
1.	Introduction
Soybean (Glycine	 max (L.) Merrill) is a globally cultivated 
legume believed to have originated from East Asia, particularly 
the northern and central regions of China [15]. It is a diploidized 
allotetraploid species (2n = 40), predominantly self-pollinated 
[18], and valued for its edible seeds, which serve as major 
sources  of  vegetable  oi l  and high-qual i ty  protein . 
Morphologically, soybean is an erect, bushy plant that thrives 
across tropical, subtropical, and temperate regions. Its 
exceptional nutritional composition—rich in protein, oil, and 
bioactive compounds such as iso�lavones—enhances its 
importance in food, feed, and industrial applications [16, 17]. 
Globally, soybean occupies about 124.9 million hectares, 
yielding approximately 348.7 million tonnes in 2018 (ref). The 
United States, Brazil, and Argentina accounted for most of this 
output, contributing about 87.2% of global production, followed 
by Asia (9.3%), Europe (2.7%), and Africa (0.8%). In Africa, total 
production was estimated at 3.56 million tonnes across 2.61 
million hectares, with Nigeria leading in West Africa at about 
393,860 metric tonnes [8, 9].
Yield in soybean is a complex quantitative trait in�luenced by 
multiple genes and strongly modulated by environmental 
factors [4]. The variability observed in yield and its related 
components arises from the combined effects of genetic 
constitution and environmental conditions, making the 
evaluation of genetic variability essential for effective selection 
in breeding programs. Estimates of heritability and genetic 
advance provide critical information on the extent of genetic 
control over a trait and the potential for improvement through 
selection [14]. Key yield components such as the number of 
pods per plant, seeds per pod, and total number of seeds are 
important determinants of productivity and are relatively 
simple to assess [19]. Several studies have reported signi�icant 
genetic variation among soybean genotypes for yield and 
associated traits. 
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For instance, [6] and [24] quanti�ied heritability, as well as 
phenotypic and genotypic coef�icients of variation and genetic 
advance for major yield components, while [21] analyzed 
genetic variability, heritability, and genetic advance across 124 
s o y b e a n  g e r m p l a s m  a c c e s s i o n s .  B i o m e t r i c 
parameters—including the genotypic coef�icient of variation 
(GCV), phenotypic coef�icient of variation (PCV), heritability, 
and genetic advance (GA)—remain indispensable tools for 
quantifying genetic variability and predicting potential genetic 
gains in soybean breeding [1, 2].
Understanding the genetic expression of yield-related traits in 
soybean is crucial for improving productivity and enhancing its 
contribution to food security. Such insights can guide the 
development of superior cultivars, support sustainable 
agricultural practices, and strengthen breeding programs under 
changing environmental conditions. The present study was 
therefore undertaken to evaluate the variability in yield-related 
traits of soybean and to analyze the interactions between 
genetic and environmental factors in�luencing these 
characteristics.

2.	Materials	and	Methods
Five soybean (Glycine	max L.) accessions used in this study were 
obtained from the National Centre for Genetic Resources and 
Biotechnology (NACGRAB), Ibadan, Nigeria (Table 1). The �ield 
experiment was conducted at the Department of Plant Science 
and Biotechnology, Adekunle Ajasin University, Akungba-
Akoko, Ondo State, Nigeria. The experimental site is located at 
latitude 7.20°N, longitude 5.44°E, and an altitude of 423 meters 
above sea level. A randomized complete block design (RCBD) 
with three replications was employed to ensure statistical 
precision and minimize environmental variation among 
treatments [22]. For each accession, three seeds were sown per 
planting hole. Each plot consisted of rows measuring 4 m in 
length, with a spacing of 60 cm between rows and 30 cm
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PCV = √Vp × 100
                x 
GCV = √Vg × 100
                 x
Where,
Vp: Phenotypic variance
Vg: Genotypic variance 
x: Grand mean
The genetic advance as a percentage of mean (GAM)	 was 
determined by using the formula provided by [13]

GAM = GA × 100
             GM
Where,
GA: Genetic advance
GM: Grand mean
Genetic advance (GA) was calculated according to [10] as:

2GA = H B x K x √Vp
Where,

2H B: Broad sense heritability
K: Constant also known as intensity of selection (2.06)

3.	Result	and	Discussion
3.1	Analysis	of	variance
The analysis of variance (ANOVA) results (Table 2) revealed 
signi�icant differences among the soybean accessions for all 
evaluated traits, indicating substantial genetic variability 
among them. These �indings align with those of [12], who 
reported similar variability patterns among soybean lines, as 
well as with studies by [7], [20], and [23]. The highest coef�icient 
of variation (CV) was observed for the number of leaves 
(29.33%), suggesting a greater environmental in�luence on this 
trait, while days to maturity recorded the lowest CV (7.15%), 
consistent with the �indings of [11] and [5].

