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ABSTRACT

Stability of green fodder yield and its component characters was assessed for thirty genotypes over six environments (two
seasons 2019 and 2020 x three environments) to determine the quantitative response of cowpea genotypes. The investigation
was undertaken at Pusa Farm of Dr. Rajendra Prasad Agricultural University, Pusa, Samastipur, Bihar under open field
and rain-out shelter conditions in randomized block design with three replications. The results green fodder revealed that
five genotypes (RL-5, PL-4, EC 97738, FD-2262and FD-2258) were found stable for favourable environment and four
genotypes (RL-6, EC 390252, FD-2230, FD-2272) were found suitable for poor environment. The genotype, Kashigauri
and Bundel Lobia-1 for green fodder yield were found suitable for average environment and encompasses fair stability
and wider adaptation. Therefore, the genotype Kashigauri and Bundel Lobia-1 may be recommended for green fodder

production after testing over time and space.
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Introduction

Livestock sector of India is one of the largest in the
world. In rural areas animals rearing are the backbone
of rural farmers and their economy. Deficiency in feed
and fodder has been identified as one of the major
component in achieving the desired level of livestock
production (Kumar et al. 2012). The green fodder
production is declining year after year but the projected
need of green fodder is increasing. During lean period
there animal rearing farmers face fodder shortage which
also direct production of better quality feed at cheap
cost (Kumari et al. 2017). The animal feeds from straw
of wheat, rice, barley, sorghum etc. are encompassing
low protein with low energy whereas legume feeds
contain high protein which fulfil animal nutrition
demand and improves milk production (Praveena et
al. 2019).

Cowpea [Vigna unguiculata 1..Walp] (2n=22) is
an important summer/rainy season legume crop. It is

one of the most ancient crop and commonly known
as Lobia in Hindi, Bora in Bihar and other names viz.,
black eye pea, southern pea, chowla, barbati (Gupta
et al. 2017). Cowpea improves soil fertility due to its
nitrogen fixing ability and part of major agricultural
cropping system (Kyei-Boahen et al. 2017). It is an
importance drought tolerant crop and also grow under
water stagnation condition as well as summer and rainy
season legume crop (Panchta et al. 2021). The cowpea
green fodder contains 15-20% crude protein and 50%
digestible carbohydrate at the first stage of formation
of pod. The fodder-cum-grain cowpea varieties may
eradicate nutritional status of farm animals by using
cowpea seeds in the preparation of animal ration.
Therefore, it is considered as good source of calories,
vitamins and minerals and also provides a significant
amount of dietary protein and lysine (Ngoc et al. 2019).
Besides being used as pulse crop, cowpea’s immature
pod and green leaf and growing twig can be utilized
as vegetable. However, it is more important as the



source of green as well as dry fodder. Among fodder
legumes, cowpea is grown for both grain and fodder in
all tropical and sub-tropical regions (Vu et al. 2017).

Our country is the largest producer of cowpea
in Asia, accounts for about 0.5 m t production with
1.5 m ha area and average grain plus fodder yield of
3 g/ha and 25-45 t/ha (Ahmad et al. 2017). The green
fodder production is declining year after year but the
projected need of green and dry fodder is 16848 and
15042 thousand tonnes (Gupta and Kumar, 2007). In
Bihar the prime forage sources is met through less
nutritious grasses. Thus, a good fodder source is need of
the hour. It is well known fact that the genetic diversity
is the primary requirement for a flourishing breeding
plan. But, the evaluation of genotypes is a pre-requisite
for crop improvement (Arya et al. 2019). After this,
the core responsibility of plant breeder is to screen out
genotypes; those are suitable genotypes for wider range
of adaptation. Genotypes sometimes fail to perform
equally in variety of environments as phenotype is the
ultimate outcome of interaction between genotype and
environment.

