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ABSTRACT

he field experiment was conducted during 4harif season (August-November), 2018 to evaluate the available red rice

genotypes for genetic diversity using K-means cluster analysis for grain yield, its components and cooking quality traits at
the College of Agriculture, V. C. Farm, Mandya. University of Agricultural Sciences, Bengaluru, Karnataka, India. Multivariate
analysis was carried out in RCBD with 2 replications to understand the nature and magnitude of genetic divergence among
sixty-four red rice genotypes. The analysis of variance showed that significant variance was observed among genotypes for
all the traits studied. Based on K-means cluster analysis, optimum number of clusters formed were nine. Maximum number
of genotypes grouped in cluster III (15) followed by cluster IV (12). Maximum intra-cluster distance was shown by cluster
1 (55.79) and cluster IX (53.50) indicating wide genetic variation among genotypes belonging to these clusters. Maximum
inter-cluster distance (234.57) was recorded between cluster I and cluster IX followed by cluster VI and IX (231.49) revealing
that the genotypes of these clusters were highly diverse and can be used as divergent parents for hybridization. The characters,
plant height, alkali spreading value, water uptake ratio, gel consistency, days to 50% flowering and grain L/B ratio contributed
82.40% to the total divergence among the genotypes studied. Diversified red kernelled genotypes namely Rajamudi, Bramavara-8,
Jenugudu, MSN-10-3, IET-19778, MSN-33-1, RP-1310-326, Champaka, Bramavara-8 and IET-16902 possessing desirable

traits may prove useful for incorporation of these traits in the improvement of red rice.
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1. INTRODUCTION

ommercial availability of red rice in markets is limited,

however, by alack of improved varieties at the producer
level. Few farmers cultivate red rice using local varieties
which are long duration, low yielders and susceptibility
to lodging (Islam et al., 2018). To develop promising red
rice varieties or hybrids, knowledge of genetic diversity is
pre-request for breeder to choose diverse parent among red
kernel rice genotypes based on the contribution of different
quantitative and qualitative traits for genetic improvement
of red rice (Sharma et al., 2022). Genetic diversity is a
potential resource for a broad range of genetic research
and trait improvement but the genetic diversity in red rice
is relatively unexplored. Since success of plant breeding
depends on the availability of genetic variation, knowledge
about desired traits, and efficient selection strategies, a
plant breeder has to identify the source of favorable genes to
incorporate them into the breeding populations and select
for a combination of desirable traits that might result in
the isolation of productive genotypes (Tiwari et al., 2011).

Scientists are looking for rice varieties with outstanding
grain quality attributes other than carbohydrates, protein
and fat, as lifestyle-related health disorders are on the rise
around the world. Rice grain quality is determined by its
physical and physicochemical properties. Physical qualities
namely milling recovery, head rice recovery, kernel size
and shape (Sellappan et al., 2009, Shijagurumayum, et al.,
2018); Kernel shape and grain L/B ratio are important
features while assessing grain quality (Rita and Sarawgi,
2008). Cooking quality of rice has a profound impact in
determining its economic value and consumer acceptability
(Bhat and Riar, 2017). The physicochemical traits namely
gelatinization temperature, gel consistency, water uptake
and volume expansion ratio are directly related to cooking

quality (Rani et al., 2019).

Volume expansion ratio has an important bearing for
economically backward residents as quantity has an
important role in their scheduled life (Bhat and Riar, 2017).
The quality desired would vary from one geographical region
to the other, for example, in japonica rice eating countries,
short grain and low amylose is preferred while, in indica rice
consuming countries, long grain with intermediate amylose,
soft gel consistency and high-volume expansion is preferred
(Hossain et al., 2009, Sharma and Khanna, 2019).

