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Genetic variability and stability analysis for seed yield and its components in

chickpea (Cicer arietinum L.)
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Abstract

Chickpea is the prime pulse crop of India, India has the distinction of being the largest chickpea
producer and accounts for about 64 to 68 per cent of its total area and production in the world,
respectively (Anonymous, 2004). Chickpea is grown on about 7.5 m ha area producing 6.1 m tonnes
of grain, which represents 33 and 47 per cent of the national pulses acreage and production,
respectively. The variability and stability was maximum for the character viz., days to 50%
flowering, Days to maturity, Plant height (cm), No. of branches, N o. of pods per plant, No. of seeds
per pods, 100 seed wt. (g), Biological yield per plant (g), Seed yield per plant (g), Harvest index
(%) and Protein content (%). The seed yield the genotypes viz, BG-1107, Pusa-261, Pusa-244,
GB-1024, AT-2-1113, Pusa-1053, were found to be stable and suitable for high fertility
environments. Genotypes Pusa- 362, Pusa-261, BG-1094, AT-1113, BG-1094, BG-1065 and
BGD-112 were found to be most suitable for both western and Bundelkhand region of U.P.
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Introduction

The fact that pulses play a predominant role in
our food and farming is well recognized and needs no
emphasis. Pulses not only provide high nutritive food,
but they are also good source of nutritive green fodder
and rich feed for our livestock. Pulses are unique by
virtue of their inbuilt capacity of fixing atmospheric
nitrogen through Rhizobium bacteria present in their
root nodules. Thus, they meet substantially their own
nitrogen requirement in the soil and leave nitrogen in
the soil for use by the succeeding crops. The production
of pulses did not keep pace with the population growth
in the last two decades, resulting that the per capita
per day availability of pulses declined from 69 gram
during 1961 to 37 gram during 2004. The Indian council
of Medical research (ICMR) has recommended
50gram per day per capita requirement of pulses but
presently we consume less due to short fall in total
pulses production in the country.

In India, the productivity of pulse crops including
chickpea is low because of several constraints like
inadequate availability of quality seed of improved
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varieties, cultivation of pulses on the poor and marginal
lands under rainfed conditions without recommended
input application and moreover, there is lack of high
yielding and stable varieties of this crop in our country.

The breeding approaches and crop improvement
programme have been initiated by government of India
and state agricultural universities to improve the
productivity of chickpea through development of high
yielding plants types and other improved production
technologies. It’s also important to improve resistance
to biotic and abiotic stresses, yield potential and stability
of available cultivars. The breeding efforts are being
made to improve genetic base of different cultivars.
Most of the available varieties of chickpea generally
produce excessive vegetative growth with poor
economic yield. Therefore, there is an urgent need for
identifying chickpea genotypes with higher productivity,
responsiveness to inputs and consistent yield under
various condition as has been emphasized by various
research workers (Lather, 1999).

Genetic variability is very important for the
improvement of crop plants. More the variability in the
population, the greater are the chances for producing
desired plant types. Heritability estimates and genetic
advance in a population provides information about the
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expected gains in the following generations.
Materials and Methods

The present investigation was carried out using
40 chickpea (Cicer arietinum L.) genotypes were
conducted using Randomized Block Design with three
replications during rabi seasons of 2003 and 2004 at the
Research Farm of J.V. (P.G.) College, Baraut (Baghpat)
and Research Farm of Bundelkhand University, Jhansi
under rainfed and restricted irrigation conditions. Thus,
the genotypes were evaluated under eight following
environments: E =Irrigation only before flowering stage
at Baraut in 2003, E,=Rainfed at Baraut in 2003,
E =Irrigation only before flowering stage at Jhansi in
2003, E,=Rainfed at Jhansi in 2003, E =Irrigation only
before flowering stage at Baraut in 2004, E =Rainfed
at Baraut in 2004, E_=Irrigation only before flowering
stage at Jhansi in 2004 E,=Rainfed at Jhansi in 2004.
The row to row and plant to plant spacing were 40 cm
and 20 cm respectively and row length four meters.
The various genetic parameter viz. genotypic and
phenotypic coefficients of variation, heritability estimate
in broad sense and expected genetic advance were
estimated and selection indices were formulated as
suggested by Burton ez al. (1952). Stability is the ability
of a certain variety to maintain stable yield under
changing environmental conditions and assessed through
several stability parameters. Among them, regression
coefficient (bi) and deviation from regression (Sdi)
proposed by Eberhart and Russell (1966) have
extensively been used in multi-environment trials.
Results and Discussion