The core responsibility of plant breeder is to
screen out genotype those are suitable for wider range
of adaptation. Genotype sometimes fails to perform
equally in variety of environments as phenotype is
the ultimate outcome of interaction between genotype
and environment. The most widely used method to
measure stability was previously proposed (Finlay and
Wilkinson, 1963) and later on improved (Eberhart and
Russell, 1966). The regression coefficient value (b=1)
coupled with non-significant (S°d=0) specifies average
stability. The stability is denoted as adaptation of
varieties to unpredictable and transient environmental
conditions. Thus, evaluation of stability in fodder
cowpea is important to identify better genotypes to
meet the shortage of green fodder to improve health
status of animal with higher animal products. This
study was undertaken to study stability of plant height,
number of branches per plant and green fodder yield
in thirty cowpea genotypes.

Materials and Methods

Study site and experimental design

The field experiment was conducted during
Kharif seasons of 2019 and 2020 at Pusa Farm of
Dr. Rajendra Prasad Central Agricultural University,
Pusa, Samastipur, Bihar. The latitude and longitude
of the experiment location are 25.980N and 85.670E,
respectively. The mean altitude is 52 m above mean
sea level and average annual rainfall of 1234 mm.
Weather prevailed during experimental period depicted
in Figure 1.

Treatment details

The research was carried out as under open field
(two date of sowing 15" July 2019 and 26" July 2019)
as well as in rain shelter condition (single date of
sowing 15" July 2019) in kharif 2019 and in kharif
2020 under open field (15" July 2020 and 26" July
2020) as well as in rain shelter condition (15" July
2020) installed at Pusa farm where six different
environment conditions named E , E, E,, E,, E_ and
E,. respectively, were used for stability study. Thirty
cowpea genotypes viz., EC 390216, Kashigauri, EC
390268, Kashikanchan, RL-1, RL-2, RL-3, RL-4,
RL-5, RL-6, PL-4, EC 97306, EC 390252, IVTC-8,
IVTC-10, IVTC-1, EC 97738, EC 9736,PL-2, PL-5,
PL-3, FD-2230, FD-2229, FD-2233, FD-2242, FD-
2260, FD-2262, FD-2272, FD-2258 and including one
check BundelLobia 1 were obtained from different
research station of the country was used for the trial.
The experiment was laid out in Randomized Block
Design with three replications and 45x10 cm spacing.

Observations recorded

The observation was recorded on plant height
(cm), number of branches per plant and green fodder
yield (g/plant). The plant height (cm) was recorded
on five tagged plants in each genotype from each
replication at 50% flowering stage. The numbers of
branches were also counted from five tagged plants
in each replication in all genotype of cowpea at 50%
flowering stage. The green fodder yield data were
collected by using average of five plants from each
plot harvested near ground at 50% flowering stage
from 30 genotypes of cowpea. The average data was
recorded as g/plant.

Statistical analysis
The stability model of Eberhart and Russell
(1966) were followed for analysis of six environment
data. It involves the estimation of three stability
parameters like mean (X)), regression coefficient
(b)) and deviation from regression (S*d,), which are
defined by the following mathematical model
Y, =B+, (=12, tandj=1,2........ S)
Where, Y= Mean of i" genotype inj" environment
1=Mean of all genotype over all environment
B, = The regression coefficient of i"genotype on the
environmental index, which measures response
of genotype to varying environment
8”: The environmental index which is defined as
deviation of the mean of all the genotypes at a
given environment from the overall mean.
The regression coefficients and the mean value for

30 cowpea genotypes were analysed by INDOSTAT
software.
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Results and Discussion

Plant height (cm)

