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Abstract

Twenty two accessions of sugarcane were investigated for determining genetic variability and suitable combination of
characters for maximizing cane yield and sucrose percentage based on twelve pivotal quantitative traits using correlation and
principal component analysis. The analysis of variance revealed considerable range of variability for all the characters studied.
Cane weight was positive and significantly correlated with plant height, cane height, leaf area, brix value, juice contents and
bagasse weight. Bagasse weight, dry matter contents and brix value had positive significant correlation with sucrose
percentage. Principal component analysis was applied and three components which caused more than 70 percent of total
variance were considered important and all the traits were studied in accordance to these components. Results indicate that
different sugarcane accessions can be exploited for yield contributing traits and for specific use high yielding can be

developed.
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Introduction

Sugarcane is a genetically complex, heterozygous and
economically important crop grown mainly in tropical and
subtropical areas (Khan et al., 2012) [*9, It is derived from
interspecific hybridization between Saccharum officinarum
and S. spontaneum. A series of back crosses were made
between S. spontaneum and S. officinarum to minimize the
negative traits of S. spontaneum and maximizing the sucrose
producing traits of S. officinarum that lead to “nobalization”
of sugarcane (Sreenivasan et al., 1987; Qamar et al., 2105,
2017) B2 28 291 |n Pakistan it is a valauable and
economically important cash crop grown for sugar and
sugar products. It shares 3.2% in value added in agriculture
and 0.9 % in GDP. In Pakistan it is grown on an area of
around one million hectares with total production of 52.8
million tonnes and per hectare yield of 55 ton along with
sugar recovery of 8.74% compared to world average
production of 63.7 tons per hectare and sugar recovery of
10.6% (Anonymous, 2012-13) [1. Hence it is a dire need to
change current synerio and develop new high yielding
cultivars that not only boost provincial and national cane
yields but also enhance the economy of Pakistan.
Information about the contribution of various cane and
quality characters to cane yield is vital for development of
new high yielding sugarcane cultivars.

To get high sugarcane yield and sugar recovery percentage
is main objective of sugarcane variety improvement
program. Sugar per unit area is determined by the cane

yield/unit area and sucrose percent in juice. These characters
are mostly influenced by their component traits. Milligan et
al., (1990) > reported the most important determinant of
sugarcane Yyield is cane yield. So selection for high sucrose
contents mainly include cane yield with focus on stalk
number. It can be concluded that selection for high
sugarcane yield and sugar recovery percentage will be more
efficient if there is better understanding of correlation and
association between cane yield contributing components. In
recent years sugarcane yield has been increased by making
improvement in cane yield rather than sugar yield (Jackson
2005) 1, Due to high poloidy level with variable
chromosome numbers in somatic cells in both cultivated and
wild types the progress in breeding of sugarcane is slow
(Awais et al., 2017, 2019; Garcia et al., 2006) & % 231, As the
demand for white sugar is continuously increasing the cane
productivity and sugar recovery has to be increased
accordingly. In sugarcane, complex traits like sugar quality
and cane yield are influenced by a number of traits. These
traits directly and indirectly contribute to the yield and
variety development is the most pivot and cheapest
technology for boosting cane productivity and production
through sugarcane varietal improvement programme and it
proceeds via choosing parents having desire traits,
determining association between those traits and making
crosses (Ali et al., 2010, 2013, 2014; Kanwal et al., 2019;
Mahmood et al., 2019; Mustafa et al., 2018; Tahir et al.,
2013) [5 19, 23, 26, 341 Multivariate statistical techniques like
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Principal Component Analysis (PCA) techniques could be
used for estimating genetic divergence among sugarcane
genotypes (Ali et al., 2010; Ali et al., 2016; 2017) [> 81, This
analysis has been used successfully to study genetic
diversity in crops like chickpea (Malik et al., 2010) [,
sugarcane (Luo et al., 2005; llyas 2011; Chen et al., 2006)
(2215, 11 groundnut (Sudhir et al., 2010) %, potato (Ali et
al., 2019) iUI; cotton (Hafeez et al., 2019) [*4l and other crops.
Ram and Hemaprabha (1998) % reported that PCA may
help in isolating progenies with higher sugar yield and yield
contributing traits.

They concluded that information on sugar composition
should assist breeders in selecting superior accessions for
the relevant breeding program. Zhang et al., (2006) [
studied ninety four genotypes of S. spontaneum for principal
component analysis based on seven yield related characters
of S. spontaneum. The three principal components provided
82.47% cumulative variance. Based on these seven traits,
the 94 genotypes were grouped into four clusters. The
current study was planned to exploit the genetic potential of
sugarcane accessions for cane yield and sugar yield related
traits and evaluate the magnitude of genetic diversity as well
to develop a selection criterion for further improvement of
the crop.

