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ABSTRACT

The whole work was carried out under three separate investigation in two
parts. The nine agronomical characters, viz. germination percentage (Germi.%),
number of tillers per clump (NT/C), number of millable canes per clump
(NMC/C), cane stalk height in cm (CSH), cane stalk girth in cm (CSQG), leaf length
in cm (LL), leaf breadth in cm (LB), field brix percentage (Brix%) and cane yield
per clump in kg (CY/C) were used in the analyses for both the parts.

The first part genetic study is divided into two portions. They are (A)
diversity estimate and (B) inheritance of yield and yield components using North
Carolina Design I (NCD-I). In portion (A) diversity estimate was studied in NCD-
I derived from ten crosses of sugarcane (Saccharum officinarum L.) genotypes
following mixed model for components of variation, coefficient of variability,
heritability, genetic advance and genetic advance expressed as percentage of
mean. Data were collected in two consecutive years namely 2008-2009 and 2009-
2010 under three different locations viz. BSRI -Ishurdi at Pabna, Horian at
Rajshahi and RSRS at Thakurgoan districts which are in the North-Western zone
of Bangladesh. All the characters represented a remarkable range of variation,
between them CSH was the highest. The analysis of variance showed that all the
items and their interactions were significant when tested against within error. The
maximum genotypic (6%;) and phenotypic (c°p) variation was observed for CSH
and the lowest for CSG. Phenotypic coefficient of variability (PCV) was higher
than genotypic and others coefficient of variabilities for all the characters except
LL. Where for LL, PCV was lower than YCV and LxYCV. The difference
between phenotypic and genotypic variation was greater in magnitude for all the
characters indicated the location (environment) had considerable effect on these

characters. All the traits exhibited low heritability (h*,), genetic advance (GA) and



genetic advance expressed as percentage of mean (GA%). Among these nine
characters, Germi.% exhibited moderately higher h2b and GA% and, CSH
exhibited moderately higher GA.

In portion (B) the analysis of variance of NCD-I was done for the
determination of additive (Dg) and dominance (Hg) component, degree of
dominance, heritability, genetic advance and genetic advance expressed as percent
of mean. The analysis of variance showed that in maximum cases block (B) item
was non-significant and crosses (C), males and females in males items were
significant. Significance of males and females in males in different set indicates
substantial contribution of males and females to the variation among NCD-I
crosses. Various interaction items such as blocks x crosses, blocks x males and
blocks > females in males were significant for the characters NMC/C, LL and LB
and non-significant for rest of the six characters when tested against within
crosses. In maximum cases additive (Dr) component was negative and lower than
dominance (Hg) component. The negative estimation of additive component may
be due to large sampling error or lack of random mating. The magnitude of
additive component (Dg) was higher than that of dominance component (Hg) only
for CY/C indicated that Dy was more important than Hy for CY/C. Higher
magnitude of dominance variance in maximum cases indicated that they were
governed by non-additive gene action. The preponderance of non-additive gene
action for these characters indicated that improvement of these characters could be
possible through heterosis breeding. Most of the characters showed over
dominance (ratio > 1) and rest of them showed partial dominance (ratio < 1),
which indicated dominance effects towards decreasing parents. Heritability in
narrow sense (h”,) was higher than broad sense (h%) only for LL but in other cases
it is lower than broad sense. Heterosis over mid-parents was found to be

significant for the character CSG . In case of CY/C the crosses f, x m Lf3xmo,




fsxmjfg>xmy and fg x m s revealed significant mid-parent heterosis. The
results show that heterosis may be exploited for most of the characters as they

showed preponderance of dominance gene.

The second part of this study deals with the genotype * environment
interaction. In this experiment the six environments were made with three
locations in two consecutive years. The joint regression analysis of variance for
nine characters showed that genotypic (G) and environment (E) items were highly
significant for all the characters indicating that there were real differences existed
between the genotypes and between the effects of different environments on the
genotypes. The genotypes significantly interacted with the environment in the
changing environment due to highly significant genotypes x environment
interactions. In most of the cases both linear and non-linear regression was
accounted for the G x E interaction and the heterogeneity of regression showed
non-significance for all the characters. The genotype-environment (G x E)
interaction was due to the slopes of non-linear relationship. The regression
analysis of stability showed that the genotypes G, and G; for Germi. %; G, for LL
and Brix %; Gs for NMC/C; G. G7 and Gy for LB; Gy for CSH and G4 and Gy for
CY/C were the stable genotypes in the present materis_xls. These genotypes might
be considered as the most stable with the changing environments and could be
used for future breeding programme. Regarding non-significant S*di and high
values of bi, the genotypes G, and Gs for NT/C, G, and G; for NMC/C, Gy for
CSG and G,, G; and Gg for CY/C were recommended only for favourable
environments. The genotypes Gu, Gg, Gg and G, for NMC/C, G, Gg and Gy for
CSH: G- and Gy for CSG and G, for LB were found poor adaptability to all

environments because the regression coefficient is less than 1.0 and the S di

values were non-significant. Other genotypes were unpredictable due to their

significant S °di values for different characters.
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GENERAL
INTRODUCTION

Sugarcane (Saccharum officinarum L.) is one of the major cash crops
grown extensively all over the world from tropical to sub tropical regions.
Generally sugarcane is a clonally propagated crop with wide adaptability and
diversity. It is cultivated in more than 121 countries throughout the world 4
aAqua, 2008. The major sugar producing countries of the world are Brazil, India,
Cuba, China, Australia, Philippines and Thailand (Bartens, 1985). In Bangladesh
annually 0.20 to 0.21 million tons of sugar and 0.3 to 0.4 million tons of gur are
produced from sugarcane (Alam and Haque, 2005). But the present requirement of
sugar and gur of the country is 0.3 and 0.6 million tons; respectively. Whereas, the
existing 15 sugar-mills’® capacity to produce only 0.20 to 0.21 million metric tons
of sugar every year. However, production varies from year to year depending on
the area of cultivation and diversion of cane towards gur making. The sugar
industries of Bangladesh are facing in scarcity of stable and high yielding
varieties. The present area under sugarcane cultivation in Bangladesh is about
0.126 million hactre with a average yield of 41.44 tonnes/hactre (FAO, 2009).
About 70 percent of total cane areas in the rainfall districts of north-west and
south-west region and 30 percent areas is scattered in other parts of the country.
However, according to agricultural statistics about 50 percent of the total areas
under sugarcane is in the non-mill zones where canes are used for chewing and
manufacturing gur. Karim and Miah, 1989 reported that the cane growers in non-
mill zones are using genetically degenerated, biotic and abiotic stress susceptible

varieties resulting in low and unstable yield.

Sugarcane cultivars (Saccharum hybrids) are believed to be aneupolyploid
hybrids of S. officinarum L. (Linnaeus 1753; Grassl 1969), S. barberi Jeswict
(Brandes 1958), S. sinense Roxb. (Brandes 1958, Roxburgh 1819), S. robustum



Brandes and Jeswiet €X Grassl (Grassl 1946), and S. spontaneum L. (Linnaeus
1771). Recently, Ming et al. (1998) hypothesized that only two species, S.
robustum and S. spontaneum, WeIe the progenitors of modern sugarcane that S.
officinarum may be derived from S. robustum, and that S. barberi and S. sinense
were cultivated forms of interspecific hybrids between S. spontaneum and S.
officinarum. Almost all sugarcane cultivars grown in the world today are derived
from a few common ancestral clones and therefore share a limited genetic base
(Arceneaux 1967). A common objective for many breeding programmes in the
world is to expand the genetic base of sugarcane by introducing agriculturally
desirable traits from related wild species, particularly S. spontaneum (Legendre
and Breaux 1983; Burner and Legendre 1993). Saccharum spontaneum is the most
widely used species in the breeding programmes at the USDA-ARS, Sugarcane
Research Unit because of its stable vigour, longevity, cold tolerance, and disease
and insect resistance (Dunckelman and Legendre, 1982). Various ecotypes of S.
spontaneum can be found in the wild from Africa to Asia and across the Pacific

islands (Artschwager and Brandes, 1958).

Sugarcane breeding is highly complex because of its highly heterozygous
nature, combined with higher polyploidy (2n = 80 to 120). Sugarcane breeders are
aware about the differences of its cultivars for yield and quality which varies from
region to region. Varietal trials are normally conducted in different locations and
years before releasing a new cultivar suitable for a particular region (Narendra et
al., 1988; Bakhsh et al., 1991; Basford and Cooper, 1998). Yield in crops is one of
the most important and complex traits. In recent decades, increase in sugar yield
has been achieved by increasing cane biomass rather than sugar content (Jackson,
2005). For a successful sugarcane breeding programme it is important to know
which traits give the highest estimates of heritability and which are the most
repeatable over a number of seasons. Research indicates that heritability estimates

are low for most of the characters affecting yield and brix% and fairly high for rust




and smut resistance (Nageswara Rao et al., 1983). However, when measuring
heritabilities on a family basis, the heritability affecting yield have been found to

be quite high (Skinner ef al., 1987).

Degree of variance provide an estimate of genetic diversity and numerical
taxonomic techniques have been successfully used to classify and measure genetic
diversity in crop germplasm cf Kashif and Khan, 2007. Sugarcanes are highly
polyploid, wind pollinated outbreeders, clonally propagated, highly heterozygous,
and intolerant to inbreeding. New varicties are sought from the first generation
progeny of crosses between clones. In sugarcanc breeding programme, breeders
carry out experiments with promising clones from local and regional improvement
programmes. These experiments are carried out in various sugar mills and
distilleries and they are harvested three times on average (Ferreira et al., 2005) and
the performance of the new clones is compared with the performance of widely
commercially grown cultivars. These studies permit assessment of the magnitude
of the genotype * location and genotype * years interactions, that are generally
significant and influential on clone selection, and they also permit adaptability and
stability studies. These are generally based on analysis of variance, linear
regression, nonlinear regression, multivariate analysis and nonparametric statistics.
Studies comparing these methodologies are common in the literature (Rosse et al.,

2002; Yadav et al., 2007; Silva et al., 2008).

Plant breeding method for cultivar development mainly includes three
stages, (i) to identify or create pools of germplasm, (ii) to select superior
individuals from the chosen germplasm and (iii) to develop a superior cultivar
from the selection and intercrossing the superior individuals to upgrade the
original germplasm pool. The decision making in all stages depends on the
estimates of the relative importance of the types of genetic variation and

heritabilities.




Success of any breeding programme for evolving superior strains depends
upon the nature and magnitude of genetic variability and extent to which genetical
characters are heritable. The genetic variability shown by the characters can be
measured from the genetic coefficient of variation; nevertheless, the genetic
coefficient of variation alone is not sufficient to determine the amount of variation
that is heritable (Swarup and Chaugal, 1962). The yield and yield components in
sugarcane are quantitative in nature and governed by polygenes, which are largely
influenced by the environmental factors. However, it is difficult to judge what
proportion of observed variation of a particular character is heritable or due 10
environmental variation. In this situation, analysis of heritability (h%) is necessary
(Lush, 1945). All estimates of heritability are specific for the combination of
genetic and phenotypic variance estimates (Holland et al., 2003). The estimation
of h? also can be obtained from the ANOVA. For making comparisons among
different selection methods for a specific set of genetic and environmental
parameters is of interest to determine what future gains can be anticipated within a

given programme by predicting of genetic gain or genetic advance ( Lush , 1949 ).

The high polyploidy in Saccharum helps to overcome obstacles to
hybridization with other genera within the complex (Janaki Ammal, 1941).
Sugarcane and related grasses have been actively used in the basic breeding
programme. Using of S. spontaneum and related genera in sugarcane breeding
include expansion of the germplasm base of commercial sugarcane and breeding
clones, the transfer of desired characteristics that do not exist to a satisfactory
degree in Saccharum, and the heterotic effect for yield and sugar content (Grassl,
1963; Roach, 1984; Tai and Miller, 1988). Characterization of the parents allows
the calculation of genetic distances, which may have predictive value for the
offsprings, to that extent as dominant gene action plays a major role in controlling

the agronomicaily important traits for exploiting heterosis.




In the research for better cane varieties genetic inheritance and potential
governed by environmental effects have been considered as the key factors which
were described by Hogarth (1983) in detail. Units of inheritance (genes) affected
individually or in-group, on¢ or several characteristics. Some gene have major,
others have small effects on expression of characters. In a breeding programme,
the aim is the combination of favourable parental characteristics in new birth. A
character controlled by one or two genes is easily transferred from one to another
variety. However, if the character is governed by many genes with small effects,
the task becomes difficult for breeder, and this is the case with sugarcane
breeding. Genetic effects is split into two types: additive and non-additive
(dominance). In the first instance, parents do transmit their characteristics to their
offsprings and in the later, they do not. Crossing with additive genetic effects is
beneficial. Most characters have additive effects, but some more important, like
cane yield have equal chances. The other factor is the environmental effect,
through which a variety realizes its potential. A variety may give more yield in a
good year, but less in another. While selecting a variety, it is important to

minimize the environmental effects and maximize the genetic effects.

The partitioning of genetic variance in intercrossed population would
provide estimates of additive and epistatic additive X additive variances. Zhu
(1992) proposed a method for predicting genotypic values and heterosis with an
additive, dominance, and additive * additive epistasis (ADAA) model, formulated
in accordance with the general genetic model (Cockerham, 1980). Data from
diallel crossing experiments or incomplete diallel crossing experiments could be
evaluated in this manner (Xu et al., 1998). Although such analysis is typically
done with data on three generations, since F; generation in sugarcane was
vegetatively produced, it is unnecessary to conduct the predictive analysis on the
heterosis of F, generation. Based on the performance of progeny, Jackson and

Roach (1994) suggested that little or no immediate gain from heterosis may be




achieved by crossing Fi clones derived from diverse S. spontaneum sources.
Heterosis, as a measure of the superior performance of hybrid relative to the
average of the parents is a means of identifying better genotypes (Roach, 1969;

Tai et al., 1991 and 1992).

Genetical work of sugarcane is a great problem. It is due to the high
polyploid number, the heteroploid chromosome constitution of many varieties and
the difficulties involved in selfing and crossing (Bhat et al., 1962). Although
several information on genetical work are available in the world but it is scanty in
Bangladesh. Information on “North Carolina Design I (NCD-I)” are also not
available else where in the world. Keeping this view in mind, the analyses of this
investigation was arranged into two parts and is described under the following

heads.

part I: Deals with the Genetic Study, which is divided into the following
sub-heads.

A. Diversity Estimate.

B. Inheritance of Yield and Yield Components using North Carolina
Design I (NCD-I).

Part II: Deals with the Genotype - Environment Interaction.




PART I

GENETIC STUDY
A. Diversity Estimates




INTRODUCTION

The sugarcane varieties tend to decrease its yield after a few years in a
particular area. This demands a continuous flow of new varieties from the breeders
to maintain productive genotypes in the field. Comprehensive improvement in this
field can only be accomplished through a synergistic -approach involving all the
conventional and non-conventional methods of plant breeding (Khan et al., 2000:
Khatri et al, 2002). For plant breeders, yield in a crop is one of the most
important and complex trait. Continued improvement of yield remains the top
priority in most breeding programme (Cox et al., 1994). Recent decades, increase
in sugar yield has been achieved by increasing cane biomass rather than sugar
content (Jackson, 2005). In order to evolve a selection strategy to improve biomass
yield, estimating the additive and epistatic effects for agronomic traits involved in
yield performance is important. For a sugarcane breeding programme to be
successful it is important to know which traits give the highest estimates of
heritability and which are the most repeatable over a number of seasons. Most
sugarcane breeders select new clones from large seedling populations and usually
discard a high proportion in the early stages of the selection programme. In the
past, this selection has been based mainly on traits which have since been found to
have low heritability values, e.g. vigour, and are selected visually in the field.
Although progress has been made in these carly stages, it was very slow. It would
be more beneficial to place rigorous selection pressure at these early stages on
traits of commercial importance with known higher heritability values, e.g.
sucrose content and diameter (Stevenson, 1965). Research indicates that
heritability estimates are low for most of the characters affecting yield and brix%
and fairly high for rust and smut resistance (Nagéswara Rao et al, 1983).
However, when measuring heritabilities on a family basis, the heritability affecting

yield have been found to be quite high (Skinner ez al., 1987).




Many component analyses have depended on the selected variables in a
model, and all these approaches were with limitations due to the disturbance of the
other related variables (Wen and Zhu, 2005). Subsequently, several approaches
based on the normal conditional distribution theory were proposed for analyzing a
complex trait and its multiplicative component traits (Piepho, 1995). Degree of
variance provide an estimate of genetic diversity and numerical taxonomic
techniques have been successfully used to classify and measure genetic diversity
in crop germplasm, including cereals (Ashraf et al., 2003), legumes (Arshad et al.,
2003; Igbal et al., 2003; Qureshi ez al., 2004; Ghafoor ez al., 2005; Ghafoor and
Ahmad 2005; Sultana et al., 2005) and oil seeds (Arshad et al., 2006). Sugarcanes
are highly polyploid, wind pollinated outbreeders, clonally propagated, highly
heterozygous, and intolerant to inbreeding. The goal of cane breeding is to
produce an economic yield of sugar sustained over several ratoons. Each year a
new population of original seedlings is produced in research station consisting the
genetically diverse genotypes from which a single superior seedling is enough to
establish a new cultivar (Lyrene, 1978). New varieties are sought from the first
generation progeny of crosses between clones. The sugarcane breeders carry out
experiments with promising clones in various sugar mills and distilleries from
local and regional improvement programmes. The performance of the new clones
is compared with the performance of widely commercially grown cultivars. These
studies permit assessment of the magnitude of the genotype * location and
genotype x years interactions, that are generally significant and influential on
clone selection, and they also permit adaptability and stability studies. Different
methodologies to assess adaptability and stability have been developed and, or,
improved. These are generally based on analysis of variance, linear regression,
nonlinear regression, multivariate analysis and nonparametric statistics. The
decision making in all stages of plant breeding method depends on the estimates of

the relative importance of the types of genetic variation and heritabilities.




Knowledge of the heritability of character is important to the breeders since
it indicates the possibility and extent of improvement that can be achieved through
selection. The expected genetic advance of each trait is an offshoot of heritability
and gives an indication of the likely improvement that can be achieved by
selecting for that character. The expected genetic gain from selection is estimated
as a product of heritability, phenotypic standard deviation and selection
differential [Burton and De Vane (1953)]. Heritability by itself does not indicate
the true selection worth of a character unless accompanied by genetic advance.
High heritability with high genetic advance is indicative of additive gene effects
[Panse (1957)]. The yield and yield components in sugarcane are quantitative in
nature and governed by polygenes, which are largely influenced by the
environmental factors. However, it is difficult to judge what proportion of
observed variation of a particular character is heritable or due to environmental

variation. In this situation, analysis of heritability is necessary (Lush, 1945).

All estimates of heritability are specific for the combination of genetic and
phenotypic variance estimates (Holland ef al,, 2003). The estimation of h” also can
be obtained from the ANOVA. For making comparisons among different selection
methods for a specific set of genetic and environmentaln parameters is of interest to
determine what future gains can be anticipated within a given programme by
predicting of genetic gain or genetic advance ( Lush , 1949 ). Thus, this part deals
with the (i) estimation of diversity and determination of genetic variation in
relation to the nature and magnitude of phenotypic and genotypic variability and
(ii) to assess the heritability, genetic advance and genetic advance as percentage of

mean of nine agronomical and yield contributing characters in ten sugarcane

genotypes.




REVIEW OF LITERATURE

Sugarcane is an important cash crop grown mostly in the tropics and sub
tropical regions of the world. More than 100 countries are involved of its
cultivation and the total production of the crop is gradually increasing all over
the world. In Bangladesh sugar industry is one of the large agro-based industry
and about 6 million peoples depends on this crop (Khatun et al., 2011). So, the
crop should get more attention. Extensive research work has been done by
various workers in different parts of the world for the systematic breeding
methods of crop improvement in relation to yield and yield contributing
characters on variability, heritability, genetic advance and genetic diversity.
Literature dealing with diversity estimate in sugarcane is scanty. So, for
convenient of study, the review of literature on the diversity estimate was made

with other crops.

Debnath and Debnath (1988) studied on genetic parameters and character
associations in 23 F4 maize populations which revealed significant differences
for grain yield and five other characters with wide range of variability.
Comparatively high genotypic and phenotypic coefficients of variation and
genetic advance in percentage of mean existed for grain yield and ear length.
These parameters were moderate for plant height and 1000-kernel weight. Days
to silk and days to pollen maturity showed the least- values for the above
parameters. Low to moderate broad sense heritability was observed for all the

characters and high heritability for plant-height and ear length.

Verma et al. (1988) studied on genetic variability, heritability, genetic
advance and correlations for ten characters, viz., millable canes/clump,
internodes/cane, stalk weight, stalk girth, kg-brix, sucrose content in juice,
purity coefficient, invert sugar, ccs/cane and fibre content of 35 treatments (1
parents and 24 F) in sugarcane. The phenotypic and genotypic coefficient of
variance indicated that selection may be done for kg-brix, millable

canes/clump, invert sugar, ccs/cane, stalk weight and internodes/cane. These




characters are of great value to the breeder for selection. The millable canes/
clump, internodes/cane, stalk weight, kg-brix and ccs/cane(kg) are positively
and significantly associated with each other. Positive significant association of
stalk girth was found with stalk weight, kg-brix, invert sugar, ccs/cane.
Therefore, millable canes/clump, internodes/cane, stalk weight, kg-brix,

ccs/cane and stalk girth should he given due weightage during selection.

Khaleque et al. (1991) stated the effect of the preliminary selection study,
of 15 prominent chilli cultivars which were tested for protein and vitamin C in
green and ripe chillies over three growing seasons viz. June — July, October-
November and April- May 1978- 79, and for B — carotene also in green and ripe
form of the same over first two seasons only. All the six characters showed that
major portion of the total variation was due to its genotypic components of
variation (GCV). The genotype x season interaction was found to be important
in such type of selection study. Heritability and genetic advance were quite
high with high GCV indicating the preponderance of additive gene effects for
vitamin C and B — carotene only in green and ripe chillies. Improvements of
these characters may be possible irrespective of yield because they did not

show any significant association with yield.

Mohamed et al. (1991) investigated on genetic variability in the
progenies of some sugarcane crosses. Highest genotypic and phenotypic
coefficients of variation were observed in clump yield followed by millable
cane number. Heritability estimates were high for leaf width, clump yield and
leaf length. Genetic advance as percent of mean was high for clump yield and

moderate for rest of the characters except brix.

Chahota and Sharma (1993) studied on genetic variability and
component analysis in lentil comprising of 42 macrosperma and 40
microsperma genotypes. The parallelism in the magnitude of PCV, GCV,
heritability and genetic advance for all the traits in both types of lentils
revealed considerable similarity in genetic variability possessed by these two
varietal groups. The magnitude of heritability in conjunction with genetic
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advance in both types of lentils revealed additive genetic control for days to
flowering, dominance or epistatic effects for days to maturity, and nonadditive

gene action for the remaining characters.

Sreekumar et al. (1994) studied on variability, heritability and correlation
for yield and quality characters of sugarcane. Brix, pol, purity and CCS were
assessed. High genotypic coefficient of variation for heritability and genetic
advance were noted. Productivity was negatively correlated with yield but

CCS/ha had positive correlation.

O'reilly et al. (1995) studied on heritability and repeatability of sugarcane
population grown under dryland conditions. Commercially important sugarcane
traits were assessed in the early stages of the selection programme at the South
African Sugar Association Experiment Station, Mount Edgecombe. The parents
of a selected population were planted in the same field as their offspring to
determine heritability values. The trial was planted in stage one of the plant
breeding programme (single stools) and again in stage two (single lines) to
calculate clonal repeatabilities and correlations between family means. Mid-
parent-offspring regression was used to determine the narrow sense heritability
of the traits investigated. Stalk population was the most heritable trait recorded
at stage one, followed by stalk diameter, fibre % cane and brix % dry matter.
Sucrose-related traits gave the highest estimates of heritability in stage two.
Clonal repeatability and correlation between family means of traits were

highest for stalk diameter, fibre % cane, and brix % dry matter.

Nahar and Khaleque (1996) studied on the pattern of F, variation of five
quantitative characters of sugarcane. They found significant variances for all
the characters. The phenotypic coefficient of variation (PCV) was higher than
genotypic coefficient of variation (GCV). The higher values of PCV and GCV
were observed for millable cane/clump followed by field brix. The highest
value of broad sense heritability was found for cane height followed by
millable cane/clump and cane diameter. GA% of mean was higher for millable

cane/clump than other characters followed by cane yield/clump and field brix.
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Lal et al. (1996) carried out an investigation with forty genotypes of ragi
were evaluated for productivity related traits. Him Ragi 20, Him Ragi 23, GE
624 and GE 2675 were high yielders. Phenotypic coefficients of variability
were slightly higher than the corresponding genotypic ones. Grain yield/plant,
harvest index, biological yield/plant, 1000-grain weight, finger length,
fingers/ear, tillers/ plant and leaf area were controlled by additive gene action.
Dominance and epistatic effects were of considerable value for inheritance of
days for maturity and flowering. Non -additive gene action was important for
plant height and grains/ear. Grain yield/plant was found to be positively

associated with all the traits except flowering days.

Samal ef al. (1996) assessed thirteen genotypes of rajmash (Phaseolus
vulgaris L.) for variability, correlation and coheritability for yield and its
attributes. The investigation revealed that among the genotypes PDR 90-18 was
the highest yielder. The variability in days to flowering and pod length appeard
mainly due to genotypic differences. High heritability estimates were recorded
for days to flowering, pod length and seeds/pod. Additive gene effects were
important in inheritance of days to flowering and seeds/pod, while non-

additive gene effects were important for remaining traits.

Das et al. (1996) carried out research on the range of variability
components, heritability and expected genetic improvement in 24 early
maturing test genotypes of sugarcane. The dominance of genotype encountered
here in all the nine characters. However, the interactions were non-significant
for all the traits except stalk height. Stalk yield and its components viz.,
individual stalk weight, number of internodes, number of millable cane/ha had
high to medium genetic variability and heritability. These traits were highly
amenable to selection procedures and also offered better scope for

improvement through selection.

Kadian et al. (1997) studied on variability, heritability and genetic
advance in 32 genotypes of sugarcane at three environments. Wide variability

was observed for all the characters in each cases. High heritability was
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recorded for leaf width followed by single cane weight and lowest estimation
was recorded for number of millable cane per clump. High genetic advance

observed for single cane weight followed by cane yield per clump.

Doule and Balasundarum (1997) conducted a trail with 28 sugarcane
varieties derived through interspecific crosses to assess the extent of variability
at the phenotypic and genotypic levels, heritability coefficients(BS), genotypic
coefficient of variability (GCV) and genetic advance, and to estimate the
relative contribution of various components towards final cane and sugar yield
at 360 days. They were found high degree of genotypic coefficient of
variability, heritability and genetic advance for yield components like number
of millable canes and single cane weight. The cane quality components
recorded relatively high levels of heritability but low levels of genetic advance

due to lower genetic coefficient of variability.

Tyagi and Singh (2000) studied on correlation and heritability of 18
varieties of sugarcane in a randomized block design with three replications.
The GCV was high for top weight and stalk weight but low for number of
internodes. Heritability and genetic advance were higher for stalk weight and
top weight and lowest for number of internodes. The stalk weight had a
significant and positive association with stalk girth, stalk length and number of
internodes. A significant positive association was observed between sucrose
percent with number of green leaves and top weight. The pol percent in cane

increased with an increase in sucrose percent and top weight.

Nahar et al. (2000) undertaken an investigation for variability,
heritability and genetic advance in ten sugarcane clones for eight quantitative
characters. Wide range of variation was observed for leaf area followed by field
brix, millable cane/clump and cane yield/clump. The analysis of variance
revealed that the main genotypic item was highly significant for all the
characters indicating that clones were genetically different. Phenotypic
variation, co-efficient of variability was higher than genotypic, interaction and

within error components of variations and co-efficient of variability. The
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highest values of phenotypic, genotypic and other components of variation and
co-efficient of variability were found for leaf area. The heritability estimate
was found to be the highest for cane height (87.63) followed by cane diameter
(77.80) and leaf area (73.29). The genetic advance as percentage of mean
showed maximum value for leaf area (35.50) followed by cane height (27.47),

cane vyield /clump (14.96), cane diameter (12.93) and millable cane

/clump(11.46).

Saikia and Sharma (2000) carried out research to estimate the genetic
variability and its components in 36 exotic maize genotypes during rabi season
in 1999 in Assam, India. Significant differences among the genotypes indicated
the presence of enough variability for all the characters (days to 50% tasselling,
days to 50% silking, plant height, ear height, yield per plot). Generally, the
phenotypic coefficient of variation (PCV) was higher than the genotypic
coefficient of variation (GCV) for all the characters. Differences between GCV
and PCV were highest for yield per plot, followed by plant height and ear
height. High heritability estimates for days to 50% tasselling, ear height, days
to 50% silking and plant height were recorded. A relatively low heritability
estimate was recorded for yield per plot. A high heritability associated with
high genetic advance was observed for plant height and ear height, while

moderate heritability was observed for yield per plot.

Chaudhary (2001) estimated phenotypic and .genotypic coefficients of
variation, heritability and genetic advance for seven stalk characters in
sugarcane (Saccharum officinarum L). Analysis of variance revealed highly
significant differences between genotypes for all the characters studied.
Genotypic variance was higher than environmental one for cane yield, millable
cane number, single cane weight, stalk diameter and stalk length. A single cane
weight, germination at 45 days after planting and millable cane number had
high genotypic and phenotypic coefficients of variation. High heritability

estimates were recorded for millable cane number, stalk diameter and single
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cane weight. Maximum genetic gain as percent of mean was observed for

single cane weight and millable cane number.

Jain ef al. (2001) carried out a trial with 81 sugarcane genotypes to assess
the extent of variability at the phenotypic and genotypic levels, heritability
coefficients (BS), genotypic coefficient of Variability (GCV) and genetic
advance, and to estimate the relative contribution of various components
towards final cane yield. The authors reported higher estimates of coefficient of
variation, heritability and genetic gain for number of millable canes per clump

(NMC), single stalk weight (SSW) and cane yield.

Bhatnagar et al. (2003) studied on genetic variability, heritability and
genetic advance in plant and ratoon crops of sugarcane. They evaluated 18
genotypes including 4 checks for cane and quality characters. Highest GCV
and PCV were recorded for single cane weight of plant crop, whereas in ratoon
crop it was highest for number of millable cane. Highest genetic advance was
recorded for cane yield in plant crop and for number of millable cane in ratoon

crop. All the character showed high heritability.

