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Abstract: Dry seedsof kabuli chickpeavariety Noor 91 wereirradiated at 400, 500 and 600 Gy doses of
gammarays and half of theirradiated seeds were treated with 0.5mM of gibberellic acid for 16 hours.
Mutagenic treatments varied highly significantly and a significant decrease in number of secondary
branches, pods per plant, grain yield and harvest index was recorded in M, generation. Mean values

of pods per plant, grain yield and harvest index shifted in positive direction either significantly or
nonsignificantly in M, and M, generations. High heritability but low genetic variability and genetic
advance were estimated for plant height, number of secondary branches, pods per plant and grainyield
in both the generations. Correlation analysisindicated that gammairradiation modul ated the significant
positive association of plant height with number of secondary branches in negative direction while
reverse wastrue for grain yield and harvest index in M, generation.
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I ntroduction

Chickpea (Cicer arietinum L.), Noor 91,
white seeded genotype, isasalf-fertilized crop. Its
somatic chromosome number isknownto be2n=16
[1] withthe characteristic featuresof (1) apair of
very long chromosomeswhich are submetacentric
and satellited, (2) apair of very short chromosome,
and (3) six pairsof metacentric to submetacentric
chromosomes. Chickpea (Cicer arietinumL.),is
broadly categorizedinto kabuli type (whiteflowers
and whitish seeds) and desi type (pink flowersand
brown to black seeds). Morechromosomal lengths
as compared to desi genotypes have been
determined for kabuli genotypes. Noor 91 isakabuli
genotype. Studiesof isozyme banding pattern and
Redtriction Fragment Length Polymorphism (RFLP)
haverevea ed alimited polymorphismwhich may
beanindication of low level of geneticvariability in
chickpea[1]. Low genetic variability for themagjor
characters becomes a limiting factor for its
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improvement. Gammairradiationisknownto cause
breakage, depolymerization of DNA, which
consequently leadsto trangitions, transversions, or
chromosomal anomaies[2,3].

In recent years, mutation breeding has been
gaining ground for inducing genetic changesand
creation of new genetic resources[4,5,6]. Gamma
irradiation in combination with other chemicalsis
utilized for widening the frequency and mutation
spectrumfor extragenetic varigbility. Inexperimenta
mutagenes smutagenic efficiency or theratio of gene
mutation to physiological damage is of both
theoretical and practical importance. It has been
established that the impaired growth to gamma
irradiation can berestored by exogenousgpplication
of gibberdlicacid. Gibberellic acid servesmanifold
growth related functions in plants by enhancing
replication, transcription and different enzymatic
systems[7,8,9,10]. Gammarayshavebeenusedin
variousstudiesin order toinducegenetic variability
[11,12]. Grainyield isacomplex trait and highly
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influenced by many geneticfactorsand environmental
fluctuations. EStimatesof variousgenetic parameters
for quantitative traits can provide the mutagenic
effectivenessof that very mutagen. Gammaraysare
high-energy radiations, which produce peroxy
radicasandionsinthecells. Radio-protectiveeffects
of gibberellicacidin seedlingsand M, generation of
chickpea have been documented by Khan et al.,
[6,11]. Improvement of any crop depends onthe
kind and magnitude of genetic variability existedin
the population. Theaim of the present study wasto
generateinformation on the magnitude of induced
genetic variability, and magnitude of associations
between yield and its components following
mutagenesis of gammarays separately aswell as
post trestment with gibberellic acid.

