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recalcitrant crop species such as chickpea
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Chickpea (Cicer arietinum L.) has shown little poly-
morphism in isozyme and Restriction Fragment Length
Polymorphism (RFLP) studies which may be an
indication of limited genetic variation. Mutagenesis and
interspecific hybridization will increase the variation and
can be useful for plant breeding purposes. Work
conducted at ICRISAT Center in these fields js reported
and reviewned.

Cror improvement literature abounds with success on
breeding for resistance 1o biotic and abiotic stress
factors, and chickpea (Cicer arietinum) forms no
exception In this field’. However, strides made in
brecding for yield improvement of chickpea seem to be
less impressive. During a consultancy visit to JCRISAT
Center, in 1988, Kenneth J. Frey, Iowa State University,
Ames, fowa, USA, calfed chickpea a ‘recalcitrant’ crop
species, meaning that it was not very amenable to
genetic yield improvement, in spite of the many efforts
to breed for yield increase during the last three decades.
This observation seems to agree with comments made
by Saxena and Johansen? that two decades of chickpea
breeding had failed to result in significant yield
mcreases. Although another reference quoted an
example of an annual yield increase’ of 1.3%, In
general, the expectations of yield improvement have
probably been higher than the actual achievements.
Also, the world mean yield records of chickpea show
Little increase from 1960 to 1990, compared to wheat
and soybean (Figure 1). It needs to be realized though,
that these yield data also reflect factors other than
genetic yield potential.

Possible causes of recaleitrance

The expected genetic yield advance 1s mostly dependent
on the available genetic variation of a character; and on
its heritability (H), as expressed in the formula’:
G,=(K) (g 4) (H), where Gg=genetic advance, K =selec-
tion differential and oA = phenotypic standard devia-
tion.

The heritability for yield is generally low in agricultural
crops, and we would not expect chickpea to be different
from others in this respect. But the case may be
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different for genetic variation. In the literature we found
nine references on isozyme studies in Cicer, and five
observed the infrequent occurrence of polymorphism.
Similarly, Restriction Fragment Length Polymorphism
(RFLP) analyses revealed little polymorphism in the
cultivated chickpea (Chuck Simon, pers. commun.). If
limitation in genetic variation 1s the main cause for
slow genetic yield advance, we may resort to methods
that can increase the variation. In this article two such
methods: mutation breeding, and nterspecfic hybndiza-
tion have been discussed.

Mutation breeding of chickpea at ICRISAT

During 1981/82, seeds of chickpea cv. Chafa (a short-
duration, desi type variety released in Maharashtra,
India) were treated with ethyl methane sulphonate
(EMS) mutagen, aiming to produce rare types and to
increase the already-existing diversity for morpho-
agronomic traits. Seeds of Chafa were given 12 different
treatments of EMS soaking {(combinations of concentra-
tions 005, (.10, 0.15, 0.20, 0.30 and 0.60%, and soaking
periods of 2, 3, 4 and 6 h), and were sown in the ficid.
Germination in all the treatments was normal, ranging
from 85 to 91% (Table 1). The seeds harvested from the
M, were advanced ‘to the M, generation. Each
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Figure 1. World productivity of wheat, soybean and chickpea
(kg/ha).
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Table 1,

Frequency of morphological mutants in EMS-treated progenies of chickpea cv. Chafa, I[CRISAT Canter,

post-ramy season, 1981/82

————

Morphological mutants from M,?

M,
Mutagen germination Nonalbino
Treatment* dose** (%) Albino Sterile Viable Total
0 05%, 2h 0.10 91 4 0 4 1 5
0.05%, 4h 0.20 89.6 1 12 11 24
0.10%, 2h 0.20 90.0 I 1 6 8
0.10%, 4h 0 40 884 O 46 44 90
0.20%, 2h 0.40 87.8 ] 8 19 28
0.15%, 3h 045 91.2 3 13 14 30
0.20%, 4h 080 89.2 2 23 28 53
0.15%, 6h 090 86.4 2 32 37 71
0.30%, 3h 090 904 3 23 39 65
0.30%, 6h 1.80 848 1 10 32 43
0.60%, 3h 1.80 §9.2 3 16 13 32
0 60%, 6h 3.60 854 1 6 11 18
Control water, 6h 0 90.0 0 — r— 0

*Concentration of EMS and time.