Materials and methods

Twenty two sugarcane genotypes viz. CP77-400, CP-72,
CPF-235, SGH-292, CoJ-84, HSF-240, CPF-234, L-118,
SCP-237, SGH-297, NO.21-77, HSF-242, NO.10-72,
NO.11-77, CP-43-33, CoJ-64, NO.41-77, NO.11-72, SPF-
232, NO.61, SPSG-26 and BF-129 were grown at during the
2012-13, trireplicated using randomized complete block
design (RCBD). Recommened 30 cm PxP and 70 cm RxR
distance was maintained. Agronomic and plant protection
practices were applied as per recommendations to raise
healthy and vigorous crop. At maturity 10 guarded canes
were randomly selected for quantitative parameter study of
the following traits i-e Cane height (cm), Plant height (cm),
No. of tillers /stool, Leaf area (cm?), No. of leaves, Cane
weight (g), Cane diameter (cm), Juice contents (%), Dry
matter contents (g), Bagasse weight (g), Sucrose value and
Brix value (%). The data collected was subjected to Fisher’s
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(1958) *4 analysis of variance, correlation analysis outlined
by Kown and Torrie (1964) 21 and principal component
analysis (Yan, 2001) (3,

Results and discussion

From analysis of variance it was revealed that there were
significant differences among all the traits of studied
accessions. Correlation analysis figures out the intensity of
relationship between the two traits. To estimate the genetic
inter-relationship of the characters under study particularly
their relationship with the “brix value”, genotypic and
phenotypic correlations were computed. Correlation of plant
height with cane height was highly significant and positive
at phenotypic level but at genotypic level it has significantly
positive correlation with cane height, at the same time plant
height had significantly negative phenotypic correlation
with number of tillers and same is the situation with brix
value and sucrose contents. However its correlation with
juice contents, cane weight, leaf area and no. of leaves was
significant and positive at phenotypic as well as genotypic
level. Soomro et al., (2006) BY concluded that there is
positive correlation between cane weight and plant height.
Association of cane height with plant height, cane weight,
leaf area, no. of leaves, and juice content was significant and
positive at genotypic but highly significant and positive at
phenotypic level. Chaudhary and Joshi (2005) [% reported a
positively and highly significant correlation between cane
height, cane diameter and cane weight. The correlation of
no. of tillers per stool with no. of leaves per plant was non-
significant and positive at phenotypic but significant and
positive at genotypic level. Its association with leaf area was
found to be significant and positive at genotypic but positive
and highly significant at phenotypic level. It was also
observed that that no. of tillers had positive and significant
correlation with juice, bagasse weight, dry matter content
and brix at genotypic level. The association of number of
leaves with plant height, cane height was significant and
positive genotypic but positive and highly significant at
phenotypic level. It also had significant and positive
correlation with no. of tillers at genotypic but non-
significant at phenotypic level and same is the case with leaf
area.

Table 1: genotypic and phenotypic correlations for different traits

. Cane | No. of | No.of | Leaf | Cane Cane | Juice | Bagasse .
Traits Height | Tillers |Leaves| Area |Diameter |Weight| Contents ngght Dry Matter | Brix Value |Sucrose Value
Plant height 0.64* | -0.46 | 0.61* | 0.23*| 0.16 0.62* | 0.37* 0.38* 0.29* -0.44 0.33*
0.62** [-0.41**|0.59**| 0.21 0.14 |0.57**| 0.35** | 0.35** 0.27* -0.42** 0.31**
Cane Height 0.14* | 0.82* | 0.45*| 0.001 | 0.61* | 0.34* 0.29* 0.22* -0.71 -0.70
0.09 |0.77**|0.43**| 0.011 |0.56**| 0.32** 0.28* 0.21 -0.67** -0.67**
No. of tillers/Stool 0.12* | 0.36* | 0.06 -0.05 -0.15 -0.06* 0.20* 0.14* 0.01
) 0.08 [0.32**| 0.07 -0.01 -0.13 -0.05 0.17 0.12 0.01
0.12*| -0.18 0.32* | 0.49* -0.016 -0.14 -0.68 -0.70
No. of Leaves 011 | -0.16 | 0.29% | 1.48* | -0019 | -0.14 066 | -0.68%*
Leaf Area 0.35* | 0.50* | 0.21* 0.25* 0.38* -0.18 -0.26
0.35** |0.48**| 0.21 0.25* 0.37** -0.18 -0.26*
Cane Diameter 0.006 | -0.052 | 0.0134* 0.20* 0.23* 0.044
-0.001 | -0.051 0.0131 0.19 0.22 0.042
. 0.31* 0.68* 0.64* -0.36 -0.25
Cane Weight 0.30* | 0.66%* | 0.62%* | -0.35% -0.24*
Juice Contents -0.385 -0.41 -0.53 -0.434
-0.384** -0.42** -0.52** -0.432**
Bagasse Weight 0.94*0.93**|0.202*0.201| 0.204*0.203
Dry Matter Contents 0.293*0.291* 0.282*0.281*
Brix Value 0.91* 0.90*
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Table 2: Eigen values for first four components

