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1LLINTRODUCTION

Agriculture all over the world have been hard hit by the impacts of climate
change like flood, drought, erratic rainfall, heat and cold waves. Countries like
India are more vulnerable in view of the dependence of majority of population on
agriculture, excessive pressure on natural resources and poor mitigation strategies
(Maheshwari et al., 2015). Suitable adaptation and mitigation strategies including
use of climate resilient crops and cultivars for different regions are of paramount

importance to cope with these aberrant weather conditions.

Leguminous crops are well known for their resilience, adaptation and
tolerance to adverse conditions and they can come up well even in poor soils with
less management practices (Gangadhara, 2013). Cluster bean (Cyamopsis
tetragonoloba (L) Taub.) is an important leguminous crop belonging to the family
Fabaceae (2n = 14). It is a hardy and drought tolerant crop extremely suitable for
warm tropical regions. Its extensive tap root system imparts drought tolerance. It
can serve as fodder and green manure crop, can enrich the soil by fixing

atmospheric nitrogen (50-60 kg/ha) and add organic matter to the soil.

Cluster bean is widely exploited as an industrial crop because of its seed
which contains galactomannan rich endosperm (Sharma et al., 2014). The guar
gum extracted from the seeds of cluster bean is found to have large-scale
application in textile, paper, pharmaceutical and petroleum industries. India, share
80% of total world production. India produces 2.46 million tonnes from an area of
5.15 million hectares.It is mainly exported to USA, Germany, Netherlands, Italy,

Japan etc..
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In south India, it is mainly consumed as a vegetable. The pods are rich in
nutrients like protein, vitamin A, vitamin C, calcium and iron (Kumar and Singh,
2002). 100g of edible pods contain 10.8g of carbohydrates, 3.2 g of protein and
0.4g fat. Even though it has great potential as a vegetable and industrial crop, it is
not very popular in Kerala because no promising variety has been released
suitable to Kerala condition. As climate change is posing threat to the food and

nutritional security of the state, this is a crop, which has great scope in future,

Wide variability is observed for cluster bean all over India. Very limited
number of studies has been conducted to explore the variability in the germplasm
of cluster bean. Genetic improvement for quantitative traits depends upon the
nature and amount of variability present in the genetic stock and the extent to
which the desirable traits are heritable. Knowledge on variability, components of
variance such as genotypic coefficient of variation, phenotypic coefficient of
variation and heritability help in designing crop improvement program and choice
of parental genotypes. Estimation of genetic divergence in any germplasm is very
important in hybridization program. Hybrids with high heterosis can be developed
by crossing between genotypes belonging to clusters of diverse origin. Hence, the
present study was undertaken with the following objective.

1. To evaluate the performance of cluster bean genotypes for yield and
quality.
2. To study the variability and correlation for yield and yield attributing

characters.






2. REVIEW OF LITERATURE

Crop improvement work in vegetable type cluster bean is rather scanty.
However, many workers have reported studies on genetic diversity, genotypic and
phenotypic variability, heritability and correlation. The literature available on above

aspects are reviewed and presented here under the following heads

1. Genetic variability, heritability and genetic advance
2. Correlation and path coefficient
3. Genetic divergence

2.1. Genetic variability, heritability and genetic advance:

Mitra et al. (2000) evaluated 234 genotypes of cluster bean. They observed

that number of pods per plant showed maximum variability and divergence

In a study conducted among 30 genotypes of cowpea, Eswaran et al. (2006),
observed high heritability and high genetic advance for plant height at initiation of

flowering, 50% flowering and maturation.

Anandhi and Ommen (2007) reported high variability for all characters except
number of seeds per pod and days to 50% flowering in 29 genotypes of cluster bean.
Number of pods per plant, number of clusters per plant, pod length, pod weight and
pod yield exhibited high heritability and genetic advance.

Buttar et al. (2008) observed high genotypic coefficient of variation (GCV)
and heritability for seed yield per plant, biological yield, number of branches and

plant height in 42 genotypes of cluster bean.

Prakash et al. (2008) observed high estimates of variation for number of pods
per plant, harvest index, seed yield per plant, number of branches per plant and
number of clusters per plant. High heritability coupled with high genetic advance

were observed for characters such as number of pods per plant, seed yield per plant,



number of branches per plant, harvest index, number of clusters per plant, plant

height, number of pods per cluster and days to maturity.

Goud (2010) reported that characters like plant height, number of branches
per plant, number of clusters per plant, number of pods per cluster, number of pods
per plant, vegetable pod yield, pod weight, dry pod weight and dry pod yield have
high phenotypic coefficient of variation and genotypic coefficient of variation. In the
same study, plant height, number of branches per plant, days to flower initiation,
number of clusters per plant, number of pods per cluster, pod length, pod breadth,
days to harvestable maturity, vegetable pod yield, dry pod weight, 100 seed weight,
seed yield, protein content and gum content showed high heritability coupled with

high GAM.

Pathak ef al. (2011), observed significant difference between genotypes for all
characters. Phenotypic coefficient of variation (PCV) was slightly higher than
genotypic coefficient of variation (GCV). PCV and GCV were highest for number of
primary branches followed by seed yield. High heritability was reported for number
of pods per plant, endosperm (%), days to 50% flowering and number of primary

branches.

In 31 genotypes of cluster bean, Shabarish et al. (2012), observed maximum
variability for number of branches, plant height, clusters per plant, pod length and
pod yield per plant. High heritability coupled with high genetic gain was observed for
pod yield per plant, number of pods per plant, days to 50% flowering, number of
branches and plant height. High heritability with low genetic advance was shown for

pods per cluster, number of seeds per pod and pod width.

Girish et al. (2013) observed significant differences between genotypes for all
characters except number of branches at 45 days after sowing (DAS), stem girth and
100 seed weight. The GCV and PCV were high for stem girth, dry pod yield per plot,
seed yield per plant and gum content. High heritability coupled with high genetic



advance were observed for plant spread in north —south (N-S) direction at 90 DAS,

leaf area index, protein content and gum content.

Muthuselvi and Shanthi (2013) evaluated 50 genotypes of cluster bean and
they reported high GCV and PCV for number of branches per plant, number of
clusters per plant, number of pods per cluster, fresh pod yield, dry pod yield, 100 seed
weight and gum content. High heritability coupled with high genetic advance was
observed for plant height, number of branches per plant, number of pods per cluster,
number of clusters per plant , pod length, fresh pod yield per plant, dry pod yield, 100
seed weight, days taken to maturity, crude protein and gum content. High heritability

with low genetic advance was reported for days to maturity.

Malaghan et al. (2013) conducted a study on 67 cluster bean genotypes and
they observed that there were significant differences for all characters. Maximum
variability was observed for number of branches at 90 DAS, 10 fresh pod weight and
number of dry pods per plant. High heritability combined with high genetic advance
were observed for number of branches at 90 DAS, pod length and 10 fresh pod
weight.

Bhatkodle et al. (2014) reported that phenotypic variance was higher than
genotypic variance for most of the important traits in 24 vegetable type cluster beans
and high heritability coupled with high genetic gain were observed for number of
leaves, branches, and pods per plant, clusters per plant, pod length and yield per

plant.

Kapoor (2014) reported significant variation for all characters in 66 genotypes
of cluster bean. High heritability and high genetic advance were recorded for number
of leaves per plant, number of branches, dry matter yield and green fodder yield. PCV
was higher than GCV suggesting the influence of environment. High GCV and PCV
were observed for leaf weight, number of leaves per plant, number of branches per

plant, stem girth and dry matter yield.
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Verma et al. (2014) observed large variability and high heritability and
genetic advance for plant height, number of secondary branches per plant, number of
pods per inflorescence, number of inflorescence per plant, mean pod weight, number

of pods per plant, 100 seed weight and pod yield/ha in dolichos bean.

Kumar and Ram (2015) reported a large variability for pod yield (q/ha) and
pod yield /plant (g) among 30 genotypes of cluster bean. Coefficient of variation was
minimum for number of branches/plant and maximum for pod width. High
heritability and high genetic advance were found for number of clusters/plant,
number of pods per plant, pod yield/plant, plant height, days to maturity, number of
pods per plant, number of clusters per plant and pod yield and heritability was lower
for pod width, days taken for first flowering, days taken for 50% flowering and

germination.

Kumar ef al. (2015) observed wide variability for characters such as plant
height, pod yield per plant, number of pods per plant, number of clusters/plant, pod
yield and number of pods/cluster in cluster bean. High genotypic and phenotypic
variance were also reported for days to maturity and germination percentage.
Heritability and genetic advance were high for number of pods/cluster and number of
clusters/ plant, heritability was lowest for pod width. Number of pods/cluster, number
of clusters/plant, number of reproductive branches per plant, plant height and pod
yield showed high GCV and PCV.

Vir and Singh (2015) observed high degree of genetic variability during
summer and kharif for seed yield/plant, 100 — seed weight, number of seeds/pod,
number of pods/plant, number of pod clusters per plant, number of branches per
plant, number of clusters per plant, plant height, number of days to 50% flowering
and number of days to maturity in 44 accessions of cluster bean and moderate to high
heritability coupled with moderate to high genetic advance were observed for all

these characters.



Inamdar et al. (2015) evaluated 37 genotypes of pole type dolichos bean, they
observed green pod yield/plant, pod yield/plot, pod yield/ha, average weight of 10
pods and number of pods per vine have high GCV and these characters also shows

high heritability, genetic advance and genetic advance as percentage of mean.

Jukanti er al. (2015) reported high heritability (> 85%) coupled with high
genetic advance ( >30%) for yield per plant, pods per cluster and clusters on main

branch in cluster bean.

Manivannan et al. (2015) observed considerable level of variability for
different traits among 42 genotypes of cluster bean. Largest variation was observed

for days to maturity, plant height, pods per plant and cluster per plant.

Chandran et al. (2015) reported high PCV, GCV and high heritability for all-
important traits except days to 50% flowering and number of seeds per pod in 90

genotypes of dolichos bean.

In a study, Devi et al. (2015), observed wide variability for characters such as
days to flowering, days to first picking, average pod weight, pod length, pod/plant,
plant height and pod yield/plant. Pod yield/plant and pods/plant have high PCV and
GCV.

Boghara et al. (2016) evaluated 31 genotypes of cluster bean and observed
considerable amount of variability for different morphological traits coupled with

high heritability (51%).

Patil et al. (2016) reported high variability for all important characters except
pod length and pod diameter. High heritability coupled with high genetic advance
were observed for number of primary branches/plant, pod length, number of pod
clusters, average weight of 50 pods, pod yield/plant, pod yield/plot, pod yield /ha and
plant height.



Among the 43 genotypes of cluster bean collected from different parts of the
country, Santhosha ef al. (2017), estimated high amount of variation for number of
branches at 45 and 90 days after sowing, number of pods per cluster, number of
clusters per plant, number of pods per plant, vegetable pod yield per plant, weight of
10 pods, gum content and vegetable pod yield per plot. High heritability and high
genetic advance were observed for number of branches at 45 days after sowing, plant
height at 90 days after sowing, stem girth, plant spread, number of pods per cluster,
number of clusters per plant, number of pods per plant, pod length, vegetable pod
yield per plant, vegetable pod yield per plot, 100 seed weight, seed yield per plant,

endosperm gum content and protein content.

Kumar ef al. (2017) evaluated 30 cluster bean genotypes and observed that
PCV was higher than GCV in all characters indicating higher influence of

environment and high genetic advance were observed for plant height.

Reddy er al. (2017) reported significant variation among 51 genotypes of
cluster bean for growth, yield and quality parameters. Number of pods was higher in
IC 200680 and IC 34344. Pod yield was highest in IC 103295 and IC 34344. Protein
content was highest in IC 28287 and IC 28795. The fibre content was higher in IC
28795 (9.03%) and IC 34344 (8.60%).

Goudar et al. (2017) found that number of vegetable pods, number of clusters
per plant and pod yield exhibited maximum variability in 18 genotypes of cluster
bean. Number of pods per plant, number of clusters per plant, pod yield and days to

first flowering showed high heritability and high genetic gain.

In 24 genotypes of pea, Gautam et al. (2017), reported highest PCV and GCV
for plant height and weight of seeds per pod. It was medium for number of pods per
plant, number of branches per plant and pod yield. Characters like days to pod
initiation, number of pods and pod yield showed high heritability and genetic

advance.



2.2.1. Correlation

Mitra et al. (2000) reported that number of pods per plant have significant and
positive correlation with yield in cluster bean.

Eswaran ef al. (2007) observed that seed yield per plant have significant and
highest positive correlation with dry matter production and harvest index in cowpea.
Mishra et al. (2009) observed positive, significant correlation of characters such as
branches/ plant, inflorescence per plant, green pods/plant, green pod length, green
pod weight, pod girth and protein content of green pod with green pod yield in yard

long bean.

Singh et al. (2009) reported that pod yield showed significant, positive
genotypic and phenotypic correlation with number of pods per plant, pod length and

number of seeds per pod in cluster bean.

Goud (2010) observed that there is a significant, positive correlation between
number of pods per cluster, days to flower initiation, vegetable pod yield, number of

pods per plant and seed yield in cluster bean.

Pathak et al. (2011) reported significant, positive correlation of seed yield per
plant with number of pods per plant, number of seeds per pod, number of secondary

branches, plant height and number of primary branches in cluster bean.

Girish et al. (2012) found that the green pod yield in cluster bean have
significant and positive correlation with number of clusters per plant, plant height,
plant spread, stem girth, number of pods per cluster, cluster length and pod length.
Seed protein exhibited significant, positive correlation with pod width at genotypic

level. Gum content has significant, negative correlation with plant height.
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According to Mahalingam et al. (2013) pod weight, percentage fruit set,
number of flowers/ cluster and number of pods/plant have positive and significant

correlation with yield in dolichos bean.

Kapoor (2014) observed positive, significant genotypic and phenotypic
correlation of green fodder yield with plant height, leaf length, leaf weight, number of

leaves per plant and dry matter yield.

Verma et al. (2014) evaluated 34 genotypes of pole type french bean. They
observed that all the characters viz., pod width and days to 50% flowering were

positively correlated with pod yield/plant except vitamin C.

Vir and Singh (2014) reported that in cow pea, pod yield is positively and
significantly correlated with number of seeds/pod, number of pods/plant, number of

pods/cluster, number of clusters/plant and days to 50% flowering.

Rai and Dharmatti (2014) observed high positive phenotypic and genotypic
correlation of pod yield/hectare with number of pods/plant, plant height, number of

pod clusters/plant and pod yield/plant in cluster bean.

Chandran et al. (2015) evaluated 90 genotypes of dolichos bean, and reported
that the green pod yield is positively and significantly correlated with branches per
plant, green pods/plant, green pods per branch, green pod length, green pod weight

and seeds per pod.

Devi et al. (2015) reported positive, significant correlation of pod yield with
days to flowering, average pod weight, branches/plant, pods/plant and plant height in

french bean.

