied from 0%
to 55%. In early March, the nursery is inoculated with Ascochyta
blight diseased debris backed up by the spray of spore suspension.
Mist irrigation is used to raise the relative humidity to more than
60%. Disease development has generally been good and reaches epidemic
form by middle of April. Crop matures by the beginning of June.
Resistant plants are selected in each cross and harvested in bulk. In
this and subsequent generations, plants showing iron deficiency
chlorsis or infestion by Opcbanche spp. are discarded.

F3 generation. Upto two thousand plants fram each cross is grown in
the off-season at Terbol. The photoperiod sensitive plants do not
mature and are thus automatically rejected. From the remaining, single
plant selection is practiced for maturity, seed size, and plant height.
Sead fram selected plants are harvested individually.

F4 generation. Ten thousand F4 progenies are qrown in a single row of
4 m long with plant spaced 45 cm and 10 cm apart between and within

rows, respectively in the cold and Ascochyta bight nursery.
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Evaluation for cold tolerance is done between November and February and
for Ascochyta blight between March and June. Susceptible progenies are
rejected. Three plants are selected from the pramising progenies and a
total of 5000 plants are harvested individually.

F5 generation. Fg progenies are grown in the cold and Ascochyta
blight nursery at Tel Hadya. Progenies found susceptible to cold,
Ascochyta blight, iron deficiency chlorosis, and Orcbanche sp. are
discarded, and pramising and uniform progenies are bulked. While
bulking, consideration is given to bulk progenies with a range of
maturity, plant height, and seed size to meet all the needs of the
NARSs. Generally, 500 Fg5 progenies are bulked and harvested.

F¢ generation. Generally, large populations of 250 seeds per Fg
pmgenieﬁaresownina4rmrsxlmnlorx;plotwithplantsspaced 15 am
and 45 am within and between rows, Yrespectively. Lines found
photoperiod sensitive are discarded. Second, any off-type plants are
rogued out and lines are purified. Anywhere between 220 and 264 lines
are bulk-harvested.

F7 generation. Each of these 220 to 264 lines are evaluated for yield
at three locations, viz. Tel Hadya and Jindiress in Syria and Terbol in
Lebanon during winter and spring. These lines are further evaluated
for their reaction to cold, Ascochyta blight, leaf miner and cyst
nematode.  Lines found susceptible to cold and Ascochyta blight and
highly susceptible to leaf miner and cyst nematode are discarded.
Each line is also evaluated for protein content and lines with protein
ountent less than the check are discarded. Based on yield, resistance
to the biotic and abiotic stresses and protein content, between 100 to
125 linesamselectedarﬂmmishedtoNARSsinthefomofdﬁckpea
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International Screening Nurseries (CISN).

NARSs have made effective use of the breeding lines furmished to
them. ICARDA further assists NARSS by selecting promising lines from
CISNs and providing them in the form of yield trials. Suzcess of the
breeding proc-dure can be judged by releases of a large mmber of
cultivars in several countries in the last six years. Though there is
scope to improve this method, the modified bulk pedigree method for
breeding cold ard Ascochyta blight resistant chickpea has been found
satisfactory.

Dr. K.B. Singh.

2.1.4.2. Bulk-pedigree method far development of drought and Ascochyta
blight resistant lines

After a number of years of rcsearch, a bulk-pedigree method of breeding

for drought and Ascochyta blight resistant chickpeas has been developd

(Table 2.1.6). In this method effective use of off-season nursery for

advancing three generations (F;, F4, Fg) and use of greenhouse for

growing F, generation are -made. Thus in four yearc. drought and

Ascochyta blight resistant, high yielding chickpeas are bred and

furnished to NARS for evaluation under their conditions.

Drs. K.B. Singh & Geletu Bejiga.

2.1.4.3. Strategy far breeding for drought tolerance
Ten trials camprising 24 entries each were grown in twe replications at

Tel Hadya, Jindiress and Terbol during 1988/89. Tel Hadya was affected
by drought (234 mm rainfall) while the remaining two locations had
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below normal rainfall (350 mm rainfall) but still sufficient to grow a

normal chickpea crop. Observations were collected on days to flower,

Table 2.1.6. Generation advance and bulk-pedigree method in drought
and Ascochyta blight resistance breeding.

Year Season Generation Breeding operations

1 MSS Fg
oS Fy
GH 2
2 MSW Fq
oS Fa
3 MSS Fg
(03] Fg
4 MSS Fq

Crosses made

Self Fqs to produce F, seeds

Harvest Fj seeds in bulk seeds when 2/3 plants
have matured.

