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Abstract: The availability of favorable genetic diversity is a thriving vitality for the success of a breeding program. It provides a firm basis of selecting superior breeding lines for the development of high yielding crop genotypes. In this context, present investigation aimed to generate information on genetic divergence and character association in a diversity panel of 123 local and exotic soybean genotypes. Analysis of variance revealed significant response of the evaluated genotypes based on studied attributes. It depicted the probability of selecting desirable soybean genotypes by focusing on character association studies and genetic diversity analysis. Correlation analysis revealed that seed yield per plant showed high positive correlation with 100-seed weight followed by pods per plant and plant height. Furthermore, path coefficient analysis exposed that pods per plant had maximum direct contribution in seed yield per plant followed by 100-seed weight, days to flowering and SPAD measurement. Genotype named “G-10” showed maximum yield per plant followed by 24607, G-52, 24593, Arisoy, 24566, 17426, A-3127, 24570 and 24567. Genetic diversity analysis grouped the evaluated germplasm into 17 clusters. All clusters showed zero intra-cluster variability; while inter-cluster divergence ranged from 9.00 to 91.11. Cluster V showed maximum inter-cluster distance with cluster XII followed by that of between V and VIII. Moreover, cluster IV with superior genotypes (G-10, 24607, 24593 and 24566), VI (17426 and 24567), XIII (24570) and X (Arisoy and G-52) showed above mean values for most of the studied characters. Overall, the results of hybridization between the superior genotypes of these cluster pairs might be useful for soybean breeding with improving agronomic traits and adaptability.
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1  Introduction

Soybean (Glycine max L.) belongs to fabaceae family, exhibits diploid chromosome number 2n = 40. The domestication and cultivation of soybean dates back to 5000 years ago and is thought to be originated in China [1]. The cultivated soybean is the progenitor of wild soybean, i.e., Glycine soja, both classified in the same genus Glycine. It is the leading legume crop of the world with a share of almost 50% in total legume cultivated area of the world [2]. Countries which contribute majorly in the global soybean production are United States, Brazil, Argentine, China and India [3,4]. Its seed contains high quality protein (40%) and oil contents (18%–22%) along with a significant quantity of carbohydrates (20%–30%), minerals and fiber contents (3%–6%) and 5% ash [5,6]. During 2018–19, soybean has been estimated to be grown on 124.89 million hectares globally with a total production of 348.61 million tons [7]. In Pakistan, soybean crop was introduced along with sunflower and safflower during 1960s. Unfortunately, its cultivation has been facing various setbacks predominantly due to lack of climate resilient, disease resistant and high yielding cultivars. There is a huge gap between total soybean production and the country’s demand because its cultivation is restricted to the northern areas of the country [8]. Therefore, a comprehensive research is needed to pursue for the selection of superior genotypes from a genetically diverse soybean pool. It would facilitate to develop high yielding, insect-pest resistant and climate resilient soybean varieties.

Genetic diversity analysis helps to assess the existing genetic variation present within a breeding line and among the breeding lines. Furthermore, identification of various groups based on genetic similarities and dissimilarities help in devising suitable hybridization scheme. Moreover, the selection of superior parent lines can be made to utilize the available genetic variation in a more productive way [9]. Availability of genetically diverse pool of germplasm greatly enhances the selection efficiency at the initial stage of a breeding program by selecting favorable genetic combinations. Identification of various genetic patterns leads to the systematic characterization of available genetic diversity. It also facilitates plant breeders to assess the phylogenetic associations among the tested genotypes [10]. Genetic diversity analysis can be done by following various approaches, such as pedigree information, morphological and agronomic characterization, biochemical and molecular approaches for germplasm classification [11–17]. Genetic diversity analysis based on morphological and agronomic performance is an effective tool to identify the phenotypic variation in particular agro-ecological conditions [18]. Estimation of genetic divergence can be accomplished by using D2 statistics approach [19]. It has been considered as the most efficient approach that classifies the evaluated germplasm into different clusters based on multivariate analysis.

Character association studies based on correlation and path coefficient analysis provide the basis to identify the strength of association among various yield and its related attributes [20–22]. It provides a basic insight into the elucidation of relative contribution of a particular growth attribute in the economic yield. Since plant yield is a very complex quantitative character which totally depends upon the strength of association among different growth attributes. Association studies based on only correlation analysis may mislead to select the best possible combinations due to its restricted ability of just estimating the association among different variables. While, path coefficient analysis measures the relative significance of yield attributing characters by splitting the genotypic correlation into direct and indirect effects. Considering these above issues, this study was aimed to select elite soybean genotypes accomplished through character association studies including correlation and path coefficient analysis, and assess the magnitude of genetic diversity followed by phenotypic clustering of soybean growth attributes.

2  Materials and Methods

2.1 Collection of Germplasm

A diverse set of 123 soybean genotypes was procured (Table 1) from the national and international research institutions, e.g., Plant Genetic Resources Program (PGRP), National Agriculture Research Centre (NARC), Islamabad, Pakistan; The University of Agriculture, Peshawar, Pakistan; and Nigde Omer Halisdemir University, Nigde, Turkey.
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2.2 Experimental Description

The study was carried out during spring season 2020–21 at the research area of Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan. The weather conditions during spring 2020–21 have been illustrated in Table 2. A pot experiment was conducted by following randomized complete block design (RCBD) with three replications per genotype. Six pots per genotype (two pots per replication and four plants per replication) were maintained. After seedling emergence only two plants per pot were allowed to grow while others were thinned out. All recommended agronomic practices including irrigation, fertilization and plant protection measures were ensured timely to raise healthy plants. The pots were irrigated on daily basis but over irrigation of pots were avoided. Total 50 g of NPK fertilizer (20:20:20) was applied to each pot and were irrigated immediately. Seeds were treated with thiophanate methyl @ 2g/kg seed to prevent possible infestation of fungal diseases. To control whitefly infestation, diafenthiuron was applied @ 2.5 ml/L. For effective management against armyworm, lufenuron was applied @ 2.5 ml/L.
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2.3 Data Collection

Data were collected based on different agronomic attributes, i.e., number of leaves plant−1, number of branches plant−1, days to flowering initiation, days to pod initiation, number of pods plant−1, days taken to maturity, number of seeds pod−1. Plant height (cm) was measured at R8 [23] growth stage through meter rod; while pod and petiole length (cm) were recorded through measuring scale and stem diameter (mm) through digital vernier caliper. SPAD measurement (cci) was taken at V3 [24] growth stage through SPAD-502 meter. 100 seed weight (g) and seed yield plant−1 (g) were recorded through electric weigh balance. Each pot with one plant was considered as one replication. Data from all replications were recorded and subjected to statistical analyses.