Table	1:	List	of	Soybean	accessions	evaluated	for	quantitative	traits	performance	under	
�ield	conditions	

between plants within a row [22]. Irrigation commenced 
immediately after sowing and was applied twice daily during 
the early growth stages, then reduced to once daily 
approximately 45 days after planting. Weeding was carried out 
manually at regular intervals to minimize competition from 
weeds. A 10% cypermethrin solution was applied by spraying to 
control insect infestations.

2.1	Data	collection	
Data were collected on ten quantitative traits: plant height (cm), 
internode length (cm), number of leaves, number of branches, 
days to �lowering, number of pods per plant, seed yield per 
plant, pod weight (g), days to maturity, and 100-seed weight (g). 
Data were collected from three randomly selected plants from 
each accession in every plot, 14 days after the application of 
insecticide (cypermethrin). Measurements were taken using a 
ruler (cm), weighing balance, �ield notebook, and pen.

2.2	Statistical	Analysis
Data obtained from the experiment were subjected to analysis 
of variance (ANOVA) to determine signi�icant differences among 
treatments. Duncan's Multiple Range Test (DMRT) was 
employed to separate the means at a 5% probability level (P ≤ 
0.05).	 All statistical analyses were performed using SPSS 
software (version 20).
The phenotypic coef�icient of variation (PCV%) and genotypic 
coef�icient of variation (GCV%) were estimated using the 
method suggested by [3]

Table	2:	Mean	square	values	from	analysis	of	variance	(ANOVA)	for	quantitative	traits	among	soybean	accessions	evaluated	under	�ield	conditions

*:	signi�icant	at	P	≤0.05;	ns:	not	signi�icant.	

Df: Degree of freedom; CV: Coef�icient of variation; PH: Plant 
height: INL: Internode length; NL: Number of leaves; NB: 
Number of branches; DTF: Days to �lowering; NPP: Number of 
pods per plant; SYP: Seed yield per plant; PWT: Pod weight; 
NDM: Days to maturity; SW:100-Seed weight.

3.2	 Mean	 performance	 for	 quantitative	 traits	 among	
soybean	accessions	evaluated	under	�ield	conditions
Table 3 presents the mean performance of the evaluated 
soybean accessions for quantitative traits. 

Plant height ranged from 22.53 cm in NGBO3579 to 42.33 cm in 
NGBO3547, with NGBO2653 recording 34.40 cm. Internode 
length varied from 1.33 cm in NGBO3536 to 3.17 cm in 
NGBO3556. The number of leaves ranged from 35.67 in 
NGBO3579 to 54.33 in NGBO3556, while the number of 
branches varied between 14.67 in NGBO3579 and 29.67 in 
NGBO3547. The number of days to �lowering ranged from 57.67 
days in NGBO3547 (earliest) to 62.33 days in NGBO3536 
(latest). The number of pods per plant ranged from 29.67 in 
NGBO3536 to 85.67 in NGBO3556. Seed yield per plant ranged 
from 87.33 g in NGBO3536 to 213.33 g in NGBO3579, while pod 
weight ranged from 1.80 g in NGBO3579 to 2.57 g in NGBO3556. 
The 100-seed weight varied from 7.00 g in NGBO3547 to 12.70 g 
in NGBO3556. The number of days to maturity ranged from 
97.67 days in NGBO3536 (earliest) to 106.33 days in NGBO3579 
(latest).
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Table	3.	Mean	performance	for	quantitative	traits	among	soybean	accessions	evaluated	under	�ield	conditions	

Mean values followed by similar superscripts letter(s) within a 
column do not signi�icantly different from one another at P≤ 
0.05 according to Duncan's Multiple Range Test (DMRT). GM: 
Grand mean; PH: Plant height: INL: Internode length; NL: 
Number of leaves; NB: Number of branches; DTF: Days to 
�lowering; NPP: Number of pods per plant; SYP: Seed yield per 
plant; PWT: Pod weight; NDM: Days to maturity; SW:100-Seed 
weight.

