A cluster analysis of Ricebean (Vigna umbellata (Thumb.) Ohwi and Ohashi) accessions
with specified NaCl concentration at seedling stage under controlled conditions

ABSTRACT
The Ricebean is still seen as a crop that is underappreciated and mistreated. The term

salinity describes the buildup of soluble salts in soils, which results in saline soils. The
Department of Plant Breeding and Genetics, Faculty of Agriculture, West Bengal, India, used
a completely randomized block design (CRBD) and a factorial pattern with three replications
to conduct this experiment in a growth chamber. At a salt concentration of 120 mM of NacCl,
data were gathered on a variety of seedling growth traits in order to distinguish between
genotypes that are salinity tolerant and susceptible. D? values should be lower within a
cluster than between clusters. The distance between clusters within Cluster 111 (462.54) is the
highest, followed by Cluster 11 (294.43) and Cluster | (55.88). As a result, these two groups
are more diverse, and hybridization between genotypes in these clusters would facilitate gene
transfer. The gap between clusters 11l and 11, VI and I, and Clusters VI and IV had the largest
intercluster distance. The shortest inter-cluster distances were between Clusters IV & I, V &
I, and V & Il. Except for leaf fresh weight, shoot dry weight, root dry weight, and leaf dry
weight and on germination percentage, relative reduction of dry weights, tolerance index
(TI), and salinity susceptibility index (SSI) of various seedling traits, genotypes belonging to
cluster | were found to have the least relative reduction for most characters. Therefore, it
may be assumed that the genotypes KRB-10, KRB-271, KRB-189, KRB-273, KRB-77, KRB-
81, KRB-95, and KRB-70, which belong to this cluster I, will be tolerant to salinity. Similar
to this, twelve genotypes from cluster IV—KRB-56, KRB-211, Bidhan-1, KRB-73, KRB-102,
KRB-66, KRB-272, KRB-104, KRB-274, KRB-44, KRB-39, and Bidhan-2—had the highest
relative reduction for the majority of the characters, with the exception of shoot length, total
length, shoot dry weight, and tolerance index, and may be insensitive to salinity. The closest
association between the genotypes of the cluster's constituents is shown by the inter-cluster
distance with the least value. The aforementioned results showed that although the majority
of the Ricebean genotypes under investigation had a wide range of individual qualities, when
the constellation of traits was considered as a whole, they also belonged to different groups.
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INTRODUCTION

The summer legume known as the Rice bean (Vigna umbellata (Thumb.) Ohwi and
Ohashi) is adaptable, quick-growing, and underappreciated (Joshi et al., 2008). It is a crop
with a high yield and high levels of tryptophan, calcium, phosphorus, and carbohydrates
(Chandel, 1984, Singh, 1985. Srivastava, 2001). In India’s hilly north-east, it can be grown as
a wonderful fodder crop as well as a green manure and cover crop. Over the past few