Select blight resistant plants and bulk
harvest F, seeds.

Select single early maturity plants and
harvest F5 seeds individually.

Select plant tolerant to drought with a range
of seed size and high yield, bulk promising
and uniform lines.

Iarge populations of each bulked lines grown
and if lines found uniform and early maturity
then harvest seed in bulk.

Evaluate new lines during spring at
multilocations. Grow single row in blight
nursery to check reaction of new lines.
Choose high yielding, drought tolerant and
blight resistant lines and furnish them to
national programs for selection under local
corditions and possible release as cultivars.

MSS = main season spring; MSW = main season winter, 0S = off-season;

GH = greenhouse.

plant height, days to maturity, biological and seed yields, and 100-

seed weight. Seed yield and biological yield were measured from a plot

size of 3.6 m2. Analysis of variance was performed for each variable

Separately. Correlation analysis was run to detemmine the associations

between seed yield and other characters. Selection models were set for
normal enviromments (Jindiress, Terbol) and drought enviromment (Tel
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Hadya). The equations set for normal enviroments were tested for
their suitability to predict the top high yielding lines for drought
erviromnent, while the one developed for Tel Hadya was used to predict
the top high yielding lines for the normal envirommeaic.

The results revealed that 100-seed weight, days to flower, plant
height and days to maturity had highly significant (P < 0.1)
aseociations with seed yield except at Jindiress. The equations for
selection index indicated 67% variation in yield to be ascribed by days
to flower (earliness), 73% by days to flower and days to maturity, and
75% by days to flower, days to maturity and 100-seed weight at Tel
Hadya. However, the variations in yield accounted for by days to
flower were 16% and 35% at Jindiress and Terbol, respectively (Table
2.1.7), indicating that some other characters had higher influence on

seed yield under normal conditions.

The probability of success of the selection indices fram drought
envirorment to normal and vice versa (transferability of models) was
measured as proportion of genotypes recovered by transferred model from
top 10% based on the given model. It was clear that selections made
under normal envirorments are more adaptable to drought envirorment
than the adaptability of selections made under drought envirovrment to
normal enviroments (Table 2.1.8). Therefore, by selecting high
yielding lines under favorable envirament high yielding and adaptable
lines to drought conditions can be developed.

Drs. K.B. Singh, Geletu Bejiga, M.C. Saxena, M. Singh.
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Table 2.1.7. Selection indices (prediction models) for seed yields at
the three enviromments (Y = seed yields).
Location Model RZ% Abbreviation
Tel Hadya
Y = 1470.2 - 21.05 DF 67% THY
Y = 1734 - 13.670F - 7.18 IM 73% TH2
Y = 1463.5 + 2.8185W - 9.1 DF 75% TH3
=-7.95[M
Jindiress
Y = 964.4 - 7.97 DF 16% JN1
Y =952.8 - 9,62 DF + 4.7S PFH 17% JN2
Terbol
Y = 2324 - 26.04 DF 35% TB1
Y = 2786 - 11.6 SW -26.66 DF 39% TB2
Table 2.1.8. Chances of success (percentage of top 10% genotypes for
seed yield in drought envirorment recovered under top
10§ of genotypes when selections based on normal
enviromments were used to select the material under
drouwght conditions).
Selection models of Selection models of drought
nomal envirorments enviromment transferred from
transferred to Tel Hadya Tel Hadya
From Models Variables & To Models Variables §
Jindiress JN1 DF 45.8 Jindiress TH1 DF 8.3
JN2 DF,H 50.0 TH2 DF, M 8.3
Terbol TB1 DF 45.8 Terbol THY DF 29.2
TB2 DF,SW 20.8 TH2 DF,IM 25.0

TH3 DF,IM,SW 29.2
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2.1.4.4. Seqgregating populations
Four hundred superior and uniform F5 and Fg progenies were bulkad.

Drs. K.B. Singh, Geletu Bejiga.

2.1.4.5. Yield perfarmance of newly bred lines

Three hundred and fifty-two newly bred lines were evaluated for yield
at three locations (Tel Hadya, Jindiress and Terbol) and in two seasons
(winter and spring). Although several lines were superior in yield
over check, only a few were significantly better (Table 2.1.9). The
1988/89 season was the driest in recent years, yet many lines sown
during winter yielded more than 2 t ha™l at Jindiress and Terbol and
over 1 t ha™l at Tel Hadya. Though yields were low during spring
sowing, especially at Tel Hadya, several lines exceeded the standard
check and 33 at significant 1level. Because of severe drought,
coefficient of variation was higher than in the previous seasons.

