Stability Analysis of Yield and Yield-Contributing Traits in Chickpea (Cicer arietinum L.) Genotypes under Different Sowing Environments

Abstract: 
[bookmark: _GoBack]	An experiment was carried out during Rabi 2023-24 at MPKV Rahuri, on three different sowing dates to identify high yielding and stable chickpea genotypes for cultivation. The stability of 17 chickpea genotypes was evaluated across three environments using a Randomized Block Design with three replications. Stability analysis was done with the method given by Eberhart and Russel (1966). Pooled analysis of variance for phenotypic stability across three different environments indicated that mean differences due to genotypes were statistically significant for the characters viz., days to 50% flowering, plant height, primary branches per plant, secondary branches per plant, pods per plant, 100 seed weight and yield per plant when tested against G × E interaction, pooled deviation and pooled error. Stability analysis indicated important role of linear and non- linear components in G X E interactions. The genotypes Phule G-1609-4-4, Phule G-1616-5-6, Phule G-1620-7-5, Phule G-1628-15-13 and Phule G-171028 showed average stability for yield per plant under different sowing conditions whereas the genotypes Phule G-1609-4-8 and Phule G-171061 has recorded below average stability indicating its suitability for favorable or poor environment. 
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Introduction:
Chickpea (2n=2x=16) belongs to the genus Cicer, family Fabaceae, and subfamily Papilionaceae. The name Cicer is of Latin origin, derived from the Greek word kikus, meaning “power”. It is an annual, self-pollinated, diploid pulse crop with a genome size of about 750 Mbp (Akanksha et al., 2016). The crop likely originated in the region of present-day Southeastern Turkey and adjacent areas of Syria. Chickpea (Cicer arietinum L.) is one of the most vital leguminous crops globally, renowned for its high nutritional value, particularly for its protein content. It is primarily grown in semi-arid regions, where it is exposed to various biotic and abiotic stresses, including drought, heat, and soil salinity. Chickpea plays a critical role in crop rotation systems due to its nitrogen-fixing ability, which enhances soil fertility. Its adaptability to different agroclimatic conditions makes it an essential crop in diverse farming systems (Singh et al., 2021). Chickpea is also rich in bioactive protein (Yust et al., 2003) and is a good source of dietary fiber, vitamins, and minerals. 
	Stability refers to the consistent performance of genotypes under changing environmental conditions. In agricultural, it indicates whether a species or genotype can maintain its predicted production efficiency across different environments. Stability is generally reflected by a consistent mean performance under diverse environments (Kam et al., 2010). This makes crop production more predictable and sustainable (Rao et al., 2023). Stability analysis is widely used in plant breeding to evaluate the genotype × environment interactions (GEI), which significantly influence the expression of traits such as yield. Understanding these interactions is essential for selecting genotypes that can maintain high performance across a broad range of environments. Recent advances in statistical models and genomic tools have enhanced the ability to assess and select stable genotypes, thereby accelerating the breeding of resistant chickpea varieties (Kumar et al., 2022). Furthermore, it provides insights into genetic parameters associated with phenotypic stability and adaptation. To enhance chickpea production, it is essential to develop stable genotypes.
Material and Methods: 
	The present study comprised 17 chickpea genotypes, and the trial was conducted at the Pulses Improvement Project, MPKV, Rahuri during the Rabi 2023-24.
	Seventeen genotypes of chickpea were evaluated in a randomized block design (RBD) with three replications across three different sowing dates: Environment E1 (5th October), E2 (31st October), and E3 (22nd December). The gross plot size measured 4.0 × 1.80 m and consisted of six rows. The rows were spaced 30 cm apart, with an intra-row spacing of 10 cm. A basal dose of 25:50:30 NPK kg/ha was applied at sowing time.
	Field operations, viz., gap filling, thinning and intercultural practices, were carried out as and when required so that the field was kept free from weeds. Recommended plant protection measures were adopted to control pests and diseases.
	Observations recorded on days to 50% flowering, days to maturity, plant height (cm), number of primary branches per plant, number of secondary branches per plant (No.), pods per plant, seeds per pod, 100 seed weight (g), and yield per plant (g).
