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Abstract

The success of breeding programme relies on the variability present in the breeding material. Selection is also effective when there
is significant amount of genetic variability among the individuals in a population. The study aimed at assessing genetic variability,
heritability and genetic advance among yield and yield components of soybean genotypes. Eighty-two genotypes maintained at the
Agricultural Research Council-Grain Crops were planted in an alpha lattice design, replicated twice in Potchefstroom and Brits in
South Africa in 2017/18 growing season. Five plants per genotype were selected and yield and yield related traits were measured.
Data were analysed through analysis of variance and genetic parameters were estimated. The results showed highly significant
differences among the genotypes based on days to flowering, branch number per plant, hundred seed weight, pod weight per
plant, pod length, seed number per plant, seed number per pod and grain yield. Heritability of yield and yield components were
ranged from 5.9% to 100%. The most heritable traits were hundred seed weight (100 %), days to flowering (64.13 %) and seed
number per pod (67.37%). The genotypic variance ranged from 0.3% to 33% while the phenotypic variation ranged from 1.5% to
44%. The phenotypic and genotypic coefficient of variations was high for grain yield, medium for days to flowering and lowest for
hundred seed weight. The phenotypic coefficient of variations (PCV) was higher than genotypic coefficient of variation (GCV) for all
characters indicating the influence of environmental factors. The expected genetic advance was high for most of the traits,
medium for seed number per pod and hundred seed weight and low for pod number per plant. The expected genetic advance as
percent of mean was variable and high for all traits. There was vast variation observed among the soybean genotypes evaluated
based on the yield and yield related traits.
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Introduction

Soybean [Glycine max (L.) Merrill] belongs to genus Glycine. recorded to be 3 556 163 tonnes in area of 2 614 762
The genus Glycine wild is divided into two sub genera, hectares in 2018. In South Africa, the production was
Glycine and Soja. It is a diploidized allotetraploid (2n = 40) estimated to be 1 540, 000 in the production area of 787 200
and autogamous plant. North Eastern (Manchuria) region of hectares. Soybean is produced in almost all provinces of
the China is believed to be the center of origin and South Africa.

diversification center of the cultivated soybean. Soybean is It is a valued finding to understand genetic diversity and
one of the most important oil and legume crop grown relationship for facilitating the transfer of useful genes
globally. It grows in the tropics and sub-tropics for human among cultivated species and to maximize the use of
and animal consumption as well as industrial purposes. It available germplasm resources. The extent of genetic
contains 40 to 42% good quality protein and 18 to 22% oil, diversity in germplasm can be assessed through
which comprise 85% unsaturated fatty acids. The oil from morphological characterization. The characterized material
soybean is free from cholesterol, so it is highly desirable in then helps the plant breeders to select the accessions to be
the human diet (Aslam et al., 1995). Besides fixing the utilized in hybridization programme (Ghafoor et al., 2002).
atmospheric nitrogen, this crop has the ability to grow in a An investigation of genetic relatedness at a broad level may
wide range of environments, to reduce soil erosion, to provide important information about the historical
suppress weeds and to suit inter and sequential cropping relationship among different genotypes. It reveals genetic
patterns. backgrounds and relationships of germplasm and also
According to FAO (2020) soybean is produced worldwide in provides strategies to establish, unitize and manage crop
an area of 124921 956 hectares and the production core collections (Brown-Guedira et al., 2000). Therefore, the
recorded in 2018 was 348 712 311 tonnes. The highest knowledge of the genetic variation within accessions from
producers were United States of America followed by Brazil germplasm collections is essential to the choice of strategies
and Argentina. Of the total world production, America to incorporate useful diversity in the program, to facilitate
produced 87.2%, Asia produced 9.3%, Europe was 2.7%, and the introgression of genes of interest in commercial
0.8% was produced in Africa. Africa’s production was cultivars, to understand the evolutionary relations among
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accessions, to better sample germplasm diversity, and to
increase conservation efficiency (Fu, 2003).

