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ABSTRACT

The present experiment entitled “Biometrical invgstions on
diversified uses in sugarcané&accharumspp.)” was carried out at
Agricultural Research Station, Perumallapalle, AmadRradesh, from 2010
to 2012. Four hundred and twenty nine genotypesctel from seedling
nursery based on phenotypic evaluation were plamegligmented block
design. Seventy three genotypes selected fromitsiectonal stage were
evaluated for diversified uses viz., biomass peecdibre yield, theoretical
yield of alcohol, commercial cane sugar (CCS) yiald cane yield in
second clonal stage.

Considering the genetic parameters in second klstege, the
characters viz., shoot population at 240 DAP, stelkgth, number of
millable canes, fibre content, brix, sucrose, C@sqent, pol per cent cane,
total sugars per cent, biomass per cane, fibrely@CS yield, theoretical
yield of alcohol and cane yield showed high herfiitgbcoupled with high
genetic advance as per cent of mean indicatingtheste characters were
under the influence of additive gene effects anelcien would be effective
for the improvement of these characters.

Association studies and path analysis for diveditises in second
clonal stage revealed that single cane weightefygeld and number of
millable canes at harvest were the major contmiguttharacters to cane
yield; cane yield and fibre content are the majntabuting characters to
fibre yield; selection based on stalk volume amgjlsi cane weight would be
helpful for the improvement of biomass; total ssgper cent, pol per cent



cane and CCS per cent were the major contributiagacters to theoretical
yield of alcohol; and the characters pol per camteg CCS per cent, cane
yield, fibre yield, single cane weight and numbemilable canes exhibited

positive direct effects on CCS yield and the m&jooif the characters also
exhibited high indirect positive effects on CCSlgigia CCS per cent and

pol per cent cane indicating that CCS percent anger cent cane are the
major contributing characters to CCS yield in sagae.

The selection indices constructed with the inclusbmore than one
character gave higher genetic advance and relaffi@ency over straight
selection for the five diversified uses viz., caneld, biomass per cane,
fibre yield, theoretical yield of alcohol and conmtial cane sugar yield.

As sugar production scenario is changing, varie¢glds have started
changing. Based on the mean performance of the tym® viz.,
2010T-152 and 2010T-53 showing high performance diomass, fibre
yield, CCS yield, theoretical yield of alcohol aodne yield; the genotypes
viz., 2010T-146 and 2010T-84 showing higher per@moe for biomass,
fibre yield, CCS yield and cane yield; the genos/pez., 2010T-4, 2010T-
103, 2010T-72 showing higher performance for filygteld, CCS vyield,
theoretical yield of alcohol and cane yield; theggpes viz., 2010T-115,
2010T-387 and 2010T-285 showing higher performdocébre yield, CCS
yield and cane yield could be suggested for pramnots varieties for
respective diversified uses.

The genotypes 2010T-16, 2010T-18, 2010T-82, 201®T-8
2010T-103, 2010T-124, 2010T-153, 2010T-229, 20189;22010T-344,
2010T-347 and 2010T-416 selected by the index ndettauld serve as
potential genetic stocks in sugarcane breedindif@arsified uses.

On the basis of genetic divergence and mean peafocen of
genotypes, the most promising cross combinationggested for the
development of varieties for diversified uses al-124 x 2010T-4,
2010T-16 x 2010T-146, 2010T-88 x 2010T-146 and 2018 x 2010T-146.
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Chapter |
INTRODUCTION

Sugarcane is an important cash crop and raw mitemnasugar
industry which is the second largest agro basedusing of India.
It assumes an important position in the economy tleé country.
Its contribution to agricultural GDP is 10% whichsdignificant as the crop
is grown in only 2.57% of the gross cropped areathe country
(SBI, 2011). Sugarcane crop serves as the majacedor a variety of
products such as sugar, jaggery, molasses, badiissasake, out of which
sugar and jaggery are meant for daily use as caaiskenproducts while
other byproducts have industrial significance. dt realized that sugar
production alone will not be able to make the induprofitable and under
such circumstances diversification is a necessanyseqguence for the
successful growth of industry.

Sugarcane is grown in an area of 17.53 M ha woddwiroducing
1286.67 M t of cane with a productivity of 73.48d" (FAOSTAT, 2011).
In India sugarcane is cultivated in an area of 5M3ha producing
342.19 M t of cane with an average productivitys8fl t h&d (Sugar India,
2012). In India sugarcane is grown in both troparadl sub tropical regions.
Uttar Pradesh, Maharastra, Karnataka, Tamil Nadyar@uand Andhra
Pradesh are the major cane growing states. In Andhadesh it is grown in
an area of 1.8 lakh ha producing 140.4 lakh torofesugarcane with an
average productivity of 78.0 t HgSugar India, 2012). In India 24.39 M t of
sugar is produced, but the projected requiremestigar by 2030 is 36 M t
which has to be achieved from the existing cana @neough improved
varieties for cane yield and sugar recovery ahi@uréxpansion in area is not

possible.



Sugarcane, which is also considered as an impdotargénergy crop
belongs to the category of C4 plants which convénes solar energy
effectively into high quality and low cost raw miadés for sugar and
ethanol (Bruceet al. 2005). Molasses and bagasse are the byproducts of
sugar industry which form the feedstock for ethampobduction and
cogeneration respectively. National policy on ba$uproposed to scale up
the blending from 5% to 20% by 2017. The targetffcdlt to achieve due
to limited availability of bioethanol which to aaater extent comes from
sugarcane molasses apart from a smaller propoftmm grains. This
necessitates significant increase in domestic ethgroduction by
developing varieties which yield higher ethanol. rflahan 500 sugar
industries in the country have a potential to gateerelectricity of
5000 MW. However, the current installed capacitpméy 2200 MW which
Is due to under utilization of full capacity of thedustry to generate
required quantity of bagasse and lack of energg<arith high fiber. Sugar
factories with co-generation facility demand foglnifibre varieties
up to 16% as it helps in increasing the baggasdahidy (Natarajan,
2000).

Generally the main objective of sugarcane breedsngp develop
varieties capable of producing high cane yield @@t yield per unit land
area. The recent awareness on the advantages raf gseen fuel for
generation of power and use of gasohol to redut@rabile emission have
resulted in setting up of a number of cogeneragitamts in various sugar
mills. To achieve these goals of increased sugeohal and cogeneration,
sugar industries need special varieties to meat $pecific requirement of
raw materials. Sugarcane breeders traditionallyedrearieties for high
sucrose and high stalk yield. As sugar productioanario is changing,

varietal needs have started changing. Hence, lrggaiogrammes must



integrate new traits such as high fiber, high bissnand high total sugars in
addition to yield and juice quality.

Proper exploitation of variability in a crop likaeugarcane with a
complex ploidy and a high level of heterozygosgtyaicomplicated process
(Babuet al. 2009). Breeding for higher cane yield and qualigyts requires
basic information on the extent of genetic variatio a population and its
response to selection.

Understanding various genetic parameters that rgosepopulation
under improvement is essential for proper planrang direction of plant
breeding programme. The success of such progrand@pknd upon largely
on the extent of genetic variability available imetbase population and
heritability of the characters under improvemenherkfore, a clear
understanding of genetic parameters is of paramoupbrtance in the
development of a breeding strategy (Siegll. 2002).

Furthermore, the most important function of hditey in genetic
studies of quantitative traits is its predictiorlueathat could be used as a
guide to breeding value and heritability estimatdsng with genetic
advance expected by selection for cane yield, cawialecane sugar yield,
biomass, fibre and ethanol and their contributihgracters seem to help in
designing an effective breeding program and selgcsuperior clones for
diversified uses for the sustainability of sugatustry.

Statistical correlation coefficient is a measutett denotes the
magnitude and direction of interrelationship betwesy two casually
related variables (Singh and Narayanan, 1993).aBkeciation between two
or more characters is due to pleiotropic gene aatiolinkage (Falconer,
1989). In plant breeding correlation coefficienailysis measures the mutual
relationship between two plant characters and terdenes characters

association for genetic improvement of yield anteoteconomic traits. The



character associations will help in the selectibsuperior genotypes from
divergent population based on more than one irltde® characters. The
present study was conducted to obtain the infoonatn the association of
various characters with cane vyield, fibre yieldgauyield, biomass and
ethanol. However, correlation coefficients, somesmmay be misleading
and thus, need to be partitioned into direct andirect effects. It is

important for a breeder to know how other charactefluence a particular
character. Hence, path coefficient analysis wasiethrout to partition

correlation coefficient into direct and indirecfesdts.

The main objective of a selection programme ishifi the mean to a
new peak by directional selection. Continuous g$®lecin one character
may result in a loss or gain in the other charactehich are also of equal
importance. On the other hand, if selection is méale a number of
characters, the efficiency of selection would uced. So the plant breeder
will have to base his selection on a combinationaofew important
characters related to the main character undeldsmasion in the form of a
selection index by appropriate weightages assigméide phenotypic values
of each character so that the genetic gain in tharacter under
consideration will be maximum without any loss ither important
characters. Selection indices provide the meansiéking use of correlated
characters for higher efficiency in selection fbaracters of low heritability.
Selection index is a tool, which breeder can useessfully for selection on
several characters simultaneously by discriminathmgy desirable ones on
the basis of phenotypic performance.

Hybridization is one of the most essential stepplent breeding
since it is the source of all genetic variabilityadable for selection of new
plants. The correct planning of the crosses ineeabke probability of

developing superior cultivars because it maximites use of favourable



genes, besides reducing the costs of breeding aoges (Cruzet al.
2004a). Sugarcane is a species with asexual regtroduThe objective of
hybridization in sugarcane is, therefore, to crepeetic variability for the
selection of superior and productive plants that gropagated to become
the future cultivars. In this case, the geneticeptal is fixed from
the clonal selection onwards and is not alteredutpn the generations
(Calijia et al.2001).

Depending on the objectives of a breeding prograntiiferent
methods can be used to select the parents (€trat. 2004b). In general
breeders try to make crosses between divergenthagtd yielding plants
(Carpentieri-Pipolcet al. 2003, Cruzet al. 2004b). Knowledge on genetic
divergence is therefore fundamental to identify anglanize the available
genetic resources aiming at the production of psorgicultivars (Palomino
et al.2005).

The identification of diverse genotypes or pardotdhybridization is
an important consideration in sugarcane improvembfahalanobis B
technique has been quite useful in determiningdttaersity in crop species
(Punia et al. 1983). In vegetatively propagated crops like scgae,
development of improved genotypes with high hetemtpression for yield
and quality characters is desired. The heterottypes can be developed
by utilization of diverse parents in hybridization.

Keeping the above points in consideration, thesgame investigation
was taken up with the following objectives.

» To estimate genetic parameters for different compbibaracters
related to diversified uses viz., fibre yield, etbhyield, biomass,

sugar yield and cane yield in sugarcane.

» To study the extent of association existing amondferdint

component characters with cane vyield, sugar vyiélae yield,



biomass and ethanol yield and among themselvedferaht clonal

stages.

» To identify characters which are directly and / ardiiectly
influencing fibre yield, ethanol yield, biomassheayield and sugar

yield in different clonal stages.