3.3	Estimate	of	Genetic	Parameters
Table 4 presents the estimates of genotypic and phenotypic 
variances, genotypic and phenotypic coef�icients of variation 
(GCV and PCV), broad-sense heritability (H²B), and genetic

advance as a percentage of the mean (GAM) for the traits 
evaluated. The results revealed high GAM values for most of the 
studied traits, indicating substantial potential for genetic 
improvement through selection. However, days to �lowering and 
days to maturity exhibited moderate GAM values of 10.11% and 
18.51%, respectively, suggesting that these traits are relatively 
less in�luenced by additive gene effects and may respond more 
slowly to selection. Traits such as plant height (20.59%, 
30.08%), internode length (33.78%, 44.50%), number of leaves 
(31.51%, 43.05%), number of branches (22.63%, 36.03%), 
number of pods per plant (42.12%, 46.57%), seed yield per 
plant (36.77%, 42.14%), and 100-seed weight (20.05%, 
24.01%) exhibited high GCV and PCV values (>20%), indicating 
substantial genetic variability among accessions. Pod weight 
showed moderate GCV and PCV (11.07%, 19.44%), while days 
to �lowering (1.25%, 4.79%) and days to maturity (4.90%, 
8.66%) displayed relatively low values, suggesting limited 
variability for these traits.

Table	4:	Estimates	of	genetic	parameters	of	quantitative	traits	among	soybean	accessions	evaluated	under	�ield	conditions

GM: General mean; GV: Genotypic variance; PV: Phenotypic 
variance; GCV: Genotypic coef�icient of variation; PCV: 

2Phenotypic coef�icient of variation; H B: Heritability; GA: 
Genetic advance; GAM: Genetic advance as percent over mean.
PH: Plant height: INL: Internode length; NL: Number of leaf; NB: 
Number of branches; DTF: Days to �lowering; NPP: Number of 
pods per plant; SYP: Seed yield per plant; PWT: Pod weight; 
NDM: Days to maturity; SW: 100-Seed weight.
According to [26], the genotypic coef�icient of variation (GCV) 
and phenotypic coef�icient of variation (PCV) are classi�ied as 
low (0–10%), moderate (10–20%), and high (above 20%). The 
genetic parameter estimates from this study revealed 
considerable variability across all traits, with PCV values 
consistently higher than GCV, indicating environmental 
in�luence on phenotypic expression. Similar observations were 
made by [27]. The largest difference between PCV and GCV 
occurred in  internode length,  suggest ing a  strong 
environmental effect on this trait, while pod weight showed 
moderate variability and days to �lowering exhibited the lowest 
values for both parameters, in agreement with [6].
Heritability in the broad sense (H²B) quanti�ies the proportion 
of total phenotypic variance attributable to genetic factors, 
thereby indicating the degree of genetic control over a given 
trait. 

It serves as a critical parameter for identifying and selecting 
superior genotypes, particularly among homozygous lines. 
According to [25], heritability can be classi�ied as low (0–30%), 
moderate (30–60%), and high (>60%), while [13] categorized 
genetic advance as a percentage of the mean (GAM) as low 
(0–10%), moderate (10–20%), and high (>20%). In the present 
study, number of pods per plant, seed yield per plant, and 100-
seed weight exhibited high heritability coupled with high GAM, 
suggesting that these traits are largely governed by additive 
gene action and can be effectively improved through simple 
selection methods. Conversely, days to �lowering exhibited the 
lowest heritabil ity and GAM, indicating a stronger 
environmental in�luence on its phenotypic expression and 
limited genetic gain through selection.

3.4.	Pearson's	Correlation	Analysis
The Pearson correlation coef�icients among the quantitative 
traits are presented in Table 5. Plant height exhibited highly 
signi�icant positive correlations with the number of leaves (r = 
0.83**), number of branches (r = 0.80**), number of pods per 
plant (r = 0.66**), and seed yield per plant (r = 0.69**), as well as 
a signi�icant positive correlation with pod weight (r = 0.57*). In 
contrast, plant height showed a signi�icant negative correlation 
with days to maturity (r = –0.53*).
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Table	5:	Pearson's	correlation	for	quantitative	traits	among	soybean	accessions	evaluated	under	�ield	conditions

