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Abstract

The present investigation was carried out to study stability performance over eight
environments for seed yield and its components in 40 genetically diverse genotypes (37
indigenous + 3 exotic) of soybean using a randomized complete block design. The partitioning
of (environment + genotype x environment) mean squares showed that environments (linear)
differed significantly and were quite diverse with regards to their effects on the performance of
genotypes for seed yield and majority of yield components. Stable genotypes were identified for
wider environments and specific environments with high per se performance (over general
mean) for seed yield per plant. The investigation revealed that the genotype MACS-47 was
desirable and stable across the environments. Other genotypes PK-308, Bisra Soya, Indra Soya-
9, Alankar, and 1S-22 were found to be suitable for favorable situations, while genotypes Pusa-
16, Pusa-40, MACS-2, MACS-450, and JS-325 were responsible to poor environments for seed
yield.
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Introduction

Soybean [(Glycine max. L.) Merrill] designated as the “miracle bean” has established its
potential as an industrially vital and viable oil seed crop in many areas of India. The theoretical
limit of soybean productivity was suggested to be 8 tonnes/ha based on the amount of light
energy available in the field (Specht, et al., 1999). However, world productivity during 2007 was
2.81 tonnes/ha. Even this level has not been achieved in tropical countries like India, where low
productivity is mainly due to the short growing periods available in subtropical conditions,
limited varietal stability, and narrow genetic base of soybean cultivars (Singh and Hymowitz,
2001). Crop vyield fluctuates due to suitability of varieties to different growing seasons or
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conditions. A specific genotype does not always exhibit the same phenotypic characteristics
under all environments and different genotypes respond differently to a specific environment.

Gene expression is subject to modification by the environment; therefore, genotypic
expression of the phenotype is environmentally dependent (Kang, 1998). The development of
new cultivars involves breeding of cultivars with desired characteristics such as high economic
yield, tolerance or resistance to biotic and abiotic stresses, traits that add value to the product, and
the stability of these traits in target environments. Inconsistent genotypic responses to
environmental factors such as temperature, soil moisture, soil type, or fertility level from location
to location and year to year are a function of genotype x environment (GE) interactions.
Genotype x environment interactions have been defined as the failure of genotypes to achieve the
same relative performance in different environments (Baker, 1988). Identification of yield-
contributing traits and knowledge of GE interactions and yield stability are important for
breeding new cultivars with improved adaptation to the environmental constraints prevailing in
the target environments. Currently, there is a need for increasing soybean genetic diversity in
India so that new cultivars suitable for manufacturing soyfoods can be developed. To avoid
genetic vulnerability associated with the narrowing of the genetic base of any crop, the GE
interactions of the germplasm are important (Kang, 1998). Therefore, in the present investigation
an attempt has been made to evaluate soybean genotypes for yield and its component characters
under different environments to identify genotypes with suitable performance in variable
environments.

Materials and Methods

The experiment was conducted with 40 indigenous and exotic genotypes of soybean
during spring and rainy season of 2005 and 2006 at experimental Farm of Kisan (PG) College,
Simbhaoli (28°N, 51°E) UP, India. The soil of the experimental field was sandy loam with low
available nitrogen, potassium, and medium available phosphorus with neutral pH. In each of the
eight environments (2 seasons x 2 sowing dates x 2 years) each genotype was planted in a
randomized complete block design with three replications, in plots of 4 rows, each 3m long and
spaced 30 x 15 cm. between rows and plants, respectively. At planting, fertilizers were applied at
rates equivalent to 20:60:40 kg/ha NPK, respectively.

The crop was raised in irrigated conditions. Observations were recorded on ten randomly

selected plants from each genotype in all the three replications for days to 50% flowering, days
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to maturity, plant height (cm), pods per plant, biological yield per plant (g), seed yield per plant
(9), 100-seed weight (g), and harvest index (%). The data were statistically analyzed and the
genotypes were assessed for their stability of performance across environments following the
method described by Eberhart and Russell (1966).

Results and Discussion

The stability analysis (Table 1) indicated the presence of significant G x E interactions
for all the characters studied. Higher magnitude of mean squares due to environments indicates
considerable differences between environments for all the characters and that these characters
were greatly influenced by environments; thereby suggesting the large differences between
environments along with greater part of genotypic response was a linear function of
environments i.e., the environments created by season, sowing dates over years was justified and
had linear effects. These results are in agreement with the earlier findings of Dillion et al. (2009)
and Jai Dev et al (2009).