» To formulate selection indices for diversified usés, fibre yield,

ethanol yield, biomass, sugar yield and cane yrekligarcane.

> To identify divergent genotypes in second clonajjstior improving

fibre yield, ethanol yield, biomass, sugar yield @ane yield.

> To identify genotypes suitable for diversified uses, fibre yield,

ethanol yield, biomass, sugar yield and cane yrekligarcane.
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Chapter Il
REVIEW OF LITERATURE

In view of the objectives mentioned in chapter,cdérief review of
literature on sugarcane in respect of genetic patens (coefficient of
variation, heritability and genetic advance), chtra association, path
analysis, selection indices, genetic divergence dnabrsified uses is
presented in this chapter.

2.1 GENETIC PARAMETERS

In any plant breeding programme the information genetic
parameters like genotypic coefficient of variatiphenotypic coefficient of
variation, heritability and genetic advance has iammense value in
identifying the superior genotypes. Presence ofabdity is the basic
requirement for improving any crop. Heritability aseires the amount of
heritable portion of variability, while genetic awe helps to measure
the amount of progress that could be expected w#lection. Hence,
heritability estimates in conjunction with the esdtes of genetic advance
were more valid for selection than heritability iesttes alone (Johnson
et al 1955a).

The available literature on variability, heritabjlitand genetic
advance in sugarcane is reviewed briefly here under

In a study of thirty five genotypes of sugarcanervaet al (1988)
reported high heritability coupled with high gewethdvance for stalk
weight, brix per cent and commercial cane sugar.

Singh and Singh (1994) evaluated seedlings oflfiparental crosses
to assess genetic variability, narrowsense helittgbgenetic advance and
noticed that the phenotypic and genotypic coefficieof variance,

heritability and genetic advance over mean werhdridgor number of green



leaves, leaf area, leaf length, diameter of stalk per cent and shoot per
clump.

Seedlings of five biparental crosses were evallubte Singhet al
(1995) to assess genetic variability, heritabi(ivarrow sense) and genetic
advance. The results showed that the phenotypigandtypic coefficients
of variance, heritability and genetic advance wagh for number of green
leaves, number of nodes, stalk diameter and steighi

Daset al (1996) examined the range of variability, heiitgband
expected genetic improvement in twenty four earturing genotypes and
reported high to medium genetic variability anditadility for stalk yield
and its components, viz., individual stalk weighimber of internodes and
number of millable canes per hectare indicating tihese traits were highly
amenable to selection procedures and hence offeedter scope for
improvement through selection. Quality characties $ucrose per cent and
commercial cane sugar per cent showed less vatyabihtermediate
heritability and low genetic gain suggesting diffty in improvement of
these characters.

Highest estimates of genotypic variance and aoefit of variation,
heritability and genetic advance were recordedctmme yield, number of
millable canes, plant height, germination at 45sdayumber of shoots at
90 and 120 days, whereas juice quality characteswead lower values for
these statistics (Ghosh and Singh, 1996).

In a study on fourteen genotypes of sugarcaneghSah al. (1996)
reported that genotypic and phenotypic coefficieoftyvariation were high
for commercial cane sugar and cane yield, moddmateane height and
number of millable canes and low for brix per cenigcrose per cent and

cane diameter. Heritability in broad sense was Maghall the characters.



Genetic advance was high for cane yield and comaletane sugar and
moderate for cane diameter, cane height and nuailmeillable canes.

High heritability was recorded for leaf width foled by length of
internodes and high genetic advance was observesirfgle cane weight
and cane yield in a study on thirty two genotypésugarcane (Kadian
et al 1997). Tyagi and Singh (1998) evaluated twentg tyenotypes of
sugarcane and reported high heritability with higimetic advance for stalk
density and stalk weight and indicated that sedactor these traits will be
more effective.

Chaudhary (2001) estimated phenotypic and genotygefficients of
variation, heritability and genetic advance for esewstalk characters in
sugarcane and noticed that single cane weight,igation at 45 DAP and
millable cane number had high genotypic and phgnotgoefficients of
variation. High heritability estimates were recatdé®r millable cane
number, stalk diameter and single cane weight. Mara genetic gain as
percent of mean was observed for single cane wegtt millable cane
number.

Jain et al (2001) conducted a trial with eighty one sugaecan
genotypes to assess the extent of variability &nptypic and genotypic
levels, heritability coefficients, genotypic coefént of variability and
genetic advance to estimate the relative contobubf various components
towards final cane yield. They reported that numtfemillable canes per
clump, single stalk weight and cane yield recordegher estimates of
coefficient of variation, heritability and genegain.

Variability, heritability and genetic advance weestimated for
eleven morphological characters of sixty sugaroge@otypes and a good
amount of variability was recorded for all the dmwers. Maximum

heritability was recorded for germination perceetaigaf area, dry matter,



leaf angle, number of internodes and cane yielipfmr Genetic advance as
percentage of mean was high for germination peagentleaf area, dry
matter, leaf angle and cane formed shoots, andslofee stem diameter and
number of millable canes per plot (Tippeswaghyal 2001).

High broad sense heritability was observed for ecayield,
commercial cane sugar per plot, internode numbergej brix and
commercial cane sugar per cent in studies involgngarcane germplasm
(Ravishankaet al 2003). Highest genotypic coefficient of variationplant
and ratoon crop was recorded for single cane weaigbithumber of millable
canes respectively and highest genetic advanceaeatasded for cane yield
in plant crop and for number of millable canesatoon crop by Bhatnagar
et al (2003) in an evaluation of eighteen sugarcanetypes.

In a study involving fifty two genotypes of sugane Deepet al
(2004) found that selection based on juice qudlits viz., juice brix
per cent, pol per cent, purity per cent, commercae sugar per cent and
commercial cane sugar per clump was not of much asseéhese traits
showed moderate to high heritability with low esites of variability and
genetic gain.

Kumar et al (2004) observed high heritability and genetic atbe
expressed as per cent of mean for number of nallabihes, number of
tillers at 240 DAP, commercial cane sugar, candédyieane height, cane
girth, single cane weight and number of internqaissstalk in a study of 27
subtropical sugarcane cultivars.

The extent of genetic variation in two hundred d@nenty five
sugarcane genotypes was studied by Ravishagtkat (2004). Genotypic
and phenotypic variances were high for cane yiedpglot, and moderate
for number of tillers per plot, number of millaldanes per plot and number

of internodes. High heritability in broad sense wasorded for cane yield



per plot, single cane weight and internode lengtie genetic advance was
moderate for number of tillers per plot, numbemafiable canes per plot
and number of internodes.

Chandrakantlet al (2006) evaluated eighty four clones in augmented
design and reported high range of variation alotity Wwigh coefficient of
variation for germination percent at 45 days, nunddeshoot per hectare at
120 days, number of millable canes per hectaree baight, cane diameter,
single cane weight and cane yield.

Evaluation of 781 (439S. officinarum x S. spontaneumand
342 S. robustunx Commercials 5. officinarum hybrid progenies for cane
yield and quality traits by Nagarajeet al. (2006) revealed differences
between the groups for number of millable canese deeight, cane weight
and juice quality characters. Heritability was m@ade for sucrose in both
the groups. The higher estimates of heritabilitypted with higher genetic
advance for number of millalbe canes indicated thatheritability of this
trait was mainly due to additive effects and sébectvould be effective for
this trait.

In variability studies among forty diverse sugaecacultivars
Patel et al (2006) reported high heritability coupled withghi genetic
advance for cane weight and commercial cane sugdicating the
effectiveness of direct selection for these traits.

Doule and Balasundaram (2007) observed that fi@recent, cane
and rind hardness at 300 and 360 DAP exhibited t&gree of genotypic
coefficient of variability, genetic advance and rete levels of heritability
coefficient. Rahmart al (2008) noticed that number of tillers, number of
millable canes per clump, stalk height, number #feg leaves and cane
yield showed high heritability, high genetic advanand high genetic

advance as percent of mean.



Berding and Pendrigh (2009) observed that the dreanse
heritability values were high for brix, commeratane sugar, dry matter and
fibre indicating likely success for selection fdrese traits. In variability
studies among twenty one phenotypically diverseotygres of sugarcane
Mali et al (2009) observed high heritability coupled withgtnigenetic
advance for number of tillers and single cane weiglicating the presence
of additive gene action and suggested that direleicBon may be highly
effective.

Rahman and Bhuiyan (2009) in a study on twentg foromising
clones and two standard sugarcane cultivars noticiggh genotypic
coefficient of variation for mean number of tillgger hectare, cane yield per
hectare and single cane weight. High heritabilitshvhigh genetic advance
as percentage of mean was observed for numbellest tper hectare and
single stalk weight.

Krishnaet al (2011) evaluated nineteen sugarcane clones ondec
plant crop and ratoon crop and observed that themags of variability,
heritability and genetic advance as percent of m&are high for cane
length, internode length, single cane weight, numife millable canes,
commercial cane sugar yield and cane yield in Ipddint and ratoon crops
and for sucrose per cent and CCS per cent in g suggesting the
effectiveness of simple selection procedures fgorawing morphological
characters in plant crop or ratoon crop and quahigracters in plant crop.

Ahmed and Obeid (2012) tested twelve exotic swageralones and
reported wide range of variation for number of able canes, stalk height
and juice purity (%) in both plant crop and rat@oop. Maximum genotypic
and phenotypic coefficients of variation were exeitb by number of
millable canes and single stalk weight in planfpcwhereas in ratoon crop

single stalk weight and sugar yield recorded higivedue. The fiber per



cent recorded lowest values for both coefficientboth crops. Maximum
values for heritability (%) along with high genetadvance (%) was
recorded for number of millable canes whereas fmar cent showed the
minimum values for both parameters across the weps; indicating the
possibility of improvement of millable canes by meaf straight selection.
Juice purity (%) showed pronounced heritability agehetic advance in
ratoon crop than in the plant crop, demonstrathmy improvement of this
trait during the ratoon crop.

Mancini et al (2012) evaluated the progeny clones derived feom
biparental cross and revealed that broad sensealhiety values were
generally high for stalk diameter, stalk weightallst height, brix and
pol per cent cane in plant and ratoon cane.

2.2 CHARACTER ASSOCIATION

The concept of correlation was given by Fisher §9%nd Wright
(1921), which helps in determining the nature aedrede of relationship
between any two measurable characters. Generalgntigative characters
of economic importance are often associated wite amother either
positively or negatively. Hence, the selection thfee major economic traits
on the basis oper seperformance alone may not be as effective as that
based on the component characters associated Wwém,twhich is
biometrically determined by correlation and patkfGoient analysis.

The indirect selection schemes concentrate on latime between
characters to improve complex traits like yield. Téf@ciency of indirect
selection depends on the direction and magnitudasebciation between
yield and its component characters. Therefore ystidelationships among
the quantitative traits is important for assesseasgibility of joint selection
of two or more traits. A positive genetic corradatibetween two desirable

traits makes the job of the plant breeder easyirfgoroving both traits



simultaneously. Further, understanding the assoniatbetween the
component traits and their relative contributiorthe target trait is essential
to bring out a rational improvement in the desitesit as they may be
differently correlated.

A brief review of studies on the association ddieltters in sugarcane
is presented here under.