Morphological characters have long been used to identify
species and genera, to evaluate systematic relationships,
and to discriminate between varieties (Smykal et al., 2008).
In breeding practice and seed production, the role of
morphological descriptors is very important, since the
distinguishing between varieties can be done quickly and
precisely. A few genes, thus easily observable and suitable
for cultivar differentiation and identification, usually control
qualitative traits. On the other hand, quantitative traits have
more limitations in cultivar description, since they are
affected by environment, developmental stage of the plant
and the generation of selfing of breeding material. The
quantitative traits include yield and yield parameters of
which are observable for determination of vyield
performance of various genotypes. Their performance is also
dependable on the environment and may be specific to a
certain agro-ecology. Hence, determining the genetic
parameters of genotypes is of paramount importance for
parental selection and recommendations to the farmers.

For the effective selection of superior genotype to use in
hybridization programme for the development of superior
varieties, proper study of genetic variability due to genetic
and non-genetic causes and other genetic parameters is
necessary (Prasad et al., 2012). There has been many studies
on genetic variation conducted by various researchers in
soybean. Ravindra et al. (2017) and Baraska et al (2014)
studied genetic variation on soybean yield and yield related
traits where the authors estimated heritability, phenotypic
and genotypic coefficient of variations, determination of
genetic advance and genetic advance as a percent of mean.
Neelima et al (2018) determined genetic variability,
heritability and genetic advance on one hundred and twenty
four soybean germplasm accessions. Genetic parameters like
the genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), heritability and genetic
advance (GA) are useful biometric tools for measuring
genetic variability (Aditya et al., 2011). Hence, characterizing
the genetic background of soybean and determining
breeding values should be done before carrying out any
improvement programme (Agong et al., 2001). The
Agricultural Research  Council-Grain  Crops (ARC-GC)
maintains more than two thousand soybean germplasm
accessions in the gene bank. Some of the material has not
been characterised for identification of good agronomic
traits and yield parameters. Hence, the objective of the
study was to assess genetic variability, heritability and yield
and vyield-related traits among soybean genotypes
maintained by the ARC-GC.

Results

Analysis of variance

Results of analysis of variance for the nine agronomic traits
for the eighty-two soybean genotypes are shown in Table 3.
The data showed highly significant differences for site,
genotype and their interaction for days to flowering, seed
number per plant, and seed vyield. Highly significant
differences were also observed for site on branch number,
pod number per plant, pod weight, seed number per plant,
and seed yield per plant. Genotype was also significant for
days to flowering, branch number, pod length, pod weight,
seed number per pod, seed yield and seed number per
plant. Highly significant differences were observed for site x
genotype for days to flowering and significant differences
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were recorded for seed number per plant and seed yield per
plant.

Variance components, coefficients of variation, heritability
and genetic advance analyses

Table 4 shows phenotypic, genotypic and environmental
variances, and coefficient of variation, broad sense
heritability and response to selection of the eighty-two
soybean genotypes. Phenotypic variation ranged from 0.01
to 847.6. The phenotypic variation was high for grain yield
per plant followed by days to flowering and lower in
hundred seed weight. The genotypic variation was high for
grain yield and lower for pod number per plant. It ranged
from 0.00 to 4750.00. The phenotypic variances were higher
than the genotypic variances. The environmental variance
ranged from 0.01 to 372.60 with grain yield being the
highest followed by days to flowering and the lowest
variance was observed in hundred seed weight. Phenotypic
coefficient of variation ranged between 0.85 and 44.89. The
genotypic coefficient of variation also ranged between 0.84
and 33.60. The phenotypic and genotypic coefficients of
variations were high for grain yield, followed by days to
flowering and the lowest was hundred seed weight.
Generally, the phenotypic variances of all the traits were
higher than the genotypic variances indicating an influence
of environmental effects in the expression of the traits to a
certain extent.

