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ABSTRACT

Fifty six genotypes of yard long bean (Vigna sesquipedalis L. Fruw) were investigated to understand the extent of genetic diversity
through 20 agro-morphogenic characters. Analysis of variance revealed significant differences for each character among all 56 genotypes.
Mahalanobis’ D? analysis established the presence of wide genetic diversity among these genotypes through the formation of nine clusters.
Cluster V had the maximum number of genotypes (12) while none of the clusters were solitary. Genotypes of different sources fell into
the same cluster, indicating that genetic diversity was not concurrent with geographical diversity. The genotypes in cluster I diverged
genetically from the genotypes in cluster IX, thus, selection of parents from clusters I and IX would produce progeny which may show
homeostasis over changing environments. The biggest cluster V had the highest intra-cluster distance (3.059) and the highest cluster mean
for number of pods/plant (3.215), hence, hybridization between genotypes within cluster V could be used to increase the number of
pods/plant. The highest cluster mean for yield/plant was recorded in cluster IX (920.050 g). Therefore, genotype BD-1564 from BARI and
genotype YB-549 from China appeared as outstanding genotypes in terms of improved yield potential of yard long bean. Among the 20
characters, number of pods/plant contributed most (15.29%) to the total divergence followed by number of racemes/plant (13.13%).
Therefore, these characters would respond better under selection. The character, 100-seed weight, contributed least (0.19%) and the
contribution offered by yield/plant was also minimum (0.51%) to total divergence. Based on mean performance, genetic divergence and
clustering pattern, few genotypes (BD-1595, Tender Green, BD-1564 and YB-549) were considered as potentially important for further

breeding programs of yard long bean.
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INTRODUCTION

Yard long bean (Vigna sesquipedalis L. Fruw) was prob-
ably selected and developed in Southeast Asia from
common cowpea, which is considered to have originated in
Africa (Ng and Marechal 1985) while the center of genetic
diversity of yard long bean is in Southeast Asia. The name
yard long bean is well chosen because the bean is really
long, although not exactly one yard while the French name
"Haricot kilométre" (kilometer bean) exaggerates the size
even more. The Chinese refer to it as snake bean, which is
closely related to the black-eyed pea. Some other common
names also include asparagus bean, string bean and long-
podded bean. Yard long bean is thought to have originated
in Yunnan province of Southern China (Newman 2006) but
it is now widely believed that the wild ancestors of domes-
tic yard long species came from central Africa (Hansen
2013). Its immature, tender, edible pods are one of the most
popular vegetables used in the Philippines and other East
Asian cuisines. The bean is even grown on a small scale in
the home gardens of the Southern United States, West
Indies as well as Mediterranean regions, generally recog-
nized by local names, including bora (West Indies), dau
gok (China), pole sitao (Philippines), kusasagemae (Japan)
(Power your diet 2013), barboti (Bangladesh) (Huque et al.
2012), etc.

Yard long bean is actually an annual food legume
belonging to the Fabaceae family and the genus Vigna,
which is comprised of about 80 species and occurs through-
out the world. Besides, the tropical American species are
likely to be placed in a separate genus in the near future,
which would reduce the genus to 50-60 species (Rajerison
2006). However, Vigna unguiculata is extremely variable,
both in wild and cultivated plants, and several subspecies
(up to 10) have been distinguished, most of them com-
prising perennial wild types (Madamba et al. 2006). Verd-
court (1970) subdivided cultivated forms of V. unguiculata
into three subspecies, wunguiculata, sesquipedalis and
cylindrica, including both annual wild and cultivated types.
Marechal ef al. (1978) then divided V. unguiculata into five
cultivar groups viz. Unguiculata group (common cowpea),
Sesquipedalis group (yard long bean and Dolicos bean),
Biflora group (catjang cowpea), Melanophthalmus group
(West African bean) and Textile group (Nigerian bean).
Once again, cowpea was classified as belonging to the same
group as yard long bean (Li ef al. 2001; Phansak et al.
2005; Tantasawat et al. 2010). Therefore, the scientific
identity of yard long bean either as a species or as a sub-
species is still a controversy. Both yard long bean and cow-
pea are required by the world market, especially for dev-
eloped countries (Earth Net Foundation 2006). Benchasri e?
al. (2012) reported that yard long bean is a common vegeta-
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ble in Asian markets. Because of its economic importance,
agriculturalists try to increase production to meet con-
sumers’ high demand, particularly in Southeast Asian,
Chinese, and Filipino cultures. Along with yard long bean,
other legumes are an important component in the diets of
humans and animals throughout the world and are culti-
vated under a wide range of environmental conditions.
Total world production exceeds 17 million tons, with China,
Indonesia, India and Turkey among the largest producers
and consumers of this crop (FAOSTAT 2010).

