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Lablab purpureus is a multipurpose legume mainly grown by subsistence farmers for pulse, forage and 
vegetable. Despite these diverse uses that can be combined successfully under various agronomic 
conditions, the bean has not been extensively exploited. Dolichos production in Kenya is constrained 
by low yielding varieties, pests, poor growing techniques and varieties with non-preferred taste and 
flavor. A study to characterize six newly bred Lablab genotypes (G2, B1, M5, LG1, W7 and G2), was 
initiated at the University of Eldoret using morphological and molecular markers. Morphological traits 
(qualitative and quantitative) were characterized using the descriptors of genus Lablab. Molecular 
characterization was done at the KEPHIS- Muguga laboratory, using ten SSR markers that are specific 
for Dolichos. Results from morphological characterization demonstrated a high variation for both 
qualitative and quantitative traits evaluated. Most of the quantitative traits were highly significant at 
99.999% or (P≤ 0.001), except for number of racemes per plant and number of seeds per pod which were 
significant at 99.99% or (P≤ 0.01) and 99.95% or (P≤ 0.05), respectively. Microsatellite analysis produced 
six polymorphic primers mapping an average of 3.17 alleles per locus. The combination of 
morphological and DNA-based markers takes advantage of the best features of both marker types 
which can be beneficial in selection of best Lablab genotypes and in the process integrates the 
application of molecular markers to legume breeding. 
 
Key words: Lablab (Lablab purpureus), microsatellites (SSR), genetic diversity. 

 
 
INTRODUCTION  
 
Dolichos (Lablab purpureus (L.) Sweet) is a grain legume, 
indigenous to Asia and Africa (Pengelly and Maass, 
2001). It is scientifically classified in the family: Fabaceae, 
the tribe: Phaseolae,  Genus:  Dolichos  and  Species:  L. 

purpureus (Rai, 2010). Lablab is a legume well suited to 
most tropical environments as it is adaptable to a wide 
range of rainfall, temperature and altitude (Ravinaik et al., 
2015). 
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It is a high grain – yielding, nitrogen fixing, dual purpose 
legume that improves soil fertility and some more 
genetically diverse varieties can survive a dry spell. It is 
more drought tolerant, than common beans (Phaseolus 
vulgaris), soybean (Glycine max) or cowpea (Vigna 
unguiculata) and has grain yields that are higher than 
cowpeas (Adebisi and Bosch, 2004). Therefore, Lablab 
bean can virtually substitute these common legumes 
whose growth in drier areas is limited by high 
temperatures and low rainfall. It can grow in areas where 
rainfall is less than 500 mm, but loses leaves during 
prolonged drought periods (Girishi and Gowda, 2009). 
This drought tolerance feature of L. purpureus is 
enhanced by its capability to extract soil water from at 
least 2 m depth even in fine textured soil (Khourya et al., 
2014; Burkill, 1995). Local subsistence farmers in Africa 
traditionally grow it for human consumption, vegetable 
(flowers and immature pods), green manure, cover crop 
and concentrate feed (Maass et al., 2010). In 100 g of 
green pods of Lablab, it contains approximately 6.7 g 
carbohydrates, 3.8 g proteins, 1.8 g fibre, 210 mg 
calcium, 68.0 mg phosphorus, and 1.7 mg iron (Kumar et 
al., 2018).  Due to its potential for use as vegetable, 
pulse, weed control and soil improvement, Lablab has 
been found to be of great significance (Murphy and 
Colucci, 2009; Mureithi et al., 2003). Despite Lablab 
bean’ importance in the food and farming systems, 
particularly among communities in arid and semi-arid 
lands, it has remained neglected and underutilized 
(National Research Council, 2006) and indeed Maass et 
al. (2010) classified it among the lost crops of Africa. 

In Kenya, the grain yield of Lablab on farmers’ fields is 
low (range between 800 to 900 kg/ha) compared to the 
yield potential of 2700 to 3000 kg/ha (Kamau et al., 2010; 
Kamotho et al., 2010). The low yield is attributed to use of 
unimproved varieties, influx of pests, such as mites and 
aphids and low use of fertilizers (Kinyua et al., 2008). 
Despite the several uses of Lablab, its potential in 
improving agricultural systems of farmers and nutritional 
status of many households has not been fully exploited. 
Lablab production in the country is constrained by low 
yielding varieties, pests, poor growing techniques and 
varieties with non-preferred taste and flavor, lack of 
certified seeds and limited information on production 
practices (Kinyua et al., 2008). Genetic improvement on 
yield and disease resistance has been successfully 
applied by researchers working on L. purpureus varieties 
from Indian ecogeographical zones, who have used 
genetic markers (Rai et al., 2010; Innes, 2004). The crop 
improvement program in Kenya aims at employing these 
improved techniques. The estimation of genetic diversity 
of a crop species is the basis for its improvement. 
Although morphological markers enable the detection of 
genetic variation, they are often influenced by a myriad of 
external factors in the environment and minimized by a 
paucity of discernible morphological markers (Kamotho et  

