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ABSTRACT

To assess genetic divergence of sugarcane germplasm, an experiment comprising 25
sugarcane genotypes was conducted at Sugar Crops Research Institute (SCRI), Mardan,
Khyber Pakhtunkhwa, Pakistan, in quadruple lattice design during 2008-09. Among the 14
parameters evaluated, majority exhibited significant differences while some showed non-
significant mean squares. The initial correlation matrix revealed medium to high
correlations. Principal Component Analysis (PCA) showed that there were two principal
components accounting for 88% of the total variation in the tested breeding material. The
new components were named “Vigor”, and “Quality”. Principal Component Regression
(PCR) indicated that these two accounted for 93.64% and 7.36% of variation in the yield,
thus signifying the role of the “Vigor” Component. Cluster analysis using Ward’s method on
the newly created variables using principal components revealed that there were 3 clusters
at a linkage distance of 4.5. Cluster I and III had 11, and cluster II had 3 genotypes. Cluster
I showed high mean values for Vigor Component while Cluster II for Quality Component
and Cluster III showed genotypes with high mean yield. There was no correspondence of
the clustering with the geographic location of the genotypes. It could be concluded from
these analyses that there are two main components i.e. vigor, and quality accounting for
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maximum variation in yield. The genotypes in cluster I and II could be utilized as source for
future selection or hybridization program for the improvement of these characters in
sugarcane.
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1. INTRODUCTION

An essential first step in any varietal development program is to come up with sugarcane
germplasm which has sufficient genetic variability. Accurate assessment of genetic diversity
is very important in crop breeding as it helps in the selection of desirable genotypes,
identifying diverse parental combination for further improvement through selection in the
segregating populations, and introgressing desirable genes from diverse germplasm into the
available genetic base [1]. Therefore, genetically diverse germplasm is needed in breeding
programs to enhance the productivity and diversity of cultivars. Utilization of introduced
germplasm and the knowledge of genetic remoteness among them are vital for their
manipulation in crop improvement program [2].

Multivariate statistical analysis techniques like Principal Component Analysis (PCA) and
Cluster Analysis techniques could be used for evaluating genetic divergence among
sugarcane genotypes. These analyses have been used successfully to study genetic
diversity in chickpea [2], sugarcane [3,4,5], groundnut [6], and other crops. Ram and
Hemaprabha [7] studied 30 hybrid clones involving Saccharum barberi, S. officinarum, and
Co hybrid to evaluate their seven parents to find out the nature and pattern of genetic
divergence. The clones were grouped in 15 clusters and grouping of progeny clones was
independent of parent cross combination. They concluded that hybridization among clones
from diverse clusters may help in isolating progenies with higher sugar yield and its traits.
PCA based on 16 morphological traits [8] resulted in 4 principal components which
accounted for 76% of the total variation. The first principal component accounted for 29%
variation which was mainly attributed to variation in juice quality, yield and stalk diameter
traits. Cluster analysis of the 81 cultivars resulted in two major and eight minor clusters. Tai
and Miller [9] evaluated sugarcane germplasm from field plots of 4 saccharum species and 4
commercial cultivars by means of analysis of sugar composition. Cluster analysis indicated
heterogeneity within and among these species. They concluded that information on sugar
composition should assist breeders in selecting superior clones for the relevant breeding
programs. Ninety-four genotypes of S. spontaneum were studied by Zhang et al. [10] for
principal component and cluster analysis based on seven quantitative traits of S.
spontaneum. The three principal components obtained, provided 82.47% cumulative
variance. Based on these seven traits, the 94 spontaneum genotypes were grouped into 4
clusters.

The present study was conducted to ascertain the role of the most important characters in
causing variation in yield and to evaluate the magnitude of genetic diversity in sugarcane
genotypes as well for further improvement of the crop.

2. MATERIALS AND METHODS

Plant crop of 25 genotypes was grown (Fig. 2 for the names of the genotypes) at the
experimental fields of Sugar Crops Research Institute, Mardan, Khyber Pakhtunkhwa,
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Pakistan, using 5 x 5 quadruple lattice design in 4 replications and with one repetition during
2008-09. The genotypes belonged to Canal Point (CP), Houma (HO), Sao Paulo (SP), Natal
(N), and others (procured inland), and consisted of 9, 5, 2, 4, and 5 genotypes, respectively.
Data were recorded on Germination, Tillering, Plant height (growth), Cane Yield, Millable
Canes, POL%, Recovery and Sugar Yield. Crop Growth Rate (CGR) was calculated as
subtracting germination, tillering and growth data of 2nd date from the first and then dividing
by 30 as the interval in data taking was 30 days.