2.4 Statistical Analysis

The recorded data were subjected to Analysis of Variance (ANOVA) according to Steel et al. [25] followed by Least Significant Difference (LSD) test through Statistix 8.1 software. Genetic diversity analysis based on phenotypic clustering was carried out by applying D2 statistics approach developed by Mahalanobis [19] through Minitab 17.1.0 software. Character association studies based on correlation and path coefficient analysis were carried out through R 3.1.0 software.

2.4.1 Estimation of Correlation Coefficients

Estimation of correlation coefficients was carried out by following [26]:


Phenotypic correlation coefficient (rp) =pCovxy/√σ2px×σ2py


Genotypic correlation coefficient (rg) =gCovxy/√σ2gx×σ2gy

where, rp and rg represent coefficients of phenotypic and genotypic correlation, respectively; pCovxy and gCovxy represent phenotypic and genotypic co-variances between x and y, respectively; σ2px and σ2gx represent phenotypic and genotypic variances for variable x, respectively and σ2py and σ2gy represent phenotypic and genotypic variances for variable y, respectively.

2.4.2 Path Coefficient Analysis

Direct and indirect effects were calculated by utilizing coefficients of genotypic correlation according to Dewey et al. [27]:


Rij=Pij+∑rrkPkj

where, rij denotes the relationship that each independent variable “I” (yield related character) shows with the dependent variable “j” (seed yield); Pij depicts the direct (diagonal) effects of the independent variable “i” on the dependent variable “j” as estimated through path analysis and denotes the additive indirect effects of a specific independent variable “j” from all of the other independent variable “k”. The effects of remaining characters are estimated as the residual effects as given by:


PR=√(1−∑PijRij)

2.4.3 D2 Analysis

Estimation of D2 was carried out by following equation developed by [19]:


D2=(x−m)TC−1(x−m)

where,


D2=Mahalanobis distance


x=vector of the data


m=vector of mean values of independent variables


C−1=Inverse covariance matrix of independent variables


T=Indicates that vector should be transposed

3  Results

3.1 Variability and Genetic Parameters

Present study investigated 14 different yield and its attributing characters to elucidate their relative association and the extent of genetic divergence among the evaluated soybean genotypes. The highly significant mean sum of square values for genotypes (Table 3) estimated through ANOVA revealed the availability of ample genetic variation among the evaluated genotypes (Table 3). It further encourages the selection of desirable soybean genotypes.

[image: images]

3.2 Descriptive Statistics for Morphological Attributes

Statistical analysis based on descriptive statistics (Table 3) elucidated that plant height ranged between 31.20 (G-12) to 92.10 (24566) cm with a general mean of 58.73 ± 0.65 having coefficient of variance 5%. PCV (15.31) and GCV (15.17) were moderate having high heritability (0.96%). SPAD measurement ranged between 21.00 (24527) to 66.70 (G-41) CCI with a general mean of 43.88 ± 0.43 having coefficient of variance 5.40%. PCV (10.10) and GCV (9.78) were found as low having heritability of 0.92%. Petiole length ranged between 3.90 (Ilksoy) to 19.90 (24588) cm with a general mean of 10.47 ± 0.18 having coefficient of variance 3.59%. PCV (4.25) and GCV (4.23) were very low having high heritability (0.99%). Number of leaves plant−1 ranged between 6.00 (23996) to 50.33 (24570) with a general mean of 17.55 ± 0.38 having coefficient of variance 3.70%. PCV (27.04) and GCV (26.78) were high having heritability (0.97%). Number of branches plant−1 ranged between 2.00 (G-4) to 16.00 (G-10) with a general mean of 6.29 ± 0.14 having coefficient of variance 8.65%. PCV (3.26) and GCV (3.22) were very low having high heritability (0.96%). Stem diameter ranged between 3.97 (G-12) to 25.76 (24593) mm with a general mean of 12.08 ± 0.21 having coefficient of variance 4.29%. PCV (4.98) and GCV (4.97) were very low having high heritability (0.98%). Days to flowering initiation ranged between 28 (24577) to 65 (24527) days with a general mean of 46.17 ± 0.47 having coefficient of variance 5.15%. PCV (11.13) and GCV (11.08) were moderate havng high heritability (0.99%).

Days to pod initiation ranged between 27 (24588) to 76 (24527) days with a general mean of 53.11 ± 0.49 having coefficient of variance 9.96%. PCV (11.58) and GCV (11.53) were moderate having heritability (0.99%). Days taken to maturity ranged between 80 (G-32) to 130 (24567) days with a general mean of 102.03 ± 0.54 having coefficient of variance 5.71%. PCV (12.63) and GCV (12.56) were moderate having high heritability (0.96%). Pod length ranged between 1.55 (24566) to 5.05 (24497) cm with a general mean of 3.03 ± 0.03 having coefficient of variance 4.73%. PCV (0.73) and GCV (0.71) were negligible having high heritability (0.94%). Number of pods plant−1 ranged between 11.00 (G-12) to 63.00 (G-10) cm with a general mean of 38.11 ± 0.57 having coefficient of variance 7.53%. PCV (13.48) and GCV (13.39) were moderate having high heritability (0.99%). Number of seeds pod−1 ranged between 1.00 (G-4) to 4.00 (17420) with a general mean of 2.63 ± 0.03 having coefficient of variance 1.67%. PCV (0.79) and GCV (0.46) were negligible having low heritability (0.33%). 100-seed weight ranged between 3.84 g (G-12) to 11.30 g (24593) with a general mean of 7.17 ± 0.07 having coefficient of variance 4.87%. PCV (1.59) and GCV (1.54) were negligible having heritability (0.93%). Seed yield plant−1 (g) ranged from 3.86 (G-12) to 13.33 (G-10) with a general mean of 8.32 ± 0.09 having coefficient of variance 3.37%. PCV (2.17) and GCV (2.16) were low having high heritability (0.98%).