 
 
 
 
al., 2016). Significant advancements in molecular biology 
have shifted the focus of assessment of biodiversity from 
relying only on morphological markers to using isozymes 
and DNA markers (Konstantinos, 2008). The use of DNA 
-based markers in recent years has been used as an 
important tool for assessing genetic diversity of crops 
(Gomez et al., 2004), however, morpho-agronomic traits 
still play a significant role and thus a combined approach 
is recommended. Therefore, there is a need to 
incooperate both morphological and molecular tools in 
characterization of crop species. At the University of 
Eldoret Biotechnology Department, breeding programs 
have been developed to breed for the improvement of 
organoleptic traits (cooking time and taste) and to 
develop high yielding Lablab varieties. Therefore, the 
objective of this study was to evaluate the diversity of six 
improved Dolichos genotypes bred at University of 
Eldoret based on a combined morpho-agronomic traits 
and SSR markers. 
 
 
MATERIALS AND METHODS 
 
Genetic material 
 
The genotypes used in the current study comprised 6 lines that had 
been bred at University of Eldoret (W7, M5, B1, G1, G2 and LG1) to 
improve their yield, cooking time, taste and two commercial checks 
(DL1002 and a local land race (Local variety) collected from 
farmers’ field in Meru county, Ruiri village). The genotypes were 
selected based on adaptability, yield and ability to withstand pests 
and other diseases. The genotypes are as described in Table 1.  

 
 
Experimental design, locations and data collection 
 
Morphological characterization  

 
Morpho-agronomic trait evaluation of the genotypes was carried out 
in three locations representing different agro-climatic zones with 
different climatic and soil conditions as follows: University of Eldoret 
farm in Uasin-Gishu county; (0°

 
34’N, 35°

 
17’E), at 2134 m above 

sea level with rhodic ferrosols soil type, with a mean annual 
temperature of 16.6°C and a mean annual rainfall of 1124 mm), 
Abma farm in Njoro Nakuru county (0°

 
20’N, 35°

 
56’E), at 1920 m 

above sea level with nitisols soil type, a mean annual temperature 
of 22°C and a mean annual rainfall of 800 mm) and Mabanga 
farmer training college in Bungoma county (0°

 
35’N, 34°

 
37’E), at 

1440 m above sea level with acrisols and nitisols soil type, a mean 
annual temperature of 26°C and a mean annual rainfall of 700 mm). 
The experimental design for the trials was Randomized Complete 
Block Design (RCBD) with three replications. Uniformity in 
management was ensured particularly within the blocks. Each 
experimental plot measured 32 m by 13.25 m. Management of each 
site was as per the recommended standards for each study region. 
During morphological characterization, qualitative and quantitative 
traits mainly yield related components, were measured at different 
growth stages on all the plants. The variables were scored using 
Gowda (2008) protocol, descriptor list for the genus Lablab. All 
agronomic practices were carried out including weeding. 

The qualitative traits that were measured included: main stem 
pigmentation,  leaf  anthocyanin,  leaf  color,  leaf hairiness on inner  
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Table 1. Description of the genotypes used in the study. 
 

Entry Genotype code Seed color 

1 LG1 Black 

2 G2 Black 

3 W7 Black 

4 M5 Brown 

5 G1 Black 

6 B1 Dotted (brown with black dots) 

7 Local variety Black 

8 DL1002 Black 

 
 
 
Table 2. Description of the SSR primers used in the study. 
 

Primer 
name 

Forward primer Reverse primer 
Annealing 

temperature 
Approximate
product size 

LABRRT 1 TGGATTCTACAGTTTCGATGACGA GTCAGACGGTGGTTTCTGCCTTAT 56 100 

LABRRT2 GCCATGTTCTGAAAGATGTAACAGTG GGCAAGCAGTCATATCCAGAAACT 56 170 

LABRRT8 TCAGAACTCTACTTTCTGAGCTTGA ATCATACAGTCCGTGTTGTTCG 56 190 

LABRRT23 GGGAGTGTGAAATAGAGAATCAGTT CAGCACTATCCACACCTGCAATAC 56 170 

LABRRT49 CATGCTCTCAAGCTGTTCATCAAT GAGTCCAACGTTGTTAGCGAGAGT 56 220 

LABRRT50 TCACAGAGCCAAAGACAAACTCA GATGAGGAGCCTCGTTGAATTG 56 100 

LABRRT52 CAGGTTTGTGATTCGCATGAGTC TGGTGACTATTCATGATGGGAATG 56 90 

LABRRT53 GGAAGAACTAAGGTCATCATGC GATCGCAATGATCTTCCAAAGG 56 190 

LABRRT77 AGTTTAGCACACCGATCAAATGGT CACAAACCTCCATTACTCTCAGTCA 56 180 

LABRRT83 ATAAGAAGATCGCTTGTCGCCTTC TCTGAGTTTTGGGTCGTTTAATCC 56 100 
 

Source: Kirkhouse Trust (2014). 
 
