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CHAPTER-I
INTRODUCTION

Cotton (Gossypium species) is the world’s most utilized
natural textile fibre crop. This genus comprises about 50 diploid and
tetraploid species (Fryxell et al., 1984). Two tetraploid species G. hirsutum
and G. barbadense accounts for 90 % and 5 %, respectively, of the world’s
cotton production (Wendel et al., 1992). 1t is also one of the most important
cash crop of India, which accounts for 60 % of total foreign exchange
earnings through export of lint and value added cotton products. It provides
raw material to domestic cotton industry comprising 503 ’,cextile mills, 1139
ginning factories and over 1000 oil expelling units. It plays a key role in the
national economy in terms of contribution in industrial activities,
employment and foreign exchange earnings in India.

Cotton is one of the principal commercial crop of India.
World cotton production was estimated 116.7 million bales in 2013-14
which is 5 % less than the previous year 2012-13 as a result of 3.5 %
decrease in the area and 2 % decrease in the productivity. India continued to
maintain the largest area under cotton and second largest producer of cotton
next to China. India reported 35.29 % area and 24 % of world production.
China, India, USA and Pakistan are the major cotton producing countries in
the world with the share of 75 % and 71 % of the world cotton production
and area, respectively. India is the largest cotton growing country in the
world (11.700 million ha) followed by China (5.050 million ha). India also
sustained the position of being the second largest consumer and exporter of
cotton and is expected to export 7.5 million bales and expected to consume
23 million bales in 2013-14. Among the major cotton growing countries,



Australia ranks top in productivity level of 2151 kg lint/ha followed by
Turky (1484 kg lint/ha), Brazil (1465 kg lint/ha) and China (1380 kg lint/ha)
(Annual Report of AICCIP, 2013-14).

In India, there was decrease in area (3.5%) in 2013-14 as
compared to previous year, but there was increase in cotton area in states
like Gujarat, Karnataka and Punjab compared to previous year. As regards
cotton production, the scintillating cotton production achieved in 2013-14
(112.80 lakh bales) by Gujarat with increase of 25% over last year. Cotton
production increased in Maharashtra from 73.25 lakh bales (2012-13) to
75.25 lakh bales (2013-14) and in Marathwada from 20.23 lakh bales (2012-
13) to 32.54 lakh bales (2013-14). The production in India increased from
365 lakh bales (2012-13) to 375 lakh bales (2013-14). The realized
enhancement in the production level was possibly due to favorable late
season rainfall due to which extra pickings were possible (Annual Report of
AICCIP, 2013-14). .

Cotton has its reputation as ‘King of fibres’ due to its inherent
properties. It belongs to genus Gossypium under tribe Gossypiene of family
Malvaceae. There are two diploid (2n = 26) cultivated species viz., G.
arboreum and G. herbaceum indigenous to Asia and Africa and popularly
known as desi cotton. Two cultivated tetraploid (2n = 52) species are
G hirsutum and G.barbadense initially introduced in India during the 17®
and 18" centuries A.D (Simpson, 1954). It includes annuals and perennials.
Cultivated cottons are annuals, bushy in habit growing to a height of 1-2
meters. The leaves are palmately lobed; flowers are funnel shaped. Petals are
creamy white, yellow or red in colour. About 50 wild species of cotton are
spread in five geographical regions viz.,, America, Australia, Africa, Asia and
Arabia.



In India, all these four species are under cultivation G.
hirsutum covers about 80 % of the area followed by G. arboreum and G.
herbaceum to a tune of 19 % area, however, the share of G. barbadense is
comparatively negligible. Among the wild species, four species are
tetraploids (G. darwinii, G. tomentosum, G. lanceolatum, and G.
mustelinum) and rest are diploids. The wild species are grouped into seven
diploid genomes i.e. A to G and polyploid genome designated as 'AD'. The
first commercial hybrid in the cotton crop was developed in India at Surat by
Dr. C. T. Patel (H4, intra hirsutum in 1971). More than 200 varieties and
hybrids were evolved in the subsequent five decades. Hybrids occupy more
than 80 % of cotton crop in India.

Genetic improvement has been hampered by the association
of poor fibre properties with high yields and a lack of knowledge about
genes that affect fibre properties. Generally, the female parental lines had
higher ‘additive effects for lint yield and lint percentage however, these
females generally had lower additive effects for fibre strength. Significant
effects widely existed among parents and F, populations for lint percentage,
boll weight and fibre strength. Improvement in cotton fibre quality and lint
yield remained challenging for cotton breeders. Many of the current high
yielding, commercial upland cotton cultivars do not possess the fibre quality
desired by the textile industry. One of the way to improve fibre quality of G.
hirsutum is to transfer genes from G. barbadense (Mc Carty et al., 2004).

Cotton production in the country has registered marked
improvement in recent decades however, yield levels of hybrids appeared to
have reached stagnation. One of the important reasons attributed to this is
the lack of systematic efforts to improve parents for combining ability and

develop new hybrids on such new high combiner lines. Among the



interspecific (G. hirsutum x G. barbadense) and intraspecific (G. hirsutum x
G. hirsutum) hybrids being cultivated in India; the interspecific hybrids
assume special status owing to extra long staple of the fibre produced by
them. Extra long staple cotton fetches high price in domestic and
international market. The hybrids like DCH 32 and Varlakshmi have shown
receding popularity because of their inherent susceptibility to biotic stresses
and lack of ability to cope up with the changing needs of cotton growers. To
overcome this decline in productivity in interspecific hybrids, it is necessary
to develop and utilize potential hirsutum and barbadense lines. In the present
study, it is decided to evaluate interspecific and intraspecific hybrid
combinations based on G. hirsutum and G. barbadense lines.

In hybridization programme, development of new varieties/hybrids
with high yield and better fibre properties is the primary objective of all
cotton breeding projects. The first step in successful breeding programme is
to select appropriate parents. Line x Tester analysis provides a systematic
approach for detection of appropriate parents and crosses in terms of
investigated traits. This method was applied to improve self and cross-
pollinated plants (Kempthorne, 1957).

To mould the genetic base of a crop, estimation of gene
action, relative magnitude of genetic variance and combining ability
estimates are essential. Combining ability analysis helps in selection of
parents and appropriate breeding strategy to achieve the objectives quickly
in a reliable manner. Breeding strategy in turn depends on the gene action
involved in that particular cross to get a desirable genotype. Generation
mean analysis (Hayman, 1958) gives a comprehensive picture of gene action
controlling the trait based on first degree statistics. Some researchers like
Sandhu and Nittal (1988) studied two G. arboreum crosses and reported



absence of non-allelic interaction in six parameter model while three
parameter models predicted the presence of epistasis for seed cotton yield
per plant.
Keeping in view the different points presented above, the
present investigation was undertaken with the following objectives.
1. To estimate the magnitude of heterosis and combining ability of
hybrids over parents for fibre quality and yield traits
2. To study the nature and magnitude of gene action involved in
expression of fibre quality and yield characters by generation mean
analysis
3. To study correlation and path analysis
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CHAPTER-II
REVIEW OF LITERATURE

Cotton is the world's most important cultivated fibre crop and
second important edible oil source which has gained the status of an industry
rather than a mere crop. Cotton crop belong to genus Gossypium that consists
of 50 species. Out of these, four species are cultivated viz., G. arboreum L.,
G. herbaceum L., G. hirsuwtum L., and G. barbadense L. The former two
diploid species are indigenous or Asiatic cottons and the other two are
tetraploids, G. hirsutum is American cotton, while G. barbadense is Egyptian
cotton. Though, the use of cotton fabrics was known as early as 3000 BC,
cotton was relatively unimportant as a textile fibre until 16 " century AD in
major parts of world compared to linen, wool and silk. It was only after the
industrial revolution in England during which cotton usage has spread faster.
The cotton was introduced into India in mid 18" century and by 1950 the
American cotton Gossypium hirsutum got acclimatized and established in
about 20 % of the area. The economy of countries like India is trapped in
improved yield, quality and production of cotton. So, the objective of a
breeding programme is high seed cotton yield with better fiber proparties.