Kumar and Singh (2003) studied on ten sugarcane varieties of early and
mid-late maturity groups to find out variability for morphological, biochemical
as well as quality characters in three different seasons. Number of shoots,
number of millable canes, size of bud, cane diameter, cane yield and phenol

content in normal cane showed moderate to high GCV, PCV, heritability and

genetic advance.

Doule and Balasundarum (2003) carried out résearch with 28 sugarcane
cross materials to assess the extent of variability at the phenotypic and
genotypic levels, heritability coefficients(broad sense), genotypic coefficient of
variability (GCV) and genetic advance, and to estimate the relative contribution
of population parameters at different stage of sugarcane. Data were recorded on
germination at 15 and 30 days, tillering count at 120,180 and 240 days and
number of millable cane at 300 days. Among the population parameters,

number of millable canes had the highest heritability followed by tiller counts
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at 180 days. Tiller counts at 240 days, tiller counts at 120 days, germination
counts at 15 days and germination counts at 30 days had moderate to low levels
of heritability in the same order. Germination counts at 15 days followed by
tiller counts at 180 days and 240 days had moderate levels of genotypic
coefficient of variability compared to number of millable canes at 300 days.
The percent selection gain or genetic advance was high for germination at 15

days, tiller counts at 180 and 240 days and number of millable canes at 300

days.

Arif (2003) evaluated eight early maturing sugarcane (Saccharum hybrid
spp.) genotypes in a four-replicated RCB designed experiment for two years
each in plant and ratoon crops during 1999/00 to 2001/02 at the farms of Sugar
Crops Research Institute, Mardan. The genotypes were S.87-US.1873, S.86-
US.795, S.86-US.642, S.86-US.432, Thatta-7, CP 72-2086 TCP 8I1-10
including Mardan-93. Sixteen characters, germination %, tillers/70m2, leaf
area, plant height, stalk length, stalk diameter, internodes/stalk, stalk weight,
stalks/70m2, stalk yield, Brix %, Pol %, purity %, fibre %, CCS % and sugar
yield/70m2 were studied in plant crop. Eleven characters, tillers/70 m2, stalk
length, stalk diameter, stalk weight, stalks/70 m2, canc yicld/70 m2, Brix %,
Pol %, fibre %, CCS % and sugar yield/70m2 were studied in ratoon crop.
Components of variability were evaluated for genotypic, phenotypic and
environmental coefficients of variation, broad sense heritability, expected
genetic advances maintaining selection intensity of one genotype selection out
of seven; and interrelationships of the characters through path analysis.
Genotypes were significantly different in stalk diameter, internodes/stalk,
single stalk weight, fibre content in plant and tillers, stalk lcngth, stalk diameter
and fibrc content in ratoon (P < 0.01) crops while leaf area, stalk length and
cane yield at P < 0.05 in plant crop. G x Y interaction was existed for Brix%,
Pol% and CCS% in plant (P < 0.01) and fibre content in ratoon (P < 0.05).
Genotypic coefficients of variation were ranged from -0.925% of Pol% to
17.477% of plant height in plant and -2.345% of sugar yield to 27.571 % of

tillers per 70m2 in ratoon crop. The degrees of genetic determination were
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ranged from -58.40% to 95.20% in plant and - 47.90% to 99.90% in ratoon
crop. The genetic advances were ranged from -0.269% of CCS% to 23.276% of
plant height in plant and -1.567% of CCS% to 37.616% of tillers/70m2 in
ratoon crop at one genotype out of seven selection intensity. Low genetic
advances of quality parameters both in plant and ratoon crops suggested that
concentration should be made on cane yield component parameters maintaining

quality parameters at a certain commercial acceptable levels during selection.

Hapase and Repale (2004) carried out research to determine genotypic
and phenotypic variance and their coefficient of variations, heritability and
genetic advance for 11 quantitative and 5 qualitative traits of sugarcane. They
found a good number of genetic variability among all the characters under
study. The phenotypic variance was higher than the genotypic variance in
almost all the characters. Heritability (in broad sense) ranged from 25.63
percent for no. of internode per cane to 97.87 percent for tillering at 90 days/ha.
Genetic advance was maximum for total height of cane, germination% at 30
days, millable height of cane (cm), cane yield t/ha, germination% at 45 days

followed by no. of millable canes/ha.

Hossain et al. (2004) had done research to evaluate, genetic variability,
heritability and genetic advance for 6 characters in 45 soybean genotypes.
Significant variations were observed among the genotypes for all the characters
studied. Genotypic and phenotypic variations were highest for plant height
and pods/plant. Characters like days to maturity, 100 seed weight, plant height,
first pod setting height, pods/plant and seed yield/plant were showed high
heritability. The highest genetic advance was found to be associated with

highest heritability value for plant height and pods/plant.

Deep et al. (2004) evaluated 52 genotypes of sugarcane for 14 yield and
quality parameter to study variability, heritability and expected genetic gain
during the year 2002-°03 at CCSHAU Reseaonal Research Station, Uchani-
Karnal. Among the genotypes for almost all the characters except purity

percent showed considerarable amount of variability. Their results revealed
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that among cane yield and its component traits, cane yield/clump provided high
estimates of genotypic as well as phenotypic coefficient of variation coupled

with high heritability and expected genetic gain as percent of mean.

Silva ef al. (2005) studied on the genetic similarity among 129 sugarcane
clones. In the experiment evaluation was done for the number of stalks per plot,
the average mass of the stalks, the mass of 10 stalks, the medium brix and the
brix production in kilograms for each plot. The data were analyzed through
several Canonic Variables and Tocher method using the Mahalanobis (Dii’
distance. The number of stalks per plot (NSP) and the brix production per

kilograms per plot (BKP) were characteristics that most contributed for most of

the genetic variability.

Datta et al. (2005) studied the component of phenotypic variation for
yield and yield contributing characters and relationship between them in 21
genotypes of soybean. Significant variations were observed among the
genotypes for all the characters studied. The highest genotypic and phenotypic
coefficient of variation was observed in pod/plant followed by leaf area, 100
seed weight and yield/plant. Higher level of heritability, genetic advance and
genetic advance as percentage of mean was found in leaf area, plant height and
pods/plant. In most of the cases genotypic corre]ati‘ons were higher than the

phenotypic ones.

Rahman et al. (2006) studied on variability, heritability and genetic
advance in 81 genotypes of sweet gourd and found significant variation for all
the characters under study. There were also considerable difference between
genotypic and phenotypic coefficient of variation for almost all the characters.
Among the studied characters GCV and PCV for the traits of female flower per
plant, number of fruit per plant, yield per plant, total male flower per plant and
seed per fruit. All the characters showed higher heritability. The genetic
advance (as % of mean) was also high for female flower per plant, yield per

plant, number of fruit per plant and total male flower per plant.
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Alake et al. (2008) carried out research with ten genotypes of maize (Zea
mays L.) for two years in the experimental field having randomized complete
block design with four replications. The results showed year effect to be
significant for days to tasselling, days to silking, kernel weight and grain yield,
and genotype effect was significant for all the characters. Also, genotype x year
interaction were significant for all the characters except kernel weight and grain
yield. Genotypes AK-94-DMR-ESR and ACR-94-TZE COMP 5 had highest
grain yield per hectare (7301.6kg and 7183.4kg respectively). Close
resemblance between genotypic correlation coefficient (GCV) and Phenotypic
correlation coefficient (PCV) was observed for all the traits indicating that
selection for these characters would be effective. Heritability estimates in
general were high for all the eight characters studied except for days to 50%
tasselling. Characters studied showed significant positive correlation with grain
yield except for days to tasselling and silking which showed significant
negative genotypic correlation with grain yield. For the rest of the characters
only days to 50% tasselling showed significant negative phenotypic correlation
with grain yield. The PCV identified seedling emergence (63%), kernel weight
(50%), grain yield (45%), kernels per row 44%, kernel row per ear (40%) and
days to tasselling (40%) as the characters that contributed significantly to
variations found in the maize genotypes were examined. Highest heritability
(h%,) coupled with high genetic advance was observed for kernel row per ear,
grain yield per plant, ear length and kernels per row. Thus, these traits could be

used as selection criteria for yield in maize.

Majumder et al. (2008) studied on twenty spring wheat varieties to find
out genetic variability and genetic association for grain yield and its component
characters. Both genotypic and phenotypic variances were highly significant in
all the traits with little higher phenotypic variations. High heritability coupled
with high genetic advance was obtained with plant height, grains per spike,
100-grain weight, harvest index and grain yield. Genotypic correlation
coefficients were higher than the corresponding phenotypic correlation

coefficient in most of the traits.

20



Mali et al. (2009) studied on genetic variability, correlations and path
coefficients in sugarcane taking 21 phenotypically diverse genotypes, which
were planted in randomized block design. The study revealed highly significant
differences among the 21 genotypes for all the characters studied. All the
characters under study indicated the ample variation of these characters. High
heritability coupled with high genetic advance observed for number of tillers
and single cane weight indicated the presence of additive gene action and direct
selection may be highly effective. Correlation coefficient revealed that cane
yield was found to be significantly and positively correlated with number of
internodes at harvest, cane diameter at harvest, single cane weight, C. C. S.
(kg/plot) at 360 DAP and NMC/plot. Path coefficient analysis indicated the
highest positive direct effect of sucrose % juice at 360 DAP on cane yield. D’
analysis in 21 genotypes of sugarcane revealed considerable diversity, on the
basis of which they were grouped into eight clusters. Germination % at 45
days, single cane weight at harvest, number of tillers at 120 DAP, NMC/plot
and C. C. S. (kg/plot) at 360 DAP contributed maximum to the total genetic
divergence. The genotypes of clusters II and VI can be used as parents in

hybridization programme to develop high yielding sugarcane varieties.

Vaghela et al. (2009) estimated phenotypic and genotypic coefficient of
variation, heritability (broad sense) and genetic advance in 54 diverse
genotypes of maize (Zea mays L.). The differences between the genotypes were
highly significant for all the 12 characters under study. Very high heritability
for all the characters was observed except for number of baby corn per plant
and plant height. High heritability coupled with high genetic advance revealed
predominance of additive gene effects. High heritability with high genetic
advance as percentage of mean was observed for baby corn yield per plot, ratio
between baby corn yield to cob, yield per plot and total soluble sugar. Hence,

these traits are the most suitable for further improvement through selection.

Hongkai et al. (2009) studied on the genetics of sugarcane biomass yield

and heterosis of stalk number and weight using the additive, dominance and
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additive x additive epistasis model. Results indicated that stalk number is
controlled by additive and dominance effects, stalk weight by dominance,
epistasis, and their interaction with environment, and biomass yield by
additive, dominance, dominance x environment, and epistasis x environment
effects. Accessions ROC20, ROC24, and ROC25 had high general combining
ability with other lines for stalk number. Yuetang 81/3254, Yuetang 85/177,
Yuetang 79/177, and Yuetang 80/101 were good female lines with ROC20 and
ROC25 as male lines and Yuetang 85/177 x ROC25 was the only superior

cross combination.

Chowdhury ef al. (2010) carried out research to estimate magnitude of
heterosis over better parent and standard check for some important characters
in 15 crosses resulting from a half diallel mating design of 6 inbred lines of
brinjal. Hybrid variety 'Tarapuri' was used as standard check. The parents and
the hybrids were evaluated at the farm of Olericulture Division, HRC, BARI,
during the winter season of 2008-2009. A randomized complete block design
with three replications was used. Significant levels of heterosis were detected
for all the traits studied. Promising hybrids exhibited significant positive
heterosis for fruit yield, magnitude of which ranged from 9.63% to 74.89% and
8.52% to 72.60% over better parent and standard check, respectively. Some of
the promising hybrids showed desirable heterosis for earliness, increased fruit

number and yield.

Azad et al. (2011) Investigated variability and diversity in six irradiated
lentil lines in 2005-2006 and 2006-2007 for eight yield and yield contributing
characters viz., plant height at first flower (PHFF), number of branches per
plant at maximum flower (NBPMF), plant area per'plant (PAPP), number of
pods per plant (NPdPP), pod weight per plant (PdAWPP), number of seeds per
plant (NSPP), seed weight per plant (SWPP) and plant weight per plant
(PWPP). Presence of wide range of variation for all the characters indicated
that they are quantitative in nature and are under polygenic control. The lines

were genetically well differentiated as indicated by the analysis of variance.
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Significant year and dose and respective interaction items with lines for most of
the characters indicated that the environments were different and that they
interacted with genotypes differently. Lines, years and doses interacted among
themselves as indicated by significant LxDxY. Heritability and genetic
advance were estimated to be low for all the characters under study. However,
the different components of variation and coefficient of variabilities, as
calculated were more or less high for PAPP, NSPP, NPdPP, NBPMF and

PHFF which indicated a wide scope of improvement of these traits through

selection.
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MATERIALS AND METHODS

A. MATERIALS
The seedlings developed from the NCD-I crosses between 15 selected
sugarcane genotypes, collected from the germplasm bank of Bangladesh
Sugarcane Research Institute (BSRI), Ishurdi, Pabna, are to be considered as the
3 experimental materials in this investigation. The lists of the genotypes are as

follows:

1.Isd 35 2.1149-00 3. Co 642 4.1101-66 5.117-01
6.Co1148  7.CPI85-80  8.134-95 9.1157-94 10. Isd 31
11.1 4-71 12.1216-92  13.1Isd 29 14. Isd 25 15.1324-86

Details about Parent Materials

Genotypes| Germi. %| NMC/C | CSH | CSG | LL LB Sucrose
(cm) | (cm) | (cm) (cm) | recovery%

Isd 25 3 75 268 132 983 3. 9.47
Isd 29 30 72 - 2@ 3L . 120 3 9.78
Isd 31 29 80 365 24 w7 81 1050
Isd 35 36 70 293 19 123 28 1050
Co 642 34 64 267 23 15 44 10.0
Co 1148 3 75 201 22 104 3.8 9.03
: CPI85-80 28 55 231 19 150 3. 9. 83
14-71 37 50 233 23 117 38 7.01
[17-01 30 71 261 21 149 37 1100
I 34-95 33 85 220 19 112 3.6 9.50
1101-66 35 55 965 35 118 45 7.07
1149-00 33 79 309 20 114 43  10.00
1157-94 29 54 287 20 121 39 9.50
121692 37 72 244 23 108 45 9.00
1324-86 28 64 268 18 125 33 9.50




B. METHODS
1. Preparation of the Experimental Materials

a) Identification of male (sire) and female (dam) genotypes

On the basis of pollen viability test male (sire) and female (dam) parents
were identified from the selected genotypes before set crossing. Due to higher
viability of pollen Isd 35, I 101-66, I 149-00, Co 642 and I 17-01 were considered
as male parents (sire). Remaining 10 genotypes (Isd 25, Isd 29, Isd 31, Co 1148,
CPI 85-80, 1 4-71, I 34-95, 1 157-94, T 216-92 and I 324-86) were considered as
female parents (dam). Each of the male parents mated with two female parents.

All the crosses were done in the crossing shed at BSRI.
b) Preparation of cross materials and hybrids

The selected parents, when its flag leaf was initiated in the field, it was
marcotted to develop root at marcotting portion. After development of flower,
selected plants were cut under the marcotted area and were taken to the crossing
shed for crossing with desired parents. Flower of male (sire) was shaken over the

female (dam) for confirm pollination up to one week.
¢) Collection and storing fuzz (true seeds)

After ripening of the flowers, marked by fluffy condition, the arrows
(inflorescence) were harvested, and seeds were collected in a small brown paper
bag. The seeds (fuzz) were then dried in the sun, stripped, bagged in medium size

polythene bag and stored in deep fridge at — 19°C.
d) Sowing of fuzz and raising of seedlings

In the month of July seeds (fuzz) were sown in a sterilized media (soil,
pressmud and sand in 2: 2: 1 ratio) in plastic tray inside the glasshouse. When the

seedlings attained a height of 2-3" the trays with seedlings were transferred to the
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seedling nursery bed allowing them to grow in natural condition. The seedlings

were fertilized, sprayed with fungicide and watered as and when required.

e) Pricking off seedlings in the nursery bed

After one month the seedlings were pricked off in cell-u-pack with
pulverized sterilized media. Foliar application of nitrogen fertilizer was done
weekly to provide normal growth of seedlings. They were also watered and
sprayed with fungicide and insecticide as and when necessary. Leaf trimming was

also done in every week.
f) Transplantation of seedlings in the experimental field

In the second week of November of the same year the crosswise seedlings of
10 crosses raised in the seedling nursery bed, were transplanted in the field by

maintaining 45 cm plant to plant distances.
g) Land preparation, trenching and plantation of seedlings

The lands were thoroughly prepared by mechanical ploughing, harrowing
and leveling. All the stubbles and weeds were removed from the land. The

trenches were made by trencher with a row distance of 1 metre and a depth of 40-

45 cm.
h) Intercultural operations

Necessary intercultural operations such as mulching, weeding, irrigation
were done as and when required. Earthing up and tying of cane was done in the
month of July to August in each year. Mechanical control measures were taken

against the attack of diseases and insect pests of cane.
i) Selection of materials for field trial

After maturity of cane (developed from the seedlings) 5 genotypes per
cross/progeny were selected randomly for plantation in three locations at Rajshahi,

Thakurgoan and Ishurdi (BSRI) in Pabna district.
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2. Field Trial and Data Collection
a) Land preparation and trenching

The lands were thoroughly prepared by conventional or mechanical
ploughing, harrowing and leveling according to the facilities available. All the
stubbles and weeds were removed from the field. The trenches were made by
trencher or using a hand spade as when the scope available. Trench to trench (row

to row) distance was | metre and a depth of 40-45 cm.
b) Design of the experimental field

The experiments were set up in the field in a Randomized Complete Block
Design with three replications. Each genotype having five selected sibs (F1)
derived from the same cross were planted in a 6mx5m plot having each row 6m

long. Row to row distance maintained was 1 metre.
c) Fertilizer application

The following normal dose of fertilizers as recommended by Bangladesh

Sugarcane Research Institute (BSRI) were applied.

Fertilizer Ishurdi Rajshahi Thakurgoan
(BSRI) (Horian) (RSRS)

Urea 326 326 271
TSP 253 253 177

MP 180 180 - 260
Gypsum 189 189 139
Mag.Oxide - - 50
Zinc sulphate 10 10 7

Whole amount of above dose of TSP, Gypsum, Mag.Oxide and Zinc

sulphate, one third of MP and Urea were applied in the trenches at the time of
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plantation. The remaining two-third amount of Urea and MP in two equal
installments as top dressing at 90 and 150 days of plantation. Press mud (12.5
tons/ha) as a source of organic fertilizers were applied at the time of land

preparation.

d) Preparation of setts, Fungicidial treatment and setting up of experiment

Three hundred and sixty 3-eye-buded setts of each genotype from a cross
were prepared (120 setts for each replication) and treated with 1% Bavistin
(Carbondazim 50 WP) solution for 30 min. and planted in trenches. In this way
three experiments were planted in three locations (BSRI-Ishurdi, Horian-Rajshahi

and RSRS-Thakurgoan) in each of two years.
e) Intercultural operations

Necessary intercultural operations such as mulching, weeding, irrigation etc.
were done as and when required. Earthing up and tying of cane was done in the
month of July to August in each year. Mechanical control measures were taken

against the attack of diseases and insect pests of cane.

f) Collection of data

In this study data were collected following nine agronomical characters as

followes:

i) Germination percentage (Germi.%): Germinated shoots were counted after 45
days of plantation. For the determination of germination percentage, total number
of germinated shoots of a genotypes in a replication were divided by total
numbers of eye buds in the setts of that genotypes were planted in that replication
and then multiplied by hundred. The calculation was done as follows

No. of total germinated shoots per genotype in a replication
No. of total eye buds per genotype were planted in a replication

X100

Germi.% =
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i) Number of Tillers per Clump (NT/C): Number of tillers per clump were
recorded after 150 days of plantation. Each of the clump of a genotype in a
replication produced how much individual shoots (tillers) were counted. The

calculation was done as follows

No. of total tillers per genotype in a replication

NT/C. = : -
No. of total clumps per genotype in that replication’

iy Number of Millable Canes per Clump (NMC/C): After the maturity of cane
existing number of millable canes in each of the clump of a genotype in a
replication were recorded at the time of harvest. The calculation was done as
follows

No. of total millable canes per genotype in a replication

NMC/C = . o
No. of total clumps per genotype in that replication

iv) Cane Stalk Height (CSH): Ten cane stalks from a genotype in a replication
were randomly selected and measured longitudinally from the bottom to the first

visual dewlap using a metre tape, and average data were recorded.

v) Cane Stalk Girth (CSG): For the measurement of cane stalk girth ten cane
stalk from a genotype in a replication were randomly selected and diameter of
these selected stalks were measured by slide calipers. It was measured from the

middle portion of the cane and the average diameter (girth) was recorded.

vi) Leaf Length (LL): For the measurement of leaf length, ten leaves (4", 5™ or
6" no. leaf of a plant) per genotype in a replication were randomly collected and
measured by metre scale from base to top of the lamina of each leaf, and average

data were recorded.

vi)  Leaf Breadth (LB): For the measurement of leaf breadth character, ten
leaves (4™, 5™ or 6" no. leaf of a plant) per genotype in a replication were
randomly collected and measured by metre scale at wide place of the lamina of

each leaf.
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viii) - Field brix (Brix%): Field brix percent were recorded randomly from 5-10
samples of each genotypes in a replication before harvesting of cane. It was

measured by a hand refractometer.

(Brix is the total soluble solid present in cane juice and it is the primary
measurement of sucrose in the field stage. It is assumed that sucrose recovery% is

approximately half of the field brix%)

ix) Cane Yield per Clump (CY/C): The total canes of each genotypes of each
replication were harvested separately. After detrashing the leaves, the canes were
weighted and divided the cane weights by the number of clump per genotype in
that respective replication. The calculation was done as follow:

CY/C - Total weight of canes per genotype in a replication
No. of total clumps per genotype in that replication

3. Techniques of the Analyses of Data

The collected data were analysed following the biometrical techniques of
analysis as developed by Mather (1949) based on the mathematical models of
Fisher et al.(1932). The techniques used are described under the following sub-
heads:

a) Mean

Data on individual plant basis were added together then divided by the total

number of observations and the mean was obtained as follows:

n

>x

1

Mean( X )= =L
n

Where,

X = The individual reading was recorded from eéch plant.
n = Number of observations.

> = Summation.
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b) Standard deviation

Standard deviation is the average of the deviation of the individual
observations from the mean. It was calculated as the square root of the variance as

follows:

S =s?

Where,
S = Standard deviation

S = Variance
c) Standard error of mean

If instead of taking one sample, several samples are taken it will be found
that the standard deviations of the different samples also vary. This variation is

measured by the standard error which was determined as follows:

=~ 8
Sx=—
Jn

Where,

S x = Standard error of mean
S = Standard deviation

n = Total number of individuals.

Standard error of mean gives an idea as to how any mean obtained from a

sample may differ from the true hypothetical means of the population.
d) Coefficient of variability in percentage
Cocfficient of variability in percentage (CV%) was calculated according to

the following formula:

CV% = 2100
b i
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Where,

CV%= Coefficient of variability in percentage

S = Standard deviation

x= Genotype mean

e) Analysis of variance

Variance is a measure of dispersion of a population. So, the analysis of
variance is done for testing the significant differences among the populations.
Variance analysis for each of the characters was camed out separately on mean
value of a row.

The variance due to different sources such as genotype (G), location (L),
year (Y), GxL, GxY, LxY, GxLxY and within error of a population were

calculated as per the following skeleton of analysis.
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~_ Genotype ss

»

df =9
> Location ss
df=2
— > Treatment ss — * —» Year gs
df =59 df=1
Total g —™ ;
df= 899 —» GxLss
df=18
L Within error
df = 840
_» GxYss
df=9
— L% Ygs
df=2
—+» G xL xY ss
df =18
Where,
Total ss= Y (*GLY)*-CF
2(GL )
Treatment gs = —* ~CF

r

Error ss = Total sg- Treatment ss

o

1

Genotype sg = — —-CF
type ss T
2
2L

Location gg =~ ~CF
rGY
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R

Y = K —CF

ear ss GL
Y@L

(GxL)ss = . RV —CF-Ggs —Lss
Y6V’

(GXY) ss = L ) _CF*GSS—YSS
LY’

(LXY) S L 0 _CF_LSS _Yss

(G*LxY) ss= Treatment gs - Genotype ss - Location g5 - Year ss- (GxL) ss
-(GxY) ss-(LXY) ss ‘

ANOVA was done as per the following skeleton where mixed model was

used
Ttem df MS EMS =
Genotype (G) G-1 MS, |ow+16 oLy * L ey E LY @
Location (L) L-1 MS, | 0%+ 1o gLyt Gro’ Ly + GYro'L
Year(Y) Y-l MS; | ooy +GLIo v
GxL (G-1)(L-1) MS, | 0Pt 10 gLy + Y10 GL
G%Y (G-1)(Y-1) MS; | oiwt 16 gLy + Lo’ Gy
L xY (L-1)(Y-1) MS; | 02wt 10” Ly + GIG Ly
GxLxY (G-D(L-1)(Y-1)| MS, ooyt 167 GLY
Within error GLY(r-1) MS; | G'w
Where,
G, L, Y, r designated for genotype, location, year and replication,
respectively.

MS,= Represents mean square of genotype.

MS,= Represents mean square of location.
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MS;= Represents mean square of year.
MS,= Represents mean square of GXL
MSs= Represents mean square of GxY
MS¢= Represents mean square of LxY
MS-= Represents mean square of GxLxY
MS¢= Represents mean square of within error
and

LYro? o= Variance due to genotype
GYro® | = Variance due to location
GLro’ y = Variance due to Year

Yro’g = Variance due to GxL

Lro gy = Variance due to GxY

Gro’ Ly = Variance due to LxY

ro” g py = Variance due to GxLxY

o, = Variance due to within error

i) Components of variation

The components of variation were phenotypic (0%p), genotypic ((Szg),
location (c%.), year (6%y), interaction (6% O'ZGY, GZLY‘ o’ gLy) and error (6%)
variances. These were measured as follows:

Step-1: .

6% 6= (MS;-MSs)/LYr
6%, = (MS,-MSe)/GYr
o y = (MS3-MSg)/GLr
o . = (MS4-MS;)/Yr
0% gy = (MSs-MS;)/Lr
o’ Ly = (MS¢-MS;)/Gr
oLy = (MS;-MSg)/r
o’ = MSg
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Step-1 I:
(i) Phenotypic variance (czp) =c’gto gyt o’ Ly * Gl
(ii) Genotype variance (%) = 6 G
(iii) Location variance = 6’1
(iv) Year variance = 5 5
(v) Genotype x Location variance = 6° L
(vi) Genotype * Year variance = oC Gy
(vii) Location x Year variance = oLy
(viii) Genotype * Location x Year variance = 6~ GLy

(ix) Error variance = i
ii) Coefficient of variability

Deviation is also expressed by the coefficient of variation. Coefficient of

variability at different levels were calculated following Johnson ef al., 1955.

2
(a) Phenotypic coefficient of variability (PCV) = "7" x 100

2

(b) Genotypic coefficient of variability (GCV) = G_EG_ x 100

2
G L

(¢) Location coefficient of variability (LCV) = = %100

GZY

(d) Year coefficient of variability ( YCV) = = x 100

2
(e) Genotype x Location coefficient of variability (G * L CV) = “; %100

2

(f) Genotype x Year coefficient of variability (G <Y CV) = GEGY x 100
2
(g) Location x Year coefficient of variability (L xY CV) = G—XE{ %100
(h) Genotype x Location x Year coefficient of variability (GXLxYCV)
_ e 00
X

0'2w

(i) Within error coefficient of variability (ECV) = o x 100
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f) Heritability, Genetic advance and Genetic advance
as percentage of mean

i) Heritability (h?5)
Heritability (in broad sense) estimates was computed by dividing the
genotypic variance with phenotypic variance and then multiplying by 100 as
suggested by Warner ,1952.

2
by = 2> x100
Gr

Where,
h?, = Heritability in broad sense

o’ ;= Genotypic variance

o p = Phenotypic variance

i) Genetic advance (GA)

Genetic advance was calculated by the following formula as suggested by

Lush (1949).
GA=k(op) (6°/ o°p)

Where,
k = The selection differential in standard units for the present

study it was 2.06 at 5% level of selection ( Lush, 1949).
o p = Square root of the phenotypic variance
o° p = Phenotypic variance

o° ;= Genotypic variance
iii) Genetic advance expressed as percentage of mean (GA%)
Tt was calculated by the following formula:

GA % of mean =%’3x100

Where,
GA = Genetic advance
X = Grand mean for a particular character
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RESULTS

Diversity estimation was done following nine quantitative characters of
sugarcane such as germination percentage (Germi. %), number of tillers per clump
(NT/C), number of millable canes per clump (NMC/C), cane stalk height (CSH) in
cm, cane stalk girth (CSG) in cm, leaf length (LL) in cm, leaf breadth (LB) in cm,
field brix percentage (Brix %) and cane yield per clump (CY/C) in kg. Character
wise ranges and mean with standard error for all the genotypes and individual
genotypes, and coefficient of variability in percentage'(CV%) are given in Table
1-2. The results of analysis of variance for all the nine characters were done
separately and are shown in Table 3. For testing the main effects and their

interaction effects, a mixed model was followed.

A) CHARACTER WISE RANGES AND MEAN WITH
STANDARD ERROR FOR ALL THE GENOTYPES

The estimated ranges of means and mean with standard error of different
characters for overall the genotypes are shown in the Table 1. The mean values
were highly significant; considerable range of variation was observed for all the
characters (table 1). The maximum range of variation was observed for cane stalk
height (CSH) followed by germination percentage (Germi.%) and leaf length (LL).
The lowest range of variation was exhibited by cane stalk girth (CSG). The mean
values with their standard errors of nine characters, such as germination
percentage (Germi.%), number of tillers per clump (NT/C), number of millable
canes per clump (NMC/C), cane stalk height (CSH) in cm, cane stalk girth (CSG)
in cm, leaf length (LL) in cm, leaf breadth (LB) in cm, field brix percentage
(Brix%) and cane yield per clump (CY/C) in kg, were 33.363 + 0.4156, 5.3649 £
0.0698, 3.6172 + 0.0424, 262.2796 + 1.6449, 2.6139 + 0.0163, 124.2991= 0.4626,
33433 + 0.018, 18.4959 £ 0.0775 and 2.7092 + 0.0473, respectively. Highly

significant mean values indicate that the varieties were different regarding these




characters. It shows that the varieties are genetically different from each other
which justify their inclusion as materials in the present investigation.
B) RANGES OF INDIVIDUAL GENOTYPES FOR
RESPECTIVE CHARACTERS
Ranges of individual genotypes for respective character were presented in
the Table 2. It was shown from the Table 2 that the values of the ranges in
different genotypes for their respective characters were different. The range of

each genotype as calculated for their respective characters was as follows:

Germination percentage (Germi. %) : For this trait genotype 3 (G 3) showed
the highest range of 24.8683 - 32.6719 while , the lowest range of variation was
found 29.98345 - 31.3322 in Ge.

