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The study herein determines the available variability among the unexplored common bean
germplasm based on morphological parameters. The collection of one hundred and thirty
five genotypes was done and the experimental data for nine phenotypic yield attributing
traits was recorded in the experimental field of SKUAST Jammu, Main Campus, Chatha
for the two years. The field experiment was laid out in Randomized Block Design and the
observations were recorded from six randomly selected tagged plants. The analysis of
variance of pooled data depicted remarkable variability among the genotypes for all the
characters studied. The observations showed that the genotypes namely K12 (Bandipora)
were early maturing, N3 (Nishat) had the longest pod, R3 (Rajouri) exhibit the largest pod
width, MT6 (Marmat) had the maximum value of seed weight and that the genotypes
namely P3 (Poonch), KS6 (Shopian), VLR125 (Almora, Uttarakhand) showed the highest
yield. Comparatively higher values for seeds per plant and pods per plant parameters were
noticed in the genotypes belonging to Almora (VLR-125), Poonch (P11), Shopian (KS1
and KS6), Marmat (MT5) and Uganda (UG5, UG6, UG9 and UG11) region. Further, the
pods per plant, seeds per plant, 100 seed weight and seed yield per plant traits depicted
higher estimates for PCV, GCV and genetic advance presenting great scope for
accelerating the crop improvement. Based on these preliminary results, the elite diverse
genotypes can be selected for future breeding programs thereby enhancing yield in
common bean

Introduction

Common bean (Phaseolus vulgaris L.) is one
of the most important widely cultivated
species in Fabaceae (Leguminosae) family
with 11 pairs of chromosomes (2n=2x=22)
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and 473 Mb genome size (Schmutz et al.,
2014). The crop is predominantly self-
pollinated, annual herbaceous, cultivated in
tropical, semitropical and temperate regions of
the world (Liebenberg, 2000). The two major
gene pools of common bean (Mesoamerican
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and Andean) have been identified on account
of various morphological, biochemical and
molecular diversity studies (Cortes, 2013).
Common bean genotypes of Andean gene pool
are large-seeded whereas Middle American
gene pool is characterized by medium and
small size seeds. Within the Andean gene
pool, the evolutionary races, Chile, Nueva,
Granada and Peru have been identified
whereas three evolutionary races, Durango,
Jalisco  (medium-seeded  climber) and
Mesoamerica (small seeded) have been
characterized within the Middle American
gene pool (Singh et al., 2000). The Middle
American gene pool extends from Mexico
through Central America and into Colombia
and Venezuela, whereas the Andean gene pool
is found in Peru, Chile, Bolivia and Argentina
(Mamidi et al., 2011).

Phaseolus vulgaris commonly known as
French bean, kidney bean, haricot bean, snap
bean and navy bean belongs to Mesoamerican
gene pool with Central and South America as
major centers of origin (Wortmann et al.,
2006). Due to its high nutritional value and
potential to serve various pharmaceutical
purposes, common bean is considered to be
the most cultivated species among all the
genotypes. Common bean accounts for more
than 85 percent of the total world production
of all cultivated Phaseolus species (Singh,
1999).

Out of the 70 Phaseolus species from Central
and North America, only five (Phaseolus
vulgaris: common bean; Phaseolus coccineus:
runner bean; Phaseolus dumosus: year bean;
Phaseolus acutifolius: tepary bean; Phaseolus
lunatus: lima bean) are commonly
domesticated (Freytag and Debouck, 2002;
Gepts et al.,, 2008). P. dumosus and P.
coccineus are more closely related to P.
vulgaris that are partially intercrossable
whereas P. lunatus and P. acutifolius are more
distantly related (Belluci et al., 2014).
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Common bean serves as the primary source of
dietary proteins in developing countries in
Latin America, Africa, and Asia (Messina,
1999). Being a rich source of quality proteins
(20-25%) containing amino acids such as
methionine and lysine that is deficient in
cereal seed (Bressani, 1983) and high amounts
of energy sources such as carbohydrates,
fibres, minerals (Fe, Zn, Ca, Mg, P, K, Na, Mn
and Se), vitamins (Biotin and Vitamin A, B6),
the crop is called as “poor man’s meat”
(WMO, 1992). They are also low in sodium
and are gluten free (Agriculture and Agri-food
Canada, 2009). It also contains a group of
phenolic compounds such as flavonoids and
bioflavonoids that play a crucial role in
various anti-microbial defence mechanisms in
plants. Besides this, it has proved its medicinal

potential due to its anti-cancerous, anti-
depressant, anti-leukaemia, cardio-protective,
estrogenic, hepatoprotective, chemo-
preventive, anti-diabetic, diauretic,
diaphoretic, emmenagogue, fungicidal,
hypoglycaemic, antiviral and antipyretic

properties (Blumenthal et al., 1998; Rafi and
Vastano, 2002).

