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Three kabuli chickpea genotypes viz ILC 482, 3279, and 6104, were treated with 40, 50 and 60 kR doses of gamma irradiation; 0,1, and 0.2% EMS to create genetic variability and subsequent selection of mutants. The results indicated that induced mutability is governed by the genetic architecture of the material used, and the gamma irradiation and EMS differ in their mutation spectrum. The appearance of chlorophyll mutants gave a good indication that other morphological mutants will occur in a fairly good proportion. The highest frequency of morphological mutants was recorded for the first time. An inverse relationship between radiosensitivity in MI and mutability in M2 was observed. The genotype ILC 482 was least sensitive to gamma irradiation and EMS, but most mutable genotype, whereas ILC 6104 was most sensitive to gamma irradiation and EMS, but least mutable.
The mutagenic treatments induced mutations affecting plant height, growth habit, branching and stem structure, stem and foliage colour, leaf type, flowering and maturity, seed and pod type. There were differences in mutation spectrum between the genotypes and between the tow mutagens. The most notable mutants were those having large seed size (from ILC 482 and ILC 3279), tall plant type; 80 cm (from tallest parent ILC 3279; 65 cm), and cold tolerant mutant from ILC 482. These mutants may be used directly in developing a variety. Other mutants like double flowering, early maturity, long pod, and various leaf type mutations increase the wealth of germplasm for breeding programmes. Mutations as tendril, fasciated, leafless, and aphid attracting are important from a phylogenetic and evolutionary point of view,

INTRODUCTION
 (
13
)Mutation induction is now a proven means of creating or increasing genetic variability that differs from the kind obtainable through gene recombination:existing genes can be changed into different alleles, linkage groups can be separated, single genes or gene groups can change their position or can be eliminated. For the isolation of induced mutants, M1 plants are advanced as M2 generation, because about 99% of all mutants are due to recessive mutations and therefore the mutant genes are not discernible in M1 plants. The selection of mutants can only begin in the IVI,2 generation. Very often, however, the mutant genes in the M3 familiesare not yet present in the homozygous but only in the heterozygous condition. In these cases they become for the first time discernible in the Tvi, generation. Appearance of mutants in plants is controlled by many factors, some of the most important biological factors include the mode of
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reproduction, number of primordial cells involved in the origin of inflorescence, genetic architecture of the organism (diploid or polyploid) and characteristics of the locus involved in the mutation process. Besides these biological parameters, variables relating to the nrutagen used, treatment conditions, and pre-and post-treatment modifying factors also influence manifestation, transmission and recovery of an induced mutation (Auerbach, 1967; Brock, 1971),
A quantitative evaluation of mutant experiments with regard to the true frequency of mutants can only be done if all M2 families-segregating and the non-segregating ones-are used for growing a giant Nfl, generation. This will often be impossible because of lack of space (Gottschalk and Wolf, 1983). Rate of chlorophyll mutations is estimated to measure and compare the mutagenic effects of different seed treatments (Hansel, 1968).
The experiment was conducted to observe all the deviating types in the M, generation of three kabuli chickpea genotypes (ILC 482, ILC 3279, and ILC 6104) resulting from mutagenic seed treatment of gamma irradiation (40, 50, and 60 left) and EMS (0.1%, a 2%). The findings on frequency and spectrum of visible mutations are presented in this paper.
MATERIALS AND METHODS
 (
14