Materialsand Methods

Seedsof kabuli chickpea(Cicer arietinumL.)
var. Noor 91 having 11.0% moisture wereirradiated
with gamma rays 100, 200, 300, 400, 500, 600,
700, 900, and 1100 Gy doses of ® Co gammacell
a Nuclear Ingtitutefor Food and Agriculture(NIFA),
Peshawar, Pakistan. Onthebasisof seedling growth
[12] doses of 400, 500 and 600 Gy were selected
for inducing genetic changes. Half of theirradiated
seedswere presoaked for an hour indistilled water
and then transferred to 0.5 mM agueous sol ution of
gibberellicacid for 16 hours. Non-irradiated seeds
presoaked in distilled water were kept as control.
Seedsof all thetrestmentsand control were sown
inthefieldtoraseM, generationinsplit plot design
with varietiesin main plotsand treatmentsin sub
plots having threereplicates. Seedsharvested from
individual M, plantsweresownasM,, familiesin
three replications in the field. For raising M,
generation, 40 M, normal looking progenieswere
selected having better yield components, particularly
pods per plant in the M, generation. Seeds from
each selected M, progenieswere bulked by taking
equal amount of seedsfrom all M, plantsfrom a
singleM, progeny and thoroughly mixed. A random
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bulk of thiswas sown to obtain M, progeny. Data
were recorded for plant height (cm), secondary
branches per plant, podsper plant, grainyield per
plant and harvest index on ten randomly selected
plants.

ANOVA wasperformed totest thesignificance
of variance by using computer software“MSTAT
C’. Kruskd Wallastest for M, generationandsmple
correlation among variouscharacter pairsinM, and
M, generation were performed by computer
software” SPSS’ for windows. Heritability (h?) in
broad sense and genetic advance were cal cul ated
by theformulasuggested by Singh and Chaudhary
[13].

Results
Radiosensitivity studies in M, generation

Meanvauesof different charactersof chickpea
variety Noor 91 under different treatmentsfor M,
generation are presented in Table 1. Various
charactersresponded differently togammarayswith
regard to sengtivity. Kruskal Wallastest washighly
significant. Thissuggeststhat the effectiveness of
different dosesof gammairradiation varied highly
significantly for the charactersunder study. Plant
height was increased either significantly or
nonggnificantly a variousdosesof gammairradiation
and subsequently treated with gibberellicacid. This
could bedueto the protective effectsof gibberellic
acid and the prolonged vegetative growth period.
Themean vauesof plant height at 400 and 500 Gy
of gammairradiation were nearly equal to that of
control. However, Sgnificant increasewasrecorded
at other doses of gammairradiation. Decreasein
the mean valuesfor all other traits was recorded
except at 600 Gy of gammairradiation where an
increase over control in pods per plant wasnoted in
M, generation. In general, more phenotypic
variability was determined for pods per plant as
compared to other charactersin M, generation.
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Table 1. Radiosengitivity studiesin M, generation of chickpeavariety Noor 91.

Plant height Secondary Podsper plant Grainyidd Harvest index
branches

Mean+S.E Mean+S.E Mean+S.E Mean+S.E Mean+S.E
Control 84.78+0.22°  19.80+0.50" 60.10+1.26®  19.12+0.52*  19.80+0.50*
400 Gy 85.53+0.51°° 10.09+0.22¢  34.86+0.51F 08.47+0.22¢  10.09+0.22°
500 Gy 85.08+0.56° 09.89+0.62¢  43.72+1.93F 08.84+0.64¢  (09.89+0.62°
600 Gy 90.23+0.40" 16.86+0.32® 66.45+2.13* 17.10+0.38%° 16.86+0.32°
400 Gy+GA 89.01+0.50"® 15.47+0.38®  55.27+1.428¢ 16.37+0.518¢ 15.47+0.38°
500 Gy+GA 88.91+0.45%  15.78+0.84®  52.50+2.28°® 14.79+0.79°C 15.78+0.84°
600 Gy+GA 86.55+0.05° 16.26+0.20°  48.40+1.03°F 13.31+0.18°  16.26+0.20°¢
L SD>0.05% 131 1.56 5.37 1.66 1.04
X2t 17.612** 17.558** 18.805** 18.320** 19.325**

M eans not followed by similar |etters are statistically significant at >0.05% of probability by L SD.
+Standard error of themean, ** Highly significant at >0.01% level of probability

