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Path Coefficient and Correlation Analysis Studies on the Variation Induced by
Gamma Irradiation in M1 Generation of Chickpea (Cicer arietinum L.)

Muhammad R. Khan and Afsari S. Qureshi 
Department of Biological Sciences, Quaid-I-Azam University, Islamabad.

Abstract: Seeds of three chickpea genotypes having different seed coat colours viz; Noor 91 (white), Punjab 91 (brown)
and C141 (black) were treated at 40, 50 and 60 Kr separately and with gibberellic acid (GA3). Three genotypes
responded differentially for path analysis and correlation coefficient studies for various traits. Plant height, number of
primary and secondary branches had negative path coefficient in Noor 91 and Punjab 91 while, these were positive in
C141. Pods per plant were positively contributed in the three varieties while biological yield in Noor 91 and Punjab 91.
100-seed weight and maturity days had positive direct effect on grain yield in Noor 91 and C141 while, these were
negative in Punjab 91. The genotypic correlations in most of the characters were higher than the corresponding
phenotypic correlations. Pods per plant had positive and highly significant correlation with grain yield in three genotypes.
Number of primary branches was positively and significantly associated with grain yield in Punjab 91 and C141. Seeds
per pod, harvest index were highly significantly correlated while; biological yield was significantly associated with grain
yield in Noor 91 and Punjab 91. Plant height and 100-seed weight had significant and positive correlation with grain
yield in Punjab 91.   
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Introduction
The identification of plants with suitable combination of
characters from a population with genetic variability is
dependent upon the knowledge of breeder on that population.
Path coefficient analysis measures the direct and indirect
effect for one variable upon other and permits the separation
of the correlation coefficient into components of direct and
indirect effect (Dewey and Lu, 1959). Path coefficient studies
provide an opportunity to study the magnitude and direction
of association of yield with its direct and indirect components
and also among various components.  To accumulate optimum
combination of yield contributing characters in a single
genotype, it is essential to know the implications of the inter
relationship of various characters. Using path coefficient
analysis, it is easy to determine which yield component is
influencing the yield substantially. Having this information,
selection can then be based on that criterion thus making
possible great progress in a particular genotype through
selection in limited time. Dewey and Lu (1959) demonstrated
the validity of path analysis in effective plant selection that
results in selection of desirable genotypes.

Materials and Methods
Dry seeds were exposed to gamma irradiation at doses of 40,
50 and 60 Kr to 1000 seeds for each treatment in three
genotypes at Nuclear Institute for Food and Agriculture (NIFA),
Peshawar. A part of the irradiated seeds after one hour of
soaking under continuous aeration seeds were subjected to
0.5 mM aqueous solution of gibberellic acid for 16 hours with
constant shaking. Non irradiated seeds soaked in water were
kept as control in the case. After treatment seeds were
washed in running tap water and then were dried on blotting
paper. Treated along with control seeds were sown in split
plot design with three replications at Barani Agriculture
Research Institute (BARI) Chakwal in 1995 to raise the M1

generation. Data on 20 consecutive plants from the middle
row was appropriately recorded for various characters. 
Phenotypic and genotypic correlation coefficient were
calculated using the procedure described by Kwon and Torrie
(1964) as under:

rp =  Mij / (Mii) ( Mjj)

Where:
rp = The estimate of phenotypic correlation coefficient.
Mij = The mean product of varieties for ith and jth traits.
Mii & Mjj = Variety mean squares for ith and jth traits,

respectively.
And rg = cov. gij /  (var. gi) (var. gj)
Where:
rg = The estimate of genotypic correlation coefficient.

cov. gij; var. gi  and var. gj are the estimate of lines are
varieties components of covariance for ijth traits, variance of
ith trait and jth trait, respectively.
Path coefficient was studied according to the method
prescribed by Dewey and Lu (1959), by solving simultaneous
equations, using genotypic correlations where seed yield per
plant was kept as a resultant variable and other contributing
characters as casual variables.