Internode length was positively and signi�icantly correlated 
with the number of pods per plant (r = 0.87**), seed yield per 
plant (r = 0.86**), and pod weight (r = 0.77**). The number of 
leaves also exhibited a strong positive correlation with the 
number of branches (r = 0.94**), while both traits were 
negatively associated with days to maturity (r = –0.65**). 
Furthermore, the number of pods per plant showed very strong 
positive associations with both seed yield per plant (r = 0.98**) 
and 100-seed weight (r = 0.88**), indicating that these traits are 
reliable predictors of yield performance among the soybean 
accessions.The Pearson correlation coef�icients among the 
quantitative traits are presented in Table 5. Plant height 
exhibited highly signi�icant positive correlations with the 
number of leaves (r = 0.83**), number of branches (r = 0.80**), 
number of pods per plant (r = 0.66**), and seed yield per plant (r 
= 0.69**), as well as a signi�icant positive correlation with pod 
weight (r = 0.57*). In contrast, plant height showed a signi�icant 
negative correlation with days to maturity (r = –0.53*).
Internode length was positively and signi�icantly correlated 
with the number of pods per plant (r = 0.87**), seed yield per 
plant (r = 0.86**), and pod weight (r = 0.77**). The number of 
leaves also exhibited a strong positive correlation with the 
number of branches (r = 0.94**), while both traits were 
negatively associated with days to maturity (r = –0.65**). 
Furthermore, the number of pods per plant showed very strong 
positive associations with both seed yield per plant (r = 0.98**) 
and 100-seed weight (r = 0.88**), indicating that these traits are 

reliable predictors of yield performance among the soybean 
accessions.
The Pearson correlation coef�icients among the quantitative 
traits are presented in Table 5. Plant height exhibited highly 
signi�icant positive correlations with the number of leaves (r = 
0.83**), number of branches (r = 0.80**), number of pods per 
plant (r = 0.66**), and seed yield per plant (r = 0.69**), as well as 
a signi�icant positive correlation with pod weight (r = 0.57*). 
Conversely, plant height showed a signi�icant negative 
correlation with days to maturity (r = –0.53*), suggesting that 
taller plants tend to mature earlier.
Similarly, internode length exhibited strong positive and 
signi�icant correlations with number of pods per plant (r = 
0.87**), seed yield per plant (r = 0.86**), and pod weight (r = 
0.77**), indicating its importance as a yield-contributing trait. 
The number of leaves was strongly and positively correlated 
with the number of branches (r = 0.94**), whereas both traits 
were negatively associated with days to maturity (r = –0.65**), 
implying that vigorous vegetative growth may shorten the 
crop's maturation period.
Furthermore, the number of pods per plant displayed 
exceptionally strong positive associations with both seed yield 
per plant (r = 0.98**) and 100-seed weight (r = 0.88**). These 
relationships highlight that pod number, seed yield, and seed 
weight are reliable indicators of yield potential and can serve as 
effective selection criteria in soybean breeding programs.

Correlation analysis reveals the nature and magnitude of 
associations among traits and serves as a valuable tool in 
breeding programs, as noted by [3]. Selection for positively 
correlated traits can result in simultaneous improvement of 
related traits, whereas selection for negatively correlated traits 
may hinder progress. In this study, plant height exhibited strong 
positive associations with the number of leaves, branches, and 
pods per plant, suggesting that taller plants generally produce 
more foliage and pods. Additionally, the number of pods per 
plant showed a strong positive correlation with seed yield per 
plant, indicating that increased pod production directly 
contributes to higher seed yield. Conversely, a negative 
correlation between the number of branches and days to 
�lowering suggests that genotypes with more branches tend to 
�lower earlier.

5.0	Conclusion
The results of this study revealed that the number of pods per 
plant, seed yield per plant, and 100-seed weight exhibited high 
heritability coupled with high genetic advance as a percentage 
of the mean (GAM). 

*:	Signi�icant	at	P	≤	0.05;	**:	Signi�icant	at	P	≤	0.01.	

PH: Plant height: INL: Internode length; NL: Number of leaves; NB: Number of branches; DTF: Days to �irst �lowering; NPP: Number of 
pods per plant; SYP: Seed yield per plant; PWT: Pod weight; NDM: Days to maturity; SW: 100-Seed weight.

This combination suggests that these traits are predominantly 
governed by additive gene effects, making them highly 
responsive to selection in breeding programs. The strong 
genetic control further implies minimal environmental 
in�luence, thereby enhancing the reliability of selection based 
on phenotypic performance, the positive and signi�icant 
correlation between the number of pods per plant and seed 
yield per plant underscores their importance as key selection 
criteria for yield improvement. Their responsiveness to 
selection provides soybean breeders with strategic 
opportunities to enhance productivity ef�iciently. Strengthening 
these yield-related traits could improve overall soybean 
performance and contribute to sustainable production systems, 
particularly amid the challenges of climate change and 
increasing global food demand.
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