3.3 Correlation Analysis

Correlation coefficients for all yield and its contributing characters are shown in Table 4 and Fig. 1. Plant height showed significant and positive correlation for most of the characters under study, i.e., petiole length (0.336), number of leaves per plant (0.642), number of branches per plant (0.414), stem diameter (0.576), days to flowering initiation (0.902), days to pod initiation (0.837), days taken to maturity (0.938), number of pods per plant (0.951), number of seeds per pod (0.278), 100 seed weight (0.262) and seed yield per plant (0.485). Plant height showed significant but negative correlation with pod length (0.485). On the other hand, SPAD measurement showed non-significant correlation with plant height (0.017). Data regarding SPAD measurement showed non-significant correlation with rest of the studied characters. Pod length showed significant but negative correlation with most of the characters under study, i.e., number of leaves per plant (−0.161), number of branches per plant (−0.160), stem diameter (−0.265), days to flowering initiation (−0.277), days to pod initiation (−0.234), days taken to maturity (−0.332), number of pods per plant (−0.309), 100-seed weight (−0.127). Number of seeds per pod showed significant positive correlation with pod length (0.444). On the other hand, pod length showed non-significant correlation with SPAD measurement (0.062). Petiole length showed positive correlation with most of the characters under study, i.e., plant height (0.336), pod length (0.166), number of leaves per plant (0.298), days to flowering initiation (0.343), days to pod initiation (0.324), days taken to maturity (0.344), number of pods per plant 0.344), number of seeds per pod (0.384) and seed yield per plant (0.130). On the other hand, petiole length showed negative correlation with SPAD measurement (−0.061) and 100-seed weight (−0.056).
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Figure 1: Correlogram for the 14 agronomic attributes recorded in the study. SPAD = SPAD measurements; N_L = No. of leaves per plant; DTM = Days taken to maturity; DOF = Days taken to flowering initiation; DOPI = Days to pod initiation; SD = Stem diameter (mm); S_Yield = Seed yield per plant (g); PH = Plant height (cm); NPPP = No. of pods per plant; N_B = No. of branches per plant; X100 SW = 100 seed weight (g); PTL_L = Petiole length (cm); PL = Pod length (cm); NSPP = No. of seeds per pod

Number of leaves per plant showed significant positive correlation with most of the characters under study, i.e., plant height (0.641), petiole length (0.298), number of branches per plant (0.333), stem diameter (0.382), days to flowering initiation (0.586), days to pod initiation (0.50), days taken to maturity 0.586), number of pods per plant (0.616), number of seeds per pod (0.203), 100-seed weight (0.284) and seed yield per plant (0.378). On the other hand, number of leaves per plant showed non-significant correlation with SPAD measurement (0.051); while, pod length was negatively correlated with number of leaves per plant (−0.161). Number of branches per plant showed significant positive correlation with most of the characters under study, i.e., stem diameter (0.384), days to flowering initiation (0.362), days to pod initiation (0.290), days taken to maturity (0.362), number of pods per plant (0.416), 100-seed weight (0.372) and seed yield per plant (0.421). Number of branches per plant were observed to be negatively correlated with number of seeds per pod (−0.049). Stem diameter was observed to be positively correlated with seed yield per plant (0.359), days to pod initiation (0.404), days taken to maturity (0.510), number of pods per plant (0.521), 100-seed weight (0.291) and days to flowering initiation (0.466). While, number of seeds per pod is negatively correlated (−0.049) with stem diameter. Days to flowering initiation is positively correlated with majority of the traits under study, i.e., seed yield (0.427), days taken to maturity (0.980), 100-seed weight (0.199), number of pods (0.873), number of seeds per pod (0.266) and days to pod initiation (0.946). Days to pod initiation is positively associated with seed yield (0.390), number of pods (0.819), 100-seed weight (0.172), number of seeds per pod (0.245) and days taken to maturity (0.918). Number of pods per plant showed significant positive association with seed yield (0.548), 100-seed weight (0.289) and number of seeds (0.272). Number of seeds per pod is negatively correlated with 100-seed weight (−0.023); while positively associated with seed yield (0.280). 100-seed weight was observed to be positively correlated (0.876) with seed production.

3.4 Path Coefficient Analysis

Path coefficient analysis was carried out to assess the relative contribution of each studied parameter towards seed yield per plant based on computed indirect and direct impacts (Table 5 and Fig. 2). Results based on path coefficient analysis exhibited positive and direct contribution of plant height in seed yield per plant (0.024). Similarly, plant height showed the highest and the lowest indirect positive contribution in seed yield per plant via SPAD measurement (0.719) and petiole length (0.009) respectively. SPAD measurement showed neither significant direct nor indirect contribution in seed production as correlation analysis exhibited non-significant relation with rest of the other variables under study. Pod length showed negative direct contribution in the seed yield per plant (−0.156). It exhibited maximum and minimum positive indirect contribution in seed production using SPAD measurement (0.301) and number of branches per plant (0.002), respectively. Petiole length showed direct positive effect on seed production per plant (0.026). It exhibited highest and lowest positive indirect contribution towards seed production using number of branches per plant (0.003) and SPAD measurement (0.316), respectively. Number of leaves showed negative direct contribution in seed production per plant (−0.092). Contrary to this, number of leaves exhibited maximum and minimum indirect and positive contribution in seed production by number of pods (0.383) and petiole length (0.008), respectively.
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Figure 2: Genotypic path diagram for seed yield/plant (g)

Number of branches exhibited positive direct contribution in seed yield per plant (0.031). Maximum and minimum positive indirect contribution of number of branches for seed production was observed by 100-seed weight (0.316) and petiole length (0.002), respectively. Stem diameter exhibited positive direct effects on seed production per plant (0.046). The highest and the lowest positive indirect effect of stem diameter on seed production was recorded by days taken to pod initiation (0.010) and number of pods per plant (0.550), respectively. Days taken to flowering initiation exhibited direct and positive impacts on seed yield per plant (0.361). Maximum and minimum positive indirect effect of days to flowering initiation on seed production were recorded by number of pods and petiole length (0.009), respectively. Days to pod initiation showed positive direct contribution in seed production per plant (0.013). The highest and the lowest positive indirect effect of days to pod initiation on seed production was recorded by using SPAD measurement (0.597) and petiole length (0.009), respectively. In this study, data regarding days taken to maturity showed negative direct effect on seed production per plant (−0.519). Maximum and minimum positive indirect effect of days taken to maturity on seed production were computed by the help of SPAD measurement (0.680) and petiole length (0.009), respectively. Number of pods showed positive and direct contribution in seed yield (0.620). The highest and the lowest positive indirect contribution of number of pods in seed production was seen via SPAD measurement (0.380) and petiole length (0.009), respectively. Number of seeds per pod showed positive direct effects on seed production (0.335). Maximum and minimum positive indirect effect of number of seeds per pod on seed production was seen by days taken to pod initiation (0.003) and number of pods (0.169). 100-seed weight showed positive direct effect on seed yield per plant (0.440). The highest and the lowest positive indirect effect of 100-seed weight on seed production was seen by plant height (0.020) and number of pods per plant (0.486) respectively. The residual effects in the present study were estimated (0.06) depicting 6% of the total generated variation due to possible environment factors.

