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ABSTRACT
A study was conducted at Vegetables Research Institute, AARI, Faisalabad, Pakistan during 
the year 2015-16. The objective was to assess the amount of genetic variation present in onion 
germplasm for improvement of the crop. Twenty two lines of onion were studied for this purpose 
through principal component analysis (PCA) which was applied on six variables viz. bulb yield, 
plant weight, bulb weight, bulb diameter, neck diameter and number of rings/bulb. PCA is a 
procedure of data reduction which helps understand the relationship among variables. First 
two principal components showed about 80% of total variation. Plant weight, bulb weight and 
bulb yield were the important variables having greater contribution to total variation and these 
variables could be used for selection of promising lines. Principal component biplot of first two 
components showed that all the studied variables were significantly and positively correlated 
with each other. Score plot showed that great amount of genetic diversity is present among the 
genotypes which can be utilized to produce new and improved cultivars. 

KEYWORDS: Allium  cepa;  onion;   genotypes;    variability;    principal   component  analysis;  
                       genetic  diversity;  agronomic  characters;  yield;  Pakistan.

1, 2 Assistant Research Officers,
3 Assistant Botanist, Vegetables 
Research Institute, AARI, 
Faisalabad, Pakistan 
*Corresponding author e-mail:
mehvish_tahir@yahoo.com

Article received on:
13/04/2017
Accepted for publication:
05/07/2018

INTRODUCTION
Onion (Allium cepa L.) is a bulbous crop from the genus 
Allium and family Alliaceae (Hanelt, 1990). This crop 
is consumed in green form and also as mature bulbs. 
It exhibits more diversity in eastern Mediterranean 
countries from Tajikistan, Turkmenistan to India and 
Pakistan which shows maximum diversity and believed 
to be the center of origin (Brewster, 2008). Onion is 
consumed on daily basis in whole world as bulbs and in 
condiments. It has high medicinal value as it prevents 
heat stroke and heart diseases and also helps fight 
against cancer (Cheema et al., 2003).
China is the largest producer of onion with production 
of 22300 thousand tons and 26.31% share in world 
production. Pakistan occupies 8th position and has 
1.96% share in world production (FAO, 2014). Onion 
occupies 130.6 thousand hectares of area in Pakistan 
with a production of 1674.6 thousand tons. Its yield 
per hectare in Pakistan is very low as compared to 
developed countries. Lack of superior quality seed, 
inadequate availability of labour and water, insect/
pest and disease attack and many other factors are 
responsible for its low bulb yield in Pakistan. We are 
far behind in production so there is a need to increase 
average bulb yield.
Onion is a photosensitive crop and is classified into long 
day, short day and intermediate day types according to 
the requirement of photoperiod to produce bulbs. Long 
day types are usually high bulb yielders and require 
14 hour day length for bulb formation while short day 

types need 10 to 12 hour day length for bulb formation 
but these are low bulb yielders. Long day types have 
small shelf life while short day types possess long shelf 
life so there is a need to develop plants which show 
high  bulb  yield  and  long  shelf  life  (Singh et al., 
2013). 
To develop high bulb yielding variety, variability and 
diversity in germplasm is needed initially so the selection 
can be made. Genetic variability plays an important 
role in successful breeding programme to develop high 
bulb yielding, disease resistant and widely adaptable 
varieties with desirable quality (Arunachalam, 1981). To 
initiate a breeding programme, information on nature 
and type of genetic variability and diversity present 
in the germplasm is essential so the diverse type of 
parents could be selected and used in hybridization 
programmes (Samsuddin, 1985).
PCA is a method to find interrelationship between 
the variables. It reduces data to find relationship 
among two or more characters and also it divides the 
cumulative variance of the characters in small number 
of uncorrelated variables (Kovacic, 1994). PCA enables 
us to understand easily the variability present in the 
variables studied and selection of genotypes becomes 
convenient.
The current study was conducted to find out the amount 
of variance present in onion genotypes for bulb yield 
and other characters so that best types to be used in 
hybridization programmes may be selected.
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MATERIALS AND METHODS
This study was conducted at Vegetables Research 
Institute, AARI, Faisalabad, Pakistan during rabi season 
2015-16. It is located between 73°74 East longitude and 
30°31.5 North latitude with an elevation of 184 m (604 
ft.) above sea level. Twenty two onion entries (Ruby F1, 
Red Moon, Nasar Puri, Onion-1, Robin hybrid F1, Hybrid 
Onion Kareem, Red Snack, Dark Red, Premium F1, 
Islero F1, Red King, Spice Onion, SV-0748np, Monica, 
Onion-2, SV-1695np, On-15007, ICI-1801 F1, 1122, 
Red Hero, 1133 and Phulkara), were selected for study. 
These genotypes were collected from different local as 
well as exotic sources. Each entry was planted in four 
rows. Each row was seven-meter-long and distance 
between plants was kept as 10 cm while row spacing 
was 75 cm. Experiment was laid out in triplicated 
randomized complete block design. All other practices 
(agronomic and cultural) were applied uniformly. Data 
on six characters viz. bulb yield (t/ha), plant weight (g), 
bulb weight (g), neck diameter (cm), bulb diameter (cm) 
and number of rings/bulb were recorded at maturity. 
Yield, bulb weight and plant weight were recorded using 
electrical balance. Bulb diameter and neck diameter 
was recorded using meter rule. Data were collected 
from ten randomly selected plants of each entry for all 
the traits and then average was calculated for further 
analysis

Statistical analyses
Characters were analyzed by variability analysis i.e. 
principal component analysis (Harman, 1976 and 
Sharma, 1996). Biplot and scatter plot graphical display 
were accomplished by using Minitab-17 software for all 
the traits of onion genotypes.