Globally, 23 million hectares of common bean
is grown worldwide (http://www.cgiar.org/
our-research/crop-factsheets/beans). Latin
America is considered to be the largest
producer of common bean followed by Brazil
(Gepts et al, 2008). Among various
developing countries, India ranks first in dry
bean production whereas fourth in green bean
production (FAO database, 2015). The
average productivity in developed countries
(1,944 kg/ha) far exceeds to that of developing
countries (1,035 kg/ha) making the situation
more drastic in least developed areas that
mainly depend on beans as their primary
dietary source (Gepts et al., 2008). An
exponential increase in population size and
current trends in bean consumption requires
higher productivity and also the demand for P.
vulgaris can be expected to increase (CIAT
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report 2001, http://webapp.ciat.cgiar.org/
ciatinfocus/beans.htm; Akibode and Maredia
2011). Palomina et al., (2012) reported the
need for 30 percent increase in production of
common bean by the year 2050. Hence, the
continuous rise in population size and
globalization presents challenges to the
researchers for developing high yielding
varieties with good agronomic merit.

In India, the crop is cultivated in various
regions including Jammu and Kashmir,
Himachal Pradesh, Uttarakhand, Uttar
Pradesh, Maharashtra, Karnataka and Andhra
Pradesh. It is a major commercial grain
legume in the North-Western Himalayan
region of India and is known for its high
quality and flavor. A vast diversity exists in
plant type, grain morphology and in agro-
ecological adaptation of land races cultivated
in this region, which is near the secondary
centre of origin (Western China) of the species
(Singh, 2000). However, very little efforts
have been made to explore the
germplasm/landraces from this region. On that
account, we attempted to estimate the genetic
variability among the germplasm by
morphological evaluation of genotypes which
forms the basis for improvement of any crop.

Materials and Methods

The germplasm taken under consideration for
the present study comprised of one hundred
and thirty five genotypes collected mainly
from different regions of Jammu and Kashmir
with one genotype procured from Almora,
Uttarakhand. The details of the genotypes
along with their source are presented in the
table 1. The evaluation of collected
germplasm was conducted for the two years
viz. 2014 and 2015 at the experimental field of
School of Biotechnology, SKUAST-Jammu
(situated at 32°40° N latitude and 74°58 E
longitude and has an altitude of 332 m above
the mean sea level). The experimental material
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was grown in randomized block design (RBD)
with two replications with row length of 2.0 m
and spacing of 0.5 m (Figure 1).

Data were recorded for wvarious Vvyield
attributing  traits namely, days to bud
initiation, days to flowering, days to fruiting,
pod length, pod width, total number of pods
per plant, total number of seeds per plant, 100
seed weight and seed vyield per plant. The
number of days taken after sowing for the
plant to form buds, flowers and the first pod
set were recorded as days to bud initiation,
days to flowering and days to fruiting
respectively. Pod length from six randomly
selected pods of each tagged plant was
measured from base of the pod to the tip of
pod (leaving the stalk) using thread and scale
and the observations were averaged for each
tagged plant. The average mean of values of
each tagged plants was calculated. The same
pods used for recording length were also used
for measuring the width. The width was
measured from the middle portion of the pod
and the averaged width was worked out. The
number of pods from each picking of every
tagged plant was recorded and the average of
total number of pods per plant was calculated.
The number of seeds from three tagged plants
in each replication were counted and
averaged. The seeds were harvested and the
total weight of 100 seeds of each genotype
was measured and recorded. The seeds were
harvested and the weight of seeds of each
tagged plant in a block was measured in grams
and averaged to get the seed yield per plant.

