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Abstract  

Knowledge on genetic variability forms the basis of a successful crop improvement. Unfortunately, 
Kenyan soybean accessions have not been characterized and little efforts have been made to assess their 
genetic variability and use it in the breeding programme. This study was conducted to evaluate genetic 
variability, heritability and genetic advance among Kenyan soybean accessions and other introductions. 
One hundrend and ten (110) soybean genotypes were evaluated in three locations (Embu, Mwea and 
Igoji) for 2 seasons using alpha lattice design arranged in 10 rows x 11 columns replicated three times. 
The genetic variability was estimated using variance components. Genotypes were grouped using 
hierachial cluster analysis. High to moderate genotypic coefficients of variation were observed for pod 
shattering, lodging scores, number of pods/plant, plant height and grain yield indicating sufficient 
variability of these characters for genetic improvement through simple selection. High heritability 
estimates coupled with high genetic advance were recorded for plant height, pod shattering and 
number of pods/plant indicating additive mode of gene action. Cluster analysis grouped the accessions 
into two major clusters. The clustering pattern had no clear relationship between the origin of the 
accessions and the genetic diversity. However, clustering was based on the similarity of traits, 
impliying that genotypes from a certain cluster with greater similirities of a particular trait may be 
selected for hybridization. In this regard, genotypes GBK 033245, GBK 033251, GBK 045342, GBK 033229 
and BRS MG46 would be selected and incorporated in hybridization programme to develop high 
yielding soybean varieties. Similarly, genotypes Dowling and PI 2007477A would be selected for 
developing short, early maturing, lodging resistant and large seeded genotypes. This study confirmed 
the presence of variability and an opportunity for breeders to exploit additive gene effects and 
hybridize diverse parents with complimentary traits to obtain desirable segregating generations that 
will eventually improve soybean yields and other attributes. 

Key words: soybean genetic variability, heritability, genetic advance and cluster analysis. 

Introduction 

Soybean (Glycine max (L.) Merill) occupies an important position among grain legumes for its 
economic benefits. In Kenya, interest in soybean is increasing, largely due to the recognition of its 
nutritive value for both humans and livestock. However, its production is just a fraction of what is 
demanded by the food and feed processors. While this demand is projected to increase to about 150,000 
tons per year for the next 10 years, the production in the farmer’s field is estimated to be less than 
10,000 tons (Wasike et al., 2009). The deficit (140,000 tons) has to be acquired through importation from 
the neighbouring countries. Therefore, there is need to increase local soybean production, primarily by 
breeding better soybean varieties.  
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The development of high yielding varieties will depend on the presence and magnitude of the genetic 
variability available in a population (Karnwal and Singh, 2009). Hence, the assessment of genetic 
diversity is useful to plant breeders for the selection of divergent parents that are suitable for 
hybridization (Tyagi and Sethi, 2011). According to Tyagi and Khan (2010) crosses involving diverse 
parents with complimentary traits are anticipated to produce promising heterotic effects and a wide 
range of genetic variability, which will provide an opportunity of attaining desirable recombinants or 
segregating generations. Unfortunately, no studies have been conducted to assess the genetic variation 
on soybeans available in Kenya. This study could play an important role in formulating a breeding 
programme that will aid in selecting superior genotypes for the development of new varieties. 
Therefore the objective of this study was to (i) determine genetic variability, heritability, genetic 
advance and the pattern of genetic diversity among Kenyan soybean accessions and other introductions 
and (ii) identify the most divergent parents for future breeding program. 

Materials and methods 

Germplasm sources and study location 

Soybean germplasm used in this study consisted of 10 genotypes acquired from Makerere University 
(Uganda), 6 from Pannar seed company (South Africa), 64 from National gene bank of Kenya 
(Muguga), 26 from Kenya Agricultural Research Institute (KARI-Njoro) and 4 from farmers’ field as 
presented in Appendix 1. All the genotypes were evaluated in three locations i.e. KARI-Embu, KARI-
Mwea and KARI-Igoji. KARI-Embu is located at latitude 000 30’S and longitude 37°42’E at 1508 m 
above sea level, with an average rainfall of 1200-1495 mm per year. The mean temperature ranges 
between 14.1 and 250C and the soil type is Humic nitosol. KARI-Igoji is located at latitude 00034’S and 
longitude 37o19’E, at 1189 m above sea level, with mean annual rainfall of 1095 mm and temperatures 
ranging between 20.9 to 22.9ºC. The soil type is Eutric nitosol. KARI-Mwea is situated at latitude 000 
37’S and longitude of 37o 20’E, at an altitude of 1159 m above sea level. This site receives a mean annual 
rainfall of 850 mm and the temperature ranges from 15.6ºC to 28.6ºC with a mean of 22.8ºC. The soil 
types are nitosols. All the sites have a bimodal rainfall pattern, with long rains received between mid-
March and June, and short rains in Mid-October to early January. 

