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Abstract: The study was undertaken to determine the potential of general cross combinations in sugarcane,
obtained by open pollinating the female parents, to generate variants for Brix (percent total soluble solids)
content and frequency distribution pattern of variants, hence generated. Using Brix (an indicator of sucrose
content) as selection criterion, 819 ratooned seedlings raised from five general cross combinations, comprising
high sugared commercial varieties of North West zone as female parents viz., CoS 8436, Co1148, Co Pant 97222,
Co 0238 and Co 0239, were investigated. The adjusted Brix values of test genotypes, evaluated in augmented
incomplete block design, inferred the generation of highly variable population with significant differences in
test genotypes. Further cross wise evaluation revealed that progeny means of three GC’s raised from female
parents CoS 8436, Co1148, Co Pant 97222 were significantly higher than respective parental means, whereas,
the progeny obtained from high sugared female parents Co 0238 and Co 0239 has significantly lower mean Brix
value than parental means, thereby signifying that determining the combining ability of parents is important
to generate elite segregants since some parental combinations may not be able to transfer their potential
economic values (traits) to next generation. Highly significant negatively skewed leptokurtic distribution of the
progeny for Brix content in GCs obtained Co Pant 97222 and Co1148 indicated that the tail on the left side of
probability density function was longer than the right side and the bulk of the values (including the median)
lie to the right of the mean. This indicated that Co Pant 97222 and Co 1148 are potential female parents to
generate high frequency of elite seedlings for Brix. The evaluation of elite clones from each GC in the  next
clonal Stage (Settling I) led to a higher selection rate in Co Pant 97222 and Co 1148 as compared to other  GCs.
The study suggested the scope of general cross combinations, which are less laborious, cost effective and
generally yield more fuzz, to generate elite segregants for qualitative traits like sucrose content in sugarcane.
The influence of female parents on frequency distribution pattern of elite segregants has been discussed.
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INTRODUCTION forms [1]. Proper exploitation of variability in a crop like

Modern sugarcane (Saccharum spp. complex) is an heterozygosity is a complicated process [2]. Breeding for
important grass that contributes 60% of the raw sugar higher yield and quality traits requires basic information
produced worldwide and has a high biofuel production on the extent of genetic variation in a population and its
potential. It was created about a century ago from the response to selection. Improvement in genetic potential
combination of the polyploid species S. officinarum, the for stalk and sugar yields is the most important objective
domesticated sugar-producing species with x = 10 and 2n in sugarcane breeding programme. The main difficulty in
=8x = 80 and S. spontaneum, a vigorous wild species with improvement of sugarcane is selection at seedling stage.
x = 8 and 2n =5x =40 to16x = 128 and many aneuploid Further, it is a vital stage of selection because it provides

sugarcane with a complex ploidy and a high level of
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the base population for remaining and more effective Sugarcane Breeding Institute (NGH), Coimbatore, India in
stages of selection [3]. New sugarcane cultivars are 2007. The subtropical or tropical parents refer to
developed through the selection of vegetatively variety/clone/cultivar adapted to respective zone. In
propagated genotypes, obtained from true seed after general cross combinations, female parents were allowed
hybridization of superior parents. Selection is applied in to open pollinate and fuzz was hence, collected from
all breeding stages: the choice of parents, cross female arrows. The seedling stage refers to a selection
combinations and the plant population originating from stage where clones are grown from true seed (fuzz) after
the crosses made. Selection at early stages in sugarcane hybridization and the subsequent stage that develops
breeding programmes is generally based on refractometer from regeneration of the seedling clumps after harvest, is
Brix as the only juice quality characteristic. Many referred to as ratooned seedling stage. After germination
breeders indicated that heritability of juice quality in tests, the fuzz was sown under polytunnels with high
sugarcane, including Brix, is moderate to high and humidity in April, 2008. Three-month-old seedlings were
therefore can be improved with the correct selection transplanted during July, 2008 in the ground nursery at an
pressure. Brix was highly correlated with sucrose and equal distance of 60 cm between the seedlings in each of
selection for high sucrose could begin as early as the a 6 m row length, spaced at 75 cm. The experiment was
single stool stage and most of the genetic variation for established as an augmented incomplete block design
Brix could be attributed to additive effects. along with one-month old settlings of four checks viz.,