Manivannan et al. (2015) reported that single plant yield was significantly and
positively correlated with primary branches per plant, secondary branches per plant,
and clusters per plant, pods per cluster and pods per plant. However, pod length was

significantly and negatively correlated with single plant yield.



Vir and Singh (2015) observed number of seeds per pod, number of pods per
plant, number of pods per cluster, number of clusters per plant, days to 50%
flowering and days to maturity had significant and positive correlation with seed

yield per plant in cluster bean.

Jain et al. (2015) recorded a positive, significant correlation between seed

yield and biological yield in soybean.

Hemavathy et al. (2015) recorded that number of clusters per plant, number of
pods/plant, 100 seed weight and number of seeds per pod have positive correlation

with seed yield in mungbean.

Chatale (2015) reported that yield/plot have positive significant correlation
with number of primary branches, weight of 50 pods, number of pods/cluster,
negative and significant correlation with days to 50% flowering, days to first harvest

and duration of crop in cluster bean.

Bhartiya et al. (2016) evaluated 22 genotypes of soybean, they observed
highly significant positive phenotypic and genotypic correlation of dry matter, 100
seed weight and number of pods/plant with yield.

According to Panchabhaiya et al. (2016), days to 50% flowering, seed
yield/plant, number of pods/plant, plant height, number of pod clusters/plant, number
of pods/cluster, number of seeds/pod, pod length and pod weight showed significant

and positive correlation with pod yield in french bean.

Choudary et al. (2016) found that traits like pod yield/ha, seed yield, plant
height at 60 days, days to flowering, days to first picking, days to last picking, weight
of 10 pods, number of green pods/plant, pod length, pericarp thickness, moisture
percentage and seed yield/plant at genotypic and phenotypic level is positively

correlated with green pod yield/plant in lab lab bean.



Lakshmanan and Vahab (2016) found that pod weight, pod length, pod girth,
pods per plant , number of pod clusters per plant, plant height, shelf life and 100 seed
weight is weight is significantly and positively correlated with vegetable pod yield

in a study conducted in 100 genotypes of cluster bean.

In a study with 24 genotypes of peas, Gautam et al. (2016) observed number
of pods per plant, number of branches per plant and days to 50% flowering are
significantly and positively correlated to yield.

Muthuselvi et al. (2017) estimated the correlation between fourteen biometric
and two quality parameter with yield contributing characters in 50 genotypes of
cluster bean. They observed that genotypic correlation was higher than those of their
respective phenotypic correlation coefficient for majority of the characters. Dry pod
yield per plant showed significant positive correlation with plant height, days taken to
first flowering, number of pods per cluster, fresh pod yield, seed yield per plant and

100 seed weight.

Kanwar ef al. (2017) evaluated 28 genotypes of french bean. They observed
seed yield/plant is positively and significantly correlated with all important traits

except pod width at both phenotypic and genotypic level.

2.2.2. Path coefficient
Narayankutty es al. (2005) evaluated 63 accessions of cowpea and they

reported highest positive correlation of number of pods/plant with yield.

Buttar er al. (2008) reported that path coefficient analysis of 42 genotypes of
cluster bean revealed that number of seeds per pod and number of pods/plant have the

highest direct effect on seed yield.

Goud (2010) revealed that days to flower initiation and number of pods per
plant are the major traits to be considered for the improvement of seed yield in cluster

bean.
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Pathak et al. (2011) observed that number of pods per plant, endosperm,
number of secondary branches and days to 50 % flowering had direct and positive
effect on gum content, whereas plant height had maximum negative direct effect on
gum content. Number of primary branches, number of secondary branches, number of
pods per plant and seed yield per plant had indirect negative effect and 100 seed

weight had indirect positive effect on the gum content.

According to Singh ef al. (2011), number of pods/plant, pod length, pod width
and seed width have direct positive effect on yield whereas days to first flowering

have direct negative effect in dolichos bean.

Girish et al. (2012) observed that traits like dry pod yield, green pod
yield/plot, dry pod yield /plot have high direct effect on green pod yield in cluster

bean.

Kapoor (2014) reported that yield contributing traits like plant height, leaf
length, leaf weight, number of leaves per plant, dry matter yield have direct effect on

green fodder yield in cluster bean.

According to Rai and Dharmatti (2014) pod yield/plant had strong positive
association and direct positive effect on pod yield/hectare. Pods per cluster, pod
breadth, pods per cluster have indirect positive effect on pod yield/hectare in french

bean.

After the evaluation of 90 genotypes of dolichos bean, Chandran et al. (2015),
observed that green pod weight, green pods/ branch, green pods per plant and

branches/plant have maximum direct effect on green pod yield.

Devi et al. (2015) found number of branches/plant, pods/plant and average

pod weight had maximum direct effect on pod yield in french bean.

Jain et al. (2015) reported that in soybean the seed yield was directly and

indirectly influenced by number of pods/plant, biological yield and 100 seed weight.
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Hemavathy et al. (2015) reported that the yield components pods per plant,
number of pods/cluster, number of clusters per plant and 100 seed weight is having

highest direct effect on yield in urd bean.

Raturi ef al. (2015) observed that in mungbean maximum direct effect on
yield is shown by components such as number of pods per plant followed by plant

height and 1000 seed weight.

Chatale (2015) observed that pod length, number of pods/cluster, days to first

flowering and plant height have direct positive effect on yield

Bhartiya et al. (2016) reported that the components influencing yield in

soyabean is dry matter content, days to maturity and 100 seed weight.

Dehal ef al. (2016) found that in chick pea, biological yield and harvest index
have highest direct effect on yield, but primary branches and pods per plant had
negligible direct effect , however their indirect effect through biological yield and

harvest index

Panchabhaiya et al. (2016) reported highest direct positive effect on yield was

imparted by traits like number of pods/plant and pod weight in French bean.

Katoch et al. (2016) found that components like pods/plant and pod length
had highest positive direct effect on yield in garden peas.

Lakshmanan and Vahab (2016) observed that highest direct effect on yield
was imparted by characters like pod length, plant height, number of clusters and

number of pods/plant.

Number of pods per plant, days to flowering, pod weight and pod length had

maximum direct positive effect on yield in peas (Gautam et al., 2016).

Kunwar et al. (2017) reported that highest direct positive effect on seed yield

/plant was shown by pod length which is followed by number of seeds/pod, number

12



of pods/plant, days to 50% flowering, number of branches/plant, plant height at final

harvest in french bean.

Yahaya and Ankrumah (2017) found that in soybean number of pods/plant
had highest positive direct effect on grain yield. Maximum combined contribution to

grain yield was from number of pods per plant and number of seeds per pod.
2.3. Genetic divergence

Mitra et al. (2000) grouped 231 genotypes of cluster bean into 12 clusters
using non- hierarchical Euclidian analysis. Among the clusters, cluster genetic
divergence was highest between cluster V and cluster IX, while cluster III and VIII

had the least divergence.

Narayankutty e al. (2005) grouped 63 cowpea genotypes to 8 clusters. This
clustering indicated that there is no association between geographical distribution and
genetic divergence. Maximum divergence was contributed by pod weight, pod yield,

pod/plant and pod length.

In genetic divergence study of 50 cluster bean genotypes Goud (2010),
reported that 50 genotypes were grouped in 12 clusters and characters like number of
branches per plant, gum content and dry pod yield contributed to the maximum

divergence.

Singh et al. (2011) grouped seventy nine genotypes of dolichos bean into 7
clusters. Among the clusters, cluster I had maximum number of genotypes. Inter
cluster distance was maximum between III and VII (10.820). Mean pod yield was

maximum in cluster VII.

Verma et al. (2014) grouped 34 genotypes of pole type french bean to 5
clusters. The maximum diversity was contributed by the traits Vitamin C, dry matter

content and number of pods per plant.
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Manivannan et al. (2015) observed that clustering of 42 cluster bean
genotypes based on their morphological traits and grouped them into 4 main clusters
and 6 sub clusters. Dendrogram based hierarchical clustering grouped them based on

their morphological traits rather than geographic origin.

Malaghan et al. (2016) reported that 77 genotypes of cluster bean exhibited
wide range of genetic divergence for 18 characters. Using D? techniques, they were
grouped into seven clusters. Cluster Il consisted of more number of genotypes and
cluster VI showed maximum intracluster distance followed by cluster II. Inter cluster
distance was maximum between cluster 6 and cluster 3 followed by cluster III and II.

Therefore, the parents chosen from this clusters produce better recombinants.

Rupesh et al. (2016) studied genetic divergence in cow pea genotypes using
Mahalanobis D? technique, they observed very little genetic divergence between
genotypes. The genotypes were divided into V clusters. Maximum number of
genotypes were there in cluster II. Intra cluster distance varied from 0.00 to 5.04.
Maximum divergence was shown by cluster V followed by clusters II, III and IV.
Largest inter cluster distance was between cluster I and cluster V. Cluster III showed

maximum value for mean green pod yield followed by cluster I'V.

After evaluation of the 18 genotypes, Gaudar et al. (2017), reported maximum
intra cluster distance in cluster 1 and high inter cluster distance between clusterl and

cluster I11.
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3. MATERIALS AND METHODS

The experiment was conducted in the Department of Vegetable Science,
College of Horticulture, Kerala Agricultural University, Vellanikkara during August
to October 2017. The research field was located at an altitude of 22.5M above MSL,
between 70° 32° N latitude and 76° 16’ E longitude. The soil of the experimental site

was laterite and the area has a warm humid tropical climate.
3.1. Experimental materials

The experimental material consisted of 30 different genotypes of cluster bean
collected from NBPGR Regional Station, Jodhpur,Rajasthan. They are listed in
Table.1.

Table.1. Source of cluster bean accessions used in the study

Sno. | Genotype | Source

1 CT-1 NBPGR, Jodhpur
2 CT-2 NBPGR, Jodhpur
3 CT-3 NBPGR, Jodhpur
4 CT-4 NBPGR, Jodhpur
5 CT-5 NBPGR, Jodhpur
6 CT-6 NBPGR, Jodhpur
7 CT-7 NBPGR, Jodhpur
8 CT-8 NBPGR, Jodhpur
9 CT-9 NBPGR, Jodhpur
10 CT-10 NBPGR, Jodhpur
11 CT-11 NBPGR, Jodhpur
12 CT-12 NBPGR, Jodhpur
13 CT-13 NBPGR, Jodhpur
14 CT-14 NBPGR, Jodhpur
15 CT-15 NBPGR, Jodhpur
16 CT-16 NBPGR, Jodhpur
17 CT-17 NBPGR, Jodhpur
18 CT-18 NBPGR, Jodhpur
19 CT-19 NBPGR, Jodhpur
20 CT-20 NBPGR, Jodhpur
21 CT-21 NBPGR, Jodhpur
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22 CT-22 NBPGR, Jodhpur
23 CT-23 NBPGR, Jodhpur
24 CT-24 NBPGR, Jodhpur
25 CT-25 NBPGR, Jodhpur
26 CT-26 NBPGR, Jodhpur
27 CT-27 NBPGR, Jodhpur
28 CT-28 NBPGR, Jodhpur
29 CT-29 NBPGR, Jodhpur
30 CT-30 NBPGR, Jodhpur

3.2. Experimental methods

The experiment was laid out in randomized block design with 2 replications.
The seeds were sown in plots of size 3 x 2.7 m?*at a spacing of 60 x 45 cm. Each plot
consist of 20 plants. All the crop management practices were performed as per

Package of Practices Recommendations- Crops, KAU, (2016).

3.2.1. Collection of experimental data

Ten plants were selected randomly from each replication of all the treatments
and tagged for recording biometrical characters. The observations were recorded on

vegetative, floral, pod set and seed characters and the average values were calculated

for further analysis.

3.2.2. Cataloguing of cluster bean genotypes

Thirty genotypes of cluster bean collected were catalogued based on NBPGR

descriptor (2000) as shown in Table.2
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Table.2. Descriptor of cluster bean

1.Vegetative characters

1.1 Growth habit Branched and non- branched

2. Floral characters

2.1 | Flower colour White/ light purple/ purple/others

3. Pod characters

3.1 | Pod colour Light green/ dark green

3.2 | Pod pubescence Glabrous/ pubescent/others

4. Seed Characters

4.1 | Seed colour Light pink/Light grey/ Grey/ Dark
grey/ White/ white purple/ purple/
Dark purple/ Pink/ Grey and light
pink/others

3.3. Observations of growth and yield parameters

3.3.1. Plant height (cm)

Plant height was measured from base of the plant to the tip of main shoot after

final harvest and expressed in centimeter.
3.3.2. Number of branches

Number of primary and secondary branches of ten random plants were

recorded at cluster bearing stage.
3.3.3. Days to 50% flowering

Number of days taken from date of sowing to the flowering of 50% of plants

in each accession were recorded.
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3.3.4. Days to first fruit set
Number of days from sowing to the first fruit set was recorded.
3.3.5. Days to first harvest

Number of days from sowing to the date of first harvest of pods at vegetable

maturity was recorded.
3.3.6. Number of pod clusters /plant

Number of pod clusters on main shoot and branches at full cluster bearing

stage were recorded.
3.3.7. Number of pods/ cluster

Number of mature and effective pods in a single cluster were recorded.
3.3.8. Number of pods/ plant

Number of mature pods on main shoot and branches of ten random plants

were recorded.
3.3.9. Pod length (cm)

Lengths of ten pods of each accession at vegetable maturity was measured.
3.3.10. Pod girth (cm)

Girth of ten random pods of each accession was measured at vegetable

maturity.
3.3.11. Pod weight (g)

Weight of 10 pods from each accession were measured and expressed in

gram.
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3.3.12. Number of seeds/ pod

Number of seeds/ pod was counted from ten randomly selected pods in each

accession.
3.3.13. Pod yield/ plant (g)

Pod yield/ plant at every harvest from ten plants in each accession were

recorded.
3.3.14. Number of harvests

Number of harvest throughout the growing period of each genotype was

recorded.
3.3.15. Flower colour

The observation on flower colour was recorded at full blossom stage of the

plants and expressed as white/purple/ or others.
3.3.16. Pod colour

The observation on pod colour was recorded at fully mature stage of the pods.