decades, there has been an increased need for food to sustain a growing population, which
has necessitated large-scale research initiatives aimed at uncovering new genetic resources.
One of the biggest problems with crop output restrictions is salinity stress, which limits the
growth of arable land. According to Shahid et al. (2012), salinity is the buildup of soluble
salts in soils, which creates saline soils. Due to the use of underground water in many
irrigated areas, this issue also affects many arid and semi-arid regions of the world, when
insufficient rainfall causes salt to be leached. Salinity stress damages plant processes and
results in a wide range of physiological problems (Munns et al., 2002). The entire plant dies
as a result of decreased germination percentage, germination rate, shoot and root length, root
and shoot weight, dry root and shoot weight, and seed yield (Jamil, 2006). However, too
many reactive oxygen species, including superoxide, hydrogen peroxide, and hydroxyl
radicals, can harm plants since they are produced quickly and frequently build up in their
tissues as a result of ion imbalance and hyperosmotic stresses (Chunthaburee et al. 2016).
Breeding programs with high vyield potential and high salt tolerance genotypes can be
strengthened by examining a variety of morphological, physiological, biochemical,
enzymatic, and ionic responses at various developmental stages under salt stress as reported
in various crops (Azhar and Ahmad 2000; Ali et al., 2002; Khan et al., 2003a; Khan et al.,
2003b). The effectiveness of screening crops for salt tolerance in the field is reduced by a
number of factors, including climatic variability, changing physio-chemical properties of soil,
and the amount of precipitation. A practical and economical method of using salt-affected
soils is the selection and breeding of salinity-tolerant cultivars (Munns et al., 2006).
However, the presence of genetic variations in the species' gene pool is necessary for this
tactic to be effective. Therefore, it is imperative to test current crops for saline tolerance in
controlled environments. By removing the aforementioned barriers that restrict the screening
technique's efficacy, it will be possible to more easily research a genotype's capacity for salt
tolerance. The Mahalanobis distance is a measure of the separation between two points in
space caused by at least two correlated variables. The basis for categorising the germplasm
collection into several, more or less homogenous groupings is provided by this analysis,
which also aids in limiting the amount of germplasm that needs to be examined
(Shrimali, et al. 2017). On the other hand, the cluster analysis approach assumes data
discontinuities. It exhibits the relatedness of genotypes in accordance with evolutionary
relationships or phenotypic performance. It is used to unite related lines or genetic
material into one group and to separate it from other groups (Bhandari et al. 2017).
Therefore, the aim of this study was to investigate genetic variation and their grouping



pattern for germination attributes in thirty Ricebean accessions during the germination
and early seedling stages using a defined and standardized NaCl salt concentration. The
salt tolerance intraspecific variation found could be exploited in future breeding
programs to improve salt tolerance traits, find the optimal crosses among ricebeans, and

choose genotypes that are resistant to salinity stress.

MATERIALS AND METHODS

2.1 . Plant Materials

Lab studies made up the current investigation. The Officer-in-Charge, All India Coordinated
Research Project on Forage Crops of Indian Council of Agricultural Research Kalyani
Centre, Bidhan Chandra Krishi Viswavidyalaya, West Bengal, India, provided the seeds
utilized in the current experiment.

Table 1: List of the genotypes used in the experiment:

Sl. No Collector No IC No/ Status SI. No Collector No IC No/ Status

1 KRB-10 IC 433978 16 KRB-115 IC 552997

2 KRB-44 Local collection. 17 KRB-116 IC 552999

3 KRB-39 Local collection. 18 KRB-126 IC 564832

4 KRB-56 Local collection. 19 KRB-128 IC 564834

5 KRB-66 IC 545609 20 KRB-179 IC 564882

6 KRB-70 IC 545613 21 KRB-189 Local collection.
7 KRB-73 IC 545616 22 KRB-211 Local collection.
8 KRB-77 1C 545620 23 KRB-227 Local collection.
9 KRB-81 IC 552964 24 KRB-263 IC 573526

10 KRB-90 IC 552973 25 KRB-271 Local collection.
11 KRB-95 IC 552978 26 KRB-272 IC 573553

12 KRB-100 IC 552983 27 KRB-273 Local collection.
13 KRB-101 IC 552984 28 KRB-274 Local collection.
14 KRB-102 IC 552985 29 BIDHAN-1 Adopted Variety
15 KRB-104 IC 552987 30 BIDHAN-2 Adopted Variety