	The collected data were subjected to analysis to test the genotypic differences (Panse and Sukhatme, 1985). Stability analysis was performed as per Eberhart and Russell (1966), using three stability parameters to describe genotype performance across different environments. According to this method, the regression of each variety on an environmental index, along with the variance of the deviation from this regression, provides estimates of stability parameters. 
Result and Discussion:
  Stability analysis 
  Genotype x Environment interaction studies 
                  Identifying stable genotypes is a major challenge due to genotype × environment (G × E) interaction. Although genetic variation for adaptation has been observed, its full potential in breeding stable genotypes remains underutilized, primarily because of difficulties in characterizing and quantifying phenotypic stability. Several approaches have been proposed to explain genotype responses across environments. Finlay and Wilkinson (1963) introduced a regression-based method for assessing stability, where the regression coefficient (bi) serves as a measure of responsiveness. Eberhart and Russell (1966) later refined this approach by incorporating the deviation from regression (S²di), which accounts for unpredictable fluctuations in genotype performance across environments.
                Information on the relative stability of genotypes for yield and its components is crucial. In this study, stability parameters were estimated for each trait independently to identify suitable environments, and the findings are summarized below.
Analysis of variance (Pooled)
              The analysis of variance, representing the mean sum of square due to different sources of variation as per Eberhart and Russell (1966), for the nine characters studied is given in Table 1.
              The pooled analysis of variance for phenotypic stability over three different environments indicated that mean differences due to genotypes were statistically significant for the characters viz., days to 50% flowering, plant height, number of primary branches per plant, number of secondary branches per plant, pods per plant, 100 seed weight, and yield per plant when tested against G × E interaction, pooled deviation and pooled error. This indicates substantial variation among the evaluated genotypes. Genotypic differences were also significant for days to maturity when tested against pooled deviation. Similarly, environmental variances were highly significant for all the traits when tested against G × E interaction, pooled deviation and pooled error, indicating substantial variations in the predicted environment (Table 1).
Variance due to G × E interaction was significant for all the studied nine characters when tested against pooled deviation. This indicated differential response of genotypes in expression of characters to varying environments. Therefore, the stability analysis was carried out for these traits.  Similar findings were reported by Varma et al. (2019), Azam et al. (2020), Pawar (2021), Hanamatagouda (2022), Al-Qaisi et al. (2023), Thapa et al. (2023), Chetariya et al. (2023), Chaudhari (2024) and Jayalakshmi et al. (2024) who also observed significant differences among genotypes and environments. 
Partitioning of G × E interaction revealed that the G × E (linear) component was significant for the characters viz., days to 50% flowering, days to maturity, plant height, primary branches per plant, pods per plant, seeds per pod, and yield per plant when tested against pooled deviation. This indicates that significant differences exist among the genotypes for their regression on environment indices for these traits across the respective environments. Similar findings were reported by Walkar (2019), Pawar (2021), and Chaudhari (2024) who observed significant differences among genotype, environments, and their G × E interaction for all the characters studied in chickpea. Traits exhibiting significant genotype × environment interaction were further subjected to stability analysis as per the model proposed by Eberhart and Russell (1966).
     Estimates of environmental indices:
The estimates of environmental indices (Ij) for different characters of chickpea across three environments (E1, E2 and E3) are presented in Table 2. The results revealed that environment E1 (5th October) was favorable for traits i.e., days to 50% flowering (-4.59) and plant height (1.29). Environment E2 (31st October) was favorable for traits viz., plant height (1.51), primary branches per plant (0.28), secondary branches per plant (1.05), pods per plant (7.91), 100 seed weight (1.33) and yield per plant (1.19). Environment E3 (22nd December) was favorable for the traits days to maturity (-5.60) and seeds per pod (0.05). Similar findings have been reported   by Pawar (2019), Walkar (2019), Pawar (2021), Chaudhari (2024), and Rajkumar (2024).