 
 
surface, leaf shape, growth habit, branch orientation, flower color, 
pod curvature, pod beak, pod color of mature pods, unripe pod 
attachment, seed color at maturity, and seed shape when dry.  

The quantitative traits included: days to 50% flowering (days from 
emergence to 50% of the plants producing flowers), days to 
maturity (from emergence to stage when 50% of the plants have 
mature pods), flower buds/raceme (average number of buds from 
10 randomly chosen racemes), racemes/plant (average number of 
racemes from 10 randomly chosen plants), pods/plant (average 
number of pods from 10 randomly chosen plants), seeds/pod 
(average number of seeds from 10 randomly chosen ripe pods), 
plant height (cm) (measured on 10 random matured plants from the 
cotyledon scar to tip of the plant), and 1000 seed weight (g) 
(average weight of 1000 seeds). Data was taken from four inner 
rows since one outer row from both sides of each plot was removed 
to take care of border effect. Values used for analysis were 
measured from 10 plants chosen at random in each plot. 

 

 
Genetic diversity of the Dolichos genotypes using SSR 
markers 

 
Polymerase chain reaction on the isolated genomic DNA obtained 
was carried out using ten SSR primer pairs selected from a list of 
25 primers developed by Kirk House Trust (Table 2). 

DNA Extraction 
 

Ten plants of each of the six genotypes under study were planted in 
a greenhouse at the Kenya Plant Health Inspectorate Service 
(KEPHIS), Muguga laboratories. Young fresh leaves of each 
genotype were harvested from three-week-old plants and ground 
into fine powder under liquid nitrogen using a motor and pestle for 
DNA extraction. The cetyl-tri-methyl-ammonium bromide (CTAB) 
method (Kimani et al., 2012) was carried out with slight 
modifications as follows: leaf extracts were transferred to labeled 
Eppendorf tubes each containing 500 µl of 2 × CTAB 
mecaptoethanol extraction buffer and the samples placed on ice. 
The contents were subsequently incubated in a water bath at 65°C 
for 1 h with invasions after every 15 min. This was followed by 
addition of 500 µl of chloroform-isoamyl alcohol (24:1) and inversion 
for 5 min at room temperature to mix. After a centrifuge at 14000 
rpm for 10 min, 400 µl of the top clear layer was pipetted into fresh 
Eppendorf tubes and 250 µl of isopropanol added then incubated at 
room temperature for 10 min. 

A further centrifuge of the mixture at 14000 rpm for 10 min was 
done to pellet the DNA, the supernatant discarded and 320 µl of 1 × 
TE was added and the samples placed on ice. A further 40 µl of 
Magnesium chloride was added and the contents incubated on ice 
for 10 min followed by a centrifugation to14000 rpm for 10 min and 
the supernatant discarded. The pellet was then vacuum dried for 5 
min before adding 5 µl of R-nae enzyme and placed in a water bath  
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(37°C) for 2 h. 40 µl of sodium acetate was added followed by 250 
µl of isopropanol and the contents incubated for 15 min at room 
temperature.  

A 1 ml aliquot of 70% ethanol was then added to the DNA pellet 
followed by another centrifuge of 14000 rpm for 5 min. The pellet 
was then vacuum dried for 3 min to remove any liquid and the DNA 
pellet re-suspended in 50 µl of 1 × TE. It was then left to stand for 
10 min at room temperature before storing at 4°C. 
 
 
DNA quantification 
 
The quality and quantity of the DNA was verified by electrophoresis 
on a 0.8% (w/v) agarose gel, for 30 min at 80 V. Lambda (λ) phage 
DNA was used as the standard. After electrophoresis, the gel was 
stained in ethidium bromide (10 mg/ml) for 30 min and later de-
stained in distilled water for 20 min before viewing under ultraviolet 
trans illuminator. The concentrations of the samples were 
determined by comparing band sizes and intensities of the test 
DNA with those of standard λ DNA. Between 0.5 and 1 μg of high-
quality DNA was obtained and was diluted to 0.01 μg/μl with 
deionized distilled water for the PCR amplification. 
 