)Three kabuli chickpea varieties viz., ILC 482, ILC 3279, and ILC 6104 were used, Dry seeds of uniform size having 11% moisture content were treated with 40, 5`), and 60 kit doses of gamma irradiation at Nuclear Institute for Agriculture and Biology, Faisalabad. Prior to the chemical treatment, seeds were presoaked in distilled water. After one hour of soaking under continuous aeration, the seeds were subjected to 0.1 and 0.2% acqueous solution of EMS for one hour with constant shaking. After treatment the seeds were washed in running tap water for one hour and then dried on blotting paper. All these operations were carried out at room temperature. The treated seeds along with untreated control were grown in experimental plots at ICARD A's off-season station at Terbol, Lebanon between June and October 1987. At maturity all the surviving plants were harvested individually. The seed material comprised of individually harvested M1 plants, was brought from Terbol, Lebanon to ICARDA' s main station at Tel Hadya situated at 36°5' N to 36°55' E at an altitude of 292 in, near Aleppo in the northern Syria. The number of surviving plants in ILC 482 was quite large in all the treatments and therefore, a random sample of 250 plants in each treatment was taken. In ILC 3279 and ILC 6104 number of surviving plants was generally less than 250 (except for 40 and 50 kR treatment in ILC 6104), therefore, in these genotypes, all the M, plants were taken for the raising Ma generation. Seed samples from each plant were raised by M1 plant-to-row method in the field at Tel Hadya from December 1987 to June 1988. The respective untreated controls were planted every tenth row for better comparison with normal variation. MI deviating types observed in Mi were registered.
Chlorophyll mutations were recorded in the 10-20 day old seedling. All the viable morphological mutants were scored throughout growth period of plants. Variations in branching and stem structure, leaf type, flower type, flowering and maturity, pod and seed shape and size were recorded. The mutants were classified by the most contrasting character and mostly by which was noticed at an early stage, e.g., many large-leaf mutants had large pods and large seeds; small-leaf mutants had small pods and small seeds, but were classified into leaf type mutations. The mutation frequency was computed on Ma family basis (6/0 of mutated progenies) and M2 plantbasis (% mutants). Analysis of variance and correlation coefficients were worked out for chlorophyll and viable morphological mutants.
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RESULTS AND DISCUSSION
Chlorophyll mutations
Mutation frequency: The data on chlorophyll mutation frequency on M2 population basis as well as on M2 family basis are presented in Table 1, In ILC 3279 there was an increase in the frequency of chlorophyll mutations with an increase in the doses of gamma irradiation and EMS. However, this trend was not observed in ILC 482 and ILC 6104. Dose dependent in- crease in the mutation frequency has been reported in peas (Blixt, 1964), cowpea (Oommen and Gopimony, 1984), lentil (Sharma and Sharma, 1981), and in Lathyrussativus (Nerkar, 1976). ILC 482 and ILC 3279 exhibited the highest mutation frequency on M2 family basis (28.8%) and M2 population basis (4,4%), respectively. The effective dose ofgamma irradiation to achieve the saturation effect i.e., the highest mutation frequency, varied among the varieties. The highest mutation frequencies
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were obtained following 40 IS dose in ILC 482 and ILC 6104, however, in ILC 3279, saturation effect was attained in 60 kR treatment. EMS dose 0.2% prov ed most effective in ILC 482 and ILC 3279 but least effective in 1LC 6104. Genotypic control of mutation frequency has been reported in barley (Ni Ian, 1964), peas (Sidorova, 1966), wheat (Gaul and Aastveit, 1966), and L. sat! 'us (Nerkar, 1976),
Single and multiple mutations: Relative frequencies of families segregating for single and multiple chlorophyll mutation type are presented in Table 2a. Most of the progenies segregated for one chlorophyll mutation type, The proportion of segregating families ranged from 88.9 to 100% for one type and from 1.39 to 11_11% for two types. Induction of multiple chlorophyll mutations appeared independent of higher or lower dose effect of mutagen. Nerkar (1970) has reported reduction in recovery of multiple mutations with the increase in the mutagen dose in L. swims.
Spectrum of mutations: A wide spectrum of chlorophyll mutations was observed which included albina, xantha, chlorina, and viridis (Table 3). Albina and xantha mutants died within 10 to 15 days after emergence. In few cases chiorina mutants did survive. All the viridis mutants survived and grew vigorously but had few branches. very weak stems. and a