Cluster analysis is a multivariate analysis that have the
function of minimizing differences within clusters and
maximizing differences between clusters (Oliveira et al.,
2016). Genotype selection in large numbers have a high
level of difficulty. Cluster analysis can be used to classify
genotypes and determine the best cluster (Kozak et al.,
2008). Cluster analysis had been done for selection of
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potential genotypes by Bhati et al. (2015) and Rashmi et
al. (2017) based on estimation of genetic diversity among
traditional landraces. Nirmala et al. (2015) had conducted
cluster analysis on rice genotypes based on grain yield and
cooking quality characteristics. Various studies have been
reported based on cluster analysis for estimation of genetic
diversity in rice (Roy and Sharma, 2014, Pillai et al., 2020,
Naik et al., 2021).

To ensure farmers’ livelihoods and nutritional security of
the population, there is a need to develop red rice hybrids
using diverse parents which have potential to yield better
than open pollinated genotypes and good nutrient profiles so
that people consuming rice diets are supplied with adequate
minerals, vitamins, proteins, carbohydrates and other
health promoting agents that would benefit the farming
community by increasing income and also health benefits.
In this context, this research program was envisaged to
evaluate the available red rice genotypes for genetic diversity
using cluster analysis for grain yield, its components and
cooking quality traits.

2. MATERIALS AND METHODS

4 red kernel rice genotypes including 2 checks (Jyothi

and MSN-100) were utilized for diversity analysis in
the present study (Table 1). The experimental material is
analyzed in RCBD with 2 replications during £harif season
(August-November, 2018) at College of Agriculture, V.
C. Farm, Mandya. University of Agricultural Sciences,
Bengaluru, Karnataka, India. It is located at latitude of
12°30'N, longitude of 76°50’E and altitude of 694.65 m
above mean sea level (MSL) with red sandy loam soil.
All the recommended package of practices are followed
to raise the healthy crop. Observations are recorded on
five randomly selected plants for traits such as days to
50% flowering, plant height (cm), number of productive
tillers plant?, panicle length (cm), number of spikelets
panicle™, spikelet fertility (%), 1000-grain weight (g),
grain yield plant? (g), grain L/B ratio, milling (%) and
head rice recovery (%). Characterization of red kernel rice
genotypes for cooking quality traits such as alkali spreading
value, volume expansion ratio, water uptake ratio and gel
consistency are indicated below.

2.1. Alkali spreading value (ASV)

It involves incubating six kernels of whole rice in 10 ml of
1.7% KOH for 23h as per Jennings et al. (1979). It measures
the degree of spreading using a 7-point scale (1- intact,
7- greatly dispersed).

2.2. Gel consistency (mm)

Dispersing 100 mg of rice flour in 0.2 ml of 95% ethanol
containing 0.025% thymol blue in test tube followed by
adding 2 ml of 0.2N KOH. The contents were heated on
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Table 1: List of red kernelled breeding lines used to study diversity during Kharif -2018