 
PCR amplification 
 
Subsets of 10 SSR primer pairs specific to Dolichos were selected 
from 25 primers developed by Kirk House foundation. The PCR 
reactions were performed in a Master cycler (Eppendorf

®
) using in a 

final volume of 20 μl Bioneer AccuPower
®
 containing 4 μl pre-mix 

(1U Top DNA, 250 μM each dNTP, 10 mM Tris-HCl pH 9.0, 30 mM 
KCl, 1.5 mM MgCl, stabilizer and tracking dye), 0.0025 ng/μl of 
each forward and reverse primer, 0.5 ng of template DNA, and 6 μl 
of double distilled water (ddH2O). The PCR cycles consisted of: 
92°C for 3 min for initial denaturation, 92°C for 3 min for actual 
denaturation, annealing at 56°C for 30 s, extension at 72°C for 1 
min, followed by 34 cycles of 30 s at 92°C, 1 min at 56°C, 1 min at 
72°C, and a final extension step of 5 min at 72°C (Supplementary 
Table 1). 

The DNA fragments were separated on 4% agarose gel run at 
100 V for 2 h using 0.5M TBE buffer. The DNA fragments in gel was 
visualized by staining in 0.5 µg/mg ethidium bromide for 30 min and 
rinsed in distilled water for 20 min, visualized and photographed on 
ultraviolet (UV) trans-illuminator at 312 nm. Allele sizes were scored 
using a 1000 base pair (bp) molecular size ladder. 
 
 
Statistical analysis  
 
A table of means from quantitative data obtained was subjected to 
genstat 13th edition and the means of the genotypes separated 
using least significant difference (LSD) at 5% level of probability of 
the same software. This was to check on any difference among 
genotypes. Coefficient of variation (CV) was used to measure 
statistically the dispersion of data around the mean. 
 
 
Cluster analysis 
 
The morphological data were scored as binary data and were used 
to construct a dendogram. A dendogram was constructed for the 
quantitative data by the Unweighted Pair-Group method (UPGMA) 
(Nei, 1978) clustering using the sequential agglomerative 
hierarchical nested (SAHN) program and tree plot of Numerical 
Taxonomy Multivariate Analysis System package (NTSYS-pc) 
software, version 2.1. 

 
 
 
 
SSR primers that showed distinct and scorable DNA bands were 
considered for analysis. The generated DNA bands were scored 
based on their band marker sizes. The software package Power 
Marker version 3.25 (Liu and Muse, 2005) was used for the 
following statistics analysis: sample size, major allele frequencies, 
number of alleles per polymorphic locus, and Polymorphism 
Information Content (PIC). The similarity matrix was subjected to 
UPGMA by selecting the SAHN program and tree plot of NTSYS. 

 
 
RESULTS  
 

Qualitative traits 
 

The Lablab genotypes were evaluated for 15 qualitative 
traits as listed in Table 3. There was no variation in seven 
of the qualitative traits evaluated in terms of leaf hairiness 
which was low pubescent, ovate leaf shape, their pod 
curvature was slightly curved, medium pod beak, green 
pod color, the attachment of unripe pod was erect and 
that of ripe pods was intermediate. However, there was 
variation in a few other traits. Genotypes W7, G1, B1, 
LG1, M5, Local Variety and DL1002 had extensive stem 
pigmentation, presence of leaf anthocyanin and green 
leaf color whereas genotype M5 had no stem 
pigmentation, no leaf anthocyanin and pale green leaf 
color. Genotype M5 had white flowers while all the other 
seven genotypes exhibited purple flower color. On the 
color of the seed, there was variation in that M5 had 
brown seeds; B1 had brown seeds with black dots while 
the other six genotypes had black seeds. There was also 
a variation in terms of leaf color and leaf anthocyanin in 
that, M5 had pale green leaves while the other seven 
genotypes had green leaves, M5 had no leaf anthocyanin 
which was present in all the other seven genotypes. 
There was variation in terms of seed shape in that seven 
of the varieties had oval seed shape expect LG1 which 
had flat seeds. There was also variation in the growth 
habit in that, genotype W7, M5, LG1, and G1 were semi 
determinate whereas G2, B1, Local variety and DL1002 
were indeterminate. Since Lablab is largely intercropped 
with other crops especially maize, most farmers like the 
determinate genotypes (Shivachi et al., 2012; Gowda, 
2008). Lastly, there was variation among the genotypes 
in terms of branch orientation where genotypes W7, G2, 
B1, and G1 had their first lateral branches long and 
spreading over the ground whereas in Genotypes G2, 
B1, Local variety and DL1002 their first lateral branches 
were perpendicular to the main stem (Table 3). The 
Lablab genotypes evaluated, exhibited some degree of 
phenotypic variation for some traits observed; Plate 1 
shows the variation in terms of seed color and flower 
color.  
 