TKruskal Wallas test

Plant Height (cm) in M, and M, generation

A variationinmean va uesof plant height was
observed for different levelsof gammarays(Table
2and3)inM,and M, generations. Themeanvaues
showed shift bothin positiveand negativedirections
in M, and M, generation. Maximum genotypic
coefficient of variability and genetic advancewas
noted at 600 Gy treated population of M, generation
followed by 500 Gy+GA doseof gammairradiation.
However, high heritability was recorded at all
treatmentsin M, generation. Maximum genotypic
coefficient of variability, heritability and genetic
advancewas noted at 500 Gy of gammairradiation
followed by 400 Gy population, while, minimum
vauesfor these parameterswere determined at 600
Gy withgibberellic acid trestmentin M, generation.
Plant height wasnegatively corrated (Table4) with
grainyiedincontrol populationaswell asin most of
thegammaraystrestmentsinM,, and M, generation.
Variation in the magnitude of means in control
populationsof chickpeafor different yearscould be
attributed dueto the cropping in different seasons
and theplastic nature of thiscrop.

Secondary Branches per Plant in M, and M,
generation

The mean values of number of secondary
branches per plant shifted in negative directions
nonsignificantly in M., generationa 500 Gy+GA and
600 Gy+GA whiledecreased significantly at 500
and 600 Gy of gamma irradiation treatment.
Significantincreasein number of secondary branches
over control was recorded at 400 Gy and 400
Gy+GA treatment. The number of secondary
branches decreased sgnificantly at 400, 600 Gy and
600 Gy+GA treatment in M, generation. Maximum
genotypic coefficient of variation, heritability, and
genetic advancewererecorded at 600 Gy of gamma
irradiation followed by 500 Gy+GA dosein M,
generation. However, maximum genetic gainin
number of secondary brancheswasrecorded at 600
Gy+GA treatment in M, generation. Correlation
studiesindicated that at certain doses of gamma
irradiation the association of secondary branches
with other character pairswas changed inM,, and
M, generation.
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Table 2. Estimates of mean values, shift in mean, coefficient of variation, heritability (h?) and
genetic advance (GA) for different charactersin M, generation of chickpea variety Noor 91.

Treatment Mean+S.E. Shift PCV (%) GCV (%) H2 (%) GA
in mean (% of mean)
Plant height
Control 83.48+0.638 0.00 142 0.82 57.74 142
400 Gy 84.40+0.45°8 +0.92 0.72 0.69 94.94 231
500 Gy 85.60+0.48* +2.12 0.82 0.78 95.50 2.29
600 Gy 84.80+0.6248 +1.32 1.38 135 97.35 2.36
400 Gy+GA 83.30+0.44" -0.18 0.57 0.53 93.65 231
500 Gy+GA 84.34+0.49° +0.86 0.86 0.82 95.68 233
600 Gy+GA 83.40+0.18* -0.08 0.12 0.08 69.81 172
L SD>0.05% 1.63
Secondary branches per plant
Control 19.10+0.46¢ 0.00 335 212 63.28 06.82
400 Gy 20.95+0.538 +1.85 4.17 3.95 94.72 09.31
500 Gy 17.36+0.41°F -1.74 312 2.85 91.49 10.85
600 Gy 16.67+0.58F -243 6.22 594 96.90 11.97
400 Gy+GA 26.20+0.48* +7.10 3.36 3.14 93.70 07.36
500 Gy+GA 18.77+0.60° -0.33 5.92 5.68 95.91 10.52
600 Gy+GA 18.12+0.30°PE -0.98 144 1.20 83.48 09.48
L SD>0.05% 1.63
Pods per plant
Control 60.52+0.68° 0.00 2.24 1.65 73.66 250
400 Gy 79.25+0.52° +18.73 1.01 0.98 97.04 252
500 Gy 76.95+0.51¢ +16.43 1.24 0.93 96.85 259
600 Gy 81.27+0.67* +20.75 1.64 161 98.22 248
400 Gy+GA 82.07+0.44* +21.55 0.72 0.69 95.90 240
500 Gy+GA 76.62+0.46¢ +16.10 0.82 0.70 96.09 258
600 Gy+GA 71.22+0.36° +10.70 0.52 0.40 93.67 270
L SD>0.05% 1.77
Grain yield per plant
Control 19.80+0.30P 0.00 132 0.92 69.69 7.25
400 Gy 25.961+0.488¢ +6.16 2.67 2.62 98.21 7.79
500 Gy 24.93+0.33¢ +5.13 127 122 96.07 7.93
600 Gy 26.45+0.34° +6.65 133 1.28 96.29 7.49
400 Gy+GA 29.27+0.31* +9.47 1.02 0.97 95.84 6.74
500 Gy+GA 26.76x0.32° +6.96 117 112 95.98 7.38
600 Gy+GA 24.88+0.26¢ +5.08 0.79 0.74 94.06 7.78
L SD>0.05% 1.10
Harvest index %