In a study involving thirty five genotypes of sugame by
Vermaet al (1988) reported significant positive associatannternodes
per cane, stalk weight, brix per cent and commkepaae sugar with each
other. Further, they reported that stalk weighitx per cent and commercial
cane sugar exhibited significant positive assammawvith stalk girth.

Gravioset al. (1992) in a study involving twenty two clones alveel
that fibre content was significantly and negativelyrrelated with stalk
diameter indicating that indirect selection forglar stalk diameter would
decrease fibre content. Direct selection for optimdibre content by
evaluating clones in a single crop would be effecti

Rakkiyappan and Pandiyan (1992) in a study of 28eties of
Saccharumofficinarum reported that total sugars content was positively
associated with fermentable sugars content in ufe.j Ethanol yield per
unit volume of juice was also significantly and piesly associated with
total sugars and fermentable sugars in cane jWame yield directly
affected ethanol yield as evidenced from the higéilynificant positive
correlation between them. Hence, a variety meantetbanol production
should contain high total and fermentable sugagsige coupled with high
cane yield and juice extraction per cent.

Patelet al (1993) in a study of fourteen cultivars of sugare notied
that cane yield was significantly and positivelyretated with commercial

cane sugar, cane height and internode number. Tdisy reported



significant positive correlation of juice sucroser gent with commercial
cane sugar.

In a study on early maturing clones of sugarcaheu@hary and
Singh (1994) reported that germination percentagésaDAP, number of
shoots at 90 and 120 DAP, height of cane, canehwadiid number of
millable canes were positively correlated with cayield and among
themselves.

Significant and positive association of numbergoéen leaves with
early brix and cane yield was observed by Singh&indh (1994) in a study
comprising seedlings of five biparental crossesm&#h and Varghese
(1995) reported that number of millable canes angles cane weight were
significantly postitively correlated with cane ydelin a study on sugarcane
crop which received twenty seven treatment comlanatof N, P and K.

Singh et al (1995) observed that brix quality was signifidant
correlated with number of green leaves and stadkndier, whereas stalk
yield was positively and significantly associatedhwiumber of stalks per
clump and stalk weight in a study involving seegdinof five biparental
Crosses.

Daset al (1997) determined the correlations between cagld wnd
its various component characters in a group ofé#ly enaturing sugarcane
varieties. They found that cane yield was signifiyapositively associated
with CCS (t hd), stalk weight, stalk diameter and number of imbeles per
cane, whereas number of millable canes per heegtas negatively and
significantly associated with stalk weight, heigiitmillable cane, sucrose
per cent in juice and CCS per cent. Stalk weighs wmnificantly and
positively correlated with CCS (t B height of millable canes and stalk
diameter. Sucrose per cent in juice was signifigar@nd positively

associated with CCS (t B and cane height. They also noticed that



CCS (t h&) was significantly correlated with cane height @ath were
significantly and positively associated with stalkameter, while stalk
diameter was significantly and positively correthtevith number of
internodes.

Ram and Hemaprabha (1997) studied correlation icaaits in thirty
F. hybrids derived from crosses &.officinarumwith S.barberi (OB),
S.robustum(OR), S.spontaneuntOS) and commercial hybrids (OH) and
found a positive association between cane yield mmuber of millable
canes in all crosses while significant associabbrtane length with cane
yield was noticed in OB and OH groups. The sugatdywas associated
with number of millable canes in the OB, OH and ©Rsses; with
brix per cent and sucrose per cent in the OB, GiR@8& crosses; and with
per cent juice extraction only in the OS cross.

Das et al (1997) reported that sugar yield was positivelyd a
significantly associated with cane productivityneaweight, juice purity,
CCS per cent and cane height in a study includiventy seven mid late
sugarcane cultivars. They also found that qualéitdrincluding sucrose and
CCS per cent were positively correlated with eattteioand also with sugar
productivity.

In a study of twelve sugarcane varieties, positsignificant
association of cane height, cane girth and canghwevith cane yield was
noticed by Hapase and Repale (1999). However, sygdad exhibited
significant positive association with juice brixrpeent, commercial cane
sugar per cent and cane yield.

Nair et al (1999) evaluated fourteen intraspecific hybrids o
S officinarum selected for better stalk thickness and soft fordyield and
guality attributes. They noticed that stalk thicks@vas not correlated with
stalk and sugar yields but stalk height had a Wi genotypic correlation



with stalk and sugar yields and hence, it was cmmed as the most
important yield component.

Vermaet al (1999) reported that millable canes, commercalec
sugar and cane yield were significantly and posiyivcorrelated with each
other. Whereas significant positive association stélk height with
internodes per cane and cane yield; stalk girthh vatalk weight and
commercial cane sugar was noticed in a study invglgixteen sugarcane
varieties.

Relationships between attributes were studiederdling, seedling
ratoon and settling stages in two open pollinatedufations of sugarcane
by Ram et al (2000). Significant correlations were recordedween
brix yield and its components such as number ofabig stalks, stalk
diameter, stalk length, single stalk weight andkstaeld. There was no
difference in the nature of association betweeitstra the two populations
at the clonal stage.

The correlation coefficients between various cbuoting characters
on cane yield revealed that germination, numbeitlefs and millable canes
were significantly and positively associated witane yield in a study
conducted by Setiet al (2001) on twenty two genotypes of sugarcane.

The character association studies by Iskacal (2002) in eight
genotypes of sugarcane revealed that stalk wesghlk height, number of
stalks per stool, leaf area, juice and commer@akcsugar per cent were the
major traits contributing to cane and sugar yieRtalk diameter, an
important component of cane yield, was positivedyrelated with stalk
weight, stalk height and leaf area.

In a study involving ten sugarcane genotypes, Nataal (2002)
noticed strong positive correlation of cane yieldhwnumber of millable

canes and cane height, but negative correlationolvasrved with brix per



cent and sucrose per cent at both genotypic andopy@c level, whereas
cane diameter exhibited least correlation with cdakl.

Jain et al (2002) in a study involving eighty one genotypws
sugarcane reported that there was no significasticéegtion between cane
yield and yield components with the juice qualitilatacters, but the
interrelationship between the quality traits waghheind positive.

In an investigation involving sixty sugarcane Jggpes
Thippeswamyet al (2003) observed that single cane weight, numlber o
millable canes per plot, leaf area and germinagiercentage were highly
and positively correlated with cane yield as wallvéith commercial cane
sugar yield.

Significant and positive correlation of cane yieldth number of
tillers at 120 and 240 DAP, number of millable cgneane height, cane
girth and single cane weight was reported by Krsttral (2004) in a study
involving twenty seven subtropical sugarcane catsv

Correlation studies by Dagat al (2004) involving fifty sugarcane
genotypes indicated a significant and positive @asion of cane yield with
number of millable canes per clump, cane heighrie ¢hickness, number of
internodes per cane, internode length, leaf lerigdf,breadth, leaf area and
single cane weight. No significant relationship vedserved between cane
yield per clump and the four juice quality traitz.y brix, pol, purity and
CCS per cent. The interrelationship among the jauality attributes was
significant and positive, which indicated that impement in one attribute
would certainly lead to the improvement in othereth traits in desired
direction.

In a study involving twenty two sugarcane clonesngB and
Khan (2004) noticed significant positive assocmatad number of millable

canes, stalk height and cane weight with cane yaeld highly significant



and positive association of CCS yield with canddyieane weight and stalk
height indicating the importance of these traitsimproving CCS yield.
Thangavelu (2004) reported significant positive aiggimn of tillers with
cane yield, sugar yield, juice weight, juice volyrdey matter and number
of millable canes.

In a study involving sixty five clones of sugarca@baudhary and
Joshi (2005) noticed positive and highly significaorrelation of single
cane weight, stalk length and millable cane numbéh cane yield.
There was also positive and significant correlatidncane diameter and
number of internodes with cane yield. Length ofrinéele had positive non-
significant association with cane yield.

Correlation coefficient studies by Chandrakagitlal (2006) revealed
significant positive association of number of sisoat 120 days, number of
millable canes at harvest and single cane weigtht @&ne yield. Kadian and
Mehla (2006) in a study involving thirty two sugane genotypes reported
significant positive correlation of cane yield wisingle cane weight and
cane thickness. The four juice quality parametezs brix per cent, pol per
cent, purity and CCS showed highly significant grabitive association
among themselves

In an association study involving forty diverseyaicane genotypes
significant and positive correlation of cane yislth single cane weight,
stalk length, stalk diameter and number of integsodt both genotypic and
phenotypic levels was observed by Patell (2006).

Soomro et al (2006) evaluated eleven sugarcane varieties for
guantitative and qualitative characters and nottbad cane thickness, cane
height, number of internodes and millable caneswpeasitively and highly

significantly correlated with cane yield and hetioe increase in these traits



resulted in simultaneous increase in cane yieldS @@r cent exhibited
positive but non significant association with caredd.

Tyagi and Praduman (2007) observed positive anadhifsignt
correlation between plant volume and number of abi# stalks; plant
volume and weight per stalk; plant volume and weigihmillable stalks;
plant volume and stalk thickness; number of mikablalks and weight of
millable stalks; pure obtainable cane sugar an¢ male obtainable cane
sugar and purity; pol and purity. Correlation sagdiindicated that for
sugarcane Yyield plant volume, plant height, nundfemillable stalks per
stool, stalk thickness and weight of millable stalice the most important
characters. However, for biochemical characters pbtainable cane sugar,
pol and purity are the most important characters.

In a study involving six early duration sugarcanenmercial hybrids,
Das et al (2007) observed that cane length, single canghtieicane
diameter and purity per cent had highly positivgngicant genetic
association with both cane and sugar yield. Theewencorrelation
coefficient among quality parameters of juice réegdhat sucrose per cent
Is comparatively more reliable indicator of juiceatjty than brix per cent.
The results of both genotypic and phenotypic cotigeia coefficient
indicated that single cane weight is the main camepbd character
contributing to both cane and sugar yield.

Singhet al (2008) reported that in sugarcane brix and jyiaaty
were highly correlated with sucrose per cent artth each other. Rahmaat
al. (2008) studied the character association of wffe characters on cane
yield in sugarcane using twenty eight promisingne® and two standard
cultivars and observed that in general, the genotyprrelation was higher
than the corresponding phenotypic correlation. Téreetation coefficients

between the number of millable canes per hectaadk weight and stalk



height were highly significant and positive. The$@aracters also showed
significant positive correlation with cane yieldoaty with number of
millable canes per clump.

Sahuet al (2008) observed that number of tillers per clumgmber
of millable canes per clump, plant height and singhne weight showed
high positive significant correlation with cane Igieat both seedling and
settling stages while cane diameter and numbeeafds per plant were
significantly correlated with cane yield at seedlstage only. They reported
that number of tillers per clump, number of millganes per clump, plant
height and single cane weight were the most reiabbracters for selection
of genotypes at seedling and settling stages.

Shahet al (2008) evaluated five sugarcane genotypes faorang
ability and reported that cane yield was signifitganand positively
correlated with refractive brix, sucrose conterd angar yield. Berding and
Pendrigh (2009) observed that the genetic coroglatibbetween brix and
CCS, brix and dry matter and dry matter and fibreravstrong whereas
those between brix and fibre, CCS and dry mattdr@GS and fibre were
weak.