 

Quantitative traits 
 

A total of  eight  quantitative  traits were evaluated across 
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Table 3. Qualitative traits of eight Lablab genotypes. 
 

Accession 
Qualitative traits 

SP LA LC LH LS GH BO 

W7 Extensive Present at leaf edges Green Low pubescent Ovate Semi determinate Firs lateral branches long and spreading over ground 

G2 Extensive Present at leaf edges Green Low pubescent Ovate Indeterminate First lateral branches long and spreading over ground 

M5 No pigmentation Absent Pale green Low pubescent Ovate Semi determinate Perpendicular to main stem 

B1 Extensive Present at leaf edges Green Low pubescent Ovate Indeterminate Perpendicular to main stem 

LG1 Extensive present at leaf edges Green Low pubescent Ovate semi determinate Perpendicular to main stem 

G1 Extensive Present at leaf edges Green Low pubescent Ovate semi determinate First lateral branches long and spreading over ground 

Local Variety Extensive Present at leaf edges Green Low pubescent Ovate Indeterminate First lateral branches long and spreading over ground 

DL1002 Extensive Present at leaf edges Green Low pubescent Ovate Indeterminate First lateral branches long and spreading over ground 

        

 FC PC PB Pco UPA RPA SCm SS 

W7 Purple Slightly curved Medium beak Green Erect Intermediate Black Oval 

G2 Purple Slightly curved Medium beak Green Erect Intermediate Black Oval 

M5 White Slightly curved Medium beak Green Erect Intermediate Brown Oval 

B1 Purple Slightly curved Medium beak Green Erect Intermediate Brown with black dots Oval 

LG1 Purple Slightly curved Medium beak Green Erect Intermediate Black Flat 

G1 Purple Slightly curved Medium beak Green Erect Intermediate Black Oval 

Local variety Purple Slightly curved Medium beak Green Erect Intermediate Black Oval 

DL1002 Purple Slightly curved Medium beak Green Erect Intermediate Black Oval 
 

Flower color (FC), pod curvature (PC), pod beak (PB), pod color (PC), unripe pod attachment (UPA), ripe pod attachment (RPA), seed color {mature} (SCm), seed shape (SS). 

 
 
 
three sites as discussed earlier. Sites (locations) 
were significant at P≤0.001 in; days to 50% 
flowering, days to maturity, flower buds per 
raceme, plant height and 1000 seed weight, a 
significant difference of P≤0.01 for racemes per 
plant and seeds per pod and a significant 
difference of P≤ 0.05 for number of pods per plant 
(Table 4). There was also a high significant 
difference in the means for the genotypes, P≤ 
0.001, in terms of 50% flowering, days to maturity, 
flower buds per raceme and plant height. The 
interaction between genotypes and sites were 
significant at P≤ 0.01 in days to flowering, days to 
maturity and plant height. Other traits: flower buds 

per raceme, raceme per plant, pods per plant, 
seeds per pod and 1000 seed weight had a 
significance of P≤ 0.05. From the results, days to 
maturity was highly significant at P≤0.001, the 
new improved genotypes took shorter time to 
mature than the two checks. Genotype B1 had the 
shortest maturity time of 139 days whereas local 
variety had the longest maturity time of 166 days, 
a difference of 27 days. The number of flower 
buds per raceme ranged from 12 in local variety to 
18 in genotypes G2 and LG1, plant height ranged 
from 122 cm in G1 to 163 in LG1, this is because 
genotype G1 is semi determinate while genotype 
LG1  is  indeterminate. There  was  no  correlation 

between number of flower buds per raceme and 
the number of pods per plant e.g. in genotype G2 
and LG1 both had an average of 18.11 flower 
buds per raceme but had different number of pods 
per plant where genotype G2 had an average of 
68.58 and genotype LG1 had an average of 46.18 
(Table 4).  
 
 
Microsatellite (SSR) analysis 
 
Ten primer sets were used to amplify DNA extracts 
from the 8 genotypes. A total of 6 out of the 10 
primers  gave  polymorphic  bands   (Table   5),  3 
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Plate 1. Some selected traits of the Lablab genotypes showing differences in seed color; (a) brown, 
(b) brown with black dots, (c) black and in flower color; (d) purple, (e) white.  
Source: Author (2013). 

 
 
 
primers failed to amplify any product and 1 primer was 
monomorphic and therefore were not considered for 
further analysis. A total of 19 alleles were detected 
ranging from 2 to 5 per locus with a mean of 2 alleles per 
locus (Table 5). Genetic diversity was high ranging from 
0.219 in LABRRT83 to 0.781 in LABRRT52 with a mean 
value of 0.542. The polymorphic information content 
(PIC) values also ranged from 0.195 in LABRRT 83 to 
0.746 in LABRRT52 with an average of 0.489. Based on 
the PIC values, the most polymorphic primers were 
LABRRT52, LABRRT2 (Plate 2) and LABBRT77, 
respectively. 
 

