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ABSTRACT 
 

This study was conducted at Sugarcane Research Station, Muzaffarnagar, Uttar 
Pradesh, India during 2005-08 crop seasons to evaluate the associations of 
cane and sugar yields and their components by inter-se correlations. Thirteen 
sugarcane cultivars (Co 1148; Co J 64; Co S 687;  Co S 767; Co S 88230; Co S 
94257; Co S 94270; Co S 95222;Co S 95255; Co S 96258; Co S 96260; Co Se 
92423 and UP 22)were studied in a replicated trial under RCBD.  Data on eight 
parameters were collected and used for unit analysis and correlation 
coefficients analysis to find associations among these traits. The results 
showed that cane yield had almost positive association with its components. A 
significant positive association was observed between cane yield and number 
of canes per plot at environmental (re = +0.781), phenotypic (rp= +0.682) and 
genotypic (rg =+0.679) levels. A highly significant correlation was observed for 
association of cane yield with cane weight (+0.683), cane height (+0.779) and 
low degree association with cane thickness at genotypic levels. Sugar yield per 
plot had also a highly significant positive correlation with cane yield (re 
=+0.979, rp =+0.890, rg =+0.869) and number of canes per plot (re =+0.803, 
rp=+0.663, rg =+0.664) at all three levels showing almost similar pattern of 
association with cane weight. However, juice sucrose percent at harvest had a 
non-significant negative association with sugar yield at all three levels. 
Sucrose percent also exhibited negative association with cane yield at all 
levels but significant (-0.595) at genotypic level only. The pattern of association 
of cane and sugar yields with their components was found, by and large, to be 
similar. Cane and sugar yield components like number of canes, cane weight 
and cane height are desirable traits for selection criteria in sugarcane varietal 
improvement programme. A low magnitude negative correlation of sucrose 
with cane and sugar yields implied that both traits i.e yield and sucrose could 
be selected simultaneously.  
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INTRODUCTION 
 

Sugarcane is an important commercial crop in the Indian sub-continent and 
cultivated in tropical and subtropical climatic regions of the country. 
Sugarcane varietal improvement programmes primarily envisage breeding of 
varieties with high cane yield and high sugar content suitable for specific 
climatic conditions.  In this crop, varietal improvement by using newly 
developed scientific concepts to bring out the maximum expression of yield 
potential possessed by varieties are the factors desiring more attention of the 
researchers. Various traits are accounted for variations in cane and sugar 
yields. Many of these character components are quantitatively inherited and 
inter-related with each other. Knowledge of interrelationship among the 
various characters is considered to be important in devising proper selection 
strategies in a sugarcane breeding (9).  
 
In association studies in sugarcane, Barber (4) made the first systematic 
effort in correlating some of the morphological characters with juice quality. 
Stevenson (29) pointed out that there may not be specific genes controlling 
the complex characters, but sum total effect of its component might be 
influencing the two most important characters, namely, cane yield and 
sucrose in sugarcane.  Correlation coefficient analysis has been extensively 
used by plant breeders to obtain precise information on interrelationship 
among plant traits to better assess outcome of selecting one or more trait 
(11). Reddy and Reddi (22) reported that stalk number per plot had the 
greatest influence on cane yield, followed by stalk weight. As far as 
association of components with quality is concerned, the apparent non-
complementary and often negative association between yield and quality 
characters was reported by many researchers. Premchandran (19) observed 
that sucrose percentage in the juice had either negative or no correlation with 
cane yield and CCS yield. The estimation of correlation of coefficients is of 
little value, however, some application can be made of these associations 
(24).  Plant breeder selects an array of traits to select cultivar. 
 