The estimates of habitability were generally high
for most of the traits particularly for seed weight, number
of pods per plants, seed yield. In environments I, 100-
seed weight recorded highest heritability (99.60%)
followed by number of pods per plant (99.20%).
Biological yield (99.90%), harvest index (99.90) and 100-
seed weight noted higher value of heritability in
environments II, 100-seed weight (99.9%), number of
pods per plant (99.40) and number of branches per plant
(99.60%) in environment III, and number of branches
per plant (99.70%), 100-seed weight (99.90%) and
biological yield per plant (99.90%) in environments in
IV. The traits like 100-seed weight, number of pods per
plant and number of braches per pant recorded higher
heritability in other environments. The low heritability
estimates recorded for days to 50% flowering. Similar
findings have been reported by various other workers
for these different characters (Wahid and Ahmad, 1998,
Nimbalkar, 2000, Singh et al., 2002, Muhammad et al.,
2003 and Parshurand et a/l., 2003). High genetic

Table 1: Summary of h*bs and GA % for all characters in chickpea under all the environments studies

Genetic advance as percentage of mean GA (%)

Heritability (h*bs)

Characters

S.

8

E, E E E E E

EZ

No.

2.74
3.98

2.55

3.61
1331 12.17

2.95
3.72
13.07

2.08
4.60
12.78

3.20
4.07
12.61

303 3.16

420
1341

5850 7030 67.00 6850 5540
99.10 7720 77.70 79.60 82.70
98.70 97.80 9720 9750 96.60
99.70 9970 9990 99.90 99.70

1. Daysto 50% flowering 74.10 93.80 88.50

429
13.36

90.70 96.40 82.80
98.00 98.60 97.80
99.80 99.70 99.60
99.20 99.20 99.40

94.60 96.80 98.80

2. Days to maturity
3. Plant height (cm)
4. No. of branches
5. No. of pods/plant
6. No. of seeds/pods

7. 100 seed wt. (g)

11.81
31.76
19.96

32.67 3096 32.05 29.29

2094 2146

31.86 3277 30.09

19.65 20.15

10.45

99.00 9940 9930 99.10 9940 21.82 21.12 20.25

9740 9390 96.50 89.70 9230

6.82
3943
27.46

26.98

6.06

7.58

6.98
41.38 4038 39.84 43.04

7.03

6.20

6.25

99.90 9970 99.70 99.70 99.70 4093 40.99 40.84

99.90 98.80 9940 98.70 9930 24.02 31.77 2251

99.90 99.90 99.90

8. Biologicalyield/plant(2) 99.80 99.90 99.30

30.55 2148 29.54 19.67

2936 2849 2850 2557

99.80 9950 9940 99.40 9940 2895 30.02 26.93

99.80 9460 98.60 9690 9830

99.40 99.60 99.50

9. Seedyield/plant (g)

1580 3323 1930 31.33
12.93

12.61

3536 21.89 3453
12.47

15.31
12.69

98.80 99.90 98.30
9820 97.90 9790

10. Harvest index (%)
11. Protein content (%)

12.37 12.64

12.78

13.11

98.30 9820 9940 9920 98.10
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advance has been reported by above workers for pod
number, 100-seed weight, seed yield per plant. In the
present investigation also, the estimates of genetic
advance for these traits were high.

The heritability values gave a useful indicator of
the relative value of the importance of selection in
material in hand, but to arrive at more reliable
conclusion, heritability and genetic advance should be
jointly considered. In the present material, high genetic
grain accompanied with high values of heritability was
observed for 100-seed weight, seed yield per plant,
number of pods per plant which may probably be due
to high additive genetic effect.