The leaves of yard long bean are somewhat shiny and
flower color is either purple or white. Usually, flower size
is larger than that of cowpea. Seed color ranges from black,
brown, and various types of mottled color. Pods attach
downward to the peduncles. Young pods are used as
vegetables and the pods are used much like traditional field
beans (FAO 2013). The pods hang in pairs that should be
picked for vegetable use before maturity (Van Horn and
Myers 2003; Coker et al. 2007). Yard long bean is a sig-
nificant source of nutrition, particularly vitamins A and C,
providing 17 and 31%, respectively of the recommended
daily allowance USDA (2005). It is an important source of
protein in many tropical and subtropical countries. The
health benefits of yard long bean are mentioned below (ver-
batim):

e “Yard long beans are one of the ancient cultivated crops.
Young, immature pods are one of very high calorie
vegetables; 100 g beans contain about 47 calories.

The pods contain large quantities of soluble and insolu-
ble fibers. Since the entire green pod is eaten as in
French beans; sufficient amount of dietary fiber is
obtained in the diet. Dietary fiber helps to protect the
mucous membrane of the colon by decreasing its expo-
sure time to toxic substances as well as by binding to
cancer causing chemicals in the colon. Fiber rich food
also found to reduce LDL-cholesterol levels by
decreasing re-absorption of cholesterol binding bile
acids in the colon.

Fresh yard long beans are one of the finest sources of
folates; 100 g beans provide 62 pg or 15% of daily
requirement of folates. Folate along with vitamin B-12
is one of the essential components of DNA synthesis
and cell division. Adequate folate in the diet around
conception and during pregnancy may help to prevent
neural tube defects in the newborn baby.

Fresh beans contain a good amount of vitamin C; 100g
yard long beans provide 18.8 mg or 31% of vitamin C.
Vitamin C is a powerful water-soluble antioxidant and
when adequately provided in the diet, it helps to build
immunity against infections, maintains blood vessel
elasticity and offers some protection from cancers.
Furthermore, the long beans are excellent sources of
vitamin A;at 865 IU/ 100g. The beans have more of
this vitamin than that of the other same family legumes
such as lima beans, fava beans, green beans etc. Vita-
min A is one of the essential vitamins for the body
provided through our diet. Vitamin A maintains mucus
membrane integrity, enhances skin complexion and
improves night vision.

In addition, yard long beans provide average amounts
of minerals such as iron, copper, manganese, calcium
and magnesium. Manganese is used by the body as a
cofactor for the powerful antioxidant enzyme, super-
oxide dismutase” (Power your diet 2013).

According to the Oregon State University Commercial
Vegetable Production Guide, the world production of yard
long bean is about 13,450 kg/ha whereas, its production is
only 3640 kg/ha in Bangladesh (Huque et al. 2012). There-
fore, high-yielding yard long bean varieties need to be
developed through utilization of valuable local and overseas
germplasm collections.