**Product of concentration x duration.

TEach treatment with 500 seeds.

1Each treatment had approximately 1200 plants.

treatment had about 1200 plants among which mutants
were 1dentified. The 0.10%, 4 h treatment gave the best
result. The mutagen doses (EMS concentration X duration:
an arbitrary measure) of 0.4-1.8 were equally eflective,
whereas the lower and higher doses were less effective.
Some viable mutants identified from this work were:
pale-green foliage, prostrate growth habit, entire leaflet

raargin, acurmmnate leaflet shape, narrow leaflets,
brachytic leaves, large leaves, tewer leaflets, rectangular
vexillum, open flower, short stature, thick stem, upright
canopy, flattened pods, twin pods, large pods, glabrous
stem and mutants for increased seed yield. Many of
these morphological features were seen in the Cicer
genus for the first time and some, e.g. glabrous stem, are
extremely useful for basic studies®.

Colchicine is commonly used to induce variabihity by
increasing ploidy levels in plants. We achieved the same
in chickpea using 0.25% colchicine for 4 h. However, in
subsequent generations, some plants reverted back to
the normal diploids. From the C, tetraploid progenies
of ¢v. Annigeri, a unique plant was identified with twin
pods. Subsequently, the mutant was veniied to be
normal-diploid, twin-podded and wilt-resistant (trait of
parent cv. Annigeri). A useful mutant induced through
colchicine was thus obtained®, It has been reported
earlier® that, besides doubling the chromosomes, the
colchicine treatment can induce gene mutations.

In 1986, we started a mutation breeding project by
irradiating chickpea seed with gamma rays. We chose
two relcased, high-yielding, lusarium wilt-resistant,
small-seeded kabult varieties, ICCV 2 and ICCV 6. Qur
mam objectives were to increase the seed size, and to
induce determinate plant growth habit, The moisture
content of the seed ranged from 8.5 to 9.4%, and the
three pamma ray doses applied were 13, 30 and 45 kR.
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The effect of the radiation treatments on germination,
plant height and several other characters was tested In
a field trial that had a randomized complete block
design with four replications. Each plot had four plant
rows of 4 m length, and accommodated 160 seeds at
sowing. The tnal results showed that the highest dose
of 45 kR had not adversely affected the recorded plant
characteristics (Table 2). The low plant stands at 30 kR
were noted but could not be explained. In two
experiments, we estimated the percentage of mutations
for different morphological characters in M, popula-
tions, in a similar way as described by Filippetti and De
Pace’ for faba bean. We detected putative chlorophyll
mutants, dwarf plants, early-flowering types, plants with
determinate growth habit, with small and large leaf and
seed sizes, and with other vanations (Table 3, Figure 2).
It seemed that higher radiation doses could have given
greater effects. However, Mahto et al® observed a
decrease in the germination percentage and yield, when
they gamma-irradiated the seed of two chickpea
varicties with doses of over 15 kR and up to 73kR.
Haq et al.? treated chickpea seed of cv ILC 195 with
15 kR gamma rays and observed in the M, 0.04%
chlorophyll mutants, 0.17% leal mutants, and 0.24%
other morphological mutants. Corresponding hgures
from our study were 0.53, 0.09 and 0.11%. Kharkwal et
al 9 reported 1.6% chlorophyll mutants.

A data survey of use of mutagens has been taken up
and the results from a search in the AGRICOLA data-
base covering 1979-91 are compiled 1n Figure 3; the
keywords used were chickpea and breeding, and
chickpea/Cicer and mutation/mutant.  Although the
numbers in the latter category suggest that mutation
breeding in chickpea has not been widely apphed, sonme
remarkable successes have been achicved 1o respect of
disease resistance and yield improvementt?t,

413



RESEARCH ARTICLES

p— -

‘e’

Table 2. Effcct of gamma radiation treatments of chickpea seed on seedling emergence, plant survival,

days to flowenng. plant height at harvest, yield and 100-seed weight
W—u——#—_——_——ﬂﬂﬂ—*———_ﬂ——“

Plant count {%)