These values of genetic advance were higher
specifically for the traits like 100- seed weight, number
of branches seed yield and biological yield as compared
to all other traits in all the environments. It is pointed
out that the estimates of genetic advance for Harvest
index were generally high under in rain fed condition
at both the locations. It was evident that the values of
estimates of genetic advance as percent of mean were
also high for all above traits as compared to other
characters when these estimates were worked out
based on the mean data over eight environments.
Stability analysis

The highest seed yield per plant was recorded
for genotype BG 1094 (16.00) in environment VII and
lowest for genotype BG 1086 (7.52 g) and in
environment IV (Table 2). On the basis of pooled
analysis, the mean value for grain yield per plant was
observed highest in Pusa 261 (13.22 g) followed by
Pusa 362 and Pusa 1090 (11.86 g) whereas the
genotype AT-2-1185 (8.35 g) recorded lowest grain
yield per plant, indicating the presence of ample genetic
variability in experimental material for this trait and
general mean was 10.55 g.

Number of pods per plant

The showed that eight varieties viz., Pusa-362,
BG 1095, Pusa-261, BG 1106, BG 390, AT-2-1184, BG
1094, and BG 391 had more than sixty pods per plant
which were higher than all other varieties. Seventeen
varieties had b’ values near to unity (b=1) and hence
these were responsive to medium environmental
conditions, while seventeen varieties were responsive
to better environmental conditions as these had b’
values higher than one (b>1). Six varieties had bi values
less than unity (b<1) and hence these were responsive
to poor environmental conditions. Thirty three varieties
were found to be stable as the estimates of the their
S2di values were non-significant whereas the
remaining eight varieties were unstable as their mean
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square deviation were high and significant. Taking into
account all the three stability parameters, the most
promising genotypes were BG 1091, Pusa-261, BG
1106, AT-2-1184, BG 1094 and BG 391.
100-seed weight

Highest 100-seed weight was recorded in
genotypes BG 2002 (31.67 gm) followed by BG 1106
and BG 1107. Eleven varieties had regression
coefficient (b') equal to unity (b=1) revealing that these
genotypes were moderately responsive to
environments, whereas eighteen genotypes had b’
values higher than one (b > 1) and hence these
genotypes were more suited to the better environments.
Remaining eleven varieties were poor in response (b<1)
to the environments as these had b’ values less than
unity (b<1) and hence these were most suited to poor
environments. The estimates of mean sum of squares
of deviation (S?di) for various genotypes showed that
two varieties were unstable as these had higher values
of S*di while remaining thirty-eight varieties had very
less and negligible values for S?di indicating that these
were stable in performance for 100-seed weight.
Taking into account all the three parameters viz. X, b’
and S2di it was obvious that BG 1107, BG 1108, BG
1116, BG-1092, BGD-112, BG-1098, BG 1063,
genotypes like BG 1090, BG 1094, Pusa-209 and AT-
2-1139 were most promising genotypes.
Seed yield per plant’

The estimates of parameters of stability for seed
yield indicated that high yielding varieties were BG 1091,
Pusa-261, BG 1107, BG 1108, BG 112, 3G-1024, BG
1098, AT-2-1113, BG 390, BG 72, Pusa-1090, BG 1094
and BG 1053. Fourteen genotypes had b' values equal
to unity (b=1) and hence these genotypes were
responsive to moderate environmental conditions. Fifteen
genotypes had b’ values more than unity (b>1) indicating
thereby that all these genotypes were responsive to
better environmental conditions. Eleven genotypes had
b' values less then unity, therefore, these genotypes
were responsive to poor environmental conditions. Thirty
genotypes had low values of mean sum of squares for
deviation and hence these genotype were stable for seed
yield per plant whereas other ten genotypes were
unstable as the values of their S*di were comparatively
higher. The genotypes viz, Pusa 362, Pusa, 261, BG
1107,BG 1092, BG112,BG 1024, AT-2-1113, Pusa 1090
and BG 1094, were found to be stable for grain yield.
Therefore, the above-mentioned genotypes, which are
stable in grain yield and few other characters, should
be used in breeding programmes for developing high
yielding and ideal plant types in chickpea.
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Table 2: Performance of chickpea genotypes for Seed yield under different environments