Drs. K.B. Singh, Geletu Bejiqa.

2.1.4.6. Winter sowing

A camparison of spring versus winter sowing has been made over six
years (1983/84 to 1988/89) at three sites (Tel Hadya, Jindiress and
Terbol), using common breeding lines (ranging between 72 and 384 lines)
in all trials in each year. The winter of 1984/65 was one of the
coldest in the last 50 years, and the spring of 1983/84 and 1988/89,
especially at Tel Hadya, was the driest.

The seed yield data in Figure 2.1.4. showed that winter-sown
trials on average produced 1634 kg ha~l against 1009 kg of sprirng-sown
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Figure 2.1.4. Mean seed yield (kg ha~l) of chickpea, grown in two
seasons (winter and spring) at three locations (Tel
Hadya, Jindiress and Terbol) and six years.
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Teble 2.1.9. Performance of newly developed lines during winter and spring at Tel
Hadya, Jindiress and Terbol, 1988/89.

Iocation No. of Entries Yield (kg ha=l) Range for
and season trials Tested Exceeding Signi- Location Check Top C.V. L.S.D.
check ficantly mean mean entry (%) (kg-ha™l)
exceeding
check
Tel Hadya
- Winter 16 352 65 2 535 682 1270 11-42 116-573
- Spring 16 352 73 33 164 293 740 22-167 96-259
Jindiress
- Winter 16 352 89 3 1194 1408 2308 12-25 305-622
- Spring 16 352 17 0] 520 804 1305 15-29 124-327
Terbol
- Winter 16 352 79 3 1652 1835 2270 6-23 213-721
- Spring 16 352 36 0 793 1157 1532 15-37 223-835

Check: Winter, IIC 482; Spring = ILC 1929.

84
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trials, giving 62% or 625 kg ha"l more yield. The yield differences
between winter and spring were larger during dry season than the normal
ssacon. During abnormally cold year (1984/85), ylelds of winter-sown
trials were lower than spring-sown trials. But this trend was reversed
during the 1988/89 season which was also a very cold year. The latter
occcurred because of deliberate selection for better cold tolerance
since 1984/85.

Dr. K.B. Singh.

2.1.4.7. Development of large-seeded, tall, early maturity and spring
type.

National programs need large-seeded chickpeas to satisfy oconsumers
preference, tall type for machine harvesting and early type for spring
sowing and low rainfall areas. A number of lines meeting these
specific needs have been bred and a few of them are shown in Table
2.1.10. There are some lines, for example FLIP 86-81C, which cambine
tall stature, large-seed and high yield. Same of the new lines have
the same yield potential as the local spring type, but have earlier
maturity and resistance to Ascochyta blight. Such lines are expected
to adapt more widely than the local land race.

Drs. K.B. Singh and Geletu Bejiga.

2.1.5. Genetic study

2.1.5.1. Associations of same characters with seed yield

A total of 6170 accessions of kabuli chickpea were evaluated for nine
characters and biological and seed yields at Tel Hadya during the
1987/88 winter season. Accessions were grouped into seven regions,
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Table 2.1.10. Performance of scme promising lines of chickpea at 3 locations
during 1988/89.

Line _ Grainyield (kyha=d)  100-seed  Days Height
Tel Hadya Jindiress Terbol Mean weight (g) to flower (cm)

