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ABSTRACT
Fifteen accessions of sugarcane which were planted in the experimental field area of Department 
of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan during the year 
2016-17. These accessions were grown under randomized complete block design with three 
replications. Data were recorded for 13 different quality and morphological traits like plant height 
(cm), cane height (cm), cane diameter (mm), cane leaves, leaf area (cm2), cane internodal length 
(cm), cane tillers per stool, contents of juice (ml), brix value(%), fresh cane weight (g), sucrose 
contents in (%), dry matter content (g), commercial cane sugar (%). The results obtained from 
Brix value and sucrose percentage were positively and highly significantly correlated. It was 
concluded that by using PCA first 4PCs were given total variation more than 85%. By probing 
scree plot it was concluded that first 9 PCs having significant variation while difference of other 
4 PCs were non-significant. Information generated could be utilized for appropriate selection of 
sugarcane accessions at commercial level in different environmental conditions
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INTRODUCTION
Sugarcane crop contributes a main share to economy of 
the Pakistan and is significant part of the sugar industry. 
The total contribution of sugarcane in agriculture 
sector and GDP is 3.4% and 0.7%, respectively. Total 
area under sugarcane is 1.217mh with an average 
yield of (1510 maunds/ha) in the Pakistan (Pakistan 
Economic Survey, 2016-17) Out of total production of 
sugarcane, sugar mills used more than half portion for 
sugar production (almost 60% of total production), for 
gur and shakar making 25% and other 10-15% used 
for seed chewing and fodder (Hussain et al., 2008). 
The genetic variability and correlation studies have 
great value in selection of desired characters of 
sugarcane cultivars to enhance cane yield and quality 
of juice. PCA is a highly effective method which works 
by comparing difference among the treatments. It is 
used for increased significant of relating treatments 
(Sneedon, 1970) PCA is used to reduce data for 
explaining the association between two or more 
characters.
These analyses have been used successfully in 
previous studies to study genetic variability. Number of 
stools/plant, number of millable canes and internodal 
distance had positive effect on genetic diversity while 
negative contribution showed by all other characters 
when sugarcane genotypes were subjected to 

PCA (Smiullah et al., 2013). In another study, it was 
concluded that maximum variability in genotypes of 
sugarcane was only due to two principal components 
(vigor and quality). Present experiment was conducted 
15 accessions of sugarcane to evaluate genetics 
divergence. The results from PCA showed that out 
of total variation, only two characters which showed 
88% variation were quality and vigor. PCR (Principal 
Component Regression) showed that contribution 
of these characters in yield was 7.36% and 93.64%, 
respectively therefore vigor plays significant role in the 
yield. (Tahir et al., 2013). 
The objective of this study was to study new variables 
capable of major variation among sugarcane. These 
variables could be employed as standard for selection 
and for further analysis.

MATERIALS AND METHODS
This study was conducted in the Department of Plant 
Breeding and Genetics, UAF during the year 2016-17. 
Fifteen accessions (CP-72-2086, SPF-234, HSF-240, 
CPF- 246, HSF-242, SPF-234, CPF-248, COJ-84, 
SGH-2924, CPF-235, CP72-2086, CP77- 400, COJ-
64, CP43-33, 11-72) were sown in field with three 
replications under RCBD. Distance between plant to 
plant and row to row was 30cm and 75cm. Data of 
selected ten guarded plants from each replication at 
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maturity was recorded for quality and morphological 
traits i.e. plant height (cm), cane height (cm), cane 
diameter (mm), cane leaves, leaf area (cm2), cane 
internodal length (cm), cane tillers per stool, contents 
of juice (ml) brix value(%), sucrose contents (%), fresh 
cane weight (g), dry matter content (g), commercial 
cane sugar (%). The data of all measured characters 
were studied by standard analysis of variance 
technique  (Steel et al., 1997). The treatment means 
were compared using DMRT (Duncan’s Multiple 
Range Test) at 5 % probability level (Gomez and 
Gomez, 1984). Genotypic and phenotypic correlation 
coefficients were estimated following Kwon and 
Torrie, 1964. Finally, data were analyzed using the 
PCA (Ogunbayo et al., 2005) and from large number 
of experimental variable, a smaller number of novel 
variables (principal components) were developed.

RESULTS AND DISCUSSION
The results (Table 3) showed that significant variation 
existed among accessions for all characters. The 
association between characters (plant height and cane 
height) were positively strong and these characters 
showed significant relationship with fresh cane weight, 
juice contents, dry matter content and commercial cane 
sugar. However, these characters showed negative 
correlation with sucrose content and brix value.
Plant height and cane weight showed positive 
correlation and the other characters viz. brix value and 
sucrose% also showed highly significant and positive 
correlation (Table 1). Soomro et al., (2006) reported 
that value and sucrose % exhibited significant and 
positive relation with cane diameter, dry matter content 
and commercial cane sugar.