Recognising ratoonability as an important trait in CoJ 64, CoJ 83, CoJ 88 and CoJ 89 (commercial varieties)
sugarcane varieties, selection in ratoon seedlings is along  with  maternal   parent   clones   in   each  block.
warranted, particularly in sub-tropical countries where The seedlings were harvested under cold conditions after
seedlings remain immature at the time of next season’s 300 days of transplanting and the crop was ratooned
planting and hence, may not express their full potential using standard cultural practises followed in the Punjab
[4]. Seedling selection in the ratoon crops is practised in state of India in 2009. Eight hundred and nineteen
many countries, e.g. Argentina, Barbados and Guyana, ratooned seedlings derived from different crosses were
the USA and South Africa. After several cycles of evaluated for Brix using a hand refractrometer after 270
crossing and selection in a generation-wise crossing days of ratooning and reported. The Brix was recorded
programme, gain in performance becomes smaller and from two shoots of a clone and  the  average  Brix  from
more difficult to detect. Therefore, improving the the two sub-samples was used for all statistical analysis.
efficiency of selection that generates genetic gains is The individual ratooned seedlings (test genotypes) were
important. The selection percentage is a measure of the evaluated on small-unreplicated plots in an augmented
overall merit of the cross which represents all the aspects design because of the paucity of cane material in each
of desirability considered in these stages and the weight clone. Descriptive statistics were worked out for each
given to  each  component  character  by  the  selector. cross and hence, the class intervals were constituted for
Brix was highly correlated with sucrose and selection for Brix. The frequency distribution of progeny for Brix
high sucrose could begin as early as the single stool content for each general cross combination was
stage and moreover, most of the genetic variation for Brix determined and represented graphically. The elite clones
could be attributed to additive effects. The main objective from each GC were promoted to stage I based on Brix
of the experiment was to investigate the potential of content and other cane traits in 2010 and data on per cent
general cross combinations which are not laborious to selection has been discussed briefly.
execute like biparental crosses in sugarcane and to
estimate the influence of maternal parent on frequency of RESULTS AND DISCUSSION
elite segregates in the population for brix value, a trait of
high heritability and an indicator of sugarcane quality. The ratooned seedlings were evaluated in an

MATERIALS AND METHODS selection criterion. The critical differences and standard

Five general cross  combinations   were   effected (irrespective of type of crosses) within blocks, between
from five open pollinated sub-tropical female parents blocks and between control and test treatment were
sown in same block at National Hybridization Garden, presented in Table 1.

augmented design using adjusted values of Brix as the

error of deviation for a total of 819 test genotypes
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Table 1: Analysis of Variance for Brix value of the Progenies based on augmented design
SOV df SS MS F Prob>F
Block 40 34.85 0.871 1.501 0.048
Treatments (adjusted) 819 4041.76 4.935 8.506 0.000
Error 120 69.62 0.580
Total 979 4831.82
Parameters Standard error of  deviation (SEd) Critical difference (1%) Critical difference (5%)
Two Control Treatments 0.168229 0.440255 0.333093
Two Test Treatments (Same Block) 1.077190 2.819007 2.132837
Two Test Treatments (Different Blocks) 1.204335 3.151746 2.384584
A Test Treatment and A Control Treatment 0.857802 2.244868 1.698448