 
Cluster analysis 
 
The genetic distance based on simple matching cluster 
analysis constructed from quantitative traits revealed that 
the closest genotypes were B1 and G1 while the longest 
distance was observed between G2 and W7&M5 (Figure 
1). Using the mean similarity as cutoff, the genotypes 
were clustered in three categories: the first consisted of 
genotypes W7, M5, B1, G1 and DL1002; the second LG1 
and Local variety, and the third only with G2, which 
showed high divergence compared to other genotypes, 
particularly due to higher means of raceme per plant, 
pods per plant and 1000 seed weight.  

A second dendogram of 8 Dolichos genotypes based on 
SSR data was constructed (Figure 2). The genotypes 
were clustered into four categories: (I) consisted of M5, 
LG1 and W7, (II) B1 and G1, (III) G2, and (IV) Local 
variety and DL1002. The genetic distance revealed that 
the closest genotypes were LG1 and W7 with the longest 
distance being genotype LG1&W7 and DL1002 (Figure 
2). 

A third dendogram was generated using combined 
morphological and SSR data (Figure 3). The eight Lablab 
genotypes were grouped into four categories: (I) B1 and 
LG1, (II) G2, (III) G1, W7 and M5, and lastly (IV) DL1002 
and Local variety. The dendogram also revealed that the 
closest genotypes were G1 and W7 (Figure 3). 
 
 
DISCUSSION 
 
Morphological characterization 
 
Morphological traits are useful tools for preliminary 
evaluation of genotypes since they offer a fast and useful 
approach for assessing the extent of diversity. The 
estimation of different morphological traits studied among 
the improved Lablab genotypes and their checks in the 
present study revealed the existence of some level of 
morphological diversity though more variability was noted 
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Table 4. Mean squares for quantitative traits of eight Lablab genotypes. 
 

Site Genotype 
Days to 50% 

flowering 
Days to 
maturity 

No. of flower 
buds/raceme 

Racemes/plant 
Pods/plan

t 
Seeds/pod 

Plant height 
(cm) 

1000 seed 
weight 

Combined 
means 

  

  

W7 71.11
bcd

 147
b
 15.78

bc
 12.78

bc
 51.7

a
 2.978

ab
 129.4

ab
 236.7

bcd
 

G2 72.78
de

 142.2
a
 18.11

d
 14.22

c
 68.58

b
 3.311

b
 147.9

bcd
 255.1

d
 

M5 68.56
a
 141.1

a
 14.89

b
 12.67

bc
 51.49

a
 3.144

b
 136.6

abc
 244.8

cd
 

B1 69.56
ab

 139.78
a
 17.22

cd
 12.11

abc
 45.19

a
 2.967

ab
 121.5

a
 237.4

bcd
 

LG1 70.33
abc

 147.33
b
 18.78

d
 13.67

c
 46.18

a
 2.967

ab
 163.8

d
 217.1

a
 

G1 73.67
e
 150.1

b
 14.33

ab
 11

ab
 41.65

a
 3.3

b
 122.5

a
 235.2

abc
 

Local Variety 80.33f 166.89
d
 12.22

a
 9.89

a
 45.57

a
 2.689

a
 149.1

cd
 223

ab
 

DL1002 71.89
cde

 155.33
c
 14.22

ab
 11.11

ab
 46.82

a
 2.956

ab
 128.3

a
 226.5

abc
 

          

Individual 
site means      

UoE 74.17
b
 153.54

b
 17.42

b
 12.17

ab
 47.16

a
 2.987

a
 152.4

b
 247.8

b
 

Mabanga FTC 75.63
c
 155.08

b
 12.67

a
 10.96

a
 45.03

a
 2.85

a
 107.8

a
 211.3

a
 

Abma farm-Njoro 67.04
a
 137.54

a
 17

b
 13.42

b
 56.75

b
 3.279

b
 151.8

b
 244.3

a
 

Grand mean 72.28 148.72 15.69 12.18 49.6 3.039 137.4 234.5 

MS(site) 506.3*** 2264.3*** 166.056*** 36.264** 936.5* 1.1526** 15696.1*** 9730*** 

MS(Genotype) 120*** 720.95*** 44.246*** 18.982** 625.5* 0.3819* 2010.9*** 1343.7** 

MS(Genotype*site) 16.28** 75.22** 8.579* 6.518* 183.2* 0.1395* 480.3** 188.9* 

CV (%) 3.36 2.97 14.7 19.2 29.8 12.8 14.4 8.7 
 

*** = Significant at P≤0.001, ** = significant at P≤ 0.01, * = significant at P≤0.05; Mean square (MS), Coefficient of variation (CV). Genotype and site means having the same letter are not 
significantly different at the 5% level of significance according to Duncan’s Multiple Range Test (DMRT), UoE= University of Eldoret. 