Number of tillers per clump (NT/C): The highest range of variation was

recorded as 4.5889 - 5.9033 in G; and the Jowest range of variation was found as

5.0306 - 5.3467 in Gy,

Number of millable canes per clump (NMC/C): The highest range of variation
was recorded as 3.4317-4.2764 in Gy, while the lowest was recorded as 3.5186 —

3.7144 in G3.

Cane stalk height (CSH): Among nine quantitative characters, CSH showed
the highest range of 244.7111 - 279.9944 in G,y Gg and Gy, respectively and the
lowest range for this trait was recorded as 251.7056 —258.0778 in Ga.

Cane stalk girth (CSG): Highest range of variation for this character was
noted in Gg with a value of 2.5172 — 2.8183 while, the lowest range of 2.5411 —
2.5822 was noted in Gg.

Leaf length (LL): Regarding this character the highest range was recorded in
G with a value of 118.2519 — 129.2525 while, the lowest was recorded in G, as
122.7206 — 124.0267.
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Leaf breadth (LB): This trait also showed low range of variation. Here the
highest range 2.9656 — 3.6164 in G, while, the lowest range of variation was
found as 3.4725 —3.5233 in Gs,

Field brix percentage (Brix%): The range of variation for Brix% was highest

in the genotype Go with the value of 17.0706 — 18.3878 and lowest range, 19.0433
—19.1933 in Gyo.

Cane yield per clump (CYIC): The highest range of CY/C was recorded as
72173 —3.1240 in G; while, the lowest was recorded as 2.5496 —2.7396 in Go

C) MEAN WITH STANDARD ERROR AND COEFICIENT OF
VARIABILITY IN PERCENTAGE

Mean with the standard error and CV% in each of the genotype for nine
quantitative characters were presented in Table 2. For each of the characters as
calculated the values of mean showed variation in each genotype as described

below:

Germination percentage (Germi. %) : Germination percentage showed the
highest mean with the standard error of a value of 37.0767 + 0.4577 in the
genotype Gyoand the lowest mean with the standard error was 28.9774 = 1.3781 in
G; and the highest and the lowest CV % of 10.6341 in Gs and 1.7784 in Gg,

respectively.

Number of tillers per clump (NT/C): The highest mean was noted in G, with a
value of 6.2493 + 0.1244 and the lowest was noted in G ¢ with a value of 4.8063
+ 0.0682. Here the highest CV% of 10.7795 showed by the genotype Gs and the
lowest of 2.9755 by Gio.

Number of millable canes per clump (NMC/C): For this character the highest
mean was recorded by G 7 with a value of 4.10911 + 0.1166, while the lowest was

3.3096 + 0.0778 in G ¢ Genotype G g and G 3 exhibited 0.3845 and 2.1072 the
high and low CV%, respectively.
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Cane stalk height (CSH): The highest mean was recorded in G 5 with a value
of 275.9578 + 3.2406 while the lowest mean observed in Gy was 252 8133 &
2.2436. The coefficient of variability in percentage (CV%) was highest, 0.9988 in
G o and lowest, 0.1909 in Ga. '

Cane stalk girth (CSG): The highest mean was noted in Gs with a value of
77391 + 0.0411and the lowest was noted in Go with value of 2.4917 + 0.0196. For
this character the highest and the lowest CV % was recorded as 0.9791in Gs and

0.1270 in Gy, respectively.

Leaf length (LL): The highest mean was observed in G ; where the value was
127.0013 + 1.8416 and the lowest was recorded in Gy with a value of 1 19.8125 =
1.0457. For this character the genotype G, and G, showed the highest and the
lowest CV % with the value of 0.7430 and 0.0823, respectively.

Leaf breadth (LB): The genotype, G s showed 3.4986 + 0.0098 as the highest
mean and G o indicated 3.2268 + 0.0288 as the lowest mean. For this trait, G 2

(1.5836) and G 5 (0.1255) had the highest and the lowest CV%, respectively.

Field brix percentage (Brix %): The G , showed 19.1346 + 0.2174 as the
highest mean and G ¢ indicated 17.7854 + 0.2621as the lowest mean. Genotype G 9
and G o with the value of 0.6592 and 0.2030, respectively was the highest and

lowest CV% for this character.

Cane yield per clump (CY/C): The highest mean with standard error for this
character was 3.0477 £ 0.1314in G 5 and the lowest mean with standard error was
71729 + 0.0538 in G ;. The highest CV % was found fo be 2.9084 in Gy and the
lowest CV % was recorded as 1.1069 inG .

D) ANALYSIS OF VARIANCE

The results of analysis of variance were shown in Table 3. The table shows

that the genotypic item (G) was highly significant for all the characters when
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tested against within error. This item was also significant for the character
Germi.%, NT/C, NMC/C, Brix% and CY/C when tested against respective
interaction item. The location (L) item was also highly significant for all the
characters when tested against within error, this item also significant for all the
characters except Brix % when tested against respective interaction error. Highly
significant year (Y) item was also observed for all the characters when tested
against within error but when it was tested against respective interaction error then
only Germi.%, CSH, CSG, LL and Brix% showed significance . The interaction of
genotype and location (G x L) was highly significant for all the characters viz.,
Germi%, NT/C, NMC/C, CSH, CSG, LL, LB, Brix % and CY/C when tested
against within error. The interaction of location and year (L x Y) was also highly
significant for all the characters when tested against within error and significant
against respective interaction error. The interaction of genotype and year (G * Y)
and second order interaction G x L x Y was found to be highly significant for all
the characters under study. The significant of this second order interaction
indicated that the genotypes interacted differently in different locations and years

among them.
E) COMPONENTS OF VARIATION

The estimation of components of variations of phenotypic (o” p), genotypic
(6 ), location (c° 1), year (6> ,). interaction (6° G x Y, >GxL,o’L xY and
o> G * Lx Y) and within error components of variation (o° §) were calculated

separately for all the characters. The results are presented in the Table 4.

Phenotypic variation (02 p): For all the characters phenotypic variation (o i)
was greater than those of (6° ) » (02 L)s ((52 Y )s (6> G x Y.o GxrL, o°L x Y and
o> G x Lx Y)and (6° ) components of variation as expected, except the variation
of year (o 2Y) and variation due to interaction between location and year (o 2 1%

Y) for the character LL. The maximum phenotypic variation was observed for
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CSH with a value of 1096.5098 and the lowest phenotypic variation was 0.1100
shown by CSG.

Genotypic variation (o %): The variance due to genotype (6> ) was high with
a value of 24.1052 for CSH followed by Germi.%, while the lowest value was
exhibited by CSG with a value of 0.0036.

Variation due to location (2 L): The highest variation due to location (6 L)
was found for LL with a value of 39.74181 followed by Germi.%, NMC/C and
CY/C character. These Germi. %, NMC/C and CY/C were showed the values of
o’ L 2.6274, 0.0867 and 0.0247, respectively. The lowest value for location was
recorded for CSG as 0.0011.

Variation due to year (02 y): The year component of variation (¢” y) was
found to be high for LL with a value of 214.3092, while the lowest for year was
recorded for CSG with a value of 0.0044.

Genotype X year variation (02 GxY): The highest variation due to genotype *
year interaction (6° GxY) was showed by LL with a value of 17.4017 followed by
NT/C (0.1795), CY/C (0.0567) and NMC/C (0.0483). On the other hand, the

lowest value of ¢ 2 GxY was recorded as 0.0416 for Brix%o.

Genotype x location variation (o2 GxL): The genotype x location interaction
variation (¢ > GxL) was high for CSH with a value of 10.7237 followed by LL,
CY/C and LB. While, the lowest value was recorded as 0.0010 for CSG.

Location x year variation (o2 LxY): The variation of location x year interaction
(6 2 GxL) was maximum for LL with a value of 455.9099 followed by CSH
(35.4536), Germi. % (6.7943) and NT/C (0.6012). On the other hand, the lowest
value of (6 2GxY ) was recorded as 0.0148 for CSG.

Genotype * location x year variation (02 GXLxY): The second order interaction

o 2 GXLxY component of variation expressed the highest value of 178.6030 for
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CSH followed by LL, Germi. % and Brix %. The lowest value of 0.0228 was

showed by the character CSG for this component.

Within error variation (02 g): Regarding within error variation (¢ ° g, the
highest value was found for CSH with a value of 910.6667 followed by LL,
Germi. % and Brix %. While the lowest value of 0.0878 was observed for CSG.

F) COEFFICIENT OF VARIABILITY

The estimates of phenotypic (PCV) , genotypic (GCV) , location (LCV),
year (YCV), interaction (GxY CV, GxLCV, LxYCV and GxLxYCV) and within
error coefficient of variability (ECV ) for nine quantitative characters of sugarcane

were computed . The results are presented in Table 5.

Phenotypic coefficient of variability (PCV): In general, the phenotypic
coefficient of variability (PCV) was greater than genotypic, location, year,
interaction and within error coefficient of variability for all the characters except
YCV and LxYCV for the leaf length (LL ) character. PCV is the joint product of
GCV, GxLxYCV and ECV. An estimate of the phenotypic coefficient of
variability was the highest for Germi. % with a value of 149.3491 and the lowest
phenotypic coefficient of variability was estimated for CSH with a value of
4.2063. The remaining characters such as NT/C, NMC/C, CSG, LL, LB, Brix %
and CY/C showed the phenotypic coefficient of variabilities of 33.1249, 26.1114,
42097, 103.8686, 5.5486, 12.0584 and 23.7180, respectively.

Genotypic coefficient of variability (GCV): For this item Germi.% showed the
highest value of 13.5529 followed by 0.4559 for CY/C, 0.3668 for Brix % and
0.1743 for NT/C while the lowest was found for CSG with the value of 0.1361.

Location coefficient of variability (LCV): The highest was exhibited by LL
with a value of 31.9727 followed by Germi.%, NMC/C and CY/C. The Location
coefficient of variability (LCV) of Germi.%, NMC/C" and CY/C were 7.8753,
2.3969 and 0.9133, respectively. The CSG indicated the lowest value of 0.0414.
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Year coefficient of variability (YCV): Regarding year coefficient of variability
the highest value was found for LL with a value of 172.4142 followed by
germination percentage (8.2332), field brix percentage (1.8019) and number of
millable canes per clump (1.6554), respectively. While the lowest value of 0.1702

was observed for CSG.

Genotype x year coefficient of variability (G xXYCV): The highest genotype and
year interaction coefficient of variability (G xYCV) was exhibited by LL with a
value of 13.9998 followed by NT/C (3.3465), CY/C (2.0944) and NMC/C
(1.3357). The trait field brix percentage (Brix %) indicated the lowest value of

0.2251.

Genotype x location coefficient of variability (G xLCV): The genotype and
location interaction coefficient of variability (G XL CV) was exhibited the highest
value of 5.3404 for LL followed by CY/C, LB and CSH. The G xL CV values for
CY/C, LB and CSH were 0.3341, 0.1016 and 0.0581, respectively. The lowest
value of 0.0366 was showed by the character cane stalk girth (CSG).

Location x year coefficient of variability (L XYCV): In case of location and
year interaction coefficient of variability (L xYCV) was exhibited the highest
value of 366.7847 by LL and CSG indicated the lowest with a value of 0.5665.
The remaining characters such as Germi.%, NT/C, NMC/C, CSH, LB, Brix % and
CY/C showed the LxY coefficient of variabilities of 20.36534, 11.2063, 2.2257,
0.657110.6576, 1.9865 and 5.1470, respectively.

Genotype x location x year coefficient of variability (GxLxYCV): The second
order of interaction genotype x location x year coefficient of variability (G
xLLxYCV) was highest for Germi.% with a value of 30.9663 and CSH indicated
the lowest with a value of 0.7971. The remaining characters such as NT/C,

NMC/C, CSG, LL, LB, Brix % and CY/C showed the GxLxY coefficient of
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variabilities of 4.1362, 5.7303, 0.8731, 15.8041, 1.3444, 2.9533 and 1.3849,

respectively.

Within error coefficient of variability (ECV): The character Germi. % showed
the highest value of 105.0340, in case of within error coefficient of variability
followed by LL (80.9564), NT/C (25.4678), CY/C (19.7827 ), NMC/C (19.3887)
. Brix % (8.5132) , LB (4.3517) and CSH (3.3860 ) . The lowest value 0f 3.3599
was observed for CSG.

The results of analysis of coefficient of variability from Table 5 showed that
leaf length (LL) character revealed the highest and cane stalk girth (CSG), cane
stalk height (CSH) and germination percentage (Germi.%), respectively exhibited
the lowest value in maximum cases. '

G) HERITABILITY, GENETIC ADVANCE AND GENETIC
ADVANCE EXPRESSED AS PERCENTAGE OF MEAN

Heritability in broad sense, genetic advance and genetic advance expressed
as percentage of mean for all the nine yield and yield contributing characters were

computed and the character wise results are shown in Table 6:
1. Heritability (h?p)

In the present investigation the highest broad sense heritability (h?,) was
estimated for Germi.% with a value of 9.0746 followed by CSG, Brix % and CSH.
Regarding these CSG, Brix % and CSH characters ‘showed h?, to be 3.2336,
3.0419 and 2.1984, respectively. The lowest h?, was recorded for NT/C with a

value of 0.5263.
2. Genetic advance (GA)

The character CSH showed maximum genetic advance with a value of
1.4996. Next to this character, GA values of 1.3195 for Germi.%, 0.0936 for Brix
o, and 0.0317 for CY/C were exhibited. The lowest GA value 0.0145 was

observed for NT/C.
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3. Genetic advance expressed as percentage of mean (GA%)

The genetic advance expressed as percentage of mean was shown in Table
6. The highest value of genetic advance as percentage of mean was 3.9552 for
Germi.%, followed by 1.1716 for CY/C, 0.8456 for CSG, 0.5717 for CSH and
0.5059 for Brix %. The lowest GA% of 0.2694 was recorded for NT/C.
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Table 1: Ranges and means with standard errors of different characters for the

genotypes in sugarcane

Characters

Ranges

Mean = SE

Germination percentage (Germi.%)
Number of tillers per clump (NT/C)
Number of millable canes per clump
(NMC/C)

Cane stalk height (CSH) in cm
Cane stalk girth (CSG) in cm

Leaf length (LL) in cm

Leaf breath (LB) in cm

Field brix percentage (Brix%)

Cane yield per clump (CY/C) in kg

24.8683 - 38.6162
4.5889 - 6.5839
3.1500 - 4.4219

240.4000-285.1389
2.4056 - 2.8533

117.9156-130.9203
2.9656 - 3.5836
17.0706 - 19.66

2.0214 -3.5194

33.363 £ 0.4156
5.3649 + 0.0698
3.6172 £0.0424
262.2796 + 1.6449
2.6139+0.0163
124.2991+ 0.4626
3.3433+£0.018
18.4959 £ 0.0775

2.7092 + 0.0473
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Table 2: Character wise ranges, means with standard errors and coefficient of
variability for individual genotypes in sugarcane.

Characters
Germination percentage (Germi.%o)
tsp | TP
Genotype Ranges Mean + SE (5%) | (1%) CV%
G 33.6835 -37.3898 35.6779 = 0.7328 4.5929
G 31.6028 - 36.8505 34.1255 + 1.0316 6.7596
Gs3 24.8683 -32.6719 28.9774 + 1.3781 10.6341
Gy 35.4953 -37.4257 36.1699 £ 0.3510 2.1701
Gs 31.3934 -34.8920 33.0176 + 0.6393 0.8232 2.1518 4.3297
Ge 29.9835-31.3322 30.717 + 0.2828 2.0588
G 31.3492 - 37.0465 33.8311 = 1.1414 7.5439
Gg 32.1084 - 33.5193 32.8966 =+ 0.2616 1.7784
Go 28.6678 - 33.1953 31.13 + 0.7871 5.6535
Gio 35.7519 - 38.6162 37.0767 = 04577 2.7605
Number of tillers per clump (NT/C)
LSD LSD
Genotype Ranges Mean + SE (5%) | (1%) CV%
Gy 5.9667- 6.5839 6.2493 + 0.1244 4.4508
Gy 4.6917-5.4994 5.0848 + 0.1514 6.6597
Gs 4.5889 —5.9033 52586 + 0.2535 10.7795
Gy 5.0006 — 5.8050 5.362 =+ 0.1359 5.6683
Gs 4.6467-53622 5.115 + 0.1353 0.3392 1.3812 59151
G 4.6994 —5.0161 4.8063 + 0.0682 3.1748
G 5.2350-6.1389 5.684 =+ 0.1658 6.5226
Gg 5113957511 54568 <+ 0.1026 4.2046
Go 477750 - 5.9394 53229 + 0.2626 11.0306
Gio 5.0306 — 5.3467 5.3092 = 0.0707 2.9755
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(Table 2 contd.)

Number of millable canes per clump (NMC/C)

L8l | LSD
Genotype Ranges Mean + SE (5%) | (1%) CV%
G, 34317 - 42764 3.8601 + 0.1392 8.0644
Gy 33061 - 3.6542 3.4804 = 0.0694 4.4602
Gs 3.5186 - 3.7144 3.6281 + 0.0342 2.1072
Gy 32622 - 3.5364 3.4544 = 0.0502 3.2497
Gs 33728 - 3.7008 3.4639 + 0.0647 0.3583 1.4207 4.1740
Gs 3.15 - 3.5736 3.3096 = 0.0778 5.2558
G, 3.835 - 44219 4.1091 £ 0.1166 6.3467
Gy 3.1853 - 3.9697 3.53 + 0.1482 9.3845
Go 32303 - 4.0467 3.6002 + 0.1502 9.3314
Gio 3.6133 - 3.8681 3.7361 £ 0.0519 3.1071
Cane stalk height (CSH) in cm
LSD LSD
Genotype Ranges Mean + SE 5%) | (1%) | CV%
Gy 254.922 -272.578 263.6778 + 3.6223 0.6144
G2 258227 - 285139 269.2267 = 35.227] 0.8683
Gs 240.4 -267.111 2553578 + 5.2189 0.9140
Gy 251706 - 258.078 255.5556 + 1.0910 1.8303 3.2085 0.1909
Gs 266.411 - 284.094 275.9578 + 3.2408 0.5252
Ge 2518172596 2528133 £ 2,2439° 0.3969
Gy 251.55-279.894 266.7244 + 5.9254 0.9935
Gs 251.55-279.994 266.6244 + 5.6382 0.9457
Go 244.711-267.122 256.0111 =+ 4.6060 0.8046
Gio 248.039 - 279.233 260.8467 = 5.8255 0.9988
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(Table 2 contd.)

Cane stalk girth (CSG) in cm
LSD | LSD
Genotype Ranges Mean + SE (5%) | (1%) CV%
G 25511 - 2.7283 2.6386 = 0.0362 0.6139
G 25838 - 2.8533 2.694 =+ 0.0524 0.8700
G3 24055 - 2.6727 25552 + 0.0522 0.9140
Ga 25411 - 2.5822 25618 =+ 0.0073 0.1270
Gs 761 - 2.8427 27391 + 0.0411 0.1830 1.0146 0.6705
Ge 24688 - 2.5977 253 £+ 0.0223 0.3939
Gy 25205 - 2.8005 2.6578 + 0.0556 0.9365
Gg 25172 - 2.8183 2.6714 £ 0.0585 0.9791
Gy 24488 - 2.5606 2.4917 £ 0.0196 0.3511
Gio 24816 - 27383 2599 + 0.0499 0.8596
Leaf length (LL) in cm
LSD | LSD
Genotype Ranges Mean + SE (5%) | (1%) | CV%
G 122.7206 - 124.0267 123.4259+0.2271 0.0823
G 122.1533 = 1288364 1258378+ 1.2395 0.4405
Gs 1182519 - 129.2525 123.9229+2.0588 0.7430
Gy 121.8767 - 126.6686 124.4232+0.9099 0.3270
Gs 123.4158 - 128.9911 126.1118+1.1708 0.4584 1.6056 0.4152
Ge 121.5964 - 128.7464 125.8166 = 1.3125 0.4665
Gy 121.7558 - 130.9203 127.0013 +1.8419 0.6486
Gs 1222122 - 126.6692 124.4398 +0.7492 0.2693
Go 117.9156 - 123.6472 119.8125+1.0457 0.3903
Gio 119.6789 - 125.1664 122.1986+1.1103 0.4063
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(Table 2 contd.)

Leaf breath (LB) in cm
LSD | LSD
Genotype Ranges Mean + SE (5%) | (1%) CV%
Gy 31675 - 3.3008 3.2596 =+ 0.0242 0.3326
& 29656 - 36164 33056 + 01170 1.5836
Gs 3.3064 - 3.3833 3.3237 £ 0.0218 0.2931
Gy 3.1467 - 3.3517 33157 = 0.0627 0.8464
Gs 34725 - 3.5233 3.4987 + 0.0098 0.1497 0.9177  0.1255
Gs 32594 - 3.3597 3.3402 = 0.0228 0.3051
G~ 3.2853 - 3.5836 3.4401 = 0.0615 0.7991
Gs 32778 - 3.4427 33725 = 0.0324 0.4297
Go 3.1903 - 3.2761 3.2268 = 0.0288 0.3996
Gio 32928 - 3.3822 335 = 0.0228 0.3038
Field brix percentage (Brix%)
LSD | LSD
Genotype Ranges Mean + SE (%) | (1%) | CV%
G, 182061 - 18.9506 18.4756 + 0.1354 0.3277
G2 18.4344 - 19.1211 18.8182 + 0.1253 0.2977
Gs 17.2017 - 18.4667 17.8587 = 0.2327 0.5827
Gs 182739 - 19.0828 18.646 = 0.1493 0.3582
Gs 17.815 - 18.6056 18.1686 =+ 0.1325 0.3538 1.4107 0.3261
Gs 18.2256 - 19.0422 18.6067 = 0.1523 0.3660
Gy 18.5939 - 19.66 19.1346 + 0.2174 0.5081
Gg 18.2306 - 18.9133 18.5118 = 0.1312 0.3170
Gy 17.0706 - 18.3878 17.7854 + 0.2621 - 0.6592
Gio 19.0433 - 19.1933 18.9537 = 0.0856 0.2020
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(Table 2 contd.)

Cane yield per clump (CY/C) in kg

LSD | LSD
Genotype Ranges Mean + SE (5%) | (1%) | CV%
Gy 20214 - 23005 21729 + 0.0538 1.1069
Gy 22814 - 3.1226 2.6035 = 0.1527 ' 2.6232
G3 72173 - 3.1239 25796 = 0.1612 2.7953
Gy 24058 - 3.0199 27321 £ 0.1012 1.6570
Gs 177933 - 3.4956 3.0477 + 0.1314 0.2230 1.1200 1.9278
Ge 23995 - 3.1175 2.7560 = 0.122] 1.9809
Gy 25566 - 3.0643 2.8233 + 0.0809 1.2808
Gs 25301 = 31504 28571 = 01154 1.8066
Go 25496 - 2.7396 2.8018 + 0.1822 2.9084
Gio 26104 - 3.0000 2.7178 = 0.0839 1.3807
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Table 3: Analysis of variance of genotypes and its interaction with location

and year for different characters in sugarcane.

Characters

Germination percentage (Germi.%)

Source df 55 MS VR, VR,
Genotype(G) 9 5344.8987 593.8776 16.95%* 1.39%*
Location (L) 2 39947070 19973535  57.00** 25.53%*
Year (Y) 1 1271.0929  1271.0929 - 36.27** 6.8*
GxY 9 1682.4839 186.9427 3320
GxL 18 1407.9669 78.2204 D250
LxY 2 2418.2953 1209.1476  34.51** 6.36**
GxLxY 18 3420.1139 190.0063 5.42%%*
Within error 840 29434.7749 35.0414

Number of tillers per clump (NT/C)
Source df SS MS VR, VR,
Genotype(G) 9 122.5428 13.6159 9.97%* 3.54*
Location (L) 2 78.2671 39,1336 . 28.64%* 10.17¢*
Year (Y) 1 51217 3.0217 4,19%*
GxY 9 114.9663 12.7740 0.35%* 2.72*
GxL 18 69.2823 3.8490 2.82%*
LxY 2 189.7521 94.8761 69.44%* 20.21**
GxLxY 18 84.5077 4.6949 3.44%*
Within error 840 1147.7088 1.3663
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(Table 3 contd.)

Number of millable canes per clump (NMC/C)

Source df SS MS VR, VR,
Genotype (G) 9 43.8021 4.8669 6.94%* 3.46%*
Location (L) 2 83.7945 41.8973 59.74%* 29.78%*
Year (Y) 1 27.6466 27.6466 39.42%*

GxY 9 53.8623 5.9847 8.53%*

GxL 18 253221 1.4068 2.01%*

LxY 2 31.7736 15.8868 22.65** 4.17*
GxLxY 18 68.5894 3.8105 5.43%*

Within error 840  589.1242 0.7013

Cane stalk height (CSH) in cm

Source df SS MS VR, VR,
Genotype (G) 9 45002.2816  5000.2535 5.49**

Location (L) 2 444202417 22210.1208 24.39** 5.68*
Year (Y) 1 19372.9282 19372.9282 21.27** 6.84*
GxY 9 25477.0318  2830.7813  3.11**

GxL 18  70405.6472 3911.4248 4.30%*

LxY 2 47815.5110 23907.7555 26.25** 6.66**
GxLxY 18  64614.8223  3589.7124  3.94**

Within error 840  764960.0200  910.6667
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(Table 3 contd.)

Cane stalk girth (CSG) in cm

Source df SS MS VR VR,
Genotype (G) 9 5.0625 0.5625 b.41**
Location (L) 2 5.9472 2.9736 33.88%* 6.48**
Year (Y) 1 2.0881 2.0881 W 8.61*
GxY 9 2.1823 0.2425 276"+
GxL 18 8.2541 0.4586 a2
LxY 2 5.2990 2.6495 30.19** 6.16**
GxLxY 18 7.3572 0.4298 _ 4.90%*
Within error 840 73.9227 0.0878

Leaf length (LL) in cm
Source df SS MS VR, VR,
Genotype(G) 9 3666.5165  407.3907 4.05%*
Location (L) 2 161408.6545 80704.3272 802.01** 135.77%*
Year (Y) 1 96539.7720  96539.7720  959.37** 81.03%*
GxY 9 10605.3179 1178.3687 11.71%* 2.98*
GxL 18  10699.8634 594.4369 5:91%%
LxY 2 137563.5691 68781.7846  683.52** 174.00%*
GxLxY 18 7115.2884 395.2938 ‘ 3.93%%
Within error 840  84527.6011 100.6281
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(Table 3 contd.)

Leaf breadth (.LB) in cm

Source df SS MS VR, VR,
Genotype(G) 9 5.1826 0.5758 3.96%*
Location (L) 2 52.6335 26.3168 180.88** 28.56**
Year (Y) 1 2.9685 2.9685 20.40%*
GxY 9 5.5767 0.6196 4.26%*
GxL 18 16.5881 0.9216 6.33%*
LxY 2 108.5328 54.2664 372.99** 66.20%*
GxLxY 18 14.7545 0.81969 5.63%*
Within error 840 1222111 0.145

Field brix percentage (Brix%)
Source df S8 MS VR, VR,
Genotype (G) 9 159.7280 17.7476 T T 328"
Location (L) 2 11.8710 5.9355 3.77%*
Year (Y) 1 151.5525 151.5525 96.25%* 13.02**
GxY 9 104.7749 11.6417 7.39%¢
GxL 18 97.2676 5.4038 T
LxY 2 129.7631 64.8816 41.21** 6.64%**
GxLxY 18 175.8287 9.7683 6.20%*
Within error 840  1322.6561 1.5746
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(Table 3 contd.)

Cane yield per clump (CY/C) in kg

Source df SS MS VR, VR,
Genotype (G) 9 42.8734 4.7637 8.89%** 3.48*
Location (L) 2 58.8761 29.4381 54.93%* 21.48**
Year (Y) 1 4.4005 4.4005 3218

GxY 9 32.8691 3.6521 6.81%% 3.32¢%
GxL 18 24.6645 1.3702 2.56%*

LxY 2 44.0298 22.0149 41.08** 20.04%*
GxLxY 18 19.7773 1.0987 2.05%*

Within error 840  450.1993 0.5360

* and ** indicate significant at 5% and 1% level, respectively

VR,, denominator is within error,
VR,, denominator is respective interaction,
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DISCUSSION

Most of the quantitative characters which are economically important in
crops are also important in genetic breeding research. In relation with this
important nine quantitative characters of ten sugarcane genotypes Viz.,
germination percentage (Germi%), number of tillers per clump (NT/C), number
of millable canes per clump (NMC/C), cane stalk height (CSH), cane stalk girth
(CSG), leaf length (LL), leaf breadth (LB), field brix percentage (Brix%) and cane
yield per clump (CY/C) in two consecutive years at three different locations were
analyses for range, mean with standard error, standard deviation and coefficient of
variability in percentage (CV%). From the results of variance analysis,
components of variation, coefficient of variability, heritability, genetic advance
and genetic advance as percentage of mean were also computed for the present

study.

The scope for improvement through selection is enhanced by the range of
variability available in the population. In this study all the characters represented a
remarkable range of variation from their analyses indicating that these characters
are quantitative in nature and are under polygenic control. The range of variation
showed that these sugarcane genotypes are good breeding materials. Similar
results were observed in different crops; in sugarcane by Nahar and Khaleque
(1996 ), Kadian et al. (1997), Tyagi and Singh (2000), in cucurmin by Lynrah et
al. (1998 ) and in bean by Ali ez al. (2005).

The mean of each of ten genotypes were found to be significant for each of
the characters when compared with their respective standard error. This indicated
that the genotypes were different in respect of these characters. This result is
supported by the analysis of variance in which the genotypic item was observed to

be highly significant for all of the nine characters.



The degree of coefficient of variability in percentage (CV %) was indicated
by the range of variation. Moderately high coefficient of variability in percentage
was observed in all the genotypes for NT/C and NMC/C, the genotypes Gs, Gy,
Gy, Go, G; and Gs for Germi%, and Gy, G3, G, Gg and Gs for CY/C characters.
Verma ef al. (1988) and Jain ez al. (2001) reported high coefficient of variation for
single stalk weight and number of millable cane in sugarcane. All of the ten
genotypes in respect of characters, such as CSH, CSG, LL, LB, Brix% and for
CY/C, five genotypes viz., G; Gi, G, Gg and Gy exhibited low coefficient of
variability in percentage. In this study the coefficient of variability in percentage
for all the genotypes varied from character to character. This results are in
agreement with Azad (1991) in lentil, Deb (2002) in chickpea and Khan (2009) in

potao.