Observations were recorded from three tagged
plants of each block in both the replications
and their average mean were worked out for
statistical analysis. The pooled analysis of
variance for nine traits was performed and
analyzed where ‘F’ values depicted significant
differences among the genotypes for all the
characters. The genotypic and phenotypic
coefficients of variability were calculated as
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per the method suggested by Burton and De
Vane, (1953). Heritability in broad sense was
calculated as per formulae given by Allard,
(1960) and the genetic advance expressed as
percent of population mean was calculated by
the formula suggested by Johnson et al.,
(1955).

Results and Discussion

The performance of genotypes showed wide
variation based on the analysis of variance
which showed highly significant differences
among the genotypes for all the recorded traits
(Table 2). The mean performance for days to
flowering varied from 51.25 days in K12 to
69.5 days in R7 and KS5 with overall general
mean of 59.88. The data obtained for days to
fruiting showed that genotype K12 had early
pod set and genotypes R7 and KS5 took
maximum days to bear fruit. The mean values
for this trait obtained between 57.75 to 74.5
days with an average of 64.9 days. Pod length
in collected common bean germplasm showed

a wide variation ranging between 6.28 cm and
17.4 cm with an average of 11.4 cm size. The
shortest pod was recorded for P10 genotype
and longest pod seen for N3 genotype.
Further, genotype B20 showed the minimum
pod width of 0.63 cm whereas genotype R3
showed the highest value for pod width of
1.91 cm with an average mean of 1.17 cm pod
width. Pods per plant varied from 5.64 to
21.67 with minimum found in KS5 and
maximum obtained for VLR125 with an
average of 11.09 pods per plant recorded.
Genotype P19 showed minimum seeds per
plant while maximum was recorded for
genotype VLR125. The values varied from
22.1 to 110.98 with an average of 50.42. A
huge variation was found for 100 seed weight
trait where the values ranged between 11 g in
case of KS9 to 100.2 g in case of MT6 with an
average of 25.6 g. The average seed yield per
plant was 12.6 g ranging between 2.83g and
45.83g with minimum obtained for UD6 and
maximum for KS6.

Table.1 List of common bean genotypes used in the present study along with their respective
place of collection

S Genotypes
No.
1 P1 to P19
2 R1 to R10
3 KS1 to KS11
4 K12, K14, K15, K16, KS18
5 K13, KS17, KS19
6 K20
7 B1to B20
8 MT1 to MT7
9 MR1 to MR2
10 DEL1 to DE4
11 UG1 to UG14
12 N1 to N7, N9 to N11, N13 to N17
13 UD1 to UD6
14 KD1 to KD11, KD13 to KD18
15 VLR-125

Total

Number of Source
Genotypes
19 Poonch
10 Rajouri
11 Shopian
5 Bandipora
3 Baramulla
1 Qazigand
20 Baderwah
7 Marmat
2 Marwah
4 Dessa
14 Ugada
15 Nishat
6 Udhampur
17 North and Central
Kashmir
1 Almora
135
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Table.2 Mean performance of various characters under study in common
bean (Phaseolus vulgaris L.)

' Genotypes | Days to bud Days to Days to Pod lengthPod width Pods/plant | Seeds/plant | 100 seed Seed
initiation flowering fruiting (cm) (cm) weight (g) | yield/plant
IEI
-Ri
-Ei
m@_
m
-m_

~ R2 | 6000 6500 7100 | 1218 131 = 844 4033 3496 1325
55.25 59.50 63.75 11.10 29.10 39.17 11.64
R4 | 5500 5000 6450 1038 126 86l 3890 2070 831
.~ R5 57.50 61.25 65.75 20.75 91.60 20.02 18.56
~ R6 6075 6600 6975 1373 = 147 = 1018 3990 2664 1077
65.25 69.50 74.50 12.10 15.25 71.30 27.58 19.99
 R8 | 5425 5050 | 6400 | 1220 149 = 1067 4550 4248 1945
.~ R9 54.75 59.25 64.75 15.68 72.02 20.51 14.85
57.75 62.25 67.50 10.05 20.32 105.89 17.08 18.73
63.25 68.50 73.00 11.33 34.20 31.17 13.23
6275 | 6950 | 7450 1395 | 130 | 564 | 5284 11.92
69.00 | 1140 33.90 20.64
60.25 64.00 6825 | 905 | 095 | 929 | 3999 11.00
KS11 52.00 57.00 61.00 10.60 35.50 27.40
51.50 57.75 63.75 13.10 36.90 38.08 14.42
53.75 58.75 63.25 12.03 40.99 40.88 16.04
53.50 57.75 62.50 22.70 15.70
6275 | 965 | 094 | 639 | 2311 17.98
53.75 59.50 65.00 16.90 79.82 20.73 16.37
52.75 56.00 60.25 10.63 15.77 65.72 18.17 11.64
.~ B5 53.75 59.25 65.00 13.83 10.08 33.38 30.08 10.01