SL. Genotypes (Parentage/source) S1. Genotypes (Parentage/source)
No. No.
1. MO-13 Surekha x MO-5 34, BRAMAVARA-7 ZAHRS, Brahmavar
2. MSN-15-15 Mandya source nursery 35. BRAMAVARA-S ZAHRS, Brahmavar
3. CR-2652-14 Mandya source nursery 36. BRAMAVARA-11 ZAHRS, Brahmavar
4. AISHWARYA-5 Jyothi x BR 51-46-1 37. MSN-39-1 Mandya source nursery
5. ME-19 Mandya source nursery 38. MSN-20-3 Mandya source nursery
6. 1ET-14214 Mandya source nursery 39. IET-16902 Mandya source nursery
7. NSN-1-298 Mandya source nursery 40. MSN-33-1 Mandya source nursery
8. MSN-98 Mandya source nursery 41. 1ET-14757 Mandya source nursery
9. CR-2711-144-1 Mandya source nursery 42. TET-16750 Mandya source nursery
10. IET-19260 Mandya source nursery 43. MSN 20C Mandya source nursery
11. MSN-13-4 Mandya source nursery 44. CBO5-022 Mandya source nursery
12. RL-102 Mandya source nursery 45. MSN 29 Mandya source nursery
13.  RL-106 Mandya source nursery 46. MSN-5 Mandya source nursery
14.  RL-109 Mandya source nursery 47. JENUGUDU Traditional rice variety
15.  MSN-10-3 Mandya source nursery 438. DODDA BYRANELLU  Traditional rice variety
16. IET-14790 Mandya source nursery 49. KARI KAGGA Traditional rice variety
17.  1ET-19778 Mandya source nursery 50. DUNDA Traditional rice variety
18.  AISHWARYA-1  Jyothix BR51-46-1 51. KRISHNALEELA Traditional rice variety
19. RP-1310-326 Mandya source nursery 52. HOLA BATTA Traditional rice variety
20. 4-1-2-1 Mandya source nursery 53. RAJAMUDI Traditional rice variety
21. MUKTHI Released variety from Mandya 54. DUDDOGE Traditional rice variety
22.  CHAMPAKA Released variety from UAHS, 55. KEMPUDADDI GIDDA  Traditional rice variety
Shimoga
23. MSN-17 Mandya source nursery 56. UGIBATTA Traditional rice variety
24.  MO-4 IR 8 x Ptb 20 57. KARTHA Traditional rice variety
25.  MO-21 MO-1xMO-6 58. NAVARA Traditional rice variety
26. AC39000 Mandya source nursery 59. SANNA MALLORE Traditional rice variety
27.  KCMS29A/ Mandya source nursery 60. MALLIGE-1 Traditional rice variety
MSN78A
28.  BMR-MS-1-2-4 ZAHRS, Brahmavar 61. RAJAMANI Traditional rice variety
29. IRGA-318-11-6-9 Mandya source nursery 62. MAHAVEER
2B
30. MSN-15-16 Mandya source nursery Checks
31. KAJEJAYA Indigenous variety 63. Jyothi Ptb-10 x IR-8
32. BRAMAVARA-2  ZAHRS, Brahmavar 64. MSN-100 Mandya source nursery
33. BRAMAVARA-4 ZAHRS, Brahmavar

boiling water, cooling in an ice-water bath, and measuring ~ 2.3. Water uptake ratio

gel length. The gel consistency values are classified as soft

Estimated as ratio of final cooked weight to uncooked

(>61 mm), flaky rice with medium (41-60 mm) or very flaky weight (Bhattacharjee and Kulkarni, 2000).
with hard (2640 mm) (Jennings et al., 1979).
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2.4. Volume expansion ratio

Estimated as ratio between cooked volume to the uncooked

volume (Pillaiyar and Mohandas, 1981).
2.5. Statistical analysis using k-means clustering

The red kernel rice genotypes were classified following
‘k-means clustering’ model as explained by Macqueen
(1967) and Forgy (1965) to unravel organization of
variability using R software VER., 4.1.3.

J=2m 2R, X 1P (1)
Where,

11X2- p 11>~ Indicator of distance between n data point from
their respective cluster center.

xi: Number of data points.

ptk: Number of cluster centre.

3. RESULTS AND DISCUSSION

3.1. Analysis of variance (ANOVA) among red kernel rice

genotypes

Analysis of variance revealed highly significant mean sum
of squares attributable to sixty-four red rice genotypes for
all the traits and the same results were presented in Table 2.
These results suggest that existence of spectrum of genetic
variability among the genotypes. The characters such as days
to 50% flowering, spikelet fertility (%), plant height (cm),
number of productive tillers plant™, number of spikelets
panicle™, panicle length (cm), panicle weight (g), 1000-grain
weight (g) and grain yield plant? (g) were highly significant.
Similarly, the physical quality traits such as grain L/B ratio,
milling (%) and head rice recovery (%) and cooking quality

traits such as volume expansion ratio, water uptake ratio,

Table 2: Analysis of variance for grain yield and quality traits in red kernelled genotypes of rice

Source of variation ~ df Days to 50% Plant height (cm)  No. of productive =~ Number of spikelets
Flowering tillers plant™ panicle™

Replications 1 1.642 0.378 0.407 26.28

Genotypes 63 133.70" 802.79" 13.817 6330.5"