3.3.17. Pod pubescence

The observation on pod pubescence was recorded at pod formation stage.
3.3.18. Seed colour

The observation on seed colour was recorded at full maturity stage of pods.
3.4. Qualitative parameters

Biochemical analysis for estimation of total carbohydrates, crude protein,
crude fibre, vitamin C, iron, Calcium, and total phenols were done using standard
procedures given below. Quality parameters were estimated as detailed by Sadasivum

and Manickam (1996).
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3.4.1. Total carbohydrate (mg/100g)

Total carbohydrates present in the dried samples of pods were estimated by

anthrone method as detailed by Sadasivum and Manickam (1996).
Standard glucose stock: 100mg dissolved in 100ml water
Working standard: 10ml stock solution diluted to 100ml

100 mg of dried powdered sample w with Sml of 2.5N HCI was taken in a
boiling tube and kept in a boiling water bath for 3h. Neutralize the solution by adding
solid sodium carbonate until the effervescence stops then made up the volume to
100ml and centrifuged. Collect the supernatant. Pipetted out 0, 0.2, 0.4, 0.6, 0.8 and
1ml of the working standard and 0.5ml of sample extract to a series of test tubes.
Make the volume to 1ml in each test tubes by adding distilled water. To each test
tube 4ml of anthrone reagent was added. The test tubes were then placed in a boiling
water bath for eight minutes. Cooled rapidly and absorbance was read at 630nm. A
standard graph was drawn by plotting concentration of the standards in X- axis and
absorbance in Y- axis. From this graph the amount of carbohydrate present in the

sample was calculated.
3.4.2. Crude protein (mg/100g)

Crude protein was estimated by Lowry’s method as given by Sadasivum and

Manickam (1996).

Reagent A: 2% Sodium carbonate in 0.1 N Sodium hydroxide,

Reagent B: 0.5% copper sulphate (CuSO4.5H20) in 1% potassium sodium tartarate
Reagent C: Mix 50ml of Reagent A to 1.0 ml of Reagent B prior to use.

Reagent D: Folin —Ciocalteau Reagent
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Stock Standard: 50 mg bovine serum albumin was dissolved in distilled water and

made up the volume to 50ml in a standard flask.

Working standard: 10ml of this solution diluted to 50ml with distilled water in a
standard flask.

Working standards of 0.2, 0.4, 0.6, 0.8 and 1.0ml were pipetted out in a series
of test tubes. The cluster bean pod sample (0.5g) was ground well in a mortar with 5
to 10 ml of phosphate buffer. It was centrifuged and the supernatant was used for
protein estimation. Sample extract (0.1ml) was pipetted out into another test tube.
Then the volumes in each tube were made up to 1.0ml with distilled water. Tube with

1.0ml water served as blank.

To each test tube including blank, Reagent C (5.0ml) was added. It was
mixed well. and allowed to stand for 10 minutes. To all test tubes, Reagent C
(0.50ml) was added, mixed well and incubated at room temperature in dark for 30
minutes until blue colour was developed. Absorbance was read at 660nm in a
spectrophotometer. A standard graph was drawn by plotting the concentrations of

working standards and the sample on ‘X’ axis and absorbance on ‘Y ‘axis.

3.4.3. Crude fiber (%)

Crude fiber was estimated by acid alkali digestion method as suggested by

Sadasivum and Manickam (1996).

Two gram of cluster bean pod was dried, defatted and boiled with 200ml of
1.25 per cent sulphuric acid for 30minutes. This was filtered through muslin cloth and
washed with boiling water until the washings were no longer acidic and again boiled
with 200ml of 1.25 per cent sodium hydroxide solution for thirty minutes and filtered

through muslin cloth and washed with 25ml of 1.25 per cent sulphuric acid, 50ml
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water and 25ml of alcohol. The residue was transferred to a pre-weighed ashing dish
(W) and dried at 130°C for 2 hours in hot air oven. The ashing dish was cooled in a
dessicator and weighed (W2). Then ignited in a muffle furnace at 600°C for 30

minutes and cooled in a desiccator and reweighed (W3).

% crude fibre in ground sample = (W2- Wi) - (W3-W;) x 100

Weight of the sample
3.4.4. Vitamin C (mg/100g)

Vitamin C was estimated by volumetric method as suggested by Sadasivum

and Manickam (1996).

Dye solution: 42mg sodium bicarbonate was dissolved in a small volume of distilled
water and then 52mg of 2, 6 — dichlorophenol indophenol dye was dissolved in it and

made up to 200ml.

Ascorbic acid stock standard: Dissolving 100mg ascorbic acid in 100ml of 4% oxalic
acid. Working standard: 10ml of stock solution diluted to 100ml with 4% oxalic

acid.

10ml of working standard was pipetted out into a conical flask and 10ml of
4% oxalic acid was added and titrated against 2,6, Dichlorophenol indophenol dye
solution taken in a burette. End point was denoted by the appearance of pink colour
that lasts for few seconds. The quantity of dye solution used is measured (Viml).
Extract of fresh cluster bean pods (0.5g) was prepared using 4% oxalic acid and made
up to 100ml and centrifuged. From this 5.0 ml of supernatant was pipetted out and
10ml of 4% oxalic acid was added and titrated against the dye and the volume of

dye used was noted (Vaml).
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Amount of ascorbic acid (mg/100g sample) = 0.5mg x Vamlx 100mlx 100

Viml x 5Sml x wt. of the sample
3.4.5. Iron and Calcium (%)

Cluster bean pods were dried at 60° C in a hot air oven for 7- 9 days. The
dried pods were powdered using a grinder. This powdered sample (0.2g) was used for
digestion. The sample was digested in microwave digester by adding concentrated

nitric acid.

Table.3. Methods used for analysis of iron and calcium

Digested in microwave and :
Iron estimated by ICP -OES Piger, 1366

. Digested in microwave and .
Calcium estimated by ICP -OES | T 1Per-1966

3.4.6. Total phenols (mg/100g)

Total phenol was estimated by the method suggested by Sadasivum and
Manickam (1996).

Stock standard: 100mg of catechol dissolved in 100ml of water
Working standard: 10ml of stock solution diluted to 100ml

The sample extract was prepared by homogenizing 0.5g of fresh ground pods
in 10 times volume of 80% ethanol and centrifuged at 10,000 rpm for 20min. The
supernatant was saved and residue was re-extracted by adding five times the volume
of 80% ethanol and supernatants obtained were pooled. It was evaporated to dryness.

Then the dried residue was dissolved in a known volume of water (5ml).

Working standards of 0.2, 0.4, 0.6 0.8, 1.0 ml and sample extract 0.2ml

were pipette out into a series of test tubes, in each test tube the volume was made up
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to 3.0ml with distilled water. To each test tube 0.5ml of Folin — Ciocalteau reagent
was added followed by 2.0ml of 20% sodium carbonate. The test tubes were then
placed in boiling water bath for one minute. Test tubes were cooled and absorbance
was read at 650nm. A standard graph was drawn by plotting concentration of the
standards on X- axis and absorbance on Y- axis. The amount of phenol present in the

sample was calculated.
3.5. Incidence of pest and diseases

Pest and disease incidence on the plants during the entire growth period was

recorded. It was expressed as percentage.

Disease incidence/Pest incidence (%) = Number of plants infected x 100

Total number of plants

3.6. Organoleptic evaluation

A panel of 15 judges were selected using triangle test (Jellineck, 1985) and

organoleptic qualities were evaluated using 9 point hedonic scale.

The cooked pods were evaluated for their colour, appearance, flavor, taste,
texture. Total score were given based on a method suggested by (Arunachalam, and

Bandyopadhyay, 1984.).
3.7. Statistical methods

The data recorded on different parameters were subjected to statistical
analysis for estimation of various genetic parameters. To find out degree of
association between different characters and their contribution to the yield of pods.
Parameters like phenotypic coefficient of variation, genotypic coefficient of variation,
correlation coefficients, Heritability, Genetic advance, Genetic gain, Path coefficient

etc. were found out.
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I. Phenotypic, Genotypic and Environmental variances: The variance components

were estimated using formula suggested by Burton (1992).
1. Phenotypic variance (Vp) = Vg + Ve

Where, (Vg) = Genotypic variance
(Ve) = Environmental variance

2. Genotypic variance (Vg)= (VT - VE)/N

Where, VT = Mean sum of squares of treatments
VE = Mean sum of squares due to error
N = Number of replication

3. Environmental variance (Ve) = VE

Where, VE = Mean sum of squares due to error

I1. Phenotypic and genotypic coefficient of variation: The phenotypic and genotypic
coefficients of variation were calculated by the formula given by Burton and Devane
(1953).

1. Phenotypic coefficient of variation (PCV) = (Vp %/ X x100)

Where, Vp = phenotypic variance
X = Mean of the character under study

2. Genotypic coefficient of variation (GCV) = (Vg %/ X x100)

Where, Vg = genotypic variance

X = Mean of the character under study

27

#0



III. Heritability: Heritability in the broad sense was estimated by the formula

suggested by Burton and Devane (1953)
1. H=(Vg/Vp) x100
Where, Vg = Genotypic variance
Vp = Phenotypic variance

IV. Expected genetic advance: The expected genetic advance is estimated by the
formula given by Lush (1949) and Johnson et al. (1955) at five percent selection
intensity using the constant K as 2.06 given by Allard (1960).

1. GA = (Vg/Vp) xK
Where, Vg = Genotypic variance
Vp = Phenotypic
K = selection differential
V. Genetic gain (Genetic advance as percentage mean)
1. GG = GA/ X x100
Where, GA = Genetic advance

X = mean of character under study

VI. Phenotypic, genotypic and environmental correlation coefficients: The
phenotypic, genotypic and environmental covariance were estimated similarly as the
variance were calculated. The covariance estimation was done according to the

method given by Fisher (1954).
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1. Phenotypic covariance between two characters 1 and 2
(CoVpi2) = CoVgi2 + CoVern
CoVgi2= Genotypic covariance between characters 1 and 2
CoVei2 = Environmental covariance between 1 and 2
2. Genotypic covariance between two characters 1 and 2

CoVgi2= (Mt12 — Me2) /N

Mtj2 = Mean sum of product due to treatment between characters 1 and 2
Mei2 = Mean sum of product due to error between character 1 and 2
N = Number of replication

VII. The phenotypic, genotypic and environmental correlation coefficients: The
phenotypic, genotypic and environmental correlation coefficients between different
characters were worked out in all possible combinations according to the formula

suggested by Johnson et al. (1955).
1. Phenotypic correlation coefficient between two characters
(rp12) = COVp12/ Vp1 Vp2
COVpi2 = Phenotypic covariance between characters 1 and 2
Vp1 = Phenotypic variance of character 1
Vp2 = Phenotypic variance of character 2
2. Genotypic correlation coefficient between two characters
(rgi2) = COVgi2/ Vg1 Vg

COVgi2 = Genotypic covariance between characters 1 and 2
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Vg = Genotypic variance of character 1
Vg» = Genotypic variance of character 2
3. Environmental correlation coefficient between two characters 1 and 2
(re12) = COVei/ Vei1Ve,
COVe2 = Environmental covariance between characters 1 and 2
Ve = Environmental variance of character 1

Ve, = Environmental variance of character

VIII. Path coefficient analysis: In the path coefficient analysis the correlation among
cause and effect is divided into direct and indirect effects of causal factors on effect
factors. The principle and techniques suggested by Wright (1921) and Li (1955) for
cause and effect system were adopted for analysis using the formula given by Dewey
and Lu (1959).

IX. Assessment of Genetic divergence and grouping of genotypes: The genetic
distances among 30 genotypes were calculated by adopting Mahalanobis D?
(Mahalanobis, 1928), Values between every pair of quantitative characters was
estimated. Grouping of genotypes into different clusters were done by the method

suggested by Tocher’s method (Rao, 1952).
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4. RESULTS

The present study entitled *“ Genetic divergence studies in cluster bean” was
carried out to evaluate the performance of different cluster bean accessions in the
humid tropics of Kerala and to estimate the genetic variability, heritability,
correlation between yield and its components and to find out the direct and indirect
effects of different yield components on yield. The results of the experiment are

presented below.

4.1. Cataloguing of cluster bean accessions

Thirty accessions of cluster bean were catalogued based on NBPGR, Minimal
Descriptor for characterization and Evaluation of Agri-Horticultural Crops (2000).
Morphological characters like growth habit, flower colour, pod colour, pod
pubescence and seed colour were recorded and accessions were catalogued and are

presented in Table 4.

The accessions collected for the study exhibited two growth patterns of
branching and non-branching types. The non-branching types were CT-9, CT-15, CT-
17 and CT-27. All others were branching types.

Flower colour was light purple for all accessions except CT-8, which had
white flower. The pod colour varied from light green to dark green among the thirty
accessions. None of the accessions produced pubescent pods. However, glabrous
pods were produced by CT-3, CT-12, CT-28 and CT-29. Seed colour ranged from
light pink (CT-1, CT-22) to dark grey (CT-10, CT-27) among the 30 accessions.
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Table.4. Morphological characters of cluster bean accessions

Genotype | Growth habit | Flower colour | Pod colour | Pod pubescence Seed colour
CT-1 Branched Light purple Dark green | Absent Light pink
CT-2 Branched Light purple Dark green | Absent Light grey
CT-3 Branched Light purple Light green | Glabrous Grey
CT-4 Branched Light purple Dark green | Absent Grey
CT-5 Branched Light purple Dark green | Absent Grey
CT-6 Branched Light purple Dark green | Absent Grey
CT-7 Branched Light purple Dark green | Absent Grey
CT-8 Branched White Light green | Absent Grey
CT-9 Non branched | Light purple Dark green | Absent Grey
CT-10 Branched Light purple Light green | Absent Dark grey
CT-11 Branched Light purple Dark green | Absent Grey
CT-12 Branched Light purple Light green | Glabrous Grey
CT-13 Branched Light purple Dark green | Absent Grey
CT-14 Branched Light purple Light green | Absent Grey
CT-15 Non branched | Light purple Dark green | Absent Grey
CT-16 Branched Light purple Dark green | Absent Grey
CT-17 Non branched | Light purple Light green | Absent Grey
CT-18 Branched Light purple Dark green | Absent Light grey
CT-19 Branched Light purple Light green | Absent Light grey
CT-20 Branched Light purple Light green | Absent Grey
CT-21 Branched Light purple Dark green | Absent Grey
CT-22 Branched Light purple Light green | Absent Light pink
CT-23 Branched Light purple Dark green | Absent Grey
CT-24 Branched Light purple Dark green | Absent Grey
CT-25 Branched Light purple Dark green | Absent Grey
CT-26 Branched Light purple Dark green | Absent Grey
CT-27 Non branched | Light purple Light green | Absent Dark grey
CT-28 Branched Light purple Light green | Glabrous Grey
CT-29 Branched Light purple Dark green | Glabrous Grey
CT-30 Branched Light purple Dark green | Absent Grey
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4.2. Genetic variability in cluster bean

Analyses of variance for 21 characters were done using cluster bean
accessions and the results showed that there were significant variations among cluster

bean accessions for all the characters studied.

The mean performance of 30 accessions for 21 characters in terms of
population mean, range, genotypic variance(GV), phenotypic variance (PV),
genotypic coefficient of variation (GCV), phenotypic coefficient of variation(PCV),
broad sense heritability(h?), genetic advance(GA), genetic advance as percentage of
mean(GAM) were worked out to find out the extent to which observed variations are

influenced by genetic factors and are presented in Table. 5 and Table.6.
4.2.1. Variability for morphological characters in cluster bean accessions.