Large seed

FLIP 87-5C 986 1448 1659 1364 46 119 39

FLIP 87-7C 1003 1363 1952 1439 47 116 33

FLIP 87-8C 679 1597 1952 1409 45 118 32

IIC 482 (check) 965 1287 1881 1378 27 120 32

Trial mean 623 1293 1603 1173

CV. % 38.6 15.7 7.9

S.E. 170 143.9 89.2

Tall plant

FLIP 86-81C 568 1628 1762 1319 39 125 42

FLIP 86-98C 749 1344 1556 1216 40 124 40

FLIP 86-103C 555 1591 1988 1378 36 125 41

FLIP 86-111C 676 1175 1595 1149 44 122 47

IIC 3279 (check) 360 1043 1659 1021 27 126 43

Trial mean 528 1178 1507 1071

C.V. % 17.6 16.0 7.1

S.E. 65.5 133.1 75.5

Early maturity

FLIP 87-56C 624 1481 1897 1334 3 110 26

FLIP 87-59C 724 1175 2107 1335 a5 112 29

FLIP 87-74C 876 1634 2028 1513 37 116 30

IIC 482 (check) 833 1326 2012 1390 26 121 28

Trial mean 656 1289 1841

c.v. 26.1 14.5 6.7

S.E. 121 131.8 87.2

Spring type

588207 310 560 1373 748 41 109 32

588210 408 606 1175 730 34 115 30

588233 362 671 1429 821 39 110 28

IIC 1929 (check) 160 679 1325 721 37 120 33

Trial mean 253 489 1089 610

c.V. 26.1 17.4 37.1

S.E. 46.6 60.2 285,




namely South Central Asia (Afghanistan, Iran, USSR), South Asia (India,
Pakistan, Nepal), Mediterranean (Jordan, Syria, Palestine, Lebancn,
Iraq, Cyprus, Turkey, Algeria, Morocco, Tunisia, Portugal, Spain,
France, Italy, Greece, Bgypt), Americas (Mexico, Columbia, Ecuador,
Peru, cChile, USA), East Africa (Ethiopia, Sudan, Malawi), ICARDA
(breeding lines developed through hybridization) and other countries
(Bulgaira, Yugoslavia, Czchoslovakia, Ramania). Correlation and path
coefficient analyses were carried out separately for each region to
determine relationships between yield and its camponents  and  to
identify major direct contributors.

Correlation analysis showed that biological yield, harvest index,
the muber of seeds/m?, and 100-seed weight were strongly associated
with seed yield (Table 2.1.11). The biological yield had the strongest
association with seed yield, except in the Americas where harvest index
and the mumber of seeds/m? had close assocations with seed yield. Days
to maturity had highly significant and negative relationship with seed
vield in accessions from the Americas. he correlation value between
plant height and seed yield was only high in accessions from South
Asia.

The path coefficient analysis revealed that biological yield amd
harvest index were the major direct contributors to seed yield (Table
2.1.12), Contributions from other characters were mainly through
biological yield and harvest index. The indirect contributions of
plant height and canopy width through bioclogical yield were high in
accessions from South Asia (0.670 and 0.625) and other countries (0.603



Table 2.1.11. Correlations between seed yield and other characters in chickpea.

Character Sauth central South Mediterra- Americas East ICARDA Other Total
Asia Asia nean Atrica countries germplacm

Days to flower —0.103%* -0.110%* —0.330*%* =0.365%*% (,404* -0.229%*% 0.128 0.320%*
Flowerirg duration 0.111%* 0.257*%% 0.326%% 0.110* -0.292 0.245%% -0.108 0.357%*%
Days to maturity —0.097%*% 0.005 —0.196%* -0.803*%*% (0.135 -0.011 =0.359%% (0,351%*
Plant height 0.273%% 0.622%% 0.160*%* -0.047 0.332% 0.206%* 0.434%% 0.413%*%
Cancpy width 0.275%% 0.582%% 0.415%% 0.146%% (0.237 0.455%% 0.549%% (. 521%*
Biological yield 0.923%% 0.948%* 0.847%% 0.641*%*% (.892%% (.882*%% 0.801%* 0.856%%
Harvest index 0.294%* 0.132%% 0.411%% 0.813** (0.004 0.411%* 0.359%*% 0,590*%*
Seeds/mz 0.522%* 0.514%* 0.609%% 0.745%% 0.026 0.787%% 0.492%% 0.560%%
100 seed weight 0.355%% 0.494 %% 0.212%% 0.158*%% (.682%% (0,097*%*% 0.115 0.268%*
Protein content (%) 0.231%%* 0.263*%% 0.122%* 0.158%%x 0.111 0.057 0.270%* 0.410%*

No. of accessions 2176 496 1587 518 37 1155 201 6170

St




Table 2.1.12. The direct contribution of same characters to seed yield in chickpea.

South central South Mediterra~ Americas East

ICARDA Other Overall

Asia Asia nean Africa countries total
‘ germplasm
Days to flower -G.037 -0.057 -0.011 0.023 ~-0.017 ~-0.032 ~-0.072 -0.036
Flowe.ring duration ~0.023 -0.002 ~-0.027 -0.013 -0.008 -0.025 -0.040 -0.312
Days to maturity -0.339 -0.224 ~-0.414 ~-0.332 0.015 -0.301 ~-0.278 -0.020
Plant height ~-0.006 -0.002 -0.002 0.066 ~-0.022 -0.003 0.004 0.005
Canopy width -0.003 0.009 -0.006 -0.011 0.042 0.008 -0.010 -0.003
Biological yvield 0.877 0.929 0.855 0.471 1.106 0.745 0.852 0.834
Harvest index 0.473 0.367 0.568 0.512 0.442 0.433 0.566 0.546
Seeds/m2 0.103 0.071 0.101 0.251 0.049 0.223 0.145 0.101
100—seed weight 0.093 0.063 0.088 0.170 -0.012 0.161 0.1323 0.679
Portein content -0.026 -0.016 -0.011 0.006 -0.024 -0.033 -0.008 -0.015
Residual 0.099 0.103 0.127 0.162 0.147 0.101 0.199 0.147
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and 0.672). The mmber of seeds/m? mainly contributed via harvest
index and to some extent through biological yield. The rumber of
seed,ss/m2 was very important character in accessions from East Africa,
Americas, and ICARDA’s breeding lines. The 100-seed waight was one of
the major indirect contributors through total biological yield and
harvest index.