The data on mean performance of thirty cowpea
genotypes are depicted in Table 1. The plant height
data were ranged from 54.66 cm (FD-2229) to 98.89
cm (FD-2258). The early planting date (E, and E,)
increases the plant height in all seasons. Likewise,
considerable variation in plant height was also reported
by Shekara et al. (2012) in fodder cowpea genotypes.
For plant height, environment E, (75.78cm) was most
favourable, followed by E, (75.53¢m), E, (73.51cm), E,
(71.79cm), E_ (53.99cm) and E, (53.64). The stability
parameters (X, b, and S°d.) as proposed by Eberhart
and Russell (1966) of the individual genotypes are
illustrated in Table 2. The genotypes viz., Kashikanchan,
RL-5, EC390252, IVTC-8, PL-5, FD-2242, FD-2260,
FD-2258, Bundel Lobia-1 (check) mean were superior
to population mean.The examined results shows that
only one genotype (FD-2242) was found suitable for
average environment (X>p, b=1, NS S*d.) for plant
height.Genotypes IVTC-8, PL-5, FD-2260 and FD-
2258 were examined as stable in rich environment and
three genotypes Kashikanchan, EC 390252, Bundel
Lobia-1 (check) were stable in poor environment.
El-Shaieny et al. (2015) evaluated cowpea for best
planting season and found fall season as most suitable
also suggested four cowpea genotypes as stable for total
dry seed yield base on three parameter model.

Number of branches/plant

The mean performance of genotypes (Table 2)
ranged from 4.40 (IVTC-10) to 8.17 (EC 9736). The
early sowing date improves number of branches in
both the seasons but under rain-out shelter due to water
stress the trait mean reduced significantly. For number
of branches/plant, environment E, (7.19) was most
favourable, followed by E. (6.72), E, (6.14), E, (5.67),
E, (4.60) and E, (4.00). The stability parameters (X, b,
and $*d)) as proposed by Eberhart and Russell (1966)
of the individual genotypes are illustrated in Table 2.
The genotypes EC 97306 and FD-2272 were found
with significant regression coefficient (b)) value with
non-significant S?di value. Total nine genotypes were
found with significant S*di value. The genotypes RL-6
(X-p, b=1, NS S?di) was found as suitable for average
environment. The studied results for number of branch
also indicated two genotype viz., Kashikanchan, IVTC-
1, PL-5, PL-3, FD-2260, FD-2258 and Bundel Lobia-1
(check) could consistently do better in favourable
environments and the genotypes viz., Kashigauri, RL-2,
EC 97738 and EC 9736 were found stable in poor
environment. Kabir et al. (2009) studied wheat variety
and recommended that verity which were sensitive to
environmental changes can be incorporate in cultivation
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for favourable condition. The results of our study is also
in parallel with results from cowpea (Singh et al. 2020).

Green fodder yield (g/plant)

The mean performance of thirty cowpea genotypes
depicted in Table 3 and it is ranges from 117.38
7(FD-2260) to 217.06 (FD-2258). For green fodder
yield/plant (g), environment E, (192.30g) was most
favourable, followed by E, (187.27g), E, (185.72¢), E,
(180.00g), E, (128.41) and E, (123.09). The stability
parameters (X, b, and S*d,) as proposed by Eberhart
and Russell (1966) of the individual genotypes are
illustrated in Table 4. Genotypes viz., Kashikanchan,
RL-1, RL-5, RL-6, EC 97306, EC 97738, PL-5 and FD-
2262 exhibited significant regression coefficient (b,)
with non-significant deviation from regression (S°d).
Total sixteen cowpea genotype were found with (b.< 1),
twelve genotypes with (b, > 1) and two genotypes with
(b=1). Therefore, based on three parameter model,
two genotypes (Kashigauri and Bundel Lobia-1) were
found stable for average environment (x>p, bi=1, NS
$?di) for this trait. Five genotypes (RL-5, PL-4, EC
97738, FD-2262 and FD-2258) were evaluated as
stable for favourable environment and five genotypes
(EC 390268, RL-6, EC 390252, FD-2230, FD-2272)
were low responsive found suitable for unfavourable
environment. El-Shaieny et al. (2015) reported
considerable degree of genotypic differences and
average stability in cowpea for yield related characters
under multiple planting date environments. The
deviation for regression if deviated non-significantly
from zero (S*d=0) genotypes were reported as stable
for seed yield over all the environments (Manivannan
et al. 2019). Similar findings were also obtained by
Santos et al. (2015).