4.2.1.1. Plant height

The plant height ranged from 109.12¢m (CT-10) to 207.40cm (CT -15) with a
general mean of 139.04cm. There was high GV (541.73) and PV (554.76) recorded
respectively. There were moderate estimates for GCV (16.74), PCV (16.94), GA
(47.36) and GAM (34.06) and high heritability (97.59 %) for plant height.

4.2.1.2. Number of branches

The number of branches in the cluster bean accessions ranged from 0.00(CT-
9, CT-15, CT-17 and CT-27) to 19.20(CT -16, CT -18(19.10) with a mean of 12.73.
The estimate of GV (25.79) and PV (26.38) were moderate so also GCV (40.35) and
PCV (39.90). High heritability ((97.81%), GAM (81.29.) and low estimates for GA
(10.35).
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2.1.3. Days to 50% flowering

Days to 50% flowering ranged from 22.50 (CT-12, CT- 15, CT- 16, CT-17,
CT- 18, CT-19, CT-25, and CT- 27) to 33.00 (CT-7), with a mean of 24.77. Estimates
of GV(4.34) and PV( 8.27), GCV(8.41) and PCV(11.61 ) , GA(3.11) and
GAM(12.55)were low. However, there was moderate heritability (52.47 %.) for the
character.

4.2.1.4. Days to first fruit set

Days to first fruit set varied from 24.50 (CT-12, CT-15, CT- 16, CT-17, CT-
18, CT-19,CT-25 and CT- 27) to 35.00(CT-7) with a mean of 25.82. There were very
low estimates for GV( 0.70), PV( 6.60), GCV(3.23),PCV(9.95),GA(0.56),
GAM(2.17) and heritability (10.56%).

4.2.1.5. Days to first harvest

Days to first harvest varied from 44.50 (CT-9) to 51.50(CT-1 and CT-8).
Estimates of GV (1.86), PV( 4.70), GCV(2.90 ), PCV(4.61), GA(1.77) and
GAM(3.76) were very low. However, moderate heritability (39.63%) was recorded

for the character.

4.2.1.6. Number of pod clusters/plant

Number of pod clusters per plant varied from15.25 (CT-9) to 62.21(CT -21)
with a mean of 42.48. There were high estimates for GV (123.97), PV (130.58),
moderate estimates for GCV (26.21), PCV (26.90), GA (22.34), GAM (52.59) and
high heritability (94.90%).

4.2.1.7. Number of pods/cluster

Number of pods/cluster varied from 4.50 (CT-8) to 19.25 (CT-17) with a
mean of 8.76. Estimates for GV (13.31), PV (13.78), and GA (7.38) were very low.
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However, the character recorded moderate estimates for GCV (36.17), PCV (369.37)
and high GAM (84.27) and heritability (96.55%).

4.2.1.8. Number of pods/plant

Number of pods/plant varied from 61.33(CT-29) to 383.62(CT- 21) with a
mean of 187.06. The estimate of GV (4628.58) and PV (4567.82) were high.
However, the same character showed moderate estimates for GCV (36.17), PCV
(36.37) and high for GAM (74.10), GA (138.61) and heritability (98.91%).

4.2.1.9. Pod length

Pod length in cluster bean accessions varied from 5.79cm (CT-11) to 11.80cm
(CT -29) with a mean of 6.69cm. The estimates for GV (1.14), PV (1.15) and GA
(2.19) were very low; GCV (15.96), PCV (16.02) low; moderate GAM (32.76) and
high heritability (99.28%) for pod length.

4.2.1.10. Pod girth

Pod girth varied from 0.68cm (CT-4) to 1.18cm (CT-12) with a general mean
of 0.82cm. The character recorded very low estimates for GV (0.013), PV (0.015),
GCV (14.04), PCV (14.97), and GA (0.22). However, there were moderate estimates
for GAM (27.12) and high estimates for heritability (87.92%).

4.2.1.11. Pod weight
Pod weight varied from 1.06g (CT-15) to 2.46g (CT-29), with general mean
of 1.39g. Pod weight recorded very low estimates for GV (0.10), PV (0.10), and GA

(0.68), moderate estimates for GCV (23.21), PCV (23.23) and GAM (47.79).
However, high estimate for heritability (99.87%) were recorded for pod weight.
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Plate.5. Variability in number of pods/cluster



4.2.1.12. Number of seeds /pod

Number of seeds/pod varied from 6.50(CT-30) to 9.10(CT- 29) with a general
mean of 8.07. The character recorded very low estimates for GV (0.39), PV (0.49),
GCV (7.76), PCV 8.72), GA (1.15), and GAM (14.24). High Heritability (79.29%)

was recorded for number of seeds/pod.

4.2.1.13. Pod yield/plant

Pod yield/plant in cluster bean genotypes varied from 148.27g (CT-29) to
412.83g (CT-21) with a general mean of 248.57g. There were high estimates for GV
(4882.24), PV (4987.00). However, this character recorded moderate GCV (28.11),
PCV (28.41) and GAM (57.29). Estimates for heritability (97.87%), GA (142.39) for
pod yield were found to be high.

4.2.1.14. Number of harvests

Number of harvests varied from 3.25(CT-5, CT-9, CT -23, CT-24 and CT-29)
to 8.25(CT-21) with a general mean of 5.01. It was found that GV(1.63),PV(2.06)
,GCV(25.45), PCV(28.66) and GA(2.33 ) for the character were low. However, high
heritability (78.84 %), and moderate GAM (46.54) were observed.

4.2.1.15. Total Carbohydrates

Total carbohydrates in the cluster bean accessions varied from 5.23mg/100g
(CT-30) to 12.63mg/100g (CT-9) with a general mean of 8.13mg/100g. The estimates
for GV (2.91),PV(2.93),GCV(20.98), PCV(21.04) and GA(3.51) were found low,
however, high heritability (99.47 %) and moderate GAM (43.11. ) were estimated for

the character.
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4.2.1.16. Crude protein

Crude protein in the cluster bean accessions varied between 3.31 mg/100g
(CT- 15) to 6.63 mg/100g (CT-22, CT 16) with a general mean of 4.57mg/100g. The
character exhibited very low estimates for GV (0.89), PV (0.91), GCV (20.66), PCV
(20.92) and GA (1.92). However, crude protein showed high heritability (97.50%)
and moderate GAM (42.03).

4.2.1.17. Crude fibre

Crude fiber in the cluster bean accessions varied from 3.71 %( CT-4) to 8.35
%( CT-27) with a general mean of 5.99%.The estimates for GV(1.69), PV(1.71),
GCV(21.75),PCV(21.85), GA(2.67) were low for crude fibre, however, it showed,
high heritability(99.06%) and moderate GAM(44.58).

4.2.1.18. Vitamin C

Vitamin C in the cluster bean accessions varied from 3.23 mg/100g (CT- 16)
to 8.43 mg/100g (CT- 29) with a general mean of 5.61mg/100g. The character
exhibited low estimates of GV (1.97), PV (1.98), GCV (25.02), PCV (25.12) and GA
(2.88). However, heritability (99.18%) was high and GAM (51.32) was moderate.

4.2.1.19. Iron

Iron content in the accessions varied from 0.008 %( CT- 4) to 0.047 % (CT-
12) with a general mean of 0.01%. Estimates for GV(3.03), PV(3.03), GA(0.01) were
very low; GCV(55.13), PCV(55.12) were moderate; heritability(99.8%) and GAM(1
13.54) were high for the character .
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4.2.1.20. Calcium

Calcium content in the accessions of cluster bean varied from 0.30% (CT-
16) to 1.04% (CT-29) with a general mean of 0.62%. Very low estimates of
GV(0.037),PV(0.037) ,GA(0.40) were exhibited for the character and moderate
estimates of GCV(31.15),PCV(31.11) and GAM(64.08.) and high heritability
(99.87%.) for the character.

4.2.1.21. Total phenols

Total phenols in cluster bean accessions varied from 5.77mg/100g (CT- 10) to
10.15mg/100g (CT- 24) with a general mean of 7.69 mg/100g. Estimates for GV
(2.05), PV (2.10), GCV (18.65),PCV(18.86) and GA(2.92) were low. However, there
was moderate GAM (38.00) and high heritability (97.82%).

4.3.0. Genotypic correlation

Genotypic correlations of various yield components with yield were estimated
and presented in the Table.7. Plant height was significantly and positively correlated
with number of pods/cluster, vitamin C and number of seeds/pod (rG = 0.91, 0.45 and
0.26) respectively and it was significantly, negatively correlated with number of
branches, days to 50% flowering, days to first fruit set(rG = -,0.67, 0.46, 0.46)

respectively.

Number of branches was significantly and positively correlated to days to first
harvest , number of pod clusters/plant, number of pods/plant, number of harvests,
total carbohydrates, crude fibre (rG=0.35, 0.75, 0.26, 0.31,0.33,0.35). It was
significantly, negatively correlated to number of pods/ cluster, vitamin C, iron and

calcium (rG = -0.76, -0.41,- 0.38and -0.53) respectively.
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Days to first fruit set was significantly and positively correlated to total
phenols (rG = 0.98). It was significantly, negatively correlated to number of
pods/cluster, crude fibre, vitamin C and calcium (rG = -0.44, -0.54, -0.61, -0.50)

respectively.

Days to first harvest was significantly and positively correlated to number of
pod clusters/plant, number of pods/plant, number of seeds/pod, number of harvests,
total carbohydrates and total phenols (rG = 0.40,0.49,0.26, 0.42, 0.39 and 0.30)
respectively. It was significantly negatively correlated to pods/cluster, pod girth, pod

weight, vitamin C and calcium (rG = -0.50, -0.55, -0.27,-0.37 and -0.59 respectively).

Number of pod clusters/plant was significantly and positively correlated with
number of pods/plant, number of harvests, total carbohydrates, crude fibre and pod
yield per plant (rG = 0.53, 0.49, 0.52, 0.31and 0.36) respectively. It was significantly
and negatively correlated with number of pods/cluster, pod weight, crude protein and

vitamin C (rG =-0.62, -0.27, -0.32 and -0.28) respectively.

Number of pods/cluster was significantly and positively correlated with
vitamin C (rG = 0.55) and it was significantly, negatively correlated with total phenol

(tG = -0.40).

Number of pods/plant was significantly and positively correlated with number
of harvests and total carbohydrates (rG = 0.86 and 0.89) respectively. It was
significantly, negatively correlated with pod length, pod girth and pod weight, iron,
calcium and total phenols (rG = -0.49, -0.47, -0.56,-0.43, 0.99and 0.47) respectively.

Pod length was positively and significantly correlated with pod girth, pod
weight, iron, calcium and total phenols (rG = 0.69, 0.76, 0.42, 0.97and 0.69)
respectively. It was significantly and negatively correlated with number of harvests

and carbohydrates (-0.30 and -0.28) respectively.
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Pod girth was significantly and positively correlated with pod weight, vitamin
C, Calcium and total phenols (rG = 0.70, 0.27, 0.98 and 0.39) respectively. Pod
weight was significantly, positively correlated with vitamin C, iron, calcium and total

phenol (rG =0.26, 0.38, 0.98 and 0.58) respectively.

Number of seeds/pod was significantly and positively correlated with total

carbohydrate and crude protein (rG = 0.28 and 0.47) respectively.

Number of harvests was significantly and positively correlated with total
carbohydrates (rG = 0.97). It was significantly and negatively correlated with iron,

calcium and total phenol content (rG = -0.34, - 0.30 and -0.42) respectively.

Total carbohydrate content was significantly and negatively correlated with
iron and total phenol content (rG = -0.37 and -0.27) respectively. Crude protein and
crude fibre content was significantly and negatively correlated with calcium and
phenol content (rG = -0.38, -0.26) and ((rG = -0.33, -0.48) respectively. Vitamin C
was significantly positively correlated with calcium (rG = 0.62) and it was negatively
and significantly correlated with total phenol content (rG = -0.48). Iron content was
significantly and positively correlated with calcium and total phenol content (rG =
0.92 and 0.46). Calcium content was significantly positively correlated with total

phenol content and pod yield per plant (rG = 0.93 and 0.42).

Pod yield /plant was significantly and positively correlated with number of
pod clusters/plant, crude fibre and calcium (rG= 0.36,0.29,0.42) respectively. Pod
yield/plant showed negative association with plant height, days to 50% flowering,
days to first fruit set, number of pods/cluster, pod length, pod girth, number of
seeds/pod, crude protein (-0.08,-0.06,-0.05,-0.06,-0.97,-0.19,-0.04,-0.05) respectively.
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4.3.2. Phenotypic correlation

Phenotypic correlations of various yield components with yield were
estimated and presented in Table.8. At phenotypic level, plant height was
significantly and positively correlated with number of pods/cluster, vitamin C, (rP =
0.88 and 0.45) respectively and it was significantly, negatively correlated with
number of branches ,days to 50% flowering, days to first fruit set, number of pod

clusters/plant (rP = - 0.65, -0.35,-0.35 and -0.46) respectively.

Number of branches was significantly, positively correlated to number of pod
clusters/plant, number of pods/plant, number of harvests, total carbohydrates, crude
fibore ( P = 0.73,0.26,0.30, 0.30 and 0.34) respectively. It was significantly,
negatively correlated to pods/ cluster, vitamin C and iron (rP = - 0.74,-0.40 and -0.37)
respectively.

Days to 50% flowering was positively and significantly correlated to days to
first fruit set (rP= 0.99) and total phenol (rP= 0.46). It was significantly and
negatively correlated to number of pods/cluster, crude fibre and vitamin C (rP= -0.29,

- 0.37 and -0.43) respectively.

Days to first fruit set was significantly and positively correlated to total
phenols (rP = 0.45). It was significantly and negatively correlated to number of

pods/cluster, crude fibre and vitamin C (rP = -0.29, -0.38, -0.43) respectively.

Days to first harvest was significantly and positively correlated to number of
pod clusters /plant, number of pods/plant, number of harvests and total carbohydrates
(rP = 0.29, 0.31 ,0.27, 0.27) respectively. It was significantly and negatively
correlated to pods/cluster and pod girth (rP = -0.29 and -0.30).

Number of pod clusters/plant was significantly and positively correlated with
number of pods/plant, number of harvests, total carbohydrates, crude fibre and pod

yield per plant (rP = 0.52, 0.48, 0.44 0.28 and 0.34) respectively. It was significantly
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and negatively correlated with number of pods/cluster, pod weight, crude protein and

vitamin C (rP = -0.58, -0.26, -0.31 and -0.28) respectively.

Number of pods/cluster was significantly and positively correlated with

vitamin C (rP = 0.54).

Number of pods/plant was significantly and positively correlated with number
of harvests, total carbohydrates (rP = 0.86 and 0.81) respectively. It was significantly,
negatively correlated with pod length, pod girth, pod weight, iron and total phenols
(rP =-0.48, -0.44, -0.56.-0.42 and -0.26) respectively.