Control 19.61+0.33° 0.00 175 0.34 19.64 2.16
400 Gy 25.08+0.49¢ +5.47 291 181 62.24 5.36
500 Gy 25.73+0.33¢ +6.12 1.26 0.19 15.35 1.28
600 Gy 24.84+0.40¢ +5.23 2.00 0.88 35.66 3.10
400 Gy+GA 29.85+0.45* +10.24 2.03 11 54.67 3.95
500 Gy+GA 27.65+0.34" +8.04 1.30 0.30 23.33 1.82
600 Gy+GA 25.27+0.32¢ +5.66 1.26 0.17 13.86 1.18
L SD>0.05% 1.20

Means not followed by similar letters are statistically significant at >0.05% of probability by LSD, +
Standard error of the mean
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Table 3. Estimates of mean values, shift in mean, coefficient of variation, heritability (h?) and
genetic advance (GA) for different charactersin M, generation of chickpea variety Noor 91.

Treatment Mean+S.E. Shift PCV (%) GCV (%) H2 (%) GA
in mean (% of mean)
Plant height
Control 86.14+0.61* 0.00 133 0.74 55.63 133
400 Gy 86.36+0.58* +0.22 118 0.72 67.83 1.69
500 Gy 83.97+0.825¢ -2.17 2.40 2.00 93.63 215
600 Gy 82.57+0.53° -3.57 1.02 0.62 61.00 159
400 Gy+GA 83.57+0.45° -2.57 117 0.77 66.32 171
500 Gy+GA 85.51+0.50"® -0.63 0.88 0.51 56.97 143
600 Gy+GA 86.33+0.424 +0.19 0.63 0.25 39.67 0.99
L SD>0.05% 1.84
Secondary branches per plant
Control 21.51+0.69"® 0.00 6.65 3.65 58.40 559
400 Gy 19.26+0.26°° -2.25 1.05 1.05 58.12 6.51
500 Gy 22.00+0.207 +0.49 0.56 0.17 31.45 3.08
600 Gy 19.72+0.20° -1.79 0.65 0.22 34.10 3.73
400 Gy+GA 20.38+0.38%¢ -1.13 2.13 171 80.45 8.52
500 Gy+GA 19.27+0.24°° -2.24 0.91 0.47 51.97 5.82
600 Gy+GA 18.73+0.61° -2.78 5.98 5.53 92.41 10.65
L SD>0.05% 1.33
Pods per plant
Control 75.51+0.58E 0.00 1.90 1.04 54.73 1.49
400 Gy 84.16+0.53¢ +8.65 1.02 0.65 63.27 1.62
500 Gy 89.59+0.474 +14.08 0.76 0.40 53.37 1.28
600 Gy 78.47+0.44° +02.96 0.74 0.34 4591 1.26
400 Gy+GA 86.24+0.538 +10.73 0.98 0.61 62.58 1.56
500 Gy+GA 82.87+0.55°¢ +07.36 112 0.74 65.91 171
600 Gy+GA 87.39+0.61° +11.88 1.30 0.94 72.15 1.78
L SD>0.05% 1.72
Grainyield
Control 23.33+0.35° 0.00 1.60 0.95 59.37 5.24
400 Gy 31.07+0.518¢ +7.74 252 218 56.60 6.02
500 Gy 32.29+0.50"® +8.96 2.38 2.05 86.36 577
600 Gy 30.43+0.47¢ +7.10 2.18 184 84.21 5.97
400 Gy+GA 31.56+0.508%¢ +8.23 2.39 2.06 86.11 5.89
500 Gy+GA 32.64+0.59"8 +9.31 3.24 291 90.07 5.96
600 Gy+GA 33.16+0.38# +9.83 1.30 0.98 75.69 493
L SD>0.05% 1.57
Harvest index