A brief review of the literature related to the present study is
presented on the following heads.

2.1 Variability , heritability and genetic advance
2.2 Combining ability

2.3  Heterosis



2.4 Correlation
2.5 Path analysis
2.6 Generation mean analysis

2.1  Variability, heritability and genetic advance
2.1.1 Variability

The information on the nature and magnitude of variability of
different quantitative and qualitative traits in any crop species plays a vital
role while formulating the efficient breeding programmes. Superior
genotypes can be isolated by selection if considerable genetic variation exists
within the population. Besides genetic variability, heritability and genetic
advance also play a vital role in the improvement of any character. The
progress in breeding for the economic traits, which are mostly polygenically
controlled and environmentally influenced, is determined by the nature and
magnitude of their genotypic variability. Hence, it is essential to partition the
overall variability into heritable and non-heritable components with the help
of genetic parameters like genotypic and phenotypic coefficients of variation,
heritability and genetic advance. The magnitude of heritability on one hand,
and nature and extent of variability on the other hand gives an idea for
effective genetic improvement through selection.

The available literature on variability studies in cotton 1s

furnished in Table 1.



Table 1. Review of literature on genetic variability for different
characters in cotton

Sr.

Ne Character Wider genetic variability | Narrow genetic variability
Bavaji et al. (1989)
Siddiqui (1996)
Sumathi and Nadarajan
(1996)
Murthy (1997)
Sangeetha (1998)
1 Days u.") 0% Patil and Mathapati ( 1976) l(tjzé(l}l-(l)&:;jddy o Ramakumar
flowering ’

Kale et al. (2006)
Preetha and Raveendran
(2007)
Sundas et al. (2010)
Kancherla (2011)
Kulkarni ef al. (2011)
Mendez-Natera ef al. (2012)

Singh et al. (1972)

Singh (1993)

Murthy (1997)

Sangeetha (1998)

Tuteja et al. (2004) Singh et al. (1978 a)

5 Number of Kumari and Chamundeshwari | Gite ef al. (2007)

monopodia per plant

(2005)

Kausik and Kapoor (2006)
Sundas ef al. (2010)

Sabir ef al. (2010)

Patnaik and Sial (2010)
Lal and Singh (2012)

Kulkarni et a/. (2011)
Kancherla (2011)




Table 1. Contd...

il(; Character Wider genetic variability Na:;?;;b%f;;itm
Naidu and Katarki (1968)
Khorgade and Ekbote (1981)
Singh et al. (1972) Murthy (1997)
Singh et al. (1978 a) Sangeetha (1998)
Number of Reddy et al. (1991) 1{1}? and f}egdy (2001)
3 ;ylxlpo dia per plant Sumathi and Nadarajan (1996) I‘fi ¢ F)f al. (2006)
Tuteja ef al. (2004) Gite et al. (2007)
Sundas et al. ( 2010) Singh et al. (2009)
Mendez-Natera et al. (2012) Soomro et al. (2010)
Kulkamni et al. (2011)
Kancherla (2011)
Kale et al. (2006)
Singh et al. (2009)
. Khan et al. (2009 : 0 :
4 | Plantheight Scomro et a(l. (2())1 0) Singh et al. {19872)
Sabir et al. (2010)
Kulkarni ef al. (2011)
Pandey et al. (2002)
5 | Days to maturity Kale et al. (2006)
Sundas et al. (2010)
Dhanda et /. (1987)
Boder er al. (1988)
Krishnarao and Mary (1990)
Rajarathinum er al. (1993)
Singh et al. (1994)
Sumathi and Nadarajan (1996)
Jagtap and Mehetre (1998)
Rao and Reddy (2001)
Ahmad et al. (2003) Murthy (1997)
6 | Boll weight Narisireddy and Ratnakumari (2004a) | P andey et al. (2002)

Kale et al. (2006)

Preetha and Raveendran (2007)
Khan et al. (2009)

Singh ez al. (2009)

Patnaik and Sial (2009)

Patnaik and Sial (2010)

Soomro et al. (2010)

Kancherla (2011)

Lal and Singh (2012)

Gite et al. (2007)

9




Table 1. Contd...

Sr.

No Character | Wider genetic variability Narrow genetic variability
Singh et al (1987a)
Boder et ai. (1988)
Krishnarao and Mary (1990)
Singh et af. (1994)
Murty et al. ( 1995)
Sumathi and Nadarajan
(1996)
Murthy (1997)
Jagtap and Mehetre (1998)
Murty et a!. (1999) Khoragade and Ekbote (1981)
Number of | Rao and Reddy (2001) Sethi and Singh (1984)
7 | bolls per Ahmad et al. (2003) Gite et al. (2007)
plant Baloch (2004) Mendez-Natera et al.
Kausik and Kapoor(2006) (2012)
Murty and Chamundeswari
(20006)
Preetha and Raveendran
(2007)
Singh et al. (2009)
Sabir et al (2010)
Kancherla ¢2011)
Kale et al. (2006)
Sundas ez al. (2010)
Dhonda et al. (1987)
Singh et al. (1987a)
Bavaji ef al. (1989)
Krishnarao and Mary (1990)
Sumathi and Nadarajan (1996}
Ginning Murthy (1997) |
8 | percentage | Ptil and Mathapati (1976) Jagtap and Mehetre (1998)

Rao and Reddy (2001)

Pandey et al. (2002)

Ahmad et al. (2003)

Kale et al. (2006)

Preetha and Raveendran (2007)
Kancherla (2011)

10




Table 1. Contd...

;2'. Character Wider genetic variability Narrow genetic variability
Krishnarao and Mary (1990)
Nadarajan and Sreerangaswamy
Micronaire Dhanda ¢t al. (1987) (1990) ‘ |
9 ;.falue Avtar et al. (1993) Rajarathinam et al. (1993)
Rao and Reddy (2001) Sangeetha (1998)
Kumar et al. (2000)
Kancherla (2011)
Baloch €2004)
10 | Fibre length i;‘ileef’aj_" (g)%%? Akhtar et al. (2008)
Sabir et al. (2010)
1 Uniformity Baloch (2004) Preetha and Raveendran (2007)
ratio Al et al. (2009) Kancherla (2011)
Rajarathinam et a/. (1993)
Sangeetha (1998)
Kumar er al. (2000)
. Rao and Reddy (2001)
12 | Fibre strength i‘?é}; S ?52()1 993) Preetha and Raveendran (2007)
' Akhtar et al. (2008)
Ali et al. (2009)
Kulkarni et al. (2011)
Kancherla (2011)
Singh er al. (1987a)
Boder et al. (1988)
Krishnarao and Mary (1990)
Rajarathinam et al. (1993)
Singh et al. (1994)
Murty ¢f al. (1995)
Sumathi and Nadarajan (1996)
Seed cotton Murthy (1997) ,
13 Jagtap and Mehetre (1998) Gite et al. (2007)

yield per plant

Ahuja and Tuteja (2000)

Rao and Reddy (2001)
Ahmad et «l. (2003)

Baloch (2004)

Kumari and Chamundeshwari
(2005)

Murthy and Chamundeshwari
(2005)

I




Table 1. Contd...