The data were subjected to statistical analysis using statistical software MSTATC. Principal
Component Analysis was carried out using computer software package, SPSS Version 17.0,
as it gives a scree plot for numbers of components to retain, and to portray them in a rotated
space. Kaiser’s MSA (Measure of sampling advocacy) and eigen vectors were worked out in
“SAS version 9.1 Portable”. Yield character was excluded from PCA as it had to be included
in the principal component regression (PCR). SAS is a handy package for finding out MSA
values, and eigen vectors using MSA method of “Factor” procedure. The extracted
components were rotated using Varimax rotation [2]. A character was said to load well on a
principal component if its correlation with the component was greater than 0.40 [11]. The
most significant principal components (eigen vectors) were taken and transposed. The raw
data were transposed as well. The matrix product of these principal components and the
transposed raw data were new variables to be used in subsequent analysis. These new
variables were analyzed using SAS Version 9.1 Portable’s PROC PLS Procedure for PCR.
Cluster analysis was carried out using STATISTICA 7.0 using the newly created variables
after standardizing [2, 6]. STATISTICA software was used for cluster analysis for the ease of
clustering the genotypes using scree plot and determining the linkage distance at which to
make clusters.

3. RESULTS AND DISCUSSION

The initial correlation matrix is given in Table 1 which showed low to high correlation among
the characters studied in this investigation. Table 2 shows values of respective Kaiser’s
Measures of Sampling Advocacy (MSA), for the characters under study. According to Karl
[12] MSA value of above 0.5 was sufficient for a variable to be retained for principal
component analysis. MSA values for CGR1, CGR2, Growth1 and CGR3 were very low and
hence were excluded from further analyses. Growth2 loaded positively on both components
1 and 2, therefore, it was dropped as well. Millable canes were also omitted because of low
MSA value. Yield was omitted because it had to go into the Principal Components
Regression (PCR) analysis. Overall MSA Value after the two analyses went up to 0.595
which was satisfactory.

Initial eigenvalues presented in Table 3 were above 1 for components 1, and 2. Component
1 accounted for 46.83%, and component 2 for 41.32% of the total variance. The cumulative
variance explained by the two components was 88% (above the range of 70 – 80% and
hence was satisfactory). Muyco [8] on the contrary found 4 principal components giving rise
to 76% variation in the data, with the first component comprising juice quality, yield and stalk
diameter traits. Similarly, Deepak et al [13] recorded quality traits (Brix, Pol %) loading on the
first two principal components. The rotated component eigenvectors matrix (Table 3) showed
that the characters like Tiller 1, Germ2, Germ1, and Tiller2 loaded well on component 1, and
Recovery, POL%, and Purity on Component 2. The characters were said to load well on a
component if their values were above 0.40 [11]. The components were grouped together in
rotated space (Fig. 1). Based on the characters loading on the principal components they
could be named as “Vigor”, and “Quality”, components.
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Table 1. Correlation matrix of plant and yield characters of 25 sugarcane genotypes

Germ1a Germ2a CGR1b Tiller1 Tiller2 CGR2 Growth1 Growth2 CGR3 MCanesc POL% Purity Recovery Yield
Germ1 1.000 .889** -.152 .764** .508** -.507** .281 .447* .340 .023* .085 .025 .068 .165
Germ2 .889 1.000 .317 .819** .671** -.296 .219 .343* .259 -.139 .014 -.056 .006 .123
CGR1 -.152 .317 1.000 .184 .397* .411 -.111 -.185 -.146 -.350 -.143 -.171 -.126 -.078
Tiller1 .764 .819 .184 1.000 .868** -.269 .224 .297 .197 -.089 .024 -.054 .004 .245
Tiller2 .508 .671 .397 .868 1.000 .245 .188 .102 -.021 -.146 -.066 -.156 -.083 .135
CGR2 -.507 -.296 .411 -.269 .245 1.000 -.073 -.384* -.425* -.109 -.175 -.198 -.168 -.216
Growth1 .281 .219 -.111 .224 .188 -.073 1.000 .605** -.026 -.008 .061 .142 .084 .167
Growth2 .447 .343 -.185 .297 .102 -.384 .605 1.000 .780** .181 -.025 .044 .002 .271
CGR3 .340 .259 -.146 .197 -.021 -.425 -.026 .780 1.000 .234 -.080 -.056 -.064 .208
MCanes .023 -.139 -.350 -.089 -.146 -.109 -.008 .181 .234 1.000 -.140 -.004 -.117 .305
POL % .085 .014 -.143 .024 -.066 -.175 .061 -.025 -.080 -.140 1.000 .899** .994** -.299
Purity .025 -.056 -.171 -.054 -.156 -.198 .142 .044 -.056 -.004 .899 1.000 .928** -.271
Recovery .068 .006 -.126 .004 -.083 -.168 .084 .002 -.064 -.117 .994 .928 1.000 -.297
Yield .165 .123 -.078 .245 .135 -.216 .167 .271 .208 .305 -.299 -.271 -.297 1.000

a Germination Percentage b Crop Growth Rate c Millable Canes * Significant at P= .05 ** Significant at P= .01