Control 25.20+0.64° 0.00 4.89 2.26 46.21 3.77
400 Gy 36.02+0.37¢ +10.82 0.62 0.41 66.12 3.78
500 Gy 35.88+0.67°¢ +10.68 3.84 3.32 86.52 5.20
600 Gy 36.02+0.91°¢ +10.82 6.97 6.45 92.59 5.55
400 Gy+GA 37.36+0.58%¢ +12.16 272 222 81.72 4.72
500 Gy+GA 39.45+0.594 +14.25 2.69 222 82.48 4.56
600 Gy+GA 39.07+£0.5748 +13.87 2.00 1.53 76.27 421
L SD>0.05% 2.84

Means not followed by similar letters are statistically significant at >0.05% of probability by LSD, +

Standard error of the mean
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Pods per Plant in M, and M, generation

Considerable variation was noted for the
number of podsper plant at variousdosesof gamma
irradiation in M, and M, generations. The mean
vauesof pods per plant shiftedin pogitivedirection
at all doses of gammairradiation as compared to
thecontrol. High degreeof heritability wasrecorded
at all doses including control population in M,
generation. However, the genotypic coefficient of
variability and genetic advancewereof low vaueat
different treetments. The heritability of podsper plant
was decreased in M, generation as compared to
M, generation. Association of pods per plant with
plant height in the control popul ation was positive
whileit became negative at 600 Gy, 400 Gy+GA,
and 500 Gy+GA in M, and M, generations. The
association of pods per plant with the harvest index
was changed from positiveto negativedirection at
500 Gy doseof gammairradiationin M, generation.
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Grain Yield in M, and M, generation

Variousdosesof gammairradiation shifted the
mean values of grain yield significantly towards
positive ascompared to the control in both M, and
M., generations. High heritability wasrecorded at
varioustreatments, whilelow coefficient of variability
and genetic advance were calculated in both
generdions.

Harvest Index in M, and M, generation

Mean values of harvest index shifted
significantly towardspositive direction at various
doses of gamma irradiation in M, generation.
However, in M, generation shifting of mean values
wasrecorded towardspositiveaswell asin negative
direction. A wide range in heritability with low
genotypic coefficient of variability and genetic
advancewasrecordedin M, generation. However,

Table 4. Phenotypic correlation between various character pairsin M,,
and M, generation of chickpea variety Noor 91.

Treatment Plant Plant Plant Plant Secondary Secondary Secondary Podsper  Pods per Grain
height vs heightvs  heightvs. heightvs. branches  branches  branches  plantvs. plantvs. yield
secondary pod per grain Harvest per plantvs. perplantvs. perplantvs.  grain Harvest  Harvest
branchess plant yield index pods per grain Harvest yield index index
plant yield index
M 2
Control 0.648 0.581 -0.582 -0.832 0.696 0.996 0.962 1.00** 0.935 0.945
400 Gy -0.958 0.914 -1.00** -0.972 -0.992 0.995 0.999* -0.909 -0.948 0.969
500 Gy 0.436 -0591  -0.997* 0.851 0.469 -0.506 -0.102 0.524 -0.926 -0.806
600 Gy 0.679 -0.196 -0.721 0.990 0.588 0.019 0.566 0.821 -0.336 -0.814
400 Gy+GA 0.998* -0.935 0.496 -0.539 -0.956 0.551 -0.484 -0.772 0.205 0.464
500 Gy+GA 1.00** -0.995 -0.651 0.404 -0.997* -0.674 0.432 0.725 -0.496 -0.957
600 Gy+GA  0.305 0.379 0.792 -0.511 0.997* -0.339 0.662 -0.264 0.601 -0.929
M 3
Control 0.698 0.384 -0.892 -0.982 0.320 0.998* 0.967 0.864 0.749 0.951
400 Gy -0.896 0.377 -1.00** 0.963 -0.673 0.884 0.983 0.401 0.113 0.955
500 Gy 0.111 0.591 0.467 -0.939 0.867 0.930 -0.446 0.989 -0.832 -0.743
600 Gy -0.897 -0.484 -0.591 0.784 0.821 0.887 -0.430 0.992 0.163 0.036
400 Gy+GA -0.830 -0.980 -0.960 -0.633 0.703 0.951 0.094 0.888 0.774 0.396
500 Gy+GA -0.607 -0.971 -0.961 -0.932 0.780 0.802 0.853 0.999* 0.992 0.996
600 Gy+GA  0.098 0.961 -0.467 0.533 -0.370 -0.834 -0.894 -0.204 0.747 0.498
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inM, generationlow va uesof heritability, genotypic
coefficient of variability and genetic advancewere
determined at 400 Gy of gammairradiation.

