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Relative contribution and associations studies among cane yield
and their components in sugarcane (Saccharum spp. hybrid)
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SUMMARY

The present investigation was carried out at five locations with 25 sugarcane clones including six standard checks to estimate the
association pattern, repeatability and path analysis of the various quantitative parameters during 2011 and 2012. Correlation co-
efficients indicated that cane yield was positively correlated with single cane weight (kg) and number of millable canes, whereas
sucrose % and CCS % showed significant negative correlation with cane yield. Repeatability of characterswas 0.32*, 0.33*, 0.52*,
0.15, 0.60* and 0.71* for HR brix sucrose %, caneyield, cane height, NMC and cane girth, respectively. Path analysisrevealed that
the number of millable canes was the most important character with the highest direct (1.9473) and indirect effects on caneyield,
followed by single cane weight (0.957), Regression analysis concluded 81.13% of total cane yield was contributed by SCW and

NMC.
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garcaneisan important commercial crop inthelndian
Sub-conti nent and cultivated in tropical and subtropical

limatic 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 theresearchers. Varioustraitsareresponsiblefor variations
in cane and sugar yields. Many of these character components
are quantitatively inherited and inter-related with each other.
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Knowledge of interrelationship among various charactersis
considered to be important in devising proper selection
strategies in a sugarcane breeding programme.

Correlation co-efficient 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. Number of millable canes per
plot had the greatest influence on caneyield, followed by stalk
weight (Reddy and Reddy, 1996). 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.
Sucrose percentage in the j uice has been reported to have either
negative or no correlation with cane yield and CCS yield
(Premachandran, 1995).

The knowledge of association of cane and sugar yields
with other traitshel psbreedersto select suitable and desirable
plant type. In multiple objective selections, correlation
between charactersin varying environmental conditionsis of
immense importance for overall responseto selection. Pattern
of association existing in the yield and quality componentsin
subtropical environment has not been thoroughly examined
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over the yearsin this crop. With thisaim in view, the present
research was conducted to study association of components
with caneand sugar yields by employing biometrical technique
of correlation co-efficient analysiswhich may help to enhance
the response in cultivar selection.

Breeding decisions based only on correlation co-
efficients may not always be effective since they provide only
one-dimensional information neglecting important and
complex interrelationships among plant traits (Kang, 1994).
Path co-efficient analysis separates the direct effect from the
indirect effects through other related traits by partitioning the
simple correlation co-efficients (Dewey and Lu, 1959).
Although the path analysis provides a clear picture of the
pattern of association, but it cannot construct a prediction
equation for sugar yield using its components. Considering
this point of view, the multiple linear regression analysiswas
also done.

MATERIAL AND METHODS

The experiment was conducted in fivelocationsviz.,, ARS
Sankeshwar, Khadaklat, Shegunsi, KSI Khanapur, and Main
Agricultural Research Station, UAS Dharwad. The
experimental material for the present study consisted of 25
genotypes of sugarcane including six standard checks viz.,
CoC 671, Co-94012, Co-86032, CoM-265, Co-92005 and Co
2001-15. Sugarcane was planted in Randomized Block Design
with threereplications during Feb 2011and Jan 2012. Thecrop
was planted with plot size of 6.0 x 3.6 sqgmwith seed rate of 12
eye buds per meter. The crop was grown with recommended
package of practices. All agronomical practices were adopted
during theentirecrop season. Datawererecorded on 5 randomly
selected canes for different quantitative characters in each
genotypesand meanwastaken for theanaysis purpose. Analysis
of variancewas used for cal culating genotypic, phenotypic and
environmental variations.

Mean data collected on cane and sugar yields and its
components were subjected to analysis of variance and
correlation co-efficients obtained for each pair of character
associations were studied, using simple correlation between

each two characters, y and x (Singh, 1995). The methodol ogy
proposed by (Dewey and Lu, 1959) was used to partition the
simple correlation co-efficientsinto direct and indirect effects.
Full model regression and co-efficient of determination (R?)
were estimated according to (Hussain et al ., 2012) using sugar
yield as resultant variable and its related characters as
explanatory variables.