Conclusions

Genotypes which have regression coefficient
(b=1), trait mean more than population mean (X-p),
small deviation from regression (Sd,) are considered
as stable which are Kashigauri and Bundel Lobia-1
for green fodder yield and Kashigauri for dry matter
% was found suitable for average environment and
encompasses fair stability and wide adaptation over
different environment. Therefore, the genotype
Kashigauri may be recommended for green fodder as
well as dry fodder production after testing over time
and space.




Table 1. Mean performance of plant height (cm) under six environments and stability parameters.

Plant Height (cm)
No. Genotypes
E, E, E, E, E, E, % b, s2d,
I EC 390216 63.63 6056 4494 7026 6643 4538 5853 099  -1.57
2 Kashigauri 7016 7023 5424 7248 7086  53.87 6531  0.82*  -7.47
3 EC 390268 7156 7315 5878 7239 7119 5684 6732 0.68*  -5.70
4 Kashikanchan 7526  76.89  60.85 7091 7322 5611  68.87 073 433
5 RL-1 7337 6456 4743 6586 7112 4424  6L10  1.12  3.62
6 RL-2 6721 6020 4631  69.54 6948 4564 5973  1.02  -1.07
7 RL3 69.15 6420 4757  66.10 6429 4688 5970 092  -7.04
8§ RL-4 6790 6650 4796 6482  63.62 4551 5939 091  -3.51
9 RL 11073 10344 7073  107.64 9936  81.01 9549 145  12.87*
10 RL-6 67.53 6878 5409 7294  69.57 5123  64.03 083  -3.69
11 PL-4 7142 68.02 5346 7469  68.66 4881 6418 096  -3.68
12 EC 97306 7094 6650 4896  73.03  67.53  49.10  62.68 101  -7.47
13 EC 390252 8297 8154 6201 7979 8229  60.84 7491 097  -3.98
14 IVTC-8 84.53 7505 5473 7797 7720 5799 7125 111 -1.19
15 IVTC-10 66.52 6328 4409 6376 6225 4218 5701 101  -6.03
16 IVTC-1 7000 6721 4635 7358  68.67 5049 6272 1.06  -5.60
17 EC97738 7282 7212 5853 7110 7027 5634  66.86  0.68*  -6.13
18 EC 9736 67.11  68.04 5635 7074 6758 5095 6346 071  -2.79
19 PL-2 7161 6359 5162 7088 6404  50.58 6206 083  -2.27
20 PL5 8776 8198 6234 9151 8521  67.00 7930  1.09  -2.94
21 PL3 69.36 6436 4402 7003 6483 4652  59.85  1.08  -7.21
22 FD-2230 7428 6726 4821  80.86  66.18 5311  64.98  1.09  14.22%
23 FD-2229 6375 5744 4458 5888  62.54 4075  54.66 088  -1.45
24 FD-2233 7613 7463 4738 7261 7208 5060 6557 120  -1.67
25 FD-2242 93.71 9267 7228 9344 9197 7231 8606  1.00  -7.32
26 FD-2260 7825 6918 4936 7731 7904 5191 6751 125  -0.70
27 FD-2262 7414 67.88 4630 7627  69.60 5047 6411  1.17  -4.51
28 FD-2272 7598 68.13 4755  79.03  80.58 5220 6725 129 747
29 FD-2258 10580 10478 8152  109.02 108.86 8336  98.89 120  -4.76
30 pundelLobia-l 9517 7151 5676 7586 7664 5754 6842 082 401
Environmental Mean 7553 7179  53.64 7578 7351 5399  67.37  1.00 -
CD (0.05) 841 889 603 924 835 890 . . .