Table 2. Table of MSA’s in succeeding analyses for the characters under study

Germ1a Germ2a CGR1b Tiller1 Tiller2 CGR2 Growth1 Growth2c CGR3 MCanesc POL Percent Purity Recovery Yield Overall MSA
1 MSAa 0.47 0.47 0.22 0.47 0.40 0.30 0.19 0.37 0.28 0.41 0.45 0.72 0.49 0.75b 0.409
2 MSA 0.57 0.63 -- 0.69 0.61 -- -- 0.50 -- 0.301 0.50 0.61 0.5 -- 0.57
3 MSA 0.55 0.63 -- 0.69 0.60 -- -- -- -- 0.21 0.53 0.63 0.52 -- 0.58
4 MSA 0.58 0.669 -- 0.679 0.590 -- -- -- -- -- 0.540 0.610 0.520 -- 0.595

a Kaiser’s Measure of Sampling Advocacy b Yield was also excluded as it had to go into regression analysis c Growth2 was also excluded because it
loaded both on component1 and 2. While MCanes had a low MSA value.
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Table 3. Principal components (rotated) for the characters of 25 sugarcane genotypes

PC1 PC2
Eigenvalues 3.278 2.892
% of Variance 46.830 41.316
Cumulative % of Variance 46.830 88.146

Communalities Eigenvectors (Rotated)
Tiller1 .778 .955* -.005
Germ2 .879 .938* .003
Germ1 .913 .878* .084
Tiller2 .717 .839* -.114
Recovery .969 .008 .993*
POL Percent .927 .025 .984*
Purity .987 -.060 .961*

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser
Normalization. a. Rotation converged in 3 iterations. * Value >0.40

Fig. 1. The components extracted in rotated space

The newly created variables (using eigenvectors of the Principal Components and the
original data) were regressed on yield using principal component regression (Table 4). It is
obvious from the Table that the Vigor component caused 92.64% variation followed by
Quality (7.35). It is inferred that Vigor is an important principal component in causing
variation in yield.
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Table 4. Principal components regression for the new variables created using
principal components (percent variation accounted for by principal components)

Number of extracted
factors

Model effects Dependent variables
Current Total Current Total

1 92.6495 92.6495 2.2482 2.2482
2 7.3505 100.0000 4.0639 6.3121

The cluster analysis procedure grouped the genotypes into 3 clusters at a linkage distance
of 4.5 with cluster I having 11, cluster II having 3, and cluster III having 11 genotypes,
respectively (Fig. 2). Cluster analysis showed that there was no correspondence between
the clustering of the genotypes and their geographic origin. The germplasm contained N
series, CP series and HO series genotypes and were grouped in separate clusters
irrespective of their geographic location. This suggests that the genotypes of different
locations have genetic similarity and could have been derived from the same breeding
material. Similar results were obtained by Ram and Hemaprabha [7] wherein they found that
the progenies of a cross clustered independently of their parents. The mean and standard
deviation for the clusters are given in Table 5. Cluster I showed high mean values for
Germ1, Germ2, Tiller1 and Tiller2 (i.e., Vigor Component), while Cluster II for POL%, Purity,
and Recovery (i.e., Quality Component) and Cluster III showed genotypes with high mean
yield.

Fig. 2. Dendrogram showing 25 sugarcane genotypes using 3 variables estimated by 3
principal components and original data (the 3 newly created variables were

standardized before clustering)
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Table 5. Cluster means and standard deviations for the characters of 25 sugarcane
genotypes

Cluster I Cluster II Cluster III
Germ1 44.6 ± 3.8 30.5 ± 9.0 36.1 ± 6.7
Germ2 52.5 ± 5.1 36.8 ± 10.1 44.1 ± 5.9
Tiller1 184.8 ± 19.8 111.0 ± 18.9 150.2 ± 22.6
Tiller2 214.8 ± 22.6 152.3 ± 1.5 187.6 ± 30.6
Pol% 17.9 ± 0.5 18.1 ± 0.4 17.3 ± 0.4
Purity 84.1 ± 1.6 85.1 ± 1.1 82.7 ± 1.2
Recovery 11.3 ± 0.4 11.6 ± 0.3 10.9 ± 0.4
Yield t/ha 60.3 ± 6.3 46.6 ± 1.1 66.6 ± 7.3

4. CONCLUSION

The findings of this study suggest that the important characters responsible for diversity in
the sugarcane genotypes could be grouped in two Principal Components namely Vigor and
Quality with Vigor traits being comparatively more important than quality. Similarly, the 14
genotypes clustered for high mean values of various traits could be exploited for
improvement in Vigor and Quality characteristics either through selection or hybridization.
The cluster having high mean values for yield could be selected for yield per se as well.
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