Sr " . R Narrow genetic
Nl ’ Character Wider genetic variability variability
0. )

Preetha and Raveendran (2007)

Khan et al. (2009)
Singh ef al. (2009)
Patnzik and Sial (2009)
Patnaik and Sial (2010)
Kancherla (2011)

Lal and Singh (2012)

} , Patnaik and Sial (2009)

Seed cotton yield

14 Khar et al. (2009)

qtl. / ha. ) ) ‘
Patnaik and Sial (2010)

2.1.2 Heritability and Genetic advance as per cent of mean

Heritability is determined as the ratio of additive genetic
component of variance to total phenotypic variance. Heritability measures
the relative amount of the heritable portion of the variability, while the
genetic advance helps to measure the amount of progress that could be
expected with selection in a character. Estimates of heritability along with
estimates of genetic advance are more useful in choice of selection method
rather than heritability or genetic advance alone (Johnson et al., 1955). High
heritability is not always am indication of higher genetic gain (Swarup and
Chaugale, 1962), whereas. high heritability coupled with high genetic
advance indicates that the improvement could be made for a character by
simple selection on phenotypic performance.

The available literature on heritability and genetic advance 1s

presented in Table 2.
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2.2 Combining ability

In any hybridization programme, identification and selection of
superior parental lines is required to construct genetically diverse and
potentially rewarding germplasm by gathering fixable gene effects more or
less in a homozygous line. Combining ability describes the breeding value of
parental lines to produce hybrids and it is also used for characterizing the
nature and magnitude of gene action involved in the expression of
quantitative traits.

The concept of combining ability has been proposed by
Sprague and Tautum (1942) which measures the gene action. It was stated
that general combining ability (GCA) effects is the average performance of a
parent in combination with all other parents; whereas specific combining
ability (SCA) effects are the deviation of the performance of two parents in a
particular hybrid combination from that of expected from GCA effect of
each parent. GCA effects reflect performance of parental line in combination
with all other lines, so parent with the highest GCA effects should have
greater impact on trait improvement. Specific combining ability effects
identify the best hybrid combinations. The knowledge of various types of
gene actions and their relative magnitude in controlling the trait is important
in deciding proper breeding techniques (Miller et al., 1980). Differences in
general combining ability have been attributed to additive, additive x
additive and higher order additive interactions, whereas, differences in
specific combining ability have been attributed to non-additive genetic

variance (Falconer, 1996).

17



Arunachalam (1974) emphasized that the combining ability
analysis is operated with feasible and practical assumptions and hence more
realistic. This model estimates the variance due to general combining ability
and specific combining ability provides the diagnosis of predominant role of
additive and non-additive gene action. The general combining ability and
specific combining ability effects will help to locate the parents and crosses
that are helpful in establishing a particular type of gene action.

Information concerning the different types of gene action,
relative magnitude of genetic variance and combining ability estimates are
significant structures to shape the genetic makeup of a crop. Biometrical
estimation of genetic parameters governing yield and yield components in
cotton revealed the importance of the both additive and dominant gene
effects, their relative importance varying from charac':ter to character and
material to material. Though, extensive studies have been made on the
inheritance of yield and its components in cotton, knowledge on genetic
basis of every breeding material is essential for devising suitable breeding
programme. This information could prove importar:{t to the cotton breeders to
develop a strategy in the screening of better parental combinations for further
enhancement.

The review of literature on gene action governing the
inheritance of fibre quality, yield and yield component characters is

summarized and presented in Table 3.
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23 HETEROSIS

Heterosis is the basic tool for the improvement of crops in the
form of F; hybrids. Shull (1914) first coined the term heterosis and
subsequently Whaley (1952) extended the term for increased vigour of the F,
over the better parent which is now termed as heterobeltiosis. Heterosis
refers to the superiority/inferiority of the F; hybrid over the mean parental
value (mid parent heterosis) or the better parent (heterobeltiosis) or the best
commercial hybrid/variety (standard heterosis). The pre-requisites for
commercial exploitation of heterosis in cotton are identification of parents
which shows good heterosis on crossing and production of hybrid seed with
low cost. The magnitude of heterosis provides a basis for genetic diversity
. 4nd a guide to the choice of desirable parents for developing superior F,
hybrids; so as to exploit hybrid vigour or for building better gene pools to be
employed in population improvement (Potdukhe, 2001).

The development and release of the first intra Airsutum hybrid,_
H, (Patel, 1971) and first interspecific (G.hirsutum x G.barbadense) hybrid,
Varalaxmi (Katarki, 1972) revolutionized cotton production in India. In
cotton, the earlier studies on heterosis have been mostly confined to yield
and its comlionents and relatively little work have been done on heterosis of
fibre characters. Since, fibre quality is the ultime.lte character of economic
importance, knowledge of fibre properties is very important. The available
literature on heterosis, heterobeltiosis and standard heterosis in cotton is

summarized and presented in Table 4.
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24  Correlation

Yield is a polygenically controlled trait and highly influenced
by the environment. Selection merely based on yield is not effective but
selection based on its component characters has been reported to be more
effective (Grafius, 1960). Correlation studies will establish the extent of
association between yield and yield components which forms the basis for
selection of genotypes for effective improvement. Unfavorable association
between the desired attributes under selection may result in genetic slippage
(Dickerson, 1955) and limit genetic advance. A sound knowledge on the
magnitude and direction of association of character with yield components,
among themselves and with yield as revealed through correlation coefficient
estimates is being used very frequently in planning indirect selection for
yield. Several workers have estimated correlation for yield and its
components in cc;tton and contradictory association have been reported for
some of the character pairs, probably because of the different experimental
material handled. Information on correlation among characters with a set of
genotypes over a number of environments is also scanty.

The available literature on correlation studies for yield and
fibre quality characters is summarized below.

Kalsy et al. (1986) studied populations obtained from 33
progenies derived from diverse genotypes of hirsutum and noticed a positive
relationship between yield and boll number, seed index and lint index.

Sandhu et al. (1986) reported in Fs progenies derived from 12

crosses that yield of seed cotton is negatively correlated with 2.5% span
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length, but it showed positive genotypic correlation with boll number per
plant, boll weight and seed index.

According to Sangwan and Yadava (1987) seed cotton yield is
highly dependent on boll number. Yield was also significantly and positively
associated with boll weight and number of sympodial branches.

Singh er al. (1987a) noticed that yield had a significant and
positive association with number bolls per plant and boll weight but has no
significant relationship with ginning percentage, 2.5% span length, seed
index and lint index.

According to Goyal et al. (1987) geed cotton yield had a positive and
significant association with yield component characters like number of bolls
per plant, boll weight, lint yield per plant and total dry matter.

Chimanshette et al. (1990) noticed that seed cotton yield
showed a positive and significant correlation with number of sympodia,
number of bolls per plant, total dry matter. They also reported a positive
association between total dry matter and bolls per plant, whereas number of
sympodia per plant exhibited positive association with leaf area, 2.5% span
length and number of bolls per plant.

According to Krishnarao and Mary (1990) positive association
existed between seed cotton yield and other characters such as number of
bolls per plant, boll weight, seed index, ginning outturn except fibre length,
but fibre length had a negative correlation with micronaire value.

Katageri et al. (1992) reported significant and positive

association between seed cotton yield and other yield component characters
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such as sympodial branches, number of bolls per plant, seed index, boll
weight, ginning outturn and lint index in F, hybrids.

Rajarathinam et al. (1993) noticed that seed cotton yield was in
positive association with bolls per plant, boll weight, lint index and 2.5%
span length, whereas micronaire correlated negatively with 2.5% span length
and seed cotton yield per plant. Boll weight exhibited a positive association
with lint index and seed index, whereas bundle strength exhibited no
significant correlation with seed cotton yield.

Shanti and Selvaraj (1993) reported significant and positive
correlation of seed cotton yield with number of sympodia and number of
bolls per plant and also observed the significant and positive association of
number of sympodia with boll number and boll weight.