RESULTS AND DISCUSSION
The data matrix of 6 × 22 was used to perform PCA. 
Out of total six principal components (PCs) first four 
PCs showed 97.7% of total variation. PC1 and PC2 
explained about 80% of information present in the data 
(Table 1). Similar  results  were also reported by Ram 
et al. (2011).
First principal component showed 66.1% of variance 
(Table 1) and was more related to plant weight, bulb 
diameter and bulb weight while number of rings/bulb 
showed less contribution in it (Table 2).  This component 
was referred as bulb yield component since it includes 
many traits which are constituents of bulb yield. The 
second principal component which accounted about 
13.7% of total variation and was named as bulb yield 
component because bulb yield and number of rings/
bulb showed more contribution in it as compared to 
other characters (Table 2).

The third principal component was more concerned 
with bulb yield, bulb weight, plant weight and neck 
diameter and it occupies 12.0% of total variation. Bulb 
diameter and number of rings/bulb are very poor in this 
component. Fourth principal component showed 5.9 % 
of total variation and was regarded as neck component 
because neck diameter contributed maximum to it and 
other traits showed negative impacts (Table 2).
Maintainable plant breeding depends on existing 
germplasm and genetic variability. Genetic diversity 
analysis of genotypes helps in grouping of genotypes 
and documentation of central collections with likely 
utilization for particular breeding approaches (Hanci 
and Gokce, 2016).
The genetic diversity among the genotypes was 
assessed through the studied variables which is 
presented in the scatter plot. Scatter plot of onion 
genotypes shows that genotypes that are close together 
are supposed as more similar when evaluated on six 
variables; genotypes which are extra apart are more 
different. Genotypes 16-12, 10-1, 21-22 and 10-5 are 
very near to one another on first two PCs. Genotypes 
6, 3, 19 and 14 are very far apart from each other which 
shows large amount of genetic diversity present in 
them,  that  can  be  utilized  in  breeding  strategies 
(Fig. 1).
At every axis of differentiation, PCA elaborates the 
importance of main supplier to whole variance (Sharma, 
1998). PCA helps in indirect selection of genotypes 
for high bulb yield by the selection through variables 
(Beheshtizadeh et al., 2013).
Correlation coefficients showed that bulb yield is 
positively and significantly correlated with all other 
variables under study. The angle among the vectors 
are based on the correlation coefficients calculated by 
the software. All the characters showed positive and 
significant correlation with each other. Similar findings 
were also reported by Hanci and Gokce (2016). Porta 

Table 1. Eigen  Values  and  total   variance  for  six                  
                characters in 22 genotypes of onion.

PC1 PC2 PC3 PC4

Eigen-values 3.96 0.82 0.72 0.35 
Proportion of σ2 66.1 13.7   12.0  5.9   
Cumulative σ2 66.1 79.9   91.8  97.7   

  PC: Principal component

Table 2. Principal  components  (PCs)  of  six characters in 22  
                genotypes of onion.

Eigen vectors
Variables PC1 PC2 PC3 PC4
Bulb yield 0.300 0.353 0.851 0.228
Plant weight 0.475 -0.177 0.180 -0.271
Bulb weight 0.473 -0.262 0.179 -0.197
Neck diameter 0.422 -0.046 0.107 0.896
Bulb diameter 0.468 -0.203 -0.037 -0.180
No. of rings/bulb 0.253 0.856 -0.446 -0.017
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et al., (2014) also studied association among variables 
and supported the results.

Fig. 1. Two dimensional organization of 22 genotypes of onion   
 on principal component axis I and II.
1 = Ruby F1,    2 = Red Moon,  3 = Nasar Puri, 4= Onion-1, 5= Robin 
Hybrid F1, 6= Hybrid Onion Kareem, 7= Red Snack, 8= Dark Red, 
9= Premium F1, 10 Islero F1, 11= Red King, 12= Spice Onion, 13= 
SV-078np, 14= Monica, 15= Onion-2, 16 SV-1695np, 17= ICI-1801, 
18= ICI-1801, 19=1122, 20= Red Hero, 21=1133, 22= Phulkara.

Variables placed over the plot as vectors showed by the 
principal component biplot (Fig 2). In each presented 
variable the absolute length of vector shows the virtual 
proportion of variance. In PC1 and PC2 bulb yield, bulb 
weight and number of rings/bulb differences are visible 
and more in biplot but bulb diameter and plant weight 
showed minimum difference in both (PC1 and PC2) 
together.

Fig. 2.  Principal  components   biplot   of  22 onion germplasm  
             lines.

CONCLUSION
This study reveals that all the studied traits showed 
significant correlation with each other and with the bulb 
yield also and large amount of variability is present 
among the germplasm. The variability present is very 
useful for a breeder because diverse genotypes when 
combined could produce beneficial material. The 

results are helpful in determining the selection criteria. 
Based on these results selection can be made among 
the germplasm of onion lines by the variables studied 
and selected material could be used in further breeding 
strategies.  
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