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The experiment was conducted during the kharif season (June–October, 2016) at the Regional Agricultural Research Station, 
Jagtial, Telangana, India to evaluate 40 maintainer lines for genetic diversity using K-means cluster analysis for grain yield 

and its yield attributes of rice. Multivariate analysis was performed in Randomized Block Design (RBD) with two replications 
to comprehend the nature and magnitude of genetic divergence among the 40 maintainer lines of rice. Based on the K-means 
cluster analysis, the optimal number of clusters formed was seven. The highest number of genotypes were grouped in cluster 
I (27), followed by cluster IV (7). Intra-cluster distances varied among the clusters with the lowest recorded in cluster I (8.64) 
followed by cluster III (33.64) and cluster IV (75.69), while inter-cluster distances were maximum between cluster II and VI 
(142.32) followed by cluster VI and VII (113.42) indicating greater genetic diversity between certain clusters. This diversity 
suggests potential for maximizing heterosis through hybridization between genotypes from the most divergent clusters. Cluster 
mean analysis revealed significant differences in traits among clusters with some clusters exhibiting consistently higher or lower 
values for specific characteristics. Kernel length, days to flowering, hulling percentage, and plant height are major contributors 
to genetic divergence. Certain maintainer lines, namely, B18, CMS46B, B42, and B88 from different clusters with suitable trait 
means, can be selected for use in crossing programs to create desirable variations in the breeding material for yield improvement.
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1.   INTRODUCTION

Rice (Oryza sativa L.) stands as one of the primary food 
crops and makes a significant contribution to global 

economic expansion. Nearly two-thirds of the world’s 
population relies on it as their main crop, placing it third 
globally in production after maize and wheat (Bhandari et 
al., 2021; Ghazy et al., 2021). India holds the top position 
in rice cultivation, covering an area of 45.7 mha and ranking 
second in production with 124.36 mt in the year 2020–2021 
Soujanya et al., 2023. It is estimated that 70% to 100% 
increase in the cereal food supply is required by 2050 to feed 
the predicted world population of 9.8 billion people Godfray 
et al., 2010. Rapid population growth may pose a threat of 
severe food shortage around the world, including India, in 
the near future due to shrinking of natural resources. These 
demands increase in production of staple cereal crops like 
rice in the realm of dwindling land and water resources 
and a rapidly changing climate Sruthi et al., 2019. Another 
concern is the lack of sufficient genetic diversity among the 
parental lines of hybrids, which could be a contributing 
factor to the limitations encountered in breeding programs 
and the adoption of hybrid rice technology in the tropics Xie 
et al., 2012. Hybrid rice technology offers a great promise 
to produce 15 to 20% more yield in comparison to pure line 
varieties Soujanya et al., 2023. The adoption of hybrid rice 
technology has been slower than expected in the country 
due to certain challenges like moderate levels of heterosis, 
susceptibility of the hybrids to biotic and abiotic stresses, 
grain quality issues, higher seed cost of rice hybrids and 
the lack of parental lines with specific desirable traits for 
developing heterotic rice hybrids Ponnuswamy et al., 2020. 
Narrow genetic base of hybrid rice parental lines is the 
major constraint to develop heterotic hybrids in the tropics 
Xiao et al., 1996a, chapter 10. Improvement of parental 
lines of hybrid rice based on diversity we can find most 
diverse parents that will help developing heterotic hybrid 
combinations. To enhance heterosis levels and broaden the 
genetic diversity among parents, Hari Prasad et al., 2018. 
Therefore, knowledge of genetic diversity of parental lines 
is essential for judicious use of germplasm and to select best 
heterotic parents for hybridization. To breed heterotic rice 
hybrids, parental lines should be genetically diverse with 
high yielding ability and they must be good combiners. 
Careful selection of maintainer and restorer lines on the 
basis of their genetic diversity may lead to the development 
of hybrids with higher yield potential than parents and 
standard check varieties Julfiquar et al., 1985.