S.No. Genotypes Environments Mean
EL E, E E, E E  E  E,

. Pusa362 1421 1257 1282 1261 1470 1300 1322 131 13.05
2. AT21185 874 743 941 78 920 783 991 822 8.35
3. BG1095 1031 951 1147 966 1083 1010 1197 10.10 10.24
4. BG1091 1240 1031 1182 1044 1290 1090 1222 1022 1124
5. BG1105 911 782 952 821 1011 830 1002 88l 8.67
6.  Pusa26l 1474 1140 1530 1143 1520 1190 1580 1223 13.22
7. BG1079 1030 871 1141 875 1080 920 1191 953 9.79
8.  BGI107 13.10 1031 1380 1064 13.50 1083 1422 11.24 11.96
9. Pusa39l 974 811 975 813 1050 850 1025 883 8.93
10.  Pusa244 172 902 1175 912 1250 940 1225 9.62 10.40
1. BG1108 1231 1041 1305 1043 13.00 1033 1355 1093 11.55
2. BG1106 1151 927 1161 928 1210 983 1211 10.18 10.42
13 BG1100 982 823 1030 824 1030 853 1090 884 9.15
14, BG1092 952 847 967 849 1020 900 1067 924 9.04
15.  BGDI112 1247 1171 1347 1112 1340 1220 1447 1182 12.19
16.  BG1024 1311 1011 1374 1013 1400 1090 1450 10.53 11.77
17. BG1098 1252 952 1253 953 1310 1000 1230 1023 11.03
18.  Pusa93 954 752 956 753 1020 790 1026 813 8.54
19.  AT21113 1320 1030 1330 1041 1400 1080 1410 1091 11.80
20.  Pusa267 1140 811 1190 821 1190 871 1230 88l 9.90
21 BG390 1340 1020 1290 990 1400 1072 13.50 1040 11.60
22, Pusa 1063 914 740 1020 820 989 790 1090 870 8.73
23.  Pusa372 1140 950 1090 940 1150 1000 1180  9.90 10.30
24.  BG2001 1020 811 1240 813 1070 871 1290 883 9.71
25.  Pusa256 1140 874 1140 874 1190 931 1180 9.54 10.07
2. BG1086 1080  7.52 1070 752 1120 812 1150 812 9.13
27.  BGD 72 1210 1010 1270 1011 1280 1070 1350 10.81 1125
28.  Pusa 1090 1240 1107 1290 1108 1260 1177 1350 11.88 11.86
29.  AT2-1184 1080 870 1140 890 1110 950 1190  9.89 9.95
30.  BG 1094 1450 1230 1500 1240 1510 1280 1600 12.84 13.55
3. BG391 1150 980 954 990 1250 1030 1032  9.89 10.18
32.  BG372 875 784 1161 785 900 840 1230 885 9.01
33.  Pusa209 1152 1031 1038 1043 1154 1090 1118 1093 10.66
34 AT2-1133 1041 974 947 983 1069 1030 1030 1043 9.86
35 BG1065 951 1150 982 1240 970 1210 1052 12.84 10.81
3. BG1077 952 872 1120 876 98 930 1180 9.26 9.55
37.  BG1088 1033 952 1147 966 1045 1012 1227 1026 10.25
38.  Pusa 1080 1141 1012 1282 1014 1156 1092 1352 10.84 1112
39.  Pusa 1053 1281 1140 1174 1150 1300 1170 1257 12.00 11.86
4.  BG2002 1144 1082 1174 1093 1158 1113 1254 11.83 1123

Mean 1133 956 1166 964 1183 1007 1228 1023 10.55

CD 0194 0136 0172 0102 0180 0182 0190 0.174 0.078
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Table 3: Mean performance and stability for seed yield and its components in chickpea under all the environments