Results and Discussion 
Path Coefficient Analysis: A critical examination of the data
(Table 1) showed that in M1 generation of variety Noor 91,
pods per plant, seeds per pod, 100-seed weight, biological
yield, harvest index and days to maturity had direct positive
effect on grain yield per plant. Harvest index had maximum
genetic correlation and direct contribution to grain yield.
Ghafoor et al. (1990) has also found a positive direct effect of
harvest index and biological yield on grain yield. Pods per
plant, seeds per pod and biological yield also sufficiently
indirectly  contributed  through  harvest  index  to  grain  yield.
However, the remaining characters plant height, primary
branches, secondary branches and days to 50% flowering had
negative direct effect on grain yield per plant. Malik et al.
(1987b) also reported negative direct effect of days to
flowering on grain yield.
In case of Punjab 91 genotype, harvest index had maximum
direct contribution to grain yield followed by biological yield,
however, the rest of all the characters had negative direct
effect  on  grain  yield  (Table 1). Harvest index and biological
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Table 1: Direct (under line) and indirect effect matrix (non-dependent variable is grain yield). The last column shows genotype correlation of
independent variables with grain yield in M1 generation of three chickpea genotypes

Variables Plant Pri. Sec. Pods/ Seeds/ 100-S Biol. Harv. Flow. Matu. Grain
Height Bran Bran Plant Pod Weight Yield Index Days Days (rg)

Noor 91
Plant Height -0.0130 -0.0053 -0.0002 0.0835 0.0060 -0.0355 0.1255 0.0763 -0.0226 0.0322 0.2459
Pri. Branches -0.0055 -0.0136 -0.0003 0.1058 -0.0017 -0.0169 0.1943 0.0561 -0.0111 0.0228 0.3299
Sec. Branches -0.0068 -0.0109 -0.0003 0.1073 0.0183 0.0267 0.2238 0.2392 0.0235 -0.0138 0.6069
Pods/Plant -0.0062 -0.0077 -0.0002 0.1862 0.0279 -0.0061 0.1838 0.5154 0.0069 0.0094 0.9093
Seeds/Pod -0.0020 0.0006 -0.0002 0.1273 0.0408 0.0351 0.1079 0.5903 0.0416 -0.0312 0.9101
100-S.Weight 0.0064 0.0030 -0.0001 -0.0147 0.0186 0.0773 0.0439 0.1632 0.0556 -0.0570 0.2960
Biol. Yield -0.0074 -0.0111 -0.0003 0.1446 0.0186 0.0143 0.2336 0.3065 0.0140 -0.0005 0.7155
Harvest Index -0.0017 -0.0012 -0.0001 0.1548 0.0389 0.0203 0.1171 0.6198 0.0311 -0.0188 0.9602
Flower Days -0.0053 -0.0025 0.0001 -0.0214 -0.0285 -0.0270 -0.0554 -0.3230 -0.0597 0.0621 -0.5055
Maturity Days -0.0068 -0.0047 0.0001 0.0268 -0.0194 -0.0672 -0.0019 -0.1778 -0.5650 0.0656 -0.2419
Punjab 91
Plant Height -0.0300 -0.0037 -0.0542 -0.0543 -0.0133 -0.1148 0.3464 0.5921 0.0732 0.0008 0.7414
Pri. Branches -0.0233 -0.0050 -0.0469 -0.0729 -0.0091 -0.1067 0.3174 0.6742 0.0310 0.0005 0.7595
Sec. Branches -0.0267 -0.0037 -0.0626 -0.0699 -0.0110 -0.0836 0.3713 0.6467 0.0376 0.0003 0.7986
Pods/ Plant -0.0192 -0.0041 -0.0502 0.0872 -0.0107 -0.1084 0.3015 0.8894 0.0412 0.0005 0.9521
Seeds/ Pod -0.0240 -0.0026 -0.0404 -0.0597 -0.0170 -0.1534 0.2528 0.8162 0.0934 0.0012 0.8666
100-S.W -0.0191 -0.0029 -0.0282 -0.0510 -0.0141 -0.1854 0.1961 0.7191 0.1177 0.0017 0.7340
Biol. Yield -0.0283 -0.0042 -0.0617 -0.0697 -0.0114 -0.0964 0.3773 0.6555 0.0451 0.0004 0.8068
Harvest Index -0.0192 -0.0035 -0.0426 -0.0815 -0.0146 -0.1401 0.2599 0.9514 0.0711 0.0010 0.9822
Flower Days 0.0170 0.0012 0.0177 0.0270 0.0120 0.1644 -0.1281 -0.5095 -0.1328 -0.0018 -0.5329
Maturity Days 0.0137 0.0015 0.0095 0.0257 0.0111 0.1699 -0.0895 -0.5032 -0.1289 -0.0018 -0.4921
C 141
Plant Height 0.4946 0.0078 0.6123 0.0703 -0.0341 1.1772 -1.2424 0.0387 -0.7135 -0.0600 0.3508
Pri. Branches 0.3040 0.0127 0.5085 0.7945 -0.0266 1.1585 -1.0363 -0.1134 -0.7319 -0.0878 0.7821
Sec. Branches 0.4357 0.0093 0.6950 0.3158 -0.0391 0.8672 -1.2483 -0.0151 -0.4146 -0.2920 0.5768
Pods/ Plant 0.0283 0.0082 0.1787 1.2282 -0.0187 0.7589 -0.3464 -0.2612 -0.4865 -0.1061 0.9834
Seeds/ Pod 0.3663 0.0073 0.5900 0.4992 -0.0460 0.0980 -1.0792 -0.0751 -0.2288 0.0495 0.6390
100-S.W 0.2678 0.0068 0.2772 0.4288 -0.0021 2.1739 -0.6713 -0.0591 -1.6827 -0.2600 0.4792
Biol. Yield 0.4730 0.0101 0.6677 0.3274 -0.3820 1.1232 -1.2992 -0.0136 -0.6467 -0.0528 0.5509
Harvest Index -0.0710 0.0053 0.0389 1.1897 -0.1280 0.4765 -0.0656 -0.2697 -0.2934 -0.0982 0.8998
Flower Days -0.2068 -0.0054 -0.1688 -0.3502 -0.0062 -2.1438 0.4924 0.0464 1.7063 0.2645 -0.3717
Maturity Days -0.1048 -0.0039 -0.0717 -0.4599 -0.0080 -1.9945 0.2421 0.0934 1.5924 0.2834 -0.4314