3.5 D2 Statistics

To assess the extent of genetic variability soybean genotypes were categorized into various clusters. It allowed optimizing the hybridization pattern among best performing entries of genetically distinct groups. A core set of 123 soybean genotypes was grouped into 17 different clusters. Among 17 clusters, clusters III and IV were the biggest with 18 genotypes in each followed by clusters VII and II with 14 genotypes in each. Clusters VIII and XI contained 11 genotypes in each; while clusters X and XVI contained six genotypes in each cluster. Moreover, clusters V and IX contained five genotypes in each followed by cluster VII with 4 genotypes whereas clusters including 1, XIV and XVII contained two genotypes in each cluster and cluster I was solitary as it contained only one genotype. The distribution of genotypes and clustering pattern is illustrated in Fig. 3 and Table 6. Average D2 values of inter and intra-cluster distances are demonstrated in Table 7. All 17 clusters in the study showed zero intra-cluster differences. Differences among the clusters ranged from 9.00 to 91.11 inter-cluster distances. Cluster I exhibited minimum inter-cluster distance with cluster IV (13.19) and maximum inter-cluster distance with cluster V (67.72). Cluster II exhibited minimum inter-cluster distance with cluster III (12.19) and maximum inter-cluster distance with cluster VII (49.67). Cluster III exhibited minimum inter-cluster distance with cluster XI (14.12) and maximum inter-cluster distance with cluster IX (46.97). Cluster IV exhibited minimum inter-cluster distance with cluster VIII (9.00) and maximum inter-cluster distance with cluster V (60.05). Cluster V exhibited minimum inter-cluster distance with cluster IV (18.16) and maximum inter-cluster distance with cluster XII (91.11). Cluster VI exhibited minimum inter-cluster distance with cluster IX (17.33) and maximum inter-cluster distance with cluster IV (76.88). Cluster VII exhibited minimum inter-cluster distance with cluster XVI (10.72) and maximum inter-cluster distance with cluster XII (70.99).

[image: images]

Figure 3: Dendrogram of 123 soybean genotypes based on morphological, phenological and yield attributing characters
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Cluster XIII exhibited minimum inter-cluster distance with cluster XI (26.51) and maximum inter-cluster distance with cluster XVII (43.40). Whereas, cluster IX minimum inter-cluster with cluster XII (18.36) and exhibit maximum inter-cluster distance with cluster XIV (79.43). Cluster X exhibited minimum inter-cluster distance with cluster XII (20.17) and maximum inter-cluster distances with cluster XIV (72.77) while cluster XI exhibited minimum inter-cluster distance with cluster XVI (15.77) and maximum inter-cluster distance with cluster XII (59.52). On the other hand, XII showed minimum inter-cluster distances with cluster XVIII and maximum inter-cluster distance with cluster IV (84.55) while cluster XIII showed minimum inter-cluster distances with cluster XV (32.04) and highest inter-cluster distance with cluster XIV (79.88). Cluster XIV exhibited minimum inter-cluster distances with cluster XVI (21.81) and maximum inter-cluster distances with cluster XV (57.33). Means of each cluster for 14 different agronomic attributes are illustrated in the Table 8. Cluster I comprised of only two genotypes which showed above mean values for all agronomic attributes except SPAD measurement. Cluster II contained 14 genotypes with above mean values of agronomic parameters, i.e., days taken to flowering initiation, petiole length, number of leaves per plant, SPAD measurement, days to pod initiation, and number seed per pod. Cluster III contained 18 soybean genotypes which showed more than mean values for number of seeds per pod, days to flowering initiation and number of leaves per plant. Cluster IV exhibit 18 evaluated genotypes which showed above average performance for rest of the studied agronomic characters except SPAD measurement. Cluster V contained five soybean genotypes and exhibit no parameter with above average mean cluster value for the studied agronomic parameters.
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Cluster VI contained three genotypes and exhibit above average cluster means for all of the recorded agronomic parameters except SPAD measurement, pod length and number of leaves per plant. Cluster VII contained 14 genotypes with no parameter having above average cluster means. Cluster VIII contained 11 genotypes and exhibited above average cluster means for most of the characters except petiole length, number of leaves per plant and number of seeds per pod. Cluster IX contained five soybean genotypes and showed above average cluster means for most of the characters under study except SPAD measurement and pod length. Cluster X contained six soybean genotypes which showed above average cluster means for all agronomic parameters in the study except number of seeds per pod. Cluster XI covered 11 soybean genotypes with above average cluster means contained by SPAD measurement, pod length and petiole length. Cluster XII contained four soybean genotypes which showed above average cluster mean with rest of the recorded parameters except SPAD measurement and petiole length. Moreover, cluster XIII contained only one soybean genotype with above average cluster means with all of the studied agronomic characters. Cluster XIV contained four soybean genotypes and showed above average cluster means for only petiole length and number of leaves per plant. Cluster XV contained only one soybean genotype which showed above average cluster means for all characters except SPAD measurement, pod length, days taken to pod initiation, number of seeds per pod. Cluster XVI contained six soybean genotypes which showed above average cluster means only for SPAD measurement taken in the study. Cluster XVII contained only two soybean genotypes with above average cluster means only for SPAD measurement.

4  Discussion

Utilization and conservation of gene diversity is a thriving vitality to develop crop genotypes that give high yield [28]. Analysis of variance (ANOVA) is a statistical method that uncovers the variability present among the treatment variables [29]. Analysis of variance (ANOVA) depicted significant genetic diversity in the evaluated soybean varieties for all recorded parameters excluding number of seeds per pod. Hence, variation exposed by ANOVA encourages the effective selection on the base of evaluated growth and yield parameters in order to initiate an effective soybean breeding program. Results of the study conducted by Sulistyo et al. [30] coincide with our findings as there is existence of ample variation. Descriptive statistics gives an obvious middle ground for effective data visualization based on quantitative description of different variables [31]. Various estimates of variability in the present study indicated non-significant environmental influence on evaluated soybean genotypes for most of the characters. A slight difference between genotypic coefficient of variation (GCV) and phenotypic (PCV) for almost all studied traits except days taken to maturity depicted the minimal environmental influence. Because of high susceptibility of soybean to photoperiod, there is a difference between GCV and PCV for days taken to maturity [32,33]. Moreover, high heritability estimates for most of the studied characters suggested the high transmissibility of genes associated with superior agronomic attributes. It also depicted the minimal environmental influence on the genetic expression of growth attributes [34]. Similar heritability estimates were seen in soybean [35] and maize [36], which proved to be of immense help in effective selection of superior agronomic attributes.

