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Usage of cluster analysis for grouping hybrids and evaluation of experimental mutant maize 
hybrids

1 2M. Ilchovska *, I. Ivanova

1Maize Research Institute, 5835 Knezha, Bulgaria
2Department of Mathematics, Informatics and Physics, Faculty of Economy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. A total of 21 experimental maize hybrids and 3 standards were studied and characterized with regard to the traits: length of the ear, diameter of the 
ear, number of the rows of the ear, weight of the ear, weight of the grains of the ear, number of the grains in one row of the ear, rate of yield and grain yield. Based 
on the examined traits, the genotypes are evaluated in their complexity by hierarchical cluster analysis. The genetically close mutant hybrids are grouped into 
four main clusters presented graphically at the dendrogram. The classification made allows for increasing the objectivity of the evaluation, which results in more 
complete characterization of the experimental maize hybrids with a view to their more rational use in various selection programs.

Keywords: cluster analysis, dendrogram, experimental mutant hybrids, grain yield, yield elements
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Introduction intergroup Euclidean distance (Ward, 1963; Duran and Odelle, 
1977). In order to avoid the difference of the dimensions of the 
studied traits, the data are standardized in advance. The results of The success of any selection program depends on the diverse 
the clustering are presented graphically via dendrogram that shows genetic material included in the working process and its overall 
the sequence of combining the genotypes and clusters formed. The evaluation. Comprehensive evaluation of a variety, line or hybrid 
processing is made by using the statistical program SPSS. based on the value of the valuable economic qualities is possible 

with the application of the cluster analysis. Its conducting and the 
building-up of the dendrogram allows for grouping the studied 
objects based on the similarity or the difference between their Results and discussion 
parameters and shows the relations between themselves in their 
entirety (Zhuzhkin et al., 2010). A similar approach for characterizing Table 1 presents the mutant hybrids and the average values of 
selection materials is conducted in tomatoes (Ganeva et al., 2006, the quantitative parameters and traits based on which the study is 
Krasteva et al., 2010), chick-pea (Petrova, et al., 2010), maize made. The hybrids and one of the standards (PR35P12) belong to 
(Zhuzhkin et al., 2010; Petrovska and Dimova, 2012). the group of medium late maturity (500-599, FAO) and the other two 

The main objective of this study is to evaluate the genetic standards to the group of medium early maturity (400-499, FAO). As 
similarity and distances of experimental mutant maize hybrids and a result of the cluster analysis performed the variants are grouped in 
their grouping based on main quantitative traits using the cluster four main clusters. The results are presented both in tabular, with the 
analysis. steps upon combining the clusters and intergroup distances (Table 

2), and by dendrogram (Figure 1).
In the first cluster the hybrids are homogeneous under the traits 

Material and methods weight of the ear and number of grains in one row. From the 
dendrogram it is visible that this cluster includes two sub-clusters – 
1a and 1b. The first sub-cluster includes five variants – No 14, No 15, The study of 21 experimental mutant maize hybrids and 3 
No 9, No 20 and No 8 which are united to No 14 and No 15. They foreign standards, for comparison, from different groups of maturity 
have the greatest genetic similarity in regard to all studied traits and (PR35P12, P9494 and LG3475) was conducted in 2012 at the 
the smallest Euclidean distance between themselves – 0,064. experimental field of Maize Research Institute, Knezha. They have 
Furthermore, variants No 14 and No 9 of this group have the highest been tested at field experiment under conditions of the accepted for 
yield, 5166 kg/ha and 5305 kg/ha, respectively. The other sub-the region agro technique, without irrigation. The scheme of the 
cluster includes three hybrids – No 17, No 23 and No 21 that are experiment is based on the method of “Latin rectangle”, at three 
united to No 17 and No 23, homogeneous under all studied traits. repetitions and with a size of the crop area 5m² (Barov, 1982). 
Regardless of the complex similarity of both sub-groups, they are All variants are evaluated by the traits: length of the ear, 
quite different. With regard to the yield, the second sub-cluster is diameter of the ear, number of rows of the ear, weight of the ear, 
from the group with the lowest yield. Its belonging to the first cluster is weight of the grains of the ear, number of grains in one row of the ear, 
due to the high values of the participating hybrids under the traits rate of yield and grain yield. Using the hierarchical cluster analysis 
specified above – weight of the ear and number of grains in one row. the groups they belong to have been determined depending on their 
These are the highest values under these traits for all analyzed genetic similarity and remoteness considering the complex impacts 
variants. The hybrids in cluster 1 are genetically most distant from of the analyzed traits. As a measure of genetic similarity is used the 
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Figure 1. Hierarchical cluster analysis. Dendrogram using
average linkage between groups
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the standards included in this study. 
The second main cluster also incorporates two sub-clusters. 

The first one contains three variants, similar under the traits – No 4, 
No 22 and No 7. Euclidean distance between No 4 and No 22 is very 
small, having coefficient 0,096. In the second sub-cluster No 13, No 
16, No 2 and No 11 are united. Considering the average degree of 
expression of the examined traits standard P9494 stands closest to 
variant No 11 in the group (coefficient 0.211).

