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ABSTRACT 

Food security has become a challenging issue in the altered climate pattern, 
especially for developing countries. Soybean (Glycine max L.), a crop having high 
protein and edible oil content, has great potential but remains underutilized in 
Pakistan due to the lack of diverse, locally adapted genotypes. This study aimed to 
assess the genetic potential of fifteen exotic soybean genotypes, including one 
check cultivar, Faisal Soybean, by investigating various yield-related traits under 
the agroclimatic conditions of Okara, Pakistan. This experiment was conducted 
under a Randomized Complete Block Design (RCBD) with three replications. 
Analysis of variance revealed highly significant (p < 0.01) genetic variation for plant 
height (MS = 93.58), number of pods per plant (MS = 152.46), and number of 
seeds per pod (MS = 1.407). Principal component analysis (PCA) showed that the 
first two components accounted for 73.02% of the cumulative variability in 
quantitative traits and 86.12% in qualitative traits, with plant height and pods per 
plant identified as key yield-related contributing traits. Positive correlations were 
observed among several traits, such as plant height, primary branches (r = 0.64), 
pods per plant (r = 0.41), and seeds per pod (r = 0.62). Cluster analysis grouped 
the genotypes into distinct clusters, with genotypes G1, G10, and G11 showing 
unique characteristic profiles, while G4, G5, G13, and G15 formed a closely related 
group. These findings highlight considerable genotypic variation in major traits, 
contributing to the development of high-yielding, climate-resilient varieties adapted 
to local conditions. 
Keywords: Soybean; Genotypic Variation; Yield Traits; Principal Component 
Analysis; Cluster Analysis. 

 
INTRODUCTION 

Soybean (Glycine max L.) is an annual oilseed crop that belongs to the family 

Leguminosae. It is an important legume crop utilized for animal feed and human 

consumption (Singh et al. 2025). Its seed contains 40 to 42% protein, 20 to 22% 

edible oil, along with several other essential minerals and vitamins (Amol et al. 

2021). Soybeans grows in well-drained loamy soils with moderate fertility, neutral 

pH, sufficient organic matter, adequate rainfall, optimum temperatures (20 to 

30°C), and proper sunlight. These factors significantly enhance growth and yield 

(Suparwata and Jamin, 2024). 

Globally, the soybean crop is cultivated on an area of 140.47 million hectares, 

and the seed production is about 394.97 million metric tons. The USA, Brazil, 

and Argentina are major producers of the soybean crop (USDA, 2025). 
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Soybeans are native to East Asia (China, Korea, and Japan), where they have been cultivated for about 5,000 years. 

In the 18th century, it spread to Europe, the USA, and other countries. Researchers also consider Australia and East 

Africa as possible centers of diversity for the genus Glycine (Jeong et al. 2019). 

In Pakistan, soybean was introduced as an oilseed crop in the early 1960s. During the 1970s, adaptability and yield 

trials were conducted across the country in regions such as Khyber Pakhtunkhwa, Punjab, and Sindh to identify 

suitable varieties for cultivation (Asad et al. 2020). The maximum cultivated area was recorded in 1994 at 6613 

hectares (Khurshid et al. 2017). Despite several decades passing, it has not gained popularity among farmers 

nationwide. The main reasons for the soybean shortage in Pakistan include limited breeding programs, low genetic 

improvement, a lack of suitable cultivated varieties, and different cropping patterns (Abbas, 2023).  

The growing population and changing dietary habits in Pakistan are increasing the demand for edible oil. Since local 

oilseed production is insufficient, the country relies on imports, which place a significant burden on the economy due 

to high import bills (Zaidi, 2014). According to the Pakistan Economic Survey 2023-24, the total supply of edible oil 

from all sources is estimated at 3.188 million tonnes, of which domestic production is only 0.471 million tonnes. To 

bridge the gap between domestic production and consumption, 2.717 million tonnes of edible oil were imported 

worth. 2,079 billion (US$ 2.809 billion) (Pakistan Economic Survey, 2023-24). 