An adequate value of coefficient of variation (CV) percentage indicates the degree of precision with which the treatments are compared. In plant sciences, CV % is an important index for the assessment of yield stability based on agronomic performance [37]. Outcomes of this research show high CV % for most of the studied characters viz., 100 seed weight, No. of leaves, petiole length, No. of pods, days to pod initiation, SPAD measurement, stem diameter, days taken to flowering initiation, plant height, No. of branches, seed yield, pod length, and days taken to maturity. High heritability estimates for all of the studied agronomic characters could facilitate effective selection of the desirable soybean genotypes. Results of the descriptive statistics are in concordance with research conducted by Karunakar et al. [38] and Kumari et al. [39]. Selection relies on the level of the correlation between two traits in order to pinpoint pleiotropic effects and genetic linkage [20]. Correlation studies help pick good parental genotypes from the breeding population [40,41]. Generally, positive correlation depicts the direct relation among two variables while negative correlation coefficient leads to an inverse relation among two variables [42]. Several studies reported the significance of correlation analysis in indicating superior agronomic attributes to select high yielding genotypes in different oilseeds, i.e., in soybean [21,43,44], sesame [45–47] and canola [48,49]. In this research, correlation analysis revealed slight higher phenotypic correlation coefficients as compared to genotypic ones. Significant positive correlations among most of the studied characters with yield were recorded. Same result was observed by Ghodrati et al. [50] in soybean where most of the studied characters were positively correlated. Plant height is an integral phenotypic and growth attribute in plant breeding with which most of the other plant characteristics are associated. It provides an insight for estimating biological as well as economic yield. Plant height showed high positive relationship with almost all of the studied characters which directly depicted its usefulness for the selection of desirable soybean genotypes with improved agronomic performance. Similar association pattern of plant height with various yield and its attributing characters was observed by Mahbub et al. [51] except the association of 100-seed weight; which had a negative correlation with plant height in their findings while positively correlated in our study.

Utilization of SPAD readings is a simple and relatively reliable way for the instant assessment of chlorophyll contents without damaging the plant leaf [52]. Previously, Cruz et al. [53] argued that non-significant correlation might also lead to an effective interpretation of the degree of association based on magnitude and direction among different variables. In this research, SPAD measurements exhibited non-significant positive relation with many characters under observation whereas non-significant negative relation with number of seeds per pod, days to maturity and petiole length. Seed yield showed negative relation with pod length in this research. This significant decrease in pod length with increased yield might be due to increased number of pods per plant thus indicating the phenomenon of genetic determinacy. Similar results were observed in a study conducted by Akram et al. [54]. In contrast, Mahbub et al. [22] observed highly positive relationship between seed yield and pod length in soybean.

Selection of desirable genotypes from a genetically diverse pool of germplasm is the final goal of a soybean breeding program. Plant production is a complicated quantitative trait that relies on the relationship between growth parameters. Since correlation analysis can only estimate the relationship between variables, it may confound breeders to choose the optimal combination. In contrast, by decomposing the genotypic association into direct and indirect effects path coefficient analysis assesses the importance of yield-attributing traits. Therefore, a path coefficient analysis was performed to calculate the exact role that each trait had in the plant production. Path coefficient analysis has shown that most of the characters exhibit positive contribution in the seed production. High positive effect on seed production was estimated for plant height, 100-seed weight, number of branches per plant, days taken to flowering initiation, number of seeds per pod, SPAD measurement, stem diameter, number of pods per plant, petiole length and days taken to pod initiation. Similar results for 100-seed weight, number of pods per plant and number of branches per plant were individually revealed previously [44,55]. Positive effects of 100-seed weight, plant height and days taken to flowering initiation on seed yield coincides with the results concluded by Ghodrati et al. [50]. Whereas, Chavan et al. [56] revealed that plant height exhibited negative direct contribution in seed yield. Similarly, positive direct effects for number of branches per plant are in contradiction with the study conducted by Malek et al. [57].

Days taken to maturity number of leaves per plant and pod length negatively and directly contributed in seed yield per plant. This proposed that selection on the basis of such characters might reduce plant yield in soybean thus should not be included in the selection criteria. Similarly, Malik et al. [21] and Mahbub et al. [22] individually studied negative impacts of days taken to maturity on seed production; thus are in concordance with the results of the present study. On the other hand, Balla [43] showed high positive impact of days taken to maturity on seed production. Therefore, it might be possible that maturity index in soybean showed higher environmental influence as compared to the other reproductive growth attributes. Negative impacts of pod length on seed production in this research contradict with the study conducted by Arshad et al. [55] where it showed positive direct contribution in the seed yield. Results of the path coefficient analysis in this research concluded that selection based on various reproductive growth attributes i.e., number of pods per plant followed by days to flowering and 100-seed weight might lead to development of soybean genotypes with superior agronomic performance.

In plant breeding, identification of various groups based on genetic similarities and dissimilarities play a pivotal role in devising suitable hybridization scheme and the selection of superior parental lines [9]. Identification of various genetic patterns leads to the systematic characterization of available genetic diversity and facilitate plant breeders to assess the phylogenetic associations among the tested genotypes [10]. Estimation of genetic divergence can be effectively accomplished by using D2 statistics. Several researchers applied D2 statistics to classify evaluated genotypes into various groups or clusters in different legumes including soybean [58,39], chickpea [59], garden pea [60], lentils [61] and alfalfa [62]. In the present study, D2 statistics approach developed previously [19], and it was followed for phenotypic clustering of the evaluated soybean diversity panel based on various agronomic attributes. The soybean diversity panel was grouped into 17 clusters. All 17 clusters showed zero intra-cluster variability on the basis of which it can be assumed that negligible amount of variability has been existed within cluster. However, effective results for inter-cluster variation were observed where differences among the clusters ranged from 9.00 to 91.11. Cluster V gave maximal inter-cluster distance with cluster XII which showed that hybridization between the genotypes of these two genetically divergent clusters might produce extra-ordinary results, i.e., increased seed yield and adaptability. Considering the cluster mean analysis, it has been observed that cluster V contained early maturing genotypes as compared to rest of the clusters. Similarly, cluster XVII contained genotypes with highest SPAD readings depicting the higher photosynthetic efficiency in soybean and other plant species [63–66]. Cluster XII showed higher cluster means for No. of pods per plant along with 100-seed weight and seed yield per plant while the clustered genotypes took higher number of days to mature. Same outcomes were observed previously in soybean [58,39] where increased cluster mean for days taken to maturity resulted into higher seed yield per plant.