In the analysis of variance the main genotypic (G) item was highly
significant for all the characters when tested against within error. Again, it was
significant for the characters of Germi.%, NT/C, NMC/C, Brix% and CY/C, and
non-significant for CSH, CSG, LL and LB when tested against respective
interaction error. These results indicated that genotypes were significantly and
genetically different from each other and justified their inclusion in the present
investigation as materials. Dutonde ef al. (2006) observed highly significant
difference among genotypes in chilli. Ali ef al. (2005) stated a highly significant
difference among genotypes in case of bean. Similar results were also recorded by
Nahar (1997) and Chaudhary (2001) in sugarcane, Deb (2002) in chickpea. Babar

(1988) found similar results for all the eight quantitative characters in ten lentil

cultivars.

The item location (L) was highly significant for all the characters when
tested against within error. Again, it was highly significant for all the characters
except Brix% when tested against respective interaction error. Significant

differences among the location for all the characters showed that the locations
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included in the analysis were different from each other. Similar results were
obtained by Nahar (1997) worked on sugarcane. The G x L interaction was highly
significant for all the characters when tested against within error. Significance of
this item bears the evidence of G x L interaction in the present investigation.
These results also indicated that genotypes significantly interacted with the
locations. Similar results were obtained by Nahar (1997) in sugarcane and Bicer

and Sakar (2004) in lentil.

Year (Y) item was highly significant for all of the characters, indicated that
effect due to years were significantly different. The interaction of genotype and
year (G x Y) was highly significant for all of the characters when tested against
within error. This interaction was significant for NT/C, LL and CY/C and rest of
them were non significant when tested against respective interaction item.
Significant G x Y indicated that genotypes interacted with years differently. These
results are in agreement with the findings of Nahar (1997) in sugarcane and Azad

(2008) in lentil.

The interaction item L x Y was highly significant for all the characters when
tested against within error and respective interaction item which indicated that
year and location interacted with each other. The second order interaction
G xLxY was found to be highly significant for all the characters which indicated
that the interaction due to genotype, location and year (G x L x Y) interacted

among themselves. Nahar (1997) obtained similar result in sugarcane.

In the present research work, the phenotypic component of variation (6% p )
was higher than genotypic (o 25), year (o 2 y), location (o 2 ), their interaction (o
2 .0 . GL. O 3 Ly and © 2 sLy) and error (o . ¢) component of variation for all the
characters except LL where, year (o % ) and location x year interaction (6 ° Ly)
component of variation was higher than the phenotypic component of variation (o
2 1). These results are similar with the findings of Samad (1991), Deb (1994),
Devagiri et al. (1997), Nahar (1997) and Goni et al. ( 2000 ). The difference
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between phenotypic and genotypic variation was greater in magnitude for all the
characters studied, which indicated that the location (environment) had
considerable effect on these characters. This type of phenotypic variation greater
in magnitude was also found in sugarcane by Podder (1993), Devagiri et al.(1997)
and Hossain (2004) in soyabean.

In the present study, the highest phenotypic and genotypic variations were
observed for CSH followed by LL, Germi. %., Brix % and NT/C. In this
investigation, high genotypic value causes the high phenotypic value. Larger
genotypic value for any character is always helpful for effective selection. These
results are in conformity with Mian and Awal (1979) in sugarcane. The character
CSH also exhibited greater value for o Yt G % gy and o 2 . component of
variation which indicated better scope for development of this character through
selection. On the other hand © P, | 2 syand o 2, showed high value for
LL and comparatively less value than LL for Germi. % . While the lowest value
of 6° Ps c? G O 2 %, interaction (o * Gy. © 2GL, c° v and ¢ A cLy) and o i g for
the characters of NMC/C, CSG, LB and CY/C indicating difficulties in improving
these trait through selection as these are under polygenic control. These results are
in agreement with the findings of Nahar (1997) in sugarcane, Azad (2008) in lentil
and Khan (2009) in potato.

The genotypic coefficient of variability (GCV) estimates the amount of
variation exclusively due to gene action. The phenotypic coefficient of variation
includes an environmental component of variation along with the genotypic
variations. These genetic and phenotypic parameters could generally be of
advantage in choosing the characters of importance in the selection programme.
In this analysis most of the characters except LL showed greater phenotypic
coefficient of variability than genotypic and all others coefficient of variabilities,
while YCV and YLCV were higher than PCV for LL. These results are in
agreement with the findings of Samad (1991), Hossain et al. (2000) and Khan
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(2009). The difference between PCV and GCV was greater in magnitude for
germination percentage (Germi. %), cane yield per clump (CY/C) and field brix
percentage (Brix %) indicated that environment had considerable effect on these
characters. These results are in conformity with the findings of Podder (1993),
Chubbey and Richharia (1993), Nahar (1997) and Khan (2009). The highest
amount of PCV, GCV, GLYCV and ECV for Germi.% and LCV, YCV, GYCV,
GLCV and LYCV for leaf length (LL) indicating wide scope of selection for the
improvement of these traits. Again, the characters like NT/C, Brix % and CY/C
having higher PCV and GCV showed the wide scope of selection. In case of PCV
for CSH; GCV, LCV, YCV, GLCV, YLCV and ECV for CSG; GYCV for Brix %
exhibited lower value. The characters having low coefficient of variabilities in
maximum cases indicating difficulties in improving of these traits through
selection. The low variability recorded in the present sfudy for LB, CSH and CSG
It showed the difficulty in improving these complex characters by selection
alone. Selection should be based on genetic differences. The low variability in
cane length, cane thickness, brix percent and sucrose percent of sugarcanc was
reported by Singh et al ( 2002), Venkatachalam et al ( 2002), Lourdusamy and
Selvan (2009) and Anbanandan and Saravanan (2010). The selection depends on
the amount, form and distribution of variability in base population. Jain (1961),
Stevenson (1965) observed that the population with a high mean have the best

chance of exhibiting the maximum variability in different environments.

The low GCV and broad sense heritability coupled with low genetic gain
were observed for all of the characters under study indicating predominance of
non-additive gene under polygenic control and difficulty in selection. These
results are in conformity with Mukopadhya et al. (1986) and Geeta and

Prabhakaran (1987).

Heritability is an estimate of the heritable part of the observed variation in

any character. The knowledge of the heritability of character is important to the

66



breeders since it indicates the possibility and extent of improvement that can be
achieved through selection. The expected genetic advance of each trait is an
offshoot of heritability and gives an indication of the likely improvement that can
be achieved by selecting the character. The expected genetic gain from selection 1s
estimated as a product of heritability, phenotypic standard deviation and selection
differential (Burton and De Vane,1953). Heritability by itself does not indicate the
true selection worth of a character unless accompanied by genetic advance. High
heritability with high genetic advance is indicative of additive gene effects (Panse,
1957). All the traits in the present study exhibited low heritability. This result
differed with the findings of Bakshi Ram (1994), Singh et al. (1996), Jyotirmoy
Ghosh and Singh (1997) and Hapase and Repale (1999). They found high
heritability coupled with high genetic advance for some of the sugarcane traits.
The lowest value of heritability for different characters under studied indicates that
the environment constitute a major portion of total phenotypic variation for these
characters. The low heritability in some traits of sugarcane was supported by
Podder (1993) and Anbanandan and Saravanan (2010). However, heritability does
not provide indication of genetic progress that would result from selecting the best
individuals. In this investigation both heritability and genetic advance are
comparatively high in Germi.% and the rest of the characters showed poor

heritability values which indicating the difficulties for their improvement.

In this investigation the character Germi.% showed the highest value for
PCV, GCV, h* ,, GA, GA% and, 34 and 2™ highest value for ¢ % and o6
followed by CSH, CSG, NT/C, Brix % and CY/C. In case of magnitude of PCV
and GCV all of the characters under study showed the higher PCV. So, it is
evident from this research work of variability and diversity estimate that the
characters included are quantitative in nature and genetic variability existed in
sugarcane genotypes under study. Therefore, genetic development may be

achieved with effective selection of these characters.
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SUMMARY

In this investigation ten sugarcane (Saccharum officinarum L.) genotypes
were evaluated for components of variation, coefficient of variability, heritability,
genetic advance, genetic advance expressed as percentage of mean under three
different locations viz. BSRI -Ishurdi at Pabna, Horian at Rajshahi and RSRS at
Thakurgaon districts of Bangladesh. Data were taken in two consecutive years,
namely 2008-2009 and 2009-2010 on the nine agronomical characters viz.
germination percentage (Germi.%) . number of tillers per clump (NT/C) , number
of millable canes per clump (NMC/C), cane stalk height in cm (CSH) , cane stalk
girth in cm (CSG), leaf length in cm (LL) , leaf breadth in cm (LB), field brix
percentage (Brix%) and cane yield per clump (CY/C).

The mean values were found to be significant with their respective standard
errors and remarkable range of variation among the mean values were observed,

suggesting that characters included for study are quantitative in nature.

In the analysis of variance, the highly significant genotypic item indicated
that the ten genotypes of sugarcane were genetically differentiated from each
other, which justified their inclusion in the experiment. Location and year items
were found to be highly significant for all the characters and also showed that they

interacted highly with genotypes.

The interaction of genotype and year (G x Y), genotype and location (GxL)
and year and location (Yx L) were highly significant for all the characters
indicated that they interacted between themselves. The second order interaction

(G xL x Y) was found to be highly significant for all the characters under study.

The estimates of different components of variation and coefficient of
variabilities such as phenotypic, genotypic, location, year, different interaction and

within error were more or less high for Germi.%, CSH and LL. Brix % and CY/C.



It indicated the wide scope of improvement of these characters through selection.
The lower values of CSG and LB in maximum cases and NT/C and NMC/C in
two or three cases indicated the difficulties of their improvement through

selection.

Broad sense heritability (h : v estimates for all the nine characters were very
low. The maximum magnitude of h 2, was found for Germi.% followed by CSG,
Brix %, CSH, CY/C and NT/C. Genetic advance (GA) and genetic advance
expressed as percentage of mean (GA %) was also very low for all the characters.
Among them highest GA was revealed by CSH followed by Germi. % and highest
GA% by Germi.% followed by CY/C. In this research work moderately high
heritability, with high GA and GA % was obtained for the character Germi.%,
while NT/C showed the lowest value for h?, GA and GA %.
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PART I

GENETIC STUDY

B. Inheritance of Yield and Yield Components Using
North Carolina Design-I (NCD-I)




INTRODUCTION

All varieties of sugarcane are species or hybrids of the genus saccharum of
the family gramineae. The genus Saccharum consists of six species, S. officinarum
L. (noble cane), S. spontaneum L.. S. barberi Jesw., S. sinense Roxb., S. robustum
Brandes and Jeswiet ex. Grassl, and S. edule Hassk. (Brandes, 1958). Among
them, S. officinarum, S. sinensis and S. barbery are cultivated and S. spontenium
and S. rubustum are wild species. The basic chromosome number of sugarcane is 8
to 10. Saccharum officinarum is considered to be an octaploid with basic
chromosome number 10. S. spontenium having two polyploid groups, one group
having basic chromosome number 8 with 2n of 40, 48_, 56, 72, 80, 96, 104, 112,
120 and 128 while the other group has a basic number of 10 with 2n of 40, 50, 60,
70, 80, 100 and 120 (Bhat et al., 1962). All these facts emphasize the complexity

of the cytogenetics of sugarcane species which are highly polyploid.

The high polyploidy in Saccharum helps to overcome obstacles to
hybridization with other gencra within the complex (Janaki Ammal, 1941).
Sugarcane and related grasses have been actively used in the basic breeding
programmes. Using of S. spontaneum and related genera in sugarcane breeding
include expansion of the germplasm base of commercial sugarcane and breeding
clones, the transfer of desired characteristics that do not exist to a satisfactory
degree in Saccharum, and the heterotic effect for yield and sugar content (Grassl,
1963; Roach, 1984; Tai and Miller, 1988). Characterization of the parents allows
the calculation of genetic distances, which may have predictive value for the
offsprings, to that extent as dominant gene action plays a major role in controlling
the agronomically important traits for exploiting heterosis. Since most of the
present day varieties are the product of a few selected original germplasm and
further improvement through selection for per se performance of a few meiotic

recombinant progenies, total genetic recombination present in the modern varieties



is limited. Because of the small number of clones/species used in primary Crosses,
genetic base of modern sugarcane varieties has been reported to be narrow and is
thought to be the reason for the present slow progress in sugarcane breeding
(Arceneaux, 1967 and D’Hont ef al., 1995). It has, therefore, been expressed in
this regard for the overall reduction of the gene pool available for sugarcane
improvement. This necessitates the sugarcane breeders to explore new possibilities
to increase genetic variability by identifying and effecting crosses between the

diverse parents.

In the genetic breeding programme of sugarcane the main goal is to obtain
new cultivars with more productivity and best industrial characteristics (Bicudo,
1987). But the success of breeding programme depends on the knowledge of
genetic variability of population in the nature and different gene action governing
the various qualitative traits. In the research for the development of better cane
varieties, genetic inheritance and potential governed by environmental effects have
been considered as the key factors which were described by Hogarth (1983) in
detail. Units of inheritance (genes) affected individually or in-group, in one or
several characteristics. Some genes have major, others have small effects on
expression of characters. In a breeding programme, the aim of combining
favourable parental characteristics in new birth is worthwhile. A character
controlled by one or two genes is easily transferred from one to another variety.
However, if the character is governed by many genes with small effects, the task
becomes difficult for breeder, and this is the case. with sugarcane breeding.
Genetic effects is splited into two types: additive and non-additive (dominance). In
the first instance, parents do transmit their characterstics to their offsprings and in
the later, they do not. Crossing with additive genetic effects is beneficial. Most
characters have additive effects. The other factor is the environmental effect

through which a variety realizes its potential. A variety may give more yield in a
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good year, but less in another. While selecting a variety, it is important to

minimize the environmental effects and maximize the genetic effects.

The partitioning of genetic variance in intercrossed population would
provide estimates of additive and epistatic, additive x additive variances. Zhu
(1992) proposed a method for predicting genotypic values and heterosis with an
additive, dominance, and additive x additive epistasis (ADAA) model, formulated
in accordance with the general genetic model (Cockerham, 1980). Data from
diallel crossing experiments or incomplete diallel crossing experiments could be
evaluated in this manner (Xu et al., 1998). Although such analysis is typically
done with data on three generations, since F, generation in sugarcane was
vegetatively produced, it is unnecessary to conduct the predictive analysis on the

heterosis of F, generation cf. Hongki et al., 2009.

In the last 20 years, several breeding programmes have been developed with
the goal to expand the genetic basis of sugarcane although none of them well
succeeded (Berding and Roach, 1987). Nowadays, the plant breeding has been
based on a common genetic base obtained by the pioneer ones from the beginning

of the century, through inter crosses of S. officinarum (Matsuoka et al., 1999).

Estimates of broad-sense heritability for morphological and juice-quality
characters in biparental crosses between commercial cultivars have been obtained
(Brown et al., 1968; Hogarth, 1971 and 1977; Hogarth et al., 1981; Kang et al.,
1983). Heritability estimates in progeny derived from interspecific and
intergeneric crosses such as between S. officinarum and S. spontaneum, between
commercial cultivars and S. spontaneum, and betweeﬁ commercial cultivars and
Miscanthus and/or Erianthus have been reported (Roach, 1969; Tai et al, 1991 and
1992). Based on the performance of progeny, Jackson and Roach (1994) suggested
that little or no immediate gain from heterosis may be achieved by crossing I,

clones derived from diverse S. spontaneum sources. Heterosis, as a measure of the
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superior performance of hybrid relative to the average of the parents, is a means of
identifying superior genotypes.

Some information of genetical work on sugarcane is available in the world
but it is scanty in Bangladesh. Information on “North Carolina Design I (NCD-I)”
in sugarcane is also not available elsewhere in the world. Keeping this view in
mind, the present investigation was undertaken to study the nature of variability
and, to estimate the magnitude of gene action for the inheritance of yield and yield

components using North Carolina Design I (N CD-I).
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REVIEW OF LITERATURE

Sugarcane is an important cash crop grown mostly in the tropics and sub
tropical regions of the world. More than 100 countries are involved of its
cultivation and the total production of the crop is gradually increasing all over
the world. In Bangladesh sugar industry is one of the large agro-based industry
and about 6 millions peoples depends with this crop. So, the crop should get
more attention. Extensive research work has been done by different workers in
various parts of the world for the systematic breeding methods of crop
improvement in relation to yield and yield contributing characters on
variability, heritability, genetic advance, genetic diversity and heterosis.
Literature dealing with the genetical study through NCD-I analysis for
partitioning the additive (D) — dominant (H,) component (which are defined
the breeding strategy) in sugarcane is very scanty. So, for the convenient of

study, the review of literature on genetical study was made with other crops.

Fisher (1918) was the first to develop statistical method to analyse and separate
the variance of a quantitative character in segregating population into genetic

and environmental components.

Smith (1944) found that the quantitative characters were governed by a large

number of genes, which were similar, relatively small, non-dominant and

additive in nature.

Jinks and Hayman (1953) proposed numerical approach to estimate genetic
parameters based on Mather’s (1949) notation. They outlined four components
viz., D, H,, H, and F assuming additive and dominance effects but no epistasis.
The component D measures additive variance while H; and H, measure
dominance variance. The component H; has the same co-efficient as D so that
the square root of the ratio (HI/D)”2 measures the degree of dominance. F

indicates whether dominant or recessive allels are more frequent in the parents,



being positive if dominant are in excess. The ratio of Hy/4H, indicates the

symmetry of positive and negative allels exhibiting dominance.

Biever ef al. (1966) reported that plant height of wheat was controlled by three
pairs of genes. They also found that additive gene action was predominant for
most of the variation in plant height. Heritability estimates for plant height, ear

length and kernel weight were very high.

Hogarth (1971) studied on quantitative inheritance in sugarcane, the effect of
competition and violation of genetic assumptions on estimation of genetic
variance components. He reported that several assumptions underlying the
theory of quantitative genetics may not be valid for sugarcane. The assumption
of no epistasis was studied by comparing independent estimates of genetic
variance components based on different genetic assumptions. Sugar content
was measured with excellent statistical precision, and independent estimates of
genetic variance components for this character agreed very well, which
indicated that violation of genetic assumptions had little effect on estimation.
For other characters, agreement was not as good, and there was evidence to
show that epistatic variance was important for weight per stalk. For all the
characters. maternal effects were negligible. Additive genetic variance was
more important than dominance genetic variance for all the characters except
yield of cane, for which the two variances were equally important. Inter-plot
competition was unimportant, but several characters, notably yield of cane,
exhibited substantial within-plot competition. This type of competition did not
affect estimation of genetic variances, but has important implications for
selection. Estimates of heritability and degree of genetic determination were

determined for each character studied.

Narasimha Rao et al. (1971) noticed high amount of TSS in juice of 11 fodder
lines, which included the hybrid CSH-1 and local variety CO-18. Wide range
of heterosis for Brix has been reported by Naik (1993) that varied from -40.34
(2077A x SSV 2525) to 36.68 per cent (SB 2415A x SSV 84). Of all the

crosses, only two crosses showed heterosis in positive direction. Wide variation
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for the character was also confirmed by Belavatagi (1997) as the magnitude of
heterosis over mid parent ranged from -12.85 (323A x SSV-7073) to 57.26 per
cent (SB-401A x SSV-7073).

Jatasra and Paroda (1980) found that both additive and dominance components
of genetic variations were important in the inheritance of plant height of wheat.

Two gene groups appeared to be involved in its inheritance.

Goday (1985) made genetic studies on components of earliness in upland
cotton. The data on yield related fibre quality characters in the the F, 8x8
excluding reciprocals revealed the existence of significant additive and
dominance genetic variance for most of the traits. Heritability estimates ranged

from 0.02 for production rate index to 0.46 for fibre length.

Srivastava and Sharma (1987) studied on biparental mating (NCD-I) in opium
poppy to generate 80 BIPs which were tested in initial and advance evaluation
traits in subsequent years. Six elite BIPs were finally analysed for stability
performance. They showed that biparental mating enlarged the spectrum of

variation for divers traits and caused a shift in the mean performance of BIPs.

Ahmed et al. (1988) studied on heterosis and correlation in tomato evaluated 6
varieties and their 15 hybrids against yield per plant and 4 related characters.
Most hybrids showed positive heterosis over the better-parent for height, fruit
per plant, fruit weight and yield per plant and negative heterosis for days to
flowering. Yield was positively correlated with height. fruits per plant and fruit

weight.

Gupta and Labana (1989) estimate additive (D), dominance (H) and epistatic
components of variation for five physiological traits in two Crosses of Brassica
napus following Jinks and Perkins (1970). They reported dominance
components were relatively more important than the effective additive
components. Epistasis was found to have major importance in cross Bronoski x

Topa and for primary branches and plant height in cross CSL-1 Nikalis.
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Samad (1991) studied on BIPs and triple test cross (TTC) in rapeseed. He
found that the relationship between BIPs progenies and their parents were
mostly due to non-linear components. The contribution of Hy was greater than
Dg, hence overdominance resulted for most of the cases and a few partial
dominance was observed. Both narrow and broad sense heritability were found

to be low for biparental progenies.

Panajotovic et al. (1992) carried out research on 9 hybrids by crossing 3 CMS
lines from the USSR with 2 varieties and a line, 8 of the hybrids showed
heterosis over the better-parent for mean bulb weight. The highest value for the
character (79 g) and greatest heterosis (38.8% relative to the better parent) were

found in Sal865 (a line of Stingunovskii) x J asenicki Zuti.

Chandel et al. (1995) investigated on genetic studies in seven quantitative
traits of carrot viz. root length, root girth, root weight, root top ratio and leaf
length in a triple test cross design to determine the role of additive, dominance
and epistatic gene effects for inheritance of these traits involving parents of
Asiatic and European origin. Epistasis was observed for root length, root
weight, leaf weight and length. Additive x dominance (j) and dominance *
dominance (I) gene interaction were significant for root yield, while both
additive and non additive components of genetic variation were prevalent in
root length, weight, leaf weight and length and root girth. Additive gene effects
were pronounced for root top ratio. Over dominance was observed in other

characters also.

Singh (1995) carried out research on heterosis, combining ability and gene
action with 8 inbred onion lines and 28 F, hybrids derived from a diallel cross
excluding reciprocals were done. The best performing onion hybrids were
Sel.102-1xSel. 126, Sel. 126xPunjab selection, Sel. 96 x Punjab selection and
Pusa Red x Sel. 126.

E-Metwally et al. (1996) reported that heterosis over mid-parental point were
highly significant for early and total yield; heterosis over better-parents were

significant in early and total yield of tomato.
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Syamal and Joshi (1997) in a study on the genetics of number of seeds in
Tomato showed that the non- additive components (H; and H,) were highly
significant and larger in magnitude than additive (D) components in both F,

and F, generations of 7-parent diallel analysis.

Bal and Singh (1997) investigated on the nature and magnitude of gene effects
operative in the inheritance of fruit number and fruit weight of chilli. They
found that basic additive dominance model was inadequate to explain variation
and suggested the presence of non-allelic interactions in the inheritance of fruit
number and fruit weight. The additive component was higher than dominance.

The degree of dominance suggested partial dominance for these two traits.

Singh et al. (1998) stated that high heritability estimate for average seed weight
and plot yield indicate that either traits uﬁder consideration are less influenced
by the environment and less number of genes involved. A character with high
heritability and high genetic advance may probably.be controlled by additive
gene action, character without such combination appear generally because of

non — additive gene action , including dominance and epistasis.

Ahmed et al. (2000) investigated on three parental lines and their F, hybrids for
the study of heterosis. Both positive and negative heterosis was obtained of
which few hybrids showed desirable and significant values. The heterotic
performance of the hybrids was mostly positive. Green long x White long were
the earliest in first flowering and have the longest duration for fruit ripening,
Green long x Green short have the longest duration of fruiting, while Green
long x White long were the longest, Green short x White long were the
broadest and Green long x White long were the heaviest fruit producing

hybrids. The highest yield was obtained in Green long % Green short hybrid.

Khorgade et al. (2000) studied on twenty four pigeonpea hybrids derived from
crosses between three genetic male sterile lines and eight diverse testers were
evaluated to estimate heterosis over mid-parent and standard check (BDN 2).
An appreciable amount of heterosis was noticed for almost all the characters.

Significant heterotic effect over mid-parent and check was recorded for seed
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yield per plant in the hybrid AKms 11 x AKT 9221 followed by AKms 11 x
C11 and AKms 21 x C11. In view of the availability of genetic male sterility,
the study revealed good scope for commercial exploitation of heterosis for seed

yield and its components in pigeonpea.

Verma and Singh (2004) carried out research with twenty four crosses of
sugarcane for sca, gca effects, per-se performance and heterosis, in ten
characters viz; millable canes/clump. internodes/cane, stalk weight, stalk girth,
kg-brix, sucrose per cent in juice, purity coefficient, invert sugar, ccs/cane and
fiber per cent. The study revealed no association between combining ability
effect and heterotic response as well as between per-se performance and

heterotic response.

Kumar et al. (2004) conducted an experiment for genetic evaluation of 27
genotypes of mid late subtropical sugarcane involving thirteen quality and
quantity contributing traits. Out of these traits number of millable cane at 12
months, number of tillers at 240 days, cane yield, commercial cane sugar (t/ha),
cane height, cane girth, single cane weight and number of internode per stalk
recorded high heritability and genetic advance expressed as percent of
population mean. Cane yield, had high significant positive association with
number of tillers at 120 and 240 days, number of millable cane, cane height,

cane girth and single cane weight.

Sikarwar ef al. (2004) studied on a diallel set of sesame (Sesamum indicum L.)
ten parents and each of 45 F, and F, families were grown for estimation of
genetic components of variation between the yield and its component
characters. The character number of fruiting nodes/plant possessing fixable
variation can be improved further by selection, whereas the characters total
number of capsules/plant, capsule length and seed yield possess an abundance
of dominance variation and other non-traditional procedures. The narrow sense
heritability obtained was low for the majority of the traits, which suggested a
good scope for development of hybrids. For seed yield both positive and

negative genes showed dominance.
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Dutonde et al. (2006) carried out an investigation regarding genetic variability
and heritability for 17 characters in relation to heat tolerance in different chilli
genotypes in Maharashtra, India. Analysis of variance showed highly
significant differences among genotypes for all the characters. Yield of green
fruits per hectare showed the maximum variability, followed by capsaicin
content, ascorbic acid content, and green fruits per plant. High values of
heritability and genetic advance were recorded for yield of green fruits per
plant and fruit length, iindicating the possibility of larger response to selection

and greater chances for improvement of chilli.

Ishaq and Olaoye (2006) evaluated four sugarcane clones selected on the basis
of yield attributes and synchrony to flowering from third accessions screened
for moisture tolerance under screened house and ﬁela conditions, were crossed
in a bi-parental fashion to generate F progenies. The progenies Were evaluated
along with their parents in a three-replicated completely randomize block
design on the field for two years. The preponderance of additive genetic
variance (c°4) observed in the progeny populations for cane yield and yield
components suggested that faster progress could be made in developing
sugarcane varieties with high productivity under moisture deficit situation.
Narrow sense heritability (h%,) estimate were high for number of shoots per plot
(0.912), leaf area(0.763) and cane yield per plot (0.824), while moderate for
stalk length (0.603) indicating their usefulness as tool in selecting desirable

genotypes.

Gui-fu et al. (2007) analyzed phenotypic data of six traits of sugarcane for brix
weight (BW) by mixed linear model and their phenotype variances Were
portioned into additive (A), dominance (D), additive x environment interaction
(AE) and dominance environment interaction (DE) effects, and the
correlations of A, D, AE and DE effects between BW and its components Were
estimated. Conditional analysis was employed to investigate the contribution of
the components traits to the variances of A, D, AE and DE effects of BW. It

was observed that the heritabilities of BW were significantly attributed to A, D
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and DE by 23.9%, 30.9% and 28.5%, respectively. The variance of A effect for
BW was significantly affected by SL, SN and BS by 25.3%, 93.7% and 17.4%,

respectively. The variances of D and DE effects for BW were also significantly

influenced by all the five components by 5.1% ~ 85.5%.

Veerendra et al. (2007) studied on ten elite inbred lines of ash gourd
(Benincasa hispida) were selected based on their performance and were
crossed in a diallel mating system (without reciprocal' crosses) to generate 45 F,
hybrids. These hybrids along with the parents were grown to study heterosis in
10 yield related characters. The mid and better parent heterosis was observed to
be as high as ~165% for yield per vine in DAG-6 x DAG-11. The maximum
negative heterosis over the best parent for days to fruit maturity was noticed in
cross DAG-2 x DAG-9 (~ ~10%) indicating that it can be successfully utilized
in breeding for earliness in ash gourd. Two hybrids namely, DAG-1 x DAG-5
(34.33 kg) and DAG-4 x DAG-11 (31.67 kg) recording positive heterosis over
the best parent to the extent of 23.5% and 14.0% respectively for yield per vine

can be utilized for commercial cultivation.

Rajashekhar (2007) carried out research during the year 2004 and 20035 to
know the heterosis and combing ability among 144 sweet sorghum hybrids
developed by crossing nine females and sixteen male lines obtained from
ICRISAT in a line x tester fashion. Further, the study also aimed at identifying
the stable sweet sorghum hybrid combinations and suitable environment for
cultivation of sweet sorghum and also to assess the extent of genetic diversity
among all the sweet sorghum accessions using Random Amplified
Polymorphic DNA (RAPD) markers. The results indicated higher amount of
variability among the parental material which was evident from high amount of
heterosis realized for juice volume, juice weight aﬁd grain yield parameters.
However: there was negligible amount of heterosis observed with respect to
brix and 1000-seed weight. Among the parental lines ICSB474 and ICSB77
(among females) and SSV74, SSV8&4 and ICSR93034 (among males) were

found to be good general combiners for biomass, juice and grain yield traits.
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Experimental hybrids ICSA474 x SSV&4, 1CSA474 = ICSR93034 and
ICSA264 x ICSR93034 recorded significantly higher standard heterosis values
consistently during both the experimental years. The genotypic differences
among the limited number of hybrids tested for genotype * environment
interaction were considerably high. However, normal kharif (E1) environment
was found to be ideal environment for cultivation of sweet sorghum with the F,
hybrid between ICSA293 x SPV1411 emerging out as the most stable hybrid
combination when tested for juice related traits across environments. The
extent of genetic variation among all the twenty seven sweet sorghum
accessions was high as evident from 93.49 % polymorphism by RAPD
markers. Among the primer pairs, OPJ-6, RKAT-9 and RKAT-6 were found to
be highly polymorphic. And the dendrogram eventually partitioned all the
genotypes into three different clusters with most of the females falling into one

single cluster.