Analyses of the total germplasm accessions suggest that biological
yield, harvest index, mumber of seeds/m?, and canopy width should be
considered as selection criteria in the breeding program, although the
latter two characters mainly contributed via total biological yield and
harvest index.

Drs. Geletu Bejiga, K.B. Singh.

2.1.5.2. Stability analysis for same characters

Chickpea experiments were conducted at three locations, (Tel Hadya and
Jindiress in Syriz and Terbol in Lebanon) over two seasons (winter and
spring) for three years (1983/84, 1985/86, 1986/87). Analyses of
variance were done to study the genotype-enviromment interactions and
analysis of stability was done to determine the performance of lines in
varying enviromments.

Results showed significant differences between mean of the
geasons, locations and lines for days to flower, plant height,
biological yield, seed yield, and 100-seed weight. Genotype x season
interactions at each location were highly significant for al”
characters in all years, suggesting that most genotypes responded
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differently to -each season. The pooled deviations were highly
significant for all the characters except for biclogical yiel' in one
of the three years confirming that the performance of these lines can
not be predicted-due to their ;differentjal reésponse to different
envirorments. Based on the mean seed yield, regression coefficient and
deviation from regression, the top high yielding lines, ILC 482, FLIP
82-234C, FLIP 82-225C, 587220, 587215, FLIP 85-8C, and FLIP 84-73C, can
be recommended for good envirorments. Lines which appeared to have
relatively better adaptability to varying enviromments were undesirable
except for poor growing conditions since they do not respond to good
enviromments. In conclusion, this study shows that cultivars have to
be bred separately for winter and spring sowing and also for favorable
and unfavorable envirorments. Stability of seed yield was found to be
independent of the stability of other chiaracters.

Drs. K.B. Singh and Geletu Bejiga.

2.1.5.3. Inheritance of cold tolerance in chickpea

An understanding of the inheritance of cold tolerance is important to
breed for cold tolerant cultivars. Therefore, an 8 x 8 diallel cross
involving all parents and their 28 Fis was studied at Tel Hadya, Syria
fran 1986 to 1988. Data were recorded on cold tolerance when the
susceptible-cum-indicator check was killed. Results of cambining
ability, (Vr, Wr) graphical, and camponents of variance analyses
revealed that cold tolerance was governed by both additive and non-
additive gene effects with the preporderance of additive gene effects.
The cold tolerance in this material was dominant over susceptibility
and was controlled by at least five sets of genes. The heritability in
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the narrow sense for cold tolerance was high (87.9%). This study
indicated that selection for cold tolerance in early generations should
be sffective.

Drs. R.S. Malhotra and K.B. Singh.

2.1.5.4. Genetics of resistance tc Ascochyta blight

Inheritance of resistunce to race 3 of Ascochyta blight (Ascochyta
rabiei (Pass.) lab.) was studied in four resistant lines at Tel Hadya
Syria from 1983 to 1986. The parents, F; and F, populations were
evaluated for Ascochyta blight resistance under artificial epiphytotic
conditions in the greenhouse during the 1983/84 season. The Fj
progenies from selected F, resistant plants for each of the four
crosses involving resistant and susceptible lines were evaluated for
segregat. .n of blight resistance and su :zptibility in the greenhouse
during the season. Results suggested that a single domirant gene
conditioned resistance to race 3 in the four parents, ILC 72, ILC 202,
IIZ 2956, and IIC 3279. Allelic tests indicated that the resistance
gene present in these four resistant lines was the same. When these

resistant parents were evaluated against six races of A. rabiei, each

was resistant to races 1 and 3 and to at least two other races, but no
two lines showed the same resistance pattern. Furthermore, the disease
reaction of these resistant lines differed when tested in 13 countries.
The variation in reaction of four resistant lines to six races amd in
different countries appears %0 be due to the presence of same other
resistant genes in addition to a common gene.