Mali et al (2009) in a study on twenty one sugarcane gelestyp
noticed significant positive association of caneldiwith number of
internodes, cane diameter, single cane weight a@b Qkg/plot) at
360 DAP and number of millable canes per plot.

Character association studies revealed a positveslation of cane
yield with number of millable stalks, stalk heiglmternode number per
stalk and single stalk weight indicating improvemem one of these
characters may result in positive response of cge&l in sugarcane
(Ahmedet al 2010).



Singh et al (2010) conducted an experiment to evaluate segant
genotypes of sugarcane and the results revealechtimaber of shoots at
120 DAP, number of shoots at 240 DAP, number oflailé canes at
12 months and cane yield were highly significard gositively correlated
with sugar yield. Highly significant and positivesaciation of sugar yield
with number of internodes per stalk, number of ahilk canes per square
meter, total soluble solids per cent and sucroseceert was detected by
Al-Sayedet al (2012) in studies on sugarcane.

In a study involving the progeny clones derivednfra biparental
cross in sugarcane, Mancigi al (2012) observed that tonnes of sugarcane
per hectare was significantly correlated with stalkight and stalk number
in both plant and ratoon crop. They found that stalknber together with
stalk weight were the most important componentthen determination of
tonnes of sugarcane per hectare, while fiber aridppo cent cane were
negatively correlated showing that they are invgrserrelated traits.

Tyagiet al. (2012) in a study on thirteen sugarcane cultiodserved
a significant positive association between canéyamd number of canes
per plot, cane weight, cane height and sugar yped plot. They also
observed non-significant negative correlation arese with cane and sugar
yields which implied that both yield and sucroseuldo be selected
simultaneously.

2.3 PATH COEFFICIENT ANALYSIS
The concept of path analysis was originally devedbfpy Wright

(1921) in animal breeding, but the technique wast fused for plant
selection by Dewey and Lu (1959). Path analysisi$ines a means of
measuring the direct and indirect effects of a alda through other
variables on the end product. This technique pamstithe correlation into
direct and indirect effects. Hence, correlation conjunction with path

coefficient analysis will give a clear idea of thssociation and helps in



determining the contributing characters useful ndirect selection of a
dependent character.

The findings of earlier workers on the relative tcdnution of
different characters to cane yield, commercial cangar yield, biomass,
fibre yield and ethanol yield in sugarcane areiired here under.

Path analysis in 34 genotypes of sugarcane revahbidmillable
canes per clump had a high direct effect on caakl.yBingle cane weight
emerged as the most important trait influencingecgield as most of the
characters were exhibiting positive indirect effean single cane weight on
cane yield (Hoodat al 1988).

Path coefficient analysis in plant cane and fiegbon crops of 48
genotypes of sugarcane by Kaeg al (1989) indicated that the direct
effects of rind puncture resistance and juice extva and moisture
percentages on cane fibre per cent were positiggative and negative
respectively. They reported that fibre per cent Mlas least important
component of cane and sugar yields. The directisffef stalk number and
stalk weight on cane yield were both positive ardde, selection for these
characters was recommended to increase cane yield.

Hoodaet al (1990) studied the influence of four quality tsaviz.,
brix per cent, pol per cent, purity per cent anducing sugars on
commercial cane sugar in six environments and fotimat although
correlations were generally high for all four tsaithe direct effects were
low or negative.

From path analysis, the negative direct effectfilbfe content on
recoverable sucrose indicates a weak inverseaekdtip between these two
traits was reported by Gravies al. (1992).

Commercial cane sugar yield exhibited highestatlipmsitive effect

on cane sugar productivity, while juice sucrose qart, CCS per cent and



internode number had maximum positive indirect @ffe through
CCS yield on cane yield in a study of 14 sugarcangvars by Pateét al
(1993).

Path coefficient analysis in early maturing clormdssugarcane by
Choudhary and Singh (1994) indicated that numbemidifible canes and
individual cane weight made the greatest directrdmution to cane yield
and germination percentage at 45 DAP, number oftshat 90 and
120 DAP, cane height, cane width were indirect Gbuators via humber of
millable canes.

In a study involving seedlings of five biparentabsses Singh and
Singh (1994) reported that number of green leawesleaf area influenced
directly the brix quality while stalk diameter, asdoot per clump directly
influenced cane yield.

Singhet al (1994) studied direct and indirect effects of releters
affecting cane vyield of five sugarcane crossesrandaled that number of
millable stalks followed by stalk weight had thexmmaum direct effect on
cane yield, while the direct effects of stalk hejgdtalk diameter, brix per
cent and sucrose per cent on cane yield was gégneeay low.

In another study of 45 sugarcane genotypes, SamghKhan (1995)
observed highest positive direct effect of numidenilable stalks followed
by stalk weight on cane yield.

Path coefficient analysis by Das al (1996) in a group of 24 early
maturing sugarcane varieties revealed that CCSafj had the highest
direct positive effect on cane yield, followed bynmber of millable canes
per ha, stalk weight and stalk diameter. Stalk Wgigtalk diameter,
CCS per cent and sucrose per cent in the juice welissctly associated
with cane yield via CCS (t A



Path analysis in 30 ,Fhybrids from crosses db.officinarum with
S.barberi (OB), S.robustum(OR), S.spontaneun{OS) and commercial
hybrids (OH) by Ram and Hemaprabha (1997) indicthedimportance of
different traits in different crosses. Number ofllatile canes and sucrose
per cent were found to be important traits of sugafd in the OB and
OR crosses whereas number of millable canes al@simportant in the
OH cross. In the OS cross, sucrose per cent madgrélatest contribution to
sugar yield.

Das et al. (1996) in a field trial involving twenty four sugane
cultivars noticed that CCS (t fiphad the highest direct positive effect on
cane yield, followed by number of millable canes pectare, stalk weight
and stalk diameter. Stalk weight, stalk diameteCSCper cent and
sucrose per cent in the juice were indirectly assed with cane yield via
CCS (t h&).

Hapase and Repale (1999) noticed positive dirdéetiedf cane yield,
cane height and cane weight on sugar yield in dystd 12
sugarcane varieties, while cane height, cane gttbrose content and CCS
per cent were considered as important componeruane yield.

In a path analysis study involving 14 intraspecifigbrids of
S officinarum by Nair et al (1999) showed that stalk height had positive
indirect effects on stalk yield through numbenuollable canes per plot and
stalk thickness.

Path analysis revealed that number of millablekstalas the most
important trait of brix yield as it showed highdstect effect and correlation
values (Ranet al. 2000).

Positive direct effect of internodes per stalknplaeight and millable

canes per stool on cane yield was reported by Khat (2001) in a study



comprising 27 indigenously evolved sugarcane cgs$hey also noticed
negative direct effect of brix value on cane yield.

In a study involving 22 sugarcane genotypes Setial (2001)
revealed that the number of millable canes hadhifgkest direct effect on
cane yield. Germination and number of tillers haa Hirect effect on cane
yield, but their indirect effect via the number rofllable canes was quite
high. Single cane weight also had a high direaafbn cane yield. It was
concluded that the number of millable canes, sioglee weight, number of
tillers and germination count could be used ascsiele criteria for
development of high yielding sugarcane genotypes.

Ishaget al (2002) reported high direct effect of stalk wejgstalk
height and number of stalks per stool on cane yield study involving
8 genetically diverse sugarcane clones.

Path coefficient analysis revealed that sucrose gemt had the
highest direct effect on commercial cane sugargeet, whereas brix per
cent and purity per cent had the greatest indetett (Jairet al 2002).

Thippeswamyet al (2003) found that commercial cane sugar per
plot, commercial cane sugar per cent at harvegtjdtter and number of
internodes were the major contributors to canedypar plot, while sugar
yield was found to be dependent on both cane wetisucrose per cent in
an investigation involving 60 sugarcane genotypes.

Kumar et al (2004) in a study involving 27 subtropical sugere
cultivars noticed that the maximum direct effects the cane yield was
exhibited by the number of millable canes follovisdsingle cane weight.

Path coefficient analysis by Dagatral (2004) revealed that brix and
purity per cent contributed directly and pol pentceontributed indirectly
via brix per cent to the CCS per cent in a studymasing 50

sugarcane genotypes.



In a study of 22 sugarcane clones, Singh and KB@@4\ observed
high positive direct effect of number of millablanes and cane weight on
cane yield, while cane yield had high positive direffect on CCS yield.

Chaudhary and Joshi (2005) conducted a study terrdme the
contribution of different traits to cane yield imgarcane and found that
single cane weight had the highest positive diftéct on cane yield
followed by millable cane number. Further stalkndgger and stalk length
exhibited significant and positive correlation withne yield due to indirect
effect of single cane weight. Hence, genotypes Ishba selected on the
basis of single cane weight and millable cane nunibe getting higher
sugarcane yield.

Path analysis by Sousa-Vieira and Milligan (20@5)ealed that stalk
diameter and number of stalks per plant had tlge#rdirect positive effect
on plant weight at both phenotypic and genotypiele

In path coefficient analysis for cane yield ansl gtomponent traits
using 32 sugarcane genotypes, Kadian and Mehleg)2@dticed very high
direct effect of cane thickness and internode kgt cane yield. In a study
comprising 40 diverse sugarcane genotypes Ratal (2006) observed
highest positive direct effect of CCS per cent anecyield.

Path coefficient analysis in the case of agronarharacters revealed
that the weight of millable stalks was the mostom@ant character with the
highest direct effect on sugarcane yield followgdstalk height, number of
millable stalks and stalk thickness. In bio-chermid@aracters pol per cent
followed by purity per cent had highest direct effen pure obtainable cane
sugar (Tyagi and Praduman, 2007).

Doule and Balasundaram (2007) in a trial with 28ek of sugarcane
observed that number of millable canes and sugeseent were important
for sugar yield at 300 DAP. At 360 DAP, in addititmnumber of millable



canes and sucrose per cent, cane thickness alsnedgreater importance.
Brix percent juice had a negative direct effectsagar yield. While number
of millable canes, cane thickness and cane lengtitributed maximum to

cane yield.

Seventeen hybrid families of sugarcane were ewadulay Ferreira
et al (2007) and they reported that mean stalk weigitt stalk number
could be used for indirect selection of high yiefgifamilies, due to positive
and high direct effects on tonnes of stalks petdrec However, although
stalk height and stalk diameter showed high caioelawith mean stalk
weight, only stalk diameter showed high direct dgpic effect on mean
stalk weight, demonstrating the importance of stilkmeter for indirect
selection of families with higher mean stalk weight

Singhet al (2007) conducted an experiment with one plant tarad
successive ratoons, to explore the nature of @diweks through path
coefficient analysis. The results indicated thatecareld was the most
important determining trait of sugar yield andrigpprtant for sugar yield in
ratoon crops. Number of millable canes was the gmyndeterminant of cane
yield in ratoon crops. Hence, selection for sugaldyshould be emphasized
on cane yield with concentration on number of rhigacanes particularly in
ratoon crops.