25 days Days Piant 100
Vacrety* and after Al to height Yield seeds
treatment SOWINg harvest Rowering (cm) (t/ha) weight (g) )
iccv:
A OLR 36 33 35 28 10 23
A 15kR 46 43 3 25 1.1 25
A LR 26 24 36 27 0.8 23
A, 45 kR 43 43 33 28 1.6 23
B, O kR 25 22 33 30 1.0 24
B, 15 kR 25 24 32 29 1.0 26
B, 30 kR 16 13 35 3 08 26
B, 45 kR 34 30 33 29 1.2 26
ICCV 8
A, 0kR 51 45 57 13 1.5 19
A I5kR 54 53 62 34 1.6 18
A 3D kKR 26 25 62 32 0.7 19
A, 45 kR 4G 51 62 31 1.6 i8
B OkR 43 48 58 31 1.8 IR
B, 30 kR 36 34 87 31 1.4 19
Mean
0 kR 40 37 46 31 0.3 21
IS kR 45 43 47 31 1.3 22
30kR 26 24 48 30 0.9 22
45 kR 45 44 48 30 1.5 21
SE+ 6.1 6.4 0.7 19 0.2 0.5
Mean 37t 349 44 8 298 1.2 219
CV 331 36.8 33 129 28.2 5.0

*A: Single plant progeny bulk; B: Breeders seed.

Table 3. Putative mutants observed 1 M, populations of chickpea
planis denved from gamma-radiated seed

Yanety* Putative mutants {%}
and Population —

treatment size Chlorophyll Other**
ICCV 2 *

A, 0O kR 1933 1.50 0.26
A, 15 kR 1782 0.56 0.11
A, 30 kR 1838 0.48 0.11
A, 45 kR 1915 0.84 0.16
B.0kR 1830 0.27 0.05
B, 15 kR 1820 0.37 048
B, 3G kR 1841 087 0.49
B, 45 kR 1820 0.66 0.33
JCCV 6

A OkR 2037 0.79 0.15
A, 15kR 2000 0.65 0.00
A, 30 kR 1999 0.60 0.15
A, 45 kR 19G5 0.85 000
B, 0kR 2019 00D 0.00
B, 30 kR 2057 044 0.15
Mean

0 kR 7819 0.64 012
15 kR 5672 0.53 0.19
30 kR 7735 0.59 0.19
45 kR 5730 0.79 0.16
Overall mean 26956 0.63 0.17

*A: Single plant progeny bulk; B. Breeders seed.
**Dwarf, determmnate growth, smol and large leaf, large seed, early

flowenng, other abnormals.
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Interspecific hybridization at ICRISAT: state of the
art

Wide hybridization is one of the potential means of
broadening the genectic base of a crop species. In the
genus Cicer, ning annual species occur, of which one is
cultivated (C. arietinum L.) and eight are wild spectes.
Of these only C. reticulatum and C. echinospermum can
be easily crossed with chickpea. Crosses of other species
with chickpea have not yet been successful. However,
some¢ wild species can be crossed among themselves.
The species C. judaicum, C. pinnatifidum, C. bijugum and
C. cuneatum hold special significance, because they
possess useful traits such as resistance to diseases and
fast vegetative growth. At ICRISAT Center, we are
attempting to introgress desirable traits from these
species into chickpea through embryo rescue and tissue
culture techniques.

Conclusions

Mutation breeding and interspecific hybridization may
become increasingly important for the genetic tmprove-
ment of chickpea because of indications that the
chickpea genome is short of polymorphism in structural
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Figure 2. Vanant of chickpea, isolated from gamma rays irradiated progeny of chickpea cultivar, ICCV 6, showing smaller

Jeaf and determmate growth habit,
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Figure 3. Number of Cicer publications found on searching the

AGRICOLA Data Base 19791991, using the keywords: Breeding (B)
and Mutations (M),

genes. This is supported by the successful results
already achieved from the limited efforts of mutation
breeding. It 1s suggested that not only high doses of
gamma radiation are tested, but also that other
mutagens ar¢ more widely applied. The use of wild
species for interspecific hybridization will help to
broaden the genetic base and their extensive utilization
in chickpea improvement is suggested.
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