 (
16
)Table 2.	Relaative frequency of M2 families segregating for varying
number of mutation types.
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	Control
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	40 kR
	100.00
	0.00
	100.00
	0.00
	96.30
	3.70

	50 kR
	93.18
	6.82
	100.00
	0.00
	100.00
	0.00

	60 kR
	100.00
	0.0u
	88.89
	11.11
	100.00
	0.00

	.1 % EMS
	100.00
	0.00
	100.00
	0.00
	100.00
	0.00

	.2 % EMS
	98.61
	139
	100.00
	0.00
	100.00
	0.00



b) morphological mutations
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		ILC 482	ILC 3279	ILC 6104
1 type	2 type	3 type 	1 type	2 type	1 type 2 tyi 

	
	
	



	Control
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	40 kR
	95.89
	4.11
	0.00
	100.00
	0.00
	10100
	0.00

	50 kR
	87.51
	3.12
	937
	100.00
	0.00
	100.00
	0.00

	60 kR
	97.56
	2.44
	0.00
	90.00
	10.00
	100.00
	0.00

	.1 % EMS
	100.00
	0.00
	 0.00
	8333
	16.67
	8333
	16.67

	2 % EMS
	89.16
	9.64
	1.20
	90.91
	9.09
	83.33
	16.67
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0
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0
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0
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low number of seeds and pods per plant. No chlorophyll mutation type was associated with a specific genotype as reported in chickpea by Nerkar and Mote (1978). The spectrum of chlorophyli mutations was different in gamma irradiation and EMS treatments. In ILC 6104. only gamma irradiation induced albina and xantha mutations. Albina were least in number in all the genotypes, I n ILC 482, xantha, in ILC 6104, vitidis, and in ILC 3279, both viridis and chlorins were predominant. The results are in agreement with earlier reports in other crops Wes tergaard. (1960) that the spectrum of chlorophyll mutants after neutron treatments differs from that after gamma-ray treatment. and that the mutation spectrum of several chemical mutagens differ from others and from physical mutagens. The results are contrary to the findings of Ka lia et al. (1981). They treated five improved selections of chickpea with different doses of gamma rays and two chemical mutagens, and observed predominant occurrence of xantha mutants irrespective of the variety, and the highest rate of chlorophyll mutations in the gamma ray treatments. On the overall basis of three genotypes. the mutants can be arranged in the following order, xantha > chiorina > viridis > albina. Similarly. Venkateswa du et al. (1978) observed in pigeonpea that xantha mutants appeared most frequently. Sjodin (1962) reported that in Viciafabaviridis was most common wit h xantha the next most common mutant tYpe. whereas albina was a very rile mutant as in most legurnittosae. Athwal et al. (1970) reported that albina constituted the largest single category of mutants observed in gamma rov treated N.4„ generation of one dcsi and one kabui i chickpea variety. Kharakwal et al. (1988) also reported the predominance of albina among chlorophyll mutant types in chickpea. In present studies relative differences in types of chlorophyll mutants can be taken as an indication that it is worthwhile to use more than one in titagen in a mutation work, since a particular desirable mutant arises much more rarely from treatment
 (
18
)with one mutagen, but more frequently with others, thus cons iderab ly increasing the chances of selecting desired mutant(s),
Morphological mutations
Mutation frequency; The data on morphological mutation frequency are presented in Table 4. A dose dependent increase in the frequency of morphological mutations was observed in EMS treatments. Dose-dependent increase in mutation frequency for gamma irradiation treatments was observed only in ILC 6104. In ILC 3279 the 'saturation effect' was attained at 50 kR and in [LC 482 at 40 kR treatment. The reduction in mutation frequency at 60 kR in ILC 3279 and at 50. 60 kR gamma irradiation treatments in TLC 482 compared with lower doses may be due to the elimination of mutations associated with gross chromosomal changes through haplontic and diplontie sieves. Viable mutation frequency ranged from 3.01033 .2% on progeny basis and 0.48 to 5.18% on population basis, EMS 0.2% treatment exhibited highest mutation frequency on progeny basis in all the genotypes. Dckov and Radkov (1982) also reported that EMS induced some what higher frequency of mutations than the gamma rays in six chickpea varieties_ ILC 6 ] 04 exhibited the lowest frequency of morphological mutants as well as chlorophyll mutants. Ah inverse relationship between radiosensitiviev in
and mutability in M2 generation was observed, ILC 482 was least sensitive to gamma rays and EMS. but proved lobe the most mutable genotype. Results of a similar nature have been reported in French bean (Yankulov et al., 1980) and in soybean (Boreiko. 1976.. Nikolov, 1980). The present results are contrary to the findings of Sharma and Sharma (1979) who reported that mutagen-resistant lentil variety L-259 yielded lower frequency and narrower spectrum of mutations than the mutagen-sensitive varieties L-235 and L-258. Gaud et al, (1970) reported similar results in sorghum.
From the Table 3 it could be concluded that the proportion of morphological mutants
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	Table 4.
Genotype
	Frequency chick ea :enot
Treatments
	of morphological
lanted
Frequency family basis Total Segregatir
families
	mutants
at ICARDA, on M2
	in M2generation of three Ale • po, Syria 1987-88.
	

	
	
	
	
	
	Frequency on fvf, population basis
	

	
	
	
	families
	%
	Total Mutants ]ants
	

	ILC 482
	Control
	10
	0
	0.0
	295	0
	0.00

	
	40 kR
	250
	73
	29.2
	6378
	258
	4.04

	
	50 kR
	250
	32
	12.8
	5157
	86
	1.67

	
	60 kR
	250
	41
	16.4
	5591
	102
	L82

	
	.1 % EMS
	250
	37
	14.8
	5728
	65
	1.13

	
	2 % EMS
	250
	83
	33.2
	4235
	145
	3.42

	[LC 3279
	Control
	10
	0
	0.0
	293
	0
	0.00

	
	40 kR
	231
	7
	3.1
	2138
	45
	2.10

	
	50 kR
	119
	15
	12.6
	1081
	46
	4.25

	
	60 kR
	133
	10
	7.5
	1066
	32
	3.00

	
	.1 % EMS
	64
	6
	9.4
	885
	17
	1.92

	
	.2 % EMS
	130
	22
	16.9
	907
	47
	5.18

	ILC 6104
	Control
	10
	0
	0.0
	274
	0
	0.00

	
	40 kR
	284
	11
	3.9
	3145
	15
	0.48

	
	50 kR
	267
	13
	4.9
	2036
	19
	0.93

	
	60 kR
	197
	9
	4.6
	1122
	12
	1.07

	
	.1 % EMS
	133
	6
	4.5
	1767
	12
	0.68

	
	2%EMS
	123
	6
	4.9
	2109
	16
	0.76



	Table 5.
	Correlation between appearance of different types of chlorophyll mutants and morphological mutants in M2generation of three thicka