Drs. K.B. Singh and Geletu Bejiga.
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2.1.5.5. Genotype x enwviroment interaction for protein content

Five trials camprising 116 breeding lines were grown at three locations
(Tel Hadya, Jindiress, and Terbol) and two seasons (winter and spring).
The first four trials consisted of 24 entries each, while the fifth
trial consisted of only 20 entries. These trials were sown in two
replications at each location usirg a four-row plot of 4m x 1.8m.
Sarcent protein content was detewmined by Near-infrared reflectance
(NIR) spectroscopy. Data were then subjected to factorial analysis
separately for each trial. Results showed that there were significant
differences (P = 0.001) among the lines in all the trials. The first
order (location x genotype and season X genotype) and second order
(location x season x genotype) interactions were only significant in
trial 3 (P = 0.05) and trial 4 (P = 0.01). There was no significant
interaction in trial 1 which consisted of only large-seeded lines,
whereas trial 2 which consisted of all tall lines revealed significant
season X genotype interactions. Early maturity lines (Trial 5) had
only significant interactions of location x season x genctype. These
results indicated that there are lines which do not interact with
envirc ments for nrotein content and thus stable lines can be
identified for this character through multi~locational tests.

Drs. K.B. Singh & Geletu Bejiga.

2.1.5.6. Mutation stidies

Genetic variability for such important traits as cytoplasmic-genetic
male sterility, determinate growth habit, photo-period insensitivity,
tall and erect plant type, long pod with 3 to 4 seeds, mltiple pods
per peduncle is rather limited in chickpea. A project was initiated
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during 1987 to increase variability for these traits using cultivars
IIC 482, IIC 3279 and IIC 6104, seeds of which were exposed to 40, 50
and 60 KR of gamma irradiation or treated with 0.1% and 0.2% solution
of ethylementhane sulphate (EMS) for two hours after one hour
presoaking ir. water. The M; generation was grown in the off-season
nursery, at Terbol between June and October and M, generation was grown
at Tel Hadya fram December 1987 to June 1988. A wide range of viable,
morphological mitants affecting most plant parts, such as leaf, flower,
plant height, plant type, pod, maturity, and seed, were selected fram
M, generation. All the selected mutants were grown in M3 generation at
Tel Hadya during winter 1988/89 to confirm their mutant nature.
Mrtants of economic importance in ILC 482 ii.cluded one with 50% large
seed size, another mutant with multiseeded pods, and a third with 15
days early flowering. 1In tall parent IIC 3279, a mutant with 20% more
plant height was identified.

Mr. M.A. Hag and Dr. K.B. Singh.

2.1.6. Evaluation of germplasm

Six thousand two hundred twenty-one germplasm accessions, which were
evaluated during the winter season, sere classified into eight
categories for six major characters, namely biological yield, seed
yield, harvest index, mmber of seeds/m?, percent protein content and
canopy width. Their respective frequencies were estimated using the
mean (x) and standard deviation (s) of the entire evaluation data
(Table 2.1.13). The class limits of the eight categories were
determined as follows: Class 1: > x + 3s; Class 2: x +2s to x + 3s;

Class 3: X +1s to x + 28; Class 4: x to x +1s; Class 5: x-1s to X;
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Class 6: x -28 to X =1s; Class 7: X =38 t0 X - 28; Class 8: < x - 38,

Class 1 is the most desirable, while class 8 is the least
desirable. There were 18, 9, 11, 26, 15 and 2 accessions in the class
1 for biological yield, seed yield, harvest index, mmber of seeds/m?,
protein content and canopy width, respectively. Majority of the
accessions were in class 4 and 5 (Figure 2.1.5a-f). Camparatively few
lines were undesirable. This type of classification has helped in
selecting highly desirable lines for breeding program.

Drs. Geletu Bejiga and K.B. Singh.
Table 2.1.13. Mean of biological yield, seed yield, harvest index,
mmber of seeds/m?, and percent of protein in the seed

for 6221 accessions evaluated during winter season of
1987/88 at Tel Hadya, Syria.