Das et al (2007) in a study on six early duration sugarcane
commercial hybrids indicated that number of milabtanes had the
maximum direct effect on cane yield while singleneaveight had the
maximum direct effect on sugar yield, whereas loaitee and sugar yield are
influenced directly mainly by single cane weightymber of millable canes
and sucrose per cent.

Singhet al (2008) in an attempt to investigate the effectraibon

crop on the genetic relationships in sugarcaneddbat the cane yield was



the most important determining trait of sugar yiatdratoon crops. The
number of millable canes was the primary determiofanane yield and was
more important in determining yield in ratoon cropke stalk diameter was
more important than stalk height in affecting staight. Hence, selection
for sugar yield should be emphasized on cane wigtld concentration on
number of millable canes particularly in ratoonpg0

Rahmanet al (2008) in a study on relative contribution offerent
characters on cane yield in sugarcane reportednilnaiber of tillers per
hectare, number of millable canes per hectare, sumbmillable canes per
clump, stalk height, stalk girth, 10 stalk weigladhdirect effects on cane
yield and hence, these could be chosen as the impsirtant selection
criteria for the improvement of cane yield in suggare.

In a study on 21 sugarcane genotypes ladl (2009) revealed that
sucrose per cent juice at 360 DAP had the highesitipe direct effect on

cane yield.

Number of millable canes at 12 months and singleecwveight had
high positive direct effect on sugar yield at phigp@ level as noticed by
Singhet al (2010).

Al-Sayed et al (2012) from path analysis studies in sugarcane
reported that the number of millable stalks perasgumeter was the most
important trait with the highest direct effect ongar yield followed by

sucrose per cent and stalk weight.

2.4. SELECTION INDICES
The practical/economic value of a plant is almdsiags affected by

several traits. Hence, in selection of plants toveseas parents for next
generation, the breeder is forced to consider séwdifferent traits. In

effecting varietal improvement for yield or othegsitable combination of



characters, selection of superior genotypes hasetanade by the plant
breeder on the basis of phenotypic values. Sinegonity of the economic
traits are polygenically inherited and their expres is subjected to varying
degrees of fluctuations due to environmental factbe direct selection may
not be useful for such characters. The discrimifiatetion helps to find out
as to what weightage should be attributed to e&tiieoyield components so
that the best indication of genetic value of anviiial plant or line could
be obtained through phenotypic values. Fisher (198éveloped the
technique of “discriminant function” to know thetemt of improvement that
can be achieved in yield by combination of charactéhis technique was
adopted for plant selection by Smith (1936) sudggsa better way of
exploiting genetic correlation with several traiaving high heritability to
construct “selection index” which combines inforioat on all the
independent variables and selection based on swgx iwas found to be
more efficient than straight selection for yieldyield improvement.

Indication of true genotype worth through discnation of
environmental portion from the total phenotype bg selection index was
assessed by Panse and Khargonkar (1957). Importioaultiple trait
selection criteria was stressed by Brehal. (1959) who suggested that
selection efficiency increases with the increasthennumber of characters
taken for constructing the selection index.

Miller et al. (1978) reported that when selection for cane yveds
based on stalk length, stalk diameter and stalkbmurthe expected genetic
advance was 89.0% of that obtained by direct seledn cane yield. They
also noticed that when the selection was for syggda the inclusion of brix
in the index along with these traits gave 92.1%ihef expected genetic

advance compared to selection based on sugaritgelf]



Sundaresaet al (1979) reported that seedling genotypes should be
selected on the basis of the number of millableesaooupled with diameter
of cane as well as brix. Hoodd al (1979) evaluated 944 clones of four
intervarietal crosses of sugarcane in an augmemdsign at the settling
stage and indicated that single cane weight, gl@mht and brix content
could be the reliable indices for selecting cloaesettling stage for higher
yield.

Puniaet al (1982) in an experiment using forty one genotypes
reported that out of various selection indices troie$ed for sucrose content
in sugarcane, only the selection index includinggtl of internode + brix
per cent + purity per cent + CCS per cent + sucpeseent was found to be
the best as the expected genetic gain of 43.54cgetr over the straight
selection was noticed. Hence, the selection forcseccontent in sugarcane
would be more efficient when all these attributese gaken into
consideration

Reddy and Reddi (1986) investigated the contrbutf four yield
components to cane yield which revealed that stalinber per plot and
stalk weight independently which in combination géne most important
characters. Kandasami and Thiraviam (1987) repatedimportance of
single cane weight in combination with number oflaile stalks per plot as
a best selection criterion in breeding programmreliring S. robustum

Singhet al (1991) reported that a selection index combirprant
height, number of green leaves and brix value ésgpable in selection for
stalk weight compared with an index for each traadividually.

A combination of plant height, internode number p&lk and brix value
also gave high selection efficiency.

Selection indices at different stages of seleciuene estimated for a

biparental mating population of sugarcane by Pdlad Ethirajan (1993) and



they noted that at the seedling stage indices amistl from primary
characters were better than selection for yieltheland selection based on
index can lead to better selection efficiency imcaeding clonal stages.
They also reported that at the clonal stage thergujg of index selection
was marginal over direct selection.

Sunil and Lawrence (1996) multiple regression anslys/ealed that
the most important predictors of cane yield wemnplheight followed by
number of millable stalks and leaf width, for sugantent were field brix,
leaf width and stem diameter and for sugar yield Ipectare were plot
weight, stem diameter, leaf width and field brix.

Das et al (1997) reported that the multiple regression &qoa
involving the number of millable stalks and stalkight was as efficient as
an equation involving all the yield components watielative efficiency of
79.11 per cent.

Wijesuriya et al (1997) constructed two indices for initial and
intermediate stages of selection based on theatatanformation derived
from an analysis of nine biparental families, thgarents and two standard
varieties. They proposed an index based on stalihe hand refractometer
brix and rind hardness for selection at initialgets and stalk length, purity,
laboratory brix and fibre per cent (fresh weighgres selected to the index
suggested for intermediate stages.

In a study on cane yield and its component charmatea population
of 22 advanced sugarcane genotypes, the seleai®x iformulated using
number of millable canes, stalk height, stalk weighce extraction per cent
and cane yield recorded the greatest genetic diBrb%o), followed by
selection index constructed using number of midatines and cane yield

which recorded 16.97 per cent genetic gain ovezctliselection for cane



yield indicating the importance of above traits fimaximum improvement in
cane yield (Singh and Khan, 1998).

Doule and Balasundaram (1999) studied the effigieat index
selection and direct selection for high yield inetwy eight clones of
sugarcane and reported that the expected genetianeel and relative
efficiency were lower when the characters were isthghdividually over
direct selection. Further they noted that the genmdlvance and relative
efficiency increased when the number of characieduded in the
discriminant function increased. Among the compdsesf sugar yield,
juice brix per cent, juice sucrose per cent andtygpefficient were found
to be the most important selection criteria and famgtion involving one or
more of these characters resulted in higher gergdicn and relative
efficiency.

In an experiment on evaluation of 10 sugarcane tgpes,
Naharet al. (2002) observed higher expected genetic gain 2848or cane
yield in four character combination index contaghiteane height, tillers per
clump, number of millable canes and cane vyield. l[gyhthree character
combination containing cane diameter, leaf area lanxl per cent gave
maximum genetic gain of 459.36 for sugar yield.

Various selection indices were constructed for cenuml cane sugar
yield in a population of twenty two advanced sugaggenotypes by Singh
and Khan (2003). Selection index with juice exii@cttper cent, cane yield
and CCS vyield itself had maximum genetic gain (Q%Y over straight
selection. Selection index with any character caoration excluding cane
yield had low genetic gain (-1.57 to 4.44%) for C@8ld. Exclusion of
individual quality traits i.e., brix, sucrose an€& per cent from selection
index with any other characters did not result ppraciable decrease in

genetic gain. It was, therefore, suggested thar gftimary selection for



sugar content the selection can be based on juitacéon per cent, cane
yield and CCS yield for maximum improvement in sugjald.

Krishna and Singh (2005) evaluated twenty seven atd sub
tropical sugarcane clones and reported the impoetah millable canes and
single cane weight in cane yield contribution asddithese two traits in the
formulation of selection criteria.

Doule and Balasundaram (2006) developed seleatidiogs for cane
yield and estimated the gains through discrimintmction over direct
selection in an experiment using twenty eight g@mes of sugarcane. The
expected genetic advance and relative efficiencindéx selection at 300
days of plant growth varied from 0.23% to 18.14% @nl0% to 166.01%
respectively.

Sousa-Vieira and Milligan (2009) reported that arcrease in
efficiency was observed over direct selection fanpweight when all four
plant weight contributing traits were included aonith plant weight. The
efficiency in selection tended to decrease wherc@swere based on fewer
traits. A few indices that included two traits alsad relative efficiencies
comparable to the best indices and majority wereeféective as direct
selection for plant weight.

Sahuet al (2010) conducted an experiment on index seledtion
intervarietal crosses of sugarcane and reportet] thanber of millable
canes per clump and single cane weight were impioida selection criteria.

Charumathi and Naidu (2012) in a study on thirtgheibiparental
crosses and eighteen general crosses revealedséladtion based on
selection indices was found more efficient in seedand clonal stages than
direct selection on cane yield alone. They notdidesar increase in genetic
advance and relative efficiency with the inclusioh more number of

characters viz., CCS yield, number of green leale=t, area index, shoot



population at 120 DAP, number of millable canesgk cane weight, cane
length, cane diameter, brix per cent, CCS per cputity per cent in
sequential index along with cane yield.

2.5 GENETIC DIVERGENCE
Genetic improvement in any crop mainly dependghenamount of

genetic variability present in the population. Mamabis’s F analysis is a
powerful tool in quantifying the degree of divergenbetween biological
populations at genetic level and provides a quatité measure of
association between geographic and genetic diyebaised on generalized
distance (Mahalanobis, 1936).

In plant breeding, genetic diversity plays an img@oat role because,
hybrids between genotypes of diverse origin, gdlyedisplay a greater
heterosis and throw more recombinants than thoseeka closely related
parents.

Puniaet al (1983) observed that number of tillers, millabknes,
number of internodes, cane weight, cane yield pemg, brix per cent,
sucrose and purity per cent were important charmébe causing divergence
in sugarcane.

Using Mahalanobis D statistic Hoodaet al (1989) grouped
34 accessions into 8 clusters based on 15 econoharacters under a
normal planting regime and 9 clusters under ap&ating regime. Rai and
Singh (1990) on the basis of?analysis of parents and 3Q Rybrids
indicated that the genetic divergence was not @&ssacwith geographical
origin and the clustering pattern of the crosses n@ dependent on their
parentage.

Singh and Khan (1990) studied divergence amongy#idclones of
sugarcane from 21 crosses in fourth clonal gemeraising D statistic and
observed that majority of the genotypes from a<ngsre included in the

same cluster, but some were strikingly diverse garzluded in different



clusters. They reported that juice extraction pent,c&ane thickness,
maturity index, cane height and number of intersodeere important
contributors towards genotypic divergence in sugyaec

Reddy and Somarajan (1992) evaluated forty sixspecific hybrids
of sugarcane derived from crosses involving varispecies and grouped
them into eleven clusters. Based on inter-cluststadces and cluster means
for various characters, potential parents were tifiedh from different
clusters for hybridization programme.

