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Introduction

Maize (Zea mays L.) is one of the most important staple 

crops in Ethiopia, serving as a vital source of food security and 

livelihood for millions of people [1]. However, the productivity 

of maize is signifi cantly affected by various abiotic stresses, 

including low moisture conditions [2]. In Ethiopia, where the 

majority of maize cultivation is rainfed, low moisture stress 

poses a major challenge to maize production in several regions 

[3].

Understanding the genetic diversity and population 

structure of maize inbred lines under low moisture stress 

conditions is crucial for the development of improved varieties 

with enhanced drought tolerance [4]. Cluster analysis and 

Principal Component Analysis (PCA) are powerful tools that 

can aid in unraveling the genetic variation and relationships 
among different maize inbred lines.

Cluster analysis allows the grouping of similar maize 
inbred lines based on their genetic characteristics, thereby 
facilitating the identifi cation of distinct clusters or subgroups 
within the population [5]. This information can guide breeders 
in selecting parental lines for hybridization programs and 
identifying potential sources of drought tolerance.

On the other hand, PCA is a statistical technique that reduces 
the dimensionality of a dataset while preserving most of its 
variation. The most important factors or principal components 
that account for the majority of the genetic variance can be 
found by using PCA in the genetic data of maize inbred lines 
[6]. This approach enables a comprehensive understanding of 
the underlying genetic structure and relationships among the 
different inbred lines.
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In this study, we aim to investigate the genetic diversity 
and population structure of maize inbred lines under low 
moisture stress areas in Ethiopia using cluster analysis and 
PCA. By employing these analytical approaches, we seek to 
identify genetically distinct clusters within the population and 
determine the key factors contributing to the genetic variation. 
The fi ndings from this research will provide valuable insights 
for maize breeding programs, enabling the development of 
drought-tolerant maize varieties tailored to the specifi c low 
moisture stress conditions in Ethiopia.

Overall, this study aims to contribute to the advancement 
of maize breeding efforts in Ethiopia, enhancing the resilience 
and productivity of maize crops under low moisture stress. By 
understanding the genetic diversity and relationships among 
maize inbred lines, breeders can make informed decisions to 
develop improved varieties that address the challenges posed 
by low moisture stress, ultimately benefi ting maize farmers 
and ensuring food security in Ethiopia.

Additionally, the fi ndings of the paper have practical 
implications for maize breeding programs and agricultural 
practices in low moisture stress areas. By identifying 
genetically diverse maize inbred lines with desirable traits, 
the paper provides valuable guidance for the development of 
improved maize varieties that can withstand low moisture 
stress conditions. This information is crucial for enhancing 
crop productivity and ensuring food security in regions facing 
water scarcity.

It contributes to the broader fi eld of agricultural research 
by expanding the knowledge base on maize breeding and 
adaptation to low moisture stress. It adds to the limited 
literature on the genetic diversity of maize inbred lines in 
Ethiopia and provides a valuable reference for future studies 
in similar environments. The paper’s insights can also 
stimulate further research and collaboration among scientists 
and breeders working on maize improvement in low moisture 
stress areas.

Materials and methods

The experiment was conducted during the 2017 main 
season in Ethiopia’s low moisture stress areas at Melkassa 
Agricultural Research Center (MARC), Central Rift Valley of 
Ethiopia, the center is located at an elevation of 1550 above sea 
level with the latitude of 8024’ N and longitude of 39021’ E. The 
average annual rainfall in the area is 768 mm, which is erratic 
and uneven in distribution. The site has a mean maximum 
temperature of 28.50C and a mean minimum temperature of 
12.6 0C. Loam and clay loam soil textures are the dominant soils 
of the area [7].

Forty maize inbred lines were used in this study, selected 
from the Melkassa Agricultural Research Center (MARC) Maize 
breeding program. These inbred lines were chosen based on 
their tolerance to low moisture stress and their potential for 
yield improvement.

Experimental design and data collection

A Total of 40 inbred lines were obtained which were 

collected from Melkasa Agricultural Research Center (MARC) 
maize program and the lines were planted 8 x 5 alpha lattice 
design (Patterson and Williams, 1976) with two replications 
and two rows per plot. The plot length was four (4) meters and 
75 x 25 cm spacing between rows and plants used, respectively. 
Thinning was done at the three to fi ve leaf stages to attain a fi nal 
plant density of 53,333 plants ha-1. All management practices 
including planting, fertilization, weeding, and harvest were as 
performed as per the recommendations for the location. 