The knowledge of association of cane and sugar yields with other traits helps 
breeders select suitable and desirable plant type. In multiple objective 
selections, correlation between characters in varying environmental 
conditions is of immense importance for overall response to selection. 
Pattern of association existing in the yield and quality components in 
subtropical environment has not been thoroughly examined over the years in 
this crop. With this aim in view, the present research was conducted to study 
association of components with cane and sugar yields by employing 
biometrical technique of correlation coefficient analysis which may help 
enhance the response in cultivar selection.  
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MATERIALS AND METHODS 
 
This study was conducted at Sugarcane Research Station, Muzaffarnagar, 
Uttar Pradesh, India during the year 2005-08. Thirteen sugarcane cultivars, 
representing early and mid-late maturity (Co 1148; Co J 64; Co S 687;  Co S 
767; Co S 88230; Co S 94257; Co S 94270; Co S 95222;Co S 95255; Co S 
96258; Co S 96260; Co Se 92423 and UP 22) were planted in RCBD in three 
blocks. Seed cane material was drawn from U.P. Council of Sugarcane 
Research, Shahjahanpur.  
 
The cane metric and juice quality characters were recorded in cane plant at 
harvest (12 month stage). The  parameters taken into consideration were; 
number of canes per plot,  cane yield per plot (kg), cane weight (g) , cane 
height (cm), cane thickness (cm), number of internodes alongwith quality 
characters, i.e. sucrose percent in juice and commercial cane sugar yield 
(kg). Cane length (from the stalk base to the first visible dewlap or leaf collar) 
was measured from five randomly selected stalks per plant. Cane diameter at 
mid-stalk level of the same five stalks was recorded using a caliper. Cane 
weight was estimated as the volume of stalk assuming a perfect cylinder with 
specific gravity of one   (6,17). The juice analysis was done as per method 
described in AOAC and sucrose percent in juice determined as per Horne’s 
dry lead method (28). Commercial cane sugar (CCS) yield was calculated by 
multiplying CCS percent (at harvesting time) with cane yield. The data 
collected were analyzed as per standard procedure techniques given by 
Goulden (12).  
 
Mean data collected on cane and sugar yields and its components were 
subjected to analysis of variance and covariance and correlation coefficients 
obtained for each pair of characters The correlation coefficients at 
environmental level, phenotypic and genotypic were worked out using 
following formula suggested by Fisher (10) and adopted by  Al. Jibouri et al. 
(2).  
 

                   Convariance of xy 
rxy =  ———————————————————— 

            √ (Variance of x) (variance of y) 
 
The phenotypic (varietal) and error variances and covariances were used 
directly to obtain phenotypic and error level correlation coefficients. For 
genotypic correlations, the genotypic values of variances and covariances 
were obtained by deducting the error components from the respective 
phenotypic sums of squares and products.  
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RESULTS AND DISCUSSION 
 

The mean squares indicated that there were differences among the varieties 
for all characters studied. Thus the varieties were genetically divergent. It 
was also observed that for these characters, the magnitude of differences 
due to environment were non- significant. The ‘r’ values obtained over the 
years at environmental, phenotypic and genotypic levels for the inter se 
combinations between cane yield and its components are presented in Table 
1. It can be seen that cane yield, in general, exhibited a positive correlation 
with all its components at the environmental, phenotypic and genotypic 
levels. The ‘r’ values were non-significant at three levels between cane yield 
and number of internodes. The correlation between cane yield and cane 
thickness was found to be significant (+0.567) only at genotypic level (Table 
1). Chaudhary and Joshi (7) observed a positive significant correlation of 
cane  diameter and number of internodes with cane yield. The non-significant 
 
Table 1.  Association analysis for cane yield and its components (combined data). 
 

Characters Cane 
yield 

(kg/plot) 

No. of 
canes/plot 

Cane 
weight 

(g) 

Cane 
height 
(cm) 

Cane 
thickness 

(cm) 

No. of 
internodes 

re 1.00 0.781** 0.213 -0.118 0.0028 0.123 
rp 1.00 0.682** 0.645* 0.642* 0.453 0.248 Cane yield 