El=Environment 1 date of sowing 15 July 2019 in irrigated open field condition, E2=Environment 2 date of sowing 26 July 2019 in
irrigated open field condition, E3=Environment 3 date of sowing 15 July 2019 in rainout shelter for drought condition, E4=Environment 4
date of sowing 15 July 2020 in irrigated open field condition, E5=Environment 5 date of sowing 26 July 2020 in irrigated open field
condition, E6=Environment 6 date of sowingl5 July 2020 in rainout shelter for drought condition, X=Mean value, b,=Regression
coefficient, s*d =Deviation from regression, *=Significant at 5% level, **=Significant at 0.01% level of significance, CD=Critical difference
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Table 2. Mean performance number of branches/plant under six environments and stability parameters.

Number of Branches/Plant

No. Genotypes
E, E, E, E, E, E, % b sd
I EC 390216 560 507 349 661 613 501 532 084  0.00
2 Kashigauri 668 654 516 781 659 58 645 067  -0.03
3 EC 390268 599 58 451 685 634 400 558 085 0.0l
4 Kashikanchan 756 735 591 880 810 513 714 105 0.3
5  RL-I 619 534 361 544 548 305 485 08 047"
6 RL-2 598 668 444 660 685 410 577 086 027
7 RL3 497 437 300 599 599 360 465 099  -0.10
§ RL-4 585 526 374 737 663 476 560 104  -0.08
9 RL-S 433 363 268 635 617 453 462 099 056"
10 RL-6 688 681 534 866 811 622 701 096  -0.04
11 PL-4 503 468 348 705 689 432 526 112 015
12 EC 97306 585 511 330 803 723 411 561  145%  -0.03
13 EC 390252 562 532 390 689 603 511 548 077  -0.03
14 IVTC-8 579 491 330 693 598 431 520 104  -0.08
15 IVIC-10 568 472 316 515 454 316 440 070 027
16 IVTC-1 606 521 334 888 837 504 615 163 042"
17 EC 97738 867 845 653 739 698 510 719 055 145"
18 EC9736 876 843 679 983 827 695 817 086  0.09
19 PL-2 591 533 372 708 622 439 544 100  -0.13
20 PLS 693 635 436 857 735 437 632 134  -0.03
21 PL3 589 531 326 819 812 474 592 152 021
22 FD-2230 610 522 328 658 712 513 557 102 020
23 FD-2229 603 516 358 488 493 293 459 065  0.63*
24 FD-2233 492 457 284 616 521 383 459 092 -0.09
25 FD-2242 653 620 470 704 579 401 571 079 031"
26  FD-2260 691 644 392 667 760 455 602 108 026
27 FD-2262 514 480 284 555 529 444 468 073 0.04
28 FD-2272 613 538 316 751 759 437 569 140"  -0.04
29  FD-2258 656 636 476 882 835 560 674 123 007
30 gpdellobiel 556 53 390 791 740 523 589 L3 02¥
Environmental Mean  6.14 5.67 4.00 7.19 6.72 4.60 5.72 1.00 -
CD (0.05) 064 063 063 195 139 059 ; ; -

El=Environment 1 date of sowing 15 July 2019 in irrigated open field condition, E2=Environment 2 date of sowing 26 July 2019 in
irrigated open field condition, E3=Environment 3 date of sowing 15 July 2019 in rainout shelter for drought condition, E4=Environment 4
date of sowing 15 July 2020 in irrigated open field condition, E5=Environment 5 date of sowing 26 July 2020 in irrigated open field
condition, E6=Environment 6 date of sowingl5 July 2020 in rainout shelter for drought condition, X=Mean value, b,=Regression
coefficient, s’d =Deviation from regression, *=Significant at 5% level, **=Significant at 0.01% level of significance, CD=Critical difference
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Table 3. Mean performance of green fodder yield/plant (g) under six environments and stability parameters.