Ishaq and Olaoye (2008) conducted research on expression of heterosis in
sugarcane genotypes under moisture stress condition. For this study four
sugarcane genotypes (2 resistant and 2 susceptable) were planted along with
their progenies in moisture Stress and non-moisture stress condition for two
years using randomized block design in each year. Result showed that
progenies performed better than their parents in moisture Stress condition in
both years with respect 10 important yield component like stalk height, number
of stalks/shoot and number of shoots/plot. Progenies from tolerant parents also
showed positive heterosis over mid parent. This ranged from 3.21-32.31%,
confirming the presence of dominance. Heterosis over better-parents were

however mostly negative.

Amiri et al. (2009) investigated on genetic variance components of agronomic
traits in sugar beet, five o-type monogerm lines were crossed with 15 CMS
monogerm lines on the basis of design Il and 75 F, hybrids were obtained. 75
hybrids were divided to three sets with 25 hybrids in each set and were

evaluated in a randomized complete block design -with four replications in
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Abdol-Rasoul Motahhari Research Station, Karaj. In this study, root yield,
sugar yield, white sugar yield, sugar content, white sugar content, potassium,
sodium, nitrogen, potasium/sugar content ratio, sodium/sugar content ratio,
nitrogen/sugar content ratio, alkalinity, purity, molases, root length, root
diameter, crown length and crown diameter were calculated. Genetic analysis
showed the significant effect of males for sugar content, white sugar content
and nitrogen traits at 1% probability level and for sodium and purity trials at
5% probability level. Males x Females was significant for white sugar content
at 1% probability level and for white sugar content, sugar yield and sugar
content in 5% probability level. Additive genetic variance was only significant
at 10% probability level for purity and at 12% probability level for sugar
content, white sugar content and nitrogen. Also, dominance variance was
significant for white sugar content at 5% probabilityl level and for white sugar
yield and sugar content at 12% probability level. Narrow sense heritability of
sugar content, white sugar content and nitrogen was significant at 12%
probability level and the rest of traits had low narrow sense heritability. Results
of this study revealed that the amount of additive and dominance variances in
monogerm germplasm of sugar beet was not large and for improving genetic
basis of agronomic traits in monogerm germplasm, we should use new

monogerm germplasm or multigerm genotypes.

Ishaq and Olaoye (2009) studied on cane yield attributes and heritability of
juice quality characters in sugarcane under moisture deficit conditions. To this
end, bi-parental progenies from four sugarcane crosses involving two drought
tolerant and two moderately drought susceptible clones were assessed along
with their parents for their drought tolerance capacity using three moisture
regimes — well watered, moderate and prolonged drought stress respectively.
Differences for juice quality attributes (except refractometer brix and % fibre)
were significant under prolonged drought stress. Both additive (8%4) and
dominance (3°D) genetic variance estimates differed significantly for juice
quality attributes but estimates obtained for 62D were larger in magnitude than

§2, indicating the usefulness of specific crosses .in breeding for drought
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tolerance. Progenies from drought tolerant parents exhibited positive heterosis
over mid-parent values for stalk length and cane yield under moderate drought
stress condition confirming the presence of non-additive gene action for these
traits in the populations. Heterosis over the better-parent Were, however,

negligible or negative for most of the characters.

Nahar et al. (2010) worked for genetic study of six agronomical traits through
single cross analysis in two crosses (cross I and cross 1) of blackgram and
showed the presence of additive-dominance relationship in some traits. For
estimates of the components of variation, D and H for all the characters in both
of the crosses expressed negative values, except for the trait NPdPP and NSPP
where D were positive. Most of the cases over dominance was found in
negative direction. In these materials due to the low and negative genetic
components of variation, heritability and genetic advance were found to be low
and negative. However, high and moderate heritability with 77% and 35% for

NPdAPP and NSPP, respectively were found in cross II.

Alam et al. (2009) studied on seven quantitative characters viz. germination
percentage (Germ. %), number of tillers/clump (NT/C), number of millable
canes/clump (NMC/C), cane stalk height (CSH), cane stalk girth (CSG), field
brix (FB) and cane yield/clump (CY/C) for inheritance study. In this
investigation, heritability and genetic advance were found to be low in
maximum cases due to high environmental effects. For the inheritance study,
ten crosses were done following North Carolina Design 1. Among the ten
crosses highest 7.2 gm fuzz were produced by the cross of T 34-95 x Co 642
and lowest 2.5 gm from the cross Isd 25 % [ 101-66, respectively. Seedling
production and its survivability was higher from the fuzz developed by the
cross I 157-94 x I 101-66. From this cross, 4.4 gm fuzz produced highest 65
number of seedlings and among these finally 49 were survived in the field. The
mean value was highly significant for all the characters indicated that the
varieties were different regarding these characters. The maximum range of

variation was observed for Germ. % followed by FB, NT/C and NMC/C. The
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magnitude of dominance component (H) was higher than that of additive
component (D) in maximum cases. In the present material, both broad and
narrow sense habitability were found to be low. Comparatively high genetic
advance in narrow and broad senses were shown by NT/C and Germ. %,
respectively. NT/C and CSH showed the highest genetic advance expressed as

percentage of mean in case of narrow and broad sense, respectively.

Kamau et al. (2010) carried out research on estimating the combining ability
for yield and associated secondary traits by crossing popular local varieties
with some varieties from IITA using a NC II mating design. The Fi progenies
were evaluated in a seedling trial laid out as a 7 x 7 simple lattice with two
replicates. Results indicated significant variation among progenies for shoot
weight, root number, root weight, root yield, biomass, harvest index,
percentage dry matter, dry matter yield, cyanide content, and resistance 1o
cassava mosaic disease and green mites. They were suggested that non-
additive gene action was more important than additive gene action in

influencing yield and most of its associated traits in this cassava population.
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MATERIALS AND METHODS

A. MATERIALS

The materials used in this part-] (B) were same as the materials used in

part-I (4).

B. METHODS
The methods which were described in part -1 (4) are same as in part -1 (B),
for 1. Preparation of the Experimental Materials (a, b, d, e f, g, h, i and j) except
(c) and 2. Field Trial and Data Collection (a, b, ¢, d, e f, g and h). 1 (c) under
preparation of Experimental Materials consists of Pattern of crosses following NCD-I,

which are described as follows:
1. Preparation of the Experimental Materials

c) Pattern of crosses following NCD-1

From the analytical viewpoint it is preferable for each male to be allotted
with the same number of females. Thus each male is involved in a number of
mating where each female is mated only once to a male, so that males, but not
females, are common parents to a number of progeny families. For this experiment
fifteen genotypes were used as parents, out of fifteen, five sires (males) and ten
dams (females). Each sires (males) matted with two different dams (females) and

produces ten progeny families as follows:

Progeny Dam Sirej Progeny  Dam Sire |
(female) (male) (female) (male)
Tl % s | [ ] B, L 1o
R Rt L
s oieey x4




3. Techniques of the Analyses of Data

The collected data were analysed following the biometrical techniques of
analysis as developed by Mather (1949) based on the mathematical models of
Fisher et al.(1932). The techniques used are described under the following

sub-heads:
a) Mean

Data on individual plant basis were added together then divided by the total

number of observations and the mean was obtained as follows:

_ XX
Mean(X )= -""—
n
Where,

X = The individual reading was recorded from each plant.

n = Number of observations.

Y= Summation.

b) Standard deviation
Standard deviation is the average of the deviation of the individual
observations from the mean. It was calculated as the square root of the variance as

follows:

5=+S>
Where,

S = Standard deviation

2 5
S°= Variance
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c) Standard error of mean

If instead of taking one sample, several samples are taken it will be found
that the standard deviations of the different samples also vary. This variation is
measured by the standard error which was determined as follows:

G il

Jn
Where,
S x= Standard error of mean

S = Standard deviation
n = Total number of individuals.

Standard error of mean gives an idea as to how any mean obtained from a
sample may differ from the true hypothetical means of the population.

d) Analysis of variance

Variance is a measure of dispersion of a population. So, the analysis of
variance is done for testing the significant differences among the populations.
Variance analysis for each of the characters was carried out separately on mean
value of a row. In the present research work NCD-I of Comstock and Robinson

(1952) was followed by Singh and Power (2005) as follows.

The expectation of mean sum of square (EMS) for NCD-I

Item (df) Mean sum of, Expected mean square

square (MS)| (EMS)

Replications b-1

Crosses c-1=mf-1 MS. 6%+ kothet bko’.
Sires(males) m-1 MS, 2wt kopit bko’s +bfko’y,
Dams (females) in sires m(f-1) MS¢ o_zw+ ko?y+ bko’e
(males)

Replications x crosses (b-1)(mf-1) MShe o2+ koPhe
Replications x sires (males) | (b-1)(m-1) MSim 6%+ k6%bm
Replications x dams b-D[m(E-D]|  MSyr g%+ koPes
(females)in sires (males)

Within crosses bmf (k-1) MS. | %y
Total bmf k-1
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Where,
b= number of replications
m= number of sires (males)
f= number of dams (females) crossed to each sires (males)
k= constant number of individuals scored in each of the sires (males)
x dams (females) (mf) progeny families
Using above EMS table, the values of different observational components

will be as follows:

MSm—MSf _ 1
e, o N
bk 8

i) Variance of male (o®m) =
where,
o’y = variance of sire(male)
MS,, = mean sum of square of sire(male)
MS; = mean sum of square of dams (females) in sires (males)
b= No. of replications (blocks)

f= No. of females (dams) crossed to each sire (male)
i) Variance of female (o?) =

where,
o’r= variance of dams (females) in sires (males)
MS; = mean sum of square of dams (females) in sires (males)
MS,, = mean sum of square of within crosses

b = number of replications

iii) Variance of within crosses (o%w)= MSy = %DR*‘ %I{R HE

where,
g g safi s
o°w = variance of within crosses

MS,, = mean sum of square of within crosses
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iv) Additive component (Dr).

v) Dominance component (Hg) .

Dy L gy = M8/ = MSw
§ 16 bk
MSf - MSw

. Hr=16
or R [( bk

1
--D
) 3 r]
vi) Degree of dominance : The degree of dominance was calculated as follows:

J2L(MSf — MSkf)/ bk~ [(MSm — MSF)/ bkf 1/[(MSm — MSf)/ bkf]

= 2LF (MSf — MSf) — (MSm— MSP)|/(MSm — MSf)

vii) The estimation of standard errors of Dr and Hg components : as in NCD-I, the
standard errors of D and H components were calculated as follows:

For the calculation of standard errors of additive component (Dg)
6 m= MS,, ~-MS;/bf
So. Variance 67y, = (1/bf)*{V(MS,,)+V(MSy)}
= (LD {2(MS ) dE+2}+ {2(MSp)/dfr+2}]
Again, o%,=1/8 D
So, Variance Dg= (8)2 V(ozm )
S.E of Dy = /VarianceD
For the calculation of standard errors of dominance component (Hg)
o°f= MS;-MS,/b
So, Variance o°¢= 1/(b)*{ V(MSp+V(MSy)}
= L/(b)[ {2MSy/dfe+2 }+ {2(MSpe) /dfrt2}]
Again, o’f= 1/8D+1/16H
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So, Variance H= (16)2 (V ¢*f+ V ¢’m)
S.E of H=+/VarianceH

viii) Heritability (h%, and h2 ): Heritability was computed as follows :

AL 1/2D
Narrow sense heritability (h%) = 46,/ 0%yt ot 00y = oDl AE L E
g B 1/2D+1/4H

Broad sense heritabili h%) = 40%/ 6%+ o° 6ty =

ty (%) PO mt Ot O o D 1/4H+ E

Where,
E=c%, x5- —D -E S
16

ix) Genetic Advances (GA) : Genetic advances was calculated as per formula of
Lush (1949).
GA =K (0,) X 6% /0%
Where,
GA = Genetic advance

K = The selection differential in standard units, for the present
study it was 2.06 at 5% level of selection(Lush,1949).

(0,) = Square root of the phenotypic variance
0'2g = Genotypic variance
02], = Phenotypic variance

x) Genetic Advance expressed as percentage of Mean (GA'V ): It was measured by
the following formula:

GA % of Mean = % = 100

Where,

GA% = Genetic advance as % of mean

X = Grand mean for a particular character.
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e) Study of heterosis
NCD-I crosses produce 10 progeny families using 5 sires (males) and 10
dams females). Each progeny family considered as F; and in a cross, dam (female)

considered as parent 1 (P;) and sire (male) considered as parent 2 (P») for this

study.
i) Estimation of mid-parent (MP)

Average of two parents (P} and P,) involved in the cross under consideration.
MP = Y4(P+P,)
i) Estimation of heterosis

For estimation of heterosis in each parameter the mean values of the 10 Fs

have been compared with mid-parent (MP) for heterosis over mid parent value.

Heterosis over mid parent (MP) = 1_:‘1 -MP

Fi.MP
Percent heterosis over mid parent= ————x 100
MP

Where,

F, =Mean of a cross over three replications

MP = Average of two parents involved in the cross under
consideration

Variance of mid-parent (MP) =% (VP +VP)
Variance of Parent 1(P;) = VP,

2 (Zx)z
= Zx B n

Vil

n-1
Here, x = Data of parent 1(P;) in different replications
n = Number of observations

Variance of Parent 2 (P,) = VP,
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> %t - —-—(Z x

VP2= L
n—1

Here, x = Data of parent 2 (P,) in different replications
n = Number of observations

Variance of F|=VF,

O
= ZJC n

VF,
n—1

Here, x = Data of F, (derived from respective cross) in different
replications

n = Number of observations
Variance of heterosis V (H) = VF+%(VP+VP,)
Standard error of mean of MP and F,=\ VVP,+¥%VP,+VF,

Estimated value of MP heterosis

iii) Test of significant (t) =
Standard error of mean

Degrees of freedom of 't" = (df F, + df P, + df P,)
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RESULTS

The results obtained for the nine agronomical characters of sugarcane which
are quantitative in nature such as germination percentage (Germi. %), number of
tillers per clump (NT/C), number of millable canes per clump (NMC/C), cane
stalk height (CSH) in ¢m, cane stalk girth (CSG) in cm, leaf length (LL) in cm ,
leaf breadth (LB) in c¢m, field brix percentage (Brix %) and cane yield per clump
(CY/C) in kg. Character wise variance analysis and mid-parent heterosis are

presented bellow:

A. ANALYSIS OF VARIANCE

Analysis of variance was done following NCD-I for nine quantitative
characters of ten sugarcane genotypes such as germination percentage (Germi. %),
number of tillers per clump (NT/C), number of millable canes per clump
(NMC/C), cane stalk height (CSH) in cm, cane stalk gifth (CSG) in cm, leaf length
(LL) in cm, leaf breadth (LB) in cm, field brix percentage (Brix %) and cane yield
per clump (CY/C) in kg are shown in table 7. Analyses of the results were

described according to their respective characters as follows.

Germination percentage (Germi. %): Regarding this character it is evident
from the table that the main items, crosses, males and females in males were
highly significant when tested against pooled error indicating that the item crosses
were appropriate and each of the males and females in males were different. Rest
of the items like blocks and interaction (blocks x crosses, blocks x males and

blocks x females in males) were non-significant when tested against within error.

Number of tillers per clump (NT/C): In this character blocks, crosses, males
and females in males items were highly significant when tested against pooled

error and all the interaction items blocks x crosses, blocks x males and blocks *



females in males were non-significant where tested against within error.

Significant block item indicated that blocks were different for this trait.

Number of millable canes per clump (NMC/C): The interaction items blocks x
crosses and blocks » females in males were highly significant and blocks x males
was just significant at 5% level when tested against within error. Others items like
blocks and crosses and, males and females in males were non-significant when
tested against their respective interaction blocks x crosses or blocks x females in
males. The significant interaction items indicating that different items (blocks,
crosses, males and females in males) interacted among themselves differently for

this traits.

Cane stalk height (CSH) and Cane stalk girth (CSG): The analysis of variance
for these two characters showed that the items crosses, males and females in males
were highly significant when tested against pooled error indicating that the crosses
were appropriately different and each of the males and females in males also
different. Rest of the items like blocks and interaction (blocks x crosses, blocks x
males and blocks x females in males) were non-significant when tested against

pooled error or within error.

Leaf length (LL): All the interaction items except blocks x females in males
were significant for this character. The interaction item blocks x females in males
was non-significant when tested against within error. Non significant blocks x

females in males indicated females in males item did not interacted with blocks.

Leaf breadth (LB): Considering this trait all the items of variance except
blocks, crosses and blocks x females in males interaction were highly significant
where as, blocks, crosses and blocks x females in males interaction items were

non-significant when tested against within error.

Field brix percentage (Brix %): For this character the main three items such as

crosses, males and females in males were highly significant but the item blocks
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and all the interaction items like blocks x crosses, blocks x males and blocks *
females in males were non-significant when tested against within error. Non-
significant blocks and interaction items indicated that those were not interacted

among themselves.

Cane yield per clump (CY/C): Regarding this trait the main three items like
crosses, males and females in males were highly significant and blocks item was
just significant. Also here all the interaction items were non-significant when

tested against within error.

Again, for all the characters it is evident from the table that the main items,
crosses, males and females in males showed significant results. Significance of
males and females in males in different set indicated substantial contribution of
males and females, to the variation among NCD-L.

B. ADDITIVE (D) AND DOMINANCE (H) COMPONENT, AND
DEGREE OF DOMINANCE

Additive and dominance components relate mainly to differences in the
nuclear genes, have different genetic bases, and generally show varying degrees of
sensitivity to environmental change for a quantitativeljf varying characters. In the
present study, additive (D) and dominance (H) components were estimated and the
estimated values of additive (D) and dominance (H) components, degree of

dominance for nine quantitative characters are presented in table 8.

1. Additive (D) and Dominance (H) component: The table showed that the
magnitude of additive component (D) was higher than that of dominance
component (H) for cane yield per clump (CY/C) but the latter was higher for
germination percentage (Germi. %), number of tillesr per clump (NT/C), number
of millable canes per clump (NMC/C), cane stalk height (CSH), cane stalk girth
(CSG), leaf length (LL), leaf breadth (LB) and field brix percentage (Brix %) in

nearly 89% cases.
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2. Degree of dominance: The degree of dominance was measured
following the ratio V(H/D) for the characters separately and the results are put in
Table 8. It was observed from the table that about 67% cases were over dominance
22% complete and rest of the cases partial dominance. Over dominance were
found to be in Germi.%, NT/C, NMC/C, CSH, CSG and Brix %. Whereas, LL and
LB showed complete and CY/C showed partial dominance. The estimation of over

dominance was in negative direction for Germi.%, NT/C, NMC/C and CSH cases.

C. HERITABILITY, GENETIC ADVANCE(GA) AND GENETIC
ADVANCE EXPRESSED AS PERCENTAGE OF MEAN

In the present study, narrow and broad sense heritability, genetic advances
and genetic advance as percentage of mean for nine quantitative characters are

presented in table 9.

1. Heritability : Heritability was estimated and computed separately both in
narrow Sense (hzn) and broad sense (h%,) based on components of variation of all
the characters and are given in table 9. Highest narrow sense (h?,) heritability
value of -0.9808 was exhibited by the character Germi. % and the lowest as
-0.0014 by the trait NT/C, both the values are in negative direction. In case of
broad sense heritability Germi.% showed the highest value of 2.5728 and LL
exhibited the lowest value of 0.1685. Both narrow and broad sense heritability
values were low for the characters indicating the effects of environment upon the

expression of those characters.

2. Genetic Advance (GA) and Genetic Advance expressed as Percentage

of Mean (GA%): Genetic advances (GA) and genetic advance as percentage of
mean (GA%) estimated were computed separately both in narrow sense (h?,) and
broad sense (h%,) based on components of variation of all the characters and are
given in Table 9. In case of leaf length (LL) genetic advance in narrow sense was
higher than broad sense but in other characters broad sense was higher than that of

narrow sense. Genetic advance as percentage of mean (GA%) was 4.8517 in
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narrow sense for leaf length (LL) which was higher than broad sense except for

other traits were higher than narrow sense.

D. STUDY OF HETEROSIS

1. Estimation of mid-parent heterosis: The estimation of percent in
heterosis observed in F, generation over mid-parent for different characters are

presented in table 10.

Germination percentage (Germi. %): All the crosses showed both negative
and positive non-significant heterosis over mid-parent for germination percentage.
The highest negative heterosis was recorded as -31.17 for f; x m, and positive
value of 9.75 for f; X m, and the lowest negative value of -3.7 for f5 xmj; and

positive value of 4.55 for fy xm,.

Number of tillers per clump (NT/C): For number of tillers per clump, all
except two crosses f; X m; and fy x m; showed non-significant positive heterosis
over mid-parent while crosses, f; x m, and fg x m; revealed non-significant
negative heterosis. The highest positive heterosis was recorded as 45.32 for fg x my
followed by the crosses f; x my and f; x m; with values of 41.63 and 29.83,

respectively and the lowest negative value of -2.04 was for £, x m;

Number of millable canes per clump (NMC/C): Most of the crosses showed
positive but non-significant heterosis over mid-parent for number of millable
canes per clump. Only one cross like fg x mj exhibited non-significant negative
heterosis over mid-parent. The highest heterosis over mid parent were recorded for
the crosses of fg x my; and f; x my with values of 54.72 and 49.11, respectively

and the lowest as -0.65 for fy x ms

Cane stalk height (CSH): Both positive and negative non-significant mid-

parent heterosis was estimated for cane stalk height character. The highest positive
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mid-parent heterosis was observed for fz x my with a value of 20.06 and negative

for f; x m; with a value of -06.78.

Cane stalk girth (CSG): Regarding this character the hybrids of all the ten
crosses showed highly significant positive heterosis over mid-parent. The highest
percent of heterosis over mid- parent was recorded as 46.42 for f; x m; and the

lowest value of 21.50 for f; x my4 .

Leaf length (LL): For this character both positive and negative non-significant
heterosis over mid- parent was recorded. The highest heterosis over mid-parent
was recorded for fyxm, and the lowest for f;xm, with values of 14.74 and -0.05,

respectively.

Leaf breadth (LB): Out of ten cross combinations, three crosses (fixm, ,f5xm,
and f;xm,) showed positive and the rest of seven crosses showed negative but all
the crosses showed non-significant heterosis over mid-parent for leaf breadth trait.
The highest negative heterosis was recorded for fjoxm;s with a value of -15.02 and

a positive value of 9.73 for f3xmy .

Field brix percentage (Brix %): Regarding this character all of the crosses
exhibited non-significant results for mid-parent heterosis. Except the cross of
fxm, all of them showed negative heterosis while, f7xmy revealed positive
heterosis over mid-parent with value of 2.96. For this character all of the crosses

showed low percentage of mid-parent heterosis, the highest heterosis was recorded

for foxms as - 9.07.

Cane vyield per clump (CY/C): For this trait all of the F;s showed positive
heterosis over mid-parent, the F;s of the crosses of £,x my, f3 x my , fs x m; , fy x
m, and f, x ms were found significant and rest of them non-significant.. Among
the significant heterosis, the cross, f*xm; showed highly significant heterosis with
a value of 22.71. The highest heterosis was observed for fg x m4 and the lowest for

f, x my with values of 71.22 and 17.41, respectively.
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Table 7: Analysis of variance for different quantitative characters in NCD-I
sugarcane genotypes

Characters

Germination percentage (Germi. %)

Item df SS MS F

Blocks (B) 2 3.8092 1.9046 1.0905 ns

Crosses( C) 9 178.1633 19.7959  11.3345%*
Males (M) - 34.6552 8.6638 4.9606**
Females in males 2 143.5080 28.7016  16.4336**

Blocks x Crosses 18 37.8328 2.1018 1.2817 ns
Blocks x Males 8 13.6386 1.7048 1.0396 ns
Blocks * Females in males 10 24.1942 2.4194 1.4753 ns

Within error 120 196.7909 | 1.6399

Pooled error 156 272.4565 1.7465

Significance test : a) Interaction items were tested against within error
b) Other items were tested against pooled error

Number of tillers per clump (NT/C)

Item df SS MS F

Blocks (B) 2 0.6984 0.3492 70562%%

Crosses( C) 9 4.0848 0.4539 9.1454%x
Males (M) 4 1.8138 . 0.4534 0.1371%*
Females in males 5 22710 0.4542 91521+

Blocks x Crosses 18 1.1555 0.0642 1.4184 ns
Blocks x Males 8 0.7010 0.0876 1.9362 ns
Blocks x Females in males 10 0.4545 0.0454 1.0042 ns

Within error 120 5.4308 0.0453

Pooled error 156 7.7418 0.0496

Significance test : a) Interaction items were tested against within error
b) Other items were tested against pooled error
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Number of millable canes per clump (NMC/C)

Item df SS MS F
Blocks (B) 2 0.2007 0.1003 1.6509ns
Crosses( C) 9 1.4601 | 0.1622 2.6693ns
Males (M) - 0.6316 {.1579 2.0238ns
Females in males 5 0.8284 0.1657 2.1235ns
Blocks x Crosses 18 1.0940 0.0608 3.2960%*
Blocks x Males 8 0.3137 0.0392 2.1267*
Blocks x Females in males 10 0.7803 0.0780 4.2314%*
Within error 120 2.2127 0.0184

Significance test : a) Interaction items were tested against within error
b) Females in males and males items were tested against Blocks x
Females in males )
¢) Blocks and crosses items were tested against Blocks x Crosses

interaction
Cane stalk height (CSH)

Item df SS MS F
Blocks (B) 2 132.2646 66.1323 2.1044 ns
Crosses( C) 9 1500.0761  166.6751 5.3037**

Males (M) 4 615.2453 153.8113 4.8943%%*

Females in males 5 884.8308 176.9662 5.6311**
Blocks x Crosses 18 5182993  28.7944 0.8938 ns

Blocks x Males 8 331.3171 41.4146 1.2855 ns

Blocks x Females in males 10 186.9822 18.6982 0.5804 ns
Within error 120  3865.9134 32.2159
Pooled error 156 4902.5120 31.4264

Significance test : a) Interaction items were tested against within error
b) Other items were tested against pooled error
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Cane stalk girth (CSG)

Item df SS MS F

Blocks (B) 2 0.0169 0.0085 2.9604 ns

Crosses( C) 9 0.1689 0.0188 6.5678**
Males (M) 4 0.0811 | 0.0203 R
Females in males 5 0.0878 0.0176 6.1474%*

Blocks x Crosses 18 0.0395 0.0022 0.7169 ns
Blocks x Males 8 0.0233 0.0029 0.9515 ns
Blocks x Females in males 10 0.0162 0.0016 0.5293 ns

Within error 120 0.3668 0.0031

Pooled error 156 0.4458 0.0029

Significance test : a) Interaction items were tested against within error
b) Other items were tested against pooled error

Leaf length (LL)
[tem df SS MS F
Blocks (B) 2 31.5140 15.7570 1.7183ns
Crosses( C) 9 1222172 13.5797 2.2834ns
Males (M) + 94.6030 23.6507 8.7108**
Females in males 5 27.6143 5.5229 2.0341 ns
Blocks x Crosses 18 107.0507 5.9473 22353+
Blocks x Males 8 73.3610 9.1701 3.4466%*

Blocks x Females in males 10 33.6897 3.3690 1.2662 ns
Within error 120 319.2741 2.6606

Pooled error 130 352.9638 2.7151

Significance test : a) Interaction items were tested against within error
b) Females in males and males items were tested against pooled error
¢) Blocks and crosses items were tested against Blocks x Crosses

interaction.
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Leaf breadth (L.B)

Item df SS MS F

Blocks (B) 2 0.0121 ~0.0061 0.6577ns

Crosses( C) 9 0.1728 0.0192 2.0810ns
Males (M) 4 0.1022 0.0256 6.2560™*
Females in males 5 0.0706 0.0141 3.4550**

Blocks x Crosses 18 0.1660 0.0092 2.2602%
Blocks x Males 8 0.1244 0.0155 3812744
Blocks x Females in males 10 0.0417 0.0042 1.0218 ns

Within error 120 0.4893 0.0041

Pooled error 130 0.5309 0.0041

Significance test : a) Interaction items were tested against within error
b) Females in males and males items were tested against pooled error
¢) Blocks and crosses items were tested against Blocks x Crosses
interaction.

Field brix percentage (Brix%)

Item df SS MS F

Blocks (B) 2 0.2210 0.1105 2.0519ns

Crosses( C) 9 5.3243 0.5916 10.9836**
Males (M) 4 1.3015 0.3254 6.0410%*
Females in males 5 4.0228 . 0.8046 14.9376**

Blocks x Crosses 18 1.1089 0.0616 1.1954 ns
Blocks x Males 8 0.5994 0.0749 1.4539 ns
Blocks x Females in males 10 0.5095 0.0509 0.9886 ns

Within error 120 6.1845 0.0515

Pooled error 156 8.4023 0.0539

Significance test : a) Interaction items were tested against within error
b) Other items were tested against pooled error
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Cane yield per clump (CY/C)

Item df SS MS F

Blocks (B) 2 0.2011 0.1006 2.9858ns

Crosses( C) 9 14291 0.1588 4.7141%*
Males (M) - 0.9763 0.2441 7.2457%*
Females in males 3 0.4529 0.0906 2.6889*

Blocks x Crosses 18 0.6104 0.0339 1.0088 ns
Blocks x Males 8 0.4970 0.0621 1.8481 ns
Blocks x Females in males 10 0.1134 0.0113 0.3374 ns

Within error 120 4.0339 0.0336

Pooled error 156 5.2547 0.0337

Significance test : a) Interaction items were tested against within error
b) Other items were tested against pooled error

“#> and “**’ indicates significant at 5% and 1% level respectively,
‘ns’ indicates non-significant
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DISCUSSION

Majority of the quantitative characters are controlled by polygenes. Each
gene has small effect, which is usually cumulative. Quantitative characters show a
continuous variations and it is not possible to classify them into distinct classes.
The inheritance studies of quantitative characters have to employ through
biometrical genetics by construction of special models and procedures. Genetic
information regarding the nature, relative magnitude and type of gene action
following a proper genetic model is very important in a crop for successful
breeding research. The breeding behaviour of crops depends on the choice of
genetic model. Precise estimation of genetic information of sugarcane crop is
difficult due to its highly cross pollination, higher heterozygosity and polyploidy
nature that makes the crop to follow continuous variation. Plant breeders need to
quantify additive and non-additive components of genetic variance in order to
determine appropriate selection methods to improve quantitative characteristics.
There are number of genetical models those ensure the status of variance
components and among them North Carolina mating Designs I (NCD-I) of
Comstock and Robinson (1948 and 1952) allows to determine these variance
components precisely. In this situation, the present investigation was carried out
in obtaining genetic information following NCD-I model. The nine quantitative
characters of ten sugarcane genotypes viz., germination percentage (Germi%),
number of tillers per clump (NT/C), number of millable canes per clump
(NMC/C), cane stalk height (CSH), cane stalk girth (CSG), leaf length (LL), leaf
breadth (LB), field brix percentage (Brix%) and cane yield per clump (CY/C) 1n
two consecutive years at three different locations were analysed for the
determination of additive (Dr) and dominance (Hg) component, degree of
dominance, heritability, genetic advance and genetic advance expressed as

percentage of mean.



i~

In this study the blocks item (B) was non-significant for most of the
characters except NT/C. Non-significant blocks indicated that the research field
was homogeneous. The non-significant replication item was reported by Kearsy

(1965) in Papaver dubium, Hosain (1997) in chili and Nahar (1997) in sugarcane.