Table 2: Comparison of Mean and Variance in the Female Parental Clones and Respective Progenies originated in General Cross Combinations of Sugarcane
Items Brix in female parent Brix in progeny originated
GC I CoS 8436 CoS 8436 GC
Mean (t-value) 16.52 17.14 (2.51*)
Variance 0.42 3.78
GC II Co Pant 97222 Co Pant 97222 GC
Mean (t-value) 16.87 17.42 (2.23*)
Variance 0.49 5.25
GC III Co 1148 Co 1148 GC
Mean (t-value) 16.40 17.63 (5.43**)
Variance 0.35 5.87
GC IV Co 0238 Co 0238 GC
Mean (t-value) 19.09 17.09 (-3.19**)
Variance 1.64 6.67
GC V Co 0239 Co 0239 GC
Mean (t-value) 19.07 17.88 (-2.45*)
Variance 1.76 7.28

The  heterogeneity  was  observed  within  blocks. possibility of further reduction of error variance as in
The treatments were, therefore adjusted and compared lattice design. The highest values of L.S.D. and C.V. are
using respective critical differences. Highly significant usually recorded in case of augmented design [5]. The
differences in the test genotypes for Brix content adjusted brix values were used further for cross wise
indicated the generation of highly variable population progeny evaluation.
from   general     cross      combinations      in     sugarcane. Table 2: described the comparison of parental mean
In augmented design, the standard varieties were planted with the respective  progenies  originated  for  each  GC.
in each block and thus replicated, while the test entries In GC I, II and III originated from CoS 8436, Co Pant 97222
were not. Because the design is unreplicated for the test and Co 1148, the mean value of the progenies were
clones, the repeated checks were used to estimate the significantly higher than the parental means, thus
error mean square and the block effects. The estimated inferring the potential to generate good segregants for
block effects were used to adjust the observed values of Brix. As expected, the variance was higher in the progeny
the test entries. The comparative utility and efficiency of as compared to parents in all GCs. GC IV and GC V were
augmented randomised block design over incomplete originated from high sugared elite varieties viz., Co 0238
block designs, namely the rectangular lattice and cubic and Co 0239 having mean values 19.09 and 19.07,
lattice in the clonal evaluation trials in sugarcane inferred respectively. Their progenies were recorded with
that the top   10%  selection  based  on  statistical significantly lower mean values for Brix in comparison to
analysis remained almost the same in both the designs. parental mean i.e., 17.09 and 17.88, respectively.
The augmented design, though not equal to lattice design The general statistics for each type of general cross
in statistical efficiency, is quite useful to sugarcane combination viz., CoS 8436 (GC I), Co1148 (GC II), Co Pant
breeders who have to evaluate a large number of clones 97222 (GC III), Co 0238 (GC VI) and Co 239 (GC V) were
as precisely as possible. Though the analysis of described in Table 3. The mean Brix was 17.98 in progeny
augmented design provided for elimination of block of GC V followed closely by that of GC IV and GC III with
effects in respect of each genotype, there seemed to be no a Brix  value  of  17.77 and 17.63, respectively. In GC I, IV
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Table 3: Descriptive Statistics for HR Brix in Progeny of Different General Cross Combinations
General cross combination Total no. of seedlings evaluated Mean Minimum Maximum Median Coefficient of Variance Skewness Kurtosis
CoS 8436 GC 148 17.14 11.0 22.0 17.4 11.38 -0.48* 0.74
CoPant 97222 GC 209 17.42 9.0 23.0 17.6 13.19 -0.92* 1.57*
Co 1148 GC 265 17.63 7.40 23.0 18.0 13.77 -0.45* 0.67*
Co 0238 GC 118 17.77 10.0 23.0 17.8 13.09 -0.15 0.29
Co 0239 GC 93 17.98 12.0 23.0 18.0 13.20 -0.11 -0.19

Table 4: Performance of Progeny in Different General Cross Combinations 
Percent poor seedlings % Average seedlings/ % Elite seedlings/
/population (<16.0 HR Brix) population (16.1 -20.0 HR Brix) population (>20.1 HR Brix)