Error 63 2.371 4.679 2.063 733.0

Source of variation ~ df  Spikelet fertility (%) Panicle length (cm)  Panicle weight (g)  1000-grain weight (g)

Replications 1 1029 0.863 0.138 5.144

Genotypes 63 129.13" 7.208" 1.656" 30.90"

Error 63 39.74 0.934 0.188 3.279

Source of variation ~ df Grain yield plant™ (g) Grain L/B ratio Milling (%) Head rice recovery (%)

Replications 1 6935 0.053 2.662 7.816

Genotypes 63 59.927 1.3207 43.557 120.81

Error 63 10.97 0.031 17.27 17.19

Source of variation ~ df Alkali spreading Value ~ Volume expansion Wiater uptake ratio ~ Gel consistency(mm)

Ratio (ml/g)

Replications 1 0.107 0.399" 2.459" 1098.63"

Genotypes 63 3.139" 0.336" 1.378" 1229.39"

Error 63 0.023 0.015 0.0174 26.04

gel consistency and alkali spreading value also showed
significant difference among genotypes studied. Earlier
workers (Dushyanthakumar, 2008; Nirmala et al., 2015;
Pillai et al., 2020 and Rukmini Devi et al., 2020) had also
reported the presence of high degree of genetic diversity in
red rice for both grain yield and quality traits. Although the
analysis of variance revealed sufficient variability among the
genotypes, but the extent of genetic diversity present among
the genotypes could not be explained, therefore, cluster
analysis was performed to measure the genetic divergence
between any two genotypes or group of genotypes.

w
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3.2. Genetic diversity study using k-means clustering

K-means clustering is an iterative algorithm that intends to
partition the dataset into k distinct non-overlapping clusters
where each data point belongs to the cluster with nearest
mean. K-means is a centroid-based clustering algorithm.
‘K’ represents the number of clusters, and it is also an input
parameter (Kanavi et al., 2020). In K-means clustering,
the optimal clustering is the one with the smallest amount
of variation within clusters, which is calculated using the
within-clusters sum of squares. It assigns data points to a
cluster such that the sum of the squared distance between
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the data points and the cluster’s centroid (arithmetic mean
of all the data points that belong to that cluster) is at the
minimum. The less variation we have within clusters, the
more homogeneous (similar) the data points are within
the same cluster. This method produces exactly k different
clusters of greatest possible distinction (Meirmans and Van
Tienderen, 2004).

3.3. Clustering pattern and composition of group among red
kernel rice genotypes

Clustering of 64 red kernel genotypes using K-means cluster
analysis (Nbclust R package) based Mahalanobis genetic
distance resulted in nine distinct clusters is represented in
Table 3 and Figure 1. The genotypes within each cluster
were closer to each other than the genotypes belonging

Table 3: Cluster wise grouping of red kernelled genotypes of rice based on D? analysis

MSN-15-16, MUKTHI, MSN-98, MSN-17, CBO5-022, CR-2652-14, IET-16750 and SANNA

BRAMAVARA-11, BRAMAVARA-7,JENUGUDU, MSN-39-1,IET-19778, MAHAVEER, IET-

14214, AC39000, MSN-33-1, IRGA-318-11-6-9 2B, MSN-13-4, MO-4, MO-13, BMR-MS-1-2-4

RAJAMANI, KARI KAGGA, CHAMPAKA, ME-19, MSN-20C, BRAMAVARA-8, MO-21,

NAVARA, KRISHNALEELA, DUDDOGE, HOLA BATTA, DODDA BYRANELLU and

geographical regions into various clusters was at random
indicating that the genotypes originating from different
agro-climatic / geographical regions grouped together into
different clusters showing no parallelism between genetic
diversity and geographical distribution. Similar kind of
results were observed by Pandey and Kaushik (2011) and
Rukmini Devi et al. (2020).

Shanmugam and Rangasamy (1982) reported that grouping
of material of same geographical origin into different clusters
was an indication of the broad genetic base of genotypes
belonging to that origin.