Experimental layout and data collection 

The experiments were conducted for two seasons during short rains (October-December) and long rain 
(April to July) between 2010 and 2011. Soybean accessions were sown in plots consisting of three rows 
of 2 m long spaced at 30 cm between rows and 15 cm within the rows. The experiments were laid out in 
alpha lattice arrangement (10x11) replicated three times. Five soybean plants were selected at random 
in every plot to observe quantitative data as described by Cho et al. (2008). Data on days to 50% 
flowering, days to 75% maturity, plant height (cm), number of pods/plant, number of seeds/pod, 
lodging scores, shattering scores, branching ability, grain yield (kg) and 100 seeds (g) were collected. 

Data analysis 

All the data was subjected to analysis of variance (ANOVA) using Genstat statistical package (12th 
edition) for all the traits measured to test the significance of variation among the accessions. Data on 
lodging scores, branching ability and shattering scores were square root transformed before analysis of 
variance. The estimation of the variability parameters were calculated as suggested by Johnson et al. 
(1955) and Al-Tabbal and Al-Fraihat (2012). Cluster analysis was performed on the Euclidean distance 
matrix with the unweighted pair group method based on arithmetic averages (UPGMA). The 
relationship between genotypes was presented using a dendrogram (Powell et al., 1996). 

Results and discussion 

Genetic variability 

The means, phenotypic and genotypic coefficient of variation, broad sense heritability, genetic advance 
and genetic gains are presented in table 1. The genotypic coefficient of variation (GVC) and phenotypic 
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coefficient of variation (PVC) showed a wide range of estimates for all the characters. The genotypic 
variation of coefficient (GVC) recorded moderate to high estimates for shattering ability, lodging scores, 
number of pods per plant, plant height and grain yield indicating sufficient variability of these 
characters for genetic improvement through simple selection. High to moderate variability for seed 
yield and other traits in soybeans have also been reported by Karnwal and Singh (2009). Low GCV and 
PVC estimates observed for days to 75% maturity, days to 50% flowering, plant stand and pod length is 
a sign of a narrow range of variation that exists in these traits indicating a slightly low scope of 
selection. Bangar and Mukbekar (2003) reported similar findings for days to maturity and flowering in 
soybeans. 

Close PVC and GCV values observed for days to 75% maturity, days to 50% flowering, pod length, 
plant height, 100 seed weight and branching ability implies that the observed variability among 
soybean genotypes were mainly attributed to genetic factors while the environmental influence on the 
expression of these characters were minimal. Therefore selection of these characters based on 
phenotypic appearance is likely to have a substantial improvement at early generations. These findings 
are in accordance with observations reported by Aditya et al. (2011). However, higher PVC estimates 
than GVC estimates for lodging scores, grain yield, plant stand and shattering ability suggest that these 
characters were greatly influenced by the environment and the genetic factor had a low expression for 
these characters. Therefore selection of such characters needs to be done carefully because 
environmental fluctuations are unpredictable and the results can be misleading (Karnwal and Singh, 
2009).  

Although the coefficient of variation provides information on the extent of total variability existing in 
characters, it does not partition this variability into heritable and non-heritable variations (Govindaraj et 
al., 2011). In this case heritability becomes an important parameter as it precisely indicates the heritable 
expected gains, thus providing information on the suitability and the method of selecting a particular 
character (Selvaraj et al., 2011). In this study, broad sense heritability estimates for all the characters 
recorded more than 50% except for plant stand (11.9%). Heritability exhibited high values for plant 
height (94.49%). This was closely followed by number of days to 75% maturity (94.09%), days to 50% 
flowering (92.81%), pod length (91.99%), shattering ability (91.73%), 100-seed weight (89.68%), pods per 
plant (83.28), branching ability (81.11%) and seeds per pod (71.81%). This indicates that a large portion 
of phenotypic variance is due to genotypic variance which is responsible of transmitting genes to the 
offsprings. Therefore reliable selection of these characters is possible based on their phenotypic 
performance as they are less influenced by environmental factors. Ramteke et al. (2010) and Malik et al 
(2006) also reported high heritability for different traits in soybeans. Other characters such as grain 
yield (56.79%) and lodging scores (59.56%) exhibited moderate heritability values.  