 

 
 

Table 5. Polymorphism, diversity and frequency results. 
 

Markers Sample size Major Allele Frequency Allele No Gene Diversity PIC 

LABRRT2 8 0.375 4 0.719 0.668 

LABRRT23 8 0.750 2 0.375 0.305 

LABRRT50 8 0.625 3 0.531 0.468 

LABRRT52 8 0.250 5 0.781 0.746 

LABRRT77 8 0.500 3 0.625 0.555 

LABRRT83 8 0.875 2 0.219 0.195 

Mean 8 0.563 3.167 0.542 0.489 

 
 
 
in quantitative traits that  in  qualitative  trails. This  study corroborates  similar  studies by Kamotho et  al.  (2017).  This  implies  that  the new genotypes  
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Plate 2. Simple sequence repeat (SSR) markers profile of 8 Lablab genotypes generated by primer LABRRT2.  
Source: Author (2014). 

 
 
 

 
 

Figure 1. Dendogram generated, by NTSYSpc version 2.1, based on the simple matching coefficient, UPGMA clustering 
using quantitative traits. 
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Figure 2. Dendogram of eight Lablab genotypes based on microsatellite (SSR) 
markers. 

 
 
 

 
 

Figure 3. A dendogram of eight genotypes based on combined morphological and SSR 
markers. 

 
 
 

constitute a pool of germplasm with adequate genetic 
variability. 
 
 
Qualitative traits 
 
The study revealed that there was variation in most of the 
qualitative  traits  evaluated though some qualitative traits  

did not differ significantly across the three sites. These 
include: stem pigmentation, leaf anthocyanin, leaf color 
leaf hairiness, branch orientation, flower color, pod 
curvature, pod color, pod beak, pod attachment, seed 
color and seed shape. These results also concur with 
findings by Shivachi et al. (2012). From the results, there 
could be a correlation between stem pigmentation and 
leaf   anthocyanin,   that   is,   M5   which   had   no   stem 
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pigmentation did not have leaf anthocyanin while the 
other genotypes had extensive stem pigmentation and 
subsequently had leaf anthocyanin at the leaf edges, this 
was also reported by Shivachi et al. (2012), Kar and 
Gogoi (2006), and Adebisi and Bosch (2004). All the 
genotypes that were purple flowered were also black 
seeds while white flowered genotype (M5), was brown 
seeded (Table 5). These results confirm those of 
Ewansiha and Chiezey (2007). All the genotypes showed 
great resistance to pests and diseases except local 
variety which showed mild resistance. This observation 
could be explained by the fact that the six genotypes (M5, 
G1, G2, LG1, B1 and W7) had been bred for pest and 
disease resistance. These variations observed in 
qualitative traits can be used in the selection of 
genotypes for further breeding programs. 
 
 
Quantitative traits 
 
Most of the quantitative traits evaluated were highly 
significant at (P≤ 0.001), except for number of racemes 
per plant and number of seeds per pod which were 
significant at P≤ 0.01 and number of pods per plant which 
was significant at P≤0.05. There was high diversification 
with notable variations in, days to 50% flowering, maturity 
period, number of flower buds per raceme, racemes per 
plant, number of seeds per pods, plant height, and yield 
among other agronomic traits. This result also conforms 
to findings from Kamotho et al. (2017) and Gowda 
(2008). Days to 50% flowering varied from 68 to 80 days 
with genotype M5 with the least days and Local variety 
with the most days, respectively. This result conforms to 
results gotten by Arup and Subrata (2010) and Ayisi et al. 
(2006) who reported 57-115 and 63-75 days, 
respectively. Consequently, there was a notable variation 
in terms of days to maturity ranging from 142 to 166 
days, with genotype M5 taking least days and Local 
variety taking the most days to mature, respectively. 
Nonetheless, the maturity days lie within the 
recommended period of between 90 and 210 days 
(Adebisi and Bosch, 2004). Number of days to maturity is 
a key factor that determines farmers’ adoption where 
most farmers prefer early maturing genotypes as 
opposed to late maturing once. There was also a slight 
variation in terms of number of seeds per pod with a 
range of 2 to 3 which represented a significance of 
99.95%. Several investigators have reported a seed 
range of 2 of 6 seeds per pod of the same crop (Rai et 
al., 2010; Kar and Gogoi, 2006; Nandi et al., 2000). 
Significant difference was also noted in plant height with 
a range of 121 to 163 cm with genotype B1 being the 
shortest and genotype LG1 being the longest, 
respectively. In Kenya, most farmers’ grow Lablab as an 
intercrop with maize (Okumu and Wanjekeche, 2005) thus 
the short and determinate genotypes  are  popular. There  