RESULTSAND DISCUSSION

The analysis of variance for al the characters showed
that genotypesincluded in the test differed significantly with
respect to al characters studied (Table 1). Thisindicates that
there was significant amount of phenotypic variability among
the genotypes with regard to the characters providing a scope
for further improvement through simple selection (Punia et
al., 1983).

Correlation analysis:

The pair-wise simple correlation co-efficients (r) among
various characters are presented in Table 2. The association
of caneyield with other quantitative charactersindicated that,
there was a significant and positive association between cane
yield with total shoots (r=0.320**), number of cane formed
shoots (0.312**), cane height (0.850**), plant height
(0.325**), single cane weight (0.911**), number of millable
canes (0.869**), intermodal length (0.29**), number of
internodes (0.344**), cane girth (0.678**). A positive and
highly significant correlation between cane yield and its
components, viz., singlecaneweight, stalk length and millable
cane number wasreported (Bal sundaram and Bhagyal akshmi,
1978) and (Punia et al., 1983). Cane diameter having
significant positive correlation with cane yield was also
reported (Hooda et al., 1979). Whereas, there was also
significant and negative association observed between cane
yield and HR brix% (-0.273**), sucrose% (-0.358**), and
CCS % (-0.299**).

Total shoots showed significant and negative association
with number of cane formed shoots (-0.250*), number of
millable canes (-0.333**), cane height (-0.293**) and single

Tablel: Analysisof variance for important caneyield and sugar yield parameters

MSS for the characters
Source df  Germination Tillers  Millable Cane Numberof Single Numberof Juice Brix  Sucrose  Cane CCs
per cent per plot cane girth internodes  cane millable  extract percent percent yield yield
height (cm) weight canesper per cent (kg/ plot) (kg/plot)
(cm) kg) plot
Replication 2 140.69 30.69 114718 0.04 0.85 0.28 187.35 99.92 544 4516 1369.8 0.28
Genotype 24 340.20* 13511**  4290.33  0.42* 16.12*  0479** 2163.10** 51.33 4.01** 243*  14933** 191.6*
Error 48 162.40 1428 4759.79  0.10 2.67 0.055 963.80 60.27 114 1.00 507.29 10.92
SE.+ 7.35 2181 39.83 0.07 0.94 0.135 36.34 4.48 0.61 0.57 13.00 2.07
C.D. (P=0.05) 21.47 63.68 115696 0.20 2.75 0.395 97.10 12408 1.80 1.69 37.95 6.05
C.D. (P=0.01) 28.914 86.29 156.695  0.27 3.73 0.530 106.75 16.750 245 2.169 51.43 821

* and ** indicate significance of values at P=0.05 and 0.01, respectively
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XI.‘
0.320%
0.312%

0.869%*

Xiq
0.222
0.245

0.687**

X3
0.250%
0.234
0.369%*

XIZ
0.199
0.201

0.301*

0.222
0.134
0.241

0.198
0.149
0.205

Xo
-0.231
-0.249

-0.721%*

Xs
-0.193
-0.186
0.200

-0.244
0.169
-0.208

Xs
-0.215
-0.237%
-0.521%#

X
-0.458%*
-0.211
-0.698%*

X4

-0.293*
-0.286%

-0.412%*

X5
-0.333%*
0.299*
1.000

50%
1.000

X2

Table 2 : Genotypic correlation among cane vield and other yield related characters in sugarcane
-0.250