Kowsalya and Raveendran (1996) reported significant positive
association of seed cotton yield with number of sympodia and number of
bolls, whereas significant negative association was observed with days to
50% flowering. They also reported significant positive association of days to
50 % flowering with 2.5 % span length and bundle strength and number of
sympodia with number of bolls.

Basha (1997) reported strong positive association of seed
cotton yield with days to 50 % flowering, number of bolls and boll weight,
whereas boll weight in turn was associated positively with days to 50 %
flowering, number of sympodia, number of monopodia and ginning
percentage and negatively correlated with boll number. Positive and
significant association was also reported for 2.5 % span length with ginning

percentage and days to 50 % flowering, number of monopodia with days to
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50 % flowering and number of bolls with ginning percentage, number of
sympodia and number of monopodia.

Hussain et al. (1998) evaluated twelve upland cotton (G.
hirsutum L.) genotypes and noticed significant positive correlation between
ginning percentage and lint, whereas, staple length was correlat'ed with seed
cotton yield.

Sangeetha (1998) reported significant positive correlation of
yield with boll number and negative correlation with bundle strength,
whereas boll weight exhibited significant positive association with number
of seeds and negative association with boll number. They also noticed
significant negative association between boll number and bundle strength
and positive association of number of seeds with ginning percentage and 2.5
% span length with bundle strength.

Larik et al. (1999) reported significant correlation of seed
cotton yield with bolls per plant at phenotypic level and with number of
sympodia, bolls per plant, boll weight and lint index at genotypic level. Bolls
per plant exhibited positive correlation with sympodia both at genotypic and
phenotypic levels, whereas fibre strength showed positive correlation with
staple length and ginning percentage at phenotypic level and strong negative
association with staple length at genotypic level. Fibre fineness revealed
strong positive and negative correlation with fibre strength and staple length
respectively.

The correlation studies by Hussain et al. (2000) revealed that,
plant height, monopodial branches and number of bolls per plant were

significantly and positively correlated with seed cotton yield at genotypic
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level. They also reported strong correlation between number of bolls per
plant and plant yield but ginning percentage exhibited non significant
association with yield. In addition, plant height showed posiéive and
significant correlation with number of sympodial branches, number of bolls
pe; plant and ginning percentage, whereas number of monopodia was
observed to be positively associated with number of sympodia.

Satange et al. (2000) observed positive significant correlation
of number of boll per plant, sympodia per plant, seed index and boll weight
with seed cotton yield per plant both at genotypic and phenotypic levels.

Afiah and Ghoneim (2000) reported positive correlation of
number of fruiting branches, number of bolls per plant, boll weight and lint
yield with seed cotton yield. The same relationship was found between lint
yield and each of fruiting branches, number of boll per plant, boll weight,
seed cotton yield and lint percentage.

The analysis of genotypic correlation using 56 F, families and
their 8 parents of G.hirsutum by Ahmad and Azhar (2000) revealed that
number of bolls and lint percentage had positive and significant relationship
with seed cotton yield, boll weight, lint index, staple length and fibre
fineness, whereas boll weight showed strong association with lint
percentage, fibre fineness and seed cotton yield and staple length and fibre
fineness exhibited positive correlation with seed cotton yield. \

Baloch et al. (2001) reported positive phenotypic correlation of
bolls per plant and lint percentage with yield; whereas boll weight exhibited

significant but negative correlation.
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Rao et al. (2001) reported significant positive correlation of
yield with sympodia and boll number and negative correlation with boll
weight. They also observed positive association of sympodia with boll
number, boll weight and bundle strength, boll number with bundle strength
and ginning percentage with micronaire value and negative association of
boll weight with boll number and bundle strength.

Kaushik et al. (2003) evaluated 37 genotypes of American
cotton and noticed significant positive association was observed for number
of bolls per plant, sympodial branches per plant, plant height and
monopodium branches per plant with seed cotton yield per plant. These
components had positive inter- relationship among themselves.

Igbal et al. (2003b) reported significantly positive correlation
of node of first fruiting branches, number of monopodial branches, number
of sympodial branches, number of boils per plant, number of flowers, boll
weight, micronaire value and fibre strength and non significant correlation of
ginning percentage with seed cotton yield. They also reported positive and
significant association between days to 50 % flowering and bundle strength,
number of monopodia and number of bolls, number of sympodia and number
of bolls and number of sympodia and 2.5 % span length, while 2.5 % span
length was negatively associated with ginning percentage and micronaire
value.

Narisireddy and Ratnakumari (2004b) reported significant
positive correlation of seed cotton yield with number of bolls per plant at
both phenotypic and genotypic levels whereas, days to 50% flowering

exhibited significant positive association with plant height, and number of
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bolls per plant and negative significant association with number of sympodia
per plant and boll weight.

Muthuswamy and Vivekanandan (2004) reported significant
but negative association of ginning outturn with seed cotton yield. Plant
height was positively correlated with number of sympodia, bolls per plant,
lint index and ginning outturn, whereas number of sympodia was associated
with boll number. Among the fibre quality traits, 2.5% span length showed
positively significant association with strength and elongation.

Muthu et al. (2004) studied in 9x6 line x tester crosses of
upland cotton revealed that seed cotton yield had positive and significant |
correlation with number of sympodia, bolls per plant, boll weight, locules per
boll, seed index, lint index and bundle strength, whereas ginning percentage
exhibited non significant association with yield. 2.5 % span length exhibited
negative correlation with uniformity ratio, micronaire value and ginning
percentage and positive association with bundle strength, while micronaire
was associated positively with ginning percentage and uniformity ratio. They
also reported positive correlation between sympodial branches and number
of bolls and ginning percentage and uniformity ratio.

Rauf et al (2004) noticed highly significant positive
correlation of number of bolls per plant and sympodial branches with sed
cotton yield at genotypic and phenotypic levels.

Naveed et al. (2004) reported that plant height and number of
bolls were positively and significantly associated with yield of seed cotton at

phenotypic and genotypic levels, respectively. Plant height and number of
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bolls were also positively and ’signiﬁcantly correlated with each other at both
the levels.

Ahuja et al. (2004) evaluated fifty one single plant selections
of different coloured linted genotypes of cotton and reported that seed cotton
yield per plant exhibited significant positive association with number of bolls
per plant and plant height and non significant association with ginning
percentage and bundle strength.

Rathore et al. (2004) evaluated 54 lines of American cotton
(Gossypium hirsutum L.) and observed no correlation between seed cotton
yield and 2.5% span length, uniformity ratio, micronaire value, fibre
strength, fibre elongation, short fibre content and fibre quality index. But
they observed positive association of FQI with 2.5% span length and fibre
strength and negative association with micronaire value and short fibre
content. They also reported negative association of 2.5 % span length with
uniformity ratio and micronaire value and positive association of uniformity
ratio with micronaire value.

Kaushik et al. (2005) studied ten diverse American cotton
strains for correlation and path analysis. Correlation analysis showed that
seed cotton yield per plant had significant and positive association with bolls
per plant, plant height, sympodia per plant and seeds per boll and a
significant and negative correlation with ginning percentage.

Gite et al. (2006) evaluated 14 genotypes of upland cotton to
study character associations and path effects and revealed that seed cotton

yield had positive and significant correlations both at genotypic and
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phenotypic level with number of bolls per plax}t, number of sympodia per
plant, boll weight, plant height and number of monopodia per plant.

Murthy and Chamundeshwari (2006) reported seed cotton yield
was found positively and strongly correlated with number of bolls per plant.
This was further confirmed by path coefficient analysis. So, due weightage
may be given to number of bolls per plant in yield improvement programme.
Further, it is suggested that a balance should be struck between boll weight
and number of bolls per plant, since they are negatively and significantly
correlated with each other.