Genetic relationships and diversity prevailing among
genotypes decide species characteristics such as the degree
of inbreeding versus outbreeding, or the relative contribu-
tions from asexual or sexual reproduction. The key message
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is that flowering plants show remarkable ecological and
evolutionary lability in their sexual systems (Barrett 2002).
Such studies can also provide insight into the evolutionary
history of a species. Genetic distance and proximity of
genotypes within a population for different characters of
any crop are very important to determine their phylogenetic
relationship and their evolutionary pattern (Hoque and
Rahman 2007). Moreover, genetic diversity plays an impor-
tant role in the survival and adaptability of a genotype.
When a habitat changes, the populations of a genotype may
have to adapt to survive, and the ability of populations to
cope with this challenge depends on their capacity to adapt
to their changing environment (Andrew 2002). The D’
statistical technique is applied based on multivariate analy-
sis developed by Mahalanobis (1936). It gauges similarity
of an unknown sample set to a known one. It takes into
account the correlations of the data set and is scale invariant.
In other words, it refers to a generalized distance, clustering
of genotypes, intra- and inter-cluster distances and to the
contribution of individual characters to the total genetic
divergence among genotypes.

The D? analysis is the most effective method for quanti-
fying the degree of genetic diversity among genotypes, and
helps in the selection of parents for hybridization. It is
generally accepted that genetically divergent parents, when
crossed, will show maximum heterosis and offer the maxi-
mum chance of isolating transgressive segregrants (Maka-
nur 2010). Moreover, genetic diversity is the basic require-
ment for a successful breeding program with the objective
of obtaining high-yielding varieties (Rahman and Munsur
2009) while collection and evaluation of genotypes of any
crop are prerequisites for any program, providing a greater
scope for exploiting genetic diversity. The quantitative
assessment of genetic divergence among germplasm col-
lections and the relative contribution of different characters
towards genetic divergence create essential and effective
information for breeders in a hybridization program and
thereby genetic improvement of yield. The need to identify
genetic divergence among genotypes is more pronounced
for two reasons: i) genetically divergent parents, if included
in a hybridization program, are likely to produce a high
heterotic effect; ii) a wide spectrum of variability is expec-
ted in the segregating generation of crosses involving
distantly related parents (Nagalakshmi ef al. 2010).

Understanding genetic relationships and diversity
would facilitate the transfer of useful genes among geno-
types and maximize the use of available germplasm resour-
ces in plant breeding and characterized genotypes would
provide clues to plant breeders on how to select accessions
for use in a hybridization program (Ghafoor et al. 2002).
Based on this theoretical background, the present study
aimed to 1) evaluate the genetic relationship and diversity
in 56 long yard bean genotypes collected from different
origins/sources, 2) relate genetic diversity patterns to geo-
graphical regions and 3) select desirable parental lines for
initiating hybridization programs to evolve new genetic
recombinants.

MATERIALS AND METHODS

A total of 52 genotypes were collected from different sources of
Bangladesh, 3 from China and 1 from India (Table 1). Among the
domestic sources, 39 genotypes were received from BARI
(Bangladesh Agricultural Research Institute), 10 from different
national seed companies, one from BADC (Bangladesh Agricul-
tural Development Corporation), one from a farmer’s field of
Chittagong district and one from a local market of Sylhet, Bangla-
desh. The experiment was conducted at a research field under the
Department of Botany, Jahangirnagar Unversity, Savar, Dhaka,
Bangladesh during March to June, 2010. The experimental site
was located in the Young Brahmaputra and Jamuna Floodplains
(FAO 1988; UNDP 1988) characterized by shallow, permeable
sandy loams and silty loams on the ridge crests. The experiment
was laid out in a randomized block design with three replications.
Each genotype was assigned to three row plots 3 m in length with
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Table 1 List of the collected yard long bean genotypes.