Clusters  No.of  Name of genotypes
genotypes
I 3 BRAMAVARA-2, AISHWARYA-5 and IET-14757
1I 8
MALLORE
111 15
and KCMS29A/MSN78B
v 12
BRAMAVARA-4, MSN 29, 4-1-2-1, RP-1310-326 and MSN-5
\% 6 TET-14790, IET-16902, KAJEJAYA, AISHWARYA-1, NSN-1-298 and IET-19260
VI 5 MALLIGE-1, RAJAMUDI, KEMPUDADDI GIDDA, KARTHA and UGIBATTA
VII 6 RL-102, RL-106, RL-109, MSN-10-3, JYOTHI and MSN-100
VIII 6
DUNDA
IX 3 CR-2711-144-1, MSN 20-3 and MSN-15-15
1 BRAMAVARR-2 BRAMAVARA-11
IET-19260 M3N-13-4
o~ HIRISE fll\,xg‘}%}6’}€1§H\szR&y\—s
. SN 208 ACHIHONET 4214
X KCMS29A/MSNTR KB L
O RP-1310-326 IET419778 “IET-14757
Fo et AT R :
= 'heTt14790 \C:\ 7‘5,};‘\]71073 02 JYOTHI ~ KARIKAGG [&] «
N a ~ BRAMAVARA-4 RAJAMANI AN LORE
=] W = NN 20 KRISHNALEELA <A NAVARA [E7
5 S DN HOLA BATTA US .
N - I DUL;'BkOGE
) *
| b DODDA BYRANELLU
< MgN fnR; o

Figure 1: K-means clustering pattern of red kernel rice
genotypes (K=9) based on mean data of grain yield, its
components and cooking quality traits

to different clusters. Out of nine clusters, cluster III had
maximum number of genotypes i.e., 15 followed by cluster
IV with 12 genotypes, cluster II with 8 genotypes, cluster
V, VII and VIII with 6 genotypes each, cluster VI with
5 genotypes and cluster I and XI with 3 genotypes each.
The mode of distribution of genotypes from different

»
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The average intra and inter-cluster D? values with their
corresponding intra and inter-cluster distance are presented
in Table 4. Higher intra cluster distance was recorded in
cluster I (55.79) followed by cluster IX (53.50) indicating
wide genetic variation among the genotypes belonging to
these clusters. The chances of developing good segregants
by crossing the genotypes of the same cluster showing high
values for intra-cluster distance is very high.

Maximum inter cluster distance was recorded between the
clusters I and IX (234.57) followed by cluster VI and IX
(231.49) revealing the existence of maximum difference
among the genotypes falling into these clusters. Therefore,
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Table 4: Intra cluster (Diagonal) and inter cluster distances for 9 clusters formed by 64 red kernelled genotypes of rice

for different traits

Cluster I IT II1 v \% VI VIl VIII IX

I 55.79  162.94 81.39 104.14 124.18 86.94 118.25 104.08 234.57
II 36.17 117.90 74.65 56.00 158.63 75.78 99.60 82.75
111 35.67 56.41 83.24 71.05 104.73 69.80 190.99
v 32.72 47.06 97.70 72.82 58.33 146.82
\% 36.89 129.96 56.41 82.81 121.37
VI 45.10 144.89 74.84 231.49
VII 38.25 98.61 131.24
VIII 42.70 168.82
IX 53.50

the genotypes with higher mean values for desirable traits
belonging to these clusters separated by high cluster distance
could be used in breeding programme for obtaining wide
spectrum of variation among the segregants (Anurag et al.,
2017). Hence, selection of genotypes within these clusters
holds great promise as parents for obtaining promising elite
lines through inter varietal hybridization and also to create
further variability for these traits (Mishra and Pravin, 2004,
Anurag et al., 2017).