Igbal er al. (2006) observed significant positive correlation for
monopodial branches per plant with boll number and seed cotton yield per
plant, whereas number of bolls per plant is negatively correlated with boll
weight and positively correlated with seed cotton yield per plant, number of
sympodia and ginning outturn.

Kaushik and Kapoor (2006) reported the seed cotton yield was
positively and significantly correlated with plant height, number of sympodia
per plant, number of bolls per plant and fibre fineness. The number of
monopodia per plant was positively correlated with the number of days to
flowering and plant height. The number bolls per plant showed a positive
association with Plant height, number of sympodia per plant, number of
monopodia per plant. The lint index was positively correlated with ginning
outturn and seed index where as fibre fineness was positively associated with
plant height.

Annapurve et al. (2007) reported that phenotypic and

genotypic correlations are significant for almost all the characters like
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number of bolls per plant, days to 50% flowering, boll weight and yield per
plant in American cotton (G. hirsutum L.):

Preetha and Raveendran (2007) reported positive and
significant correlation of number of bolls, boll weight, ‘days to first
flowering, uniformity ratio and micronaire value with seed cotton yield,
whereas bundle strength exhibited negative correlation and ginning
percentage exhibited non significant association. They also noticed the
positive inter correlation of number of bolls with 2.5% span length and
bundle strength, ginning percentage exhibited non significant association.
They also noticed the positive inter correlation of number of bolls with 2.5%
span length and bundle strength, whereas negative inter correlation of 2.5%
span length was observed with uniformity ratio, micronaire value and
ginning percentage and bundle strength with boll weight, uniformity ratio
and micronaire value.

Khan et al. (2009) reported correlation of seed cotton yield
with other different traits was found significantly positive for majority of
traits i.e. plant height, sympodia per plant, bolls per plant, and bolls weight.
This type of correlation is desirable and little genetic gain in bolls per plant,
boll weight and bolls per sympodia is great accomplishment. Cultivars CIM
499, CIM 473, CIM 496 and CIM 506 have larger genetic potential and
enhancement of seed cotton yield.

Singh et al. (2009) reported that positive association of seed
cotton yield was observed with boll numbers, sympodia per plant and plant

height showed positive correlation among themselves. Monopodia per plant
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appeared to be an undesirable trait as it was negatively correlated with seed
cotton yvield as well as boll number.

Patnaik and Sial (2010) studied the correlation and indicated
that number of sympodia per plant and number of bolls per plant had positive
and significant correlation, while locules per boll had negative and
significant association with seed cotton yield per plant.

Kancherla (2011) correlation studied revealed significant
association in desired direction with seed cotton yield per plant for number
of sympodia per plant, boll weight, number of bolls per plant and bundle
strength (except for with uniformity ratio, micronaire value and ginning
percentage).

Lal and Singh (2012) studied correlation analysis, revealed that
number of sympodia per plant and number of bolls per plant had positive and
significant correlations, while locules per boll had negative and significant
association with seed cotton yield per plant.

Mendez- Natera et al. (2012) reported that seed cotton yield
per plant was significantly positively correlated with bolls per plant at both
phenotypic and environment level, while a genotypic level the correlation
was significant and positive with fiber length, bolls per plant, boll weight,
sympodial branches per plant, 100-seed weight and negative with fibre
strength.

Rajamani et al. (2013) studied 41 genotypes of American
cotton for correlation and path analysis and reported that analysis for seed
cotton yield per plant had positive significant correlation with sympodia,

number of bolls per plant, boll weight, seed index and lint index.
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25 PATHANALYSIS

Path coefficient analysis, a statistical device aeveloped by
Wright (1921) helps in partitioning of the correlation coefficients into direct
and indirect effects of independent variable on dependent variable. As grain
yield is a complex character influenced by several factors, selection based on
simple correlatipn without taking into consideration between the component
characters is not effective. Hence, path analysis is of much importance in any
plant breeding programme. Correlation in combination with path analysis
would give a better insight into cause and effect relationship between
different pairs of characters. Dewey and Lu (1959) demonstrated the utility
of path coefficient analysis in plant selection.

According to Singh et al. (1987a), bolls per plant and seed
index had positive direct effect on seed cotton yield. They also reported
positive and moderate direct influence of boll weight and ginning percentage
on seed cotton yield.

Krishnarao and Mary (1990) in upland cotton recorded non
significant direct effect of fibre traits on seed cotton yield.

Chimanshette et al. (1990) noticed strong positive direct
influence of number of bolls per plant, boll weight, ginning percentage on
seed cotton yield and positive indirect effects of leaf area on seed cotton
yield through boll weight and ginning percentage.

Rajarathinam et al. (1993) reported that boll weight recorded
significant and positive direct effect on seed cotton yield even though its

indirect effects through other character were negative.



' According to Murthy et al. (1995), bolls per plant had
significant direct effect on seed cotton yield, whereas lint index had negative
effect on seed cotton yield.

Sumathi and Nadarajan (1995) reported positive direct effect of
number of bolls, ginning percentage and 2.5 % span length and negative
direct effect of days to 50 % flowering, number of sympodia and boll weight
on seed cotton yield, whereas indirect positive .effect was reported on seed
cotton yield by number of sympodia and boll weight via ginning outturn.

Kowsalya and Raveendran (1996) reported direct positive
effect of days to 50 % flowering, number of sympodia, number of bolls, boll
weight, ginning percentage, 2.5 % span length and bundle strength on seed
cotton yield, whereas positive indirect effect on yield was exerted by number
of bolls per plant via number of sympodia.

Basha (1997) reported positive direct effect of days to 50 %
flowering, number of monopodia, number of bolls and boll weight on seed
cotton yield per plant, whereas ginning percentage and 2.5 % span length
exhibited negative direct effect. ‘

Hussain et al. (1998) revealed greatest positive direct effect of
lint index on seed cotton yield followed by staple length. Lint index also '
contributed to seed cotton yield via ginning percentage, staple length and
seed index.

Sangeetha (1998) reported direct positive effect of numbér of
sympodia, number of bolls, boll weight, number of seeds per boll and
micronaire and direct negative effect of days to 50 % flowering, number of

monopodia, ginning percentage, 2.5 % span length and bundle strength on
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seed cotton yield, whereas boll weight exerted positive indirect effect on
yield via number of seeds per boll.

Hussain et al. (2000) reported positive direct effect of number
of bolls per plant on seed cotton yield. Wheresas, monopodial, sympodial
branches and ginning outturn exhibited negative direct effect on yield.

Ahmad and Azhar (2000) reported positive direct effect of
number of bolls and boll weight with seed cotton yield. In addition boll
weight, lint percentage, lint index, staple length and fibre fineness affects
seed cotton yield through mumber of bolls.

Afiah and Ghoneim (2000) revealed that seed cotton yield was
the major contributor to lint yield, followed by lint percentage and boll
weight. Meanwhile, lint yield was the major contributor to seed cotton yield,
and it was followed by lint percentage and boll weight.

Baloch et al. (2001) reported significant direct and indirect
effect of bolls per plant and negligible effect of boll weight and lint
percentage on the seed cotton yield per plant.

Rao et al. (2001) reported direct positive effect of number of
sympodia, number bolls and micronaire value on seed cotton yield.

Kaushik et al. (2003) studied that path coefficient analysis at
genotypic level revealed that sympodia per plant, monopodia per plant and
boll weight had positive direct effect on cotton yield.

Pandey et al. (2003) revealed greater positive direct effect of
plant height on seed cotton yield per plant and indirect effect via boll weight
and ginning outturn, whereas boll weight showed positive direct effect on

seed cotton yield per plant.
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Igbal et al. (2003b) revealed that number of sympodial
branches, number of flowers per plant, number of bolls per plant and boll
weight had maximum positive direct effects on seed cotton yield, whereas
number of monopodial branches per plant, ginning outturn percentage and
staple length had the negative direct effects on seed cotton yield. Indirect
effect of number of bollsper plant on seed cotton yield via number of
sympodia was also repf)rted.