Collected data

Ten plants were selected randomly for recording 
observations of all the quantitative traits except for days to 50 
% tasselling and silking. The mean of ten plants for each entry 
in each replication was worked out for each trait used to use 
for statistical analysis. The data recording was done for each 
quantitative trait (Days to 50% Anthesis, Days to 50% silking, 
Days to 90% Maturity, Plant height (cm), Ear height (cm), 
No. of leaves per plant, Leaf length (cm), Leaf width (cm), 
No. of nodes per plant, No. of tassel branches, Tassel length 
of the main branch, No. of ears per plant, Ear length (cm), Ear 
diameter (cm), No. of kernels per ro , No. of kernel rows per 
ear, 1000 kernel weight Grain yield (kg/plot), Grain Yield (kg/
ha)). 

Result and discussion

Principal component analysis

Principal Component Analysis analyzes a data table 
representing observations described by several dependent 
variables, which are, in general, inter-correlated. Its goal is to 
extract the important information from the data table and to 
express this information as a set of new orthogonal variables 
called principal components.

According to the principle of Syafi i, et al. [8], the fi rst 
principal component accounts for maximum variability in the 
data concerning succeeding components.

The principal component analysis showed that the 
gross variability observed among the 40 test genotypes 
can be explained with six principal components with 
eigenvalues greater than one as shown (Table 1). The fi rst six 
components together accounted for about 77.7% of the total 
variation among the genotypes concerning all the 18 traits 
evaluated and showed the presence of considerable genetic 
diversity among the genotypes for most of the traits under 
consideration. Individually, PC1, PC2, PC3, PC4, PC5, and PC6 
in that order accounted for about 25.25%,18.03% 11.7% 9.3% 
7.9%,55% of the gross variation among the 40 maize genotypes 
evaluated for 18 traits. 

The traits which contributed more to PC1, were node per 
plant, Ear length, days to Anthesis, days to silking, and Ear 
length. Whereas for PC2 number of kernels per row, number 
of leaves leaf per plant, ear diameter, plant height, and tassel 
length, For PC3, days to Anthesis, days to silking, 1000-kernel 
weight, Ear length, and Ear diameter, for PC4, the number of 
kernel row per Ear number of tassel branch, leaf length, leaf 
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width for PC5, Leaf length, Ear height and days to Anthesis, 
days to silking, leaf width, Ear length and for PC6, days to 
maturity and leaf width. The fi  rst three principal components 
PC1 PC2 and PC3 with values of 25.25%, 18.03, and 11.7% 
respectively more contributed. 

The present study confi rmed that the Maize genotypes 
showed signifi cant variations for the characters studied and 
it suggested many opportunities for genetic improvement 
through selection. Similar works have been done by [9], Dawit, 
et al. (2012) and [10,11] for grouping genotypes by principal 
component analysis (Figure 1).

Cluster analysis

Genetic divergence is the process in which two or more 
populations of an ancestral species accumulate independent 
genetic changes (mutations) through time, often after the 
populations have become reproductively isolated for some time. 
An appropriate number of clusters was determined by using 
points where local peaks of Pseudo F-statistics join with small 
values of the Pseudo t2 statistics followed by a larger Pseudo 
t2 for the next cluster fusion. Genetic distance between pairs 
of clusters was calculated using the Mahalanobis generalized 
distances were utilized to estimate the distances between and 
within clusters using the SAS computer software package as 
per the following formula: D2 ij = (Xi-Xj)’ S-1(Xi-Xj). where, 
D2 ij = the distance between any two groups i and j; Xi and Xj 
are the vector mean of the traits for the ith and jth groups, 

respectively, and S-1 = the inverse of the pooled covariance 
matrix . (Singh and Chaudhary,1996). The D2 statistics 
measure the force of differentiation at intra-cluster and inter-
cluster levels (Singh, 2007).To assess the total variations and 
supplement the cluster analysis, principal component analysis 
was also carried out using the SAS computer software facilities 
(SAS, 2001), involving all 18 quantitative traits.

The intra and inter-cluster values among the four clusters 
are presented in Table 2. The in ter-cluster D2 values varied 
from 48.65 to 4407 indicating the high range of diversity 
present among the genotypes. The highest inter-cluster 
divergence was noted between cluster I and IV followed by 
II and IV. It indicated that the genotypes grouped in these 
clusters were highly divergent from each other. Selection 
of parents from the highly divergent clusters is expected to 
manifest high heterosis in crossing and also wide variability in 
genetic architecture. Murty and Anand [12] claimed that there 
is a positive relationship between the specifi c combining ability 
and the degree of genetic diversity. The intra-cluster D2 values 
varied from zero (cluster I) to 48.64 (cluster III). 