Stability parameters:
              All the nine characters were evaluated by G x E interaction, and the stability parameters with respect to these traits are presented in Table 3-5. 
            Genotypes with a regression coefficient (bi) approaching unity or not significantly different from unity, with mean performance at least equal to or greater than the population mean (within population mean ± S.E.) and low or non-significant S²di, are considered to have general adaptability or average stability. When bi is significantly greater than unity, the genotype is considered better adapted to favorable environments (below-average stability). Conversely, genotypes with bi significantly less than unity are likely to be better adapted to unfavorable or poor environments (above-average stability). Genotypes with significant S²di values are considered unstable due to unpredictable performance. In certain cases, the relative bi from the Eberhart and Russell (1966) model is preferred due to its definitive nature.
	 Based on the stability parameters, the evaluation of genotypic stability revealed that several genotypes recorded average stability across multiple traits. The genotypes Phule G-1609-4-4 (42), Phule G-1609-4-18 (42.78), Phule G-1616-5-6 (41.67) and Phule G-1620-7-6 (43) were observed to be average stable with respect to days to 50% flowering, whereas Phule G-171060 (100.89) exhibited average stability for days to maturity.
            For plant height, average stability was recorded in genotypes Phule G-1609-4-18 (45.79), Phule G-1620-7-5 (44.38), Phule G-1620-7-6 (46.49), Phule G-1628-15-13 (45.47), Phule G-171068 (46.37), Phule G-171061 (46.56) and Phule Vikram (C) (45.30). For primary branches per plant, genotypes such as Phule G-1609-4-18 (2.78), Phule G-1616-5-6 (2.78), Phule G-1628-15-11 (2.70) and Phule G-171060 (2.78) exhibited average stability (Table 3). Similar results were observed by Varma et al. (2019), Walkar (2019), Janjire (2019), Hanamantagouda (2022), Chaudhari (2024), and Rajkumar (2024). Similarly, for secondary branches per plant, Phule G-1620-7-1 (12.78) and Phule G-1628-15-11 (12.61) showed average stability. In relation to pods per plant, Phule G-1609-4-18 (58.36) and Phule G-171028 (57.62) were identified as exhibiting average stability.  (Table 6).  
            With respect to seeds per pod, Phule G-1628-15-11 (1.13), Phule G-171068 (1.10) and the check variety Phule Vikram (C) (1.23) exhibited average stability. For 100 seed weight, the genotypes Phule G-1620-7-5 (28.63), Phule G-1620-7-1 (27.80), Phule G-1628-15-11 (26.43), Phule G-1628-15-13 (26.83) and Phule G-171061 (25.53) exhibited average stability (Table 5). Similar findings were reported by Walkar (2019), Janjire (2019), Varma et al. (2019), Pawar (2021), Hanamantagouda (2022), and Chaudhari (2024). In the case of yield per plant, the genotypes Phule G-1609-4-4 (10.00), Phule G-1616-5-6 (10.04), Phule G-1620-7-5 (10.19), Phule G-1628-15-13 (10.37), and Phule G-171028 (10.12) exhibited average stability (Table 5). Similar findings were recorded by Varma et al. (2019), Janjire (2019), Hanamantagouda (2022), and Chaudhari (2024).
	The above average stability was observed for specific traits, indicating suitability for stressful environments. For yield per plant, the genotypes Phule G-1609-4-8 and Phule G-171061 exhibited above average stability. The genotype Phule G-171068 showed above average stability with respect to pods per plant. For 100 seed weight, Phule G-1609-4-18 exhibited above average stable performance. Some genotypes exhibited below average stability, indicating higher responsiveness to favorable environments. The check variety Phule Vikram (C) showed below average stability for yield per plant. For seeds per pod, the genotypes Phule G-1623-3-4, Phule G-171028 and Phule G-171060 exhibited below average stability.   
Conclusion:
	The environment E2, i.e., sowing of chickpea on 31st October, was found to be the most favorable for the expression of most of the characters, including yield. Stability analysis has revealed that out of 17 chickpea genotypes, Phule G-1609-4-4, Phule G-1616-5-6, Phule G-1620-7-5, Phule G-1628-15-13, and Phule G-171028 exhibited average stability for cultivation under different sowing conditions. The genotypes Phule G-1609-4-8 and Phule G-171061 were suitable for poor environmental conditions, whereas the genotype Phule Vikram was suitable for favorable environments.