Rauf et al. (2004) observed maximum positive direct effect of
number of bolls per plant on seed cotton yield.

Narisireddy and Ratnakumari (2004b) noticed highest direct
effect of number of bolis per plant on seed cotton yield per plant followed by
number of bolls per plant which also exhibited positive indirect effect via
50% flowing on seed cotton yield.

Rathore et al. (2004) reported positive direct of 2.5% span
length and fibre strength and negative direct effect of micronaire value with
fibre quality index (FQI). However, micronaire value also exhibited negative
indirect effect on FQI via 2.5% span length and fibre strength, whereas
uniformity ratio exhibited neéligible positive direct effect on FQI and it had
negative indirect effect via 2.5% span length and micronaire value.

Kaushik et al. (2005) studied ten diverse American cotton
strains for correlation and path analysis. Path analysis showed that bolls per
plant, plant height, sympodia per plant and seeds per boll had positive direct
effect on seed cotton yield per plant.

Gite et al. (2006) studied path analysis at genotypic level

revealed that number of bolls per plant exhibited the highest direct effect on
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seed cotton yield per plant, followed by plant height, ginning per cent and
number of sympodia per plant.

Igbal et al. (2006) reported direct positive effect of node of
first fruiting branches, monopodial branches per plant, boll number and boll
weight and direct negative effect of ginning outturn and staple length on seed
cotton yield.

Preetha and Raveendran (2007) reported high direct positive
influence of number of bolls, boll weight and days.to first flowering on seed
cotton yield.

Singh et al. (2009) partitioning of phenotypic correlation
coefficients of various component traits with seed cotton yield into direct and
indirect contributions and revealed that boll number had maximum direct
effect upon seed cotton yield followed by boll weight and biomass. Although
sympods per plant and plant height did not contribute directly to seed cotton
yield but these contribute indirectly via boll number.

Patnaik and Sial (2010) revealed that bolls per plant and fibre
strength should ;be given greater emphasis in cotton yield improvement
programme, while number of sympodia per plant contributed maximum
indirect effect through the bolls per plants.

Kancherla (2011) studied path matrix revealed that number of -
bolls per plant,boll weight and 2.5% span lenght was found to have
maximum direct positive effect on seed cotton yield per plant .

Lal and Singh (2012) reported that bolls per plant and fiber
strength had attributed maximum direct effect, while number of sympodia

per plant contributed maximum indirect through the bolls per plant.
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Rajamani et al. (2013) reported that number of bolls per plant,
monopodia per plant and sympodia per plant, days to 50 % flowering, boll
weight, ginning outturn, seed index, lint index, uniformity ratio and
micronaire exhibited direct positive effect on seed cotton yield per plant
signifying that these are the major yield contributing traits for improvement
of seed cotton yield.

2.6 GENERATION MEAN ANALYSIS

The improvement of quantitative traits is a moving target. The
expression of these traits is affected not only by large number of genes
governing them but also by environmental effects. Frequently, these genes
interact with each other causing distortions in Mendelian ratios and leading
to novel phenotypes (Phillips, 1998). The term epistasis was coined by
Bateson (1909) to describe a situation where in action of one gene masks the
effect of other at different loci like the phenomenon of complete dominance
in which one allele at same locus mask the effect of other.

The estimation of epistasis assumes more significance in view
of the fact that in its presence, variance cc;mponent estimates are likely to be
biased, hence, inferences drawn from such estimates are more likely to be
misleading. The magnitude of the bias depends upon the relative magnitude
of epistatic effects comparatively to the deviation of 'd' and ‘h’ type of
prevailing epistasis and direction of dominance. The existence of large array
of interactions in a polygenic system cause over-estimation or under-
estimation of heritability estimates (narrow sense), thereby, causing

additional bias in predicted gains. Generation mean analysis is a powerful
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statistical procedure for detection of epistasis using several basic generations
from a cross between two inbred lines. )

The literature pertaining to the generation mean analysis and
epistasis is summarized below

Nadarajan and Sreerangaswamy (1992) studied 6 generations
(P1, P2, Fi, F,, BC; and BC,) derived from crosses of 5 genotypes with a
Fuzzless-lintless type as the pollinator and reported that the traits 2.5% span
length, uniformity ratio, fibre fineness and maturity coefficient were
governed by additive, dominance and digenic non allelic interaction effects,
with non-additive gene action predominating over additive gene action.

Pillai and Amirthadevarathinam (1997) carried out generation
mean analysis in 6 generations of 3 crosses and opined that the scaling and
joint scaling tests indicated the presence of non-allelic interaction for all the
traits studied except seed index. Generation mean analysis showed the
importance of dominance gene effects followed by other gene interactions.

Rajendrakumar and Raveendran (1999) studied gene action in
P,, Py, Fy, F, and F; generations using 5-parameter model and observed
presence of epistatic gene interactions for number of sympodia, number of
bolls, boll weight, ginning percentage, 2.5 % span length and seed cotton
yield per plant and all these traits except ginning percentage exhibited
duplicate type of gene interaction.

Ahmmed and Mehra (2000) studied the generation mean
analysis of an intra-hirsutum cross Pusa 45-3-6 x Pusa 19-27 revealed the
presence of dominance and epistatic interactions in the genetic control of

important yield components viz.,, boll number, boll weight, number of
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sympodia, number of monopodia, plant height and biological yield, while
only additive gene action was significant for first fruiting node number. They
also observed duplicate type of interaction for number of bolls and boll
weight.

Phogat and Singh (2000) evaluated cross combination of
American glandless x HG 625 though generation mean analysis for gossypol
and fibre properties. The result revealed that both additive x dominance type
of gene effects control size of glands in petals, leaves and seed gossypol.
Whereas for seed cotton yield per plant, lint (%), 2.5% span length,
uniformity ratio, micronaire value, maturity coefficient and fibre strength
were governed by all the three type of gene effects i.e. additive (d),
dominance(h) and epistatic (i. j. and I).

Reddy et al. (2002) done generation mean analysis by using six
parameter model for four crosses in upland cotton (G. hirsutum L.) for bolls
per plant, boll weight and seed cotton yield and showed that all the three
types of gene action were significant in crosses H.8 x H.16 and H.11 x H.12
for bolls per plant. Preponderance of dominance component over additive
component was observed in H.11 x H.23 and H.11 x H.12. Genetic variance
was entirely due to additive component in H.12 x H.12 for boll weight.
Additive, dominance and epistatic components were significant in H.25 x
H.11 for this trait.

Mehetre et al. (2003) studied nature and magnitude of gene
action for seed cotton yield and fifteen chararctres in intra hirsutm and
interspecific crosses of cotton. Study indicated that magnitude of dominance

effect was higher for almost all the characters. Epistatic components additive
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x additive (i) and dominance x dominance (I) were involved in the
expression of most of the characters. Duplicate type of epistasis was
observed for most of the characters in most of the crosses.

Igbal and Nadeem (2003) studied genetic effects for seed
‘cotton yield and number of sympodial branches per plant through generation
mean analysis which revealed the presence of additive gene action in crosses
S-12 x S-14, S-12 x Albacala (69)11, LRA 5166 x S-12 and LRA 5166 x S-
14 for number of sympodial branches per plant, and dominance gene action
in cross S-14 x S-12, whereas most of recessive alleles for seed cotton yield
accumulated in Albacala (69)11 x S-12, which expressed the least positive
degree of dominance. The scaling test revealed the involvement of epistasis
in all the crosses except S-14 x LRA 5166 for seed cotton yield and the
opposite sign of (h) and (I) in all the crosses suggested the duplicate type of
epistasis.