The development of new high-yielding and high-quality 
rice varieties or hybrids, surpassing the existing ones, heavily 
relies on the level of genetic variability in the population. 
Therefore, conducting genetic divergence studies becomes 
crucial for selecting suitable parents in hybridization 

programs. Assessing genetic diversity in terms of the nature 
and extent of variation in grain yield, its components, and 
quality traits aids plant breeders in identifying appropriate 
parent combinations for hybridization efforts and devising 
effective breeding strategies aimed at creating high-yield 
varieties with desirable grain quality. Mahalanobis D2 
statistics serves as a valuable tool for quantifying the 
extent of genetic divergence, enabling breeders to estimate 
the genetic divergence in the population for use in plant 
breeding programmes.

Cluster analysis is a multivariate analysis that have the 
function of minimizing differences within clusters and 
maximizing differences between clusters Oliveira et al., 
2016. 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 potential genotypes 
by Rashmi et al. (2017) based on estimation of genetic 
diversity among traditional landraces. 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, Nagamani et al., 2022).  Keeping in 
view, the present investigation was conducted to evaluate 40 
maintainer lines for genetic diversity using K-means cluster 
analysis for grain yield and its yield attributes of rice.

2.  MATERIALS AND METHODS

The experiment was conducted at the Regional 
Agricultural Research Station, Jagtial, and Telangana, 

India, during kharif, 2016 ( June–October). 40 genotypes 
(Table 1) were laid in Randomized Block Design (RBD) 
with two replications and a spacing of 20×15 cm2 twenty-
eight days old seedlings were transplanted in the main field 
and all the necessary package of practices were followed 
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Table 1: 40 List of maintainer lines used in the study and 
their source

Sl. No. Genotype Source

1. B1 RARS, Jagtial

2. B2 RARS, Jagtial

3. B3 RARS, Jagtial

4. B4 RARS, Jagtial

5. B5 RARS, Jagtial

6. B6 RARS, Jagtial

7. B7 RARS, Jagtial

8. B8 RARS, Jagtial

9. B9 RARS, Jagtial

10. B11 RARS, Jagtial

11. B12 RARS, Jagtial

12. B13 RARS, Jagtial

Table 1: Continue...
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Sl. No. Genotype Source

13. B15 RARS, Jagtial

14. B16 RARS, Jagtial

15. B17 RARS, Jagtial

16. B18 RARS, Jagtial

17. B19 RARS, Jagtial

18. B20 RARS, Jagtial

19. B22 RARS, Jagtial

20. B23 RARS, Jagtial

21. B24 RARS, Jagtial

22. B35 RARS, Jagtial

23. B42 RARS, Jagtial

24. B86 RARS, Jagtial

25. B88 RARS, Jagtial

26. JMS11B RARS, Jagtial

27. JMS13B RARS, Jagtial

28. JMS14B RARS, Jagtial

29. JMS17B RARS, Jagtial

30. JMS18B RARS, Jagtial

31. JMS19B RARS, Jagtial

32. JMS20B RARS, Jagtial

33. JMS21B RARS, Jagtial

34. CMS11B IRRI, Philippines

35. CMS14B IRRI, Philippines

36. CMS23B IRRI, Philippines

37. CMS46B IRRI, Philippines

38. CMS52B IRRI, Philippines

39. CMS59B IRRI, Philippines

40. CMS64B IRRI, Philippines

to raise a healthy crop. Observations were recorded for 
yield, yield attributing characters and quality traits on five 
randomly selected competitive plants for each entry in each 
replication for 15 characters viz., days to 50% flowering 
(DFF), days to maturity (DM), plant height (PH), number 
of tillers plant-1 (NTPP), panicle length (PL), number of 
grains panicle-1 (NGPP), kernel length (KL), kernel breadth 
(KB) L/B ratio (L/B), 1000 grain weight ( TW), hulling 
percentage (HL), milling percentage (ML), head rice 
recovery percentage (HRR), grain yield plant-1 (GYP), bran 
oil percentage (BO). The 40 maintainer lines were classified 
following model-based k-means clustering approach as 
suggested by Mac queen, 1967. cluster analysis was carried 
out in R 4.1.2 using the “Nbclust”, “factoextra”, “ggplot2” 
Wickham (2016) and “circlize” Gu et al., 2014.