Hemaprabha and Ram (1997) studied the pattern afetige
divergence using Mahalanobig Btatistics in fifty one flowering clones of
Saccharum robustumand grouped them into eleven clusters. Clustendg
the most divergent while cluster IX was the modtatit from the other
clusters. Cluster means indicated that cluster & #ine best for cane vyield,
but was poor for quality, while cluster IX was thest for quality and was

poor for cane yield.

Thirty interspecific hybrid clones and their seveargmts were
grouped into sixteen clusters using multivariaté @nalysis and the
clustering pattern showed that grouping of progeloyes was independent
of parental cross combinations i.e., progeniesro$ses and their parents
were grouped in different clusters (Ram and Henlam@al998).

Fourteen interspecific hybrids of sugarcane alongh wtwo
commercial genotypes were evaluated by Srivastava (1999) for yield
and quality attributes. The interspecific hybridenwere grouped into three
clusters containing six, five and five genotypesheasing B statistics and
they observed that cane yield, purity per centguer cent and CCS per
cent at 12 months contributed the most towardsrgerece.

Pathaket al (2000) evaluated twenty interspecific sugarcaytarids

and two local controls and grouped them into figatively homogeneous



clusters. Clusters Il and V had five genotypes avlile other clusters had
four each. The intracluster distances were lowan tintercluster distances.
Cluster IV included genotypes producing highestecgield, CCS yield and

juice sucrose whereas the cluster Il recorded fighest NMC and the

cluster V had the highest stalk diameter.

Fifty nine interspecific hybrids were grouped irdmht clusters by
Pathaket al (2001) using cluster analysis and cluster Ill wharacterized
by better yield and quality of different hybridshé genetic divergence was
high between clusters VI and V, and low betweestels V and | indicating
their close relationship.

Ram and Hemaprabha (2001) evaluated 30 sugarcdml lefjones
along with their 9 parents to study the nature g@adtern of genetic
divergence using multivariate “Danalysis, and grouped the clones into
15 clusters. The clustering pattern showed thatgng of progeny clones
was independent of parental cross combinationpriogenies of a cross and
their parents were grouped in different clusterseyltsuggested that
hybridization among clones from diverse clustersy rhalp in isolating
progenies with higher sugar yield.

Singhet al (2001) conducted a study on 40 sugarcane acosssfo
Indian and exotic origin to explore the patterngaetic diversity using
multivariate F statistical distance and the entries were grotptd eight
non-overlapping clusters. The grouping of clonesliiferent clusters was
not related to their geographical origin. They sgjgd that the cultivars
belonging to different clusters having maximum iokester distance should
be selected as a parental stock to be utilized/lomidization for generating
the highest possible variability in cane and sugald contributing

characters.



Singh and Singh (2002) grouped the 339 sugarcamemeocial
hybrids into fourteen clusters which consisted gbrids with various
geographical origin and indicated the non-significaorrelation between
genetic and geographical diversity. They sugges$tathybrids belonging to
clusters with greatest intercluster distance magddected for hybridization
for generating the greatest variability.

Genetic divergence among 63 commercial hybridsugascane was
assessed by Singét al (2004) using the Mahalanobis® Btatistics, and
grouped the genotypes into 9 clusters and the ctemsayield per plot,
number of millable canes per plot, early vigour aadie girth contributed
maximum towards genetic divergence.

Singh and Singh (2004) determined the genetic darsgce among
51 Saccharumgenotypes using Mahalanobis Btatistics. The genotypes
were grouped into 8 clusters and single cane welgit the highest
contribution towards the genetic divergence.

Fifty two sugarcane genotypes were grouped into desters by
Deepet al (2005). Cluster | with 20 genotypes was the bsfjgallowed by
cluster Il with 12 genotypes, cluster Ill with 1@rptypes, cluster IV with
4 genotypes and clusters V, VI, VII, VIII, IX andWith one genotype each.
Cluster X was characterized by maximum mean valoesnumber of
millable canes per clump, internode length and kiweean values for cane
girth, number of internodes, single cane weighhecgield per clump, pol
per cent, purity per cent and CCS per cent. Clusternncluded one
genotype with maximum values for brix, pol, puréi;d CCS per cent.
Cluster VIII recorded maximum values for cane heigane girth, number
of internodes, single cane weight, cane yield pemp and CCS yield per

clump.



Mishraet al (2005) assessed the genetic divergence in 2Icamga
genotypes based on 11 characters and grouped ribé&/ges into 7 clusters
following D? analysis. They observed that cluster Ill exhibitedximum
inter-cluster distance from all other clusters amdicated that hybridization
of the genotypes in this cluster with other genes/pmay result in
transgressive recombinants and high heterosis @mitiloute substantially to
varietal improvement. Among the characters conemletCCS had the
highest contribution towards divergence.

Ram and Hemaprabha (2005) evaluated fifty th®eeofficinarum
clones using Bstatistics and grouped them into nine clustersramdaled
that hybridization among the clones from clusteavimg the maximum
inter-cluster distances, might yield better recambis for various
characters. Silveet al (2005) evaluated the genetic similarity among
129 sugarcane clones using Mahalanolisttistics and reported that the
number of stalks per plot and the brix productier gilograms per plot
contributed maximum for the genetic variability.

Singhet al (2006) grouped 34 widely-used interspecific hgbrof
sugarcane into 5 clusters and the relative coritabof different characters
towards the expression of genetic divergence rededthat stalk weight
contributed maximum towards genetic divergenceowdld by tillers per
plot and number of millable canes per plot.

Kashif and Khan (2007) investigated 14 genotypgesugarcane for
determining genetic diversity based on 12 quantgattraits using
meteroglyph and divergence analysis based on piet#enents and found
that though cluster analyses grouped genotypes gvéhter similarity for
agronomic traits, they did not necessarily include genotypes from the

same source of origin.



Lopeset al (2008) estimated the genetic divergence of 14@mane
clones using the linear mixed model and groupinglymsis by Tocher’s
procedure based on Mahalanobis’ generalized distd3ased on the results,
they recommended the combination of the most demrglones with any
one of the most productive clones.

Mali et al (2009) performed D analysis in 21 genotypes of
sugarcane and noticed considerable diversity, anodpgd them into eight
clusters. They observed that germination percerda@® days, single cane
weight at harvest, number of tillers at 120 DAPmimer of millable canes
per plot and CCS (kg/plot) contributed maximum tee ttotal genetic
divergence.

Sajjad and Khan (2009) grouped forty cultivars istxteen clusters
using Tocher’'s method based on MahalanobBistatistics and observed that
the most contributing character for divergence fila® per cent followed
by cane weight, pol per cent, brix value, CCS et @and juice per cent.

Twelve exotic sugarcane genotypes were groupedsirtolusters by
Ahmed and Obeid (2010), based on the genetic distansing
Mahalanobis’s statistics. Higher inter-cluster a@ste was noticed between
cluster IV and V indicating high genetic diversaynong two clusters and
exploitation of genotypes within these two clustassparents for crossing
could produce good sugarcane segregants. Higreclostan value for juice
quality was recorded by cluster | whereas for cgietd and sugar yield,
cluster VI was the best.

Silva et al. (2011) evaluated the genetic divergence betweeanse
standard varieties and eleven RB (Republica doilBraiggarcane clones
using Mahalanobis distance as dissimilarity measamd revealed that
sucrose per cent in juice, cane yield, brix pert eenl stalk height were the

major determinants in the quantification of gendtiergence.



2.6 DIVERSIFIED USES OF SUGARCANE
Sugarcane farmers are under constant pressuesltice the cost of

cultivation and to produce desirable biomass f@psuto sugar and allied
industries. Sugarcane represents one of the miosert land based system
for converting solar energy into biomass. This lsmcane provide both a
solid fuel for combustion to process heat, stearalectricity and an easily
fermentable juice which may be upgraded to etharoth is of value as a
liquid transport fuel and, in particular, as anamet booster for use in lead
free petrol. Hence, future of the sugar industdegend upon the utilization
of the sugarcane for the manufacture of sugarcasedobyproducts such as
alcohol, power etc. These two green power prodalsts help in reducing
the environmental pollution, a major concern inrdoies across the world.
One of the major bottlenecks in the electrificatioihthe rural areas for
house hold and industrial purposes is the non awéitly or the heavy loss
of energy during the power transmission from faagwources. Setting up
of power generation units in rural areas based agasse will help in
fulfilling the energy needs of the rural areas thaproving the standard of
living and rural economy. In addition, sugarcane && cultivated as an
energy crop in marginal lands as well as in regiwhere the climate is not
suitable for sugar extraction (Rabal 1979).

Biomass has gained prominence in the last few yasrsne of the
most important renewable energy sources. In Braifjarcane ethanol
programme called Pro Alcohol was designed to sufipdyliquid gasoline
substitution and has been running for the lastr80 from the beginning of
Pro Alcohol to the present time, ethanol yield lgaswn from 2,500 to
around 7,000 litres per hecatare due to the impnew# of industrial
processes along with strong sugarcane breeding rgmmges. New
technologies for energy production from crushed astene stalk are

currently supplying 15% of the electricity needstlod country. Projections



show that sugarcane could supply over 30% of Bsaeihergy needs by
2020 (Matsuokat al 2009).

Gillian et al (2011) reported that with changing sugar marketke
U.S. and around the world, innovation and enviromiaeprotection through
value-addition and diversification will be crucfar the sustainability of the
sugarcane industry. The sugarcane industry is dilyréaced with the
reality that sugar, molasses and bagasse can gerldre regarded as the
final products of a factory. Instead, the sugaustid/ should be regarded as
a biomass-based industry that is not only equigpadanufacture products
for the food sector, but also value-added biofuetgrgy and chemicals for
the non-food sector.

In the genetic breeding programme of sugarcanente goal is to
obtain new cultivars with more productivity and besdustrial
characteristics (Bicudo, 1987).

Tai et al (1992) reported that selection for improving @iiguality
reduced the fibre content. Inadvertently recentsdegmmercial cultivars
were selected for high sucrose content at theafddtire content. Normally
13-15% fibre content was considered as the bedbdtier juice extraction
per cent. With the modern equipments it is possibleise varieties with
fibre content up to 18% without much compromiséhm extraction percent.

Sugarcane converts solar energy into chemicalggregra very high
efficiency rate. Traditionally, sugarcane is usedmprily for sugar
production. However, with the energy crisis thas ls&ruck the world, the
sugarcane plant has emerged as a viable produbayesfergy. Currently, in
Brazil, alcohol is the main product derived frongarcane and sugar is the

principal by-product (Lee and Bressan, 2006).



Brumbleyet al (2007) indicated that sugarcane has great patdnti
be an inexpensive, abundant and renewable soursegafrs for the new
bio-refineries that are producing fuel ethanol.

Brazil, the fifth largest and fifth most populateduntry in the world,
has been developing successful initiatives in rexidey sources of energy
for more than 75 yrs. The production and use ofrethBiom sugarcane is a
global model for ethanol production, distributiondause; therefore, the
Brazilian ethanol industry has attracted interesinf scientists, producers
and governments of both developed and developingtdes (Lucianaet al
2007).