Pod length was positively and significantly correlated with pod girth, pod
weight, iron, and total phenols (rP = 0.65, 0.76, 0.42 and 0.38 respectively). It was

significantly, negatively correlated with number of harvests (rP= -0.29).

Pod girth was significantly, positively correlated with pod weight, vitamin C,
Calcium and total phenol (rP = 0.66, 0.26, 0.37 and 0.31 respectively). Pod weight
was significantly positively correlated with vitamin C, iron, calcium and total
phenol (rP =0.26, 0.38, 0.33 and 0.32) respectively. Number of seeds/pod was

significantly and positively correlated with crude protein (rP = 0.41).

Number of harvests was significantly and positively correlated with total
carbohydrates (rP = 0.95). It was significantly negatively correlated with iron (rP =
-0.34).

Total carbohydrates content was significantly and negatively correlated with
iron content (rP = -0.34). No significant positive or negative association of crude
protein and other morphological characters were observed. Crude fibre was found to
have significant and positive association with pod yield/plant (0.28). Crude fibre and
vitamin C content was significantly and negatively correlated with total phenol
content (rP = -0.29 and 0.26) respectively. Iron content was found positively and

significantly associated with pod yield/plant (0.31); Iron and calcium showed positive
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correlation with total phenol (rP = 0.27, 0.32) respectively. Total phenol showed

negative association with pod yield/plant (-0.06).

Pod yield was significantly and positively correlated with number of pod
clusters per plant, crude fibre and iron content (rP = 0.34, 0.28 and 0.31) respectively.
It was also positively correlated with number of branches, days to first harvest,
number of pods/plant, pod weight, number of harvests, total carbohydrates, vitamin C
and iron. At phenotypic level, pod yield/plant showed negative association with plant
height, days to 50% flowering, days to first fruit set, number of pods/cluster, pod

length, pod girth, number of seeds/pod, crude protein and total phenols.

4.4. Path analysis

Dividing the correlation of yield and its component characters into direct and
indirect effects help to identify the direct and indirect contribution of component

characters to the yield. The results of path analysis are presented in Table 9.

4.4.1. Direct effects on yield

In the table, diagonal values represent the direct effect and values on both
sides of diagonal represent indirect effects. The number of pods/plant had highest
direct positive effect on yield (1.164) followed by pod weight (0.742), days to first
fruit set (0.638), plant height (0.203), pod girth (0.110), number of branches (0.203)
and number of seeds/pod (0.005).

It had the highest direct negative effect on days to 50% flowering (-0.703),
followed by pod length (-0.400), number of pods/cluster (-0.271), number of pod
clusters/plant (-0.118) and days to first harvest (-0.040).
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4.2. Indirect effects on yield

Plant height had direct positive effect on yield (0.203) and indirect positive
effect was noticed on yield through days to 50% flowering (0.323), number of pod
clusters/plant (0.056) and number of pods/plant (0.018), pod girth (0.017) and pod
weight (0.011).

Number of branches had direct positive effect (0.073) on yield. It had indirect
positive effect on yield through days to first fruit set (0.149), number of pods/cluster
(0.207), and number of pods/plant (0.300) and pod length (0.066).

Days to 50% flowering had direct negative effect on yield (-0.703) and
indirect positive effect on yield through number of branches (0.017), days to first fruit
set (0.638) and number of pods/cluster (0.119).

Days to first fruit set had direct positive effect (0.638) and indirect positive
effect on yield through number of branches (0.017) and number of pods/cluster
(0.120).

Days to first harvest had direct negative effect on yield (-0.040) and indirect
positive effect on yield through number of branches(0.025), days to first fruit set
(0.064), number of pods/cluster (0.135), number of pods/plant (0.573) and pod
length (0.081).

Number of pod clusters/plant had direct negative effect on yield (-0.118) and
indirect positive effect on yield through number of branches (0.055), days to first fruit
set (0.059), number of pods/cluster (0.167), number of pods/plant (0.622) and pod
length (0.100).

Number of pods/cluster had direct negative effect on yield (-0.271) and
indirect positive effect on yield through plant height (0.185), days to 50% flowering
(0.308), days to first harvest (0.020), number of pod clusters/plant (0.073), pod length
(0.009), pod girth (0.013) and pod weight (0.047).
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Number of pods/plant had direct positive effect on yield (1.164) and indirect
positive effect on yield through plant height (0.003) number of branches (0.019), days
to 50% flowering (0.048), pod length (0.195) and number of pods/cluster (0.019).

Pod length had direct negative effect on yield (-0.400) and indirect positive
effect on yield through plant height (0.003), days to first fruit set (0.029), days to first
harvest (0.008), number of clusters/plant (0.030), number of pods/plant (0.007), pod
weight (0.562) and pod girth (0.077) .

Pod girth had direct positive effect on yield (0.110) and indirect positive
effect on yield through plant height (0.030), days to 50% flowering (0.017), days to
first harvest (0.022), pod clusters/plant (0.020) and pod weight (0.522).

Pod weight had direct positive effect on yield (0.742) and indirect positive
effect through plant height (0.003), days to 50% flowering (0.019), days to first
harvest (0.011), number of pod clusters/plant (0.031) and pod girth (0.077).

Number of seeds/pod had direct positive effect on yield (0.005) and indirect
positive effect on yield through plant height (0.054), days to 50% flowering (0.065),
number of pod clusters/plant (0.002), number of pods/plant (0.283), pod girth (0.020)
and pod weight (0.015).

4.5. Genetic divergence

To study the genetic divergence among 30 accessions of cluster bean, they
were evaluated based on 21 characters. The data obtained from evaluation was
subjected to Mahalanobis D? analysis. Based on the results, the 30 accessions of
cluster bean were grouped into 8 clusters using Tocher’s method. The results of

divergence studies are presented in Table 10, Table 11, and Table 12.
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Table. 10. Cluster composition based on D? statistic in cluster bean

Cluster | No. of genotypes in each | Genotypes
no. cluster
I 7 CT-2, CT-8,CT-13, CT-14, CT-23, CT-25 and CT-28
I CT-15, CT-27 and CT-30
111 2 CT-9 and CT-11
v 8 CT-1, CT-4, CT-5, CT-6, CT-7, CT-20, CT-21 and CT-26
Vv 3 CT-12, CT-19 and CT-24
VI 3 CT- 16, CT-17 and CT-18
VII 2 CT-3 andCT-22
VIII 2 CT-10 and CT-29
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4.5.1. Classification of cluster bean accessions
Thirty accessions of cluster bean were grouped into 8 clusters by using
Trocher’s method (Rao, 1952). The distribution pattern of genotypes into various

clusters is shown in Table 10

Cluster IV had highest number of accessions (8) followed by cluster I (7)
accessions. There were three accessions each in cluster II, V and V1. Clusters 11, VII

and VIII had two accessions each.

The accessions included in cluster I are CT-2, CT-8, CT-13, CT-14, CT-23,
CT-25 and CT-28. Cluster II consisted of the accessions CT- 15, CT-27, CT-30.
Cluster III consisted of the accessions CT-9 and CT-11. Cluster IV consisted of the
accessions CT-1, CT-4, CT-5, CT-6, CT-7, CT-20, CT-21 and CT-26. Cluster V
consisted of CT-12, CT-19 and CT-24. Cluster VI consisted of CT-16, CT-17 and
CT-18. Cluster VI consist of CT-16, CT-17 and CT-18. Cluster VII consisted of CT-3
and CT-22. Cluster VIII consisted of CT-10 and CT-29.

Inter and intra cluster distance between 8 clusters are given in Table. 11. Intra
cluster distance was maximum in cluster VII (D? = 200922.70). Intra cluster distance
was minimum in cluster III (D?> = 18228.16). Inter cluster distance was maximum
between cluster III and II (D? = 573525.69). Inter cluster distance was minimum

between cluster IV and I (D?~70197.41).

4.5.2. Mean performance of characters in clusters

Cluster means of 21 characters of cluster bean accessions are presented in Table 12.
4.5.2.1. Plant height

The highest mean plant height was observed in cluster II (173.70) followed by
cluster VI (161.80). The lowest mean plant height was observed in cluster VIII
(120.80).
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4.5.2.2. Number of branches

The highest mean number of branches was observed in cluster III (15.03)
followed by cluster I (14.44). The lowest mean number of branches was observed in

cluster II (5.47).
4.5.2.3. Days to 50% flowering

The highest mean number days to 50% flowering was observed in cluster VII
(27.25) followed by cluster IV (26.63). The lowest mean number of days to 50%

flowering was observed in cluster VI (22.50).
4.5.2.4. Days to first fruit set

The highest mean number of days to first fruit set was observed in cluster VII
(29.25) followed by cluster IV (28.63). The lowest mean number of days to first fruit

set was observed in cluster VI (24.50).
4.5.2.5. Days to first harvest

The highest mean number of days to first harvest was observed in cluster IV
(47.94), followed by cluster I (47. 36). The lowest mean was observed in cluster VIII
(45.50).

4.5.2.6. Number of pod clusters/plant

The highest mean for number of pod clusters/plant was observed in cluster IV
(46.99), followed by cluster I (45. 80). The lowest mean number of pod clusters/plant

was observed in cluster III (29.25).
4.5.2.7. Number of pods/cluster

The highest mean number of pods/cluster was observed in cluster II (14.62),
followed by cluster VI (12.50). The lowest mean number of pods/cluster was

observed in cluster V (6.96).
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4.5.2.8. Number of pods/plant

The highest mean number of pods/plant was observed in cluster VI (249.19),
followed by cluster IV (222.22). The lowest mean number of pods /plant was
observed in cluster VIII (101.46).

4.5.2.9. Pod length

The highest mean pod length was observed in cluster VIII (9.16), followed by
cluster I (6.67). The lowest mean pod length was observed in cluster VI (6.40).

4.5.2.10. Pod girth

The highest mean pod girth was observed in cluster VIII (0.97), followed by
cluster V (0.93). The lowest mean pod girth was observed in cluster III and IV (0.76).

4.5.2.11. Pod weight

The highest mean pod weight was observed in cluster VIII (1.87), followed by
cluster V and VII (1.53 each). The lowest mean pod weight was observed in cluster

IV (1.20).
4.5.2.12. Number of seeds/pod

The highest mean number of seeds/pod was observed in cluster VIII (8.95),
followed by cluster VI (8.80). The lowest mean number of seeds/pod was observed in

cluster II (7.63).
4.5.2.13. Pod yield/pant

The highest mean pod yield/plant was observed in cluster VI (323.63),
followed by cluster VII (289.87). The lowest mean pod yield /plant was observed in
cluster VIII (164.89).
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4.5.2.14. Number of harvests

The highest mean number of harvests were observed in cluster VI (6.58),
followed by cluster VII (5.72). The lowest mean numbers of harvests were observed

in cluster VIII (3.38).
4.5.2.15. Total carbohydrates

The highest mean for total carbohydrates was observed in cluster III (12.08),

followed by cluster VI (10.20). The lowest mean was observed in cluster II (6.28).
4.5.2.16. Crude protein

The highest mean for crude protein was observed in cluster VI (5.25),

followed by cluster VII (5.03). The lowest mean was observed in cluster III (3.53).
4.5.2.17. Crude fibre

The highest mean crude fibre was observed in cluster II (7.59), followed by

cluster VI (7.41). The lowest mean was observed in cluster IV (4.57).
4.5.2.18. Vitamin C

The highest mean vitamin C was observed in cluster III (6.77), followed by

cluster I (6.59). The lowest mean vitamin C was observed in cluster VI (4.91).
4.5.2.19. Iron

The highest mean iron content was observed in cluster V (0.039), followed by

cluster VIII (0.019). The lowest mean was observed in cluster VI (0.011).
4.5.2.20. Calcium

The highest mean calcium content was observed in cluster VII (0.852),
followed by cluster V (0.783). The lowest mean calcium was observed in cluster VI

(0.389).
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4.5.2.21. Total phenols

The highest mean total phenols was observed in cluster VI (9.12), followed

by cluster I (8.45). The lowest mean total phenol was observed in cluster VIII (6.86).
4.6. Organoleptic evaluation

Organoleptic evaluation of cluster bean accessions were done to judge the
sensory qualities based on scores of 9-point hedonic scale given by a panel of judges.
The data were subjected to statistical analysis. Sensory characters like appearance,
colour, flavor, taste, texture, were judged based on scores and ranks and the results

are presented in the Table.13.
4.6.1. Appearance

Accession CT- 22 had the highest mean score, rank for appearance (8.13),
(0.07), followed by CT 20 (8.04),(0.07). The accession, CT- 23 (5.16),(1.00) had the

lowest mean value for appearance.
4.6.2. Colour

Accession CT -20 had the highest mean score, rank for colour (8.24),(0.07),
followed by CT -22 (8.16),(0.11) and CT- 23 (5.20),(1.00) had the lowest mean

value.
4.6.3. Flavour

Accession CT -20 had the highest mean score, rank for flavor (8.17),(0.08),
followed by CT- 3 (7.84),(0.13)and CT -23 (5.27),(1.00) had the lowest score and

rank mean value.
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Table. 13. Sensory qualities of cluster bean accessions

Genotype | Appearance | Colour | Flavor Taste Texture | Total score
T | @iy oo | @1 | 015 | @i | 0
cr2 | oo || o | wis | o | 0
T4 ((7):(8)?/) (g:??) ((7):?431) ((7):?2) (315132) .38
CT-4 ((6):33) (8247%) (gigg) (8%) (8353) 4.06
CT=3 (8:21) ((6):23) ((6):4718) (gigg) (giéé) 334
CT-6 (gé/(l)) ((7):??) ((7):32) ((7):?2) (32?2) 0.70
CE (g:;é) (g:% (gigg) (g:zltg) (gi% 215
8 | oen | om | om | o5 | 049 | >
C1d (g:ﬁ) (g:(l)(l)) ((7):33) ((7)151;2) ((7)232) e
CT-14 (g:gg) ((7):?}) ((7):;?) ((7)12) (Z):?g) 0.70
cril | e | 050 | o6 | o0 | @4 | >
cr2 | ot | em | 03 | o5 | oo | O
Ch.13 ((5):;3) (g:g) (gf;g) (Sigg) (8233) 374
cri4 | o | s | osn | oy | em | 27
CT-15 7.95 780 | 745 | 757 | 774 0o
007 | ©.11) | 029 | ©30) | 0.17)
CT-16 ((6):3%) ((5):38) ((S)Zgg) (gfg(s)) (8}132) 1
CT-17 (g:;g) (8:21) (gigg) (gigg) ((6):;2) ek
8 | o | @ | 088 | o8 | om | 37
CT-19 ((7):(3)3) (gég) ((7)}212) ((7):(5)3) ((7)142%) 158
cro | gon | oo | oo | 010 | ©og | 4
2l | 30 | @ae) | 50 | ©40) | @sh | >
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(122 (g:(l)g) (g:i?) ((7):(5]8) ((7):;13) (3123) 1.66
C1-23 (?:(1)8) (?:38) (?Z(Z)Z)) (?:gg) (‘11:?)3) 6.0
CTN24 (8:;(1)) (gigg) (gjgg) ((6):‘32) ((6):2%) 439
CT-25 (gigg) ((6):21;2) (8:;;2) ((6):;2) (8131) 487
cI-20 (g;g) (g:gg) (giég) ((7)}11(1)) ((7)}?) 20
CT-27 (8:1712) (gigg) (8:23) (8:%) (gigg) 240
CI-28 ((5):32) (323§) ((5)123) (3223) <31§§) 332
CI-2) ((7)3?) (S:SZ) ((7)3213) ((7):411(1)) (g:?g) 1.37
130 (g:ﬂ) ((7)3;) ((7):2?)) (g:gg) (g:gg) 146

(Values in parenthesis indicate the ranking for the sensory qualities)

4.6.4. Taste

Accession CT -20 had the highest mean score, rank for taste (8.24),(0.10),
followed by CT- 3 (7.96),(0.15) and CT- 23 (4.78),(1.00) had the lowest mean value.