Statistical analysis using k-means clustering 40 maintainer 
lines were classified following ‘k-means clustering’ model as 
explained by Macqueen (1967) and Forgy (1965) to unravel 
organization of variability using R 4.1.2 software.

J= ∑mi=k∑
k
k=1ωikII X

2- μk II
2.............. (1)

Where, IIX2- μkII
2- Indicator of distance between n data 

point from their respective cluster center.

xi: Number of data points.

μk: Number of cluster centre

3.  RESULTS AND DISCUSSION

3.1.  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 
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).

3.2.  Grouping of genotypes into various clusters 

Clustering of 40 maintainer lines using K-means cluster 
analysis based Mahalanobis genetic distance resulted in 
seven distinct clusters. The genotypes within each cluster 
were closer to each other than the genotypes belonging 
to different clusters. Highest number of maintainers were 
included in cluster I (27 maintainer lines) followed by cluster 
IV (seven maintainer lines), cluster III (two maintainer 
lines), II, V, VI and VII each cluster had one maintainer 
line in (Table 2 and Figure 1). Similar clusters reported 
Sreedhar et al., 2018. The mode of distribution of genotypes 
from different 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 reported by (Pandey and 
Kaushik, 2011, Rukmini Devi et al., 2020 and Nagamani 
et al., 2022). 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. 



Figure 1: Clustering of 40 maintainer lines (each cluster 
denoted by different color)
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Table 2: Clustering pattern among 40 maintainer lines of rice

Clusters Frequency Genotypes

I 27 B1, B2, B3, B4, B5, B6, B7, B8, B9, B11, 
B12, B13, B15, B16, B17, B19, B20, 

  B22, B24 B86, JMS11B, JMS21B, 
CMS11B, CMS14B, CMS23B, 
CMS52B, CMS59B

II 1 B18

III 2 B23, CMS64B

IV 7 B35, JMS13B, JMS14B JMS17B, 
JMS18B, JMS19B, JMS20B

V 1 B42

VI 1 B88

VII 1 CMS46B

3.3.  Average intra and inter cluster distances 

The average intra- and inter-cluster distances, are presented 
in Table 3. Intra-cluster distances varied among the clusters, 
with the lowest recorded in cluster I (8.64), followed 
by cluster III (33.64) and cluster IV (75.69). Cluster I 
exhibiting the lowest distance, suggesting a higher degree 
of genetic similarity  within that cluster. This might be 
unfavorable for hybrid breeding as it limits the potential 
for heterosis. If cluster I lines possess desirable traits like 
high yield or disease resistance, they can be strategically 
crossed with maintainer lines from other clusters with wider 
genetic divergence. This can introduce the beneficial traits 
from cluster I while maintaining genetic diversity in the 
resulting hybrids.

Table 3: Average inter-cluster values for fifteen characters in 
40 maintainer line of rice