Seventeen families comprising different generati(fas BC,, BG,)
were evaluated to exploit sugarcane biomass ferreltive commodities
such as fuel ethanol and electricity to ensure asuable sugarcane
production. They reported that Families could easily be identified that
produced relatively high frequency of progenieshwibre exceeding 24%
whereas B¢ and BG families could yield progenies suitable for etHano
and enhanced fibre for energy production (RamdagdlBadaloo, 2007).

Raoet al (2007) reported that new multipurpose cane viagawith
very high fibre content have been found to produoae biomass per
hectare and a wide range of brix values when coadpty the traditional
sugarcane varieties. High fibre multipurpose caaeeties with acceptable
levels of fermentable sugars would extend the sumgl bagasse and
contribute to fuel ethanol production.

Terajimaet al. (2007) reported that sugarcane has been usedanly
sugar production in Japan, but for the sugarcamieisiny to survive,
utilization of by-products is essential. To achiete utilization of by
products, high-biomass sugarcane clones were dgedeby inter-specific

and inter-generic crossing involvirgaccharumspontaneunmand Sorghum



bicolor and a programme was designed for the simultanpmdiction of
sugar and biomass ethanol from high-biomass clones.

Amalraj et al (2008) evaluated the wild cane speciBsianthus
arundinaceusfor biomass production, stalk yield, fibre contemtd juice
guality and reported that this species has thenpiateo yield high biomass
for the production of energy through cogenerati@icohol through
bio-fermentation of its juice and bagasse as rawtena for paper
manufacture. Kennedy (2008) based on studies imgl¥en biparental
crosses of sugarcane reported that it is possibtmmbine both high fibre
and high sugar content in the same genotype as thas no correlation
between brix or pol and fibre.

Breeding varieties with high fibre content is gamnimomentum as it
Is related to non lodging and increased biomastldei for mechanical
harvesting and feedstock for co-generation (Babal 2009). In order to
support cogeneration and ethanol production theneeed for developing
varieties capable of high biomass with high fiboatent and higher total
sugars (Govindaraj, 2009).

Rao and Pipat (2009), with a view to develop scgae cultivars
for value addition through improved fiber conteataluated a set of twenty
one cultivars, selected based on fibre, brix amddyalong with a standard
commercial cultivar K 84-200. They observed thiatdicontent ranged from
13.5 to 19.3%. Cultivar MPT 99-582, which recordadeyield of 102 t ha-
1, commercial cane sugar 13.2% and fibre conteri%5vas found to be
better performing than K 84-200 by 8%, 10%, 12%828d 21% for fibre,
commercial cane sugar, cane yield, sugar yieldfdone yield respectively.
Their studies indicated that multipurpose cultivaosild be selected with

improved fibre content and sugar yield. Such cafsvwould increase the



amount of bagasse produced in sugar mills leading higher quantity of
bagasse available either for co-generation or priiatu of particle boards.
Deepack et al (2012) evaluated sixty genotypes of different

generations of crosses for eighteen inter-relataitst Cluster analysis
defined six major groups in the population. Cangiddrom three of them
were found suitable for commercial exploitationeither sugar or fibre or
both as the main end products. They suggested rnthdtivariate data
analysis techniques were very effective in assgsgir extent of genetic
divergence between genotypes in the population ianthe selection of

different types of high biomass canes for multimsguse.
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Chapter I
MATERIAL AND METHODS

The present investigation was carried out at Agrical Research
Station, Perumallapalle (Acharya N.G.Ranga Agrigalt University),
situated in the Southern Agro-climatic Zone of ArallfPradesh, India
located at an altitude of 182.90 m above the meanlevel, 13°N latitude
and 79°E latitude from 2010 to 2012. The solil is saohdy loam with
medium fertility. The materials used and method¥edd pertaining to the
present investigation are presented here under.

3.1 MATERIAL
The experimental material consisting 429 clonescsetl from the

seedling nursery raised from the fluff obtainedrir86 crosses comprising
of 14 biparental crosses, 7 polycrosses and 15gleralections along with
four checks viz., Co 6907, Co 7219, 2003 V46 and36032 were used in
this study for comparison of yield attributing cheters and quality
parameters. The details of the genotypes seleateskedling nursery are
furnished in Table 3.1 and the salient features haf tour checks are
furnished in Table 3.2.

3.2 METHODS
3.2.1 First Clonal Generation (G) or Settling Nursery and Ratoon

Crop

Four hundred and twenty nine genotypes selectemh fseedling
nursery based on phenotypic evaluation were plaimetuly 2010. Each
genotype was planted in two rows of 2.5 m lengthced at 80 cm apart
with 4 three budded setts per meter in augmentsdymelong with four
checks viz., Co 6907, Co 7219, 2003 V46 and Co 8608e material was
planted in eleven blocks. Each block had 39 genstyged four checks
(Plate 1a).



The first plant crop of 2010-11 was allowed foomating to study the

ratoonability of selected genotypes.

3.2.2 Data Recorded in First Clonal Generation (g and Ratoon Crop

Observations were recorded on the following trimtseach genotype
before and at the time of harvest in the settliagery (G) and ratoon crop.

3.2.2.1 Tiller Number per plot at 120 DAP
Total number of tillers were counted at 120 daysrailanting (DAP)

for each genotype and expressed as tiller numiyeslpe

3.2.2.2 Shoot population at 180 and 240 DAP
Total number of shoots were counted at 180 and24P for each

genotype and expressed as shoot population peaptb80 and 240 DAP
respectively.

3.2.2.3 Number of Millable Canes per Plot at HarvesfiNMC)
Total number of millable canes in each genotypesveeuunted at the

time of harvest and expressed as NMC per plot.

3.2.2.4 Number of Green Leaves per plant
Number of green leaves on ten randomly selectedtplin each

genotype were counted at 90, 120, 240 DAP and airityaand expressed
as number of green leaves per plant.
3.2.2.5 Biomass per Cane (kg)

Weight of ten randomly selected canes along wakh, leaves and
tops at harvest was recorded and mean data wasssepl in kilograms as

biomass per cane.



3.2.2.6 Number of Internodes per Cane
Mean number of internodes on ten randomly selecttks was

recorded at harvest.

3.2.2.7 Internode Length (cm)
Length of internodes was taken at base, middle@madf the cane on

ten canes and average internodal length was ctddudé harvest.

3.2.2.8 Stalk Length (cm)
Mean length of ten canes from the base to therasssverse mark in

the mature cane was recorded in centimeters aesiarv

3.2.2.9 Stalk Diameter (cm)
Internode diameter was recorded in centimetehsuatest with digital

vernier calipers. The measurement was taken antfidle of the internode
situated at the middle of cane from ten randomlgcied canes and the
mean was expressed in centimeters.

3.2.2.10 Stalk Volume (cr)
Stalk diameter (D) and average stalk length (Lgarfe were used to

determine the stalk volume using the formula (Jarh@g1)

V =7 x L x (D/2Y
3.2.2.11 Single Cane Weight (kg)
Ten randomly selected canes were cut from growl kgt maturity

and the total weight was recorded after the remo¥aiash, leaves and tops
and the mean was expressed as single cane weiglignam.

3.2.2.12 HR Brix (%)
Juice was extracted with the help of pouch pieficen the middle of

the internodes of the three randomly selected statld brix per cent was
measured with the help of hand refractometer. M#sta was expressed as
HR brix per cent.

3.2.2.13 Cane Yield (t hd)
Cane yield was computed for individual plots by tiplying single

cane weight with NMC at harvest and expressedrasetper hectare.



NMC per plot X Single cane weight (kg) x 10000
0.8mx25mx2x1000

Caneyield (tha) =

3.2.2.14 HR Brix Yield (t ha')
It was computed from cane yield and HR brix pentcas per the

formula given below

: o
HR brix yield (thd) = Cane yield per hleocc;[are x HR brix (%)

3.2.2.15 Ratooning Ability for Cane Yield (RA)
Ratooning ability of each selected clone for cgisdd was worked

out by using the formula given by Shaw (1989).

RA = Ratoon crop yield (t 9
Plant crop yield (th§ 100

A sugarcane variety is considered to be a goodoma&io when
ratooning ability is nearer to 100 or above 100.

3.2.3 Second Clonal Generation (§ or Selection Nursery
Seventy three out of four hundred and twenty mjeaotypes were

selected in first clonal generation based on caelg,ysingle cane weight,
number of millable canes, cane length, cane diagnel® brix and other

desired morphological characters. The seventy themmtypes along with

four checks (Plate 1b) were planted in a randomidedk design with two

replications during April, 2011. Each entry was pdahin 2 rows of 5 m

length spaced at a distance of 80 cm between rathsAvihree budded setts
per meter as seed rate.

3.2.4 Data Recorded in Second Clonal Generation §Cor Selection
Nursery
Data was recorded for all the seventy three gemstyand four checks

studied in the second clonal generation (Plat@2)fe characters viz., tiller
number at 90 DAP, shoot population at 180 and 2A® ONMC per plot,



number of green leaves at 90, 120, 240 DAP andaatinity, biomass per
cane, internode number, internode length, stalgttenstalk diameter and
stalk volume as detailed under 3.2.2. In additaata on the following traits
was also recorded for all the genotypes studidddrselection nursery.

3.2.4.1 Cane Yield (t hd)
Cane yield was computed for individual plots by tiplying single

cane weight with NMC at harvest and expressedrasetper hectare.

NMC per plot X Single cane weight (kg) x 10000
0.8mx5mx2x1000

Caneyield (tha) =
3.2.4.2 Fibre Content (%)

Fibre content was estimated from 3 randomly setectanes
harvested at 360 DAP. These were further sub-saimeinclude top,
middle and bottom portion from each cane. This cammple was split
vertically and the split cane was cut into smat$ lwf 1 cm length. All the
bits of cane were pooled and by sub-sampling 256f dresh cut cane
sample was obtained for analysis. 250 g of cut camaple was transferred
to the bowl of the “Rapipol extractor” and 2 litreBwater was added to the
bowl. The motor was run for 5 minutes so that tarechits were sheared
into fibre. The contents of the bowl were then tfamed to a muslin cloth
filter and the fibrous material was washed in ragnivater under the tap till
the material was free from juice and dissolveddsoliThen the fibre from
the filter was transferred to a previously weiglath bag and the water
was squeezed out. The contents of the bag were idrigal oven at 100 °C
and then the dry weight of the sample plus bagokéained.

Fibre content was calculated as per dnmdila given by Thangavelu
and Rao (1982).

A -B x 100

Fibre content (%) = C

Where:



A = Dry weight of bag + bagasse after drying (g)
B= Dry weight of bag alone (g)
C= Fresh weight of cane (g)

3.2.4.3 Fiber Yield (t ha)
Fibre yield was calculated by the following forraul

Fibre yield (t hd) = Fibrel%eor cent can& Cane yield (t H3

3.2.4.4 Sucrose in Juice (%)
Pol per cent in juice was determined using pataps. The pol

reading and corrected brix were used in determirsngrose per cent in
juice with the help of Schmitz’'s tables (HawaiiangSech. Association,
1931).