IC- Indigenous Collection number given by NBPGR, New Delhi, India

2.2.  Screening for salinity tolerance at seedling stage

The experiment was set up in a Completely Randomized Block design (CRBD) with
three replications in a growth chamber at the Department of Plant Breeding & Genetics,
Faculty of Agriculture, BCKV, Mohanpur, West Bengal, India. In order to determine the
ideal salt concentration, the set of 20 Ricebean genotypes were initially tested in three
different salt concentrations: 80 mM, 120 mM, and 160 mM. Based on the performance of
seedlings and salinity attributes of various genotypes were grown in all three salt
concentrations, a suitable dose (120 mM) for screening a larger number of genotypes was
found (Nandeshwar et al. 2017). From each of the thirty Ricebean genotypes, 36 viable and
healthy seeds were surface sterilized with 0.1 HgCl, solutions for two minutes before being
completely rinsed in distilled water. The seeds were then arranged in a row for each genotype

over a glass plate (20 x 30 cm) lined with blotting paper saturated in saline solution. The



entire set was then placed in a transparent polythene bag. There are three copies of this set.
The seeds were then allowed to germinate in the lab with enough light and air in plates with
saline solution absorbed filter paper. A salt solution with the specified salinity dosage of 120
mM served as the germination medium in the treatment plates. For the experiment, control
sets were preserved in which only pure distilled water was used. The seedlings were allowed
to grow for 10 days in a lab environment with enough light, relative humidity (RH) ranging
from 70 to 80 percent, and temperatures between 25 and 30 degrees Celsius. Three
replications of each treatment and the pertinent control were performed. The final count on
the fifth day was used to calculate the germination percentage once the experiment was set
up. Data on a number of seedling traits were gathered using a destructive sample technique
from seedlings that were 10 days old for all 30 genotypes of rice bean. Data were gathered for

the following characters to screen ricebean genotypes at salinity of 120 mM:

i) Final germination percentage (%).
i) Length of roots (cm).

i) Length of shoot (cm).

iv) Total length of seedling (cm).

V) Fresh weight of Root (mg).

Vi) Fresh weight of shoot (mg).

vii) Fresh weight of leaf (mg).

viii) Total fresh weight (mg).

iX) Dry weight of root (mg).

X) Dry weight of shoot (mg).

Xi) Dry weight of leaf (mg).

Xii) Total dry weight (mg).

xiii) Tolerance index (TI).

Xiv) Salinity susceptibility index (SSI).

Dry weight of seedling of a genotype grown in saline condition

TI= Dry weight of seedling of the same genotype grown in non-saline condition

(Control condition)
The Fisher and Maurer (1978) formula was used to calculate the salinity susceptibility index
(SSI):
SSI =1 - Xss/ Xns

Where, in salinity-stressed and non-stressed conditions, XSS and XNS are the mean dry
weight of all the seedlings of all the genotypes under study, respectively.

The seedling growth was expected to be harmed as a result of the saline solution treatment.
As a result, the degree of growth reduction compared to the untreated controls showed the



magnitude of influence of a given salt concentration on seedling growth. For statistical
analysis, the percentage of relative reduction (RR percent) for distinct seedling characters of

all genotypes was examined in this study. A genotype's relative decrease was calculated as —

RR% = [1 — (Mean performance as measured for a character under salinity / the same under
control)] X 100.

Based on the above-mentioned findings about seedling features, it was established
that growing seedlings with 120 mM NacCl salinity as the indicated salt concentration would
disclose the genuine image of salinity tolerance of different genotypes. As a result, 30
genotypes of Ricebean were exposed to 120 mM of NaCl salt as an optimum salinity dose for
screening on the basis of seedling growth features for salt tolerance in the current study.

2.3.  Statistical Analysis

Using SAS version 9.0's Proc GLM techniques, the data gathered on various seeding
properties were subjected to an analysis of variance (SAS, 2004). By grouping the germplasm
collection into more or less homogeneous groups using the multivariate analysis, the size of
the collection that needs to be analysed is reduced. The agglomerative (starting with single
elements and aggregating them into clusters) hierarchical clustering based on the Unweighted
paired group technique using the arithmetic mean (UPGMA) approach was carried out using
the Proc CUSTER tool of SAS (SAS, 2004). The UPGMA technique offers computed
conclusions that are more compatible with recognized heterotic groups than the other clusters,
as well as more exact grouping information on breeding materials used in pedigrees (Bhandari
et al. 2017). To prevent the challenges of distinct scales that could have formed due to
measurement scale differences, the data for all seedling attributes were normalized to a mean
of zero and a variance of one before to clustering. The generalized (Mahalanobis, 1936)

statistics were used to estimate the genetic separation between groups.