According to Johnson (1955) heritability alone does not provide information on the genetic progress for 
an effective selection of the best individual. It is therefore important to combine high heritability 
estimates with genetic gains and GVC values which are powerful indicators of additive gene action. 
Based on this consideration, this study revealed that plant height, pod shattering and number of pods 
per plant exhibited high broad sense heritability coupled with high genetic gain, indicating the presence 
of additive gene action and that improvement of such characters would be effective through selection. 
Aditya et al. (2011) also reported high heritability coupled with genetic gain for number of pods per 
plant, dry matter weight per plant and plant height.  

High heritability coupled with moderate genetic advance were also recorded for 100 seed weight, days 
to 75% maturity, days to 50% flowering and branching ability suggesting that the expression of these 
traits are controlled by both additive gene action and non additive gene action. Therefore, these 
characters could be effectively improved through mass selection or progeny testing. Similar findings 
were reported in wheat (Tripathi et al., 2011). However, other characters such pod length and number of 
seeds per pod showed high heritability estimates coupled with low genetic gain suggesting that these 
characters are controlled by non additive gene action. In this case the improvement of these characters 
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through early generation selection is not likely to provide reliable results but they can be successfully 
improved through heterosis breeding. High heritability with low genetic advances were also reported 
by Ramteke et al. (2010) and Aditya et al. (2011) for protein and oil content, number of primary branches 
per plant, 100 seed weight and days to 50% flowering.  

 

Table 1: Means, phenotypic and genetic variability, heritability, genetic advance and genetic gains estimates for soybean 
traits 

Traits Range Grand mean GV PV PCV% GCV% H % GA Gg % 

100 seed wt  7.40-32.78 18.29 12.32 13.73 20.27 19.19 89.68 6.85 37.44 

Branching 5.000- 8.66 7.24 1.16 1.43 16.52 14.88 81.11 2 27.6 

Flowering 24.00- 84.00 45.5 45.83 49.39 15.44 14.88 92.81 13.44 29.53 

Grain yield 104-10778 1794 155700 274167 29.19 21.99 56.79 612.56 34.14 

Lodging 1.000-8.72 2.02 2.08 3.49 92.73 71.56 59.56 2.29 113.78 

Maturity 69-152.00 96.88 179.19 190.45 14.24 13.82 94.09 26.75 27.61 

Plant stand 12.12-100.00 65.22 6.1 51.25 10.98 3.79 11.9 1.76 2.69 

Plt Height 5.00-121.50 34.45 283.23 299.75 50.26 48.85 94.49 33.7 97.82 

Pod length  2.600-6.35 4.61 0.29 0.32 12.25 11.74 91.99 0.92 23.2 

pos/plt 10.5-310.00 63.67 612.52 735.47 42.59 38.87 83.28 46.53 73.07 

Seeds/pod 1.000- 3.500 2.63 0.08 0.12 13.05 11.06 71.81 0.51 19.31 

Shattering 1.000- 8.72 2.08 7.8 8.5 140.32 134.39 91.73 5.51 265.14 

GV is Genotypic variance, PV is Phenotypic variance, PCV is Phenotypic coefficient of variation, GCV is 
Genotypic coefficient of variation, H is Broad Heritability, GA is Genetic advance and Gg is the Genetic 
gain. 

Cluster analysis 

Hierachial cluster analysis was performed using the average linkage grouping for 12 quantitative traits 
and it was presented using a dendrogram (Figure 1). The dendrogram classified soybean genotypes into 
two distinct major clusters. The first cluster contained 30 genotypes of which 8 were from National 
genebank of Kenya, 11 from KARI, 9 from Uganda and 2 from the farmer’s field. The second cluster had 
the largest number of genotypes (80) from different sources, of which 15 were from KARI, 56 from Gene 
bank and 2 from farmer’s field. All the genotypes (6) from South Africa and 1 genotype from Uganda 
were also classified under this category. Based on these result it was clear that genotypes from the same 
source were not necessarility grouped in the same cluster and vice versa. This is an indication of 
genotypes from heterogenious origins, suggesting that the clustering pattern had no clear relationship 
with the origin of the germplasm. Malik et al. (2011; 2009) also reported difficulties in establishing the 
relationship between the origin of the accessions and the clustering pattern. This trend implies that the 
origin of accessions is not the only cause of the genetic diversity. Random distribution of accessions 
from different sources into the same group may also be as a result of undirectional selection pressure 
applied for yield maximazation in different enviroments. In addition, exchange of germplasm among 
different regions could lead to genetic diversity due to modification of the breeding germplasm. 
Another possible reason for this type of clustering is genetic drift (Sirohi and Dar, 2009). For this reason, 
parents for hybridization shoud be selected based on genetic diversity instead of geographical diversity. 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