Broad sense heritability (Hz) of the traits under study ranged
from 5.88 to 100%. The heritability was high for hundred
seed weight (100%), followed by seed number per pod
(67.37%) and days to flowering (64.13%). The lowest
heritability values were observed for pod number per plant
(5.88%), pod weight (20.81%), seed number per plant
(21.85%) and branch number per plant (31.36%). The genetic
advance (GA) ranged from 2.63 to 3365.87 with grain yield
being the highest, followed by days to flowering and the
lowest value was recorded for pod number per plant. The
percent of genetic advance (GAM) was highest for pod
weight (31488.75), followed by grain yield (8002.22), and
seed number per pod (2632.79) and lowest for pod number
per plant (128.27). High genetic advance as a percent of
mean coupled with high heritability were recorded for
hundred seed weight, seed number per pod and days to
flowering. High heritability values coupled with high genetic
advance values was recorded for days to flowering.

Clustering

A dendrogram was constructed and the genotypes were
grouped into five clusters (Figure 1). The first two clusters
had one genotype each, PR 154-22 and Santa Rosa, which
shows that they are distantly related with other genotypes.
The fourth clusters consisted of two genotypes which were
also closely related to each other but distantly related with
the others. The genotypes were F 82-7145 and F 82-7824.
The genotypes in cluster two and five were subdivided into
sub-clusters with the closely related being grouped together
and the others between the sub-clusters being distantly
related.

Discussion

The highly significant mean squares due to genotypes
signified the presence of variability within the genetic
materials under investigation. The significant differences due
to sites indicates differences of the climatic conditions of the
selected sites and the responses of the material grown.



Significant interaction of genotypes by sites indicated the
existence of a wide range of variations among genotypes
and between sites selected and that different genotypes
reacted differently to varying environments. This suggests
that there is enough reasons for selection of traits from
among the different sources of planting materials for yield
and yield component traits. Similarly, Narayanankutty et al.
(2005), and Jandong et al. (2019) recorded highly significant
variation in most yield parameters among the soybean
genotypes signifying the existence variability. According to
plant breeders, it is important to obtain great genetic
variability for selection in plants, imposition results that in
fact promote significant genetic gains (Bernardo, 2010; Cruz
et al., 2011).

Generally, the phenotypic variances of all the traits were
higher than the genotypic variances indicating an influence
of environmental effects in the expression of the traits to a
certain extent. These results concur with the report by
Neelima et al. (2018) and Ravidra et al. (2017). According to
Deshmukh et al. (1986), PCV and GCV values greater than
20% are regarded as high, whereas values less than 10% are
considered low and values between 10% and 20%
considered medium. The phenotypic and genotypic
coefficients of variations were high for grain yield, medium
for days to flowering and lowest for hundred seed weight.
This is attributed to the preponderance of additive gene
action and possesses high selective value and thus, selection
pressure could profitably be applied on this character for
their improvement (Neelima et al 2018). High magnitude of
GCV observed in grain yield indicates the presence of wide
variation to be allowed for further improvement by selection
(Jandong et al., 2020). These results are in agreement with
the findings by Jandong et al. (2020), Neelima et al (2018),
Lukman et al (2014), Mahbub et al. (2015), and Pushpa et al.
(2013). The PCV was found to be higher than GCV, which
indicates the important role of environment in the
expression of the characters. The slight differences of PCV
and GCV were seen in almost all the characters except the
grain yield. This shows that the influence of environmental
factors on the performance of phenotype is low (Aditya et
al., 2011; Malek et al., 2014). Akram et al. (2016) stated that
the low environmental factor causes a selection based on
those characters would be effective. Other authors also
reported small differences between the PCV and GCV
(Mahbub et al., 2015; Nirmaladevi et al., 2015). The results
of the phenotypic and genetic coefficient of variation show
presence and wide genetic variation existing among the
soybean genotypes maintained by the ARC-GC.