Table 1:  ANOVA for stability for different traits in chickpea
	Sr. No.
	Parameters
	G
	E
	G × E
	E + G × E
	E (L)
	G × E (L)
	P.D.
(Pooled  deviation )
	P.E.
(Pooled error)

	1
	Days to 50% flowering
	12.28++**##
	269.37++**##
	2.20**
	17.92++**
	538.75++**
	2.60**
	1.70**
	0.4

	2
	Days to maturity
	10.00**
	404.28++**##
	6.86**
	30.24++**
	808.55++**
	3.06**
	10.03**
	0.4

	3
	Plant height (cm)
	13.70++**##
	99.89++**##
	3.28**
	8.96+**
	199.79++**
	2.47*
	3.86**
	1.207

	4
	Primary branches per plant (No.)
	0.11++**##
	1.19++**##
	0.04**
	0.11++**
	2.37++**
	0.05**
	0.03*
	0.02

	5
	 Secondary branches per plant (No.)
	6.28++**##
	14.92++**#
	3.45**
	4.13+**
	29.85++**
	4.89+**
	1.89**
	0.49

	6
	Pods per plant (No.)
	113.81+**##
	812.49++**##
	67.65**
	111.47+**
	1624.98++**
	83.06**
	49.18**
	7.1

	7
	Seeds per pod (No.)
	0.01
	0.044+**#
	0.01*
	0.01**
	0.09++**
	0.01**
	0.01
	0.01

	8
	100 seed weight (g)
	20.99++**##
	22.70++**##
	0.93**
	2.21**
	45.40++**
	0.61
	1.18**
	0.43

	9
	Yield per plant (g) 
	2.36+**##
	18.10++**##
	0.97**
	1.98+**
	36.19++**
	1.03**
	0.86**
	0.27



	+, ++ = Significant at 5 and 1 % level of significance, respectively against G × E 
	
	

	  *, **  =  Significant at 5 and 1% level of significance, respectively against the pooled deviation (PD)

	  #, ## = Significant at 5 and 1% level of significance, respectively against the pooled error (PE)



  Table 2. Environment index (Ij) under different environments

	Sr. No.
	Characters
	Environmental index (Ij)

	
	
	E1
	E2
	E3

	1
	Days to 50% flowering
	-4.59
	2.41
	2.19

	2
	Days to maturity
	2.30
	3.30
	-5.60

	3
	Plant height (cm)
	1.29
	1.51
	-2.80

	4
	Primary branches (No.)
	-0.04
	0.28
	-0.24

	5
	Secondary branches (No.)
	-0.74
	1.05
	-0.31

	6
	Pods per plant (No.)
	-3.03
	7.91
	-4.88

	7
	Seeds per pod (No.)
	-0.05
	-0.01
	0.05

	8
	100 seed weight (g)
	-0.75
	1.33
	-0.58

	9
	Yield per plant (g)
	-0.61
	1.19
	-0.59


	
           


      Table 3. Stability parameters for days to 50% flowering, days to maturity and plant height (cm) 
	Sr. No
	Genotype
	Days to 50% Flowering
	Days to Maturity
	Plant height (cm)

	 
	 