Discussion

In experimental mutagenesis, mutagenic
treetmentswithlow physologicd damageand strong
genetic effectsaredesirable. Inthe present study
variousdosesof gammairradiation shifted themean
of various charactersunder study either in positive
or negativedirectionin M, generation. Radiation
effectson various characters have been described
inother sudies[4,6]. Theinheritanceof theimportant
economic traits of plants such asyield, pods per
plant, number of branchesand harvest index upon
which rest much of thefuture of plant improvement.
Responseto selectionfor quantitativetraitsisdirectly
proportiond to thefunction of itsheritability, genetic
advance and itsgenotypic variance[14,15,16,17].
Heritability has enabled the plant breeder to
recognizethe genetic differencesamong thetraits
and the genotypic varianceindicatesthe potential
for theimprovement of aparticular trait. Increasein
(PCV), (GCV) and heritability has also been
documented for variouscharactersin M , generation
[19,20]. Theestimatesof variousgenetic parameters
viz., genotypic coefficient of variation (GCV),
heritability (h?) and genetic advance (GA) for five
quantitative charactersof the chickpeavariety, Noor
91, provide ample evidence that mutagenic
treatments could alter mean values and create
additional genetic variability for quantitativetraits.
Increaseinmeanvauesof grainyield and other traits
in M, generation over theM,, and the control could
bearesult of direct selectionfor yield exercisedin
M, generations. Khan et a. [14] had al'so reported
smilar resultin Vignaradiata. Shiftinmeanvaues
for variouscharactersin postivedirection havea so
beenstudiedinM,, generation (21,22). Inthe present
study, high heritability estimatesin broad sense but
moderate to low genetic advancefor plant height,
secondary branches, grainyield, and pods per plant

M. Rashid Khan & Afsari S. Qureshi

werecd culated at variousdosesof gammairradiation
for M, and M, generation. Theseresultsindicate
that these charactersare under the control of non-
additive geneaction (dominance and epistasis) and
they will not respond to early selection. Improvement
of yield isbased on smultaneous selection for the
desirableyield componentsin crop plants. Possible
association among the five characters in M,
generation show that the mutagenic treatments
succeeded ingenerating morefavourableassociation
between variousyield components. The magnitude
anddirection of theinduced changevaried a different
doses. Significant positiveassociation of plant height
with number of secondary brancheswas changed
towards negativedirection at variousdosesin M,
generation. Similarly, negative associ ation between
grain yield and harvest index was changed into
positiveassociation at varioustrestmentsof gamma
irradiation. Thiswashighly desirablefromthe point
of view of improvement of morethan onetrait. Such
desirable changes in association with yield
contributing characters have a so beenreportedin
Cicer arietinum[16] andinVignaradiata[14]. These
studieslead to the consideration of aworthwhile
ideotypein kabuli chickpeathat more stressshould
be given on progeni es having medium height with
greater number of secondary branchesand podsper
plant.
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