Heritability estimates are considered in understanding the
pattern of inheritance of quantitative character like seed
yield and yield components. Similarly, genetic advance is
also a useful measure to predict gain in specified selection
intensity. However, when it is considered along with
heritability becomes more valuable to predict response to
selection than the heritability estimates alone (Johnson et
al., 1955). In this study, heritability was high for hundred
seed weight, seed number per pod and days to flowering,
which concurs to the reports from the study by Aditya et al.
(2011), Aditya et al. (2011), Osekita and Olorunfemi (2014)
and Kwusantoro et al. (2018). The high estimate of broad
sense heritability revealed that the characters could be
effectively used for cultivar development and hybridization
program. Heritable variation of different yield parameters is
useful for permanent genetic improvement (Singh, 2000).
The most important function of heritability in the genetic
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study of quantitative characters is its predictive role to
indicate the reliability of the phenotypic value as a guide to
breeding value (Dabholkar, 1992; Falconer and Mackay,
1996). High heritability estimates for some of the phenotypic
traits indicate less influence of environments, and so there is
a good chance for the improvement of these traits through
direct selection (Kumar et al., 2012).

Genetic advance measures the expected genetic progress
that would result from selecting the best performance
genotypes for a given characters (Allard, 1960). The genetic
gain that can be obtained for a particular trait through
selection is the product of its heritability, phenotypic
standard deviation and selection differential (Burton, 1952).
High heritability coupled with high genetic advance was
observed for days to flowering, on the other hand, high
heritability coupled with low genetic advance were observed
for hundred seed weight and seed number per pod. High
genetic advance as a percent of mean coupled with high
heritability were recorded for hundred seed weight, seed
number per pod and days to flowering. High heritability
values coupled with high genetic advance values was
recorded for days to flowering, which suggested that this
trait can be considered as a favourable attribute for the
improvement through selection and this may be due to
additive gene action Panse (1957) and thus, could be
improved upon by adapting selection without progeny
testing. Additionally, high heritability values coupled with
low genetic advances were recorded for hundred seed
weight and seed number per pod revealing the
predominance of non-additive gene action. High heritability
coupled with high genetic advance as a percent of mean was
recorded for hundred seed weight, seed number per pod
and days to flowering. Similar results were reported by
Bangar et al. (2003), Hina Kausar et al. (2005), Abady et al.
(2013), Chandel et al. (2013), Amit et al. (2014), Mahbub et
al. (2015), Yadawad et al. (2015) and Savita and Koti (2016).
The estimate of heritability along with genetic advance gives
the idea about the genetic architecture of the population.
Several researchers (Baraskar et al., 2014; Chandrawa et al.,
2017; Malek et al., 2014; Mishra et al., 2015; and Reni and
Rao, 2013) have also calculated genotypic and phenotypic
components of variance, heritability and genetic advance for
different yield characters in soybean. The authors revealed
that selection was effective for a population with broad
genetic variability and character with high heritability.
Heritability provides useful information on the magnitude of
the inheritance of traits from original parents to their
progenies, while genetic advance is helpful in finding the
actual genetic gain expected under selection (Larik et al.,
2000, Nwangburuka and Denton, 2012, Ogunniyan and
Olakojo, 2015).

The most diverse genotypes were PR 154-22, Santa Rosa, F
82-7145 and Vicoja among others. Clustering of genotypes
aid in selecting the most diverse genetic material, potential
parents for hybridization and for transgressive segregation
and prospects of getting high hetersosis. Many authors have
used clustering in soybean for assessment of presence of
genetic diversity (Marconato et al., 2016; Ibiduni et al.,
2020). The findings in this study concur with the reports
given by Ojo et al., (2012) and Dayaman et al. (2009) who
found six cluster groups among 45 genotypes of soya bean
and Mehetre et al. (1994) who reported nine distinct
clusters in 43 accessions of soya bean.



Table 1. Agro-morphological characters measured in the study.

Days to 50% flowering DFW The number of days from date of sowing to the stage where 75% of
the buds have fully flowered.

Branch number BRN Number of branches counted per plant

Hundred seed weight (g) HSW Weight of hundred seeds measured in grams

Pod Number per plant PNP Number of pods produced per plant

Pod weight (g) PWT Weight of pods produced per plant

Pod length (mm) PDL Length of the ten selected pods per plant

Seed number per pod SNP Number of seeds produced per pod

Seed number per plant SNT Number of seeds produced per plant

Yield per plant (g) GYD Total weight of seeds per plant.

Table 2. List of germplasm used in the study.