Total entries  Genotypes

Origin/ Source

39

BD-1516, BD-1518, BD-1528, BD-1532, BD-1532, BD-1533, BD-1537, BD-1548,

BARI, Gazipur, Bangladesh

BD-1549, BD-1560, BD-1561, BD-1562, BD-1563, BD-1564, BD-1569, BD-1575,
BD-1577, BD-1578, BD-1579, BD-1583, BD-1591, BD-1594, BD-1595, BD-1598,
BD-1599, BD-3064, BD-3067, BD-3074, BD-3078, BD-10071, BD-10073,
BD-10075, BD-10078, BD-10080, BD-10081, BD-10082, BD-10084, BD-10086 and

BARI-1 (released variety)
Kegarnatki

Toki, Lal Beni, Saba, Banalata and 1070
Green Long

White Bean

Sada Sundori

Kashem King

Tender Green

Sobuj Sathi

YB-465

YB-501

YB-549 and YB-550
YB-490

—_ DD = e e e e e e e (Y

BADC, Dhaka, Bangladesh

Lal Teer Seed Industry Ltd., Dhaka, Bangladesh
Masud Seed Company, Dhaka, Bangladesh
Ripa Seed Company, Dhaka, Bangladesh
Namdhari Seed Company, Dhaka, Bangladesh
Kashem Seed Company, Dhaka, Bangladesh
Techspark Seed Company, Dhaka, Bangladesh
Local market, Sylhet, Bangladesh

Chittagang, Bangladesh

Chengdu, China

Anhui, China

India

Table 2 Clustering pattern and distribution of 56 genotypes of yard long bean.

Cluster  No. of genotypes  Name of the genotypes

I 11 BD-1518, BD-1533, BD-1548, BD-1549, BD-1560, BD-1575, BD-1577, BD-1578, BD-10073, BD-10075, BD-10086
11 4 BD-1532, BD-10071, BD-10082, BD-10087

1 3 BD-1528, BD-1537, White Bean

v 10 BD-1516, BD-1561, BD-1569, BD-1595, BD-1598, BD-1599, Green Long, Kegarnatki, Lal Beni, YB-465

\% 12 BD-3074, BD-3078, BD-10080, Sobuj Sathi, Toki, Saba, YB-490, YB-501, YB-550, 1070, BARI-1, Kashem King

VI 9 BD-1562, BD-1563, BD-1583, BD-1591, BD-3064, BD-3067, BD-10078, BD-10081, BD-10084

Vil 2 Bd-1595, Tender Green

A\"11 3 BD-1579, Banalata, Sada Sundori

IX 2 BD-1564, YB-549

inter and intra-row spacing of 30 cm and 20 cm, respectively.
Recommended agronomic practices were followed to obtain the
best possible harvest. Out of 45 plants per plot, data was recorded
from 10 randomly selected competitive plants for several charac-
ters: MVL = main vine length (cm), PB/P = primary bran-
ches/plant, L/P = leaves/plant, TLL = terminal leaf length (cm),
TLB = terminal leaf breadth (cm), DFF = days to first flowering,
R/P = racemes/plant, DNF = days to 95% flowering, P/R =
pods/raceme, P/P = pods/plant, PL = pod length (cm), PG = pod
girth (cm), DPM = days to pod maturity, IPP = infected pod
percentage, PAP = pod abortion percentage, S/P = seeds/pod, HSW
= 100-seed weight (g), FW/P fresh weight/pod (g), LHT = length
of harvesting time and Y/P = yield/plant (g). Mean data for each
character were subjected to both univariate and multivariate
analysis. For univariate analysis, ANOVA (analysis of variance)
was calculated for individual characters and tested by the F-test.
Principal component analysis (PCA), as well as principal
coordinate analysis (PCoA) analysis, was also performed. At first,
the data were subjected to PCA (Rao 1964) to group the genotypes
into different clusters using a non-hierarchical classification based
on maximum variance and the principal succeeding components
with latent roots greater than unity (Jeger ef al. 1983). Genetic
divergence based on the 20 characters was computed using
GENSTAT 5.5 software program and then the genotypes were
clustered by using on hierarchical classification through covari-
ance matrix. The intra- and inter-cluster distances were measured
following the D? statistics proposed by Mahalanobis (1936).