4.6.5. Texture

Accession CT -20 had the highest mean score, rank for flavor (8.00),(0.08),
followed by CT- 12 (7.96),(0.08) and CT -23 (4.87),(1.00) had the lowest mean score,

rank.

Total score for all the sensory qualities were calculated and accessions having
lowest statistical score were considered best. They were CT- 20 (0.41), CT 3 (0.58),
CT-6 (0.70), CT-10 (0.70) and CT-12(0.70) in the order of preference.
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4.7. Disease and pest incidence

In the later stages of crop growth, the plants were infected with powdery
mildew and sucking pests like white fly, thrips and hoppers. The percentage
incidence of diseases and pests are given in the Table 7. Percentage of plants infected
with powdery mildew varied from 5.0%to 30.0 %. The lowest incidence of powdery
mildew was noted in the accessions CT-8(5.00%) and CT-25(5.00%), and the
percentage of plants infected by sucking pests like white fly and thrips varied from
5.0%to 20.0%. It was observed that accessions CT-14(5.0%), CT-27(5.0%), and CT-
30(5.0%) showed very low incidence of white fly and thrips.
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Table.14.Percentage disease and pest incidence of cluster bean accessions

Genotype | Powdery mildew (%) Sucking pest
incidence (%)
CT-1 15 10
CT-2 20 10
CT-3 15 20
CT-4 25 15
CT-5 15 15
CT-6 15 15
CT-7 20 20
CT-8 5 15
CT-9 20 10
CT-10 10 10
CT-11 25 10
CT-12 20 15
CT-13 30 15
CT-14 10 5
CT-15 15 10
CT-16 25 15
CT-17 20 15
CT-18 15 20
CT-19 30 10
CT-20 10 10
CT-21 10 10
CT-22 15 15
CT-23 20 15
CT-24 15 15
CT-25 5 10
CT-26 20 15
CT-27 10 5
CT-28 15 20
CT-29 15 20
CT-30 10 5
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Plate. 6. High yielding cluster bean accessions
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5. DISCUSSION

Cluster bean is an important legume crop having industrial importance
because of the gum extracted from its endosperm. It is a crop suitable for warm
tropical regions. It come up well even in marginal soils and areas receiving scanty

rainfall. The green pods are used as vegetable and plant is used as a cattle feed.

5.1. Genetic variability

Knowledge on genetic variability and divergence present in a crop is
important for designing a successful crop improvement programme. The 30
genotypes of cluster bean showed significant difference among themselves for
characters such as plant height, number of branches, days to 50% flowering, days to
first fruit set, days to first harvest, number of clusters/plant, number of pods/cluster,
number of pods/plant, pod length, pod weight, number of seeds/pod, pod yield/plant,
number of harvests, total carbohydrates, crude protein, crude fiber, vitamin C, iron,

calcium and total phenols.

Plant height was significantly different in 30 genotypes of cluster bean. GCV
and PCV made similar contribution to the total variability in plant height. High
heritability and high genetic gain indicated that this character could be improved
through selection. Similar results were reported by Vir and Singh (2015); Boghara et
al. (2016); Patil et al. (2016); Santhosha et al. (2017) in cluster bean.

Number of branches was significantly different in the 30 genotypes of cluster
bean. High GCV, heritability and genetic gain were observed for number of branches
which showed that variation in the character is due to genotype alone. High
heritability coupled with high genetic gain were probably due to addictive gene
action. These results were in confirmation with Anandhi and Ommen (2007);
Bhatkodle ef al. (2014), Vir and Singh (2015). Patil et al. (2016) Santhosha et al.
(2017).
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GCV, PCV and genetic gain were low for days to 50% flowering and days to
first harvest. These characters were moderately heritable. Moderate heritability
coupled with low genetic gain was due to non- addictive gene effect. Patil et al.
(2016) also reported similar results. PCV, GCV, heritability and genetic gain were

very low for days to fruit set indicating that variability is very low for this character.

There were significant difference among accessions for number of pod
clusters/plant, number of pods/cluster and number of pods/plant. GCV and PCV for
this character were almost similar, indicating that variation was due to genotype
alone; high heritability coupled with high genetic gain observed for this characters
were due to addictive gene effect and these can be improved through selection. This
result was in corroboration with the results obtained by Muthuselvi and Shanthi
(2013); Vir and Singh (2015); Kumar ef al. (2015); Boghara ef al. (2016) and Patil et
al. ((2016).

Pod length, pod girth and pod weight were significantly different in 30
accessions and GCV,PCV, heritability and genetic gain were high for these
characters, indicating that the variability was due to genotypic differences and genetic
improvement is possible through selection. These results are in accordance with
Muthuselvi and Shanthi (2013); Patil e al. (2016); Boghara et al. (2016); Santhosha
etal. (2017).

Number of seeds/pod recorded low GCV, PCV and genetic gain, however it
exhibited a high heritability and low genetic gain for this character indicated the
presence of non-addictive gene effects. This is in accordance with the earlier report

by (Anandhi and Sunny, 2006).

Pod yield/plant and number of harvests exhibited high GCV, PCV,
heritability, genetic gains and genetic advance specifying that the variability is mainly

due to genotypic differences. High heritability coupled with high genetic gain
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indicated the presence of addictive gene action and the trait can be improved through
selection. Bhatkodle er al. (2014) observed similar results for pod yield in cluster

bean.

All the quality characters like total carbohydrates, crude protein, crude fibre,
vitamin C, iron, calcium and total phenols had almost similar GCV and PCV. They
also recorded high heritability and genetic gain revealing that environment do not
have any role in influencing these characters. High heritability combined with high
genetic gain showed that these characters are controlled by addictive gene effects and

genetic improvement is possible through selection
5.2. Correlation studies

Crop improvement programmes can be made more effective through
knowledge of the interrelationship among yield and its component characters. Hence,
knowledge of correlation and causation among yield and yield components is of
paramount importance. Indirect improvement of a trait is possible by improving the

trait of interest, if they are positively correlated.

In this study, yield was positively correlated with number of pod
clusters/plant, number of branches, number of pods/plant, days to first harvest, pod
weight and number of harvests. Genotypic correlation was higher or similar to
phenotypic correlation coefficient for all these characters indicating that, the
environment had lesser effects. Heritability for these characters were also high hence,
when selection is done for these characters, it would simultaneously improve yield.
This is in confirmation with the results of Anandhi and Sunny (2006); Lakshmanan

and Vahab (2011);Boghara et al. (2016); Muthuselvi et al.(2017).

The pod yield was also positively associated with quality characters such as

crude fibre, iron, calcium, total carbohydrates and crude protein. Hence, selection for
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the high yielding accessions would result in simultaneous improvement of quality

characters.

Plant height was significantly, positively correlated with number of
pods/cluster and Vitamin C, it did mean that when we select accessions with more
plant height, it would also result in more number of pods/cluster and Vitamin C.
Similar results on plant height and number of pods/cluster were reported by
Manivannan et al. (2015) and Muthuselvi et al. (2017). However similar results on
Vitamin C has not been reported so far. Plant height was negatively correlated with
number of branches, days to 50% flowering, days to first fruit set, number of
seeds/pod and total phenols. Therefore it can be inferred that, accessions with more
height will be having less number of branches, will be early in flowering, fruit set,
have less number of seeds/pod and total phenols. These results were in agreement
with the findings of Manivannan et al. (2015) and Muthuselvi et al. (2017) for
number of branches and days to 50% flowering. However similar results on days to

first fruit set, number of seeds/pod and total phenols has not been reported so far.

Number of branches were significantly and positively correlated with days to
first harvest, number of pod clusters /plant, number of pods/plant, number of harvests
and crude fibre (%). Therefore it can be inferred that selection of accessions with
more number of branches would also result in more number of pod clusters/plant,
number of pods/plant, number of harvests and more yield and delayed harvest. It was
inferred that accessions with more number of branches were late in harvest however,
they were high yielders. These results were in agreement with Singh et al. (2009);
Anandhi and Sunny (2006); Lakshmanan and Vahab (2011).

In addition in the present study it was found that more number of branches
were positively associated with crude fibre. Cluster bean is considered as crop of
industrial importance all over India because it is a source of guar gum. However,

cluster bean is consumed as a vegetable in the southern part of India and presence of
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crude fibre is an important attribute valued in vegetables. From the present study, it
was found that when we are selecting accession with more number of branches, they
would be high yielding with more crude fibre. Similar results have not been reported

so far.

Days to 50% flowering was significantly and positively correlated with days
to first fruit set and total phenol. It was inferred that accessions with more days to
50% flowering recorded late fruit set and harvest, such accessions contained more
total phenols. However days to 50% flowering was found to be negatively correlated
with pod yield. Therefore it was inferred that accessions with early 50% flowering,
where high yielders with more total phenols. Pods of such accessions will be more
astringent. From the results of sensory evaluation it was found that these accessions
with more total phenols recorded high total score (Table.13) hence, less acceptability.
So days to 50% flowering can be used as a selection index for selecting cluster bean

genotypes with less total phenols.

Days to 50% flowering was found significantly and negatively correlated with
number of pods/cluster. Therefore it was inferred that accessions with more days to
50% flowering had less number of pods/cluster. Similar results were reported by
Manivannan et al., (2015). From the present study it was also found that days to 50%
flowering had significant, negative correlation with crude fibre, vitamin C and
calcium, it does mean that those accession with more days to 50% flowering have

less crude fibre, vitamin C and calcium. Similar results has not been reported so far.

Days to first fruit set was significantly and positively correlated with total
phenols. It was inferred that accessions with more number of days to fruit set will
have more total phenols. Such accessions are more astringent and less preferred for
consumption (Table.13). However, days to first fruit set was negatively and
significantly correlated with number of pods/cluster, crude fibre, vitamin C and

calcium. It was inferred that accessions which are late to set fruit had less number of
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pods/cluster, crude fibre, vitamin C and calcium. Similar results have not been

reported so far.

Days to first harvest was positively and significantly correlated with number
of pods/cluster, number of pods/plant, number of seeds/pod, number of harvests, total
carbohydrates and total phenols. Therefore it can be inferred that those accessions
which are late for first harvest have more number of pods/cluster, number of
pods/plant, more number of harvests, consequently higher pod yield/plant. However,
days to first harvest was also significantly, negatively correlated with crude fibre,
vitamin C, iron and calcium. It does mean that those accessions which are late to

harvest have less crude fibre, vitamin C, iron and calcium.

Number of pod clusters/plant was significantly, positively correlated with
number of pods/plant, number of harvests and pod yield/plant. It was inferred that
selection of accessions with more number of pod clusters/plant would also have more
number of pods /plant, number of harvests and more yield. Hence, accessions with
more number of pod clusters/plant would be high yielders .Similar findings were
reported by Anandhi and Sunny (2006); Lakshmanan and Vahab (2011) ; Boghara et
al. (2016) for number of pods/cluster and number of pods/plant.

In addition, number of pod clusters/plant was found positively associated with
total carbohydrates and crude fibre. It does mean that accessions with more number
of pod clusters/plant are high yielders with high amount of carbohydrates and crude
fibre. However, it was significantly, negatively correlated to number of pods/cluster,
pod weight, crude protein and vitamin C. Therefore, it was inferred that those
accessions with more number of pod clusters/plant had low pod weight, crude

protein, Vitamin C and number of pods/cluster.

Number of pods/cluster was significantly and positively correlated with

vitamin C and negatively correlated to total phenols. Therefore, it was inferred that
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when we select for number of pods/cluster, it would also result in accessions with

more vitamin C and less total phenols.

Number of pods/plant was significantly and positively correlated with number
of harvests. It does mean that when number of pods/plant increases the number of
harvest would also increase. However, it was negatively correlated with pod length
hence, those accessions with more number of pods will have shorter pods .This
finding is in agreement with Boghara et a/.( 2016). Number of pods/plant was also
negatively associated with pod width, pod weight, Iron, calcium and total phenols. It
was inferred that those accessions with more number of pods will have thinner pods

with low pod weight, iron, calcium and total phenols.

Pod length was significantly and positively correlated with pod girth. It does
mean that when pod length increases it would also result in an increase in pod girth.
This result is similar to the findings of Lakshmanan and Vahab (2011); Kumar et al.
(2015). Pod length was also positively correlated with pod weight, vitamin C, iron
and calcium which, indicated that when pod length increases pod weight, vitamin C,
iron and calcium also increases. Hence, when selection is done for longer pods, it

would also improve pod weight, pod girth, vitamin C, iron and calcium.

In addition, it was significantly, negatively correlated with number of harvests
and total carbohydrates. It does mean that when pod length increases number of pods

decreases and therefore, less number of harvests and total carbohydrates.

Pod girth was significantly and positively correlated with pod weight. It was
inferred that accessions having thicker pods would have more pod weight. This is in

confirmation with the findings of Lakshmanan and Vahab (2011).

Pod weight was significantly and positively correlated with crude fibre, iron,
calcium and vitamin C. It does mean that those accessions with higher pod weight

have more crude fibre, iron, calcium and vitamin C.
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Number of seeds/pod was significantly and positively correlated with total
carbohydrates and crude protein. It does mean that those accessions with more

number of seeds/pod have high amount of total carbohydrates and crude protein.

Number of harvests was significantly and positively correlated with total
carbohydrates and negatively correlated with iron, calcium and total phenols. It is
inferred that those accessions which are harvested frequently would have more total

carbohydrates and less iron, calcium and total phenols.
5.3. Path coefficient analysis

Correlation alone cannot give a real picture of intercharacter association, so it
becomes necessary to study the path coefficient analysis, which takes into account the
cause effect relationship apart from the degree of relationship. Path analysis will
indicate whether, the association of the yield related traits with yield is due to their
direct effect, where direct selection can be made for improvement or is a consequence
of their indirect effect via some other traits in such cases a breeder has to select the

trait by considering the indirect effect.