Considering the several benefits of soybeans, there is an urgent need for a good and stable policy regarding 

production awareness for farmers to enhance its cultivation (Akram and Ahmad, 2019). To maximize the potential of 

soybean crops, it is important to develop high-yielding and climate-adapted varieties that can be grown under specific 

agronomic conditions. Genetic variation plays a critical role in improving yield, and understanding the relationship 

between variation and yield-related traits is critical for successful breeding (Mahbub et al. 2016). Genetic diversity 

among genotypes is essential for breeding programs because the segregating nature of diverse parents produces 

better heterosis and high-yielding cultivars. Assessing genetic variability helps in selecting systematic parents to 

improve yield through correlation analysis (Mahbub and Shirazy, 2016). 

To identify valuable characteristics of genotypes that are helpful in future breeding programs, various statistical 

techniques, including ANOVA, PCA, correlation, and cluster analyses are performed to identify elite parents that 

would be suitable for hybridization. While several previous Pakistani studies on soybean have focused on individual 

yield-related components (Ullah et al. 2021), this study aimed to evaluate genetic variation in fifteen exotic soybean 

genotypes under the agroclimatic conditions of Okara, Pakistan. The goal was to identify favorable parents for future 

breeding programs focused on developing high-yielding and climate-resilient varieties. 

 

MATERIALS AND METHODS 

Experimental site and material 

The experiment was conducted from August 25, 2022, to April 2023 at the research area of the University of 

Agriculture Faisalabad Constituent College, Depalpur, Okara, Pakistan. Experimental material consisted of fifteen 

exotic soybean genotypes, including one locally cultivated variety (Faisal soybean), which was used as a check line 

(Table 1). 

Experimental design and field layout 

This experiment was conducted under a Randomized Complete Block Design (RCBD) with three replications. The 

total experimental plot area was 203 square meters, with each genotype sown in two rows. The row length was 3 

meters, the row-to-row spacing was 0.75 meters, and the plant-to-plant distance was 3 inches. Sowing was done 

using a manual seed drill to ensure seed depth and maintain the desired plant population in a specific area. All 

intercultural operations, such as irrigation, weeding, and fertilizer application, were carried out according to standard 

recommendations as described by Mondal and Wahhab (2001). 

Data collection 

Five plants were randomly selected and tagged from each genotype at the stage of flower initiation, resulting in a 

total sample size of 15 plants per genotype. Eight morphological traits were recorded, including: 

Quantitative traits: 

Plant height (PH): The plant height was measured from the base to the tip of the main stem for all selected plants at 

maturity by using a measuring scale. 

Primary branches (PB): The number of primary branches was recorded by counting the branches that were arising 

from the main stem of the plant. 

Number of pods per plant (NPP): The number of total pods was counted from selected plants at maturity. 
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Number of seeds per pod (NSP): NSP were counted from 10 randomly selected pods per plant, and the average 

number of seeds of 10 pods was recorded. 

Number of leaflets (NL): The number of leaflets was counted from the fully expanded leaves in the center of the main 

stem of the plant. 

Qualitative traits: 

Pubescence (Pub): Pubescence was observed based on the presence or absence of hairs on stems and pods. 

Leaf pubescence (LP): Leaf pubescence was observed based on the presence or absence of hairiness on the leaf 

surface. 

Leaf pubescence density (LPD): Leaf pubescence density was observed based on the density of hairs on the leaves 

of the whole plant. 

Statistical analysis details 

The data were analyzed using different statistical methods including Analysis of variance (ANOVA), with significance 

tested at p<0.05 (*) and p<0.01 (**) (Johnson et al. 1955), Principal component analysis (PCA) to assess the 

structure of the data and determine the main contributing traits (Jolliffe, 2002). Correlation analysis was employed to 

determine the correlations among traits, employing Pearson's correlation coefficient formula, with significance 

determined at p<0.05 and p<0.01 (Pearson, 1895). Cluster analysis was used to group genotypes into clusters using 

hierarchical clustering (Ward Jr, 1963). All the statistical analyses were performed in Statistix 8.1 software (Analytical 

Software, 2005), as well as R software (Team, 2024). 