CoS 8436 GC 18.18 74.83 6.99
Co Pant 97222 GC 16.75 68.90 14.35
Co 1148 GC 20.83 57.58 21.59
Co 0238 GC 31.36 59.32 9.32
Co 0239 GC 48.39 44.09 7.53

and V, none of the seedling has Brix value lower than 10.0
whereas in GC II and III, the lowest limits of the variants
were 9.0 and 7.4, respectively. Not much difference were
observed in coefficient of variance in all general cross
combinations (13.09 in GC II to 13.20 in GC V) except in GC
I (11.38). To assess the distribution of progeny and its
deviation from a normal distribution, skewness and
kurtosis in progeny of each GC, has been worked out.

Left skewed distribution (Skewness <0) was observed
in all GCs though the value was statistically significant in
only GC I, II and III, thereby indicating that most values
are concentrated on the right of the mean (Table 3).
Graphically, the frequency distribution in the progeny of
each GC was presented in Fig. 1-5. Significant leptokurtic Fig. 1: Frequency Distribution of Progeny of General
distributions in progeny of GC II and GC III, derived from Cross Combination of CoS 8436 for Brix content
Co Pant 97222 and Co 1148 inferred that distribution of
progeny presented higher peaks around the mean
compared to normal distributions, which leads to thick
tails on both sides (Fig. 2 and 3). This signified that the
most of the seedlings from Co Pant 97222 and Co 1148
performed superior to the population mean and in the
direction of higher scale and hence, surfaced as potential
female parents to generate high frequency of elite
seedlings for Brix content. As depicted in Fig. 4 and 5, the
non significant skewness was observed in the progeny of
Co 0238 and Co 0239 with the low percentage of extreme
segregants.

Based on Brix value, the categorization of seedlings
in three classes viz., poor (<16.0 Brix content), average Fig. 2: Frequency Distribution of Progeny of General
(16.1-20.0 Brix content) and elite (> 20.1.0 Brix content), Cross Combination of Co Pant 97222 for Brix
was done (Table 4). Co1148 GC generated the highest per Content
cent of elite (21.59) seedlings followed by Co Pant 97222
GC (14.35). CoS 8436, Co 0238 and Co 0239 generated 6.99, In sugarcane breeding, the number of superior
9.32 and 7.53 per cent elite seedlings having brix content individuals in a cross are very important because
>20 per cent. thousands of  progenies are available for testing. Parents
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Fig. 3: Frequency Distribution of Progeny of General
Cross Combination of Co 1148 for Brix content ACKNOWLEDGEMENT

Fig. 4: Frequency Distribution of Progeny of General Genetics, 91: 320-326.
Cross Combination of Co 0238 for Brix content 2. Babu,   C.,    K.    Koodalingam,    U.S.   Natarajan,

Fig. 5: Frequency Distribution of Progeny of General Modified augmented design for early selection stages
Cross Combination of Co 0238 for Brix content in sugarcane and its limitation. Sugar  Tech., 1: 63-66.

are chosen for further crossing on the basis of high Role of Female Parent in the inheritance of Brix in
sample mean and or high sample variance in the progeny early selection  stages  of  sugarcane.  Sugar  Tech.,
for the traits under consideration [6]. The Brix % was 7(2&3): 39-43.
taken as selection criterion as this trait has high
repeatability over generations. Brix % cane juice

presented high repeatability values between stages I and
II and also between plant-cane and first-ratoon crops.
Particularly for this trait, individual selection can be
intensified in stage I. The availability of objective data on
progeny performance present the opportunity to generate
robust estimates of the breeding value of parents
involved in crosses. The evaluation at ratooned seedling
stage has added advantage of selection for ratoonability
as well. Better ratoonability, when harvested during winter
months, is an important trait of sugarcane clones in sub-
tropical zone and this would be improved by increasing
the selection intensity in seedling ratoon nursery.

The support and guidance rendered by the Director,
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