D = X-X)S'X X))

Where Xi and Xj are vectors representing the values for the ith and jth genotypes,
respectively; D2ij is the square distance between any two genotypes i and j; and S-1 is the
inverse of the pooled variance-covariance matrix within groups. The D2 values derived from
pairs of clusters were taken into account as the computed values of Chi-square (2) and were
compared to the tabulated values of 2 at p degrees of freedom, where p is the number of



characters taken into consideration (p = 13), for significance at the 1 and 5% probability
levels. (Urdan, 2005)

2.3.1. Contribution of Individual Characters

Singh and Chaudhary's method (1985) was used to calculate the character contribution to
genetic divergence. Taking into account all potential combinations, each character is ranked
using the formula di= yji-y K. yij is the mean value of the jth genotype for the ith character,
yik is the mean value of the kth genotype for the ith character, and yik is the mean value of
the kth genotype for the ith character, where di is the standard deviation. The character with
the biggest mean difference should be rated 1 and the one with the least mean difference
should be ranked p, where p is the total number of characters/traits.

RESULTS AND DISCUSSION

3.1. Grouping of 30 genotypes in to different clusters

According to Rao (1948), the "V' statistic, which in turn makes use of Wilk's criterion,
was used to conduct the significance test for the correlated variables. 30 genotypes utilized in
the current experiment may be divided into 6 groups using Mahalanobis D? analysis (Table
2). Following Tocher's method, the clusters were created based on the relative magnitude of
the D2 values (Rao, 1952). The rule that was adhered to was that intra cluster D2 values
ought to be lower than inter cluster D2 values. It's interesting to note that, according to Table
2, Cluster I included 8 genotypes, Cluster Il had 2, Cluster 11l had 3, Cluster IV had the most
genotypes with 12, Cluster V had 4, and Cluster VI was monogenotypic (Table 2). Prior to
this, Golabadi et al. (2006) divided 151 genotypes of rice into 6 groups based on their
tolerance to salinity. According to the shoot length and root dry weight of rice seedlings
growing in salinity, Hosseini et al. (2012) were able to divide 65 genotypes into 5 groups.
The present results for cluster formation were consistent with earlier reports by Cha-um et al.
(2010) for multivariable cluster analysis used to screen upland rice genotypes for salt
tolerance. When compared to genotypes from different clusters, those from the same cluster
appear to be more closely related. The majority of the genotypes were grouped into multiple
clusters in relation to the attribute under study, which suggested greater genetic difference.
Monogenotypic clusters suggest that a particular genotype may have a completely distinct
genetic make-up than the other genotypes, which is what caused the cluster to emerge. In the
case of safflower genotypes assessed for seed germination and seedling characteristics under
salt stress conditions, a similar monogenotypic cluster was previously described by Khodadad

(2011). The dendrogram provides an illustration of the cluster analysis of the 30 genotypes



based on the investigated features. The dendrogram, which clearly displayed six groups and
the number of genotypes belonging to each cluster (Fig. 1), helped to corroborate the findings
of classifying the genotypes into several clusters. The clustering pattern discovered by D?
statistics was confirmed by grouping these genotypes into 6 groupings. The findings indicate
to the effectiveness of the grouping method and suggest that utilizing D? statistics to classify
germplasm would produce a set of groups from which parents might be chosen for additional
breeding programs.