Clus-
ters

I II III IV V VI VII

I 8.64 21.43 13.69 13.10 45.56 68.06 37.08

II  0 45.42 34.45 57.15 142.32 48.86

III   33.64 19.00 79.92 74.82 48.02

IV    75.69 57.60 84.27 38.56

V     0 82.08 47.19

VI      0 113.42

VII       0

In contrast, inter-cluster distances exhibited greater 
variation, ranging from 13.10 to 142.32 between clusters IV 
and VI. The inter cluster distances was maximum observed 
between cluster II and VI (142.32) followed by cluster VI 
and VII (113.42), IV and VI (84.27) and V and VI (82.08). 
The greater the distance between two clusters, the more 
genetic diversity exists between genotypes. Genotypes in 
the most divergent clusters might be capable of maximizing 
heterosis. This suggests that hybridization between the 
maintainer lines of cluster II (B18) and cluster VII (B88), 
cluster VI (B88) and cluster VII (CMS 46B), cluster IV 
(B35, JMS13B, JMS14B JMS17B, JMS18B, JMS19B, 
and JMS20B), cluster VI (B88) and cluster V (B42) and 
cluster VI (B88) may be used as parents in a hybridization 
programme to provide breeding material with significant 
genetic diversity. Similarly reported by Manasa et al., 2023. 
The genotypes from distant clusters exhibit wide diversity 
Falconer, 1981. Maintainer lines act as a bridge between 
diverse restorer lines and the CMS lines used for hybrid 
development. Breeders can strategically select maintainer 
lines from  distant clusters  exhibiting high inter-cluster 
distances. These lines could be enabling crosses with restorer 
lines from different clusters, further  amplifying genetic 
variation in the resulting hybrids.

3.4.  Cluster means of the character 

Each cluster has an average value for each measured trait, 
known as the cluster mean. If a cluster exhibits consistently 
higher or lower values for desirable traits like yield or disease 
resistance, it becomes a potential source for selecting parent 
varieties. The differences in cluster means for specific traits 
highlight which characteristics vary most significantly 
between groups, guiding breeders towards traits with the 
highest potential for improvement.

Clusters mean values for all characters are presented in 
(Table 4), highest scoring for days to 50% flowering was 
observed in cluster VII, while the lowest was in cluster VI. 
Days to maturity showed the highest reading in cluster VII 
and the lowest in cluster I. Plant height exhibited its highest 
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Table 4: Clusters means of 40 maintainer lines for 15 traits

 DF DM PH NTPP PL NGPP KL KB LB GYPP TW HU 
%

ML 
%

HRR 
%

BO 
%

I 83.67 117.76 99.86 12.44 24.69 124.93 6.89 1.93 3.58 24.7 20.84 83.66 75.69 63.7 14.42

II 87.5 122.5 117.5 16.7 27.9 85.5 7.45 1.85 4.03 29.6 20.85 85.92 78.4 51.73 14.29

III 85.75 121.5 88.45 10.95 21.03 130.2 7.25 1.65 4.4 22.38 17.03 84.44 73.91 64.07 16.43

IV 91.21 125.93 101.36 13.29 23.89 246.87 6.12 1.75 3.51 26.19 14.85 83.93 78.59 65.53 15.84

V 98.5 131.5 151 14.1 25.8 76.5 6.65 2.55 2.61 26.75 24.07 83.8 71.75 69.87 18.00

VI 74.5 118.5 93.3 7.7 17.5 84.73 5.55 2.7 2.06 19 19.87 75.11 69.75 68.69 18.95

VII 118.5 149.5 96.6 13.3 25.2 121.8 7.15 2.05 3.49 26.1 21.75 84.89 71.14 64.81 14.00

reading in cluster V and it’s lowest in cluster III. Number of 
tillers-1 highest reading in cluster II and the lowest in cluster 
VI. Panicle length was highest in cluster II and lowest in 
cluster VI. The highest number of grains-1 was recorded in 
cluster IV, while the lowest was in cluster V. Kernel length 
was highest in cluster II and lowest in cluster VI. Kernel 
width showed its highest reading in cluster VI and its lowest 
in cluster III. 1000 grain weight was recorded highest in 
cluster IV and lowest in cluster V. L/B ratio highest values 
in cluster III and their lowest in cluster VI. Grain yield 
per plant was highest in cluster II and lowest in cluster VI. 
Test weight was highest in cluster V and lowest in cluster 
IV. Hulling percentage was highest in cluster II and lowest 
in cluster VI. Milling percentage was highest in cluster IV 
and lowest in cluster VI. Head rice recovery percentage 
Test weight was highest in cluster V and lowest in cluster 
II. Bran oil percentage was highest in cluster VI and lowest 
in cluster VII.