P” = Wij(x'i - )3 j - %% ))

where

PP’ = Genetic divergence between two cultivars;

Wij = The inverse of estimated variance and covariance matrix;

xi and xj = The multiple measurements available for each of the
genotypes.
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RESULTS AND DISCUSSION

The ANOVA exhibited significant differences among the 56
yard long bean genotypes for all 20 characters studied.
Therefore, the observations on all 20 quantitative characters
in the 56 genotypes were analyzed for genetic diversity. The
coefficient of variation (CV) is in general high in legumes:
Adewale ef al. (2010) estimated a wide range of CVs (1.80-
34.10%) for yield and its related characters in combined
analysis over two years in cowpea. The CVs along with
standard errors for 20 characters are gresented in Fig. 1.
CVs ranged from 5.28-15.30%. The D~ values, correspon-
ding to all possible combinations among the 56 genotypes,
were computed. The distribution pattern of the genotypes
into different clusters indicated that cluster V was the
largest, containing 12 genotypes followed by cluster I with
11 genotypes; cluster IV with 10 genotypes, cluster VI with
9 genotypes, clusters III and VIII with 3 genotypes each and
two clusters (VII and IX) which had 2 genotypes each
(Table 2). The clustering pattern of the 56 genotypes were
also confirmed by PCA, in which PCA score 1 and PCA
score 2 were geometrically distributed into four quadrants,
following which the D* values were superimposed to deve-
lop nine different clusters (Fig. 2). The pattern of distribu-
tion of genotypes in various clusters showed the existence
of considerable genetic diversity (Upadhyay and Mehta
2007). Nine genotypes of the largest cluster III (12) were
collected from different Bangladeshi organizations, two
genotypes (YB-501 and YB-550) from China and another
one (YB-490) from India. Resmi ez al. (2005) determined
the magnitude of genetic divergence among 30 diverse
genotypes of yard long bean using Mahalanobis D* statis-
tics and grouped them into four clusters. The inter-cluster
distance was maximum between clusters I and I1I. Heterotic
combinations are expected between the selected parents of
the diverged groups (Resmi ef al. 2005). Besides, the exten-
sive use of closely related genotypes by breeders could
result in vulnerability to pests and diseases. Therefore,
determination of genetic diversity of any given crop species
is a suitable indicator for improvement of that crop because
it generates baseline data to guide the selection of parental
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Fig. 1 Coefficient of variation with standard errors for 20 characters.
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Fig. 2 Clustering pattern of 56 yard long bean genotypes where D’ values have been superimposed on PCA values.

lines and design a breeding scheme (Ahmad et al. 2010).
This revealed that the genotypes collected or released
from different countries were invariably placed in the same
cluster. The clustering pattern of the varieties in the present
study clearly indicated that there was no parallelism
between genetic and geographic diversity. The major clus-
ters contained genotypes of heterogeneous origin and/or
regions which suggested that the pattern of clustering of
genotypes was independent of their geographic origin/place
of release and hence, that there is no parallelism between
genetic and geographic diversity. These findings are in
general agreement with those of Resmi ef al. (2005). The D*
statistics, when employed for various crops, suggests that
genetic diversity is not always associated with geographical
diversity, as shown by Prakash (2006) in chickpea (Cicer
arietinum L.), by Golani et al. (2006) in Indian bean
(Catalpa bignonioides. L.), by Singh and Singh (2006) in
field pea (Pisum sativum L.), and by Pandey (2007), Sugan-
thi et al. (2007), Sulnathi ef al. (2007) and Nagalakshmi ez
al. (2010) in cowpea [ Vigna unguiculata (L) Walp.]. In con-
trast, Das ef al. (2001) reported that the grouping pattern of
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divergent genotypes suggested no parallelism between
genetic divergence and geographical distribution of soybean
genotypes. The clustering pattern of chickpea genotypes did
not necessarily follow their geographic distribution (Syed et
al. 2012). The logical explanation for observing genotypes
from different geographic regions falling into one cluster
may be that there is a free exchange of genetic material
from one place to another or due to the fact that unidirec-
tional selection practiced in different places might have had
a similar effect and therefore, varieties evolved under
similar selection pressure might have clustered together,
irrespective of their geographic origin. Murty and Arunan-
chalam (1996) reported that genetic drift and selection in
different environments could cause greater diversity than
geographic distance. The average intra- and inter-cluster
distances are presented in Table 3. The intra-cluster dis-
tance ranged from 0.282 (VII) to 3.059 (V) and the highest
intra-cluster distance did transgress the limits of some inter-
cluster distances. The highest inter-cluster distance (12.453)
was recorded between cluster I and cluster IX, revealing
that genotypes under these two clusters were most diverged,
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Table 3 Average intra- (bold) and inter-cluster distances (D* values) in yard long bean.