The third cluster is represented by the hybrids No 18, No 24 and 
No 19, characterized by the close similarity under all included traits. 
Two variants – No 10 and No 12, formed the fourth cluster. The 
hybrids thereof have high values under the traits weight of the ear, 
weight of the grain and grain yield, close to each other. Compared to 
all other hybrids, variant No 12 has the highest values. From the 
dendrogram it is visible that the four remaining hybrids are at a 
greater Euclidean distance and are separated from the clusters 
formed. They can be considered a separate group. 

Genetically distant are the standards No 1, and respectively No 
2 and No 3. Intergroup distances between them are respectively 
1.390 and 1.187, indicating that they differ between themselves in 
the group of maturity as well as the comprehensive evaluation of the 
examined traits. Genetically distant are also standard No 1 and 
variant No 10. Compared to the standard, the hybrid shows very 
good traits – the grain yield compared to the grain yield of the 
standard is 50% higher, the weight of the grain – at about 66% and 

 

Table 1. Mean values for grain yield and yield components of experimental mutant maize hybrids, year 2012 

№ Variants Length of
the ear,

cm

Diameter
of the ear,

mm

Number of
the rows of

the ear

Weight of
the ear,

 g

Weight of the
grain of 

the ear, g

Number of the 
grains in one

 row of the ear

Rate of
 yield,

 %

Grain yield,
kg/ha

Traits

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

PR35P12

P9494

LG34 75

ХМ3 2 12 х ХМ44 18

ХМ5 2 12 х ХМ92 471

ХМ6 2 12 х ХМ44 18

ХМ7 2 12 х ХМ92 471

ХМ10 2 12 х ХМ92 471

ХМ11 2 12 х ХМ92 471

ХМ12 2 12 х ХМ92 471

ХМ13 2 12 х ХМ92 471

ХМ14 2 12 х ХМ92 471

ХМ15 2 12 х ХМ44 18

ХМ17 2 12 х ХМ92 471

ХМ19 2 12 х ХМ44 18

ХМ20 2 12 х ХМ92 471

ХМ21 2 12 х ХМ92 471

ХМ22 2 12 х ХМ43 90

ХМ23 2 12 х ХМ92 471

ХМ24 2 12 х ХМ92 471

ХМ25 2 12 х ХМ92 471

ХМ26 2 12 х ХМ92 471

ХМ27 2 12 х ХМ92 471

ХМ28 2 12 х ХМ92 471

18.0

18.0

21.4

16.7

16.3

18.8

17.9

19.0

17.5

18.8

17.0

19.8

18.3

18.2

18.8

18.8

17.8

18.3

16.8

17.5

17.5

17.0

17.8

17.8

33.3

31.8

30.4

30.9

30.8

30.7

29.7

32.3

31.8

31.2

32.5

33.7

31.9

31.2

31.8

32.0

31.3

29.9

30.7

31.7

30.9

30.6

32.1

29.5

16.0

16.0

16.0

16.0

15.0

16.5

16.0

14.5

15.0

17.0

17.0

16.0

16.0

15.2

15.3

16.0

15.2

14.5

15.2

16.4

14.0

16.5

15.2

14.0

 

113.5

130.9

121.3

125.0

111.3

132.5

119.0

138.8

147.5

160.0

127.5

158.8

145.9

136.7

137.9

138.8

152.5

122.5

123.8

143.4

157.5

125.0

157.5

121.3

87.9

110.0

95.0

100.0

84.0

112.5

98.6

110.0

117.5

133.8

110.0

130.0

119.2

110.9

109.6

107.5

125.0

103.8

108.3

119.2

127.5

98.8

125.0

101.9

37.7

40.0

42.5

36.4

39.0

37.8

38.5

49.0

46.0

44.5

39.5

43.0

41.0

43.2

42.2

42.8

44.8

40.8

39.0

44.0

41.0

37.5

45.8

45.9

77.5

84.0

78.5

80.0

74.5

85.5

83.0

79.5

80.0

84.0

83.0

81.5

81.5

81.5

80.0

78.0

83.0

84.0

84.5

83.0

81.5

79.5

80.0

84.0

3621

4292

3422

4030

3320

4841

3825

4443

5305

5425

3834

5792

3511

5166

4686

3946

3645

3770

3750

4804

3574

4598

4097

4498
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groups. The traits correlating between themselves may be 
combined, which will reduce the dimensionality of the 
multidimensional area. This is subject to further analysis of the main 
components that is expected to be performed in subsequent studies 
for more complete evaluation of these selection materials.

Conclusion

The defined upon clustering perspective hybrids – variants No 
10 and No 12, which are characterized by high values of the main 
quantitative traits, shall be included in ecological variety testing 
experiments. For characterizing new selection materials with regard 
to their traits and for determining their genetic proximity, cluster 
analysis can be used as a complementary method in the selection 
process.
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Table 2. Combining clusters and distances between groups

Stage

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

14

4

17

9

13

18

2

4

9

17

10

2

8

18

2

8

1

2

2

2

1

1

15

22

23

14

16

24

11

7

20

21

12

13

9

19

4

17

5

8

18

6

3

2

0.064

0.096

0.125

0.168

0.197

0.197

0.211

0.258

0.282

0.285

0.351

0.366

0.403

0.410

0.553

0.591

0.672

0,794

0.900

1.181

1.187

1.390

Cluster Combined

Cluster 1 Cluster 2
Coefficients
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