S.  Genotypes Pods plant-! 100-seed weight (g) Seed yield plant-' (g)
No. (X) bi S*di (X) b S2di (X) bi S2di
1. Pusa362 6135 215 14.67* 21.79 035 0.08 1328 043 0.45*
2. AT21185 4728 1.48 1.59 2296 0.23 0.01 857 081 0.03
3. BG1095 57.15 0.73 1.01 25.87 0.79 0.15 1049 0.75 0.13
4. BG1091 68.22 0.45 1.169 2299 094 0.38 1140 0.89 0.24*
5. BG1105 5767  -0.31 3.12% 2729 095 -0.01 899 0.77 0.06
6. Pusa?26l 68.05 1.21 0.22 16.53 143 0.10 13.50 1.78 0.07
7. BG1079 46.38 0.93 0.35 20.99 3.00 0.26 10.08 1.11 0.08
8. BG1107 56.07 1.68 0.26 30.69 0.88 0.05 1220 148 0.05
9. Pusa39l 51.92 0.62 1.71 2890 1.51 0.64 923 087 0.05
10. Pusa 244 49.30 0.96 0.23 23.80 2.73 0.19 10.67 138 0.11
11. BG1108 56.20 0.52 0.39 2739 155 0.03 1175 1.26 0.06
12. BG1106 69.45 1.10 0.13 3124 262 0.39 1074 1.13 0.03
13. BG1100 49.81 0.57 0.18 2391 146 0.11 940 099 0.00
14. BG 1092 54.80 0.72 0.56 2892 1.55 0.01 941 0.70 0.05
15. BGD 112 53.07 0.90 0.58 27.56 0.75 0.06 1258 0.98 0.16
16. BG1024 56.58 0.66 0.51 2424 1.06 0.05 1213 1.74 0.07
17. BG1098 58.12 1.56 3.15% 29.07 1.14 0.01 1122 136 0.26*
18. Pusa 93 51.49 0.50 1.27 2257 024 0.04 8.83 1.09 0.03
19. AT-21113  49.70 0.45 1.00 2699 -2.29 2.16* 1213 154 0.07
20. Pusa 267 48.68 1.00 0.99 1893 227 1.57* 10.17  1.72 0.09
21. BG390 62.83 2.08 7.73* 1992 033 0.04 11.88 1.54 0.30
22. Pusa 1063  49.60 1.89 0.72 26.89 140 0.44 9.04 1.09 0.14
23. Pusa 372 54.62 2.63 3.60* 24.15 -0.03 0.45 10.55 0.87 0.06
24. BG2001 50.65 1.69 0.63 19.12 1.18 0.04 10.00  1.66 0.44*
25. Pusa 256 55.90 1.24 0.23 19.62 048 0.65 1035 1.28 0.07
26. BG 1086 52.52 1.13 0.40 22.11  0.60 0.03 944 162 0.09
27. BGD 72 51.58 1.50 2.27* 17.14 123 0.04 11.60 1.24 0.04
28. Pusa 1090  57.77 1.23 0.12 2921 151 -0.01 12.15 0.78 0.05
29. AT-2-1184  60.75 1.47 1.25 16.61 032 0.08 1027 1.10 0.03
30. BG 1094 64.47 1.84 1.88 2979 144 001 13.87 134 0.02
31. BG391 62.07 0.95 0.07 21.70  0.40 0.04 1047 044 0.94*
32. BG372 55.92 2.34 3.12% 2334 243 0.01 933 128 1.14*
33. Pusa209 53.06 0.76 0.29 28.60 0.69 0.04 1090 0.28 0.18
34. AT-2-1133  52.28 0.82 0.34 26.08 137 0.01 10.15  0.12 0.18
35. BG 1065 49.58 0.83 0.30 21.79 038 0.08 11.05 -0.99 0.74*
36. BG1077 51.57 0.70 0.38 13.14 050 0.16 9.80 091 0.37*
37. BG1088 52.57 0.58 0.42 17.13  0.85 0.18 10.51 0.74 0.26*
38. Pusa 1080  53.95 0.86 0.05 2397 1.66 0.07 1142  1.03 0.30*
39. Pusal053  56.27 0.96 0.11 18.09 1.69 0.03 1209 045 0.17
40. BG2002 51.65 0.714  0.68 31.67 032 0.05 11.50 042 0.12

Mean 54.977 23.82 10.83

CD 0.455 0.262 0.167

S.E. of b 0.352 0.658 0.156
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