In contrast, least value of inter-cluster distance was recorded
between cluster IV and V (47.06), indicating homogenous
nature of the genotypes for most of the traits with less
deviation between the genotypes and hence, may not be
emphasized upon to be used in hybridization programme.
Parallel findings were found by Priyanka et al. (2015),
Nirosha et al. (2016) and Shivangi et al. (2021).

3.4. Cluster mean analysis

The diversity among genotypes was also supported by the
appreciable amount of variation among the cluster means for
different characters. The cluster mean values showed a wide
range of variation for majority of the characters undertaken
in the present study (Table 5). These are helpful to assess the
superiority of clusters during the improvement of characters
through hybridization programme. Clusters VI and VIII
contains traditional red rice genotypes recorded lowest
mean values for days to 50% flowering (91.00 and 92.00
days respectively) while genotypes of same clusters recorded
highest mean value for plant height. In contrast, cluster I1I
recorded lowest mean value for plant height (86.65 cm)
followed by cluster V (90.94 cm). Similarly, for character
number of productive tillers plant”, the higher mean
value (18.85) was recorded by genotypes Mallige-1 and
lowest value (6.33) by Krishnaleela in cluster VI and VIII,
respectively which are separated by inter-cluster distance
of 74.84. The genotype MSN-20-3 in Cluster IX recorded
highest mean value (26.67 cm) and that lowest (18.00 cm)
W
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in cluster ITI by AC39000 for panicle length. The genotype
Aishwarya-5 recorded highest spikelet fertility (100.00%) in
cluster I and that of lowest (63.91%) by Duddoge in cluster
VIII. The genotypes CR-2711-144-1 and MSN 20-3 in
cluster IX recorded high mean values for panicle weight
(5.36 g). The genotype MSN-15-15 in cluster IX had
highest number of spikelets panicle™ (247.59). Character
1000-grain weight recorded highest mean value (30.61 g)
in cluster VI and III by genotypes Rajamudi (31.16g) and
Jenugudu (30.91g) respectively and lowest (16.28 g) by
MSN-17 in cluster II. Cluster VII recorded highest mean
value (31.36 g) by RL-106 for grain yield plant™ and that
lowest (12.52 g) in cluster VI.

Similarly, for grain quality traits, the genotype Rajamudi
included in cluster VI was important for grain L/B ratio
(5.14) and water uptake (4.30 ml g). Genotype KCMS29A/
MSN78B from cluster III having highest mean value for head
rice recovery (76.39%) while cluster V contained genotype
IET-16902 recorded highest milling% (90.02%). Character
volume expansion ratio and gel consistency recorded highest
mean values (2.22 and 121.6 mm) respectively in cluster
IV by genotype Champaka. Comparative assessment of
cluster means showed that for improving specific characters,
the genotypes should be selected from the cluster having
high mean value for that particular character. Based on
genetic distance, cluster means and per se performance, the
red kernelled genotypes such as Rajamudi, Bramavara-8,
Jenugudu, MSN-10-3, IET-19778, MSN-33-1, RP-
1310-326, Champaka, Bramavara-8 and IET-16902
identified as desirable genotypes and can be used in future
hybridization programme to develop red rice varieties or
hybrids. Ravindra Babu et al. (2006) and Subudhi et al.
(2009) also proposed to choose diverse parents for quality
traits such as head rice recovery%, volume expansion ratio,
gel consistency, water uptake ratio and alkali spreading value
from the most divergent clusters so that they produce larger
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Table 5: Cluster mean values for different characters in red kernelled genotypes of rice