55.25 60.00 66.25 10.05 13.16 62.33 19.43 12.27

51
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| \
Bl | 5025 | 6325 67.75 15.50 39.84 27.48 10.49
| | | \ |
54.25 60.00 65.50 13.78 27.30 18.54
| | | \ |
5575 | 5925 | 64.25 40.25 23.07
| | | \ |
53.25 58.00 63.00 11.83 10.68 50.23 28.24 14.19
| | | \ |
. B19 | 5625 | 6075 66.00 11.55 18.56 96.51 22.41 22.95
| | | \ |
5475 | 5900 | 64.50 1000 | 069 | 900 | 4081 29.55 11.67
| | | \ |
_ MT3 | 6025 | 6400 70.00 15.85 67.06 16.27 10.55
| | | \ |
58.75 62.75 68.00 10.38 18.23 102.36 14.25 15.94
| | | | \
54.75 60.50 66.00 11.35 37.56 2709 | 999
| | | | \
53.25 58.00 63.25 15.90 72.60 27.50 19.91
| | | | \
_ DE2 | 5600 |  60.00 65.25 12.35 10.33 37.61 19.30
| | | | \
56.50 60.75 65.75 10.33 35.90 28.48 10.12
| | | | \
54.75 59.75 65.50 10.35 13.29 56.61 17.83 10.06
| | | | \
53.75 58.25 63.75 14.20 10.95 62.99 28.08 17.56
| | | | \
55.75 60.50 64.75 10.18 18.56 101.54 19.94 20.40
| | | | \
55.25 59.25 64.00 12.38 33.12 77.45 25.38
| | | | \
UG10 56.25 60.25 64.75 10.58 40.93 22.03
| | | | \
UG12 59.75 63.00 67.75 10.10 39.75 20.61
| | | | \
UG14 58.50 62.75 66.50 11.18 12.28 53.12 23.10 12.09
| | | | \

51.25 54.50 58.75 11.38 11.04 41.10 23.16
| | | | \
N4 | 6050 65.00 69.00 11.38 41.23 14.07
| | | | \
N6 | 5325 58.25 63.00 12.98 28.73 3484 | 999
| | | | \

N9 | 51.75 55.25 60.75 11.23 37.91 36.88 14.08
| | | | \

53.00 57.50 62.75 12.60 38.82 30.13 11.65
| \ \ \ \

53.25 58.00 64.25 10.35 38.21 21.20
\ \ \ | |

52.50 57.50 62.75 12.65 31.11 34.80 10.77
\ \ \ | |

57.25 . 6050 | 65.00 10.15 19.45 94.24 23.21 21.97
\ \ \ | |

53.75 58.25 6200 | 990 | 114 | 786 | 3765 19.94
\ \ \ | |

5650 | 6050 | 6575 10.28 36.16 23.43
\ \ \ | |

54.75 58.50 63.50 12.35 23.62 24.13

\ |
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\ | | |
52.25 54.75 60.00 15.78 34.12 30.04 10.32
KD

55.75 60.00 65.00 11.50 17.20 99.78 21.96 22.62
~ KD8 6400 6825
51.50 55.00 60.00 11.63 28.81 36.08 10.41
~ KDIO 5325 5700