3.2. Average intra (Diagonal) and inter cluster distance in 30 genotypes of Ricebean
Table 3 lists the typical intra- and inter-cluster distances amongst 30 genotypes of

ricebean. The intra cluster distance had a value between 0.00 and 462.54. The intra cluster
distance values represent how closely related the genotypes that belong to the same cluster
are to one another. On the other hand, large intra cluster D? values imply more genetic
diversity between genotypes within the same cluster. Clusters with an intra-cluster distance of
0.00 reflect the least genetic diversity between them. It follows that the former should exhibit
less heterogeneity. Results depicted in table 3 showed that cluster 111 had the greatest intra-
cluster distance, or 462.54, followed by cluster 11 (294.43) and cluster I (55.88). Because of
their greater diversity, these two clusters would facilitate gene transfer by genotype
hybridization between them. No intra cluster distance existed for the remaining three clusters.
This suggests that, compared to the other clusters, clusters Il and 111 had more genotypes with
diverse phenotypes. This intra cluster heterogeneity among the constituent’s genotypes might
serve as guideline to choose parents for recombination breeding program. Prior to this, Win et
al. (2011) used Ward's clustering technique to divide the 12 Vigna genotypes into two groups
for the salt tolerance index. They suggested that these variations in intra and intercluster
distances may have resulted from genetic variations on the genotypes. Table 3 shows that the
average distance between clusters ranged from 344.04 to 2009.37. Cluster VI and Cluster 1V
had the greatest intercluster distance, followed by Clusters Il and 1l and Clusters VI and I.
According to the features under study, it showed that these cluster pairs were the most
divergent, or in other words, their genotypic components were given by their most distantly
related parents. Clusters IV and | had the smallest intercluster distances, followed by V and |
and V and Il. The genotypes that make up the components of these clusters are likely to be
closely related if the inter-cluster distance is low. The aforementioned findings show that the
majority of the genotypes of Ricebean genotypes under experimental study were extremely
variable when taking into account both individual character and collective character

constellations. Cha-um et al. (I ¢) observed a similar observation. According to the results of



the divergence analysis, genotypes from various clusters that are geographically separated by
a large estimated statistical distance may be used in hybridization programs for crop
development as well as for examining the salinity resistance in Ricebean's inheritance pattern.
Additionally, it was clear that the genotypes from clusters Il (KRB-128, KRB-227, and
KRB-126), Il (KRB-116 & KRB-179), and | (KRB-10, KRB-271, KRB-189, KRB-273,
KRB-77, KRB-81, KRB-95, and KRB-70) were the most diverse. Therefore, in a future
hybridization programme for genetic enhancement for salinity tolerance, these genotypes
could be chosen as parents.
3.3. Cluster mean of 30 genotypes of Ricebean

Since the goal of the current statistical analysis is to identify the clusters of genotypes
that exhibit high salinity tolerance on the one hand and low salinity tolerance (susceptibility)
on the other, the clusters that would show the lowest relative reduction for the characters
under study, with the exception of tolerance index and germination percentage, and the vice
versa, would be indicative for identifying tolerant and susceptible clusters, respectively The
results with respect to cluster mean have been presented in the Table 4. The inheritance
pattern of salinity resistance in the crop would be revealed by intercrossing the genotypes of
such disparate clusters. To find genotypes with the necessary traits, cluster mean analysis
would be the most effective method. With the exception of leaf fresh weight, shoot dry
weight, root dry weight, and leaf dry weight, it was shown that genotypes belonging to cluster
| had the least relative reduction for the most of the traits. The aforementioned characters
values, however, were incredibly low. Genotypes KRB-10, KRB-271, KRB-189, KRB-273,
KRB-77, KRB-81, KRB-95, and KRB-70 were included in this cluster. It is reasonable to
presume that these genotypes will be salt-tolerant. The results also show that when choosing
genotypes for salinity resistance, consideration must be given to the features that showed low
values for relative reduction, high values for germination percentage, and tolerance index.
The aforementioned genotypes were found to vyield the least relative reduction when
compared to the mean values for relative reduction in each of the seedlings under study's
various features (Table 3). The current grouping so supports the earlier observation as well.
The results of Table 4 analysis further show that, with the exception of shoot length, total
length, shoot dry weight, and tolerance index, the cluster mean for various seedling traits of
the 12 genotypes belonging to cluster 1V had the biggest relative reduction for the majority of
the characters. In this cluster, the genotypes KRB-56, KRB-211, Bidhan-1, KRB-73, KRB-
102, KRB-66, KRB-272, KRB-104, KRB-274, KRB-44, KRB-39, and Bidhan-2 were found.
It is reasonable to infer that these genotypes will be sensitive to salinity. The findings also