Character Mean(x) Standard deviation (s)
Biological yield (g) 517 133

Seed yield (q) 245 70

Harvest index (%) 48 7.8

Number of seeds/m2 999 399

Protein content (%) 22,6 1.5

2.1.7. Wild Cicer species

2.1.7.1. Evaluation of germplasm

One hundred and thirty-seven accessions of eight ennual wild Cicer
species, including C. bijugqun, C. chorassaniam, C. cueatum, C.
echinospermum, €. judaicum, C. pinnatifidum, C. reticulatum, and .
yamashitae, were sown on 2 Dec 1988 along with a line of cultivated
species as check. The check was sown frequently after every 10 test
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Figure 2.1.5. Frequency distribution for (a) seed yield,
(b) biological yield, (c) harvest index,

(d) number of seeds/mz, (e) protein content;
and (f) canopy width.
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entries. The plot size was one row, 2 m long. Spacings between and
within row were 0.45m and 0.1m, respectively. The experimental plot
was irrigated twice curing April and May 1989, each time with 50 mm
water to avoid drought stress. The crop was protected fram Ascochyta
blight Ly spraying Bravo 500 fungicide five times between February and
April. Observations were recorded on five plants randamly chosen in
the field. Data on seed yield, 100-seed weight, protein content and

leaf area were recorded.

Results of evaluation for 32 characters are presented in Tables
2.1.14. amd 2.1.15. Wild species were marginally superior to
cultivated species for a few characters. For example, early maturity
(127 days in ¢. judaicum IIWC 37/S-2 in camparison with 185 days of the
check IIC 482); seeds per pod (C. Quneatun pods bear several seeds and
2.5 seeds per pod was the average recorded in C. judajcum IIWC 19-2);
pods per plant (223 in C. bijugqum IIWC 32-2 and 182 in ILC 482); and
protein content (23.6% in C. judaicum IIWC 33/5-6 and 20.4% in the
check IIC 482). On the contrary, their main limitation is small seed
size and poor seed appearance, which will limite their use as donors of
genes for desirable traits.

Dr. K.B. Singh and Mr. Bruno Ocampo.

2.1.7.2. Interspecific hybridization
During 1987/88, a 9 x 9 diallel cross comprising eight anmal wild

Cicer species and one cultivated species was made. Seventy-two crosses
including reciprocals were attempted. The crossing block was grown
during the 1987-88 season both in the field and in plastic house, but
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morpho-agronamic characters in wild Cicer species.

Table 2.1.14. Mean and standard error for genetic variability of different

C. arjetinun C. bijugun C. chorassanium €. cupeatum
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Table 2.1.15.
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Morphological variation in wild ¢icer species.

Character C. adletinan  C. bijugun . chorassanium  C. cuneatum
Flower color vwhite Lilac Creamy Lilac
Maturity uniformity + - - -
Growth habit Semi-spreading Spread Prostrate Climbing
Stem ocolor Grean Partly purple Predaminantly Green
purple
Stam pubescence + + + +
leaf shape Cbovate Oblong Qumeate Manow
flagellate ameate
leaf edge Dentate Dentate Dentate Dentate
Stipule shape Ovate tria. Triangular Minute Minute
Pubescence + + + +
Pod dehiscence - + + +
Seed shape Round Oblong Ovoid Round
Seed color Beige Pale Dark brown Brown
brownish
Seed surface Smocth Very fine Bruised Very fine
echinate echinate
spines spines

Purplish

Deeply incised
Flagellate
+

+
Hearty bilabate
Dark brown

Creamy
reticuls

Pink

Spread
Partly purple

Oblong
Dentate

Flagellate
+

Oblong

Creamy
reticule

Violet

Spreading
Green

+
Eliptic
Incised
friangualr

+

+

Hearty bilcbate
Grey

Creamy
veins

+ = present, - = absent
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the success in crossing in the plastic-house was negligible. A large
mmber of flowers were pollinated in each cross cambination (Table
2.1.16). The Fs8 were grown in the field in the 1988/89 season and
attempts were made to determine the true crosses.

Out of 72 cross-cambinations, eight crosses were successful and these
were C. arjetinum (ILC 482) x C. reticulatum (IDWC 36), C. reticulatum
(ILWC 36) x C. arietimm (ILC 482), C. arietinum (ILC 482) x C.
echinospemar: (IIKC 35), C. echinospermm (IIWC 35) x C. arietimm
(ILC 482), C. echinospermum (IIWC 35) x C. reticulatum (IIWC 36), C.
reticulatum (IIWC 36) x C. echipospermum (ILWC 35), C. bijugum (ILWC
34) x C. judajaum (IIWC 20) and C. pinnatifidum (IIWC 29) x C. judaicum
(ILWC 20) (Table 2.1.17). All these cross-combinations were reported
earlier. But we succeeded in having Fi’s setting & large amount of
seeds in the crosses involving C. echinospermum which were earlier
reported to be sterile.

Among the successful crosses, the most interesting were those
with C. echinospermum. Despite the semisterility of the pollen, Fy’s
involving ¢. echinospermm produced very large amount of seeds and were
more vigorous than their parent species, C. arietimm, C. echinospermm
and C. reticulatum. It will be interesting to follow these crosses and
examine whether they can throw high yieldint segregants.