Cluster 1 11 111 v \ VI vil Vil IX

1 1.911

I 1.758 0.890

I 3.023 1.108 1.022

v 6.003 2.143 1.700 1.863

A% 9.433 4393 3.447 0.994 3.059

VI 4.257 1.307 0.701 0.829 2.081 2.271

VII 0.693 0.948 2.083 4.133 6.773 2.786 0.282

VIII 4.425 1.450 0.774 0.720 1.912 0.562 2.906 0.374

IX 12.453 6.673 5.055 1.803 0.728 3.288 8.872 3.285 0.353
Table 4 Cluster means for twenty agro-morphogenic characters in yard long bean.

Characters 1 11 11 v \ VI VII VIII IX
Main vine length (cm) 311.627 383.775 332.200 361.540 332.975 387.256 294.800 315.367 344.750
Primary branches/plant 7.142 7.473 7.963 8.290 7.917 8.592 8.665 8.371 8.888
Leaves/plant 45.081 44918 41.333 41.525 40.688 42.137 39.775 40.370 45.890
Terminal leaf length (cm) 12.192 11.778 11.860 12.240 11.763 11.706 11.985 11.317 12.240
Terminal leaf breadth (cm) 3312 3.303 3.517 3.859 3.805 3.390 3.390 3.837 3414
Days to first flowering 37.547 37.638 38.407 38.722 38.630 37.407 37.665 38.627 37.445
Racemes/plant 6.260 6.568 5.927 7.598 10.481 6.645 6.065 6.321 11.575
Days to 95% flowering 45.263 45.083 45.853 45.479 45.628 45.520 43.610 44.443 45.330
Pods/raceme 2.413 2.529 2.220 2.877 2.713 2.543 2.885 2.369 3.169
Pods/plant 15.083 16.625 13.173 21.371 28.068 16.707 17.655 14.983 36.250
Pod length (cm) 11.360 23.138 35.607 49.577 63.764 42.610 12.475 44.353 70.580
Pod girth (cm) 2.299 1.938 2.577 2.802 3.215 2.538 2.280 2.547 3.170
Days to pod maturity 49.870 49.638 50.297 50.424 50.168 50.382 49.330 49.777 48.610
Infected pod (%) 10.341 6.940 10.037 7.874 7.896 8.108 8.050 8.517 7.940
Pod abortion (%) 8.997 9.220 10.183 9.554 9.683 9.342 9.275 9.629 8.940
Seeds/pod 15.242 15.835 15.257 16.155 15.508 14.531 15.610 15.407 15.055
100-seed weight (g) 11.361 13.625 15.990 16.367 17.967 13.893 11.730 14.220 18.000
Fresh weight/pod (g) 5.981 10.596 14.703 18.763 23.140 16.344 8.179 18.433 25.440
Length of harvesting time 27.525 27.223 27.630 28.090 28.213 27.593 28.780 28.110 27.945
Yield/plant (g) 89.658 172.025 190.900 394.140 638.292 269.789 138.350 276.867 920.050