Clusters Days to 50%  Plant  Spikelet No. No. Panicle ~ 1000-grain Panicle
flowering height  fertility = spikelets productive  length weight (g)  weight (g)
(cm) (%) tillers tillers (cm)
panicle™! plant?
I 109.17 93.55 92.36 106.77 11.79 20.77 24.14 2.94
I 106.00 111.54 83.23 253.09 10.66 22.03 21.57 4.01
111 103.77 86.65 84.93 142.19 12.40 20.14 23.99 3.11
v 103.79 101.57 83.99 185.71 10.72 21.43 22.41 3.48
\% 108.92 90.94 80.56 215.95 12.27 20.71 21.64 3.22
V1 91.00 127.78 87.05 99.74 11.72 22.28 29.19 2.66
VII 101.79 96.04 79.59 219.16 10.65 22.54 22.94 3.66
VIII 92.00 140.73 81.08 164.73 8.89 24.08 25.98 3.04
X 106.83 115.69 74.19 327.07 12.21 24.20 18.64 4.62
% Contribution 7.60 26.10 0.60 1.80 0.50 1.10 1.90 2.00
Clusters Grain yield Grain Milling  Head rice Alkali Volume Water Gel
plant™ (g) L/B % recovery  spreading expansion uptake Consistency
Ratio (%) Value ratio Ratio (mm)
(ml g?)

I 18.66 2.84 77.96 68.60 2.17 1.66 3.24 49.17
I 24.24 2.93 83.38 69.85 3.54 1.69 2.63 107.50
111 21.43 2.87 80.39 68.80 2.94 1.64 2.62 112.50
v 21.96 3.17 80.54 65.38 2.62 1.84 2.78 105.42
\% 17.40 3.15 79.86 67.54 2.49 1.87 2.60 94.83
VI 12.52 3.58 80.05 70.20 3.73 1.64 2.58 115.20
VII 24.20 3.16 81.58 69.60 2.88 1.83 2.22 49.75
VIII 16.09 3.34 80.55 71.11 3.60 1.37 3.04 106.83
X 21.46 3.92 79.60 67.01 3.00 1.76 2.19 113.33
% Contribution 1.30 5.80 1.00 3.10 21.0 4.40 13.8 8.10

variability and desirable segregants that would be productive
in rice quality breeding program. Most of the minimum
and maximum cluster means were distributed in relatively
distant clusters. The hybridization between genotypes of
distant clusters yields desirable genotypes (Bose et al., 2011).
Recombination breeding between genotypes of different
clusters having higher genetic distance has been reported
by Sinha et al. (1991) and Maruthi (2018).

3.5. Contribution of traits towards genetic diversity

Contribution of different grain yield and cooking quality
characters to total divergence. The maximum contribution
in the manifestation of genetic divergence was exhibited
by plant height (26.10%) followed by cooking quality traits
such as alkali spreading value (21.00%), water uptake ratio
(13.8%) and gel consistency (8.10%) further followed by
days to 50% flowering (7.60%) and grain L/B ratio (5.80)

»
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Hence, plant height, alkali spreading value and water uptake
ratio were found to be potential contributors to genetic
divergence in the studied red rice genotypes therefore,
selection for these characters may be fruitful for recognizing
genetically diverse genotypes for breeding good cooking
quality traits. These observations corroborate well with
those of earlier researchers (Sandhyakishore et al., 2007,
Patil et al., 2005).

Ravindra Babu et al. (2006) evaluated cooking quality traits
to study genetic divergence pattern among rice genotypes
and reported that the cooking quality traits such as alkali
spreading value, volume expansion ratio, gel consistency
and water uptake contributed maximum towards genetic
divergence. However, Dushyantha kumar (2008) carried
out genetic diversity analysis among 71 red rice genotypes
and found plant height, panicle length and grain yield
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contributed significantly for the genetic diversity and
reported that these traits should be given importance during
hybridization and selection of segregating populations
because as genetically diverse parents are known to produce
high heterotic response and new desirable recombinants.

4. CONCLUSION
Analysis of variance among genotypes indicating the

ample amount of genetic variation for all the traits.
Based on the K-means clustering, all the sixty-four
genotypes were grouped into nine distinct clusters. The
diversified red kernelled genotypes namely Rajamudi,
Bramavara-8, Jenugudu, MSN-10-3, IET-19778, MSN-
33-1, RP-1310-326, Champaka, Bramavara-8 and IET-
16902 possessing different desirable traits from the distinct
clusters may prove potential in the future hybridization
programme to develop red rice hybrids or varieties with
higher grain yield and good cooking quality traits.
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