	Mean(µ)
	bi
	S2di
	Mean(µ)
	bi
	S2di
	Mean(µ)
	bi
	S2di

	1
	Phule G-1609-4-8
	39.89
	0.78
	1.28*
	102.56
	0.75
	11.83**
	41.77
	1.18
	10.19**

	2
	Phule G-1609-4-4
	42.00
	0.87
	0.26
	102.89
	0.82
	16.90**
	40.54
	1.13
	0.44

	3
	Phule G-1609-4-18
	42.78
	1.12
	0.20
	103.89
	0.64
	20.02**
	45.79
	1.21
	-1.01

	4
	Phule G-1609-4-1
	42.11
	0.68
	1.32*
	101.89
	0.97
	5.33**
	41.19
	0.37
	0.83

	5
	Phule G-1616-5-6
	41.67
	0.87
	-0.29
	104.78
	0.82
	2.79**
	42.09
	0.69
	-0.06

	6
	Phule G-1620-7-5
	43.56
	1.35**
	-0.36
	101.44
	0.76
	5.53**
	44.38
	1.23
	2.74

	7
	Phule G-1620-7-1
	42.89
	1.21**
	-0.37
	99.89
	1.24
	11.75**
	42.43
	1.02
	2.08

	8
	Phule G-1609-4-19
	42.11
	1.40**
	-0.33
	100.56
	1.46
	20.68**
	45.16
	1.71
	23.68**

	9
	Phule G-1628-15-11
	45.89
	0.77**
	-0.39
	100.89
	0.93
	19.40**
	44.81
	1.62**
	-1.03

	10
	Phule G-1620-7-6
	43.00
	1.01
	0.80
	98.78
	1.42
	32.66**
	46.49
	0.08
	3.24

	11
	Phule G-1628-15-13
	46.78
	1.35
	10.70**
	105.67
	0.80
	2.05*
	45.47
	0.80
	-0.79

	12
	Phule G-1623-3-4
	44.00
	1.00
	5.90**
	102.56
	1.30**
	0.14
	41.16
	1.37
	1.43

	13
	Phule G-171028
	46.44
	0.67
	3.55**
	99.56
	1.23**
	-0.39
	46.41
	0.19*
	1.02

	14
	Phule G-171068
	45.00
	0.94
	-0.26
	102.78
	1.10
	0.37
	46.37
	1.23
	2.29

	15
	Phule G-171060
	44.67
	0.58*
	0.66
	100.89
	0.98
	0.09
	45.13
	1.17*
	-1.13

	16
	Phule G-171061
	43.78
	1.55**
	-0.34
	101.67
	0.75
	2.55**
	46.56
	0.79
	-0.58

	17
	Phule Vikram (C)
	47.22
	0.84*
	-0.27
	102.89
	1.04
	12.01**
	45.30
	1.21
	1.67

	
	Population Mean
	43.75
	1.00
	
	101.97
	1.00
	
	44.18
	1.00
	

	
	S.E.±
	0.92
	0.23
	
	2.24
	0.46
	
	1.39
	0.57
	
















*,** = Significant at 5 and 1% level of significance, respectively.




Table 4. Stability parameters for number of primary branches per plant, number of secondary branches per plant and pods per plant 
	SN
	Genotype
	Primary branches per plant (No.)
	Secondary Branches per plant (No.)
	Pods per plant (No.)

	 
	 