The partitioning of mean squares (environments + genotype x environments) (Table 1)
showed that environments (linear) differed significantly and were quite diverse with respect to
their effects on the performance of genotypes for seed yield and majority of yield components.
Further, the higher magnitude of mean squares due to environments (linear) as compared to
genotype x environment (linear) exhibited that linear response of environments accounted for the
major part of total variation for majority of the characters studied. Dillion et al. (2009) also
reported similar results and stated that the mean differences between seasonal effects and the
effect of seasons on seed yield and its attributes in soybean were quite real in nature. The
significance of mean squares due to genotype x environment (linear) component against pooled
deviation for days to maturity, plant height, pods per plant, and harvest index suggested that the
genotypes were diverse for their regression response to change with the environmental
fluctuations. Similarly, the significant mean squares due to pooled deviation observed for all the
characters studied suggested that the deviation from linear regression also contributed
substantially towards the differences in stability of genotypes. Thus, both linear (predictable) and
non-linear (un-predictable) components significantly contributed to genotype X environment
interactions observed for seed yield per plant and yield component characters. This suggested

that predictable as well as un-predictable components were involved in the differential response



of stability. Similar results were reported by Ramana and Satyanarayana (2005) and Dillion et al.
(2009).

The mean values for yield and its components, regression coefficient (bi), and deviation
from regression (S%di) for 40 genotypes over eight environments are presented in Table 2. The
characters like days to 50% flowering, days to maturity, pods per plant, and harvest index
showed higher number of predictable genotypes, while plant height, biological yield, seed yield,
and 100-seed weight had lower numbers of predictable genotypes. Further, the stable genotypes
identified for wider environments and specific (either favorable or poor) environments with high
per se performance (over general mean) for seed yield per plant are presented in Table 2. It is
evident from the table that one genotype viz., MACS-47, was found stable and widely adapted
with high mean performance (12.87 g), average responsiveness (bi ~ 1), and non significant
deviation from regression line (S°di ~ 0). This variety for seed yield per plant was also stable for
other yield contributing traits (Table 3) and could be utilized for all the environments to achieve
higher and stable seed yield increment. On the other hand, five genotypes, PK-308, Bisra Soya,
Indra Soya-9, Alankar, and 1S-22, were found suitable for favourable situations with predictable
performance as they passed high seed yield per plant along with below average responsiveness
(bi > 1) and non-significant deviation from regression line. Four other genotypes, viz., Pusa-16,
Pusa-40, MACS-450, and 1S-335, were found suitable for poor environments with predictable
performance as they exhibited high per se performance for seed yield per plant along with above
average responsiveness (bi < 1) and non-significant deviation from regression line. Other high
yielding genotypes, Pusa-20 and MACS-58, having regression coefficients less than one, were
found suitable under poor environments with un-predictable performance due to significant
deviation from regression the line. The stability of genotypes for seed yield and its components
in soybean has also been reported by Singh et al (2001), Rao et al. (2002), Alghamdi (2004),
Ramana Satyanarayana (2005), Sudaric et al. (2006), Pan et al (2007), Dillion et al. (2009),
Gurmu (2009), and Jai Dev et al. (2009).

Conclusion

In conclusion, this study showed the presence of and the type of GE interactions among
the 12 soybean genotypes and their yield components. High-yielding genotypes with broad
adaptation and some genotypes with specific adaptation were identified. Further investigations on

GE interactions at important crop growth stages for yield components and biochemical profiles



would help to develop strategies that integrate traditional plant breeding with modern molecular
marker-based selection for tailoring soybean cultivars for high yield and target environments.
Among the cultivars used in this study, MACS-47, showed high mean seed yield and was found
to be stable over the environments and therefore; could be used in the breeding programme for
the development of high yielding stable genotypes over environments for future use.
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Table 1: Analysis of variance for stability for yield and yield components in soybean

Source of Mean sum of squares for different characters
Variation df
Daysto 50%  Days to Plant Pods per  Biological yield  Seed yield 100-seed Harvest
flowering maturity  height (cm) plant per plant (g)  per plant (g) weight (g) index
Genotypes (G) 39 107.36**+ 103.57**+ 599.65**+ 151.79**+ 124.77**+ 24 54**+ 14.22%*+ 7.57**+
Environment (E) 7 197.60**+ 772.14**+  1031.01**+  1672.91**+ 507.85**+ 118.83**+ 11.56**+ 148.05**+
GxE 273 4.93* 7.78* 10.07** 19.85** 9.17** 1.97** 0.24** 6.41**
Enviornment+(GxE) 280 40.27*%*+ 50.43**+ 30.23**+ 61.18**+ 21.64*%*+ 4.90%*+ 0.52**+ 9.95**+
E (linear) 1 1383.16**+  5404.85**+ 7216.90**+ 11710.15**+ 3554.76**+ 831.89**+ 80.97**+  1036.08**+
G x E (linear) 39 4.45 15.09**+ 15.15%*+ 38.20**+ 13.41** 1.96** 0.21** 12.63**+
Pooled deviation 240 4.48* 6.39** 8.99** 16.37** 8.25** 1.93** 0.24** 5.24**
Pooled error 624 3.28 4.17 2.45 9.92 1.85 0.46 0.09 3.99