. The residual effect was very low (0.0132), indicating that most of the
variability present in the genotypes was explained with the traits under study. The
yield contributing characters like number of pods/plant, had highest positive direct
effect on yield followed by pod weight, number of days to first harvest, plant height,
number of harvests and number of branches. Anandhi and Sunny (2006) and

Lakshmanan and Vahab (2011), reported similar results.

Days to 50% flowering, number of pods/cluster and pod length showed
negative direct effect on yield. Anandhi and sunny (2006) and Chatale (2015), also
reported a negative direct effect of days to 50% flowering on pod yield. Other traits

had only negligible positive and negative direct on pod yield.
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Plant height had negative correlation with pod yield/plant and have high
positive direct effect on pod yield/plant and it had positive indirect effect on pod yield
through days to 50% flowering and number of clusters/plant. This is in conformity
with the results obtained by Rai and Dharmatti (2014), where plant height exhibited

direct effect and indirect effect through number of pod clusters/plant.

Number of branches had positive correlation with pod yield/plant and it had
positive direct effect on pod yield. It also had positive indirect effect on yield through

number of pods/ plant, number of pods/cluster and days to first fruit set.

Days to 50% flowering had negative correlation with pod yield/plant and it
had negative direct effect on pod yield. It also had a positive indirect effect on yield
through plant height, days to first fruit set and number of pods/cluster. This is in line
with the findings of Chatale (2015), where days to 50% flowering exhibited negative
direct effect and indirect positive effect through plant height.

Days to first harvest had positive correlation with pod yield/plant and had
negligible negative direct effect on pod yield. It also had high positive indirect effect
on yield through days to first fruit set, number of pods/cluster and number of

pods/plant. Chaitanya et al. (2014) also observed similar result in dolichos bean.

Pod length had negative correlation with pod yield/plant and it had negative
direct effect on pod yield and positive indirect effect through pod weight. Girish ef al.
(2012) observed a negative direct effect of pod length on yield in cluster bean.

Pod girth had negative correlation with pod yield/plant and it had positive
direct effect on pod yield. It also had an indirect positive effect through pod weight.
Singh et al. (2011) and Chaitanya et al. (2014) in dolichos bean. Verma et al. (2014)

in french bean observed similar results for direct and indirect effects.

Number of pod clusters/plant had positive significant correlation with pod

yield/plant and negligible negative direct effect on yield. Whereas, it has positive
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indirect effect through number of pods/plant. This is in accordance with the results
obtained by Anandhi and Sunny (2006). Number of pods/cluster also had a negative
direct effect on pod yield and indirect positive effect through plant height.

Number of seeds/pod had negative correlation with pod yield/plant and it had
negligible positive direct effect on yield and it have an indirect positive effect through
number of pods/plant. Lakshmanan and Vahab (2018) also observed negative direct

effect of number of seeds/pod on pod yield.

Based on the above discussion, the characters like number of pods/plant, days
to first fruit set, pod weight, plant height and number of branches can be considered
as the major characters contributing towards pod yield and direct selection of

genotypes based on this traits is useful for developing high yielding varieties.
5.4. Genetic Divergence

Mahalanobis D? analysis is one of the potent tool used for measuring genetic
divergence (Mahalanobis, 1936). In breeding programmes it help to estimate the
differentiation force at inter and intra cluster level. Through this it helps the breeders

to choose genetically divergent parents for developing hybrids with more heterosis.

Thirty cluster bean accessions were grouped into 8 clusters based on the D?
values. If the distance between the clusters is larger, the divergence between the

accessions 1S more viz. versa.

Highest mean value for yield was shown by the cluster VI. This cluster also
had higher mean values for number of pods/cluster, number of pods/plant and number

of harvests. Most of the high yielding accessions were the members of this cluster.

Considering the quality traits, cluster VI was having comparatively higher
mean values for total carbohydrates, crude protein, crude fibre, and total phenols than
other clusters, and hence, qualitatively superior to other clusters. Accessions in

cluster V was rich in iron and cluster VII was rich in calcium.
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The clusters which are separated by greatest statistical distance exhibit the
maximum divergence. Intra cluster distance was maximum in cluster VII and
minimum in cluster III, hence greater heterogeneity exist in the former and greater
homogeneity latter. Inter cluster distance was maximum between cluster III and II.
Inter cluster distance is minimum between cluster IV and I. In a hybridization
programme parents for crossing can be selected from this two clusters to obtain

superior hybrids.
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6. Summary

The present study was undertaken at the Department of Vegetable Science,
college of Horticulture Vellanikkara during August- September, 2017. The accessions
for the experiment was collected from NBPGR, Jodhpur. Thirty accessions were used
in the study and they were sown in randomized block design with two replications to

evaluate cluster bean genotypes for yield and quality.
The findings of the study are summarized below

Thirty accessions of cluster bean was catalogued based on NBPGR crop
descriptor. Wide variability was observed for all the characters. Two types of growth
habits were observed branching and non- branching. Among the 30 accessions all
were branching types except four accessions (CT-9, CT-15, CT-17, CT-27), which
were non- branching types. Accession CT-8 produced white flower colour whereas,
all others produced light purple colour flower. Pod colour varied from light green to
dark green. None of the accessions exhibited pubescent pods. Four accession
produced glabrous pods (CT-3, CT-12, CT-28, CT-29). Seed colour also showed
wide variability, such as light pink colour seeds (CT-1, CT-22), light grey (CT-2, CT-
18, CT-19), Dark grey (CT-27, CT-10) all others had grey colour seeds.

There was significant difference among the thirty accessions for all the
characters studied The accession CT-15 recorded highest plant height (207.40cm).
Highest number of branches was observed in CT-16 (19.20).

. The earliest accessions with respect to days to 50% flowering, days to first
fruit set were CT-12, CT-15,CT-16,CT-17,CT-18,CT-19, CT-25,CT-27.

Number of pod clusters/plant (62.21), number of pods/plant (383.62) and pod
yield/plant was highest in CT-21 (412.83g) followed by CT18, CT-16, CT-26 and
CT-20, whereas, number of pods/cluster was highest in CT-17 (19.25).
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The extent of genetic variability present in the germplasm was studied based
on phenotypic and genotypic coefficient of variation (GCV and PCV). High GCV
and PCV was observed for number of branches, number of pod clusters/plant, number
of pods/cluster, number of pods/plant, pod weight, pod yield/plant, number of
harvests, total carbohydrates, crude protein, crude fibre, vitamin C, iron, calcium and
total phenols. This confirms the presence of broad genetic base which will be useful

for further selection.

Very high estimates of heritability coupled with high genetic advance over
percent mean was observed for plant height, number of branches, number of pod
clusters/plant, number of pods/cluster, number of pods/plant, pod length, pod girth,
pod weight, pod yield/plant, number of harvests, total carbohydrates, crude protein,
crude fibre, vitamin C, iron, calcium and total phenols. This indicates that these traits

may be controlled by addictive genes and these can be improved through selection.

Pod yield/plant was positively correlated with number of branches, number of
pod clusters/plant, number of pods/plant, days to first harvest, pod weight, number of
harvests, iron, calcium, total carbohydrates, crude fibre and vitamin C. Since, these
associated traits are in desirable direction, it indicated the simultaneous selection for

these traits would be useful in improving the pod yield/plant.

Path coefficient analysis of yield and component characters revealed that
number of pods/plant had maximum direct positive effect on pod yield followed by
days to first fruit set, pod weight, plant height, number of harvests, crude fibre,
number of branches and total carbohydrates. Hence, direct selection of accessions
based on these traits would be useful for improving pod yield/plant. From the study,
based on the above traits CT-16, CT-18, CT-20 and CT-21 were found good.

The thiry accessions were grouped into VIII clusters by using Mahalanobis D?
analysis. Cluster IV had maximum number of accessions. (8) followed by cluster I

(7) accessions. There were three accessions in Cluster II, V and VI. Cluster III, VII
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and VIII had two accessions each. The intra cluster distance was maximum in cluster
VII. Inter cluster distance was maximum between III and II. In a hybridization
program, parents can be selected from cluster II and Cluster III for developing

hybrids with more heterosis.

In the present study, sensory qualities of all the thirty accessions were
evaluated, CT-20, CT-3, CT-6, CT-10 & CT-12 were found having better sensory

qualities. These accessions were having less total phenol content.

79



[0O



References

Allard, R.W. 1960. Principles of Plant Breeding. John Willey and Sons. Inc., New
York, pp. 89-98.

Anandhi, K. and Sunny,0.K. 2006. Genetic divergence in cluster bean. Msc. (hort.)

thesis, Kerala Agricultural University, 65p.

Anandhi, K. and Ommen, S.K. 2007. Variability heritability of yield and related
characters in cluster bean (Cyamopsis tetragonoloba (L) Taub.). Legume
Res. 30(4): 287-2809.

Arunachalam, V. and Bandyopadhyay, A. 1984. A method to make decisions jointly
on anumber of dependent characters. Indian J. Genet. 44(3): 419-424.

Bhartiya, A. and Aditya, J. P. 2016. Genetic variability, character association and
path analysis for yield and component traits in black seeded soybean lines
under rainfed condition of Uttarakhand hills of India. Legume Res. 39 (1): 31-
34.

Boghara, M.C., Dhaduk, H.L., Kumar, S., Parekh, M.J., Patel, N.J., and Sharma, R.
2016. Genetic divergence, path analysis and molecular diversity analysis in
cluster bean (Cyamopsis tetragonoloba (L) Taub.). Ind. Crops and Prod. 89:
468-477.

Bhatkodle, G.S., Indiresh, K.M., and Muralidhara, M.S. 2014. Assesment of genetic
variability for yield and quality attributes in vegetable type cluster bean
(Cyamopsis tetragonoloba (L) Taub.). Indian Hort. J. 4(3): 141-143.

Buttar, G.S., Brar, K.S., and Singh, S. 2008. Genetic architecture for seed yield and
its attributing traits in cluster bean (Cyamopsis tetragonoloba (L) Taub.).
Indian J. Agric. Sci. 78(9): 61-63.

Burton, G. W. and Devane, E. H. 1953. Estimating heritability in tall fescue (Festuca

arundinacea) from replicated clonal material. Agrn. J. 45: 578-81.

80

10 |



Burton, G.W. 1952. Quantitative inheritance in grasses. Proc. 6th Int. Grassld. Cong.
1: 277-283.

Chaitanya, V., Reddy, R. V. S. K., Pandravada, S. R., Sujata, M., and Kumar, P.A.
2014. Correlation and path coefficient analysis in dolichos bean (Dolichos
lablab) genotypes. Plant arch. 14(1): 537-540.

Chandran, K.A., Patel, A.L., and Patel, H. 2015. Genetic variability, correlation and
path analysis for yield and yield attributing traits in indian bean (Lablab
purpureus (L.) Sweet) genotypes. Trends Biosci. 8(11): 2883-2887.

Chatale, P.D. 2015. Genetic variability studies in cluster bean (Cyamopsis
tetragonoloba (L) Taub,). Msc(Hort) thesis, Mahatma Phule Krishi
Vidyapeeth, Rahuri, Maharashtra. 74p.

Choudhary, J., Kushwah, S.S., Singh, O.P., and Naruka, I1.S. 2016. Studies on
genetic variability and character association in Indian bean Lablab purpureus
(L.) Sweet. Legume Res. 39(3): 336-342.

Dehal, I.B., Kalia, R., and Kumar, B. 2016. Genetic estimates and path coefficient
analysis in chickpea (Cicer arietinum 1.) under normal and late sown
environments. Legume Res. 39(4): 510-516.

Devi, J., Sharma, A., Singh, Y., Katoch, V., and Sharma, K.C. 2015. Genetic
variability and character association studies in french bean (Phaseolus
vulgaris L.) under north-western himalayas. Legume Res. 38(2): 149-156.

Dewey, D. R. and Lu, K. H. (1959). A correlation with path coefficient analysis of
components of creasted wheat grass seed production. Agrn. J. 51: 515-18.

Eswaran, S.R., Kumar, T., and Venkatesan, M. 2007. Genetic variability and
association of component characters for earliness in cowpea (Vigna
unguiculata (1.) Walp.). Legume Res. 30(1): 17-23.

Fisher, R.A. 1954. A fuller theory of junctions in breeding. Heredity. 8: 187 — 19.

81

[0



Gangadhara, T.C. 2013. Evaluation of elite cluster bean (Cyamopsis tetragonoloba
(L) Taub.) genotypes for vegetable and gum purpose in the northern dry zone
of Karnataka.Msc. (Hort) thesis, University of Horticultural Science,
Bagalkot, 75p.

Gautam, K.K., Syamal, M.M., Singh, A.K. and Gupta, N. 2017. Variability,
character association and path coefficient analysis of green pod yield and its
related traits in pea (Pisum sativum L.). Legume Res. 40(5): 818-823.

Girish, M.H., Gasti, V.D., Shantappa, T., Mastiholi, A.B., Thammaiah, N., Kerutagi,
M.G., and Mulge, R. 2012. Genetic variability studies in cluster bean
(Cyamopsis tetragonoloba (L) Taub.). Karnataka J. Agric. Sci. 26(3): 442-
443,

Goud, A. 2010. Genetic variability and divergence and their association with
phenotypic and seed quality parameters in cluster bean (Cyamopsis
tetragonoloba (L) Taub.).Msc.(hort) these, Dr.Y.S.R. Horticultural
University, Venkataramannagudem. 78p.

Goudar, R., Srinivasa, V., and Lakshmana, D. 2017. Genetic variability and
divergence studies in cluster bean (Cyamopsis tetragonoloba (L.) Taub)
under hill zone of Karnataka, India. Legume Res. 40(2): 237-240.

Hemavathy, A.T., Shunmugavalli, N., and Anand, G. 2015. Genetic variability,
correlation and path co-efficient studies on yield and its components in
mungbean (Vigna radiata (L.) Wilezek). 38(4): 442-446.

Inamdar, A.F., Patil, B.T., Bhalekar, M.N., and Shinde, K.G. 2015. Biometrical
studies in pole type dolichos bean (Lablab purpureus (L)) under semi arid
condition of western Maharashtra. Bioinfolet 12(4A): 851-856.

Jain, S., Srivastava, S. C., Singh, S. K., Indapurkar,Y. M., and Singh, B. K. 2015.
Studies on genetic variability, character association and path analysis for yield
and its contributing traits in soybean [Glycine max (L.) Merrill]. Legume Res.

38 (2): 182-184.

82

]

63



Jellinek, G. 1985. Sensory Evaluation of Food: Theory and Practice. Ellis Horwood,
Chichester, England, 596p.