Clustering of genotypes

The main aim of using a clustering technique in the analysis 
of data from plant breeding trials is to group the varieties into 
several homogeneous groups such that those varieties within a 
group have a similar response pattern across the locations. It is 
reasonable to suppose that all the varieties in the trials will not 
behave completely independently of one another. For instance, 
those with similar genetic makeup would be expected to behave 
similarly. This study was conducted to provide information 
about the performance of maize lines in terms of morphological 
parameters, which will be helpful to maize breeders for further 
manipulation in subsequent breeding programs.

Table 1: Eigenvectors and eigenvalues of the fi rst six principal components of 40 
Maize genotypes evaluated for 18 traits.

 Traits  Prin1 Prin2 Prin3 Prin4 Prin5 Prin6

DA 0.324 -0.095 0.34 0.124 0.236 -0.069

DS 0.315 -0.12 0.301 0.203 0.238 -0.028

MD -0.174 -0.035 -0.09 -0.126 -0.025 0.77

PH 0.199 0.276 -0.327 -0.034 0.161 0.041

EH 0.307 0.242 -0.079 0.078 0.246 0.038

EL 0.341 0.182 0.256 -0.122 -0.052 0.029

ED -0.157 0.293 0.291 0.097 -0.375 -0.04

NEPP 0.08 -0.256 -0.453 0.155 -0.02 -0.133

NLPP -0.253 0.315 0.194 -0.221 0.141 0.02

LL -0.185 0.246 -0.124 0.312 0.366 -0.101

LW 0.08 0.277 0.005 0.308 0.182 0.239

NPP 0.343 0.256 -0.131 -0.2 -0.12 0.073

TL -0.302 0.264 -0.141 0.106 0.246 -0.143

NTB 0.128 0.05 -0.089 0.339 -0.436 0.24

NKRPE -0.035 0.183 -0.075 0.554 -0.146 0.106

NKPR -0.148 0.362 0.018 -0.289 0.038 -0.045

TKW -0.118 0.041 0.441 0.171 -0.028 0.132

GLYPH 0.011 0.225 -0.033 0.071 -0.408 -0.437

Eigenvalue 4.79 3.43 2.2 1.78  1.51 1.04

Cumulative variance 
explained (%)

 25.25  43.29 54.94 64.29 72.21 77.7

Variance explained (%)  25.25  18.03  11.7  9.3  7.9  5.5

Difference  1.37  1.21  0.43  0.27  0.46  0.13 

Figure 1: Principal component’s Biplot of 40 maize inbred lines.

Table 2: Inter and intra (bold) cluster distances in maize inbred lines.

Cluster I II III IV

I 53.95 48.64 4397

II 89.16 4396

III 4407

IV
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Forty genotypes were grouped into four clusters and the 
Euclidean distance matrix of 40 Maize genotypes estimated 
from 18 quantitative traits was used to construct Dendrograms 
based on the Unweighted Pair-group methods with Arithmetic 
Means (UPGMA) using Ward’s minimum variance procedure 
[13] and the distributions of the genotypes into different 
clusters are depicted in Table 3 and Figure 2. Accordingly, the 
40 maize genotypes were grouped into four distinct clusters 
(Figure 2 and Table 2). 

Cluster I was the largest and consisted of thirty genotypes 
Cluster II had Two genotypes, Cluster III Shad even genotypes, 
and Cluster IV had one genotype. This indicates that the crossing 
between superior genetic divergences of the above diverse 
clusters might provide desirable recombinants for developing 
high-yielding maize genotypes. This is because the cluster 
analysis sequestrates genotypes into clusters that exhibit high 
homogeneity within a cluster and high heterogeneity Between 
Clusters (Jaynes,  et al. 200) [14,15]. In general, the intra-cluster 
distance was much less than the inter-cluster one. Similarly, 
Ahamed, et al. [16] reported that the inter-cluster distances 
were higher than the intra-cluster distances.