Table 2: Estimates of phenotypic (upper diagonal) and genotypic (lower diagonal) correlation between pairs of characters in M1 generation of three
chickpea genotypes

Plant Primary  Sec. Pods / Seeds/ 100 Seed Biol. Grain Harvest Flow. Matu.
Height Branches Branches Plant Pod Weight Yield Yield Index Days Days

Noor 91 1 2 3 4 5 6 7 8 9 10 11
1 - 0.3420 0.4606 0.4546 0.1410 -0.4004 0.5323 0.2683 0.1454 0.3384 .4695
2 0.3933 - 0.6228 0.4440 -0.0089 -0.1302 0.7301* 0.2846 0.0815 0.1195 0.2455
3 0.4911 0.8051* - 0.5446 0.4307 0.3195 0.9151** 0.5832 0.3637 -0.3889 -0.2034
4 0.4482 0.5678 0.5760 - 0.6329 -0.0884 0.7586* 0.9058** 0.8261* -0.1250 0.1413
5 0.1467 -0.0418 0.4485 0.6834 - 0.4547 0.4354 0.8783** 0.9187** -0.6659 -0.4580
6 -0.4588 -0.2189 0.3454 -0.0790 0.4542 - 0.1654 0.2848 0.2564 -0.8829** 0.8325*

7 0.5301 0.8206* 0.9456** 0.7764* 0.4556 0.1856 - 0.7043 0.4790 -0.2443 -0.0104
8 0.2459 0.3299 0.6069 0.9093** 0.9101** 0.2960 0.7155* - 0.9588** -0.4969 -0.2310
9 0.1230 0.0905 0.3858 0.8315* 0.9523** 0.2633 0.4946 0.9602** - -0.5040 -0.2745
10 0.3793 0.1855 -0.3938 -0.1148 -0.6971 -0.9319** -0.2342 -0.5055 -0.5210 - 0.9259**

11 0.4909 0.3470 -0.2109 0.1437 -0.4795 0.8692** -0.0079 -0.2419 -0.2868 0.9470** -
Punjab 91
1 - 0.6233 0.8365** 0.6115 0.7655* 0.5969 0.8997** 0.7304* 0.6154 -0.5449 -0.4284
2 0.7555 - 0.6236 0.6917 0.4544 0.4742 0.7316* 0.6270 0.5691 -0.2137 -0.2590
3 0.8655** 0.7483* - 0.7979* 0.6396 0.4444 0.9768** 0.7965* 0.6793 -0.2796 -0.1388
4 0.6228 0.8357** 0.8010* - 0.6784 0.5772 0.7945* 0.9474** 0.9293** -0.3101 -0.2825
5 0.7781* 0.5330 0.6446 0.6849 - 0.8026* 0.6635 0.8659** 0.8568** -0.6976 -0.6270
6 0.6189 0.5755 0.4506 0.5848 0.8273* - 0.5112 0.7182* 0.7393* -0.8684** -0.8998**