suggest that when selecting genotypes for salinity resistance, consideration should be given to
the characters that showed the greatest values for relative decrease, low values for
germination percentage, and tolerance index. The aforesaid genotypes and one genotype from
cluster VI, KRB-115, also emerged as producing the highest relative reduction when the
mean values for relative reduction in different features of the seedlings under study (Table 4)
were taken into account. Thus, the current clustering supports the earlier conclusions much
more. However, a separate table (Table 5) was prepared with the top 6 genotypes from each
group exhibiting highest and lowest relative reduction respectively for the characters under
consideration and their mean values were computed in order to gain a clearer understanding
of the aforementioned assumptions and the status of the aforementioned selected genotypes.
As a result, the top 6 genotypes with the lowest relative decrease for the characteristics were
KRB-10, KRB-271, KRB-273, KRB-77, KRB-81, and KRB-95, while the top 6 genotypes
with the highest relative reduction were KRB-56, KRB-211, KRB-73, KRB-66, KRB-44, and
KRB-115. Out of these, KRB-115 was from cluster VI, while the first five belonged to cluster
IV. Calculating Table 5's mean values for the six genotypes from each group that were
previously chosen for the character under study revealed that, with the exception of
germination percentage and tolerance index, for which higher values were preferred, there
was the least relative reduction across all character under study, as would be expected in the
case of genotype identification of the tolerant. The aforementioned statement also held true in
the case of genotype selection for vulnerable types..

3.4. Percent contribution of each character towards total divergence

For further selection and the selection of parents for hybridization, it is crucial to consider
how different plant characteristics contributed to genetic divergence. The character RR-SDW
(20.26%) made the largest contribution to the expression of genetic divergence, followed by
RR-LDW (19.77%), RR-SL (13.10%), RR-RFW (11.85%), RR-SFW (9.89%), RR-LFW
(6.74%), RR-RDW (7.59%), RR-TDW (3.68), and SSI (3.22%). While the remaining
characters barely made a dent in the overall difference (Table 6). Senanayake, et al. (2017)
presented a similar finding, stating that under various salt concentrations, SDW and LDW
contributed most to overall genetic divergence.

Conclusion

The genotypes were divided into six clusters, with a greater distance between clusters than
within clusters. In this experiment, genotypes may be classified as salinity tolerant and
susceptible primarily based on smaller and higher relative reductions in total dry weight,
tolerance index, and susceptibility index. Based on the aforementioned assertion, it was found



that genotypes in cluster | had the least relative reduction for the majority of characters, with
the exception of leaf fresh weight, shoot dry weight, root dry weight, and leaf dry weight, as
well as on germination percentage, relative reduction of dry weights, tolerance index (TI),
and salinity susceptibility index (SSI) of various seedling traits. Consequently, the genotypes
that made up this first cluster were KRB-10, KRB-271, KRB-189, KRB-273, KRB-77, KRB-
81, KRB-95, and KRB-70. Consequently, it is reasonable to infer that these genotypes will be
salinity tolerant. Tolerance index and shoot length, total length, shoot dry weight, and 12
genotypes from cluster IV showed the biggest relative reduction for the majority of the other
parameters. A number of genotypes, including KRB-56, KRB-211, Bidhan-1, KRB-73, KRB-
102, KRB-66, KRB-272, KRB-104, KRB-274, KRB-44, KRB-39, and Bidhan-2, belonged to
this cluster. So, it stands to reason that these genotypes would be sensitive to salinity. The
inheritance pattern of salinity resistance in the crop would be revealed by intercrossing the

genotypes of such disparate clusters.
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Table 2: Grouping of 30 genotypes of Ricebean into different clusters.