Singh et al. (2005) observed epistatic type of gene interaction
for the traits number of sympodia, number of bolls, boll weight, ginning
percentage, 2.5 % span length, micronaire value, bundle strength and seed
cotton yield per plant.

Bhatti et al. (2006) reported that the genes acting cumulatively
were predominant in the inheritance of staple length, fibre strength and fibre
fineness even though both additive and non-additive genes affected these
traits. It was further revealed that additive x dominance and dominance x
dominance epistasis component was important in the inheritance of these

traits.
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Ismail (2007) studied six generations P, P,, F;, F,, BC, and BC,
of two intraspecific crosses and reported epistatic gene interactions for the traits
days to 50 % flowering, boll number, boll weight and seed cotton yield and also
reported duplicate type of gene interaction and complementary type of
interaction for days to 50 % flowering, boll number, boll weight and seed cotton
yield per plant.

Singh et al. (2010) the generation mean analysis carried out to
estimate the nature and magnitude of gene effects for yield and fibre quality
traits in two crosses (viz., LH1832 x CIM435 and LH 1832 x CIM 443) of
upland cotton revealed the presence of epistasis for 2.5 % span length, boll
weight, ginning out turn. The additive gene effects observed for seed cotton
yield, bolls per plant and ginning outturn in cross-1 anld for seed cotton yield in
cross -2 may be fired in pure lines.

Kancherla (2011) estimated the gene effect through joint scaling
test of three and six parameter and sequential fit model in si_x crosses for eleven
charcters and noted that significance of epistasis interaction for days to 50%
flowering, number of sympodia per plant, boll weight ,number of bolls per
plant, ginning percentage, microniare value, uniformity ratio and seed cotton
yield per plant were influnced by dominance x dominance (1) of gene
interaction.

Nidagundi et al. (2012) studied the estimates of scaling tests
along with gene effects based on joint scaling tests and best fit model for
intervarietal cross GSHV 99/307 x Surabhi and reported that scaling as well as
joint scaling test detected the presence of epistasis for seed cotton yield, boll
weight, seed index and lint index, while simple additive dominance model was

sufficient to explain the variation for ginning outturn.
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CHAPTER-III
MATERIAL AND METHODS

The present investigation on "Studies on heterosis, combining
ability and gene action for fibre characters, yield and its components in intra and
interspecific hybrids of upland cotton (Gossypium sp.) was undertaken with

following objectives:

1. To estimate the magnitude of heterosis and combining ability of hybrids
over parents for fibre quality and yield traits .

2. To study the nature and magnitude of gene action involved in
expression of fibre quality and yield characters by generation mean
analysis :

3. To study correlation and path analysis

3.1 LOCATION

The experiincnt was conducted at Cotton Research Scheme,
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. Geographically it is
situated at an altitude of 408.50 m above mean sea level, 19° 16” North latitude

and 76° 47” East longitude and comes under subtropical region of India.
3.2 EXPERIMENTAL MATERIAL
3.2.1 Selection of parents

The selfed seed of parental lines for the present study was obtained
from Cotton Specialist, Cotton Research Station, Nanded. These genotypes were
selected on the basis of genetic variation for morphological and fibre quality

traits. The salient features of experimental material are summarized in Table S.
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Table 5. Morphological characters of parental lines

Sr.No. SALIENT FEATURES
LINES :
1. NH 545 High ginner, medium staple length, tolerant to
sucking pests
2. NH 615 Drought tolerant, suitable for high density
planting, sucking pesttolerant, high ginner
3. NH 630 Necked seeded, stay green character, high
ginner
4. NH 635 Higher yielder, tolerant to foliar diseases, good
fibre quality
5. PH 1060 Erect plant type, high yielder, better fibre
quality
6. PH 1076 Bold seeded, high yielder
7. LRA 5166 Fibre quality
TESTERS :
1. NH 452 Medium staple length, with high ginner
2. NH 625 Tolerant to sucking pest, high yielder
3. PKYV Rajat I-Iigher yielding and medium staple length
4. Suvin Extra long staple, finest fibre quality with
spinnability up to 240 s count
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Table 6. List of F; crosses (28)

Sr. No. Hybrid Sr. No. Hybrid
1 NH 545 x NH 452 15 | NH 635 x PKV Rajat
2 NH 545 x NH 625 16 | NH 635 x Suvin
3 NH 545 x PKV Rajat 17 | PH 1060 x NH 452
4 NH 545 x Suvin 18 | PH 1060 x NH 625
5 NH 615 x NH 452 19 | PH 1060 x PKV Rajat
6 NH 615 x NH 625 20 | PH 1060 x Suvin
7 NH 615 x PKV Rajat 21 | PH 1076 x NH 452
8 NH 615 x Suvin 22 | PH 1076 x NH 625
9 NH 630 x NH 452 23 | PH 1076 x PKV Rajat
10 NH 630 x NH 625 24 | PH 1076 x Suvin
11 NH 630 x PKV Rajat 25 | LRA 5166 x NH 452
12 NH 630 x Suvin 26 | LRA 5166 x NH 625
13 NH 635 x NH 452 27 | LRA 5166 x PKV Rajat
14 NH 635 x NH 625 28 | LRA 5166 x Suvin

The present investigation was undertaken in hirsutum and
barbadense cotton involving seven lines and four tester genotypes having wide
variation in seed cotton yield and its associated traits. Crossing programme was
undertaken in summer 2012 by using 7 lines and 4 testers and 28 hybrids (Fy's)
were developed as per detailed list presented in Table 6. Seven lines, four testers, -
28 Fy, 4 F,, 4 BC, and 4 BC,; s along with two checks (NHH 44 and DCH 32)
were sown during kharif, 2013 at Cotton Research Scheme, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani.

3.2.2 Heterosis and combining ability studies:

The experiment material for heterosis and combining ability studies

comprised of eleven (11) parents which included seven Gossypium hirsutum lines

viz., NH 545, NH 615, NH 630, NH 635, PH 1060, PH 1076, LRA 5166 and four
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testers out of which three were Gossypium hirsutum viz., NH 452, NH 625, PKV
Rajat and one was barbadense type i.e. Suvin and their 28 hybrids with two
standard checks viz., NHH 44 and DCH 32. Total 41entries including 28F,’s + 11
parents + 2 checks were evaluated during 2013-14, at Cotton Research Scheme,
V.N.M.K.V., Parbhani.

3.2.3 Generation mean studies:

Four lines viz., NH 545, NH 635, PH 1060 and LRA 5166 and three
testers NH 452, PKV Rajat and Suvin and their four independent crosses were
studied to assess the gene effects through generation mean analysis.

I. NH 545 x NH 452 2. NH 635 x PKV Rajat
3. PH 1060 x Suvin 4. LRA 5166 x Suvin
3.3 METHOD

During summer, 2012, the parents (seven lines and four testers)
were sown in a crossing block at spacing of 120 x 60 cm (Plate 1). Crosses were
effected in a line x tester design (7 x 4) to produce 28 F,’s crosses. Hybridization
was carried out following hand emasculation and pollination method. Flower buds
likely to open on next day were selected for emasculation. Emasculation was
carried out between 3 to 6 pm and covered with red colored straw tube to prevent
natural out crossing. The next day pollen from desirable testers were used for
pollination. The operation was done from 9 to 11 am. Four to five emasculated
buds of female parent were pollinated by one male flower. After pollination, the
staminal column was covered with white colored straw tube for prevention of
cross- pollination with undesirable pollen. A label with details of the cross was
also tied on the pedicel for identification of cross. All recommended package of
practices were adopted to obtain sufficient number of crossed bolls from each
cross combination.