(kg/plot) rg 1.00 0.679** 0.683** 0.779** 0.567* 0.335 
 

re  1.00 0.088 -0.044 -0.150 0.162 
rp  1.00 0.326 -0.025 -0.422 0.426 No. of 

canes/plot rg  1.00 0.381 -0.022 -0.484 0.596* 
 

re   1.00 0.166 0.376 0.186 
rp   1.00 0.562* 0.849** -0.002 Cane weight 

(g) rg   1.00 0.640* 0.939** -0.061 
 

re    1.00 -0.137 0.226 
rp    1.00 0.295 0.304 Cane height 

(cm) rg    1.00 0.377 0.381 
 

re     1.00 0.066 
rp     1.00 -0.118 

Cane 
thickness 
(cm) rg     1.00 -0.228 

 
re      1.00 
rp      1.00 

Number of 
internodes 

rg      1.00 
 

negative association between cane yield and cane height at environmental 
level turned out to be positive and significant (+0.642) at phenotypic level 
which increased to highly significant value (+0.779) at genotypic level. 
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Mariotti (15) found height and number of stalk as major components of yield.  
The ‘r’ values between cane yield and cane weight were found to be 
significant (+0.645) and highly significant (+0.683) at phenotypic and 
genotypic levels, respectively. The highly significant correlation coefficient 
(+0.781) was recorded for the association of cane yield and number of canes 
per plot at environmental level, and also found significant at phenotypic and 
genotypic levels (rp =+0.682 and rg =+0.679). Mariotti (16) summarized the 
results of clonal selection experiment conducted over ten years in Argentina, 
finding that number of stalks was the most important component of yield. 
Some other scientists (1, 18, 27) have reported a highly significant positive 
association between cane yield and three of its components (number of 
stalks, stalk weight and stalk length). In the present study also a positive 
association was observed between cane yield and its all components, but not 
significant in all cases (Table 1). A highly significant positive association was 
observed between cane yield and number of canes per plot at all three levels. 
Reddy and Somarajan (23) also observed while studying interspecific hybrid 
population that cane yield did not have significant positive association with all 
yield attributes except number of millable canes. However, a significant 
positive correlation of cane yield was found with cane weight and cane 
height, at phenotypic level which turned out to be highly significant at 
genotypic level. The association of cane yield with cane thickness was 
positive but significant only at genotypic level. 
 
It can be clearly seen (Table 1) that out of all possible associations, only 
three associations i.e. between cane weight and cane height (rp = +0.562, rg 
= +0.640), between cane weight and cane thickness (rp = +0.849, rg = 
0+.939) and between number of canes per plot and number of internodes (rg 
= +0.596) were found to be either significant or highly significant in nature. It 
can be further observed that associations of number of canes per plot with 
cane height and cane thickness were negative at all levels. Rao and 
Krishnamoorthy (21) while commenting on negative association between 
component characters have stated that sugarcane plant type should be one 
having uniform maximum number of stalks of a minimum height consistent 
with thickness and weight. The association between number of canes per plot 
and cane weight was non-significantly positive at all levels but association 
between cane thickness and number of internodes was observed to be 
negative at phenotypic and genotypic level. Cane height and cane thickness 
showed negative association only at environmental level. Similar pattern of 
inter se correlations among cane yield contributing characters were reported 
by Mariotti (15) and Tyagi and Lal (30).  
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The four important components of cane yield (number of canes per plot, cane 
weight, cane height and cane thickness) as well as sucrose percent in juice 
were considered as the components of sugar yield on a priori grounds for the 
study. The sugar yield per plot exhibited a positive correlation at all levels 
with cane yield, and its components but negative correlation with juice 
sucrose percent (Table 2 and 3). The association of sugar yield with cane 
weight was highly significant at both phenotypic (+0.687) and genotypic 
(+0.664) levels. Correlation with cane height was also found significantly 
positive at phenotypic (+0.579) and genotypic (+0.523) levels. In association 
between sugar yield and number of canes, highly significant positive 
correlations were observed at environmental and phenotypic levels 
(+0.803,+0.663) and significant at genotypic level (+0.644). Lu (14) also 
indicated that sugar yield per unit area was positively correlated with number 
of stalks per unit area, single stalk weight and stalk length.  Significant 
genotypic value (+0.589) was obtained in association between sugar yield 
and cane thickness. Similar pattern of positive relation of CCS yield with stalk 
diameter and length was also found by Das et.al. (8). Juice sucrose percent 
exhibited non-significant negative relation with sugar yield similar to the result 
observed by Balasundaram and Bhagyalakshmi (3). Again sucrose percent 
showed, by and large, low negative association with yield components almost 
all levels agreed to the reports of earlier workers (5, 20). 
 
Table 2. Association analysis for sugar yield and its components (combined data). 
 