3.2.4.5 Commercial Cane Sugar (%)
The commercial cane sugar (CCS) per cent was e#dclilsing the

formula

CCS%=1.022S-0.292B
Where,
S = Sucrose per cent

B = Brix per cent

3.2.4.6 Juice Purity (%)
The purity per cent in juice was calculated usihg following

formula

Juice purity %  — Sucrose %x 100
Brix %

3.2.4.7 Pol per cent Cane (%)
Pol per cent cane was calculated as suggeste@itmga/1988).



Pol per cent cane—~ Juice % cane x Pol % juice
100

where

juice % cane = 100 — fibre % cane
3.2.4.8 Juice extraction %
Juice extracted by crushing a sample of threeammhdselected canes

at 360 DAP in a three roller power operated crustes weighed in grams
and the juice extraction per cent was worked oytaasthe formulae given
below:

Juice extraction % _  Juice weight (g) x 100
Cane weight (g)
3.2.4.9 Brix (%)

Brix in juice was recorded using a brix hydromeatr13” month.
Correction for temperature was made to arrive aected brix per cent.
3.2.4.10 Commercial Cane Sugar Yield (t 9

It was computed as per the formula given below

CCSyield (thd) _ CCS % x Cane yield (t Hx
100

3.2.4.11 Estimation of total sugars

Seventy five ml of fresh juice was taken in a 280volumetric flask
and after adding 12 ml of neutral lead acetatevtiieme was made up to
250 ml and the contents were filtered. From theatié, 200 ml was taken in
a 250 ml volumetric flask and 10 ml of de-leadirgdusion (prepared by
dissolving 70 gm of disodium phosphate and 30 gmpodéssium oxalate in
distilled water and making up the volume to 1000 wés added and the
volume was made up to 250 ml and filtered. In a @d®olumetric flask 10

ml of the filtrate was taken and to it 10 ml of HCI| and 20 ml of distilled



water was added and kept in a water bath for 2Qit@#at a temperature of
60°C. Later the contents of the volumetric flask weseled and neutralized
with 40% sodium hydroxide and again cooled to raemperature. After
cooling the volume was made up to 100 ml and thtratdd against
Fehling’s solution (5 ml of Fehling’s solution A5+ml of Fehling’s solution
B) taken in a volumetric flask. From the titre wvalthe total sugars content

of the juice was estimated and expressed in g/100ml|

Total sugars (g/100ml) _— 32.496 x10
TV

where, TV = Titre value

3.2.4.12 Estimation of unfermentable sugars
Filtered juice of 500 ml (diluted to 15% brix wieethe juice brix was

more than 15%) was taken in a lliter beer bottle 2680 mg of baker’s
yeast Saccharomyceserevisia¢ was added to it, plugged with cotton and
kept in dark. The juice was allowed to fermentthk brix of the fermented
juice reached 0% as measured by brix hydrometer.fdimeented juice as
such was titrated against Fehling’s solution tonestie the unfermentable
sugars. From the titre value the unfermentable rsugantent of the juice
was calculated and expressed as g/100ml.

3.2.4.13 Theoretical Yield of Alcohol (g/100ml)
Theoretically 180.158 g of invert sugar yields @8.1g of ethyl

alcohol. Hence, the theoretical yield of alcoholswaalculated using the

following formula :

92.138 X (A — B)
180.158

Theoretical yield of alcohol (g/100ml) =

where, A = Total sugars, B = Unfermentable ssiga
3.2.5 Crop Husbandry



Fertilizers were applied at recommended dose 4f142:112 kg ha
N, P,Os and KO respectively for plant crop and 336:112:112 kg ha
P,Os and KO respectively for ratoon crop. The recommended d6$80s
and KO were applied as basal and nitrogen was appliedanequal split
doses at 45 and 90 days after planting for plaop.cin ratoon crop, full
dose of POs, KO and half dose of nitrogen were applied at thee twh
ratooning and remaining dose of nitrogen was agpée 45 days after
ratooning. Cultural practices like weeding, irrigat earthing up and
propping were followed to maintain good crop growth
3.3 STATISTICAL ANALYSIS
3.3.1 First Clonal Generation (G) and Ratoon Crop
3.3.1.1 Variability analysis

Analysis of variance for each character was caroigidby using the
method described by Federer (1956).

ANOVA for Augmented Design Il

Source of variation Df SS MSS F
Blocks b-1 BSS BMS BMS/EMS
Checks c-1 CSS CMS CMS/EM$

Varieties v-1 VSS VMS VMS/EMS
Error (c-1) (b-1) ESS EMS -
Total N-1 TSS

where

b = number of blocks

c = number of checks



v number of genotypes

N (v + bc)
3.3.1.2 Simple Correlation Coefficients
The simple correlation coefficients were calculadsdper Panse and

Sukhatme (1985). Significance was tested by refgrio the correlation

coefficient table at (n-2) df.

_ CovuX)Y)
~ MVar(X)varY)
where
r = Correlation coefficient
Cov(X,)Y) = Covariance of (X,Y)
Var (X) = Variance of X
Var (Y) = Variance of Y
X, Y = Variables

3.3.1.3 Path Coefficient Analysis
The estimates of direct and indirect contributibwarious characters

were calculated through path analysis as suggdstéd/right (1921) and

elaborated by Dewey and Lu (1959).
The following set of simultaneous equations werenfd and solved

for estimating various direct and indirect effects.

rly = Ply + E_ZPZy + r13P3y + ............ + r1|P|y
lay = r21P2y + Fﬁy + |‘23P3y + o + r2iPiy
r|y = r21P|y + r|2P2y + r|3P3y + .............. + F|)y
where
ry tofy = correlation coefficients between causal factoits i

and dependent characte

P,y toR, = Direct effects of characters 1 to i on chtgaY



ro tofy = Correlation coefficients among causal factors

The above equations were written in a matrix formrader:

A B C
My (1 o, rg . ry P, |
r2y r21 1 r23 r2i sz
_r3y_ _rll r|2 r-i3 1_ _Ply |
ThenC= B'A

The path coefficients were calculated by solvingagheve matrices.

Residual effect was calculated by the followingriafa

Residual effect 71— (Pylyy + Poyly + v +P,r,)

The direct and indirect effects were rated as sstggeby Lenka and
Mishra (1973)

Negligible - 0.00-0.09
Low - 0.10-0.19
Moderate - 0.20-0.29
High - 0.30-1.00
Very high - More than 1.00

3.3.2 Second Clonal Generation (§
3.3.2.1 Variability analysis
Analysis of variance for each character was camoeidby using the
method described by Panse and Sukhatme (1985).
ANOVA of RBD

Source of Df Sum of | Mean | Expectations

variation Squares| squares of MS Fratio

Replicationsg (r-1) -




Genotypes (t-1) SS MS,; Ue2 +r Js MS,/MS,

Error (r-1)(t-1) S MS, U§
Total (rt-1)
where

r = number of replications

t = number of genotypes

The significance test was carried out by referriadR table value
given by Fisher and Yates (1967).
From the above table, environmental, genotypic @henotypic

variances were estimated as suggested by Lush)(1940
Environmental variance = Uf

MS, - MS,

. . 2
Genotypic varianceqy) = r

. . 2 2
Phenotypic varianceq ) = 04 + o’

3.3.2.2 Coefficient of Variation
Phenotypic and genotypic coefficients of variatwere computed

using the formulae given by Burton (1952).

o
Genotypic Coefficient of Variation (GCV) % K/Iegar x100

o
Phenotypic Coefficient of Variation (PCV) % _Mer;\r x100

where

0, = genotypic standard deviation

0, = phenotypic standard deviation



The range of variation was categorized accordingitasubramanian

and Madhavamenon (1973) as detailed below:

Low = Less than 10%
Moderate = 10 - 20%
High = More than 20%

3.3.2.3 Heritability (N, )
Heritability in broad sense was estimated as sugdeby Lush
(1940)

0.2
h2. (9%) =— x100
by (%)= p
p
where

o j and0 ﬁ are genotypic and phenotypic variances respegtivel

The heritability values were categorized as sugdebte Johnsoret al.
(1955a).

Low = Less than 30%
Moderate = 30 — 60%
High = More than 30%

3.3.2.4 Genetic Advance as per cent of mean
Genetic advance as per cent of general mean waguted by using

the formula (Johnsoet al 1955a)

hiy XK Xo,
GA as percentage of mean= x100
Mear
where
hty =  heritability in broad sense
K = selection differential which is equal to 2.8165

per cent intensity of selection

Jp = phenotypic standard deviation



The range of genetic advance as per cent of mearclassified as

suggested by Johnsehal (1955a).

Low = Less than 10%
Moderate = 10 - 20%
High = More than 20%

3.3.2.5 Character Association
Correlation coefficients were calculated at thergltypic level (p)

and genotypic level Ig) using the following formulae as suggested by

Johnsoret al (1955b).

_ Co«(X.,Y)
2 2
\[ JPX Upy

_ Cov X,Y)

2 2

ngagy

where,

Cov(X,Y)= covariance between the variables x and y.

0% andO0%g are phenotypic and genotypic variances respegtivel

Phenotypic correlation coefficients and genotypiorrelation
coefficients were tested against ‘r’ values givgrHsher and Yates (1967)
table at (n-2) d.f at 5% and 1% probability levielsest their significance,
where n = number of entries.

3.3.2.6 Construction of Selection Indices through Bcriminant

Function Technique



The technique of Discriminant function developedHigher (1936)
was adopted to know the true genotypic worth ofdyand its components
and to have computational formulae for constructidrselection indices
which when applied to select plants can bring alefigictive improvement
in yield compared to straight selection for yiekanith (1936) has illustrated
the use of discriminant function in plant selection

The phenotypic and genotypic variances and coweianused
to compute the correlations provide the basis forstructing a selection
index. The selection index of the formxb+ bpx, +............ + X, is so
constructed as to have the estimated ‘b’ value® dghe best available
weights to each of the various characters congiddare selection.

The symbols used in the general formulae for thecseh index are

corresponding relative weights to be applied toheekaracter. The ‘b’
values required in the selection index were obthing solving the general

formulae for the below mentioned set of simultarseequations.

D1P11+ DoPrat...... ... + P = O1y
D1p1t P t... ... +pon = Oy
blpln+ b2p2n+ ----------- + b1pnn = gny
Where,

p11 IS the estimate of phenotypic variance of x
P12 is the estimate of the phenotypic covariance,@nd %
01y is an estimate of the genotypic covariance;aind y.

The selection indices is now represented as

| =BXy + X+ DXt + bx,



Where, ‘I is the score for the genotypic yieldddn by, bs, .... ,b, are
the relative weights attached to each of the clharsa® to x,..

A number of different selection indices are corstd using
2,3,...... , N combination of characters and the gersgtvance and relative
efficiency of each of them is calculated as givelob.

3.3.2.7 Expected Genetic Advance (GA)
The expected genetic advance based on the congpositcharacters

that was included for formulation of the varioudes@&on indices was

calculated as per the formula of Robingbmal. (1951).

Z
GAD) = E\/(blgly +D,0,, o +b,,,
Where,
% is the selection differential in standard uniBhe value of

% was taken as 2.06 at 5 per cent selection inteisithe

present study.

b, by, bz ...., b are the discriminant coefficients attached to
characters 1, 2, 3, .......... , N.
Oy, Goyr GBys wvvvv