Table 1. List of the fifteen soybean genotypes used in this research. 

 

RESULTS 

Analysis of variance (ANOVA) was performed to measure the genetic variation within fifteen soybean genotypes, 

including one locally cultivated check variety (G9: Faisal Soybean) for several qualitative and quantitative traits. 

Analysis of variance revealed highly significant differences (p < 0.01) between plant height (MSS = 93.58, EMS = 

20.83), number of pods per plant (MSS = 152.46, EMS = 41.896), and number of seeds per pod (MSS = 1.407, EMS 

= 0.167). Plant Height, number of pods per plant, and number of seeds per pod displayed highly significant results 

across all genotypes. The genotypic mean square was greater than the error mean square, which endorsed the 

presence of strong genetic effects. While other traits, such as primary branches (PB), number of leaflets (NL), leaf 

pubescence (LP), Leaf pubescence density (LPD), and pubescence (Pub), revealed insignificant differences among 

genotypes, these traits indicated limited genetic variation within the genotypes (Table 2). 

Coefficient of variation (CV%) is a useful statistical measure to check the variability of the traits around their mean. 

Usually, the lower CV value suggests well experimental consistency and better control of environmental variations. 

For instance, CV values ranged from 6.67% for the number of leaflets (NL) to 78.94% for pubescence (LP). In this 

study, traits like NL (6.67%) and PH (13.00%) exposed low CV values, reflecting more accuracy and consistency in 

data. Conversely, a higher CV value was observed for the trait LP (78.94%), which may highlight a stronger 

environmental influence, which can reduce the reliability of conclusions drawn for those traits. 

Sr. No. Genotype No. Genotype Name 

1 G1 UAFDO-SL-01 

2 G2 UAFDO-SL-77 

3 G3 UAFDO-SL-99 

4 G4 UAFDO-SL-101 

5 G5 UAFDO-SL-187 

6 G6 UAM-SB-47 

7 G7 UAM-SB-162 

8 G8 UAM-SB-200 

9 G9 FAISAL SOYBEAN (Check) 

10 G10 ORI-Soy-25 

11 G11 ORI-Soy-91 

12 G12 NBG-M104 

13 G13 NBG-403 

14 G14 NBG-Soy-SG 

15 G15 PGRA-9 
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Table 2. ANOVA table for all traits of 15 soybean genotypes, values represent mean sum square (MSS). 

SOV DF PH NPP NSP PB NL LP LPD Pub 

Replication 2 35.544 102.18 0.120 0.323 0.088 0.622 0.088 0.022 

Genotype 14 93.580** 152.46** 1.407** 0.558 0.041 0.184 0.212 0.022 

Error 28 20.834 41.896 0.167 0.477 0.041 0.241 0.279 0.022 

CV -- 13.00 29.51 13.81 20.63 6.67 78.94 37.16 15.25 

Note: ** indicates significance at p < 0.01, * indicates significance at p < 0.05. 
 

Principal component analysis 

Principal Component Analysis (PCA) was performed for both quantitative and qualitative traits separately. PC1 to 

PC5 represented the variance summary for quantitative traits, and PC6 to PC8 represented the variance summary 

for qualitative traits (Table 3). In quantitative traits, the first two principal components (PC1 and PC2) accounted for 

52.24% and 20.77% of the variance, respectively, cumulatively explaining 73.02% of the total variance. This 

indicates that most of the variation between soybean genotypes can be explained by these two components. PC1 

solely accounted for 52.24%, highlighting its dominance in explaining variation within these traits. Whereas 

qualitative traits were best summarized by PC1 (57.23%) and PC2 (28.89%), which together explained 86.12% of the 

overall variability. This indicates that only the first two factors efficiently describe the majority of the variations in 

pubescence related characteristics. 