The cross item (C) was highly significant for all the characters except
NMC/C, LL and LB when tested against pooled error, which indicated that the
materials were different for different crosses. Since, the interaction of blocks x
crosses was significant for NMC/C, LL and LB, hence the crosses item of these
three characters were tested by blocks x crosses interaction and found to be non-
significant. Regarding the significant blocks x males interaction for NMC/C, LL
and LB, the males and females in males items were tested against blocks x males
interaction and rest of six characters were tested against pooled error. The males
item was significant for all of the characters except NMC/C and females in males
item was also significant for maximum cases except NMC/C and LL. Significance
of males and females in males in different set indicates substantial contribution of

males and females, to the variation among NCD-I crosses.

The analysis of variance showed that various interaction items such as blocks
x crosses, blocks x males and blocks x females in males were significant for the
characters NMC/C, LL and LB and non-significant for rest of six characters viz.,
Germi.%, NT/C, CSH, CSG, Brix% and CY/C when tested against within error.
Non-significant interaction items were found in NCD-I for seven agronomical

characters of sugarcane by Alam et al. (2009) when working with parental lines.

The estimation of variance components in NCD-I resulted that some
estimation of genetic variance were negative and also observed that negative
estimates were obtained in maximum cases for additive (D) and only one cases for
dominance (H) genetic variance. The negative estimation of additive component
may be due to sampling error or lack of random mating. Similar results of negative

estimation of additive genetic variation were reported by Manickavelu et al.
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(2006) in rice. Lindsey er al.(1962), Eberhart et al. (1966) and Reddy and Agarwal
(1992) pointed out that larger estimation of negative variances for some characters
might have resulted due to some factors other than sampling error such as lack of
random mating in making the half-sib family groups. Hossain et al. (2000) also
obtained negative additive value for the character plant height at maximum flower
in cross 1; number of second array branches at maxiﬁum flowers in cross 1 and
cross 2 and date of fruit ripening in cross 1 and cross 3. Ortiz and Golmirzaie
(2002) reported negative estimation of genetic variance component when working
with tetrasomic potato lines in NCD-1. The magnitude of additive component (D)
was higher than that of dominance component (H) only for CY/C. This result
indicated that additive component of variation was more important than
dominance for the character CY/C. This finding corroborated with the findings of
Paul et al. (1976) in rape seed, Joarder (1978) in mustard, Hogarth (1977 and
1980), Wu ef al. (1980 and 1988), Skinner (1981) and Hogarth and Kingston
(1984) in sugarcane. Hossain et al. (2000), Nahar (2000) and Deb (2003) also
obtained similar results in their materials following TTC, Bips and single cross
analysis, respectively. The negative dominance component is also supported by
Moll et al. (1960), Lindsey er al. (1962) and Willium ef al. (1965) in maize,
Joarder et al. (1977) in mustard, Samad (1991) in rape seed and Nahar (2000) in
sugarcane. Probably negative estimation of dominance component might be due to

the genotype x environmental interaction (Hill, 1966).

However, dominance was higher for the characters Germi.%, NT/C, NMC/C,
CSH, CSG, LL, LB and Brix%. Higher magnitude of dominance variance for
these characters indicated that they were governed by non-additive gene action. It
was in accordance with the findings of Ghosh (1993), Anandakumar and
Subramanian (1994) and Kalita and Upadhaya (2000) in rice. Normally
dominance variation is associated with heterozygosity which is not fixable,

therefore, selection for these characters is not effective. Dominance variance is the

110



chief cause of heterosis or hybrid vigour. Alarmelu (2010) reported that non
additive gene action can be exploited in F; generation of sugarcane. The
preponderance of non-additive gene action for these characters under study
indicated that improvement of these characters could be possible through heterosis
breeding. Ishaq and Olaoye (2009) estimated both additive (6”4) and dominance
(6’p) genetic variance which differed significantly for juice quality attributes of
drought tolerance sugarcane but the magnitude of o’ was larger than o’ 4. In this
situation they reported that the specific crosses in breeding are useful. Chen et al.
(1986) studied inheritance of quantitative characters in sugarcane and concluded
that it is important for a breeder to evaluate parents before attempting

hybridization programme.

The degree of dominance was measured separately for different characters

following the ratio JH /D . It was showed that about 67% of the present cases
were over dominance (ratio > 1), 22% complete (ratio = 1) and rest of them
showed partial dominance (ratio < 1), which indicated dominance effects towards
decreasing parents. Over dominance were found in Germi. % (-2.6919), NT/C (-
46.7666), NMC/C (-6.8692), CSH (-5.4167), CSG (4.6477) and Brix% (2.8794),
complete dominance in LL (-1.2348) and LB (1.2154), and CY/C (0.2545) showed
partial dominance. Except CSG and Brix% other four characters showed over
dominance in negative direction. In some cases Samad (1991), Hossain er al.
(2000) and Nahar and Khaleque (2000) also found over dominance in negative
direction. Degree of dominance for most of the characters ranged from partial to
over dominance observed by Khaleque (1975) in rice. Uddin (1983), Rahman
(1984), Deb and Khaleque (2009) and Samad et al (2009) also reported over
dominance for different characters in their cross materials in wheat, erisilkworm,

chickpea and blackgram, respectively.

Heritability was estimated separately in narrow sense (h%,) and broad sense

(h%,) based on the components of variation for all the characters. Both narrow and
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broad sense heritability values were low indicating that environmental variation
was prevalent in this material. Singh and Singh (1972) and Singh (1973) reported
generally a low estimate of narrow sense heritability for most of the characters in
mustard. A low estimate of broad sense heritability was indicated by Jogloy
(2011) for the CGR trait of peanut, Olsson (1960) in Brassica napus for yield.
Alam et al. (2009) found low heritability (for both h%, and h,) when working with
sugarcane. Hossain et al. (2000) also reported low narrow and broad sense
heritabilities in chilli. Heritability in narrow sense (Hzn) was higher than broad

sense (hzb) for LL but for other characters it is lower than broad sense.

Genetic advances (GA) and genetic advance as percentage of mean (GA%)
were estimated as low both in narrow sense and broad sense. In case of LL, GA iIn
narrow sense was higher than broad sense. The highest GA% in narrow sense was
recorded for CY/C followed by LL and in broad sense noted for Germi.%
followed by NT/C, NMC/C, CY/C and Brix%. Low GA and GA% was reported
by Alam et al. (2009) in sugarcane. Thus, the present investigation revealed that
additive gene action was important in the expression of LL character under study.
Moreover, the present investigation revealed that dominance gene actions were
important in the expression of most of the characters. Which might be due to the
increased random sampling influenced by the presence of high environmental

effects.

Heterosis as a measure of the superior performance of hybrid relative to the
average of the parents is a means of identifying superior genotypes. According to
David and Sally (2005), heterosis may results in crossbred being better than their
parental bred or simply better than the average of the two. In the present study all
of the crosses exhibited highly significant heterosis over mid-parents for the
character CSG. In case of CY/C the crosses f, x m l-,f3 Xmo, fsxmjfgxmy
and o x m 5 revealed significant mid-parent heterosis. Rest of the characters and

crosses showed non-significant heterosis over mid-parent. The crosses of these
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(CSG and CY/C) two characters showed positive heterosis ranged from 21.50 —
71.22%. Ishaq and Olaoye (2009) found positive heterosis ( 3.21 — 32.31%) over
mid-parent from the drought tolerant parent progenies of sugarcane. High and low
positive heterosis observed was mainly due to varying genetic composition
between parents of different crosses for the component characters (Rajesh and

Gulsan, 2001).

On the basis of these findings and the literature reviewed on the inheritance
of different contributing characters it may be concluded that some of the
characters can be improved further by following simple- selection, while others can
be improved further by practising NCD-I mating. The characters cane yield per
clump (CY/C) possessing fixable variation can be improved further by simple
selection, whereas the other characters viz., germination percentage (Germi.%),
number of tillers per clump (NT/C), number of millable canes per clump
(NMC/C), cane stalk height (CSH), cane stalk girth (CSG), leaf length (LL), leaf
breadth (LB) and field brix percent (Brix %) possess an abundance of dominance
variation, therefore, may be improved through hybridization and selection. The
estimates of narrow sense heritability were obtained as low in the present findings
and those reported in the literature were generally low, which suggested a good
scope for the development of hybrids. This situation invites for appropriate
method of recurrent selection breeding after NCD-I mating and direct selection for

CY/C.
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SUMMARY

In the present study, nine agronomical characters viz. germination percentage
(Germi.%), number of tillers per clump (NT/C), number of millable canes per
clump (NMC/C), cane stalk height (CSH), cane stalk girth (CSG), leaf length
(LL), leaf breadth (LB), field brix percentage (Brix%) and cane yield per clump
(CY/C) were investigated in NCD-I consisting of the ten crosses of sugarcane. The
biometrical genetic techniques adopted to study the inheritance of these
quantitative characters was hierarchical mating design also known as North

Carolina Designs I (NCD-I).

In the analysis of variance of NCD-I, the items males, females in males and
crosses were significant for most of the cases revealed that the males and females
were used in the crossing programmes were significantly different from each

other. The crosses done in the analysis were also different.

The various interaction items such as blocks x crosses, blocks x males and
blocks x females in males were significant for the characters NMC/C, LL and LB

when tested against within error.

The estimation of additive component (D) was in negative direction for
maximum cases but dominance component (H) obtained negative only for the
character LL. The negative estimation of additive component may be due to
sampling error or lack of random mating. Probably negative estimation of

dominance component might be due to the genotype * environmental interaction.

The magnitude of additive component (D) was higher than that of dominance
component (H) only for CY/C. This result indicated that additive component of
variation was more important than dominance for the character CY/C. However,
dominance was higher for the characters Germi. %, NT/C, NMC/C, CSH, CSG,
LL, LB and Brix%. Higher magnitude of dominance variance for these characters

indicated that they are governed by non-additive gene action. The preponderance



of non-additive gene action for these characters under study indicated that

improvement of these characters could be possible through heterosis breeding.

The degree of dominance was measured following the ratio +H /D . About
67% of the studied characters showed over dominance (ratio > 1), 22% complete
and rest of them showed partial dominance (ratio < 1), which indicated dominance

effects towards decreasing parents.

On an overall both narrow and broad sense heritabilities, genetic advances
(GA) and genetic advance expressed as percentage of mean (GA%) were low.
However, heritability in narrow sense (hzn) was higher than broad sense (hzb) in
LL but in other characters it was lower than broad sense. GA in narrow sense was
also higher than broad sense for the character LL. The highest GA% in narrow
sense was recorded for CY/C followed by LL and in broad sense noted for
Germi.% followed by NT/C, NMC/C, CY/C and Brix%. Thus, the present
investigation revealed that additive gene action was important in the expression of
LL under study. However, the presence of high environmental effects made the
situation complicated in present materials which lowered down the estimation of

both the heritabilities.

In the present study all of the crosses exhibited highly significant heterosis
over mid-parents for the character CSG. In case of CY/C, the crosses foxmf;
xm, fsxms fgxmy and fgx m s revealed significant mid parent heterosis.
Rest of the characters and crosses showed non-significant heterosis over mid
parent. The crosses regarding the characters, CSG and CY/C showed positive
heterosis ranged from 21.50 — 71.22%. High and low positive heterosis was
observed mainly due to varying genetic composition between parents of different
crosses for the component characters. For most of the characters there were a
preponderance of dominant genes which needs exploitation of hybrid vigour for
these characters, however for CY/C and LL it needs simple selection practice as it

was under the control of additive gene action.
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PART II

GENOTYPE - ENVIRONMENT INTERACTION




INTRODUCTION

Sugarcane (Saccharum officinarum L.) is one of the major cash crops grown
extensively all over the world from tropical to sub tropical regions. Generally
sugarcane is a vegetatively cultivated crop with wide adaptability and diversity.
Sugarcane breeding is highly complex because of its highly heterozygous nature,
combined with higher polyploidy (2n = 80 to 120). Sugarcane breeders are aware
about the differences of its cultivars for yield and quality which varies from region
to region. Varietal trials are normally conducted in different locations and years
before releasing a new cultivar suitable for a particular region (Narendra et al.,
1988; Bakhsh et al., 1991; Basford and Cooper, 1998). This arises many questions
like, whether is it better to select different cultivars for different environments or

specific cultivars for particular environment.

Genotype * environment (GxE) interactions is a widely recognized
phenomenon in sugarcane clonal selection trials (Kang and Miller, 1984; Jackson
and Hogarth, 1992; Kimbeng et al., 2002). Genotype * environment interaction
complicates selection decisions because when it is present, the definition of an
elite genotype becomes conditional on the environment under which the genotype
is evaluated (Rattey and Kimbeng, 2001). The consequence is that, for
quantitatively inherited traits such as sugar yield, genotypic performance and the
relative ranking of genotypes changes from one environment to the other. This
rank changing makes it difficult for the breeders to decide the true genetic value of
prospective genotypes and to select among them because gene expression of an
individual may occur with the changes of environments. For this reason the study
of quantitative characters is very much complex when different environments are
involved. These changes are observable as genotype-environment interaction in a
biometrical analyses, have been recognized as an important source of phenotypic

variation (Immer ef al. 1934: Yates and Cochran, 1938 and Mather, 1949).




The phenotypic expression by the environment was first recognized by
Johansen (1909) while working with dwarf bean (Phaseolus vulgaries). He
reported that heritable and non-heritable differences were jointly responsible for
the variation in seed weight of beans and were of the same order of magnitude in
effect. The different analyses of continuous variation over a number of years on
many plant and animal species revealed the combination of heritable and non-

heritable agencies in the determination of continuous variation.

Genotype-environment interactions are important sources of variation in any
crop and the term stability is sometimes used to characterize a genotype, which
shows a relatively constant yield, independent of changing environmental
conditions. Estimation of stability of a new genotype for yield and quality traits is
a pre-requisite in plant breeding programme prior to ‘its release for commercial
planting. Productivity of a genotype in favourable environments does not indicates
its adaptability and stability whereas, performance of a genotype in diverse
environments is a true evaluation of its inherent potential for adaptativeness

(Pandey et al., 1981).

Genotype x environment interactions involving such complex quantitative
characters as grain yield represent a major problem in plant improvement
programs. The most promising methods to reduce this factor to a minimum is to
use multiline rather than genetically uniform populations (Allard and Bradshaw,
1964). Technically, the degree of genetic diversity possible in multiline
populations is extremely broad ranging from restricted mixtures of isolines
differing only at a single locus controlling disease resistance to diverse mixtures of
pure lines widely different in many genetic traits. In most commercial species, the
acceptance of multilines require relative uniform for certain characters such as
height, maturity and seed factors. This problem would be of minor significance
with restricted multilines but would become increasingly important at genetic
diversity was widened. However, multilines containing the greatest amount of

genetic diversity possible would probably be more effective in reducing the
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genotype * environment interaction unless the genotype x environment interaction

is closely associated with disease incidence (Pfahler and Linskens,1979).

The presence of GxE dictates that breeders sample the appropriate
environmental conditions likely to be encountered by the target environments
under which the prospective genotypes will eventually be grown. As sugarcane is
a perennial crop, environments constitute locations and years as well as crop
stages (plant-cane or ratoon crops). In most breeding programs, advanced stage
trials are planted at several locations and evaluated over several years.
Measurements in the first and second ratoon are taken on the same plots as the
plant-cane crop in order to assess ratooning ability. Therefore, the effects of years
are confounded as each crop stage is grown in a different year. The combined
effect of years and crop stages are often referred to as crop-years (Kang et al.
1987). Knowledge from GxE studies are useful for. developing strategies for
testing and selection of genotypes most adapted to the target environments under

which the genotypes will be grown (Rea and De Sousa-Vieira, 2002).

Breeding efforts over the years have yielded many promising genotypes;
however, genotypes with stable performance over environments are of great
importance for successful cultivation of the crop. Productivity stability is shown
by some cane varieties in both predictable and unpredictable environments. In a
predictable environment (i.e. climatic, soil type, day length and controllable
variables such as fertilization, sowing dates and harvesting methods), a high level
of genotype and environmental interaction is desirable so as to ensure a maximum
yield or financial return whereas in an unpredictable environment (inter and intra-
season fluctuation, fluctuation in quantity and distribution of rainfall and
prevailing temperature), a low level of interaction is desirable so as to ensure
maximum uniformity of performance over a number of locations or seasons
(Khan, 1981). After examining the stability of standard variety in varietal trials of
sugarcane, Pollock (1975) and Ruschel (1977) suggested that clone selection

against the average of several standard varieties was better than against a single
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one as the 'b' values were more precisely estimated when several rather than one
standard variety was used to measure the effects of environment. The stability-
variance parameters may also be used to compare stability of various experimental
cultivars to that of a check. Selected cultivars should have high mean yields and
low stability variance (Kang and Miller, 1984). The performance of crop plants
varies in different environments which indicate their adaptability to specific region
or over wide areas. Therefore, stability analysis of sugarcane cultivar performance
tests conducted under different environments have been reported by many
researchers (Pollock, 1975; Ruschel, 1977; Tai et al., 1982; Kang and Miller 1984;
Malligen et al., 1990; Khan er al., 1997). The stability methods can be divided into
two major groups: univariate and multivariate stability statistics (Lin et al., 1986).
Knowledge on the components of the genotype environment (GxE) interaction is
of great importance for genetic breeding but provides no detailed information on
the performance of each cultivar under varying environmental conditions (Cruz et
al., 2004). The analyses of adaptability and stability are therefore extremely
important and necessary for the identification and recommendation of superior
genotypes in different environments. Different biometrical methods have been
used for G x E interaction in crop plants by several workers, the important once
being Finlay and Wilkinson (1963), Eberhart and Russell (1966), Perkins and
Jinks (1968), Freeman and Perkins (1971) and centroid analysis (Rocha et al.,
2005).

For estimation of interaction between genotypes and environments two main
approaches have been made under regression. The first one is purely statistical
proposed by Yates and Cochran (1938), modified by Finlay and Wilkinson (1963)
and Eberhart and Russell (1966) and so on. Finlay and Wilkinson (1963) used this
method to detect and measure the magnitude of GXE interactions in barley and
considered linear regression slopes as a measure of stability. Eberhart and Russel

(1966) emphasized the need of considering both the linear (b;) and non-linear

(S’di) components of G *E interaction in judging the phenotypic stability of a
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genotype. A cultivar with a high mean with unit regression coefficient (b =1.0)
and a deviation of zero (S *di = 0) from regression is referred as stable genotype.

The second is the fitting of models, which specify the contribution of
genetic and environmental actions and genotype-environment interactions to the
generation means and variances. It also determines the contribution of additive,
dominance and non-allelic gene action to the total genotype-environment
interaction components. This models have been used by Mather (1949), Jinks
(1954), and Jinks and Mather (1955) in Nicotiana rustica L. followed by Bucio
Alanis (1966), Bucio Alanis and Hill (1966), and Perkins and Jinks (1968).

A bridge was developed by Perkins and Jinks (1968) to overcome the gap
between two alternative analyses. Later, Breese (1969) and Paroda and Hayes
(1971) advocated that the linear regression (b;) could simply be regarded as

measure of response of a popular genotype, whereas the deviations around the

regression lines (S?*di) were considered as better measure of stability; genotypes
with their lowest deviations being the most stable and vice versa. Using the above
definition of the term stability, it was possible to judge the phenotypic stability and
due consideration was also given to the mean performance and linear response of
the individual genotype. For the study of genotype * environment interaction, joint
regression analysis, a form of the analysis of variance has been used widely. The
procedures and applications of joint regression analysis were reviewed by
Freeman (1973) and Hill (1975). The effectiveness of the analysis in resolving the

differences in genotypic response is related to the degree of linearity of response.

Considering the above point the present investigation was undertaken to
evaluate genotype * environment interaction for nine agronomical characters of 10
sugarcane genotypes to detect stable genotypes for different climatic conditions in

Bangladesh.
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REVIEW OF LITERATURE

Sugarcane is one of the most important cash—cum -industrial crops of the
world. In Bangladesh sugarcane (Saccharum officinarum L.) is the only sugar
producing crop and essential to meet the diversified goals of plant breeding
towards wider adaptation. A study of genotype - environment (G x E) interaction
is of much value in the selection of better genotypes. Yield and yield contributing
traits, quantitative in nature are highly influenced by environmental. The
magnitude of components of genetic variation and G x E interaction can help the
breeder to select promising genotypes. Though much information are there in
various crops on G x E interaction but in sugarcane this sort of information are
scanty. As such for convenient of study review of literature on genotype —

environment interaction was made on sugarcane as well as on other crops also.

An investigation with beans (Phaseolus vulgaris) by Johannsen (1909)
revealed that both heritable and non heritable effects expressing through the
phenotype and the phenotypic variation in any pure line exhibits due to
environmental effects. From this point it is clear that environmental effects plays
an important role in determining the life situation and the personal endowments of

an individual are not solely due to genes.

At first Mather (1949) introduced the biometrical technique based on
mathematical models of Fisher et al. (1932) for measurement of the continuous
variation from two distinct lines developed with the development of first (mean)
and second (variance and covariance) degree statistics. Also then, Mather and
Jones (1958) and Jinks and Stevens (1959) were combindly formulated the
techniques to measure the genotype—environment interaction based on the

mathematical models of Fisher et al. (1932). This technique provided the




partitioning of total variation into genetic and environmental components while

studying the genetic variance in relation to the environmental effects.

Finlay and Wilkinson (1963) developed statistical techniques to compare
the yield performance of a set of cereal varieties grown in replicated trials for
several seasons and several locations. The regression coefficient in both individual
yield on mean yield and sensitivity to environment were wide. The variation in
sensitivity was proportionately less among varieties with higher mean yield, and
the varieties with highest mean yield exhibited within very narrow limits. It is
used to measure adaptability for varieties, which provides a useful basis for plant
introduction. They discussed the phenotypic stability and physiological and
morphological characteristics of groups of varieties with specific and general

adaptability. Yates and Cochran (1938) also formulated similar techniques.

Khaleque (1975) worked on genotype-environment interactions for eighteen
quantitative characters in a 5 x 35 diallel progenies of rice over two seasons.
Joarder and Funus (1977) also made a study of | genotype — environment
interaction shown by heading and harvesting time of Brassica campestries L. All
of them showed that genotype-environment interactions were operative in both
parental and F, generations and that a significant portion of these interactions was

accounted for by the linear function of the environmental means.

Brennan and Byth (1979) studied on the utility of a linear model to explain
genotype * environment interaction was examined by yield-testing of 100
different wheat cultivars at nine different environments, including four locations
and three years, in south-eastern Queensland. They found large genotype X
environment (G x E) interaction variances for yield relative to those for genotypes.
The linear model was found to explain less than 40% of the total g x e interaction
and to give only a general indication of cultivar responses to different
environments. Selection strategies to identify widely adapted cultivar involving

several parameters singly and in combination were evaluated. Greater selection
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differentials were found in most environments when selection was practiced for
high mean yield across all environments and the yield of each cultivar in each

environment was expressed as a percentage of the environmental mean yield.

Galvez (1980) studied genotype-environment interaction for yield and brix
in eight trials with 20 genotypes of sugarcane. The trials were carried out i two
locations during three harvesting periods. The G x E interactions were significant
at both the locations. In order to determine stability and /or adaptability, data were
analyzed by 3 methods such as linear regression, covariance and coefficient of
determination. All the methods used were verified in its own way the

discrimination of genotypes by their stability in relation to environmental changes.

Singh and Gupta (1983) studied on thirty one genotypes of toria (Brassica
campestries L.) which were grown in 12 environments and analysed for stability
of grain yield per plant. All genotypes were responsive towards environmental
variations. Seven genotypes were found to be unstable and twenty four were
stable. “TCSU-2° was a stable genotype having maximum mean performance.
‘Ludhiana Composite-2’, was specifically suitablé for rich environmental

conditions.

Desai et al. (1983) tested eight striga-resistant sorghum varieties over eight
environments and assessed stability. The variety x environment interaction was
highly significant. Mean performance was significantly correlated with the

stability parameters which also showed inter se correlation.

Sanghi and Kandalkar (1983) carried out an experiment with ten varieties of
forage cowpea and evaluated stability parameters with respect to seed yield and its
components in eight environments. The varieties were FOS 1, HFC 42-1, GFC 2,
GFC 3, GFC 4, UPG, 9020, EC 4216, C 152, C 1 and 82-1-B. They observed the
presence of genotype environment interaction. The linear component appeared to

account for most of the interactions present. Three parameters of stability were
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positively associated in the case of pods per plant and 100 seed weight. Based on
these results GFC 3 was found to be most stable variety for seed yield. Its stability
was mainly due to higher number of pods. Breeding for higher number of pods

and 100 seed weight with greater stability is advocated.

Sugiyarta et al. (1984) obtained stability in sugarcane following Finlay and
Wilkinson. and Eberhart and Russell’s model. The trial was conducted at 27 sites
in Java during 1975-76 involving 6 cultivars. The result of the analysis indicated
that PS 41, PS 46, PS 47, and PS 48 ( according to Finlay and Wilkinson) and PS
47 and PS 48 (according to Eberhart and Russell) were most stable genotypes.

Kearsey ef al. (1987) carried out research on genetic analysis of production
of characters in Lolium. They found that linear regression on to the environmental
means accounted for all G x E variation for dry matter production in the
establishment and aftermath cuts, but not for heading date or the hay cut. The b
values measuring responsiveness to the environment were clearly heritable and

showed partial dominance.

Alam (1987) studied on genotype x sowing x-year interactions of three
Tossa jute (C. olitorus L.) genotypes were tested in four environments. The results
revealed that all the characters under study showed significant variations due to
sowing time and year components. Genotypes interacted with the year for base
diameter and green weight. Genotype x sowing * year interactions were
significant for all the characters except plant height. The genotypes differed in
their performances only in base diameter. None of the characters showed
significant interaction with sowing time. Major portion of interaction was due to
regression. Among the three genotypes under study "Uganda Red" proved to be

above average (b1.0) stability and will be suitable for unfavourable environments.

Ho and Change (1987) studied genotype » environment interaction of 15

sugarcane varieties grown at 4 regions in Taiwan over 2 crop years. Significant G
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« E interactions were observed for all the traits in both plant and ratoon crops. Ro
Cl1 performed well in both crops and showed high stability compared to the

popular varieties Ro C5 and F160.

Crossa et al. (1990) indicated that the AMMI model can be used to analyze
the G x E interaction and to identify the superior hybrid maize genotypes. Also, he
pointed out that it can be used in the selection of the best test environments for

hybrid maize genotype evaluation.

Parh et al. (1990) investigated on Genotype-location interaction for grain
yield, protein content and maturity period for 15 exotic and locally collected
varieties / lines of proso millet across three different locations of Bangladesh.
Varicties / lines differed significantly for genotype — location (G — L) interactions
for all the characters studied. BPm-34, BPm-438, and BPm-27 were found to be the
most stable varieties, while BPm- 27, BPm-103, and BPm-146 were stable for
protein content and most of the varieties / lines except BPm- 27, BPm-48 and
Bagaikandi were stable for maturity period over all locations. Only BPm-159 and
BPm-37 had the above average stability for grain yield, thus suitable for poor
environment. No other varieties / lines were considered suitable for either
favorable or poor environment in respect of any charécters. This study suggests
that BPm-37 could be used in breeding programme to increase stability for grain
yield, protein content and maturity ; BPm-34 for grain yield and maturity and rest
of the stable varieties / lines be used independently to impart homeostasis to

individual characters.

Ray et al. (1991) carried out research work on eight promising breeding
lines / varieties of rice and was evaluated at six different locations to determine
superiority of the genotypes over a wide range of environments. Varieties / lines
differed significantly and significant genotype * environment interaction occurred
for yield. Estimated parameters (b and S 2d) for yield of BR1067-84-1-3-2-1 and

BR 14 showed average responsiveness (b = 1) and minimum deviations from
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regressions with higher mean yield, indicating good stability and suitability for
wide adaptation. BR3 with significant lower b value (b= 0.33) and insignificant S :
d may be considered suitable for unfavorable environment because of high mean

yield. BR802 -118-4-2 showed unsuitable because of significant S > d values.

Nachit et al. (1992) determined that the postdictive AMMI models are
superior to the linear regression techniques in accounting for and partitioning G x
E interaction in Mediterranean multilocation test trials of durum wheat. In
addition, they expressed that predictive assessment is a useful statistical tool in
estimating precise yield to make accurate and therefore, successful selection in

durum wheat breeding programs.

Koutu et al. (1993) carried out a stability analysis for protein and
carbohydrate content in 30 diverse genotypes of kodo millet (Paspalum
serobiculatum L.) grown at four locations. Genotype * environment linear
interactions were significant for both the traits. Genotypes IPS-147, IPS-200, [PS-
198, IPS-112, IPS-66, IPS-138, IPS-115 appeared stable; hence they may be of use

in breeding stable cultivars for these traits.

Mahapatra (1993) carried out an experiment with twelve rice varieties were
grown under 30 environments created through the combination of different dates
of seeding, methods of planting, doses of fertilizer and growing seasons. The
stability of performance for grain yield of the varieties was assessed using nine
different parameters. Variations due to genotypes, environments, and genotype *
environment interactions were highly significant and a large portion of these
interactions was due to linear regression. Highly significant mean squares were
observed for linear as well as nonlinear components. The genotypes were grouped
into low, medium and high stability classes for each of the nine parameters and
numerically scored on three-point scale. It was evident from the computation of

total score that the parameters %, b, s’d, and a were adequate in assessing the yield
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stability of the genotypes. Five varieties, Annapurna, Parijat, Sarathi, Keshari, and

IR 36, were the most stable genotypes with high yield potential.