5 

Although origin of the germplasm was not reflected by the genetic diversity, some degree of 
relationship between source and genetic diversity was evident for some genotypes. For instance, 
commercial varieties, advanced lines and most of the genebank accessions were grouped together an 
indication of low levels of variability amongst themselves. This could be attributed to similarities and 
close relationships of several traits in these genotypes an indication of narrow genetic base that needs to 
be broadened. It is also possible that these genotypes have some resemblance genes originating from 
the same parental lines which are clearly noted by similar codings (e.g. 916/5/19, 917/5/16, 931/5/34, 
932/5/36 and 911/6/3) given for the advanced lines. Selection pressure applied by breeders and the 
farmers towards certain desirable traits may be also a consequence of narrow diversity among 
advanced lines and commercial varieties. Bhartiya et al. (2011) had similar observations in black 
soybeans. In such a situation close genotypes could be crossed with the most diverse genotypes for the 
development of biparent crosses that will be useful for breaking undesirable linkages between yield 
and its attributes.    

Regardless of the source of the germplasm, clustering pattern especially at the subcluster level was 
mainly based on the similarities of traits. Zafar et al (2008) also observed that 139 soybean genotypes 
clustered together on the basis of morphological similarities. This implies that genotypes from a certain 
cluster with greater similirities of a particular trait may be selected for hybridization. In this study, sub 
cluster 1 in cluster 1 had tall, highly branching but late maturing with lodging susceptible genotypes 
grouped together. Of specific interest was the promising moderate to high yielding genotypes that 
would be selected for hybridization grouped in sub cluster 2. Similarly, selection for short early 
maturing, lodging resistant and large seeded genotypes Dowling and PI 2007477A would be selected in 
subcluster 1 in cluster 2. However, this group had low values for several traits that needs improvement 
for high yields and increased number of pods per plant. Other early maturing genotypes GBK 029622, 
GBK 033237, GBK 033247, GBK 033241 and GBK 033225 grouped in subcluster 2 would need 
improvement for seed colour, pod shattering resistance, improved branching with longer pods and 
increased number seeds per pod with acceptable sizes. Based on these findings, selection of superior 
genotypes with desirable traits is possible from different clusters.  

For hybdridization purposes, parents may be selected based on the traits performance and the cluster 
pattern. The present study observed that genotypes GBK 033245, GBK 033251, GBK 045342, GBK 
033229, GBK 033222, Ex- Kirinyaga and BRS MG46 in Cluster 1, subcluster 2, would be selected for yield 
segragants because they are tall with many branches, increased number of pods per plant and high 
yielding potential. The negative aspect with this group of genotypes was their lodging susceptibility 
and late maturity. However, incorporation of shorter plants, early maturing, lodging resistant and large 
seeded genotypes is possible with genotypes Dowling and PI 2007477A in cluster 2 acting as donor 
parents. Therefore a hybridization programme involving high yielding genotypes in cluster 1 and short, 
early maturing genotypes with better seed size in cluster 2 would result into a broad spectrum genetic 
variability and an opportunity for isolating transgressive segregants for earliness, medium plant height 
with lodging resistant and high yielding with large seeded genotypes.  
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Figure 1: Dendrogram of 110 soybean genotypes based on the average linkage groupings for 12 
quantitative traits. The genotype numbers on the Y axis corresponds with the genotype 
names/identification numbers 
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This study showed that there is a considerable genetic variability for quantitative traits in the 
germplasm used that can be exploited for development of new soybean varieties. In spite of this 
variabiity, further molecular characterization is needed to supplement agronomic characterization. This 
study also revealed that plant height and number of pods per plant exhibited high broad sense 
heritability coupled with high genetic gain, indicating the presence of additive gene action and 
improvement of such characters through selection. Further analyis, based on the cluster pattern showed 
that genetic diversity among the genotypes used in this study was sufficient for improving soybeans 
through hybridization and selection. Genotypes such as GBK 033245, GBK 033251, GBK 045342, GBK 
033229, GBK 033222, Ex- Kirinyaga and BRS MG46 with promising yields and other desirable attributes 
for different agronomic traits could be used directly or incorporated in the hybridization program. 
Similarly, selection for short early maturing, lodging resistant and large seeded, genotypes Dowling 
and PI 2007477A would be selected. Therefore genetic improvement of soybeans is possible by 
exploiting additive gene effects and crossing of divergent parents to obtain heterotic effects and 
segregants with high genetic variability for yields and other desirable attributes. 
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