 
 
 
 
was also notable significant difference in terms of 1000 
seed weight with a range of 217 to 255 g where genotype 
LG1 had the lowest weight and genotype G2 had the 
highest weight. There could be a relationship between 
seed weight and shape of the seed. This is because, 
genotype G2 which had the highest weight had rounded 
seeds that were well filled compared to genotype LG1 
which had the least weight and had flat seeds that were 
not well filled. From the cluster analysis (Figure 1) based 
on simple matching coefficient constructed from 
quantitative traits revealed that the closest genotypes 
were B1 and G1. Using the mean similarity as cutoff, the 
genotypes were clustered into three groups: (I) W7, M5, 
B1, G1, and DL1002; (II) LG1 and Local variety and (III) 
G2. Cultivated Lablab is morphologically diverse with 
large variations (Kamotho et al., 2017). Such diversity 
enhances the direct selection of these traits in developing 
combinations for breeding programs. 
 
 
Genetic diversity based on SSR markers 
 
Lack of amplification of an allele in certain genotypes 
might be due to the result of divergence in the sequences 
flanking the microsatellite or simply the production of an 
undetectable amount of PCR product, creating a null 
allele (Smulders et al., 1997; Lavi et al., 1994). The 
number of alleles produced by different primers from the 
results ranged from 2 to 5 with an average of 3.2 alleles 
per primer. This result concurs with findings by Shivachi 
et al. (2012) and Wang et al. (2007) who reported mean 
amplifications of 3.5 and 3.6 alleles per primer. In similar 
studies, on common beans involving microsatellites, 
Arunga et al. (2015), Jose et al. (2009) and Maras et al. 
(2008) reported mean amplifications of 2.17, 7.8 and 7.1 
alleles per primer, respectively. Polymorphism 
information content is a closely related diversity measure 
(Botstein et al., 1980). The more the number of alleles 
uncovered by a marker, the higher its PIC. Therefore, the 
polymorphic information content (PIC) value was 
calculated to characterize the capacity of each primer to 
detect polymorphic loci which ranged from 0.195 to 0.746 
in the current study. This concurred with results by 
Arunga et al. (2015), Somta et al. (2009) and Cabral et al. 
(2011) who recorded PIC values of between 0.17 and 
0.41, 0.049 and 0.883 and 0.11 and 0.5, respectively.  
The result showed that most of the primers were found to 
be highly informative and can be used to study 
phylogenetic relationship and genetic diversity in future. 
Thus, the three markers: LABRRT52, LABRRT2 and 
LABRRT77 with 0.746, 0.668 and 0.555 PIC values 
should be recommended for use in future Dolichos 
Lablab diversity studies. The allele frequency of all the 
primers was generally below 0.95 indicating that they 
were all polymorphic in character (Asare et al., 2011). 
This  was  slightly  lower  than  findings  from  Datta  et al. 



 
 
 
 
 
(2010) who reported an allelic frequency of 1.3. Gene 
diversity was high ranging from 0.219 to 0.781 with a 
mean value of 0.542, comparing favorably with the 
results obtained by Asare et al. (2011) although the mean 
value was slightly high (0.58). The results therefore 
indicate genetic diversities in the genotypes under this 
study and thus should be exploited further in future 
breeding program. 
 
 
Comparing genetic distance of the Lablab genotypes 
based on morphological and SSR markers 
 
The comparison of morphological versus SSR and 
combined dendograms results suggest that most of the 
genotypes for both dendograms had similar grouping 
patterns and that some morphological clusters were 
confirmed by SSR analysis. These comparison of 
morphological and SSR maker clustering pattern gives 
information on the amount of variability found between 
the genotypes and hence helps in identifying the best 
method of assessing diversity. Compared to phenotypic 
traits, molecular markers have the advantage of not being 
influenced by the environment, specific, reliable and 
wider range of genome sampling but have the 
disadvantage of accessing the genome as a whole and 
not only the regions responsible for the expression of 
traits of interest. 

 
 
CONCLUSION AND RECOMMENDATION 

 
Both morphological and SSR markers were able to group 
the Lablab accessions into distinct groups, though their 
genetic variability is relatively low thus it needs to be 
expanded through rigorous breeding programs. Since 
morphological markers, especially quantitative traits can 
easily be influenced by external factors like environmental 
conditions, it is always important to back up such findings 
with molecular markers which are increasingly becoming 
available for use. Since SSR markers specific to Lablab 
have been developed, it is therefore necessary to 
characterize all the Lablab accessions in the country at 
molecular level which will form a good basis for further 
development of breeding and selection programs. 
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