1 12950 42 Hernon

2 14/6/32 43 HERON

3 165/5 44 IBIS

4 21/6/23/2 45 Impala

5 23545 46 Jackson

6 26090 47 Jupiter

7 28/6/54 48 Mack 6

8 40913 49 Maksura

9 42897 50 Mojiana

10 42912 51 MTD 63

11 44000 52 N69-2774
12 44007 53 ND 85

13 54S 116 54 ORIBI

14 545219 55 Pl 170889/(R56-49)
15 54595 56 PR 133 (484)
16 69510 57 PR 144-4
17 69 S 13 Seleksie 58 PR 144-9
18 69519 59 PR 145-2
19 85/05/ 60 PR 154-13
20 89/05/ 61 PR 154-14
21 AGS 239 62 PR 154-22
22 B 66 S 365 63 PR 154-47
23 B 66S 385 64 PR 164-20
24 Chippewa 63 65 PR 164-22
25 Coc Chum 66 PR 165-3
26 ColumbiaM 8 A 67 PR 165-31
27 Crawford 68 PR 165-50
28 D64-4636 69 PR 165-52
29 D66-8666 70 R 5-4-2 M
30 DB 1601 71 Rhosa ligte hilum
31 DUNDEE 72 S4-A,P,4

32 EGRET 73 Santa Rosa
33 Essex 74 Shelby

34 F 82-7145 75 Soja (pautena)
35 F 82-7656 76 SSS 2

36 F 82-7824 77 SSS 3

37 Grant 78 TN 81-46
38 Gx Gous 79 UFV-1

39 Hampton 266 A 80 Vicoja

40 Hawkeye 81 Yeluanda
41 Hawkeye (USSR) 82 Yubelejuaja
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Figure 1. A dendrogram showing clustering of soybean genotypes based on yield and yield components.

Table 3. Analysis of variance of nine agronomic traits in soybean across two sites in 2016/17 growing season.

Site 1 56195.97***  145.5ns 38.694***  10.80ns 175456***  81304.0***  1398926***  0.0000ns 38338.5%**
Genotype 81 276.42*** 248.7ns 3.710%** 37.48%* 5951ns 1283.9*** 13898* 0.5079***  £91.5**
Site*genotype 89 188.89*** 186.3ns 1.919ns 24.83ns 5632ns 1144.5ns 15209** 0.0000ns 670.7**
Residual 143 66.55 234.2 2.474 22.73ns 6546.0 876.5 9799 0.1572 425.7

SOV = Source of variance, DF = degrees of freedom, ns = non-significant, *** = significant at P<0.001, ** = significant at P <0.025 and * = significant at P <0.05.

Table 4. Phenotypic, genotypic and environmental variances and coefficient of variation, broad sense heritability and response to selection of the nine yield related traits of soybean genotypes.

2

8,p 5,8 5,6 PCV GCV H GA GAM

HSW 0.01 0.01 0.01 0.85 0.84 100.00 19.41 1545.73
DFW 168.63 108.14 60.49 15.51 12.42 64.13 1717.93 2450.50
BRN 2.95 0.93 2.03 7.36 4.12 31.36 111.17 2037.82
PNP 0.05 0.00 0.04 1.51 0.37 5.88 2.63 128.27
PWT 0.06 0.01 0.04 1.81 0.82 20.81 550.84 31488.75
PDL 21.05 5.6 15.45 7.36 3.79 26.60 251.80 647.77
SNP 0.28 0.19 0.09 3.17 2.59 67.37 73.52 2632.79
SPT 0.06 0.01 0.04 1.56 0.73 21.85 10.63 466.48
YDP 847.60 475.00 372.60 44.89 33.60 56.04 3365.87 8002.22
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Materials and methods

Plant material, trial layout and management

Eighty-two genotypes maintained by the Agricultural
Research Council-Grain Crops are shown in Table 2. The
genotypes were planted in 2017/18 growing season in
Potchefstroom (26.7145° S. 27.0970° E) and Brits (25.6100°
S. 27.7960° E) in the North West Province of South Africa.
The trials were laid out in alpha lattice designs replicated
two times. Each plot consisted of two 4 m length rows with a
spacing of 75 cm between the rows and 10 cm between the
plants. Fertilizer 2:3:4 was applied before planting. The
plants were irrigated using sprinklers three times a week.
The pre- and post-emergent herbicides (Metagan and
Basagran) were used to control the weeds as well as manual
weeding. Lime Ammonium Nitrate was top dressed 45 days
after germination, before the plants flower. The cultural
practices were applied as per soybean planting
recommendations.