	
	
	




I. Albina
2. Xantha
3. chlorina
4. Viridis
5. Total Chlorophyll
6. Total morphological
d.f= 13

1.000
 (
19
)0.926" 1.000
0.652" 0.670" 1.000
0.659" 0.709" 0.824" 1.000
0.917" 0.948" 0.842" 0.860" 1.000
0.914" 0.909" 0373" 0.559" 0.858" 1.000
1	2	3	4	5	6
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was much greater than that of chlorophyll mutations 917:583 whereas Wel lensiek (1965), Monti (1968), Nerkar (1976), and Kharakwal et al. (1988) have reported that the proportion of morphological to chlorophyll mutations was about 1:2 in their studies on legumes. The highest frequency of morphological mutations was recorded for the first time in chickpea. The correlations worked out between appearance of different types of chlorophyll mutants and morphological mutants in M2 generation are presented in Table 5. A significant positive correlation between appearance of albina, xantha, chlorina, viridis mutants and of morphological mutants was observed. These correlations have shown that the appearance of chlorophyllmutations gives a good indication that other morphological mutations will occur in the population in a fairly good proportion.
Single and multiple mutations
Relative frequency of families segregating for single and multiple morphological mutation types are presented in Table 2b. Most of the families segregated for one type of mutation. The proportion of segregating families ranged from 83.33 to 100% for o ne type, 2.44 to 16.67% for two types and 1.20 to 9,37% for three types of morphological mutants, respectively_ Only the progenies in 1LC 482 segregated for three types of morphological mutations, In TLC 6104, families segregating for two mutant types were observed only in EMS treatments. EMS 0.2% dose was most effective to induce multiple mutations in all the genotypes. However, no relationship was observed between frequency of families segregating for two or r tore types with an increase in mutagen dose as reported by Nerkar and Mote (1978).
Spectrum of mutations
The mutagenic treatments induced mutations affecting plant height, growth habit, branching and stem structure, stem and foliage colour, leaf type, flowering and maturity, seed and pod type (Table 3). There were differences in mutation spectrum between the genotypes. In
 (
20
)ILC 482 the relative frequency of leaf mutations both in gamma irradiation and EMS-treated populations was higher than mutations affecting other morphological characters. Bluish green plant colour; round leaf. simple leaf, bipinnate compound leaf, long leaf, lax leaf: open flower. pink flower; and green seed coat colour mutants were induced only in 1LC 482. Fasciated mutants and double-flowered mutants were induced only in [LC 3279 through EMS and gamma irradiation treatments, respectively. Cauliflower-head inflorescence type mutation appeared only in TLC 482 and ILC 6104. In ILC 482 it was observed in gamma irradiation-treated population while in ILC 6104 it appeared both in gamma as well as EMS-treated populations. Genotype ILC 6104 was the least mutable. There were differences in imitation spectrum between the two mutagens also. Tall mutations were isolated in ILC 482 and ILC 3279, and round seed mutations in ILC 482 and 1LC 6104 only in gamma irradiation treatments. The results suggested that induced mutability is governed by the genetic architecture of the material used. The genotypic control of mutation process as observed in the present studies has been reported indifferent crops by Chao and Chai (1961), Davies (1962). Ni lan (1964), Goud (1967), Varghese and Swarninathan (1968), and Mandal (1974). Although the full possible range of EMS concentrations was not employed, it can still be stated that the results of the present study lead to the tentative conclusion that gamma rays and EMS differ in their mutation spectia. Sharma and Sharma (1979) also reported similar results in lentil.
Sigurbjornsson and Micke (1969) have shown how valuable the mutation method has been with regard to the release of new mutant varieties and the use of induced mutations in recombination breeding. Some mutations, such as tall, increased branching, large pod and seed size, can be used directly in developing a variety. Other mutations like erect. double flowering. male-sterile, early maturing, long pod, heat
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tolerant, and various leaf type mutants increase the wealth of germplasm for breeding programme, Mutations like tendril, fasciated, leafless, and aphid attracting are important from the phylogenetic and evolutionary point of view. The various beneficial mutants recovered in the present study suggest that mutation breeding can reasonably be expected to play a pivotal role in the evolution of new types suited to the new needs.
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