followed by clusters I and V (9.433). Hence, intercrossing
between genotypes from different clusters may give a high
heterotic response and better segregants (Suganthi et al.
2007). On the contrary, the lowest inter-cluster distance
(0.562) was estimated between clusters VI and VIII, indi-
cating that the genotypes included in these two clusters
were more closely related than to other genotypes. The data
on the cluster means of all 20 characters are presented in
Table 4. It is evident that different clusters exhibited dis-
tinct mean values for almost all 20 characters. A wide range
of CVs was observed among different clusters for all cluster
means and for all 20 characters. Cluster VI had the highest
mean value for MVL (387.256 c¢cm). DFF was very close
among the nine clusters and ranged from 37.407-38.722.
Cluster VII had the minimum mean value for DPM (43.610)
but had the highest FW/P (28.780 g). The P/P was recorded
maximum (36.250) in cluster IX and cluster II had the
minimum (6.940%) IPP. Cluster I had the highest mean
value for PL (10.341 cm). Moreover, cluster IX had the
maximum value for IPP (48.610%) but had the highest
means for S/P (18.000), HSW (25.440 g) and Y/P (920.050

g).

In the present investigation, the percentage contribution
of different important characters towards genetic divergence
are calculated (Table 5). The study indicated that P/P con-
tributed maximum (15.29%) to total divergence followed by
R/P (13.13%). The least contribution to total genetic diver-
gence was by HSW (0.19%). The minimum contribution by
this character revealed that this character was least affected
in the course of evolution. Genetic diversity is the basis for
survival and adaptation and allows individuals to continue
to advance adaptive processes on which evolutionary suc-
cess depends (Rao 2002). Nevertheless, species diversity of
a community and genetic diversity of a species may covary
positively within and between sites due to the possible
effects of drift, selection and species turnover (Odat et al.
2004; Vellend and Geber 2005; Gugerli et al. 2008). The
contribution of MVL towards total genetic diversity was

Table 5 Contribution of twenty characters to the total genetic divergence
in yard long bean.

Characters Mean range Contribution towards
genetic divergence (%)

Main vine length (cm) 287.90-411.70 2.05
Primary branches/plant 5.89-9.44 223
Leaves/plant 34.11-50.33 4.61
Terminal leaf length (cm)  8.67 — 12.34 1.14
Terminal leaf breadth (cm) 2.78 — 4.64 0.85
Days to first flowering 36.11 —41.67 7.90
Racemes/plant 5.46 — 12.94 13.13
Days to 95% flowering 41.11-48.11 7.38
Pods/raceme 2.11-3.56 4.27
Pods/plant 12.22 -37.35 15.29
Pod length (cm) 9.32-91.87 12.15
Pod girth (cm) 1.52-3.68 0.28
Days to pod maturity 44.33 - 51.89 10.27
Infected pod (%) 5.00-12.89 3.00
Pod abortion (%) 7.11-11.55 3.49
Seeds/pod 8.33-19.33 2.96
100-seed weight (g) 8.50-22.33 0.19
Fresh weight/pod (g) 528 -27.64 2.15
Length of harvesting time ~ 26.33 —30.33 6.15
Yield/plant (g) 66.78 —957.60  0.51