 

Table 3. Summary of PCA results for quantitative and qualitative traits. 

Component PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

Standard Deviation 1.616 1.019 0.838 0.632 0.497 1.31 0.931 0.645 

Proportion of Variance 0.522 0.208 0.14 0.08 0.049 0.572 0.289 0.139 

Cumulative Proportion 0.522 0.73 0.871 0.951 1 0.572 0.861 1 

PC1 to PC5 represent the quantitative traits summary, and PC6 to PC8 represent the qualitative traits summary. 
 

The PCA biplots graphically exhibited the distribution and contribution of genotypes to the trait. Soybean 

genotypes grouped according to quantitative traits. NPP, PH, PB, NL, and NSP, which are positively correlated, 

comprise the first principal component (PC1). NL, however, was aligned with PC2.  

This implies that genotypes along PC1 vary in terms of yield-related traits, whereas genotypes along PC2 differ 

with respect to leaf structure. Genotypes G1, G10, and G11 were located distantly, which suggests distinct trait 

profiles, while genotypes G4, G5, G13, and G15 grouped closely together, proposing similarity in trait 

expression (Figure 1). 

Qualitative traits emphasized the impact of Pb and LPD along PC1, while LP contributed to PC2. Genotypes along 

PC1 were highly differentiated based on characteristics of pubescence, whereas genotypes along PC2 varied in 

terms of leaf pubescence. The biplot clearly differentiated genotypes with dense pubescence and those with sparse 

leaf cover, validating the role of qualitative parameters in classification. Genotype G1 was positioned alone, reflecting 

a distinct expression of traits, whereas genotypes G4, G11, and G13 formed a tight cluster, reflecting similarity in 

pubescence related characteristics (Figure 2). 

Correlation analysis 

Correlation coefficient analysis provides insights into the associations among traits. The Correlation heatmap 

graph showed the strength and direction of the relationships among the traits (Figure 3). The correlation matrix 

revealed several important associations between traits.  

The numbers of primary branches (PB) indicated a strong correlation with both plant height (PH: r = 0.64) and 

number of seeds per pod (NSP: r = 0.74) among the quantitative traits. NSP exhibited a positive relationship 

with both the number of pods per plant (NPP: r = 0.40) and PH (r = 0.62), whereas the number of leaflets (NL) 

showed weak and mostly negative correlations with other quantitative traits, except for a positive relationship 

with Leaf pubescence density (LPD; r = 0.37). 
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Figure 1. Principal component analysis (PCA) biplot for quantitative traits of 15 soybean genotypes. Vectors 
represent quantitative traits, PH = plant height, PB = primary branches, NPP = number of seeds per plant, NSP = 
number of seeds per grain, and NL = number of leaflets. Each point represents an individual genotype (G1-G15). 
This biplot explains 73.02% of the cumulative variation (PC1 = 52.24%, PC2 = 20.77%). 
 

 
Figure 2. Principal component analysis (PCA) biplot for qualitative traits of 15 soybean genotypes. Vectors represent 
qualitative traits, Pub = pubescence, LP = leaf pubescence, and LPD = leaf pubescence density. Each point 
represents an individual genotype (G1-G15). This biplot explains 86.12% of the cumulative variation (PC1 = 57.23%, 
PC2 = 28.89%). 
 

An exchange between the two traits may exist, as suggested by the negative correlation between NPP and leaf 

pubescence (LP; r = -0.64). Pubescence (Pb), identified as one of the qualitative traits, exhibited a weak relation with 

PB (r = 0.14) and a significant relation with LPD (r = 0.44). While LP and LPD (r = -0.48) showed a marginally negative 

association with each other, indicating that the lower leaf pubescence is correlated with denser pubescence (Table 4). 