*, ** = significant against pooled error at 1% and 5% level, respectively;
+ = significant against pooled deviations at 5% level




Table 2: Stability parameters for eight characters in 40 genotypes of soybean

S.  Genotypes Days to flowering Days to maturity Plant height Pods/ plant Biological yield Seed yield/plant 100-seed weight Harvest index

N Mea  bi Sdi Mean  bi S’di  Mean  bi S’di  Mean  bi S’di Mean  bi S’di  Mean bi S%di  Mean bi S’di  Mean  bi Sidi
1. PK-1347 3975 13 636 9788 125 184 318 119 444 2137 113 286 1417 057 004 6.63 058 023 1084 067 009 4683 204 3.08
2. JS-7015 3483 09 289 10329 075 1043 3654 110 092 2148 110 329 1448 041 259 656 047 086 1294 093 045 4512 083 443
3. Lee 3929 13 592 10512 070 146 329 112 191 1997 110 258 1594 058 031 724 063 046 1133 105 049 4569 216 12.01
4.  MACS-124 3542 05 120 10112 151 789 4104 113 880 1996 060 396 1645 0.73 425 748 079 120 13.09 129 048 4545 270 3.60
5. MACS-6120 3942 12 498 9788 127 2022 4033 087 821 2281 108 804 1626 054 0.11 741 063 050 11.63 108 0410 4550 1.61 10.29
6. GS-2 3738 10 073 10212 078 484 4321 092 283 3025 143 2469 2271 116 152 970 099 036 1126 076 029 4238 128 0.29
7.  Pusa-16 36.12 08 195 99.12 148 1730 32.08 0.06 183 2742 110 8279 2548 108 538 1127 086 023 1289 141 036 4453 056 9.34
8.  Pusa-24 3875 11 134 9762 139 1263 3021 083 169 2215 140 1712 1751 0.77 0.65 794 078 076 1266 160 062 4525 181 11.53
9.  Pusa-37 3546 09 392 9208 083 138 3392 091 1456 3091 133 320 2167 126 6.09 985 120 170 1237 129 027 4527 124 321
10  Pusa-40 3621 07 687 10350 098 014 3458 077 915 2844 160 465 2361 054 3171 1085 0.77 623 1303 088 014 4591 148 -091
11 Pusa-20 3692 12 539 10450 071 172 3852 0.72 107 2918 054 1040 2369 052 2965 1081 090 534 1137 100 015 4504 176 3.38
12 Pusa-22 4429 17 213 10588 102 272 439 110 934 3097 158 12,09 2195 058 2395 1013 0.63 545 981 055 029 46.00 096 -0.04
13 Sel. 295 3979 11 249 10362 102 1463 529 133 100 2590 067 470 2297 065 1510 980 042 131 1377 200 014 1316 013 1253
14  MACS-58 3596 09 147 10050 059 -0.68 3808 0.80 083 3162 123 3147 2375 027 2169 1091 048 675 1505 150 000 4568 121 150
15 Bragg 4196 08 803 10150 055 546 4333 110 12.07 3445 108 1533 2368 144 250 1053 137 079 1271 103 010 4439 099 -0.11
16  SL-96 3521 11 024 10500 099 049 4208 100 212 3524 078 289 2263 137 442 1030 134 110 1348 135 027 4551 144 207
17  SL-637 3567 10 813 10329 035 249 3808 039 474 2590 130 712 2289 110 2216 1039 121 352 1384 099 022 4558 071 244
18 PK-416 3692 15 7.06 10812 072 -0.99 3979 086 -050 3713 040 138 2342 0.88 1071 1061 1.03 277 1226 1.05 055 4479 092 -0.66
19 MACS-2 3550 03 501 10371 042 1040 4054 066 426 2684 056 1541 2448 088 659 1123 092 147 1389 055 015 4582 092 -048
20  Birsasoya 3438 03 -027 10550 035 -0.54 3942 0.79 1393 3246 102 090 2698 133 051 1208 128 053 1325 070 031 4476 153 157
21 Punjab-1 4450 08 298 10612 050 584 5167 123 2195 3093 079 1661 2370 134 1087 1047 128 204 1454 015 030 4418 121 166
22 PK-308 4300 02 059 10388 074 109 5171 117 2490 2913 102 2921 2425 103 360 1110 122 097 1378 067 022 4552 103 218
23 Gaurav 5338 0.7 247 10908 078 071 53.00 110 7.38 3057 090 432 2330 180 2235 1032 148 474 1151 132 011 4448 035 -0.69