7 0.9182** 0.8412** 0.9843** 0.7990* 0.6699 0.5197 - 0.8009* 0.6824 -0.3398 -0.2235
8 0.7414* 0.7595* 0.7986* 0.9521** 0.8666** 0.7340* 0.8068* - 0.9821** -0.5308 -0.4696
9 0.6224 0.7086* 0.6797 0.9348** 0.8579** 0.7558* 0.6889 0.9822** - -0.5320 -0.5062
10 -0.5512 -0.2335 -0.2830 -0.3100 -0.7036 -0.8866** -0.3396 -0.5329 -0.5356 - 0.9460**

11 -0.4447 -0.2981 -0.1522 -0.2949 -0.6518 -0.9160** -0.2373 -0.4921 -0.5289 0.9709** -
C 141
1 - 0.5848 0.8644** 0.0653 0.5909 0.5378 0.9420** 0.3094 -0.1468 -0.4145 0.2111
2 0.6146 - 0.7099* 0.6213 0.5161 0.5119 0.7640* 0.6799 0.4155 -0.4033 -0.2927
3 0.8810** 0.7317* - 0.2596 0.7322* 0.3939 0.9429** 0.4941 0.0513 -0.2278 -0.0902
4 0.0572 0.6469 0.2572 - 0.3184 0.3433 0.2773 0.8688** 0.9437** -0.2727 -0.3571
5 0.7406* 0.5791 0.8490** 0.4065 - 0.0225 0.6657 0.5393 0.2768 0.1397 0.1520
6 0.5415 0.5329 0.3989 0.3491 0.0451 - 0.5068 0.4110 0.2148 -0.9788** -0.8963**

7 0.9563** 0.7976* 0.9608** 0.2666 0.8306* 0.5167 - 0.4928 0.7995* -0.2884 -0.3668
8 0.3508 0.7821* 0.5768 0.9834** 0.6390 0.4792 0.5509 - 0.0300 0.3585 -0.1655
9 -0.1435 0.4205 0.0559 0.9687** 0.2787 0.2192 0.8998** 0.0505 - -0.1689 -0.3382
10 -0.4181 -0.4290 -0.2430 -0.2851 0.1341 -0.9862** -0.3717 -0.3790 -0.1720 - 0.9157**

11 -0.2119 -0.3096 -0.1031 -0.3744 0.1747 -0.9175** -0.4314 -0.1864 -0.3463 0.9333** -
*,**Significant at 00.05 and 0.01% probability level respectively
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yield also had the highest genetic correlation with seed yield.
Highly positive direct estimate for biological yield and harvest
index were reported by Malik et al. (1987b) and Ghafoor et al.
(1990) in mungbean and mashbean, respectively. Rest of the
characters except days to flowering and maturity had the
positive genetic correlation with grain yield, which was mainly
contributed indirectly through the harvest index. 
The contribution of different characters to grain yield in variety
C141 of M1 generation, revealed that 100-seed weight had
maximum direct positive effect on grain yield followed by days
to flowering and pods per plant (Table 1). However biological
yield had strong negative direct effect on grain yield per plant.
Harvest index and seeds per pod also had negative direct
contribution to grain yield. Pods per plant had the maximum
genetic correlation, which was mainly due to the indirect
positive effect of the 100-seed weight on seed yield. Seeds
per pod, biological yield, harvest index, days to flowering and
maturity in most of the traits had negative indirect effect,
while the other characters had positive indirect contribution to
grain yield.

Correlation Coefficient Studies: The results regarding
genotypic and phenotypic correlation coefficients for M1