SI.  Clusters  Number of Genotypes
No. genotypes
1 I 8 KRB-10, KRB-271, KRB-189, KRB-273, KRB-77, KRB-81, KRB-95, KRB-70
2 I 2 KRB-116, KRB-179
3 1l 3 KRB-128, KRB-227, KRB-126
4 v 12 KRB-56, KRB-211, BIDHAN-1, KRB-73, KRB-102, KRB-66, KRB-272, KRB-104,
KRB-274, KRB-44, KRB-39, BIDHAN-2
5 \Y 4 KRB-90, KRB-100, KRB-101, KRB-263
6 VI 1 KRB-115

Table 3: Intra (Diagonal) and inter cluster distance in 30 genotypes of Ricebean

1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster
1 Cluster 55.88
2 Cluster 694.42 294.43
3 Cluster 1271.41 1643.71 462.54
4 Cluster 344.04 801.06 999.03 580.12
5 Cluster 44472 660.95 1319.71 894.57 60.17
6 Cluster 1465.15 1405.47 1451.97 2009.37 810.92 0.00
Table 4: Cluster mean for different seedling characters in 30 genotypes of Ricebean.
Clusters Ger RR- RR- RR- RR- RR- RR- RR- RR- RR- RR- RR- Tl SSI
% sL RL TL SFW RFW LFW TFW SDW RDW LDW TDW
1Cluster 87.82 21.21 54.99 4265 2187 2357 6044 2878 1895 21.04 2841 2202 78.00 0.47
2Cluster 7489 1420 75.03 46.47 3417 26.06 1840 30.87 2476 33.04 4509 47.98 51.39 0.93
3Cluster 76.81 37.20 66.10 54.14 3740 4434 7755 4932 1508 5478 62.36 40.69 59.26 0.83
4 Cluster 72.89 68.41 7531 7222 7330 76.10 89.00 79.37 70.11 63.93 83.65 68.73 31.26 1.43
5Cluster 63.89 76.16 7238 73.22 7210 6533 83.11 7590 46.00 2058 74.70 4856 5237 0.92
6 Cluster 80.55 31.38 61.96 44.19 5234 2051 3348 3091 8803 16.67 24.09 77.75 2225 1.26




Table 5: Derived table for cluster means of only different selected 6 tolerant and 6
susceptible genotypes in three different clusters mainly 1, 4 and 6 clusters out of six

clusters

Clusters

Ger RR- RR- RR- RR- RR-
% SL RL TL SFW  RFW

RR- RR- RR- RR-
LFW TFW SDW RDW

RR- RR- Tl
LDW  TDW

SSI

1 Cluster
4 Cluster
6 Cluster

89.793 20.036 51.302 40.193 22.763 20.460
62.730 69.213 76.013 72293 78.819 72.805
80.551 31.382 61961 44.192 52340 20511

58.549 28.102 19.584 19.686
91.744 78762 74.179 63.678
33.483 30910 88.031 16.670

27920 21551 78.463
85.015 72.699 27.000
24091 77.752 22.251

0.457
1.545
1.262

Table 6: Contribution of individual characters towards total genotypic divergence in 30

genotypes of Ricebean.

Per cent contribution towards

divergence D’ statistics

SI. No.  Characters Number of times appearing as
firstin rank

Germination % 0 0.00
2 RR-SL 57 13.10
3 RR-RL 6 1.38
4 RR-TL 0 0.00
5 RR-SFW 43 9.89
6 RR-RFW 52 11.95

RR-LFW 38 8.74
8 RR-TFW 1 0.23
9 RR-SDW 88 20.23
10 RR-LDW 86 19.77
11 RR-RDW 33 7.59
12 RR-TDW 16 3.68
13 TE 1 0.23
14 SSI 14 3.22
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Figure 1: Dendrogram showing the clustering of 30 Ricebean genotypes into groups