Green Fodder Yield/Plant (g)

No. Genotypes

E, E, E, E, E, E, % b sd
1 EC 390216 14549 13885 10214 16439 14556 10672 133.86 074  15.00
2 Kashigauri 19544 19207 14589 21299 207.30 13975 18224 099  -14.42
3 EC 390268 198.51 19520 169.64 22453 227.74 181.88 19958  0.61  154.19%*
4 Kashikanchan 18479 181.80 133.18 18265 182.63 13040 16591 0.83*  -24.81
5  RL-I 186.56 17841 12455 191.69 187.44 11147 16335 1.13*  -31.15
6 RL-2 17330 16558 119.53 18971 19544 11140 15916 110  39.17
7 RL-3 182.60 17536 11943 20039 19175 11460 16404  1.18  -16.99
8§ RL-4 162.06 15629 10494 169.12 14995 99.16 14025 095  -2.56
9 RL-S 208.86 19856 13499 207.19 20032 11897 17815 126*  -721
10 RL-6 20220 19838 159.87 21070 203.00 158.58 18879  0.73**  -34.76
11 PL-4 18192 176.63 12295 191.82 20002 12690 16671  1.04  17.94
12 EC 97306 13953 131.84 9336  150.54 143.17 9398 12540  0.79%  -24.48
13 EC 390252 20247 19182 15731 21160 20171 14471 18494 086  -18.56
14 IVTC-8 17438 16537 11340 171.65 153.14 11131 14821 088  35.53
15 IVTC-10 17095 16434 11482 19177 19729 10580 15749  1.19  66.77*
16 IVTC-1 22919 223.07 13888 21866 20943 12133 190.09 146  98.76**
17 EC97738 23476 23205 15100 238.61 22506 13682 203.05 145%  9.80
18 EC9736 22005 21713 14041 210.16 20257 12938 186.62 125 7685
19 PL-2 186.81 179.46 120.64 17296 170.59 113.83 15738 097  45.72
20 PL- 14628 139.92 9590 14928 14046 90.57 127.07  0.84*  -31.06
21 PL-3 17272 16524 11313 16929 180.19 12810 15478 083 3842
22 FD-2230 18639 183.22 15124 20122 19879 139.12 176.66  0.80  -6.08
23 FD-2229 15470 148.09 10233 16092 177.87 11144 14256 088  7837*
24 FD-2233 14120 13805 9238 15581 152.52  89.15 12818 094  -20.64
25  FD-2242 6450 5457 6882  67.64  53.05 12828 180.14  1.09  109.43**
26 FD-2260 7296  59.89 7455 7237 5253 7629 117.38 084  19.15
27 FD-2262 20379 195.56 13867 22219 21920 127.02 18441 130*  2.97
28 FD-2272 18197 17569 12657 191.06 19854 13235 16770 095  17.42
29  FD-2258 24175 23879 17247 24427 23609 16897 217.06  1.13  -19.08
30 opdelLobisl 91457 21175 159.66 21564 21082 14438 19280 100  -12.89

Environmental Mean 18572 180.00 128.41 19230 187.27 123.09 166.13  1.00 -
CD (0.05) 1666 1905 1290 1915  19.03  17.74 - - -

El=Environment 1 date of sowing 15 July 2019 in irrigated open field condition, E2=Environment 2 date of sowing 26 July 2019 in
irrigated open field condition, E3=Environment 3 date of sowing 15 July 2019 in rainout shelter for drought condition, E4=Environment 4
date of sowing 15 July 2020 in irrigated open field condition, E5=Environment 5 date of sowing 26 July 2020 in irrigated open field
condition, E6=Environment 6 date of sowingl5 July 2020 in rainout shelter for drought condition, X=Mean value, b,=Regression
coefficient, s*d =Deviation from regression, *=Significant at 5% level, **=Significant at 0.01% level of significance, CD=Critical difference
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Figure 1.Weather prevailed during experimental period of kharif season 2019 and kharif 2020.
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