5  Conclusions

This study implies the high genetic divergence, growth and yield related attributes in soybean genotypes. Higher correlation coefficients coupled with considerable direct and indirect effects could be helpful for selecting superior yield and its attributing descriptors. Therefore, selection of desirable genetic combinations could be possible to develop soybean genotypes with superior agronomic performance. The exotic soybean genotypes also showed significant genetic potential regarding their utilization in the breeding program. Phenotypic clustering accomplished through cluster analysis effectively grouped the evaluated soybean diversity panel into various clusters. Genotypes which classified into those cluster groups having above mean value for maximum recorded parameters could be used for developing an effective soybean hybridization program. The findings of this study and the traits associated genotypic variations in soybean can be utilized by the breeders and farmers for improving agricultural traits in soybean.
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Table 1: List of soybean germplasm evaluated in the study

Sr.  Accession Sr.  Accession Sr. Accession Sr. Accession Sr.  Accession
no. name no. name no. name no. name no. name

1 17418 26 24511 51 24590 76  G-10 101  G-39
2 17420 27 24512 52 24591 77  G-11 102  G-40

3 17421 28 24513 53 24592 78  G-12 103 G-41

4 17122 29 24514 54 24593 79  G-13 104 G-42

5 17423 30 24526 55 24594 80 G-14 105 G-43
6 17425 31 24527 56 24595 81 G-15 106 G-44
7 17426 32 24528 57 24597 82  G-17 107 G-45
8 17427 33 24529 58 24603 83 G-18 108 G-46
9 17431 34 24543 59 24604 84  G-19 109 G-47
10 23981 35 24544 60 24605 85  G-20 110 G-48
11 23996 36 24563 61 24606 86  G-21 111 G-49
12 24010 37 24564 62 24607 87 G-22 112 G-50
13 24488 38 24565 63 24608 88 G-24 113 G-51
14 24490 39 24566 64 33521 89  G-25 114 G-52
15 24491 40 24567 65 33522 90  G-27 115 G-53
16 24492 41 24569 66 33523 91  G-28 116 G-54
17 24494 42 24570 67 G-1 92  G-29 117  A-3127
18 24495 43 24571 68 G-2 93  G-30 118 Bravo
19 24496 44 24572 69 G-3 94  G-31 119 Tlksoy
20 24497 45 24573 70 G4 95  G-32 120  atakisi
21 24499 46 24574 71  G-5 9% G-34 121 SA-88
22 24505 47 24576 72 G-6 97 G-35 122 Nova
23 24506 48 24577 73 G-7 98  G-36 123 Arisoy
24 24507 49 24588 74 G-8 99  G-37

25 24508 50 24589 75 G-9 100 G-38
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Table 3: Estimates of genetic variability and descriptive statistics of 123 different soybean genotypes
evaluated in the study

Variable Mean + S.E MSS (p <0.01) Range SD  Variance GCV PCV CV % Heritability
X1 58.73 £ 0.65 465.40%* 31.20-92.10 12.44 154.64 15.17 15.31 4.59 0.96
X2 43.88 +0.43 195.37* 21.00-66.70 8.28 68.59  9.78 10.10 540 0.92
X3 10.47 £ 0.18 36.04** 3.90-19.90 3.47 1205 423 425 359 099
X4 17.55 +0.38 1451.32* 6.00-50.33 7.32 53.53  26.78 27.04 3.70 0.97
X5 6.29 £ 0.14  20.885%* 2.00-16.00 2.68 7.20 322 326 8.65 0.96
X6 12.08 £ 0.21 49.54** 3.97-25.76 4.08 16.60 497 498 429 098
X7 46.17 £ 0.47 246.69** 27-65 9.08 82.44 11.08 11.13 5.15 0.99
X8 53.11 £0.49 267.05* 34-76 9.45 89.27 11.53 11.58 9.96 0.99
X9 102.03£0.54 317.36%* 80-130 10.29 10591 12.56 12.63 5.71 0.95
X10 3.03 £0.03 1.028** 1.55-5.05 0.60 0.36 0.71 0.73 473 094
X11 38.11 £0.57 361.52%* 11.00-63.00 10.98 120.50 13.39 13.48 7.53 0.99
X12 2.63+0.03 0.694™8 1.00-4.00 0.65 0.42 046 0.79 1.67 033
X13 7.17 £0.07 4.849* 3.84-11.30 1.30 1.69 1.54 1.59 487 093
X14 8.32+£0.09 9.358%** 3.86-13.33 1.78 3.15 2.16 2.17 337 098

Notes: X1 = Plant Height (cm); X2 = SPAD Measurement (cci); X3 = Petiole Length (cm); X4 = No. of Leaves per Plant; X5 = No. of Branches per
Plant; X6 = Stem Diameter (mm); X7 = Days to Flowering Initiation; X8 = Days to Pod Initiation; X9 = Days Taken to Maturity; X10 = Pod Length
(cm); X11 = No. of Pods per Plant; X12 = No. of Seeds per Pod; X13 = 100 Seed Weight (g); X14 = Seed Yield per Plant (g).
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Table 8: Mean values of 14 characters in 17 clusters in evaluated soybean genotypes