Sr. No. Eigen value % Total variance Cumulative Eigenvalue Cumulative %
1 4.319453 35.99544 4.31945 35.9954
2 3.042459 25.35383 7.36191 61.3493
3 1.519547 12.66289 8.88146 74.0122
4 1.058500 8.82083 9.93996 82.8330

Correlation of leaf area with plant height and number of
leaves was positive and significant at phenotypic level but
non-significant at genotypic level. Leaf area was positively
correlated with cane weight, cane dia and dry matter content
and statistically highly significant at phenotypic level
whereas significant at genotypic level. llyas and Khan
(2010) 1 found that leaf area is positively correlated with
sucrose value, number of leaves and cane diameter.
Association of cane diameter with plant height and number
of leaves was non-significant and negative at both
phenotypic and genotypic level. It had also non-significant
and negative correlation with juice content where as its
correlation with dry matter content, bagasse weight and brix
value was statistically non-significant at phenotypic but
significant and positive at genotypic level. Khan et al.
(2003) 9 Studied that cane diameter is significantly
associated with cane height and cane weight. Association of
cane weight with cane height, plant height and leaf area was
significant and positive at genotypic level but highly
significant at phenotypic level. It was also found that cane
weight has positive and significant correlation with number
of leaves and juice content at both genotypic and phenotypic
level. Association of juice contents with bagasse weight, dry
matter, brix value and sucrose value was significant at
phenotypic level but non-significant at genotypic level.
Bagasse weight had significant and positive correlation with
number of tillers and cane weight at genotypic level whereas
non-significant at phenotypic level. It also had positive and
significant correlation with brix value and sucrose content at
genotypic level but non-significant at phenotypic level. The
association of dry matter contents with cane diameter and
leaf area was positive and significant at genotypic level and
highly significant at phenotypic level. With plant height it
has positive and significant correlation at both genotypic
and phenotypic level. Sucrose content and brix value also
had positive and significant correlation with dry matter at
both genotypic and phenotypic level. Correlation of brix
value with cane diameter, number of tillers and bagasse
weight were positive and significant at genotypic level
where as at phenotypic level it was non-significant.
Correlation of sucrose value was significantly and positively
correlated with bagasse weight at genotypic level and non-
significantly at phenotypic level. The correlation of sucrose
value was positive and significant with dry matter content at
both of the genotypic and phenotypic level. It was found to
be correlated with brix value significantly and positively at
genotypic level and highly significantly at phenotypic level.
(Table: 1 shows genotypic and phenotypic correlations
among different traits).

The eigenvalues presented in the Table: 2 were above 1 for
component 1, 2, 3 and 4. The component 1, 2 and 3
accounted for 35.99%, 25.35 % and 12.66% of total
variance whereas cumulative variance explained by these 3
components was 74 % which is within the range (70-80%)
and hence is satisfactory. However Muyco (2000) 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 (2012) recorded quality traits (Brix, Pol %)
loading on the first two principal components. Salient
features observed from the first PC were the negative
associations of brix value and sucrose content whereas for
2" PC most of the characters have negative associations and
only juice content and number of leaves had positive
association (Fig. 1 and Fig. 2). In case of PC 3 number of
tillers, cane diameter and leaf area had negative
associations, juice content also had negative association but
it had a small value so can be ignored (Fig. 3).
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Conclusion

From all of the results above discussed it can be concluded
that sugarcane accessions studied had a vast genetic
diversity for morphological and quality traits and most of
these are correlated with each other either positively or
negatively. So it can be said that for the improvement of
sugarcane cultivars for these parameters the genotypes
studied can be exploited and good yielding varieties of
sugarcane specific to their use can be developed.
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