Data Collection
Five plants were evaluated from each replication of each
genotype. The characters shown in Table 1 were measured.

Data Analysis

Analysis of variance was performed for all traits in order to
test the significance of variation among the genotypes using
GenStat version 18. The replications and blocks were treated
as fixed factors whereas genotypes, environment and their
interactions were treated as random factors. The linear
model used for data analysis was:

Yijkl = p+ Gi + Ej + Rk(j) + BI(jk) + GEij + Eijkl

Where, Yijkl is the observed value of genotype | in block |
and replication k of environment j, i is the grand mean, Gi is
the effect of genotype i, Ej is the environment or location
effect, Rk(j) is the effect of replication k in environment j,
Bl(jk) is the effect of block | in environment j and replication
k, GEij is the interaction effect of genotype | with
environment j, and eijkl is the error (residual) effect of
genotype | in block | and replication k of environment j. A
dendrogram was constructed using RStudio in R statistical
package.
The genetic parameters including genotypic and phenotypic
variance components and coefficient of phenotypic and
genotypic variability were estimated according to Burton
(1951) and Singh and Chaudhary (1985). The formulae are
as follows:

62g = MSe — MSg/r

Where: MSg = mean square due to genotypes,
MSe = error mean square

r =the number of replication

Environmental variance (62e) = error mean square
= MSe

Phenotypic variance (62g) = 62g + 6'2e)
Phenotypic coef ficient of variance (PCV)
_ Gyé82

= p x 100
xmean

Genotypic coef fcient of variation (GCV)

\J62g
—x

= 100
xmean

Where: xmean = grand mean of a character

Heritability (HZ): heritability in broad sense for all characters
was computed using the formula given by (Falconer et al.,
1996).

Heritability (H2) 929 100
eritaotll ==X
y 62p

Where: H® = heritability in broad sense

-

= Phenotypic variance

.

=
< = Genotypic variance

Genetic advance in absolute unit (GA) and percent of the
mean (GAM), assuming selection of superior 5% of the
genotypes was estimated in accordance with the methods
illustrated by Johnson et al. (1955) as:

GA = K6PH2

Where: K=the standardized selection differential at 5%
selection intensity (k=2.06)

s, =phenotypic standard deviation on mean basis
H2=heritability in broad sense

Genetic advance as percent of mean was calculated to
compare the extent of predicted advance of different traits
under selection, using the following formula:

GAM = GA 100
_Yx

Where: GAM= genetic advance as percent mean
GA= genetic advance under selection

X Mean of the population in which selection employed

Conclusions

Analysis of variance revealed enormous genetic variability
among the soybean genotypes studied. The phenotypic and
genotypic coefficients of variations were high for grain yield,
medium for days to flowering and lowest for hundred seed
weight. This was attributable to the preponderance of
additive gene action and possession of high selective value
and thus, selection pressure could profitably be applied on
these characters for further improvement. The phenotypic
coefficient of variations (PCV) were higher than genotypic
coefficient of variation (GCV) for all characters indicating the
influence of environmental factors. High estimates of
heritability coupled with high genetic advance and genetic
advance as a percent of mean were recorded for days to
flowering, hundred seed weight, and seed number per pod.
The high estimate of broad sense heritability revealed that
the characters could be effectively used for -cultivar
development and hybridization programmes. The expected
genetic advance was high for most of the traits, medium for
seed number per pod and hundred seed weight and low for
pod number per plant. The expected genetic advance as
percent of mean was high for all traits. There was vast
variation observed among the genotypes.
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