	Mean(µ)
	Mean(µ)
	 S2di
	Mean(µ)
	bi
	S2di
	Mean(µ)
	bi
	S2di

	1
	Phule G-1609-4-8
	2.74
	0.51
	0.10*
	13.10
	3.12**
	-0.48
	49.71
	2.13*
	23.58*

	2
	Phule G-1609-4-4
	2.48
	0.39*
	-0.01
	12.81
	−0.50**
	-0.14
	51.84
	0.98
	107.25**

	3
	Phule G-1609-4-18
	2.78
	1.24
	-0.01
	13.69
	0.85
	3.55**
	58.36
	0.96
	-2.99

	4
	Phule G-1609-4-1
	2.18
	1.34
	0.14**
	12.69
	-0.73
	9.82**
	48.11
	0.77
	166.09**

	5
	Phule G-1616-5-6
	2.78
	1.35
	0.02
	11.11
	0.26
	-0.48
	45.50
	0.83
	-6.04

	6
	Phule G-1620-7-5
	2.48
	0.23**
	-0.02
	11.46
	0.67
	0.69
	42.81
	−0.66**
	-7.04

	7
	Phule G-1620-7-1
	2.48
	0.23**
	-0.02
	12.78
	0.75
	0.26
	42.34
	−0.11**
	-6.63

	8
	Phule G-1609-4-19
	2.55
	1.51**
	-0.01
	10.60
	1.38
	6.88**
	39.78
	1.49
	70.77**

	9
	Phule G-1628-15-11
	2.70
	1.32
	-0.01
	12.61
	1.71
	0.34
	44.79
	−0.32*
	38.90*

	10
	Phule G-1620-7-6
	2.48
	1.74**
	-0.01
	9.59
	1.61
	1.22
	36.91
	0.86
	2.17

	11
	Phule G-1628-15-13
	2.52
	0.45**
	-0.01
	13.46
	3.61*
	1.34
	53.06
	2.31
	171.89**

	12
	Phule G-1623-3-4
	2.85
	0.45**
	-0.01
	12.18
	3.11*
	1.67*
	52.29
	2.80**
	1.86

	13
	Phule G-171028
	2.96
	0.60*
	-0.01
	14.63
	−2.44**
	0.59
	57.62
	0.80
	4.09

	14
	Phule G-171068
	2.74
	1.38
	0.07*
	13.78
	−0.60 **
	-0.40
	51.79
	0.37**
	-6.61

	15
	Phule G-171060
	2.78
	0.52
	0.04
	10.93
	0.18**
	-0.48
	53.12
	0.83
	172.16**

	16
	Phule G-171061
	2.59
	1.89**
	-0.01
	10.40
	0.48*
	-0.36
	41.97
	0.91**
	-7.10

	17
	Phule Vikram (C)
	2.63
	1.86*
	0.00
	10.33
	3.54**
	-0.24
	46.42
	2.05**
	-7.10

	
	Population Mean
	2.63
	1.00
	
	12.13
	1.00
	
	48.02
	1.00
	

	
	S.E.±
	0.13
	0.48
	
	0.97
	1.04
	
	4.96
	0.72
	



*,** = Significant at 5 and 1% level of significance, respectively.



Table 5 Stability parameters for number of seeds per pod, 100 seed weight (g) and yield per plant (g)
	SN
	Genotype
	Seeds per pod (No.)
	100 seed weight (g)

	Yield per plant (g)   


	 
	 