The juice contents and commercial cane sugar 
showed strong positive correlation. (Tyagi and Singh, 
2000; Nosheen and Ashraf, 2003). Singh et al., (2003) 
reported non-significant positive correlation between 
juice contents, juice brix and commercial cane sugar.
PCA  analysis was used to gain information of identifying 
desired group of accessions which showed overall the 
best result in yield and in other quality parameters. By 
using PCA average data were analyzed and data matrix 
of 13×15 was set for the analysis. Out of thirteen, first 
four PCs showed eigen value more than one (Table 
2) which showed that genepool had broad genetics 
base. In 1st PCs (Table3) the most important characters 
which showed more than 35.43% variation were height 

of plant, height of cane, juice contents, number of 
leaves and fresh cane weight. The 2nd PC gave 62.65% 
share in variation was due to the dry matter contents, 
sucrose contents, brix value and cane diameter. In 
3rd PC large portion in total variation obtained by 
commercial cane sugar while other important traits in 
3rd PC were dry matter content and internodal length. 
The 4th PC showed 85.72% of total variations (Table 2) 
which was due to leaf area and internodal length but 
internodal length is most important trait in fourth PC 
(Table 3). The fifth and sixth PCs showed 9l% and more 
than 94% variations respectively. The result of PC9, 
PC10, PC11, PC12 and PC13 were non-significant for 
total variation. The first 4 PCs shared in total variation 

Plant 
height

Cane 
height

Cane 
diameter

Number 
of leaves

Leaf 
area

Inter-
nodal 
length

Number 
of tiller

Juice 
contents

Brix 
value

Fresh 
cane 
weight

Sucrose 
contents

Dry 
matter 
contents

CCS

Plant height 1.00    
1.00

0.95* 
0.59**

-0.27          
-0.24

0.69*   
0.61**

-0.70       
-0.61**

-0.15             
-0.10

 0.49*
 0.43**

0.50*   
0.46**

-0.41          
-0.34*

0.56*      
0.523**

-0.301       
-0.26

0.224*   
0.213

0.149*   
0.121

cane height 1.00     
1.00

-0.33         
-0.32*

0.51*    
0.76**

-0.62        
-0.59**

-0.01             
-0.01

 0.66*
 0.59**

0.56*   
0.55**

-0.30         
-0.27

-0.56*   
0.54**

-0.24          
-0.24

0.07*   
0.05

0.34*   
0.31*

cane diameter  1.00
 1.00

-0.43           
-0.40**

 0.44*
 0.42**

-0.18             
-0.16

 0.17
 0.17

0.43*   
0.42**

0.57*   
0.56**

0.56*     
0.55**

0.66*     
0.52**

0.73*   
0.71**

-0.05          
-0.06

Number of 
leaves

1.00        
1.00

-0.69         
-0.63**

-0.13             
-0.12

 0.62*
 0.56**

0.42*  
0.38**

-0.31          
-0.30*

0.34*    
0.33*

-0.27          
-0.26

0.10*   
0.09

0.01    
0.03

leaf area  1.00
 1.00

 0.25*
 0.25

-0.42          
-0.36*

-0.29            
-0.27

0.31*    
0.26

-0.23         
-0.21

0.35*     
0.30*

0.02*  
0.02

-0.09         
-0.07

internodal 
length

 1.00
 1.00

 0.08
 0.10

-0.14           
-0.10

-0.10          
-0.06

-0.17          
-0.14

-0.12          
-0.14

-0.41           
-0.39**

0.32*   
0.28

Number of tiller  1.00
 1.00

0.73*  
0.68**

0.14      
0.15

0.71*     
0.67**

0.03   
0.02

0.41*    
0.38**

0.14      
0.11

juice contents 1.00      
1.00

0.16*     
0.16

0.95*      
0.93**

0.19*     
0.15

0.48*   
0.46**

0.45*  
0.41**

Brix value 1.00      
1.00

0.11*     
0.12

0.15*     
0.90**

0.20*     
0.19

0.43*   
0.42**

Fresh cane 
weight

1.00      
1.00

0.21*    
0.16

0.72*     
0.70**

0.23*    
0.20

Sucrose 
contents

1.00     
1.00

0.40*   
0.33*

0.52*   
0.41**

Dry matter 
contents

1.00      
1.00

-0.33         
-0.34**

CCS 1.00     
1.00

Table 1. Genotype and phenotype correlation coefficient.
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You et al., (2013) reported that 1st and 2nd PCs showed 
76% of the total variation for enhancing genetic 
diversity in sugarcane. In this experiment 77% of the 
total variation was shown by first 3 PCs. Smiullah et al., 
(2013) reported that maximum diversity in sugarcane 
genepool   was only due to the two PCs. Carvalho et 
al., (2014) reported that on genetic diversity number of 
tillers and internodal length showed positive impacts. 
From scree plot (Fig. 1) it was evident that 1st PC showed 
maximum variation. So, selection of accessions from 
this PC would be beneficial. A principal component 
biplot (Fig. 2) indicated that in PC1 and PC2, internodal 

length and CCS showed minimum differences.