Cluster No. of genotypes X1 X2 X3 X4 X5 X6 X7 X8 X9 X100 Xl11 XI12 X13 Xi4
I 2 67.48 32.07 3.27 11.17 24.33 7.00 13.45 58.50 64.50 112.50 44.50 2.83 7.50 9.49
II 14 55.69 50.23 3.01 10.71 19.26 5.43 11.17 4643 54.36 101.86 36.50 2.81 6.87 8.22
I11 18 55.54 3999 296 9.77 14.30 5.89 11.10 44.33 52.11 99.17 35.57 2.80 6.62 7.75
1\Y 18 64.28 41.18 3.17 12.03 20.35 7.00 13.89 53.17 60.22 108.39 44.18 2.67 743 9.22
\Y 5 3477 35.11 294 7.51 7.80 3.00 5.30 30.60 39.00 84.20 14.80 2.33 5.07 5.09
VI 3 76.34 4257 2.88 15.28 11.33 8.67 16.83 59.67 67.67 120.67 54.00 2.67 9.13 10.98
VII 14 46.72 39.30 2.90 840 11.60 4.21 829 35.14 4271 8993 28.36 248 6.47 6.98
VIII 11 65.59 48.14 3.13 10.17 16.64 7.09 13.96 50.82 57.64 107.55 44.83 2.49 793 9.00
IX 5 80.05 33.74 298 13.08 25.20 9.40 17.46 61.60 70.00 120.20 53.20 2.93 8.60 10.64
X 6 75.01 51.89 343 11.37 27.83 9.83 18.87 58.17 64.83 115.50 52.50 2.78 8.63 10.56
XI 11 52.88 50.85 3.12 10.55 14.73 5.00 10.25 39.55 46.55 95.00 34.82 2.55 6.50 7.46
XII 4 88.25 41.17 3.33 10.33 29.25 13.00 22.25 56.50 61.75 118.75 60.50 2.83 10.25 12.21
XIII 1 79.77 52.70 3.58 15.03 50.00 11.00 14.90 57.00 63.00 112.00 57.00 3.00 9.88 11.23
XIv 2 37.73 39.53 3.03 16.78 22.00 3.00 5.65 32.00 40.50 87.00 16.00 2.50 4.82 4.82
XV 1 66.77 31.53 2.28 11.67 43.00 8.00 14.60 47.00 52.00 107.00 48.00 2.00 8.38 8.38
XVI 6 4470 47.75 2.84 7.81 10.61 4.17 7.83 36.67 46.17 91.67 23.83 2.56 6.55 6.56
XVII 2 46.88 63.48 2.30 6.30 13.83 4.00 8.15 3450 40.50 90.50 25.50 2.00 6.61 6.63
Mean 7.24 58.69 43.84 3.04 10.47 17.57 6.27 12.08 46.18 53.61 102.03 3820 2.64 7.17 8.32

Notes: X1 = Plant Height (cm); X2 = SPAD Measurement (cci); X3 = Pod Length (cm); X4 = Petiole Length (cm); X5 = No. of Leaves per Plant;
X6 = No. of Branches per Plant; X7 = Stem Diameter (mm); X8 = Days to Flowering Initiation; X9 = Days to Pod Initiation; X10 = Days Taken to
Maturitv: X11 = No. of Pods ner Plant: X12 = No. of Seeds ner Pod: X13 = 100 Seed Weight (¢): X14 = Seed Yield ner Plant (o).
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Table 6: Distribution of 123 soybean genotypes in different clusters groups

Sr.  Cluster No. of Names of genotypes

no. genotypes

1 I 2 17418 and G-45

2 1I 14 24606, 24491, 24569, G-25, G-29, G-30, Ilksoy, atakisi, Bravo, 24594, G-
14, G-43, 24589 and G-9

3 I 18 17122, 24528,24543,24010, G-42, 24496, 24564, 24603, A-3127, G-46, G-
51, 24488, 24512, 24494, SA-88, 24544, 24573 and G-7

4 v 18 24566, G-10, 24607, 24593, 17420, 17425, 24563, 24505, 24526, G-37,
24592, 24506, 33521, 33523, G-49, G-3, G-38 and G-8

5 v 24492, 24527, 24508, 24513 and 24571

6 VI 17426, 24499 and 24567

Vil 14 17431, G-20, G-48, 24608, G-50, G-2, G-39, G-13, G-24, G-22, G-34, G-31,

23981, 23996

8 vir o 11 24490, 24495, 24591, 24604, 33522, 24529, 24595, G-17, G-28, G-54 and
24511

9 X 5 17423, G-15, G-32, 24577 and G-12

10 X 6 24497, G-53, 24565, Arisoy, Nova and G-52

11 XI 11 24514, 24590, 24572, G-35, 24574, 24576, G-1, G-18, G-19, G-36 and G-21

12 XII 4 17421, 24507, G-47 and 17427

13 X1 1 24570

14 XIv 2 24588 and 24605

15 XV 1 24597

16 XVI 6 G-4, G40, G-11, G-5, G-6 and G-44

17 XVII 2 G-27 and G-41
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Table 4: Genotypic and phenotypic correlation coefficients among the recorded agronomic attributes in
the study

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
X1G 1 0.017 —-0.331* 0.333* 0.639* 0.395* 0.571* 0.896* 0.831* 0.932* 0.946* 0.160 0.254* 0.476*
P 0.018 —0.345* 0.336* 0.641* 0.414* 0.576* 0.902* 0.837* 0.938* 0951* 0278* 0.262* 0.485*
X2 G 1 0.048 —0.057 0.048 0.053 0.020 —0.006  0.055 —0.005  0.039 —0.056 0.118*  0.090
P 0.062 —0.061 0.051 0.043 0.021 —0.005  0.057 —0.004  0.041 —0.058 0.132*  0.094
X3 G 1 0.157* —0.155* —0.145*% -0252* -0.265* -0.224* -0317* -0.296* 0.241* -0.112* -0.041
P 0.166* —0.161* —0.160* —-0265* -0.277* -0.234* -0.332* -0.309* 0.444* -0.127* -0.044
X4 G 1 0.297*  —0.110* 0.087 0.337*  0.319*% 0.341* 0.341* 0.214* —-0.054 0.126*
P 0.298*  —0.118* 0.089 0.343*  0.324* 0.344* 0.344* 0.381* —-0.056 0.130*
X5G 1 0.316*  0.379*  0.582*  0.496* 0.581* 0.613* 0.116* 0.276* 0.372*
P 0.333*  0.382*  0.586* 0.500* 0.586* 0.616* 0.203* 0.284* 0.378*
X6 G 1 0.364*  0.342*  0.277* 0.342* 0.393* —0.001 0.347* 0.392*
P 0.384*  0.362*  0.290*  0.362* 0.416* —0.022 0.372* 0.421*
X7G 1 0.459*  0.399* 0.503* 0.515*% —0.028 0.278*  0.351%*
P 0.466*  0.404* 0.510% 0.521* —0.049 0.292* 0.359*
X8 G 1 0.932*%  0.988*  0.864*  0.158* 0.194* 0.418*
P 0.946*  0.960*  0.873*  0.266* 0.199*  0.427*
X9G 1 0.908*  0.811*  0.142* 0.165%  0.382*
P 0.918*  0.819* 0.245* 0.172*  0.390%*
X10 G 1 0.889*  0.141* 0.199*  0.409*
P 0.896*  0.250* 0.205% 0.416*
X11 G 1 0.164* 0.281* 0.539*
P 0.272*% 0.289*  0.548*
X12 G 1 —0.009 0.178*
P —0.023  0.280%*
X13 G 1 0.859%
P 0.876*
X14 G 1