Characters  Sugar 
yield 

(kg/plot) 

No. of 
canes/ 

plot 

Cane 
weight 

(g) 

Cane 
height 
(cm) 

Cane 
thickness 

(cm) 

Juice 
sucrose (%) 
at 12 month 

re 1.00 0.803** 0.409 -0.185 -0.025 0.039 
rp 1.00 0.663** 0.687** 0.579* 0.467 -0.190 

Sugar yield 
(kg/plot) 

rg 1.00 0.644* 0.664** 0.523* 0.589* -0.595* 
 

re  1.00 0.088 -0.044 -0.150 0.041 
rp  1.00 0.326 -0.025 -0.422 -0.232 

No. of 
canes/plot 

rg  1.00 0.381 -0.022 -0.484 -0.262 
 

re   1.00 -0.166 0.376 -0.432 
rp   1.00 0.562* 0.849** -0.103 

Cane weight 
(g) 

rg   1.00 0.640* 0.939** -0.082 
 

re    1.00 -0.137 -0.229 
rp    1.00 0.295 -0.181 

Cane height 
(cm) 

rg    1.00 0.377 -0.179 
 

re     1.00 -0.120 
rp     1.00 0.003 

Cane 
thickness 
(cm) rg     1.00 0.014 

 

re      1.00 
rp      1.00 

Juice 
sucrose % 
at 12 month rg      1.00 
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Table 3. Correlation inter se among cane yield, sugar yield and juice sucrose percent. 
 

Characters  Cane yield/plot Sucrose percent in juice 
re +0.979** +0.039 
rp +0.890** - 0.190 Sugar yield/plot 
rg +0.869** - 0.212 
re  -0.150 
rp  -0.273 Cane yield/plot 
rg  -0.595* 

 
The association among cane yield, sugar yield and sucrose percent in juice 
revealed an interesting picture. The association between sugar yield and 
cane yield was positive and highly significant at all levels, as evident from the 
very high ‘r’ values (+0.979,+0.890,+0869) (Table 3). Sandeep et al. (25) 
have also conducted correlation studies in sweet sorghum and reported 
highly significant positive correlation of stalk yield and sugar yield per unit 
area. In present study also, a very high significant positive correlation with 
the highest value (+0.979) at environmental level was observed between 
sugar yield and cane yield. Sucrose percent in juice, on the other hand, 
exhibited positive non-significant association with sugar yield at the 
environmental level but negative non-significant association at phenotypic (-
0.190) and genotypic (-0.212) levels. The association between sucrose 
percent in juice and cane yield was observed to be negative at all levels but 
significant (-0.595) at genotypic level only. 
 
The apparent negative association between sugar yield and juice sucrose is 
a natural consequence of the negative association between cane yield and 
juice sucrose, since sugar per plot is a product of cane yield and sucrose 
percent. Singh et.al.(26)  and Kadian and Mehta (13) have also reported 
negative association between cane yield and sucrose percent in juice. 
 

CONCLUSION 
 

The essentially low degree of association of some of yield components such 
as cane thickness, number of internodes with cane yield and variations 
observed with respect to the nature and magnitude of association discussed, 
warrants a cautions approach for varietal selection on the basis of these 
characters. However, characters like number of canes per plot, cane weight 
and cane height showed consistently high significant positive association 
especially at phenotypic and genotypic levels with cane yield and sugar yield 
over the years. These characters could be chosen as a selection criteria for 
improvement of cane and sugar yields. 
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Another important component, juice sucrose percent had a non-significant 
association with sugar yield. The pattern of association of cane and sugar 
yield with their components was, by and large, similar. The pattern of 
association inter se among the components of cane and sugar yields differed 
widely both in nature and magnitude. However, negative association of 
number of canes per plot and the cane thickness was quite consistent. 
Similarly juice sucrose percent had a non-significant negative association in 
general with almost all the other components as well as with cane and sugar 
yields except significant negative value at genotypic level in association with 
cane yield. The non-significant association between juice sucrose percent 
and the most important yield component i.e. number of canes per plot 
suggests the possibility of effecting simultaneous improvement both in yield 
and quality and indeed breeders do this. 
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