CONCLUSION
The PCA showed contribution of first 4 PCs more than 
85% in the total variation. The contribution of PC1, PC2, 
PC3 and PC4 were 35.4%, 27.2%, 14.3% and 8.7%, 
respectively. The variability which is present among 
the accessions mostly useful for breeding point of view 
because diverse accessions could produce such types 
of material which could be beneficial. This information 
could be used in sugarcane breeding programs for 
enhancing yield and better quality traits.

more than 85% (Table2). The share of PC1, PC2, 
PC3 and PC4 were 35.4%, 27.2%, 14.3% and 8.7% 
respectively. The other PCs only shared 15% share in 
total variation.  In this study first 2 PCs showed about 

63% variation. Whereas Tahir et al., (2013) reported 
that there were two new principal components (vigor 
and quality) which showed 88% of the total variation in 
the breeding program.

Table 2.  Eigenvalue and % total variance for principal components.

Principal 
components

Eigen 
value

% Total-
variance

Cumulative-
Eigenvalue Cumulative-%

PC1 4.61 35.436 4.606 35.436

PC2 3.54 27.215 8.144 62.652
PC3 1.86 14.322 10.006 76.974
PC4 1.137 8.75 11.144 85.725
PC5 0.687 5.283 11.831 91.008
PC6 0.461 3.545 12.291 94.553
PC7 0.353 2.715 12.644 97.268
PC8 0.216 1.645 12.858 98.914
PC9 0.089 0.69 12.948 99.605

PC10 0.003 0.31 12.989 99.9154
PC11 0.006 0.04 12.995 99.962
PC12 0.004 0.03 12.999 99.998
PC13 0.0002 0.001 13 100

Table   3.  PCs (Principal components) for thirteen morphological and quality traits in fifteen accessions of Sugarcane.

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13

Plant height 0.828 -0.278 0.019 -0.056 -0.23784 -0.33971 0.201829 -0.09354 0.051915 0.09305 -0.00195 0.017744 -0.00249

cane height 0.892 -0.286 -0.194 -0.023 -0.07974 -0.2098 -0.05358 -0.13429 0.01593 -0.10787 -0.00713 -0.02445 0.006331
cane 
diameter 0.001 0.916 0.264 0.197 -0.08155 0.080788 0.090064 -0.01059 0.162601 -0.04453 -0.03653 0.017907 0.0017

number of 
leaves 0.761 -0.365 -0.006 -0.166 0.333089 -0.05717 -0.30722 0.183487 0.127368 0.010758 -0.00227 0.01044 -0.00168

Leaf area -0.642 0.416 -0.0039 0.403 -0.0909 -0.27579 -0.37778 -0.15128 -0.00197 0.025138 0.005843 0.005486 -0.0007

Inter-nodal 
length -0.152 -0.168 -0.548 0.727 0.18615 -0.14408 0.180925 0.169911 0.030762 0.006338 0.002965 -0.00902 0.001264

Number of 
tillers 0.768 0.212 -0.082 0.229 0.487622 0.112193 0.028135 -0.20302 -0.10815 0.004653 -0.01298 0.01848 -0.0015

Juice 
contents 0.795 0.441 -0.118 0.16 -0.18752 0.265178 -0.1182 0.026216 -0.00615 0.107101 0.001947 -0.01751 0.0067

Brix value -0.142 0.793 -0.396 -0.303 0.244585 -0.0234 0.098387 -0.12103 0.11614 0.009724 0.041991 -0.01076 -0.00002

Fresh cane 
weight 0.799 0.505 0.102 0.22 -0.1921 0.055052 -0.02372 0.051483 -0.01537 -0.0425 0.011188 -0.02197 -0.01119

Sucrose 
contents -0.123 0.798 -0.325 -0.379 0.103719 -0.25038 -0.00221 0.116077 -0.08951 0.029349 -0.03855 -0.01677 -0.00085

Dry matter 
contents 0.408 0.636 0.589 0.036 0.045376 -0.19621 0.044554 0.160263 -0.08927 -0.02994 0.032028 0.018006 0.005022

Commercial 
cane sugar 0.205 0.186 -0.9003 -0.105 -0.2844 0.084291 -0.06708 0.05706 -0.04256 -0.04573   

0.007589 0.037024 -0.00009
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