2.05%. The final product, Y/P also exerted minimum load
(0.51%) to total genetic divergence. Venkatesan et al.
(2004) reported that FC/P (flower clusters/plant), P/C
(pods/cluster), P/P and SY/P (seed yield/plant) had the
maximum contribution towards total divergence. Kumawat
and Raje (2005) also showed that SY/P contributed the
most to total genetic divergence followed by S/P, DFF, plant
height and reproductive period. Sulnathi et al. (2007)
assessed genetic divergence in 56 genotypes of cowpea
using D? statistics for 13 yield-contributing characters and
showed that genotypes could be grouped into nine clusters
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in which cluster I had the maximum number of genotypes
and in which the characters DM (days to maturity), HSW
and DF (days to flowering) were the highest contributors to
D’ values. Pandey (2007) evaluated the genetic diversity
among 13 characters of 44 grain cowpea genotypes using
Mahalanobis D’ statistics. The genotypes fell into nine
clusters. Cluster strength varied from a single genotype
(Cluster 1V to IX) to 31 genotypes in Cluster 1. Cluster III
had minimum days to first flower opening and SY/P in
addition to maximum P/P and PB/P. Cluster Il had maxi-
mum Y/P and HSW, cluster V had maximum PL, cluster
VII had maximum number of S/P along, cluster II had mini-
mum DM, while cluster VII showed maximum DM. Sugan-
thi and Murugan (2007) evaluated the genetic diversity of
10 characters of 30 cowpea genotypes using Mahalanobis
D’ statistics, grouping them into 11 clusters. Cluster
strength varied from a single genotype (Clusters VI, IX and
XI) to 7 genotypes (Cluster III). Cluster VI had maximum
SY/P, P/C, PL, S/P and P/P. The contribution of a particular
character mainly depended upon the genotypes included in
the study and on the environment influence over the charac-
ter. Among the 13 quantitative characters studied, the most
important character contributing to divergence was seed
size followed by PL, HSW and clusters/branch (Backiyarani
et al. 2000). Oliveira et al. (2003) studied the importance of
several characters for divergence in cowpea and indicated
that PL (36.87%), HSW (19.21%) and S/P (9.62%) were the
most important contributors to total genetic divergence. On
the other hand, Passos et al. (2007) showed that, for semi-
upright cowpea genotypes, the characters of greatest magni-
tude for divergence were PY (pod yield) (43.91%) for geno-
types of prostrate growth and PY (35.92%), PL (28.56%)
and weight of grains/pod (28.14%) for upright genotypes.
The number of P/P contributed the most to divergence
followed by pod weight and yield (Baswana et al. 1980).
Any success through hybridization followed by selec-
tion depends primarily on the selection of parents having
high genetic variability for different characters. While
choosing the genotypes as parents for hybridization for
heterosis breedlng, the per se performance of the genotypes
with higher D values should be taken into consideration, in

addition to maximum inter-cluster distance between clusters.

If the mean per se performance of two genotypes is too low
with less genetic divergence, such a pair is not likely to
produce very high-yielding segregants or heterotic effects,
therefore, has no practical value. Hence, the effective
method of identifying ideal parental combinations, or geno-
types with high-yielding ability along with other desirable
characters would be selected and also all possible D? values
among the clusters would be observed (Shimoya et al.
2002).

CONCLUSION

All 20 characters studied contributed to diversity, in which
the hlghest contribution was recorded by pods/plant. Based
on D7 values, 56 genotypes were grouped into nine clusters.
Cluster V was the biggest with 12 genotypes followed by
cluster T (11) and IV (10). There was no solitary cluster.
Intra-cluster D values ranged from 0.282 to 3.059 and
inter-cluster D” values exhibited a range of 0.562-12.45.
Fresh weight/pod was maximum (28.780 g) in cluster VII
and the highest yield/pod (920.050 g) was in cluster IX,
revealing the superiority of genotypes in clusters VII and IX
to obtain segregants with high fresh weight as well as high
yield after hybridization. It is essential to determine how
influential characters lead to the improvement of yard long
bean genotypes. As hybridization between closely related
genotypes results in depressed vigor and fertility, hence,
future breeding program utilizing the studied genotypes
should be based on the genetic analysis of various charac-
ters and hybridization carried out among clusters rather than
within clusters. The present investigation showed signifi-
cant variation between genotypes for the 20 characters
considered. Improvement in yield could be achieved
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through hybridization followed by selection for high-yiel-
ding segregants. The intercrossing among genotypes
showed that greater genetic divergence should result in
superior heterotic effects and also generate valuable seg-
regants in later generations. It is expected that better perfor-
ming varieties could be developed from this study which
ultimately increases sustainable productivity in yard long
bean.
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