Characters

X

RELATIVE CONTRIBUTION & ASSOCIATIONS STUDIESAMONG CANE YIELD & THEIR COMPONENTS IN SUGARCANE

BOWOE F a8 R o koo cane weight (-0.458**). Where as positive association with
243 FES 23238 juiceextraction % (0.250*). Number of millable canes (NMC)
Sesesc@esTgTERT] showed significant and positive association with purity
g (0.301*), juice extraction % (0.369**) and CCS% (0.687**)
I e Qe wi E 3}2 g |E. and NMC showed significant and negative association with
sS8sgéssxrzxES = |23 cane height (-0.412**), single cane weight (SCW) (-0.698**),
g g plant height (-0.521**), cane girth (-0.721**). Similar results
= _ " " z = were reported by Balasundaram and Bhagyalakshmi, 1978
285828352 §8 and Singh et al., 1981. Positive correlation of single cane
SRl R R weight with cane yield was reported which agreed with our
= present studies (Singh et al., 1981 and Abdelmahamud et al.,
T3 EesEgeLe 5 2010).
(=l i I - 3 There was highly significant and positive correlation of
= 2 single cane weight with cane diameter (0.557*), where as it
. f-; X showed significant negative association with ,plant height (-
353292 %8 23 0.378+*) and number of internode (-0.268*).
@csdss0 g~ 7= The quality parameterslike HR Brix showed significant
_: positive association with sucrose (0.644**). Sucrose showed
N Y T E,: significant and positive association with purity (0.768**) and
8§82 5 E E % %?;:’ CCS% (0.911**). Similarly CCS% showed significant and
2= positive association with HR Brix (0.811**) and purity
. = b b E & (0.866**) but showed significant negative association with
z 3,; £EL%s He caneyield (-0.299**).
f_; g g g g — Several researchers estimated the repeatability of
selection traits at maturity in sugarcane, but limited
o s e 2 information is available on the genetic parameters of
=3 z88 5 quantitative and qualitative traits and their relationship with
S 2 yield at maturity. Repeatability, however, varies with change
= _intheenvironment (Tyagi and Lai, 2007).
5% oS g % Repeatability values obtained for caneyield and quality
5 g oo 5 ‘g;_{ components are presented in Table 3. Repeatability of
EZ= charactersbetween cropswas0.32*, 0.33%, 0.52*, 0.15, 0.60*
.- £ -S—u'i and 0.71* for juice brix, pol per cent (8 months), cane yield
5 "é § ; 25 (12 months), cane height, NMC and cane girth (10 months),
48 = ~ -« respectively, indicated that these characters had high degree
of repeatability during early ripening stage (240 days/
S s Se_ptember),highdegreeof repeatabilityforNMC(O.SZ) anq
z 3 brix (0.85) also estimated by some researchers (Mariotti,
' = 1971). Cane girth was the most repeatable characteristics,
2 followed by refractometer brix and NMC (Cuenya et al.,
2 Tz 1981). It may be concluded that due to high degree of
= E s repeatability, the selection for juice brix, pol (%), cane height,
S o Table 3 : Inter-stage correlation(Repeatability) (r) values for
s important traits between Clone |V and Clone V
g ‘g S Characters Repeatability
: oI NMC 0.60*
- Millable cane height (cm) 0.15
L ‘"é 93 Cane girth (cm) 0.71*
g3 % Single cane weight (SCW)(kg) 0.50*
% = é HR brix 032+
TR - - = Ei Sucrose (%) in juice 0.33*
sl i R e B e e B B i Caneyield (kg/plot) 0.52%
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NMC and cane girth along with caneyield gave more stability
during this stage (300 days) than low repeatable characters
(at maturity stage).

Path analysis:

Information obtained from simple correlation co-
efficient can be enlarged by partitioning it into direct and
indirect effects for a given set of casual interrelationships.
Thematrix of direct and joint effectsfor the studied characters
isshown in Table 4. The maximum direct effectswere obtained
for single cane weight (1.9473), followed by number of
millable canes (0.9570),

Itisnoted that theindirect effects of number of millable
canes and single cane weight were less important compared
to their direct effects. The high positive direct effects of the
number of millable canes and single cane weight in addition
to their highly significant co-efficients of correlation is an
evidencethat the direct selection through the two traitswould
be effective for improving cane yield of sugarcane.

Weight of millable stalks was the most important
character with the highest direct effect on sugarcane yield,
followed by stalk height, number of millable stalks and stalk
thickness (Tyagi and Lai, 2007).

Multiplelinear regression analysis:

Regression co-efficientsand their significance for some
guantitative traits in predicting Cane yield (CY) (Table 5a)
and sugar yield (SY) (Table 5b) using full model regression,
the prediction equation for cane yield and sugar yield was
formulated as follows:

CY =-12.75+ 2.75 (SCW) - 0.007 (CH) + 0.122 (CG)
+0.032 (NI) +1.423 (NMC).