Cluster mean analysis

The mean values of four clusters which indicate their broad 
genetic bases for 18 quantitative characters are presented in 
Table 4. Cluster IV had mean values greater than the overall 
mean values of genotypes for days to fl owering, days to silking, 

plant height, ear height, node per plant, number of kernels per 
row, and grain yield per hectare. In addition, Cluster III had 
mean values greater than the overall mean values of genotypes 
for Ear diameter, Number of Ears per plant, number of tassel 
branches, number of kernel rows per ear, and thousand kernel 
weights. Cluster II had mean values greater than the overall 
mean values of genotypes for plant height ear height, ear 
length Ear diameter, number of leaves per plant, leaf length, 
leaf width, tassel length, number of tassel branches, number 
of kernels per row, number of tassel branch and grain yield 
per hectare. Cluster I had mean values greater than the overall 
mean values of genotypes for numbers ear per plant, tassel 
length, and grain yield per hectare. These clusters had mean 
values lower than the overall mean values of genotypes for the 
remaining traits. 

Singh,  et al. (2014)[17-20] also reported that the character 
contributing the maximum to the divergence should be given 
greater emphasis for deciding the type of cluster for further 
selection and the choice of parents for hybridization.

Conclusion

The study on the cluster and principal component analysis 
of maize inbred lines in low moisture stress areas in Ethiopia 
aimed to identify distinct groups among the lines and explore 
relationships among variables. The fi ndings provide insights 
into genetic diversity and potential drought tolerance of maize 

Table 3: Distribution of 40 Maize genotypes into four different clusters based on 18 
quantitative traits evaluated at Melkasa in 2017.

Cluster
Number of 
Genotypes 

 Genotype (G*)

Cluster I 30
 G351,2,3,5,6,8,9,11,12,15,16,17,18,19,20,21,23,26,2

7,28,29,30,31,
 32,33,34,36, 38,39,40

Cluster II
2 G4, G37

Cluster III 7 G-7,10,13,14,22,24,25

Cluster IV 1  G35

Figure 2: Dendrogram depicting dissimilarity of 40 maize genotypes (G1-G40) 
genotypes code as the description given in Table 1) by Unweighted Pair group 
method with Arithmetic Means (UPGMA) clustering method from Euclidean 
distances matrix estimated from 18 phenology.

Table 4: The mean value for four clusters is based on eighteen quantitative traits 
evaluated at Melkasa in 2017.

Traits CI CII CIII CIV Overall mean

DA 69.9 72.3 71.8 80 73.5

DS 70 73.8 72.7 78.5 73.75

MD 125.9 125.3 124.9 125 125.275

PH 158.5 178.9 164.4 160.7 165.625

EH 68.7 95.7 77.5 94 83.975

EL 12.3 14.1 12.9 15.5 13.7

ED 3.6 3.9 3.7 3.5 3.675

NEPP 1.5 1.25 1.38 1.25 1.345

NLPP 13.4 14.44 13.2 14.2 13.81

LL 82.2 88.2 80.8 80 82.8

LW 9 9.8 9.3 8.6 9.175

NPP 10.6 11.2 11.2 12.7 11.425

TL 33.8 34.7 32.2 28.4 32.275

NTB 15.9 22.6 17.8 13.6 17.475

NKRPE 13.1 14.5 13.9 12.8 13.575

NKPR 28.4 27.8 27.3 29.9 28.35

TKW 100 416 425 159 275

GLYPH 33.6 34.98 29.97 32.83 32.845

CI = Cluster 1, CII = Cluster 2, CIII = Cluster 3, CVI = Cluster 4. DA = Date of 50% 
Anthesis, DS = Date of 50% Slicking, DM = Date of 90% Maturity, ED = Ear Diameter, 
EL = Ear Length, PH = Plant Height, EH = Ear Height, TL = Tassel Length, NLPP = No. 
of Leaf Per Plant, LW =Leaf Width, LL = Leaf Length, NKRPE = No. of Kernel Row Per 
Ear, TKW = Thousand Kernel Weight, GYPH = Grain Yield Per Hectare, NKPR = No. 
of Kernel Per Row, NEPP = No. Ear Per Plant, NPP = Node Per Plant, NTB = No. of 
Tassel Branch.
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inbred lines in these regions. Cluster analysis categorized lines 
into groups, revealing diverse genetic resources for breeding 
programs. Principal Component Analysis (PCA) identifi ed key 
variables infl uencing drought tolerance. Comparing cluster 
analysis and PCA results revealed relationships between genetic 
clusters and important drought-related traits. This study 
guides breeders in selecting suitable inbred lines for breeding 
programs, promoting genetically diverse clusters. The research 
contributes to developing resilient maize varieties, benefi ting 
farmers and enhancing food security. Further research and 
utilization of identifi ed clusters and infl uential traits are 
recommended for ongoing maize breeding efforts. 
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