KD11 60.25 65.00 69.75 1065 | 095 | 945 | 39.42 17.43
~ KD13

KD14 52.25 54.75 60.00 1443 | 118 | 900 | 37.21 34.02 12.86
~ KD15 5300 5625

KD16 53.75 58.25 63.75 1195 | 125 | 940 | 4475 25.43 11.55
_ KD17 | 5125 | 5525

KD18 51.50 55.25 60.00 10.53 36.65 22.86
 VLR125

 SEm: | 043 | 053 | 072 | 03 | 006 | 132 | 615 | 138 | 147
. Cv. 109 125

Table.3 Estimates of variability parameters for various characters in common bean

Characters Mean + Range Coefficient | Heritability = Genetic | Genetic
SE of variation % advance | advance
(Broad as % of

sense) mean

Days to bud | 55.43 % 47.75-65.25 0.97 6.71 12.10

0.43

Days to 64.93 + 57.75-7450 @ 5.36 | 5.13 0.92 6.57 10.12
fruiting 0.72
Pod width 117+ 0.63-1.91 21.79 | 20.04 0.85 0.45 38.74
0.06
Seeds/plant | 47.71 = 22.10- 50.32 | 46.91 0.86 42.54 89.16
6.15 110.98

2.83-29.12 | 56.64 | 53.78

initiation

Seed
yield/plant

53
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Figure 1 (a): Experimental field, SKUAST-Jammu

Figure 1 (b): Seed germination

Further, we noticed considerably high values
for genetic variability parameters such as
heritability, genetic advance and genetic gain
for 100 seed weight and seeds/plant traits
(Table 3). However, genetic advance was
found considerably low in case of days to bud
initiation, days to flowering, days to fruiting,
pod length and pod width. Heritability was
high for the field influencing traits which is a
desired characteristic that suggests direct
selection of lines for improvement. Overall a
substantial amount of divergence is observed
in the collected common bean germplasm.

The presence of substantial amount of
variability presents considerable scope for
improvement of the studied characters. These
results are in accordance with the findings of
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studies et al.,

previous
Madakbasi et al., 2011) that recorded high
variation for morphological traits in common

(Boros 2014,

bean germplasm. However, moderate
morphological diversity was observed for
tropical common bean germplasm comprised
of 284 bean accessions, including 15 lines
from Colombia, one line from Rwanda and
268 landraces (OKii et al., 2014). The genetic
improvements utilizing various molecular
breeding techniques are stable across bean-
growing environments (Welch and Graham,

2004). Further, environment plays an
important role in the accumulation of
variation  in  geographically  isolated

individuals or genotypes present in different
regions (Sarwat et al., 2008). Knowledge of
the patterns of genetic variation can aid
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efficacious conservation of vulnerable species
and provide information for sampling
strategies for ex-situ and in-situ conservation
(Torre et al., 2008). There is need for
collection and acquisition of wild and
cultivated species to conserve crop genetic

diversity. Study of interspecies genetic
variation facilitates the assessment of
extinction risks such as inbreeding and

evolutionary potential in a changing world.
The knowledge of inheritance mechanism
formulates appropriate breeding strategies for
the improvement of a particular trait. In our
study, minimum days to flowering and days
to fruiting were taken by K12, VLR-125, N2,
K13, KS10, MR1 and P2 which showed good
potential in terms of yield as well. The data
suggested that there is sufficient genetic
variability to increase yield performance in
common bean germplasm. The lines with
desirable traits such as early maturity and
high yield can be used for the purpose of
enhancement of yield performance. These
lines may be deployed in molecular breeding
for the development of biparental populations
and in back cross breeding programs aimed at
enhancing yield in common bean.

Summary and future prospects

For development of varieties with extended
adaptability and wide genetic base, it is must
to have prior knowledge of variation in the
existing germplasm. The study presented here
will  provide more possibilities  for
identification and selection of suitable
genotypes which can be properly utilized for
improvement of common bean. Diversity
studies will provide a platform to better
understand the crop structure for predicting
cross combinations to get desirable F1
hybrids. Study of variability in terms of their
traits and phylogenetic relationship forms the
foundation of any breeding programme as it
provides an opportunity to develop improved
crops by more efficient sampling of
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genotypes and to exploit these varieties at
commercial ~ level.  Thus,  germplasm
characterization of common bean ensures its
efficient use in breeding programmes as new
sources of variation will be utilized to identify
and curtail yield limiting factors thereby
enhancing the nutritional potential of the crop
for alleviating hidden hunger with little
recurring costs.
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