24 Indrasoya9 3758 08 -0.84 10738 099 -048 3533 108 577 2730 160 187 2731 152 950 1224 146 179 1442 1007 0.33 4483 147 645
25 JS80-21 3446 05 085 10088 158 396 3258 0.86 274 3259 190 4325 2215 140 398 1007 129 183 1372 099 002 4532 0.00 0.30
26 Ankur 3550 0.6 131 100.00 127 155 4283 0.78 096 3090 087 645 2253 137 1340 1004 190 458 1254 120 0.05 44.40 - 0.80
27  PS-1029 3671 09 223 9888 085 -037 5200 1.04 814 2448 021 259 1554 074 210 699 087 042 1093 070 011 4447 097 317
28  MACS-450 36.67 11 079 10112 119 034 4367 069 2014 3056 100 29.11 2383 078 360 1084 082 112 1344 079 014 4538 114 041
29 MACS-47 3479 08 233 10288 124 137 4117 084 7.72 2304 062 233 2893 110 644 1287 108 057 1119 126 000 4461 144 0.79
30 JS-335 3939 15 805 10333 107 18 7475 140 1132 2628 060 27.75 2738 119 460 1218 094 085 1472 075 027 4470 086 1.09
31 Alankar 358 14 111 10529 118 097 4012 101 715 2787 069 230 2560 164 311 1139 143 058 1321 078 006 4480 050 -0.63
32 PK-1042 3433 04 -038 9475 124 537 5017 116 1142 2785 052 575 2052 117 -028 911 119 077 1352 104 010 4409 050 18.37
33  VLS-21 36.67 13 940 10112 123 638 4621 129 469 3277 140 2822 1617 086 -020 719 095 007 1310 019 004 4423 219 316
34 NARC-2 36.71 12 282 10346 113 469 4988 114 2088 3660 106 1574 2383 172 2058 1042 159 532 1129 113 008 4357 027 440
35 PK-472 3758 13 235 10388 117 247 389 071 736 3309 122 1225 225 077 273 1036 1.02 056 1056 0.79 047 4596 090 1.13
36 JS-22 3921 14 299 10575 116 198 3983 0.61 3615 3291 068 2317 2744 138 092 1183 127 047 1151 073 025 4333 104 949
37  MACS-58 36.75 10 868 10025 170 2559 49.72 145 631 2249 075 -1.04 1509 060 5.36 650 0.67 053 9.83 090 001 43.20 - 2.61
38  Shilajeet 4125 11 -005 10212 120 3.08 4521 051 1092 2780 125 160 1947 089 134 842 097 083 1112 083 0.04 4303 010 483
39 ADT-1 3400 10 -036 9612 103 1590 5345 132 331 2730 104 1725 1818 0.76 -006 803 077 018 1234 119 008 4412 032 0.89
40 MACS-21 3954 05 425 10425 103 388 57.02 193 488 2869 104 -0.84 2236 130 235 974 123 140 1158 105 017 4344 007 314

Population mean 37.94 102.29 43.07 28.34 21.86 9.74 12.50 44.75
SE mean 0.83 0.95 1.13 1.52 1.08 0.52 0.18 0.86




Table 3: Most widely adapted genotypes identified on the basis of seed yield per plant along with their stability for component

traits in soybean

Genotypes Seed yield per plant (g) | Stable yield attributes

Pusa-16 11.27 Days to flowering, plant height, biological yield/plant, seed yield/plant, 100-seed
weight and harvest index

Pusa-40 10.85 All characters are stable except pods per plant

Pusa-20 10.81 Days to flowering, days to maturity, plant height, seed yield/plant, 100-seed weight and
harvest index

MACS-58 10.91 All characters are stable except pods per plant and biological yield/plant

MACS-2 11.23 All characters are stable except days to maturity and pods per plant

Bisra soya 12.08 All characters are stable except days to maturity

PK-308 11.10 All characters are stable except days to flowering

Indra soya-9 | 12.24 All characters are stable

MACS-450 | 10.84 All characters are stable except pods per plant

MACS-47 12.87 All characters are stable

JS-335 12.18 All characters are stable

Alankar 11.39 All characters are stable biological yield/plant

JS-22 11.88 All characters are stable
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