SY =-8.99+3.015 (CCS %) -0.007 (P) +0.198 (HRB) +
0.047 (JE) + 1.784 (S %).

In addition to the high significance of the used model (P
< 0.01), it successfully accounted for 81.13 % of the total
variation of caneyield expressed as R2. Theresiduals content
(18.87 %) may be attributed to unknown variation (random
errors), human errors during measuring the studied traits and/
or some other traitsthat were not in account under the present
investigation. Furthermore, results showed that the single cane
weight, number of millable canes, cane girth and cane height
significantly contributed towards cane yield while the other
traits did not (negligible contribution of 3.10). A contribution
of 88.73% to sugar yield was made by CCS% alone expressed
as R?, residual wasto the tune of 11.27% which is because of
the random errors, so thisindicated that CCS% and sucrose
% are theimportant traits contributing to the sugar yield while
a contribution of other traits for sugar yield was only 2.22.

On the other hand, the values of variance inflation factor
(VIF) for all studied characters were less than ten for both
cane and sugar yield, indicating trivial influence of multi
collinearity problem. The present results ensured the goodness

Table 4 : Phenotypic path analysis for Cane vield (kg/plot) showing direct (diagonal) and indirect effect
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13. Juice extract %
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14. CCS %



RELATIVE CONTRIBUTION & ASSOCIATIONS STUDIESAMONG CANE YIELD & THEIR COMPONENTS IN SUGARCANE

Table5a: Multiplelinear regression model to explain caneyield variation using some itsrelated characters

Regression parameters Regression Standard error (SE) Probability level Varianceinflation
for caneyield coefficient (b) (P-value) factor (VIF)
Single cane weight (SCW) 2.75** 0.680 000 5.42
Cane height (CH) -0.007 0.002 0.10 4.06
Canegirth (CG) 0.122 0.318 0.47 5.45
No. internodes/cane (NI) 0.032 0.068 0.33 341
No. millable canes 1.423 ** 0.066 000 4.20
Intercept -12.75

Modedl sig. 000

R? 81.13

Adjusted R? 76.3

R2 of eliminated traits 3.10

Table5b : Multiplelinear regression model to explain sugar yield variation using someitsrelated characters

Regression parameters Regression Standard error (SE) Probability level Varianceinflation
for sugar yield coefficient (b) (P-value) factor (VIF)
CCS% 3.015 ** 0.518 001 6.21
Purity % (P) -0.007 0.007 0.21 3.87
HR Brix (HRB) 0.198 0.411 0.48 6.22
Juice Extract (JE) 0.047 0.077 0.27 2.88
Sucrose % (S) 1.784 ** 0.101 000 3.97
Intercept -8.99

Model sig. 000

R? 88.73

Adjusted R 84.63

R? of diminated traits 222

of fit for the proposed model of regression (Hussain et al.,
2012).

In an unselected population, it has been frequently
suggested that yield and sucrose content are independently
inherited based on the absence of significant correlation
between these two characters. Alternate or joint selection for
yield and quality (sucrose %) was advocated, since these two
characters were found to be independent. (Mariotti, 1977).

This indicates that most of the quality characters are
negatively associated with caneyield. Hence, in order to bring
an improvement in cane yields one should aim at breaking
these association or make selection indices which in turn
improve cane yield and ultimately the productivity.

Conclusion:

The essentially low degree of association of some of
yield components such as cane girth, 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, characterslike number of milliable canes,
single cane weight and cane height showed consistently high
significant positive association with cane yield over the years.

Regression co-efficients and their significance for both

cane and sugar yield indicatesthat, SCW and NM C are major
contributers for cane yield, where as sucrose% and CCS %
are major contributorsfor sugar yields.

Finally based on association pattern, magnitude and
regression analysis, it can be concluded that, the characters
viz., millable cane number (NMC), single cane weight (SCW),
sucrose % and CCS % are very important that can be
considered during sugarcane breeding programme. These
characters could be chosen as a selection criterion for
improvement of cane and sugar yields.
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