In two cross-cambinations, ¢. bijugoum x €. judaicun and C.
pimpatifidum x C. judaicum, very few seeds were produced. Here a
mechanical barrier was observed. The fertilization failad because of
the elongation of style out of tie keel before the dehiscence of the
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Table 2.1.16. Number of flowers crosses and (percent success) in annual
Clcer species.

Male/Female  C. arietinum ¢. bijugum ¢. chorassan C. cuneatunm

C. arietimm - 116 (0) 19 (0) 123 (0)
C. bijuqum 167 (0) - 58 (0) 118 (0)
C. dwrosanicam - - - 3 (0)
€. cupeatum 58 (0) 124 (0) 47 (0) -
C. echinospermum 78 (18) 255 (0) 19 (0) 43 (0)
C. judaicum 63 (0) 71 (0) 38 (0) 39 (0)
C. pinnatifidum 42 (0) 174 (0) 61 (0) 57 (0)
C. reticulatum 55 (5) 240 (0) 41 (0) 84 (0)
C. yamashitae 63 (0) 14 (0) 84 (0) 42 (0)
C. echinospe C. judaicum C. pinnatifi C. reticulat C. yamamshit
48 (75) 45 (0) 61 (0) 60 (75) 57 (0)
170 (0) 64 (23) 118 (0) 153 (0) 106 (0)
- 6 (0) 6 (0) 6 (0) 12 (0)
97 (0) 89 (0) 104 (0) 32 (0) 105 (0)
- 110 (0) 54 (0) 167 (18) 66 (0)
60 (0) - 44 (0) 70 (0) 50 (0)
53 (0) 22 (50) - 54 (0) 83 (0)
131 (16) 63 (0) - - 76 (0)
168 (0) 69 (0) 86 (0) 119 (0) -

() = Numbers in parenthesis are percent of successful hybrids.

Table 2.1.17. Pollen fertility (%) of the successful crues-combinations (Fy)

Famale/Male C.ard. C bli. C. . C amp. C.ech. C. jud. ¢. pin. ¢. ret.
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stamen. Hand pollination was employed to produce F, seeds.

Anr 8 x 4 top cross between eight wild Cicer species and four
cultigen has been made during the 1988/89 season.
Dr. K.B. Singh and Mr. Bruno Ocampo.

2.1.7.3. In vitro cailture

Since crosses between many wild Cicer spp. and cultivated species were
unsuccessful, embryo rescue technique was employed. An attempt was
made to search for a suitable mutrient medium to enable the development
of the excised parental species embryos, as well as their rhizogenesis.
A mixture of Murashinge and Skoog agar solidified medium derived by a
carbination of mineral salts, vitamins as in B5 medium, and
Benzyladenine (0.1 to 1.0 uM) and IBA (1 uM) as hormones was found to
be the most suitable mutrient. Problems were encountered in embryo
dissection that led to injury of small embrvos so altering their
response to culture corditions. However, same embryos were
successfully cultured in vitro. In future, effort will be directed to
find a satisfactory medium for shoot and root regeneration.

Mr. B. Ocampo ard Dr. K.B. Singh.

2.1.7.4. Cytology

Cytological analysis aimed at studying the cytological causes
wnderlying sterility observed in the interspecific hybrids, to oconfim
hybridization, and to determine the karyotype of the anmual Cicer

species.
The meiotic analysis of the Fjs from the four fertile cross-
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cambinations involving C. echinoepernum as one parent did not show
apparent irregularities in hamologous pairing, as well as in their
disjunction. Furthermore, the microspore mother cells regularly
released four microspor:s. The reason for only partial pollen
fertility of the above F;’s might be attributed to genetical
disharmonies (Table 1.1.17). But chiromosamal sterility should not be
excluded, since sometimes genic and chromosamal sterility are not so

easily distinguishable.

By means of root tip mitotic analysis of the wild Cicer reiatives
the chramosame mumber of the accessions and lines was ascertained.
Samatic chromosome rumber of all the annual Cicer species was found
to be 2n = 16, the same as in the cultigen, but they are karyotypically
different. The karyotype of C. echinospermum (IIWC 35/S-1) and C.
retiadatum (ILWC 21-15) and C. arjetinmum (FLIP 82-150C) have been
determined using the meiotic technicque.

Mr. Bruno Ocampo and Dr. K.B. Singh.

2.1.8. Phosphorus efficiency stidies in chi