Johnson, H. W. Robinson, H. E., and Comstock, R. E. 1955. Estimate of genetic and
environmental variability in soybean. Agrn. J. 47: 314-318.

Jukanti, A.K., Bhatt, R., Sharma, R., and Kalia, R.K. 2015. Morphological
agronomic , and yield characterization of cluster Bean (Cyamopsis
tetragonoloba L. Taub. ) germplasm accessions. J. Crop Sci. Biotechnol.
18(2): 83-88.

Kapoor, R. 2014. Genetic variability and association studies in guar (Cyamopsis
tetragonoloba (L.) Taub.) for green fodder yield and quality traits. Electron.
J. Plant Breed. 5(2): 294-299.

Kanwar, R., Mehta, D.K., and Sharma, R. 2017. Studies on variability, correlation
and path coefficient analysis in french bean. J. Hill Agric. 8(2): 138-143.

Katoch, V., Singh, P., Devi, M.B., and Sharma, J.K. 2016. Study of genetic
variability, character association, path analysis and selection parameters for
heterotic recombinant inbred lines of garden peas (Pisum sativum var.
Hortense L.) under mid -hill conditions of Himachal Pradesh, India. Legume
Res. 39(2):163-169.

KAU (Kerala Agricultural University). 2016. Package of Practices
Recommendations: Crops (15th Ed.).Kerala Agricultural University, Thrissur,
392p.

Kumar, P.W., Garg, D.K., Kumar, M., Vishnoi, G., and Barupal, H.R. 2017.
Variability, heritability and genetic advance analysis for yield and its
contributing traits in cluster bean. .J. Pharmacogn. Phytochem. 6(4): 1010-

1012.

83

o b



Kumar, V. Ram, R.B., Rajvanshi, S.K., and Dohre, S. 2015. Study on genetic
variability, heritability and genetic advance for yield and yield attributing
characters in cluster bean (Cyamopsis tetragonoloba (L.) Taub.). Int. J. Agric.
Sci. Res. 5(4): 235-246.
Kumar, V. and Ram, R.B. 2015. Genetic variability, correlation and path analysis for
yield and yield attributing traits in cluster bean (Cyamopsis tetragonoloba (L)
Taub.) genotypes. Int. J. Appl. Biosci.. 3(1): 143-149.
Kumar, D. and Singh, N.B. 2002. Guar in India. Scientific Publishers, Jodhpur, pp
1-5.
Lakshmanan, D.K. and Vahab, A. 2011. Morpho — molecular characterization of
cluster bean (Cyamopsis tetragonoloba (L.) Taub.) Msc.(Hort.) thesis, Kerala
Agricultural University, Thrissur, 155p.
Lakshmanan, D.K. and Vahab, M.A. 2016. Correlation and path coefficient analysis
of yield and its component characters among different accessions of cluster
bean (Cyamopsis tetragonoloba (L.) Taub.). Legume Res. 41(1): 53-56.
Li, C.C. 1955. Population Genetics. The Univ. Chicago Press, London, 144-171pp.
Lush, J.L. 1949. Animal Breeding Plans. Lown state university press. Annes. 473p.
Mahalingam, V., Yassin, M., and Kumar, S.R. 2013. Genetic variability and character
asociation in dolichos bean. S44RC J. Agric. 11(2): 161-171.

Mabhalanobis, P.C. 1928. A statistical study at Chinese head measurements. .J. Asiatic
Soc. Bengal. 25: 301-7.

Mahalanobis, P.C. 1936. On the generalised distance in statistics Proc. Natl. Acad
Sci. India 2: 49-55.

Maheswari, M., Sarkar, B., Vanaja, M., Srinivasa Rao, M., Srinivasa Rao, C, H.,
Venkateswarlu, B., and Sikka, A.K. 2015. Climate Resilient Crop Varieties
for Sustainable Food Production under Aberrant Weather Conditions.

Central Research Institute for Dryland Agriculture, Hyderabad. 47 p.

84

05



Manivannan, A., Anandakumar, C.R., Ushakumari, R., and Dahiya, G.S. 2015.
Genetic diversity of guar genotypes (Cyamopsis tetragonoloba (L) Taub.).
Bangladesh J. Bot. 44(1): 59-65.

Malaghan, S.N., Madslageri, M.B., Ganiger, V.M., Bhuvaneshwari, G., Kotikal,
Y.H., and Patil, H.B. 2013. Genetic variability and heritability in cluster bean
(Cyamopsis tetragonoloba (L) Taub.) for vegetable pod yield and its
component character. Int. J. Agric. Sci . 9(2): 765-768.

Mishra, H.N. and Dash, S.R. 2009. A study on variability, character association and
path analysis for green pod yield in yard long bean (Vigna unguiculata sub sp
sesquipedalis (L) Verdcourt). Veg. Sci. 36(3): 319-322.

Mitra, J., Natarajan, S. Jain, R. K., and Singh, U. P. 2000. Genetic diversity for seed
yield in a large collection of cluster bean (Cyamopsis tetragonoloba (L)
Taub.). Legume Res. 13(3): 230-233.

Muthuselvi, R. and Shanthi, A. 2013. Variability, heritability and genetic advance in
cluster bean (Cyamopsis tetragonoloba (L). Taub.). Adv. Res. J. Crop
Improv. 4(2): 106-109.

Muthuselvi, R., Shanthi, A., and Praneetha, S. 2017. Genetic Association of yield
and yield attributing characters in cluster bean (Cyamopsis tetragonoloba (L.)
Taub.). Int. J. Chem. stud. 5(4): 1934-1936.

.Narayanankutty, C., Sunanda, C.K., and Jaikumaran, U. 2005. Genetic divergence in
pole type vegetable cowpea. Indian J. Hort. 62(4): 354-357.

Panchbhaiya, A., Singh, D.K., and Jain, S.K. 2017. Inter-characters association
studies for morphological, yield and yield attribute in the germplasm of french
bean (Phaseolus vulgaris L.) in Tarai region of Uttarakhand, India. Legume

Res .40(1):196-199.

85

|06



(0¥

Patahk, R., Singh, M., Singh, S.K., and Henry, A. 2011. Genetic variation in
morphological traits and their interrelationship with gum content and yield in
cluster bean. Ann. Arid Zone 50(1): 77-79.

Pathak, R., Singh, S.K., Singh, M., and Henry, A. 2011. Performance and stability of
(Cyamopsis tetragonoloba (L) Taub). Genotypes under rainfed conditions.
Indian J. Dryland Agric. Res. and Dev. 25(2): 82-90.

Patil, B.T., Bhalekar, M.N., Musmade, A.M., Shinde, K.G., and Magar, V.G. 2016.
Genetic variability and heritability studies in cluster bean (Cyamopsis
tetragonoloba (L) Taub.). Bioinfolet 13(2A): 247-250.

Prakash, K.R.R., Prasanthi, L., and Sekhar, M.R. 2008. Genetic variability studies for
seed yield, physiological and quality attributes in guar (Cyamopsis
tetragonoloba (L) Taub.). Asian Aust. J. Plant Sci Biotechnol.. 7: 36-38.

Piper, C. S. 1966. Soil and Plant Analysis. Hans Publishers, Bombay, 368p.

Rai, P.S. and Dharmatti, P.R. 2014. Correlation and path analysis for cluster bean
vegetable pod yield. The Bioscan 9(2): 811-814.

Rai, P.S., Dharmatti, P.R., Shashidhar, T.R., Patil, V.R., and Patil, B.R. 2012.
Genetic variability studies in cluster bean (Cyamopsis tetragonoloba (L)
Taub.). Karnataka J. Agric. Sci. 25(1): 108-111.

Rao, C.R. 1952. Advanced Statistical Methods in Biometrical Research. John Wiley
and Sons, New York, 390p.

Raturi, A. Singh, S.K., Sharma, V., and Pathak, R. 2015. Genetic variability,
heritability, genetic advance and path analysis in mungbean (Vigna radiata
(L.) Wilczek). Legume Res. 38(2): 157-163.

Reddy, D.R., Saidaiah, P., Reddy, K.R., and Pandravada, S.R. 2017. Mean
performance of cluster bean genotypes for yield, yield parameters and quality
traits. /nt. J. Curr. Microbiol. Appl. Sci. 6(9): 3685-3693.

86



Rupesh,C., Annu, V., Singh, J., and Mehta, N. 2016. Studies on genetic divergence
in vegetable cowpea (Vigna unguiculata (L)). Int. J. Agric. Sci. 8(63): 3545-

3547.

Sadasivam, S. and Manickam, A. 1996. Biochemical Methods, Willey publishers,
329p.

Santhosha, G.R., Shashikanth, E., Gasti, V.D., Prabhuling, G., Rathod, V.D., and
Mulge, R. 2017. Genetic variability studies in cluster bean (Cyamopsis
tetragonoloba (L) Taub.) for growth, yield and quality parameters. Legume
Res. 40((2): 232-236.

Sharma, P., Sharma, V., and Kumar, V. 2014. Genetic diversity analysis of cluster
bean (Cyamopsis tetragonoloba (L.) Taub.) genotypes using RAPD and
ISSRMarkers. J. Agric. Sci. Tech. 16: 433- 443

Singh, P.K., Rai, N., Hira, L., Bhardwaj, D.R., Rashmi, S., and Prakash, S.A. 2011.
Correlation, path and cluster analysis in hyacinth bean (Lablab purpureus (L).
Sweet). J. Agric. Technol. 7(4): 1117-1124.

Singh, A.K., Singh, A.P., Singh, S.B., and Singh, V. 2009. Relationship and path
analysis for green pod yield and its contributing characters over environments
in french bean (Phaseolus vulgaris L.). Legume Res. 32(4): 270-273.

Verma, V.K., Jha, A.K., Pandey, A., Kumar, A, Choudhury, P., and Swer, T.L. 2014.
Genetic divergence, path coefficient and cluster analysis of french bean
(Phaseolus vulgaris) genotypes. Indian J. Agric. Sci. 84(8): 925-930.

Vir,O. and Singh, A.K. 2015. Variability and correlation analysis in the germplasm of
cluster bean (Cyamopsis tetragonoloba (L.) Taub.) in hyper hot arid climate
of western Indian. Legume Res. 38(1): 37-42.

Wright, S. 1921. Correlation and causation. J. Agric. Res. 20: 557-585.

Yahaya, S. U. and Ankrumah, E.2017 Character association and path coefficient
analysis between some growth characters and grain yield in soybean (Glycine

max (L) Merril.). Bayero J. Pure Appl. Sci. 8(2): 210-215.

87



Ulistvact



GENETIC DIVERGENCE STUDIES IN CLUSTER BEAN

(Cyamopsis tetragonoloba (L) Taub.)
By
REMZEENA A
(2016-12-001)

ABSTRACT
Submitted in partial fulfilment of the

Requirement for the degree of

Master of Science in Borticulture

(VEGETABLE SCIENCE)

Faculty of Agriculture

Kerala Agricultural University, Thrissur

DEPARTMENT OF VEGETABLE SCIENCE
COLLEGE OF HORTICULTURE
VELLANIKKARA, THRISSUR - 680 656
KERALA, INDIA

2018



Genetic divergence studies in cluster bean
(Cyamopsis tetragonoloba (L) Taub.)

ABSTRACT

Cluster bean (Cyamopsis tetragonoloba (L) Taub.) is a hardy drought tolerant
crop in warm tropical and subtropical regions. In southern parts of India, the pods
which are rich in vitamin A, vitamin C, iron and calcium are consumed as a
vegetable. The guar gum extracted from the seeds of cluster bean is used in paper,

textiles and pharmaceutical industries.

Genetic divergence studies help to determine the degree of variability present
in a germplasm and to identify suitable genotypes for crop improvement. Eventhough
wide variability is present in cluster bean, limited work has been done to exploit

genetic resources to identify genotypes for vegetable purpose.

In this context, the present study was undertaken with the objectives of
determining the variability and correlation between yield and yield components in
cluster bean. Thirty accessions of cluster bean were collected from NBPGR, Jodhpur
and evaluated for different morphological and quality characters. The experiment was
conducted in the Department of Vegetable Science, College of Horticulture,

Vellanikkara, during August — October 2017.

Thirty accessions were catalogued based on NBPGR crop descriptor. The
accessions exhibited branching and non- branching growth habits. Except four
accessions, all others were branching types. The non-branching types were CT-9, CT-
15, CT-17 and CT-27. All accessions were having light purple flower except CT-8

which had white flower. Pods were dark green to light green in colour, without



pubescence and glabrous. Seed colour varied from light pink and light grey to dark

grey.

Significant differences were observed among thirty accessions of cluster bean
for all the characters studied. Genetic parameters like GCV, PCV, heritability, genetic
advance and genetic gain were estimated to study extent of variability. The
effectiveness of selection depends up on the magnitude of heritability of the trait.
Characters like plant height, number of branches, number of pod clusters/plant,
number of pods/cluster, number of pods/plant, pod length, pod girth, pod weight and
pod yield/plant exhibited high GCV, PCV and heritability, indicating that these traits

can be improved through selection.

Pod yield/plant was positively correlated with number of branches, number of
pod clusters/plant, number of pods/plant, days to first harvest, pod weight, number of
harvests, iron, calcium, total carbohydrates, crude fibre and vitamin C. Path
coefficient analysis of yield and component characters revealed that number of
pods/plant had maximum direct positive effect on pod yield followed by days to first
fruit set, pod weight, plant height, number of harvests, number of branches, crude
fibre and total carbohydrates. Hence, direct selection of accessions based on these
traits would be useful for improving pod yield/plant. The genotypes CT-16, CT-18,
CT-20 and CT-21 were found promising.

In the present study, CT-20, CT-3, CT-6, CT-10 & CT-12 were found having

better sensory qualities.

Mahalanobis D? analysis grouped the thirty accessions to VIII clusters. Cluster
IV had maximum number of accessions, (8) followed by cluster I (7) accessions.
There were three accessions in Cluster 11, V and V1. Cluster III, VII and VIII had two
accessions each. Inter cluster distance was maximum between III and II. Hence,

parents can be selected from cluster II and Cluster III for production of hybrids.
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Appendix-I

Mean monthly weather data from January to December 2017

Maximum Minimum Relative Sunshine | Rainfall
Month temperature temperature | humidity (hours) P
°C) °C) (%)

January 34.1 22.9 53 7.6 0.0
February 35.6 23.2 51 8.7 0.0
March 36.1 24.7 67 7.4 0.0
April 35.6 25.9 69 6.5 0.6
May 34.4 24.9 73 5.7 5.4
June 30.4 23.6 86 2.0 21.3
July 30.7 22.9 84 2.9 12.4
August 30.0 23.4 87 3.1 15.4
September 31.4 23.0 84 42 13.8
October 31.5 22.4 82 49 5.9
November 32.9 21.8 73 6.4 1.9
December 32.5 21.1 63 7.3 0.0
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