The diversity among genotypes was also supported by the 
appreciable amount of variation among the cluster means 
for different characters. Cluster II with single genotype B18 
represented highest mean values for number of tillers per 
plant, panicle length, kernal length, grain yield per plant 
and hulling percentage. Cluster VII with single genotype 
CMS46B represented high mean values for character days 
to 50% flowering and days to maturity. Cluster IV with 
(B35, JMS13B, JMS14B JMS17B, JMS18B, JMS19B 
and JMS20B) represented high mean values for characters 
number of grains per panicle and milling percentage. 
Cluster V with single genotype B42 represented high mean 
values for characters plant height, test weight and head rice 
recovery. Cluster VI with Genotype B88 recorded lowest 
cluster mean for days to 50% flowering, number of tillers per 
plant, panicle length, kernal length, L/B ratio, grain yield per 
plant, hulling percentage and milling percentage. Hence the 
genotypes from these clusters with suitable traits means can 

be selected to use in crossing programme to create desirable 
variations in the breeding material for yield improvement. 

Similar findings reported Dalsaniya et al., 2009 reported 
that genotypes of cluster-X which had higher cluster mean 
values for yield and other desired characters like leaf area, 
ten pods weight, number of pods per plant and green pod 
yield per plant etc. CA Manoj et al., 2021 showed genotypes 
grouped under cluster I and II consisting of five and three 
genotypes respectively showed high mean values for days 
to first flowering, days to percent flowering and days to 
maturity. Nagamani et al., 2022 reported 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. Manasa et al., 
2023 reported days to 50% flowering scoring was highest in   
cluster IV (101.00) and   lowest   in cluster  V (75.00), days to 
maturity reading recorded highest in cluster I (129.03) and 
lowest in cluster V (110.00), plant height reading recorded 
highest in cluster IV(141.20) and lowest  in cluster  I(81.58)

3.5. Relative contribution of characters towards genetic 
divergence

The results showed (Table 5) that the contribution of kernel 
length was highest towards genetic divergence (30.90%), 
followed by days to flowering (18.46%), hulling percentage 
(16.54%), plant height (8.85%), grain yield per plant 
(4.49%), milling percentage (3.97%), head rice recovery and 
1000-grain weight (3.85%), bran oil percentage (3.72%), 
number of grains panicle-1 (2.95%), days to maturity 
(1.15%), number of tillers plant-1 (0.64%), L/B ratio (0.51%), 
and kernel breadth (0.13%). The kernel length, days to 50% 
flowering, hulling percentage and plant height together 
contributed 74.75% towards total divergence. Therefore, 
these characters should be given importance during selection 
and hybridization program. Similar findings reported 
(Sreedhar et al., 2018, Nagamani et al., 2022).

International Journal of Bio-resource and Stress Management 2024, 15(6): 01-07
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Table 5: Relative contribution of different characters towards 
total genetic divergence

S l . 
No.

Character No of times 
ranked first

Contribution 
(%)

1. Days to flowering 144 18.46

2. Days to maturity 9 1.15

3. Plant height (cm) 69 8.85

4. No. of tillers plant-1 5 0.64

5. Panicle length (cm) 0 0

6. No. of grains  panicle-1 23 2.95

7. Kernel length (mm) 241 30.9

8. Kernel breadth (mm) 1 0.13

9. L/B ratio 4 0.51

10. Grain yield plant-1 (g) 35 4.49

11. 1000-grain weight (g) 30 3.85

12. Hulling (%) 129 16.54

13. Milling (%) 31 3.97

14. Head rice recovery (%) 30 3.85

15. Bran oil (%) 29 3.72

4.  CONCLUSION

The study utilized K-means clustering to investigate 
genetic diversity among genotypes. The clustering 

analysis resulted in the formation of distinct groups, with 
varying levels of intra-cluster genetic similarity and inter-
cluster genetic diversity. Clusters with greater inter-cluster 
distances were identified, indicating significant genetic 
diversity between genotypes. Additionally, analysis of 
cluster means for various traits highlighted potential parent 
varieties with desirable characteristics. Kernel length, days 
to flowering, hulling percentage, and plant height were 
identified as major contributors to genetic divergence. 
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