	Mean(µ)
	bi
	 S2di
	Mean(µ)
	bi
	S2di
	Mean(µ)
	bi
	S2di

	1
	Phule G-1609-4-8
	1.07
	0.19
	0.00
	21.93
	0.46
	0.09
	10.04
	0.63**
	-0.23

	2
	Phule G-1609-4-4
	1.03
	-0.19
	0.00
	21.67
	1.85**
	-0.26
	10.00
	1.78
	0.33

	3
	Phule G-1609-4-18
	1.07
	−1.07**
	-0.01
	25.14
	0.48**
	-0.40
	9.59
	0.18
	0.76

	4
	Phule G-1609-4-1
	1.07
	0.88
	0.00
	21.37
	1.12
	0.43
	7.50
	0.83
	0.45

	5
	Phule G-1616-5-6
	1.13
	0.50
	0.04*
	24.96
	1.48
	4.88**
	10.04
	2.11
	0.54

	6
	Phule G-1620-7-5
	1.03
	−0.88**
	0.00
	28.63
	0.74
	-0.36
	10.19
	0.96
	-0.25

	7
	Phule G-1620-7-1
	1.03
	-0.19
	0.00
	27.80
	0.49
	0.19
	9.41
	−0.01**
	-0.25

	8
	Phule G-1609-4-19
	1.03
	1.07
	-0.01
	22.73
	0.97
	0.96
	8.51
	0.38**
	-0.20

	9
	Phule G-1628-15-11
	1.13
	2.33
	0.01
	26.43
	1.05
	1.15
	11.18
	0.45
	3.97**

	10
	Phule G-1620-7-6
	1.07
	−1.75*
	0.00
	28.77
	2.01
	5.59**
	9.23
	0.43**
	-0.21

	11
	Phule G-1628-15-13
	1.03
	1.07
	-0.01
	26.83
	1.53
	-0.06
	10.37
	0.71
	0.65

	12
	Phule G-1623-3-4
	1.13
	3.01**
	-0.01
	23.77
	0.86
	-0.40
	10.60
	1.48
	2.17**

	13
	Phule G-171028
	1.13
	3.01**
	-0.01
	21.53
	0.60
	1.02
	10.12
	1.13
	0.32

	14
	Phule G-171068
	1.10
	1.26
	0.01
	22.40
	0.52**
	-0.42
	9.70
	1.35**
	-0.25

	15
	Phule G-171060
	1.10
	3.20*
	0.00
	22.80
	0.81
	-0.23
	11.02
	1.47
	2.64**

	16
	Phule G-171061
	1.07
	0.88
	0.00
	25.53
	0.85
	0.63
	10.17
	0.64**
	-0.26

	17
	Phule Vikram (C)
	1.23
	3.70
	0.01
	21.14
	1.19
	-0.16
	10.33
	2.49**
	-0.19

	
	Population Mean
	1.09
	1.00
	
	24.32
	1.00
	
	9.88
	1.00
	

	
	S.E.±
	0.06
	1.27
	
	0.77
	0.66
	
	0.65
	0.63
	



*,** = Significant at 5 and 1% level of significance, respectively.

        Table 6. Nature of stability of chickpea genotypes under different environments
	Sr. No.
	Character
	Genotype showing stability

	
	
	Average stability (suitable for all environments)
	Above average stability
(suitable for poor environment)
	Below average stability (suitable for rich environment)

	
	
	High mean
bi=1, S2di=NS
	High mean
Bi<1*, S2di=NS
	High mean
Bi>1*, S2di=NS

	1
	Days to 50% flowering (No.)
	Phule G-1609-4-4,
Phule G-1609-4-18,
Phule G-1616-5-6,
Phule G-1620-7-6,
	
_


	Phule G-1620-7-5,
Phule G-1620-7-1,
Phule G-1609-4-19

	2.
	Days to maturity (No.)
	Phule G-171060

	_
	Phule G-171028

	3
	Plant height (cm)
	Phule G-1609-4-18,
Phule G-1620-7-5,
Phule G-1620-7-6,
Phule G-1628-15-13,
Phule G-171068,
Phule G-171061,
Phule Vikram (C)
	Phule G-171028

	Phule G-1628-15-11,
Phule G-171060

	4.
	Primary branches per plant (No.)
	Phule G-1609-4-18,
Phule G-1616-5-6,
Phule G-1628-15-11,
Phule G-171060
	Phule G-1623-3-4,
Phule G-171028
	Phule Vikram (C)

	5.
	Secondary branches per plant (No.)
	Phule G-1620-7-1,
Phule G-1628-15-11
	Phule G-1609-4-4,
Phule G-171028,
Phule G-171068

	Phule G-1609-4-8,
Phule G-1628-15-13

	6.
	Number of pods per plant
	Phule G-1609-4-18,
Phule G-171028
	Phule G-171068
	
_

	7.
	Number of seeds per pod
	Phule G-1628-15-11,
Phule G-171068,
Phule Vikram (C)

	
_
	Phule G-1623-3-4,
Phule G-171028,
Phule G-171060

	8.
	100 seed weight (g)
	Phule G-1620-7-5,
Phule G-1620-7-1,
Phule G-1628-15-11,
Phule G-1628-15-13,
Phule G-171061
	Phule G-1609-4-18
	

_


	9.
	Yield per plant (g)
	Phule G-1609-4-4,
Phule G-1616-5-6,
Phule G-1620-7-5,
Phule G-1628-15-13,
Phule G-171028
	Phule G-1609-4-8,
Phule G-171061
	Phule Vikram (C)
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