P

Notes: G = Genotypic Correlation; P = Phenotypic Correlation; X1 = Plant Height (cm); X2 = SPAD Measurement (cci); X3 = Pod Length (cm);
X4 = Petiole Length (cm); X5 = No. of Leaves per Plant; X6 = No. of Branches per plant; X7 = Stem Diameter (mm); X8 = Days to Flowering
Initiation; X9 = Days to Pod Initiation; X10 = Days taken to Maturity; X11 = No. of Pods per Plant; X12 = No. of Seeds per Pod;
X13 =100 Seed Weight (g); X14 = Seed Yield per Plant (g).
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Table 7: Average intra and inter-cluster D* values of soybean genotypes

Clusters 1 1II 11T v A\ VI VIl Vil IX X X1 XII X XIv XV XVI XV
I 0.00 30.50 30.50 13.19 67.72 23.71 49.86 21.30 19.09 2398 4195 31.21 3792 61.84 2620 51.85 59.92
I 0.00 1219 18.74 46.16 40.46 27.33 1593 4539 35.03 13.74 49.67 48.19 39.68 3497 25.55 30.02
III 0.00 20.84 39.63 42.60 20.22 20.36 46.97 4125 14.12 5243 5493 3597 35.63 2233 32.59
v 0.00 60.05 24.53 40.86 9.00 27.17 22.10 3029 34.16 38.57 54.14 27.18 41.89 4829
A\ 0.00 8128 21.04 59.35 8550 80.12 36.39 91.11 90.64 18.16 66.99 22.45 34.29
V1 0.00 6228 25.54 1733 20.53 51.06 25.12 41.63 76.88 4326 62.88 67.89
VII 0.00 39.49 66.75 6041 17.10 70.99 71.47 2124 4923 10.72 24.67
VIII 0.00 31.91 2219 26.51 3551 40.24 54.19 32.15 3946 43.40
IX 0.00 20.69 5694 1836 33.79 79.43 3543 6851 74.50
X 0.00 46.79 20.17 24.18 7277 33.51 60.17 61.84
X1 0.00 59.52 58.57 31.57 4246 15.77 19.76
XII 0.00 27.87 84.55 36.44 73.07 75.81
X1 0.00 79.88 32.04 72.10 71.96
XV 0.00 5733 21.81 30.94
XV 0.00 5331 58.54
XVI 0.00 17.51
Xvi 0.00
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Table 2: Mean precipitation, maximum minimum and average temperatures and relative humidity % during
spring 2020-21

Months Precipitation Temperature (°C) RH (%)

(mm) . N

Maximum Minimum Average

January 0.58 15.00 10.00 12.50 80.70
February 2.29 20.30 9.10 14.70 79
March 1.80 26.00 13.80 19.90 68.50
April 1.04 35.00 20.60 27.80 42.50
May 1.26 39.00 23.90 31.45 46.5
June 1.18 42.40 27.40 34.90 47.80
July 3.32 38.00 28.00 33.00 62.70
August 2.61 38.00 28.50 33.25 72.50

Source: Agricultural Meteorologv Cell (www.uaf.edu.nk/faculties/acri/dents/cron nhvsiologv/aeri met cell/met bulletin.html).
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Table 5: Path coefficient analysis showing direct (diagonal) and indirect effects of different quantitative
traits on seed yield/plant

X1 X2 X3 X4 X5 X6 X7 X8 X9  XI10 X111  X12 X13  Genotypic corr.
with yield
X1 0.024 0.719 -0.028 0.009 —0.059 0.025 0.043 0.326 0.011 —0.487 0.589 0.093 0.370 0.916
X2 0.000 0.268 —0.004 —0.002 —0.005 0.001 0.002 —0.002 0.001 0.002 0.026 —-0.019 0.009 —0.007
X3 0.004 0301 -0.156 0.010 —0.016 0.002 0.007 0.049 0.002 —0.064 0.120 0.263 0.024 0.243
X4 0.008 0316 —0.057 0.026 —0.027 0.003 0.011 0.124 0.004 -0.178 0.213 0.129 0.072 0.329
X5 0.016 0.250 —0.028 0.008 —0.092 0.020 0.028 0.212 0.006 —0.304 0.383 0.066 0.239 0.553
X6 0.020 0.156 —0.012 0.002 —0.058 0.031 0.039 0.258 0.008 —0.392 0.467 0.040 0.316 0.718
X7 0.023 0.513 -0.024 0.007 —0.057 0.026 0.046 0.301 0.010 —0.454 0.550 0.080 0.353 0.860
X8 0.022 0.343 -0.021 0.009 -0.054 0.022 0.038 0.361 0.012 —0.508 0.541 0.089 0.323 0.834
X9 0.020 0.597 -0.022 0.009 —0.046 0.019 0.035 0.342 0.013 —0.476 0.508 0.082 0.303 0.785
X10 0.023 0.680 —0.019 0.009 —0.054 0.024 0.040 0.354 0.012 —-0.519 0.556 0.084 0.348 0.857
X11 0.023 0.380 —0.030 0.009 —0.057 0.023 0.041 0.315 0.010 —0.465 0.620 0.091 0.345 0.926
X12 0.007 -0.071 —-0.122 0.010 —0.018 0.004 0.011 0.096 0.003 —0.130 0.169 0.335 0.009 0.374

X13 0.020 0.246 —0.008 0.004 —0.050 0.022 0.037 0.265 0.009 —-0.410 0.486 0.007 0.440 0.822

Notes: X1 = Plant Height (cm); X2 = SPAD Measurement (cci); X3 = Pod Length (cm); X4 = Petiole Length (cm); X5 = No. of Leaves per Plant;
X6 = No. of Branches per Plant; X7 = Stem Diameter (mm); X8 = Days to Flowering Initiation; X9 = Days to Pod Initiation; X10 = Days Taken to
Maturity; X11 = No. of Pods per Plant; X12 = No. of Seeds per Pod; X13 = 100 Seed Weight (g).






OEBPS/Images/copy.png





OEBPS/Images/Phyton_27679-fig-2.png