Pethani (1993) investigated four male steriles, 20 inbreds, and 80 F, hybrids
of pearl millet (Pennisetum amiricanum L. Leeke) under five environments.
Highly significantly genotype * environment interactions were recorded, though
the linear portion was significantly higher than the non linear portion in parents

and their hybrids, the hybrids being more stable than parents.

Mishra and Rai (1993) studied on the genotype x environment interaction
for 10 parents and their 45 F;s for seed yield and 8 quality traits in linseed under 4
environments. Highly significant differences among genotypes, and E+ (G x E)
interaction for all the characters were observed. The non linear component of G *
E was significant for all the characters except protein and oil contents. G x E
(linear) interaction was significant for all the characters except iodine value and
palmitic acid. The variety T 397 for seed yield per plant and oil content, R 552 for
protein content, R 17 for palmitic acid and K 2 for stearic acid was considered as
stable. Cross combination of T 397 x LCK 152 was stable for all the characters
except stearic and oleic acids. No correlation was observed among the three
stability parameters for quality characters. Thus it was concluded that all the
parameters should be taken into account for improvement in quality traits in

linseed.

Deb (1994) studied G x E interaction on 7 chilli varieties using 5
quantitative characters under 4 consecutive years. He reported in his study that the
performance of different characters in 7 chilli varieties where b was significant
due to response in different years. Joint regression analysis indicated that both
linear and non-linear relationship exist with environment. He also reported that
none of the genotype fulfilled the criteria of stable genotype for a particular
character. However, var-6 for NLIF, var-2 for NLMF, var-6 for NPBIF and var-3

and var-6 for 100-fruit weight/plant showed stable performances.
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Yannick et al. (1995) studied the efficiency of genotypic and climatic
characteristics in accounting for the interaction " between genotypes and
environments has been assessed in a three-year trial involving a set of genotypes
presenting a range of root morphology characteristics (number and size) of maize.
Their effects have been tested in factorial regression models. For the root traits
studied, 74 to 98% of the interaction could be explained by one climatic covariate.
The regression coefficients can be considered as measures of genotypic stability.
The genotypic covariates describing aerial development performed rather poorly,
compared with environmental ones, even though the physiological and functional

relationships between root and shoot are well known.

Linnemann et al. (1995) stated that it is important to understand crop
development in relation to biophysical conditions and changes in season when
selecting well-adapted genotypes and correct planting date. Varieties that show
low G x E interaction and have high stable yields are desirable for crop breeders
and farmers, because that indicates the environments have less effect on the
performance of genotypes and their yields are largely due to their genetic

composition.

Kumar (1996) conducted multilocational trials of 16 genotypes of desi and
kabuli chickpea (Cicer arietinum L.) in a number of countries in three seasons at
17 (1981-82), 31(1982-83) and 22 (1983-84) locations between 10°-52° latitudes.
Combined analysis of variance for seed yield was done to study the genotype X
environment interactions and stability of genotypes. Mean squares for locations,
genotype and genotype * location were significant. Locations and genotype *
location interaction variances were much higher than those for genotypes.
Genotypes exhibited relatively more interaction with winter-sown location than
with spring-sown locations. Desi types showed more variation than the kabuli
types. The mean squares due to desi and kabuli type interactions were higher than

those for either desi or for kabuli types in two of the three years. Yield
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performance of the Indian kabuli cultivar L 550 was comparable with the best desi
cultivar K 850. Seed size did not appear to influence yield performance and
stability. Annigeri, Pant G 114, ICCC 8, L 550 and ILC 482 had relatively high
yield with good stability. Implications of these observations in breeding for seed

yield and wide adaptation are discussed.

Poshiva and Vashi (1997) studied the phenotypic stability of 45 genotypes
of okra (36 hybrids and 9 parents) grown over three environments was studied for
fruit yield per plant. Variance due to genotypes, environments, G x E (linear)
component was highly significant for this character. However, non-linear
component of G x E interactions was greater in magnitude. In general, hybrids

showed greatest production and stability.

Annicchiarico (1997) stated that AMMI analysis appears particularly useful
for depicting adaptive responses of small grain cereals tested over whole Italy. At
the same time, the researcher explained that joint regression and AMMI analysis
are more likely to perform alike, and provide similar results, for small grain

cereals over coastal and southern areas of Italy, where cold stress is limited.

Singh and Mishra (1997) were estimated the stability parameters of 24
promising rice genotypes under sodic soil for various traits. The genotypes were
severely influenced by the varying levels of sodicity and the G x E interaction was
highly significant for all the characters indicating the differential response of the
rice genotypes in different sodic environments. Both linear and non-linear
components of variation were significant for days to 50% flowering , height and
grain yield, while only non-linear component of variation was found to be
significant for ear bearing tillers. The salt tolerant rice variety CSR 18 appeared to
be the most stable and ideally adaptable cultivar in all the varying stress
environments. Other rice genotypes like CSR 11 and CSR 10 proved to be the best

adaptable genotypes in highly deteriorated sodic soils. Hence these genotypes
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could judiciously be used in breeding programme for improving the productivity

of rice in sodic soils.

Kumar ef al. (1997) investigated the presence of Genotype x environment
(G x E) interaction in plant breeding experiments led to the development of
several stability parameters in the past few decades. The interrelationships among
different stability parameters available in the literature showed highly significant
correlation between S2di and bi, and among Qi, QN, 0% %, S’di, ri, Sil, and
Si4. None of the parameters except CVi was consistently correlated with mean
yield. Ranking of genotypes based on these stability parameters was different over

different subsets of environments within each trial indicating their poor

repeatability.

Deka and Talukdar (1997) conducted an experiment to determine the
stability behaviour of twenty one germplasm collection of soybean was studied for
yield and some of the yield attributes under five different environments.
Significant genotype x environment interactions were observed for almost all the
characters. For characters like 100-seed weight and yield per plant, only linear
component contributed significantly towards G x E interaction variance. Rest of
the characters both linear and nonlinear components contributed towards G x E
interaction variance. Genotypes Moti, PK-308, PK-472, BD-1. BD-12 Bragg and
PK-73-203 showed average stability for seed yield. Whereas DS-16-1-37-1 had

above average stability.

Laishram and Singh ( 1997 ) were carried out an experiment for the analysis
of stability of eleven genotypes, grown in three artificially created environments
for two seasons. In this study the characters plant height, says to 50% flowering
and maturity, head diameter, 100-seed weight, percent seeds filled per head, seed
yield per plant, and oil content were studied. Genotypes * environment interaction
for all the characters was significant and both linear and non linear components

were important except plant height and seeds filling in which only non linear

130



component was predominant. Genotype [ET-23 was stable for most of the
characters. Genotypes IET-27 and IET-29 were stable in better environment. The

variety Morden was most unstable for all the characters under study.

Khatun and Sobhan ( 1997 ) studied on three Kenaf (Hibiscus cannabinus
L.) lines / varieties viz., HC-2 , HC-4 and HC-95 were grown for three years (
1984-1986 ) at three locations. Fibre yield of these lines / varieties was used to
estimate genotype X environment interaction , yield stability and adaptability.
Genotype X environment interaction showed significant differences. Stability

parameters revealed that HC-95 performed better compared to HC-2 and HC-4.

Sharma (1997) observed success of a crop breeding programme depending
on the efficiency of evaluation of the available genotypes and identifying high
yielding types adapted to a given environment and management conditions. Crop
growing environments in tropics and subtropics are highly diverse and complex
due to the effect of abiotic and biotic factors and the.varying crop management
systems. For such environmental complexities it is almost impossible to define the
environment under which varieties should be selected. A reasonable compromise
is to test the materials over a sample of a wide range of the conditions in the target
growing environment. Identification of broad agro ecological regions (zones) and
common and uncommon features between the test sites within a region allows the
determination of an optimum regional and national testing programme. The paper
discusses the importance of G x E interactions caused by weather, edaphic and
biological factors in an apparently homogeneous geoclimatic subdivision analysis
of abiotic and biotic factors, but also the cultivar response to environment for
improving the efficiency of a testing network. Recent development in the
analytical techniques for delineating environments and their relevance to the

national testing network in the developing countries are indicated.

Nahar (1997) worked on genotype * environment interaction of ten

sugarcane clone for eight quantitative characters at two different locations under
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two consecutive years (1992-793 and 1993-°94). She observed that genotype-
environment interaction were operative. A significantly greater portion was
accounted for by linear function of the environmental mean and some portions of
interactions were non-linear and independent of the linear function. She also
observed that both linear and non-linear components of genotype * environment
interactions were under the control of different gene systems. In her investigation,
she recorded stability performances of different clones were different for different
characters. The genotypes Isd 2- 54 and Isd 20 for CH and RSP; L Jaba C for CH,
MCC, FB and RSP; B 34-231 for TC; Isd 16 for CD and RSP; were predicted to
show the stable performance; i.e. adaptable to all environments. The clones which
were adaptable for favourable environments are Isd 2- 54 for LA and MCC; Isd 16
for CH, LA and FB; Isd 18 for CH, MCC, FB.RSP and CYC:; Isd 20 for FB; 1525-
85 for CHMCC and RSP;B34-231 for MCCand BC, for CYC. The poorly
adaptable varieties for all environments were Isd 2-54 for CYC, Isd 16 for TC,
B34-231 for CH and RSP; and CP 55-30 for RSP.

Basford and Cooper (1998) expressed their opinion from an investigation
that an accurate definition of the environmental factor(s) contributing to the G x E
interactions has been particularly important in determining the relevance of
observed differences in plant adaptation to the target population of environments.
From the combination of biological and statistical studies, a more comprehensive
understanding of G x E interactions has emerged and contributed to new concepts
and procedures for dealing with them. The investment of adequate resources into
effective design, analysis, and interpretation of METs (multi-environment trials)
remains critical to continued progress from selection in complex genotype

environment systems that present large G x E interactions.

Reddy et al. (1998) carried out an experiment on Genotype x environment
interaction for grain yield in 24 genotypes of lowland rice under five different

environments in eastern India. Significant genotype (G) and environment (E)
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interaction was observed. Both linear and non-linear components of G x E
interaction were significant, linear component being the predominant. On the basis
of stability parameters two genotypes, RAU 79-2-14 and RAU 617-59-14-1 were
found to be most stable with high grain yield over different environments. The
selection from Raipur (IET 6286/Bd. 83)-29 was identified as suitable genotype

for favourable environments.

Sojitra and Pethani (1998) worked on twenty nine bunch groundnut
genotypes were evaluated under four environments to estimate the stability
parameters for 100 seed weight. Both predictable and non predictable components
of genotypes x environment (G x E) interaction were important for expression this
trait. However, linear portion was significantly higher than non linear portion.
Seventeen genotypes showed linear and 11 genotypes non linear sensitivity. Both
the components of G x E interaction were present in genotype JB-224. The bold
seeded genotype EC-100827 and small seeded genotype JB-215 showed wider
adaptation. The bold seeded genotype JB-210 and small seeded genotype J-18
were highly responsive and suitable for favourable environments. Bold seeded
genotype J-17, GG-2, J(E)-1, IB-223 and CGC-3 as well as small seeded
genotypes ICGS-11, J-11, NRGS-4, J(E)-1, IB-187,J(E)-336 and GAUG-1 were

suitable for adverse environments.

Ara et al. (2000) carried out the stability analysis in five advanced
genotypes of tomato for yield and some of the yield components under three
different environments. A genotype * environment interaction was found to be
significant for all the characters. Linear component contributes positively towards
genotype x environment interaction for yield while, non-linear component
contributed towards the rest of the characters. On the basis of three stability
parameters, genotypes, AH (OH) 2 was identified as stable, and genotype AD(OH)

1 might be suitable for cultivation in unfavorable environment.



Khan et al. (2002) carried out research on stability analysis for yield and
quality characters of sugarcane clone. In this study they evaluated the performance
of clones with three traits i.e. cane yield, commercial cane sugar (CCS) % and
sugar yield at 3 different locations for two years. Significant (P10.01) differences
were observed in genotypes and locations x genotypes interactions for the three
traits which indicated the presence of genetic variability amongst the genotypes
and differential response of genotypes to environments. Among the evaluated
clones high mean performance of AEC81-8415 with 'b' values greater than 1.00
for cane and sugar yield while, lesser than 1.00 for CCS (%) indicated its potential
to take advantage of favourable environmental conditions for yield while

unfavourable environmental conditions for quality characters.

Kaya et al. (2002) suggested that the interaction of the 20 genotypes with six
environments was best predicted by the first two principal components of
genotypes and environments. Also, they proposed that biplots generated using
genotypic and environmental scores of the first two AMMI components can be
used by breeders and have an overall picture of the behaviour of the genotype, the

environment and G x E interactions.

Asif et al. (2003) studied nine genotypes of wheat developed for rainfed
areas of Pakistan viz., DN-18, NRL- 9822, NR-200, V-99166, 98CO13, V-3, PR-
72, NR-181 and SN -7 and were evaluated for stability of grain yield under
seventeen diverse rainfed environments. The interaction between the genotypes
and environments (G x E interaction) was used as an index to determine the yield
stability of genotypes under all the environments during 2001-02. Both
predictable (linear) and unpredictable (non-linear) portions of variation were
found to be significant indicating equal importance in determining the stability of
grain yield. The genotype V-99166 was the most adopted showing considerable

good performance in the entire set of environments under study.
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Jeanne and Consorcia (2004) investigated genotype x environment
interaction (GE) in transplanted rice using yield data in 2002 Wet Season at 18
locations. Significant heterogeneity of variances among the 18 locations were
revealed by the Bartlett’s Chi-Square test (p=1.000). A subset consisting of 5
locations whose Mean Square Errors (MSEs) were more or less homogeneous
(p=0.06) were pooled in the combined analysis of variance to have a valid test for
the significance of the G x E interactions. Highly adapted genotypes were
identified namely Matatag5, Matatag6, Matatag3 and PSB Rc28 as forming a
convex hull in the AMMI1 biplot. IR65 and IR72 showed specific adaptability
while, PR31563-AR32-19-3-4, PR30244-AC-9-1 and PR27445-3B-12-1 showed

general adaptability to all environments.

Broccoli and Burak (2004) were evaluated fourteen commercial popcorn
maize hybrids in a randomised block design in three locations for two years with
the aim of introducing this crop into a region of the Buenos Aires province,
Argentina, an area characterized by changing environmental conditions. The traits
evaluated were grain yield, expansion volume, kernel width, kernel length,
caryopsis roundness index, ear diameter, ear length, kernel density before
expansion, expanded kernel density and prolificacy index. The interaction
(genotype x environment) revealed environments favourable towards yield but
which were simultaneously unfavourable towards expansion capacity, as well as
genotypes stable for one of these variables but unstable for the other. However,
some environments and genotypes were simultaneously favourable to both. Only a
weak negative correlation was found between grain yield and expansion capacity,
suggesting this relationship may not be very strong in these modern hybrids.
Rounded grains showed higher expansion capacities, but this characteristic was
negatively correlated to yield; roundness is therefore not recommended as a
selection criterion. The prolificacy index correlated positively with yield but not

with expansion volume, and is therefore a potential selection criterion.
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Wu e al, (2004) estimated the genetic main effects and genotype X
environment (G x E) interaction effects on the content of essential amino acids in
indica rice. Nine cytoplasmic male sterile lines as females and five restorer lines as
males were introduced in a North Carolina II design across environments. They
revealed that the content of the essential amino acids valine, methionine, leucine
and phenylalanine were mainly controlled by genetic main effects, while the
contents of threonine, cysteine and isoleucine were mainly affected by G x E
effects. Rice varieties such as Zhenan 3, Yinchao 1, T49, 26715, 102 and 1391
should be selected as optimal parents for increasing the content of most essential
amino acids, while the total genetic effects from Zhexie 2, Xieqingzao, Gangchao
1, V20, Zuo 5 and Zhenshan 97 were mainly negative and these parents could

decrease the contents of most essential amino acids.

Dethe and Dumbre (2005) studied on eighteen genotypes of French bean
comprising the newly developed lines and certain existing varieties under three
distinct environments for nine quantitative traits including seed yield. The
significant value of the G x E interactions revealed differential response of the
genotypes to varying environmental conditions. Stability parameters revealed that
the genotypes viz., Red Cloud, ACPR-94038, ACPR-94039, Contender and HPR-
35 possessed stability for seed yield. Most of the high yielding genotypes were
relatively stable. Genotypes possessing stability indicated their suitability for

general cultivation and also to use as donor parents in breeding programme.

Ali et al. (2005) were worked with 16 genotypes of wheat cultivars for
germination test at 6 different salinity levels. Regarding field performance,
significant differences were observed in the varieties grown under different saline
environments and varieties x environment interaction. Varieties * environment
(Lin) interaction was non significant while nonlinear interaction (pooled
deviation) was significant. Based on overall yield performance, the Sarsabz variety

produced the highest seedyield (4.37 T/ha) followed by Bakhtawar (4.24 T/ha) and
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Pasban-90 (3.93 T/ha). Regression coefficient values showed on significant
differences to unity while standard deviation to regression showed significant
differences to zero. These results indicated that the genotypes viz. Sarsabaz,
Bakhtawar and Pasban-90 are better tolerant to saline environment as compared to
others. The two genotypes. Marvi and 25219 had low regression values and can fit

under stress environment.

Khatod et al. (2006) studied on G x E interaction and stability of 10
sugarcane genotypes. In their results genotype, environment and its interaction at
linear and non-linear level were found significant for the characters cane yield,
CCS yield, single cane yield and NMC “000°/ha, while G x E interaction at linear

and non-linear were non- significant for number of tiller and juice extraction%.

Nkori and Luzi (2007), worked on the influence of genetic and G x E
interaction of rice grain attributes during 1999-2000 at the Tanganyika
Agricultural Cooperative, Ifakara (irrigated culture) and at Sokoine University of
Agriculture (upland conditions) both in Morogoro region. High significant positive
genotypic and phenotypic correlations were revealed between gel consistency
(GC) and both the grain length (GL) and amylose content (AC). Gel consistency
had high estimates of heritability and expected genetic advance, and is thus a
reliable selection criterion for amylose content in -early generations of rice
improvement. The variation among genotypes under different environments
suggested that in order to ensure high grain quality, there is needed to select

genotypes for particular cropping environments.

Akanda er al. (2007) studied on stability analysis and carried out an
experiment with 15 hybrids under four different environments for grain yields and
its components. The genotype * environment interaction indicated difference in
response of hybrids with respect to environments for these character linear
component towards hybrid x environment interaction for grain yield, days to

maturity, plant height, ear length, ear girth number of kernel rows / ear and
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number of kernels / row suggested more precise prediction of performance of the
hybrids across environments based on these characters. Although both linear and
non linear components of hybrid x environment interaction were present wide
variation was evident in both mean yield to environment as characterized by the
regression coefficient, the variation in sensitivity was proportionately less among
varieties with higher mean yield , and the varieties with highest mean yield
exhibited within very narrow limits . It is used to measure of adaptability of the
varieties, which provides a useful basis for plant introduction. He discussed the
phenotypic stability and physiological and morphological characteristics of groups

of varieties with specific and general adaptability.

Sarker et al. (2007) had done research on Stabil.ity analysis for grain yield
and its components in six HYV boro rice varieties across five different planting
dates. Highly significant genotypes, environment and G x E interaction were
observed for all the traits. Non-linear component (pooled deviation) was found
highly significant for grain yield and its components. While linear components
(variety x planting time) were only significant for plant height. BRRI dhan27,
BRRI dhan29, and BRRI dhan36, were found suitable for favourable
environments. Among the varieties, BRRI dhan29 was the top yielder followed by
BRRI dhan27 and BRRI dhan29. December 30 and January 15 were suitable
planting time for these varieties in northern area especially in Rangpur. For better

production, transplanting must be completed within December to mid January.

Williams et al. (2008) studied on the influences of genotype, environment,
and genotype x environment interaction on wheat quality. The use of analysis of
variance to partition sources of variation due to G, E, and G x E was the most
common approach but, more recently, residual maximum likelihood methods that
can accommodate large, but unbalanced, datasets have been used. In North
America and Europe, the relative contributions of G, E, and G x E varied across

studies, but traits associated with protein content were more influenced by E and G
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x E than those associated with protein quality, dough rheology and starch
characteristics, where G effects were more important. Variation in the relative
contributions of G, E, and G x E was highly dependent on the G and E sampled.
The Australian studies were characterised by a relative lack of G x E, with G and
E rankings being similar across the country for the protein quality, dough
rtheology, and starch quality traits examined in detail. This suggests that, in
Australia, more efficient testing of potential cultivars will be possible for these
traits, especially when the underlying variation at the gene level is known, and that
efficiencies in the design and conduct of trial systems and quality evaluations
could be achieved by testing samples from targeted environments without

affecting genetic gain and overall crop quality.

Emre et al. (2009) evaluated seventeen hybrid maize genotypes at four
locations in 2005 and 2006 cropping seasons under irrigated conditions in Turkey
for determine the effects of GXE interactions on yields, the data were subjected to
additive multiplicative interaction (AMMI) and the GGE biplot analysis. The
analysis of variance for grain yield of the 17 hybrid genotypes tested in eight
environments showed mean squares of environments, genotypes and genotype x
environment interaction were highly significant and accounted for 62.1%, 12.5%

and 25.4% of treatment combination sum of squares, respectively.

Mosisa and Habtamu (2009) worked on the nature and magnitude of
genotype x environment (G x E) interaction and phenotypic yield stability of
twenty maize cultivars at nine locations with three replications for two years.
Variances due to genotypes, years, locations, genotype x year, genotype x location
and genotype x year x location interaction were significant (P<0.01). Most of the
cultivars had significant deviation mean square (s,, ), implying that these cultivars

had unstable performance across the testing environments.

Maarouf (2009) carried out research to assess the phenotypic stability of 8

wheat genotypes and to investigate the validity of the policy of recommending
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wheat genotypes developed in Central Sudan for cultivation in the Northern part of
Sudan following the analysis of AMMI method. None of the studied genotypes
outperformed the commercial checks recommended for Northern Sudan. The
check El Nielain exhibited high yield associated with good stability and would be
expected to perform well in a wide range of environments. The check Wadi Elniel
ranked first in grain yield but tend to be unstable, favoring high yielding
environments. The check Condor proved to be a valuable source for yield stability

in wheat breeding programs.

Kimbeng et al. (2009) studied Genotype x Environment Interactions and
resource allocation in Sugarcane Yield Trials in the Rio Grande Valley Region of
Texas. Appreciable amounts of G x E interactions were revealed in this study. In
this work G x E was associated with considerable changes in the relative ranking
of genotypes across environments, even among the top performing genotypes. The
implication of these results is that advanced stage trials in TSIP would have to be
designed in such a way as to accommodate, manage and exploit these G x E
interactions. It appears increasing the number of crop-years over which genotypes
are tested offered the best option to maximize selection gain in the TSIP. Two
replications, four locations and four crop-years appear to be an efficient use of
resources to provide an adequate level of discrimination between genotypes in the
TSIP without compromising the level of experimental precision being attained

under the current regime of four replications, five locations and three crop-years.

Sterling et al. (2009), studied on genotype X environment interactions of 15
hybrid and varietal rice cultivars grown in 10 environments from 2005 to 2007 for
grain yield and milling quality. Stability was analyzed using the coefficient of
variation, Shukla's Stability Variance statistic with environment means as a
covariate, and the Cultivar Superiority Measure. The results of this study indicate

that the stability and performance of hybrid and varietal cultivars differ according

to the trait of interest.
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Asad et al. (2009) worked to determine the possible effects of environments
and genotypic differences for yield in 7 advanced mutants of non-aromatic rice
along with parent variety IR6 and 2 checks were tested at § different sites in Sindh
during 2004 and 2005 rice cropping season. Genotypes, locations, genotype x
environment interactions were highly significant (P< 0.01) indicating genetic
variability between genotypes by changing environments. Stability analysis
showed that mutants IR6-15/A and IR6-15/E had the mean paddy yield with
regression coefficient (b) less than or close to unity (1.10 and 0.85) and the lowest
deviation from regression (Sd) (0.03 and 0.17) suggesting above average stability
and adaptability over environments. IR6- 15-18 produced low mean yields with
the highest regression coefficient (b) and highest deviation from regression
coefficient (S°d) had below average stability and is specifically adapted to

favourable environments.

Joshi et al. (2010) carried out research to enrich wheat grains with more zinc
and iron using breeding efforts. The knowledge on genotype x environment
interaction of these nutrients in the grain is expected to contribute to better
understand the magnitude of this interaction and the potential identification of
more stable genotypes for this trait. Elite lines from CIMMYT were evaluated in a
multilocation trial in the eastern Gangetic plains (EGP) of India to determine
genotype x environment interactions for agronomic and nutrient traits. G x E was
significant for all the four traits, locations showed contrasting response to grain
iron and zinc. Compared to iron, zinc showed greater variation across locations.
Maximum temperature was the major determinant for the four traits. Zinc content
in 30-60 cm soil depth was also a significant determinant for grain zinc as well as
iron concentration. The results suggest that the G x E was substantial for grain
iron and zinc and established varieties of eastern Gangetic plains in India are not
inferior to the CIMMYT germplasm tested. Hence, greater efforts to taking care

about G x E interactions are needed to breed iron and zinc rich wheat lines.
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Ezzat et al. (2010) was evaluated twenty five F, and their 10 parents of
sorghum at two locations under early and late sowing dates in both 2007 and 2008
summer seasons for determining yield ability and stability of parental lines and
their hybrids under different environments. And reported the interaction effects of
genotype with each of locations and dates were highly significant for all studied
traits whereas, genotype x year interaction effect was highly significant for days to
blooming, plant height and grain yield. Genotype x year x date interaction effect
was highly significant for plant height, 1000-grain weight and grain yield. Most of
hybrids were significantly earlier, taller, heavier grain weight and higher grain
yield compared to their parents and checks. Stability analysis for grain yield
demonstrated that most of F, hybrids had higher yields than their parents, but the

parents were relatively more stable.

Taghouti ef al. (2010) studied genotype * environment interaction of twelve
Moroccan durum wheat cultivars representing a range of agronomic adaptation
were tested in five locations representing a range of environments in three growing
seasons. The results indicated significant effects of genotype, environment and
G x E for all the quality traits. The component of variation due to genotype was
larger than due to the environment, indicating the greater influence of genotypes
on these traits. However, for vitreousness and protein content, the effect of
environment was higher than the effect due to genotypes. Thus, these traits are
controlled greatly by environmental effects than genetics. The variation due to
G x E was higher than that of genotype for vitreousness and test weight, indicating
high G x E interaction effect and less genotypic stability for these traits. For
protein content, where the environmental effect was greater than that of genotype
and G x E effect, multiple environmental trials are necessary in order to determine

protein content of a cultivar.

Wenzhu ef al. (2010), evaluated genotype x environment (G x E)

interactions for chilling tolerance of rice recombinant inbred lines (RILs) derived
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from Milyang 23 (indica)/Tong 88-7 (japonica) crosses in Kunming (high-altitude
location), Yanji (high-latitude location), Chuncheon (cold water irrigation) and
Suwon (normal). Significant G x E interactions in all measured agronomic traits
were detected, and thus, the additive main effects and multiplicative interaction
(AMMI) statistical model was applied to dissect the G x E interactions. Their
results demonstrate that multi-locational screening should be the best strategy for

developing widely adaptable chilling-tolerant varieties in rice.

Tiawari et al. (2011) were evaluated sixteen early maturing and elite
genotypes of sugarcane at different environmental condition for identifying the
stable cultivars. The stability of genotypes was estimated by using the method of
Eberhart and Russell. In this analysis sum of square due to G x E were partitioned
into individual genotypes (X-i), regression of environmental means (bi) and
deviation from regression (S°di). The regression coefficients (bi) and mean square
deviation from regression (S’di) were used to define genotype stability.
Significantly mean square differences among Genotypes x Environment for all the
characters were observed, this is indication of significant variability among the
experimentation. The stability parameters for NMC, cane yield, sucrose % and
CCS% shown by the genotype CoJ64 compared to UP05233, Co0S05266,
Co0805260, CoS05276 and CoS05263 indicated better adoption and less sensitive
to environmental changes. They concluded that for cane yield and sucrose % in
Jjuice the genotypes UP05233 and CoS05263 performance better than rest of elite
genotypes studied having high mean values of genotype over all three
environments. Therefore, these genotypes may be commercially cultivated over a

wide range of environments.
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MATERIALS AND METHODS

A. MATERIALS

The materials used in this part were same as the materials used in PART-I .

B. METHODS:

The methods used in this study are described under the following

sub-heads:

1. Preparation of Land and Trenching

2. Application of Fertilizer

3. Design of the Experimental Field

4. Preparation of Setts and Setting up of Experiments
5. Intercultural Operations

6. Collection of Data

7. Techniques of the Analysis of Data

The methods from 1 to 6 are the same as those described under the methods
of PART-I. The experiments were conducted for two consecutive years at three
locations. For the study of genotype x environment interaction the 6 environments

were classified as follows:

Env. I- First year location-1 (2008-2009 at Ishurdi)

Env. 2- First year location-2 (2008-2009 at Rajshahi)
Env. 3- First year location-3 (2008-2009 at Thakurgoan)
Env. 4- Second year location-1 (2009-2010 at Ishurdi)
Env. 5- Second year location-2 (2009-2010 at Rajshahi)

Env. 6- Second year location-3 (2009-2010 at Thakurgoan) -



7. Techniques of the Analysis of Data:

To study the genotype x environment interaction, the data were analysed
following the techniques of analysis as developed and used by Finlay and
Wilkinson (1963) in barley; Eberhart and Russell (1966) in maize; Bucio Alanis
(1966), Perkins and Jinks (1968) in Nicotiana rustica and Breese (1969) in

grasses. In the study the following analyses were computed:

a) Mean: Data on individual plant basis were added together then divided by

the total number of observations and the mean was obtained as follows:

n

>x,

Mean(}ﬂ{)=%—

Where,

X; = The individual reading recorded on each plant

X = The mean of all the readings

2. = Summation

n = Number of observations

i=1,2,3,----n
b) Standard Error of Mean : If, instead of taking one sample, several samples
are considered it will be found that the standard deviation of different samples
also differ. This difference is measured by the standard error which was

calculated as follows :

g_ - S
X N
Where,
S— = Standard error of mean
X
S = Standard deviation
N =Total number of individuals.
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¢) Regression analysis: Regression analysis was done following Perkins and
Jinks (1968) and Eberhart and Russell’s (1966) models.