The Correlation Coefficient analysis described the associations among traits based on degree and direction as direct or 

indirect effects on yield. It helps to identify the superior parents for the future breeding programs. 
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Figure 3. Correlation heatmap showing Pearson correlation coefficients among quantitative and qualitative traits in 15 
soybean genotypes. Blue pie circles indicate positive correlations, and red pie circles indicate negative correlations. 
The size and color intensity of the pie circle indicate the strength of the associations. Abbreviations: PH = plant 
height, PB = primary branches, NPP = number of pods per plant, NSP = number of seeds per pod, NL = number of 
leaflets, Pub = pubescence, LP = leaf pubescence, LPD = leaf pubescence density. 
 
Table 4. Pearson correlation coefficients among quantitative and qualitative traits in 15 soybean genotypes. 

Trait PB NSP NPP PH NL Pub LP LPD 

PB 1.00 0.74** 0.34* 0.64** -0.05 0.14 0.13 0.05 

NSP 0.74** 1.00 0.40* 0.62** 0.04 -0.09 0.01 -0.03 

NPP 0.34* 0.40* 1.00 0.41* -0.12 0.30* -0.64** 0.28* 

PH 0.64** 0.62** 0.41* 1.00 -0.03 0.30* 0.12 -0.16 

NL -0.05 0.04 -0.12 -0.03 1.00 0.10 -0.29 0.37* 

Pub 0.14 -0.09 0.30* 0.30* 0.10 1.00 -0.13 0.44* 

LP 0.13 0.01 -0.64** 0.12 -0.29 -0.13 1.00 -0.48** 

LPD 0.05 -0.03 0.28* -0.16 0.37* 0.44* -0.48** 1.00 

 
Cluster Analysis. 
The quantitative trait hierarchical clustering (Number of Primary Branches, Number of Seeds per Pod, Number of Pods 
per Plant, Plant Height, and Number of Leaflets) provided an in depth distinction among genotypes based on numerical 
variations in traits (Figure 4). The check cultivar, G9 (Faisal Soybean), was most divergent, forming an independent 
group, and thus, a noticeable difference in their quantitative trait expression compared to other genotypes. 

 
Figure 4. Hierarchical clustering dendrograms of 15 soybean genotypes based on quantitative traits. This 
dendrogram was built using Ward's method with Euclidean distance. 
 

The genotypes, G10 and G11, were also highly distinguishable from each other, showing separate expression of 
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traits that set them apart from the general population. A large cluster formed by G2, G4, G12, G3, G7, and others 

revealed a greater association, thereby showing relatively similar quantitative distributions of traits. The clear 

separation of G6 and G8 into a different cluster also indicated high genetic diversity among the investigated soybean 

genotypes. The closest and farthest distances between clusters for quantitative traits are shown as the genetic 

differences among genotype clusters (Table 5). 

 
Table 5. Nearest and Farthest Cluster Distances for Quantitative Trait Clustering of soybean genotypes. 

Cluster Nearest Cluster Distance Farthest Cluster Distance 

G9 G10 2.1 G13 7.8 

G10 G11 1.9 G6 6.5 

G11 G8 2.0 G15 6.3 

G2 G4 1.7 G9 6.9 

G6 G8 1.5 G9 7.2 

 

Hierarchical clustering among the qualitative characteristics such as Pubescence, Leaf Pubescence, and Leaf 

Pubescence Density assigned the 15 soybean genotypes into different groups based on their common traits (Figure 

5). The genotypes were segregated by similarity, with the check variety G9 grouped with G5 and G11 at a moderate 

distance. The pattern of clustering indicated that these genotypes have similar expressions of qualitative traits. One 

of the largest clusters was composed of genotypes G4, G12, G13, G14, and G7, which showed close similarity in 

their qualitative traits. On the other hand, G6, G8, and G10 belonged to a different cluster exhibiting their unique set 

of traits. The hierarchical dendrogram portrays the genetic diversity among the genotypes, which is vital for breeding 

schemes aimed at improving qualitative traits. The farthest and nearest cluster distances for qualitative traits 

provided information on the levels of similarity and diversity among genotypes (Table 6). 