population (Table 2) revealed that the genotypic coefficients
were higher than the phenotypic ones for most of the
characters.  The  findings  of  Hussain et al. (1991) and
Bakhsh et al. (1991) are in agreement with present results.
Higher magnitude of genotypic coefficients than that of
phenotypic coefficients indicated the masking effect of
environment (Asawa et al., 1981).
In M1 generation of three varieties, the correlation of yield was
positive with all characters except days to flowering and
maturity where association was negative. In Noor 91, the
genotypic correlation was highly significant for pods per plant,
seeds per pod and harvest index while a significant correlation
was observed for biological yield. Majid et al. (1982) also
recorded highest correlation value between seed yield and
pods per plant. Malik et al. (1988) observed that seed yield
was positively and significantly correlated with pods per plant
and biological yield. Positive and significant association of
seed yield have been reported for pods per plant in chickpea
(Yaqoob et al., 1990), seeds per pod (Singh, 1988). The
correlation between yield and other traits like plant height,
primary branches, secondary branches and 100-seed weight
was positive but non-significant. Ghafoor et al. (1990) also
recorded positive correlation with these characters.
Genotypic correlation in the case of variety Punjab 91, was
highly significant for pods per plant, seeds per pod and harvest
index. Malik et al. (1987a) also reported positive and
significant association between yield and pods per plant.
While, a significant association between yield and other
characters like plant height, primary branches, secondary
branches, 100-seed weight and biological yield was observed.
Positive and significant correlation between seed yield and all
these  traits  except biological  yield  has  been observed by
Khan et  al.  (1983)  in  chickpea, while in Vigna radiata by
Malik et al. (1987b). 

However, in variety C141, highly significant correlation was
observed for seed yield with pods per plant and harvest index
while a significant association was recorded for primary
branches. Whereas, the remaining characters like plant height,
secondary branches, seeds per pod, 100-seed weight and
biological yield were positively and non-significantly associated
with grain yield.
From this study it can be concluded that although most of the
characters had positive correlation with seed yield. But when
we consider path analysis then a more clearer picture for the
selection of better genotypes is established. In genotype Noor
91 according to this study, most emphasis should given to
harvest index along with pods per plant, seeds per pod and
biological yield for the selection of better genotypes. Harvest
index  and  biological  yield  in  genotype  Punjab  91  while in
C141, harvest index and pods per plant and 100-seed weight
could be approved as important criterion in the improvement
of these genotypes. 

References
Asawa, B.M., R.K. Chandra and R.L. Panday, 1981. Character

correlation and divergent in pigeonpea. Indian J. Agric.
Sci., 51: 12-17.

Bakhsh, A., M. Zubair and A. Ghafoor, 1991. Character
correlation and path analysis in lentil. Pak. J. Agric. Res.,
4: 246-251.

Dewey,  D.R.   and   K.H.   Lu,  1959.  A  correlation  and
path-coefficient analysis of components of crested
wheatgrass seed production. Agron. J., 51: 515-518.

Ghafoor, A., M. Zubair and B.A. Malik, 1990. Path analysis in
mash (Vigna mungo L.). Pak. J. Bot., 22: 160-167.

Hussain. S.A., M.B. Kumbhur, A.S. Larik and M.B. Malik,
1991. Genetic analysis of some quantitative characters in
chickpea (Cicer arietinum L.). Pakphyton, 3: 153-163.

Khan,  M.A.,  M.A.  Chaudhary  and  M.  Amjad,  1983.
Variability interrelationship and path co-efficient in gram
(Cicer arietinum L.). J. Agric. Res., 3: 589-592.

Kwon, S.H. and J.H. Torrie, 1964. Heritability of and
interrelationships among traits of two soybean populations.
Crop Sci., 4: 196-198.

Majid, M.A., S. Khanum, M.A.Q. Sheik and A.D. Bhuiya,
1982. Genetic variability and correlation studies in
Blackgram. Bangladesh J. Agric., 7: 98-102.

Malik, B.A., M. Tahir, I.A. Khan, M. Zubair and A.H. Haqqani,
1987a. Genetic variability, character correlation and path
co-efficient analysis of yield components in mung bean
(Vigna radiata L.). Pak. J. Bot., 1: 89-97.

Malik, B.A., M.R. Malik and I.A. Khan, 1987b. Correlation and
path analysis of yield and its components in pigeonpea.
Pak. J. Sci. Ind. Res., 6: 452-454.

Malik, B.A., I.A. Khan and M.R. Malik, 1988. Genetic
variability and correlation among metric traits in chickpea.
Pak. J. Agric. Res., 9: 352-354.

Singh, S.P., 1988. Genetic variability and path coefficient
studies in chickpea. Int. Chickpea Newslett., 18: 10-12.

Yaqoob, M., H. Jan and M.B. Ahmad, 1990. Interrelationship
between grain yield and other important characters in gram
(Cicer arietinum L.). Sarhad J. Agric., 1: 87-91.

110


	JBS.pdf
	Page 1