The primary analysis of regression was done as follows:

— Regression gg (1df)

Total ¢ =™

(SSy) — Remainder g5 (n-2)df
(n-1)df
Where, n = number of observation

Regression g5 = (Sny)z/SSx

Remainder g5 = Total g5 (SSy) — Regression sg
Where, SSx=YX*— (3X)*/n

SPxy =Y XY->X.>Y/n

8Sv=F¥-Y)

Regression coefficient (1+ b; ): The response of each genotype under different
environments on the environmental means over all the genotypes are measured by
regression coefficient. This was estimated as follows:
g = L
T

i) Perkins and Jinks’ model (Joint regression analysis)

The analysis of genotype x environment interaction was followed as the
specification given by Mather and Jones (1958). A practical application of these
specifications in inbred lines as well as in segregating generation was given by
Bucio Alanis (1966) and Bucio Alanis et al (1969). Finally, the approach extended
to any number of lines using the joint regression analysis by Yates and Cochran

(1938) and put into a biometrical genetical context by Perkins and Jinks (1968),

was followed.
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The application is as follows:
In general, the Yj; of the r replicates of the ith genotype in the jth environment is
expected to be the sum of four components.
Yij=p+dit et g
With i varies from 1 to G, the number of genotypes and j varies from 1 to
L, the number of environments.

1. the over all means which is estimated as

Y./GL = ZEY FGL

i=1 j‘

d; is the genetical deviation of the ith genotypes and as estimated as

(Y,./L)- (ZYUIL]

¢j is the additive environmental deviation of the jth environment and is estimated

as

(Y.j/G)—p=(iZ::Yij/GJ_

Finally, g; the genotype x environment interaction of the ith genotype and the jth
environment is estimated as

Yij-p-di-¢
Besides, the data was subjected to a standard two way analysis of variance to test
the significance of the items which necessitates the inclusion of genotype x
environment interaction model where environmental effects in each genotype are
linear function of the additive environmental variance i.e.

gi = bi ¢;
Whether these linear function differ among the genotypes is tested by the
adequacy of the models

Yi=p+dit (1+b;) ¢
by a joint regression analysis in which the sum of squares for genotype x

environment interactions are partitioned into linear and non-linear portions
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following Perkins and Jinks (1968). In the joint regression analysis the G x Lgg is
partitioned into heterogeneity of regressiongs and non-linear (remaindersg) portion,

as follows:
—> Heterogeneity of Reggs
df=G-1=9

GxLss—™

df = (G-1)(L-1) =45

Remaindergg
df = (G-1 )(L-2)=36

The whole joint regression analysis is shown in the following table:

Item df SS MS F,
Genotypes (G) G-1 MS, MS,/ MSq4
Environments (L) L-1 MS, MS, /MSq
GxL (G-1)(L-1) MS; MS;/ MS;
Heterogeneity of Reg. | G-1 MS, MS,;/ MSq
Remainder (G-1)(L-2) MSs MSs/ MSq
Within error GL(r-1) MS¢

Stability parameter

In this approach, the regression coefticient and the deviation from regression
are used as the parameters of stability. As the regression of ¢; on ¢; is one, and
regression of g; on ¢ is P, therefore, the b; value of Eberhart and Russell’s model

is b;=1+f;
Pi=bi-1
i) Eberhart and Russells’ model

The stability parameters following Eberhart and Russell’s (1966) model are

calculated as follows:
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Yy=m+ L + oy
Where,

i varies from 1 to G, the number of genotypes and

j varies from 1 to L, the number of environments.

Yij = Mean of ith lines in jth environments,

m = Mean of all the lines over all the environments.

B;= The regression coefficient of the ith lines on the environmental
index which measures the response of this lines to varying
environments.

I; = The environmental index which is defined as the deviation of the

mean of all the genotypes at a given environment from the over

all mean.
XY 22Y

= S, R with Y'1. =0
G GL ZJ: J

and o ;= The deviation from regression of the i th genotypes at
jth environment.
Two parameters of stability are calculated: .
(a)  The regression coefficient which is the regression of the
performance of each genotype under different environment on the
environmental mean over all the genotypes. This is estimated as

follows:
bi=YY, 1,/ YT
i ]
Where,
> Y, 1, is the sum of products and
i

D17 is the sum of squares.
;
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(b)  Mean square deviations, S2di (Stability) from linear regression: It is
estimated by the following formula,
Y o’ 5.

—2 .
]
Sa =

(8~2)

Where,

(2]

Zj:czij:{Zj:Yijz_ L 2 =
J

> 6% = The variance due to the deviation from regression, i.¢.,
;

remainders sum of square.

2
bR G _YTi = The variance due to the dependent variable ( SSy ).
]

(zv)

—‘ZIZ— = The variance due to regression (Reg.ss).
; 1

S%. = the estimate of the pooled error and

r = the number of replications.

The various computational steps involved in the estimation are as follows:
(i) Computation of environmental index (I;):

Yy XY,
| e iz

I.

; G GL
_ Total of the genotyes at the environment Grand total
Number of genotypes Total number of observations
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(i1) Computation of regression coefficient (b;) for each genotype:
2. Vil
bi =
2.1

]

Where,

Z Y, I, =each genotype is the sum of products of environmental index (I; )
j

with the corresponding mean ( X)) of that genotype at each environment.

Z I? = is the sum of squares of environment.
j

(iii) Computation of Su:In general, it is obtained by subtracting the variance

due to regression from aﬁ. It is calculated as follows:

Su =[Yo,/(5-2)|-(s2r)

d) Standard error of b; was calculated as follows:

8, = Rem.ms
SSy

e) Graphical analysis:

(i) Curve

In the graphical analysis curves were drawn separately for nine yield and
yield contributing characters of sugarcane viz. Germi.%, NT/C, NMC/C, CSH,
CSG, LL, LB, Brix % and CY/C. For this purpose, environmental mean were
plotted along the X- axis and the genotypes mean along the Y-axis.

(i) Regression graph

The regression graphs were drawn by plotting Y; , the genotypic values
along the vertical axis against X;, the environmental values which are independent

along the horizontal axis. In the figure the straight line drawn in the simple
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regression of Y on X, sometimes called fitted lines. The equation of regression

line is as follows:
Y=a+b(X;,-X)
Where, Y is the estimated genotypic values given by an amount of X of the

environment. and a = Y, mean of all genotypes, X= environmental mean and the

b, the regression coefficient is given by

b = SPxy
SS,
Where,

SPxy = Sum of product of X and Y

SSx = Sum of squares of X.
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RESULTS

A. GENOTYPIC AND ENVIRONMENTAL MEANS

In this investigation nine quantitative characters, such as Germi. %, NT/C,
NMC/C, CSH, CSG, LL, LB, Brix % and CY/C of ten sugarcane genotypes were
studied (as in part I 4 & B). The results of genotypic and environmental means are

explained under the following sub-heads.
1. Genotypic mean

The mean performance of 10 genotypes over 3 replications and 6
environments (3 locations in 2 years) were computed and presented in Table 11.
From the table it is observed that the means were highly significant in all cases.
The table also showed that the different genotypes performed differently for
different characters. For the character Germi.% highest mean performance
(37.0767 + 1.7723) was observed in the genotype G o followed by G 4 (36.1699 +
1.4746), G | (35.6779 + 1.2819) and G , (34.1255 + 1.4294) and the lowest value
(28.9774 = 1.3479) was found in the genotype G 3. In case of NT/C the genotype
G ; exhibited the highest mean performance (6.2489 + 0.4982), next high values
were shown by the genotypes G ; (5.6844 + 0.2743), G 5 (5.4567 % 0.1960) and
G 4 (5.3622 = 0.2756). The lowest value (4.805 + 0.2674) was found in G ¢ for this
character. The genotype G ; showed the highest mean value (4.1091 + 0.4407)
followed by G ;| (3.8605 + 0.2877) and G o (3.7361 + 0.1140) for NMC/C and the
genotype G 4 exhibited low mean performance (3.3095 + 0.1716) for this trait.
Regarding the character CSH the highest mean value (2.7596 + 0.0586) was
revealed by the genotype G 5 followed by G ; (2.6922 + 0.0516), G 7 (2.6672 +
0.0384) and G g (2.6662 + 0.0417) and the lowest value (2.5281 = 0.1138) was
found in the genotype G . In case of CSG the genotype G s exhibited the highest

mean performance (2.74 + 0.0662), next high values were shown by the genotypes



G ; (2.6944 + 0.0519), G g (2.6717 = 0.0409) and G ; (2.6578 + 0.0342). The
lowest value (2.4911 + 0.1033) was found in G o for this trait. Comparatively
wide range of variation was observed for the character LL, here the genotype G ;
exhibited the maximum value (127.0013 + 9.1135) followed by G 5 (126.11183 +
9.1607) and G , (125.8378 + 8.9469) and the genotype G ¢ showed lowest mean
value (119.8125 + 9.9813). Maximum LB mean (3.4986 = 0.2218) was found in
the genotype G 5 followed by G 7 (3.4401 + 0.1766), G g (3.3725 + 0.1753) and
G 10 (3.35 £ 0.2015), and the lowest value (3.2267 + 0.1998) was obtained in G .
For Brix %, the genotype G ; showed the highest mean value (19.134 + 0.2950)
followed by G 1o (18.9533 = 0.3079), G , (18.8174 £ 0.2876) and G 4 (18.6456 +
0.3046), while the lowest value was shown by the genotype G o (17.785 + 0.3540).
In case of CY/C, genotype G 5 showed the highest mean value (3.0476 + 0.1430)
followed by Gg (2.8459 = 0.2010), G7 (2.8233 £ 0.1911) and Gy (2.8018 + 0.1658)
and the genotype G ; showed the lowest mean performance (2.1729 + 0.2401).

2. Environmental mean

The environmental mean performances of all the nine characters (Germi.%,
NT/C, NMC/C, CSH, CSG, LL, LB, Brix % and CY/C) averaged over three
replications and ten genotypes were calculated separately and are presented in
Table 12. It was noted from the table that the mean values were highly significant
in comparison to their respective standard error. The table showed that on overall
basis 1% year (2008-2009) environmental mean performances were higher than g
year (2009-2010) for the characters Germi. %, NT/C, NMC/C, CSH, Brix % and
CY/C and 2™ year (2009-2010) mean performances were higher than 1* year
(2008-2009) for the characters CSG, LL and LB, respectively. Therefore, it was
found that Env.2 (1% Y), Env.3 (1" Y) and Env.4 (2" Y) for the character
Germi.%, Env.1 (1% Y), Env.2 (1* Y) and Env.6 (2™ Y) for NT/C, Env.1 (1" Y),
Env.2 (1¥' Y) and Env.3 (1*''Y) for NMC/C, Env.4 (2™ Y) for CSH, Env.1 (1*Y),
Env.5 (2™ Y) and Env.6(2™ Y) for CSG, LL and LB, Env.1 (1Y) and Env.6(2"
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Y) for Brix % and Env.4 (2" Y) and Env.6(2™ Y) for CY/C had an increasing
tendency, whereas the Env.1 (1*' Y), Env.5 g™ ¥y ﬁnd Env.6 2™ Y) for the
character Germi.%, Env.3 (1" Y), Env.4 (2™ Y) and Env.5 2™ Y) for NT/C,
Env.1 (1Y), Env.2 (1 Y) and Env.3 (1Y) for NMC/C, Env.4 (2™ Y) for CSH,
Env.1 (1Y), Env.5 (2™ Y) and Env.6(2™ Y) for CSG, LL and LB, Env.2 (1"'Y),
Env.3 (1Y), Env.4 (2™ Y) and Env.5(2" Y) for Brix % and Env.l (17Y),
Env.2 (1% Y), Env.3 (1 Y) and Env.5(2™ Y) for CY/C showed the decreasing
trend of the phenotypic performance. The characters such as NMC/C (4.4245 +
0.2019), CSH (2.7637 £ 0.0299), Brix % ( 19.2696 + 0.1990) and CY/C (3.4511+
0.0756) in Env.2 (1" Y), Germi. % (38.505 + 1.4341) in Env.3 (1" Y), CSG
(2.7573 £ 0.0304) and LL (136.8093 + 2.1176) in Env.5 (2"Y), NT/C (6.34367 +
0.3109) and LB (3.8472 + 0.0609) in Env.6 (2" Y) exhibited highest
environmental mean performance. On the other hand, the lowest mean values were
calculated for the character Germi.% (29.7466 + 0.9481) and CY/C (2.3385 =
0.0744) in Env.1 (1" Y), CSG (2.3713 + 0.0820) and LL (77.6890 + 1.5878) in
Env.3 (1 Y), NT/C (4.5507 + 0.239), NMC/C (3.2331 £ 0.1311) and LB (2.5706
+0.0614) in Env.4 (2" Y), Brix % (17.5968 + 0.1106) in Env. 5 (2" Y) and CSH
(2.4075 + 0.0726) in Env.6 (2"'Y), respectively.

B. REGRESSION ANALYSIS

From the analysis of variance placed in Table 3 of part — I (4) showed the
significant interaction of G x L, G x Y, L x Yand G x L x Y but this analysis
could give no further useful information on genotype — environment interaction,
hence the data were put to regression analysis in part ~II to get more information
about G x E interaction and the response of individual genotype in different
environments. The results of regression analysis in the present research work were
done according to Perkins and Jinks® (1968) model. The results of genotype-

environment interaction of nine agronomical characters in ten sugarcane
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(Saccharum officinarum L.) genotypes were responsive in different environments,

which are illustrated below.
1. Joint regression

Joint regression analysis of nine quantitative characters were done in ten
sugarcane genotypes under six (6) environments (3 locations and 2 years) are
shown in Table 13. By the joint regression analysis the environmental effects for
each of ten genotypes whether a linear function of additive environmental values
were tested. The regression analysis of the tested genotypes for nine agronomical
characters was calculated separately (Table 14) before calculating the joint
regression analysis. On summing up over all the ten genotypes sum of squares for
regression (Reg.ss) and remainder (Rem.ss) given in Table 14, a total sum of
squares for regression SS and remainder SS were detérmined. The heterogeneity
of regression was calculated by subtracting G x E SS (joint regression) from total
Reg. SS. Experimental sums of square were made within the replication means of
experiment from each environment and was termed as within error. Table 13
showed that all the main items for genotype (G), environment (E) including G x E
interaction were highly significant for all the characters when tested against within
error. The table also showed that when the main items (G and E) were tested
against the interaction item (GxE), environmental item E showed highly
significant results for all the characters but the genotypic item G was highly
significant only for Germi.% and significant for NT/C, Brix % and CY/C, and the

rest of the characters were non-significant.

In the joint regression analysis the G x E interaction sum of square was
partitioned into heterogeneity of regression (linear) and remainder (non-linear)
(Table 13) items. It was observed from the table that the heterogeneity of
regression and remainder items were highly significant for number of tillers per
clump (NT/C), number of millable canes per clump (NMC/C), cane stalk height
(CSH), cane stalk girth (CSG), leaf length (LL) and field brix percentage (Brix %),
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while significant heterogeneity of regression and highly significant remainder item
were found for cane yield (CY/C) and for the rest of two characters viz.,
germination percentage (Germi.%) and leaf breadth (LB) the heterogeneity of
regression was non significant, however the remainder item was highly significant
when tested against within error. It is indicated that the genotypes - environments
(G x E) interaction was due to the differences between the slopes of linear and
non-linear regression. Regarding the significant remainder item, the heterogeneity
was tested against the remainder items. Here all the traits showed non-significant
heterogeneity indicated that there were deviation from linearity and the situation is
complex; non-linear type of component like linkage, epistasis etc are played

important role in this interaction.

2. Remainder mean square

To get information about the individual gen;)type involvement in the
significance of remainder item, each of the remainder mean square of individual
genotype was tested against respective individual genotype error as shown in
Table 16. It was observed from Table 16 that the remainder mean square of all the
genotypes was non-significant for the trait Germi. %. On the other hand, for NT/C
two genotypes G ¢ and G |, showed significant remainder mean square, while the
rest of them were non-significant. In case of NMC/C all the genotypes except Gy
were non-significant for the remainder items. For CSH, CSG and LB the genotype
G, Gs. Gs, Gg, Go and Gy, showed significant remainder mean square. Regarding
the character LL all the genotypes except G;, G 4 and G ; were non significant,
while G |, G 4 and G ; showed significant remainder mean square. The genotypes
G, Gg Gqand G ¢ for Brix % and G 5, Gy and G y for CY/C exhibited
significant remainder mean square and rest of the genotypes for these two

characters performed non-significantly.
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3. Phenotypic regression (bj)

The regression techniques, for studying the genotype-environment
interaction, are among the most widely used methods for investigating the
response pattern of the individual genotypes. To find out the response of
genotypes to environments, regression coefficients (bi) with standard error were
calculated and presented in the Table 15. Regression coefficients in the present
investigation, bi = 1.0, bi > 1.0 and bi < 1.0 indicated an average, above average
and below average response, respectively by genotypes. The character wise

responses of different genotypes were as follows.

Germination percentage (Germi.%): It was observed from the Table 15
that all the genotypes showed non-significant regression coefficient for this
character. The genotypes Gy, Gy, Gs, G4 and Gy showed average regression
coefficient, Gs and G, showed greater regression coefficient than one (bi > 1.0)
indicating above average response. The variety Ge, Gg and Gy responded bellow

average (bi < 1.0) for this character to the environment.

Number of tillers per clump (NT/C): Regarding this character genotypes
G, and Gs exhibited significant responses. The genotypes Ge, G7, Gg, Gy and Gy

exhibited below average response. The genotype G4 showed average response

(1.1109+0.5138) on the other hand, G |, G 2, G 3 and G 5 expressed above average

response.

Number of millable canes per clump (NMC/C): In respect of NMC/C
genotypes G , and G ; showed significant responses. The genotype G 1, G 2, G 5
and Gg showed average response (bi = 1.0780+1.4001, 1.1501+0.4921,
0.9796+0.5156 & 1.1022+0.8822). The genotypes G ; and G ; exhibited above
average response and rest of them G 4, G ¢, G 9 and G o showed bellow average

response.
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Cane stalk height (CSH) : For this character, all the varieties showed non
significant responses. The genotypes like Gs, Gs and Gy found to show average
responses (bi = 1.0216+ 1.4557, 0.9158+0.9100 and 0.9385+0.7794). While G,
G, Gg and G exhibited below average response (bi = 0.6904 + 0.9022, 0.3819 +
0.7553, 0.5177 + 0.7593 and 0.2662 + 0.7317) and G;, G4 and G exhibited above

average responses (bi > 1).

Cane stalk girth (CSG) : In this case all the genotypes showed non-
significant responses except Gg. The above average response was observed in
genotype Gy, G4 Gg and Gg (bi = 1.4186% 0.9550, 1.4229+ 1.3526, 2.0560=+
1.0276 and 2.0109 + 0.5864). The below average response was observed for the
genotypes Gi, Gs, Gs, Gy, Gg and Gyy. None of the genotypes showed average

response for this trait.

Leaf length (LL): In respect of this character all the genotypes are non-
significant regarding bi values. The genotypes G; — Gy exhibited average response.
The genotype G ;o showed below average response (0.7590 + 0.1945). None of the

genotypes showed above average response for this trait.

Leaf breadth (LB): The genotypes G;, G, Gs, Gg and Gy responded
significantly to the environment. The average response was observed for all
genotypes except G, and G Regression coefficient (bi) for Gi, Gs. Gs, Gg, G 7,
G s G ¢ and G,o were 1.0292+ 0.3360, 1.1169+ 0.8497, 1.1263+ 0.5923,
1.0372+ 0.3087, 1.0005+ 0.1585, 0.9722+ 0.2586, 1.0701+ 0.4114 and
0.9966+ 0.5863, respectively. The genotypes G, and G4 exhibited bellow average
response (bi = 0.8062+ 0.3030 and 0.8448+ 0.4151) regarding this character.

Field brix percentage (Brix %): For this character, Brix % all the
genotypes responded non-significantly to the environment. The genotypes G,, Gy,
Gs and Gy showed the average response (bi = 1.0211+ 0.6956, 0.9798 + 0.8675,
1.0578+ 0.7188 and 1.1027 + 1.0471). The genotypes Gs, G7, Gg and G exhibited
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bellow average response. For this trait genotypes G; and Ge showed the above

average response.

Cane yield per clump (CY/C): In respect of CY/C, the genotypes G, Gs,
Gs, Gg and G, showed non-significant responses. Whereas G », G4, G4 Ggand
G ¢ showed significant regression coefficient. The below average response were
observed for the genotypes G s, G g and G ;. The above average responses were
showed by the genotypes G 5, G 5, G 7 and G g. The génotypes G,G,sand G
exhibited the average response (bi = 0.9110+ 0.9110, 0.9413+ 0.3672 and 1.0400+
0.5079) for this character.

4. Deviation mean squares ( S/, Stability):

Stability performance is one of the most important desirable characters of a
genotype to be released as a variety for wide adaptation. A number of statistical

methods are known for estimation of phenotypic stability. Two parameters of

stability such as regression coefficient (bi) and deviation mean squares (S*di)
computed according to Eberhart and Russell’s model (1966). The significant
deviation mean square measures the unpredictable irregularities in response to the
environments. When the deviation mean square is non significant, performance

may be predictable. This predictable performance of a genotype is said to be

stable. The results of S*di values obtained for all the nine quantitative characters

of ten sugarcane genotypes are shown in Table 15.

Germination percentage (Germi.%): For this character all the genotypes,
except G | and G 5 showed significant deviation mean square from regression.
This result indicated that most of the genotypes are unstable to the environment

except the genotypes G | and G 3.
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Number of tillers per clump (NT / C): In this case only the genotypes G »,
G 4 and G 5 had non-significant deviation mean squares indicating their stability

and rest of them are instable regarding their significant deviation mean squares.

Number of millable canes per clump (NMC/C): All the genotypes except
G 1. G ; and G g exhibited non- significant deviation mean squares indicating their
stability for this character. The genotypes G ;, G ; and G g exhibited significant

deviation mean squares indicating their instability.

Cane stalk height (CSH) : Regarding this character genotypes G | — G ¢
showed significant deviation mean squares. While, non-significant deviation mean

square values of the genotypes G 7, G 5, G g and G j indicated their stability.

Cane stalk girth (CSG) : In this case all the genotypes, except G 7, G g and
Gy showed significant deviation mean squares from regression. This result
suggesting that except G 7. G g and Gg rest of all genotypes were unstable to

changing environments.

Leaf length (LL): In respect of this character all the genotypes except G
and G,, exhibited high and significant deviation mean squares indicating their
instability. The genotypes G; and G, showed stable performance to the

environments regarding their non-significant deviation mean square.

Leaf breadth (LB): The genotypes G 5, G 4, G ; and G g responded non
significantly to deviation mean squares indicating their stability. While, significant
deviation mean square values of the genotype G |, G 3, G 4, G5, Ggand G o

indicated their instability for this trait.

Field brix percentage (Brix %): Regarding this character Brix %, all the
genotypes except G , and G 5 exhibited significantly responses to deviation mean
squares indicating their instability. The genotypes G , and G s exhibited non-

significantly responses to deviation mean squares indicate they are stable.

161



Cane yield per clump (CY/C): In this case, half of the total genotypes
(G2, G4, G4, Gg,and Gy) showed non significant deviation mean squares which
indicated their stability to the environment. Rests of the genotypes (G . G 3, G s,
G ¢, and G o) were instable regarding their significant responses to the deviation

mean squares.

C. GRAPHICAL ANALYSIS

The graphical analyses are described under the following sub-heads.

1. Curve

The performances of different genotypes in different environments for
different characters are shown by curves. For this purposes the mean performance
of each of the individual genotype against the mean performance of each of the
environments were presented in Figure 1 to 9 for Germi % , NT/C, NMC/C, CSH,
CSG, LL, LB, Brix % and CY/C, for each figure G,, G, G3, Ga, Gs, G, G7, Gg, G
and G, were plotted.

Germination percentage (Germi %): The performances of ten genotypes
for Germi % were presented in Fig. 1. It was observed from the figure that all the
genotypes except Gg and Go were exhibited highest genotypic performance in Env.
3, Gg and Gy showed their performance in Env. 2. On an overall basis all the
genotypes showed lowest performance in environments 4. The figure showed that
individual curves intersected among themselves indicating the existence of

genotype- environment interaction for character Germi. %. It is in agreement with

the joint regression analysis.

Number of tillers per clump (NT/C): The performances of different
genotypes for this character are shown in Fig. 2. For NT/C the genotypes G, G,,
Gs, Gy, Gs and Gg at Env. 6; G4 and G, at Env. 5; G, at Env. 2 and Gg at Env. 1
had the increasing influence. Most of them except G;,Gy and Gy, exhibited
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decreasing influence in Env.4, Gj, Gy and Gy were lowest at Env. 3. The
intersection also observed for this trait indicating the existence of G x E

interaction which was supported by regression analysis.

Number of millable canes per clump (NMC/C): The mean performances
of the genotypes for this character were presented in Fig. 3. Most of the genotypes
except Gy, Gg and G, showed the highest mean performances at Env. 2 but it was
highest for G;, Gy and Go at Env. 6, Env. 5 and Env. 4. After the Env. 2,
performance of G, gradually decreases and it was lowest at Env.6. Intersection of
curves indicated the existence of G x E interaction which was supported by joint

regression analysis

Cane stalk height (CSH): For the character CSH most of the genotypes
showed slightly increasing influence at Env. 2 than Env. 1 except G4. Though
some increasing and decreasing tendency are there but most of the genotypes
performed equally at Env. 3 and Env. 4 when noted in Fig. 4. Intersection of
curves indicated the existence of G x E interaction which was supported by joint

regression analysis

Cane stalk girth (CSG): The performance of genotypes for this character
were presented in Fig. 5. For this trait Env. 2 had the highest increasing influence
on genotype Gs, while Env.3 had the decreasing influence on most of the
genotypes. ‘The figure showed that individual curves are intersected among

themselves indicating the existence of genotype- environment interaction.

Leaf length (LL): Genotypic mean performances for this character are
presented in Fig. 6. Regarding LL genotypes Gy, G», G; and Gy at Env. 5; Gs and
Gg at Env. 4; Gs, Gg and Gy, at Env. 1 and G4 at Env. 6 showed highest mean

performance. But all the genotypes showed lowest performance at Env.3.

Leaf breadth (LB): The performances of genotypes for LB were presented
in Fig. 7. The figure showed that genotypes G, G, G4, Gs, Gs, Go and Gy in Env.

163



6; Gs, G7 and Gg in Env. 5 showed highest mean performance. But all the
genotypes exhibited the worst performance at Env.4. Intercrossing of curves also
prominent for these traits indicating the existence of genotype- environment

interaction.

Field brix percentage (Brix %): The genotypic performances of Brix %
are presented in Fig.8. The genotypes G;, Gs and Gg in Env.3, G,, G4 and Gy in
Env.2, G; and Gy in Env.6, G; in Env.4 and Gg in Env.l had the Increasing
influence regarding this trait. The genotype Go showed the lowest performance in
Env.4. The figure also revealed that the individual curves are intersected among

themselves indicating the existence of genotype-environment interaction.

Cane yield per clump (CY/C): The performances of different genotypes
for the character CY/C are shown in Fig. 9. Env.2 showed the highest mean
performance for all genotypes except Gs and G; exhibited higher performance in
Env.5. The G, showed the worst performance in Env.4. The figure showed that the
individual curves intersected among themselves indicating the genotype —

environment interaction.
2. Regression graph

The regression lines for each variety against the corresponding
environmental mean are shown in Figs. 10 to 18 respectively for Germi % , NT/ C
. NMC/C, CSH, CSG, LL ., LB, Brix % and CY/C. The individual points were
not plotted in the figure to avoid confusion. Plotting environmental means on X-
axis and genotypic performance on Y- axis, the regression lines were drawn.
Intercrossings of regression lines were much prominent in all the characters
indicating the presence of genotype — environment interaction for these traits.
Spreading of regression lines in both upper and lower environments for the
characters Germi % , NT/ C , NMC/C, LB , Brix % and CY/C indicated that

performance of varieties varied in lower as well as in upper environments.
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Fig. 3 : Number of millable canes per clump (NMC/C)
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Fig. 4 : Cane stalk height (CSH)
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Fig. 5 : Cane stalk girth (CSG)
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Fig. 6 : Leaf length (LL)
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Fig. 8 : Field brix percentage (Brix %)
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Fig. 9 : Cane yield per clump (CY/C)
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Fig. 10 : Germination percentage (Germi. %)
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Fig. 11 : Number of tillers per clump (NT/C)
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Fig. 12 : Number of millable canes per clump (NMC/C)
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Fig. 13 : Cane stalk height (CSH)
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Fig. 14 : Cane stalk girth (CSG)
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Fig. 15 : Leaf length (LL)

179

136.81



5.00 -

4.00 -
. —G1
e —G2
E 3.00 - o S
.g —G4
3 G5
;._ ] — (56
£ 2.00 —G7
é —G8
—G9
—G10
1.00 -
0.00 ’ ; ]

2.57 3.34 3.85
Environmental mean
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Fig. 17 : Field brix percentage (Brix %)
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Fig. 18 : Cane yield per clump (CY/C)
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Table14: Regression analysis for ten genotypes in six environments for different
characters in sugarcane

Germination percentage (Germi%)

Genotypes Mean Environmental Sp xy Reg. ss Rem.ss
performance Sensitivity (5df) (1 df) (4 df)
(ptdd) (1+bi)
G, 35.68 0.9376 48.0285 45.0294 14.1290
G, 34.13 0.9888 50.6530 50.0852 23.4728
Gs 28.98 0.9893 50.6768 50.1322 15.2785
Gy 36.17 1:0325 52.8923 54.6114 23.6689
Gs 33.02 1.8102 92.7336 167.8700  36.0401
Gs 30.72 0.6726 34.4553 23.1746 73.6825
Gy 33.83 1.2033 61.6414 74.1726 30.6477
Gg 32.90 0.7412 37.9718 28.1462 40.9809
Go 31.13 0.5967 30.5675. 18.2397 63.8682
Gio 37.08 1.0278 52.6527 54.1179 58.9627

Numbér of tillers per clump (NT/C)

G, 6.25 1.7311 3.1609 54718 3.4639
G> 5.09 1.2043 2.1989 2.6481 0.6672
G; 3.26 1.3739 2.5086 3.4465 1.0704
Gy 5.36 1.1109 2.0284 2.2534 0.4821
Gs 3.11 1.7585 3.2109 5.6462 0.6795
Ge 4.81 0.8620 1.5740 1.3568 1.2175
Gy 5.68 0.3397 0.6202 - 0.2107 2.4991
Gg 5.46 0.4285 0.7825 0.3353 1.0486
Go 9,32 0.8596 1.5697 1.3493 1.1257
Go 5.31 0.3316 0.6055 0.2008 1.0051
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