 

Table 6. Nearest and Farthest Cluster Distances for Qualitative Trait Clustering of soybean genotypes. 

Cluster Nearest Cluster Distance Farthest Cluster Distance 

G9 G5 1.8 G6 5.7 

G5 G11 1.6 G10 5.2 

G11 G9 1.8 G8 5.3 

G4 G12 1.4 G6 5.9 

G12 G13 1.2 G9 4.8 

 

 

 
Figure 5. Hierarchical clustering dendrograms of 15 soybean genotypes based on qualitative traits. These 
dendrograms were built using Ward's method with Euclidean distance. 
 

Both qualitative and quantitative traits showed clustering groups that provided valuable information about 
genotype selection for breeding plans. To support the trait enhancement in soybean breeding programs, the 
genetic distance between clusters identified possible parental lines for hybridization. Additionally, the ten 
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greatest and smallest inter-genotypic distances highlighted important genotypic relationships that will be 
essential for future breeding programs (Table 7). 
 

Table 7. Ten highest and ten lowest inter-genotypic distances among the 15 genotypes of soybean. 

Genotype Pair Distance 

G9 – G13 7.8 

G6 – G9 7.2 

G10 – G6 6.5 

G9 – G2 6.9 

G11 – G15 6.3 

G9 – G5 5.7 

G10 – G8 5.3 

G5 – G11 1.6 

G6 – G8 1.5 

G4 – G12 1.4 

 

Identification of superior genotypes. 

Based on statistical analyses, potential high-yielding genotypes including UAFDO-SL-01, ORI-Soy-25, and ORI-Soy-

91 were identified, which surpassed in plant height, number of pods, number of seeds per pod, and distinct trait 

profiles. These genotypes are recommended as potential parent genotypes for improved yield components. 

Genotypes UAFDO-SL-101, UAFDO-SL-187, NBG-403, and PGRA-9 exhibited balanced trait expression and were 

found to be suitable for varietal development. The genotype UAFDO-SL-01 with dense pubescence was 

recommended for pest resistance. 

Locally cultivated variety Faisal soybean was used as a check variety for comparison. It showed moderate 

performance but was genetically different from most of the genotypes. This suggests that crossing Faisal soybean 

with test genotypes, especially UAFDO-SL-01, ORI-Soy-25, or ORI-Soy-91, can provide sufficient genetic diversity 

for selection. 

 

DISCUSSION 

Soybean is an important legume crop known for its high protein and edible oil content, properties that make them 

essential for food and animal feed. It grows optimally in well-drained soils, warm climates, and short day length. In 

Pakistan, although the growing conditions are favorable, soybeans have not become very popular because of 

insufficient breeding programs, lack of superior varieties, and inappropriate cropping patterns. Pakistan relies heavily 

on imported edible oil, straining the economy. Boosting domestic production of oilseed crops can contribute in 

fulfilling growing demand and reducing import expenses. To achieve this, farmer awareness needs to be enhanced, 

and high-yielding and climate-resilient varieties should be developed. This research aimed at assessing the genetic 

diversity of desirable exotic soybean genotypes to determine the most suitable lines for future breeding programs. 

The results of this research presented a pivotal analysis of genetic diversity and variation of traits among soybean 

genotypes, focusing on important factors that control their phenotypic expression. Plant height, number of pods per 

plant, and number of seeds per pod indicated significant variation among genotypes. Similar findings have been 

reported by Malek et al. (2014), who observed significant genetic variation in yield-related traits in soybean 

germplasm. Stability in qualitative traits (Pub, LP, LPD) indicates no genetic differences among whole genotypes, 

consistent with Ullah et al. (2024), who reported stability in qualitative traits across soybean genotypes. These 

genetic variations provide raw material for selection and hybridization for further use in breeding programs. 

PCA revealed that a large amount of the variability was contributed by the first two principal components, of which 

PC1 covers the bulk of the variation between qualitative and quantitative traits. Previous studies have also described 

the plant height, seeds per pod, and number of primary branches as the significant contributors to soybean genetic 

variation. These results are consistent with Wang et al. (2020), who identified plant height and pod size as important 

differentiating factors in soybean genetic resources.  Similarly, Kumar et al. (2015) reported significant PCA loading 

values of plant height and seed traits, the importance of pubescence and density of leaf pubescence in PC1 in 

qualitative traits emphasizing their role in genotypic differentiation, supporting previous research on the contribution 

of pubescence to genetic diversity in legumes by Iqbal et al. (2008). The clear positional relationships between 
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genotypes G1, G10, and G11 in the PCA biplot support the unique characteristics of these genotypes and 

demonstrate their importance in introducing new genetic variations into Pakistan's breeding program. 

The correlation analysis revealed significant positive associations of primary branches, plant height, and seed-related 

traits. The strong correlation between plant height and seeds per pod indicated that taller plants have greater 

reproductive potential, a trend also reported in high-yielding soybean varieties. Dubey et al. (2015) reported similar 

positive correlations between yield components of high-yielding soybean varieties, supporting the reliability of this 

association. Whereas the negative association between pods per plant and leaf pubescence suggested an 

anticipated possible trade-off between yield potential and adaptive trait. Moe and Girdthai (2013) also showed that 

pubescence traits can affect physiological processes such as water retention and pest resistance, which can affect 

yield. Weak correlations were observed between leaflet number and other traits, indicating that leaflet number may 

not be a major determinant of the yield potential, consistent with Xu et al. (2024) in other legume crops. 

 

The hierarchical clustering analysis also confirmed the genetic diversity between soybean genotypes. The clustering 

of Faisal Soybean (G9) with G5 and G11 for qualitative characters suggested genetic similarities among them, 

whereas its clustering in quantitative trait clusters signified that it possesses unique agronomic traits. The 

identification of big clusters containing multiple genotypes implied that some groups have similar genetic 

backgrounds, which could be advantageous for breeding programs aimed at improving certain traits. Consistent with 

Al-Hadi et al. (2017), the genetic distances that exist between clusters give important information to use in parent 

selection during hybridization programs, as hinted in earlier research on the genetic diversity of soybean. 

Identifying genetically distinct genotypes with complementary traits offers practical opportunities for soybean 

improvement in Pakistan. Genotypes UAFDO-SL-01, ORI-Soy-25, and ORI-Soy-91 can serve as parental lines for 

crossbreeding, while closely related clusters such as UAFDO-SL-101, UAFDO-SL-187, NBG-403, and PGRA-9 

support trait stabilization and varietal development. As Nasir at el. (2025) demonstrated, these strategies address the 

challenge of limited systematic breeding material in Pakistan. 

Overall, the findings of this research align with earlier studies on soybean genetic variation and offer important 

insights for breeding strategies. The strong differentiation observed in traits like plant height and pubescence 

indicates that these traits should be emphasized in screening programs for yield improvement and adaptability. The 

observed correlations among traits related to yield also indicated the possibility of using trait-based selection to 

improve productivity. Future research should investigate the molecular basis of these variations and further elucidate 

the genetic basis of these traits, which will enable the development of high-yielding, climate-resistant soybean 

varieties for Pakistan. 

 

CONCLUSION 

The study highlighted the significant genetic diversity among fifteen soybean genotypes assessed under agroclimatic 

conditions in Pakistan. Key morphological traits, such as PH, NPP, and NSP exhibited significant variation, suggesting 

their potential importance for future breeding programs. Promising candidates for the production of climate resilient and 

high yielding varieties were identified by the PCA and cluster analysis, which clearly differentiated genotypes based on 

the performance of qualitative and quantitative traits. The positive correlations among PH, PB, NPP, and NSP indicated 

the potential for improving overall yield. In addition to providing a solid foundation for soybean cultivar development 

initiatives. Three genotypes, UAFDO-SL-01, ORI-Soy-25, and ORI-Soy-91, were identified as superior genotypes and 

recommended for future breeding programs. 
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