During kharif 2012, the material for generation means studies were

generated. For this, four crosses (NH 545 x NH 452, NH 635 x PKV Rajat, PH
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1060 x Suvin and LRA 5166 x Suvin) were selected. These four selected crosses
were selfed and backcrossed with their respective parents to obtain the F, and
backcross (BC, and BC,) seeds respectively. Selfed seed was also obtained for all
the parents. Thus, six basic generations, P;, P,, F;, F,, BC, and BC, were
developed for each of the four crosses.

In kharif 2013, two experiments were conducted. In one experiment,
28 Fs, 11 parents along with two checks (NHH 44 and DCH 32) were evaluated
for combining ability. The material was sown in Randomized Block Design in
three replications (Plate 2). Parents and hybrids were sown in two rows with
spacing of 60 x 60 cm. In another experiment evaluation of Py, P,, F, F>, BC; and

BC, generations of the selected four crosses was undertaken to understand the

"+ genetic nature of yield and yield contributing characters along with fiber quality

through generation mean analysis. The F,s were sown in ten rows and backcrosses
in four rows, whereas parents\ and hybrid were sown in two rows each with a
spacing of 60 x 60 cm.
3.4 OBSERVATIONS RECORDED

Fifty randomly selected plants in F,, twenty plants in BC; and BC,
and five randomly selected plants from other generations in generation mean
analysis experiment from each plot in each replication were chosen and labeled
for recording observations and the means were taken into consideration for
statistical analysis. From F;s along with parents and checks five plants were
randomly selected for recording observations on fiber quality, yield and yield
contributing characters.
A)  Yield contributing traits
3.4.1 Days to 50 % flowering

Number of days required from sowing to the date on which 50 % of

the plants flowered and average number of days to 50 % flowering was calculated.
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Plate 2. Overall view of the experimental plot



3.4.2 Number of rﬁonopodia per plant

Thé number of vegetative branches on the main stem which are
lateral, axillary in position with acropetal succession was counted at maturity
stage, avoiding small sprouts.

3.4.3 Number of sympodia per plant

Reproductive branches which are auxiliary in position, normally
horizontal with zigzag pattern of fruiting points were taken as sympodia. The
number of such sympodia on main stem was counted on each of five plants at
maturity and averaged.

3.4.5 Plant height (cm)

The main stem height was recorded in centimeters from the
cotyledonary node to growing tip at the time of maturity and the averages were
worked out.

3.4.5 Days to maturity

It was measured from date of sowing to days required for maturity
of each genotype.
3.4.6 Boll weight (g)

The boll weight in gram was obtained by taking the average weight
of seed cotton from 10 randomly collected bolls from each plant and averaged.
3.4.7 Number of bolls per plant

The total number of fully opened bolls harvested from each of five
plants was counted and averaged.

3.4.8 Seed cotton yield per plant (g)

Weight of seed cotton in gram obtained from each plant of five

randomly selected was recorded and averaged.

3.4.9 Seed cotton yield per plot (g)
Weight of seed cotton in gram obtained from each plot per

replication was recorded.
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3.4.10 Seed cotton yield qtl./ ha.
Weight of seed cotton obtained from each pfot was multiply by the
hector factor.
B) Fibre characters
3.4.11 Ginning (%)

This is the weight of lint expressed as percentage of weight of seed

cotton calculated according to the following formula

Weight of lint
Ginning percentage (%) = x 100
Weight of seed cotton

3.4.12 Micronaire value (ug/ inch)

The fibre fineness was measured with Sheffield micronaire with
spacer technique. In micronaire instrument, air is passed through a fibre plug air
of 3.24 mm compressed in a cylinder of specific dimension. The dimension of air

flow reflected by the fibre plug is measured in a calibrated scale.
3.4.13 Fibre length (mm)

Determined by HVI (ICC Mode) instrument.
3.4.14 Uniformity ratio

Determined by HVI (ICC Mode) instrument. It is the ratio of 2.5 %

span length and 50 per cent span length.
3.4.15 Fibre strength (g/tex)

This was measured by using pressly strength tester. A tuft of fibres
was taken between two special clamps and the breaking strength was determined.
The bundle strength test was carried out at /8" guage length.
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3.5 STATISTICAL PROCEDURES

The data recorded on different traits were subjected to the following
statistical analyses.
3.5.1 Analysis of variance
i) RBD analysis

The adopted design was Randomized Block Design (RBD) replied
thrice. The analysis of variance was carried out by the method adopted by Panse
and Sukhatme (1985).

Yij=m+gt+v+e
Where,
Y, = Phenotypic observation of i™ genotypic in j™ replication

m = General mean

g; = Effect of j™ genotype
v; = Effectof ™ replication
e, = Random error

The analysis of variance (ANOVA) was carried out for each

character as indicated below

ANOVA
Source d.f MS F calculated
Replications (r) ) Mr Mr/Me
Treatments (t) (D) Mt Mt/Me
Error (€) (D (D) Me
Total (rt-D)

Where,
r

t

number of replications

number of treatments (genotypes)
Mr = mean sum of squares of replications
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Mt = mean sum of squares of treatments
Me = mean sum of squares of error
d.f. = degrees of freedom
MS = mean sum of squares
The significant of mean sum of squares for each charactér was
tested against the corresponding error degrees of freedom using ‘F’ test (Fisher
and Yates, 1967).
ii) Line x Tester analysis
The data recorded on the material generated as per Line x Tester
model of Kempthorne (1957) were subjected to analysis of variance as per the
Line x Tester model given by Singh and Chaudhary (1985).
ANOVA for Line x Tester analysis

Source d.f MS

Replications (r) 1)

Genotypes (a) (a-])

Parents (p) (D)

Crosses (c) (cD)

Parents vs. crosses L

Males (m) (m-1) Mm

Females (f) (D Mf

Males x females (m x f) (m-1) (£1) M(mx{)

Error (r-]) (a-1) Me
. Where,

r =number of replications
a = number of genotypes
p = number of parents

¢ = number of crosses

m = number of males
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f = pumber of females
Mm = mean sum of squares of males
Mf = mean sum of squares of females
M (m x f) = mean sum of squares of males and females
Me = mean sum of squares of error
d.f. = degrees of freedom
MS = mean sum of squares
The significant differences among the genotypes and replications
were verified by applying ‘F’ test (Fisher and Yates, 1967).
3.5.2 Variability, heritability and genetic advance
3.5.2.1 Genotypic and phenotypic coefficients of variation
The genotypic and phenotypic coefficients of variation were

calculated according to the formula given by Falconer (1981).

Genotypic standard deviation
Genotypic coefficient of variation (GCV) = x 100
Mean
Phenotypic standard deviation
Phenotypic coefficient of variation (GCV) = x 100
Mean

3.5.2.2 Heritability

Heritability in the broad sense refers to the proportion of genotypic
variance to the total observed variance in the total population. Heritability (h?) in
the broad sense was calculated according to the formula given by Allard (1960).

h? = _-_--__(_f_f_g_-_
o’p
h?> = heritability in broad sense
o %g = genotypic variance
o’p = phenotypic variance (o2 g + o”€)

63



3.5.2.3 Genetic advance

Genetic advance refers to the expected gain or improvement in the
next generation by selecting the superior individuals under certain amount of
selection pressure. From the heritability estimates the genetic advance was

estimated by the following formula given by Burton (1952).

GA = K. hi(b).op
Where,
GA = expected genetic advance
K = Selection differential, the value of which is
2.06 at 5 per cent selection intensity
op = phenotypic standard deviation

h?(b) = heritability in broad sense

In order to visualize the relative utility of genetic advance among

the characters, genetic advance as per cent for mean was computed.

Genetic advance as per cent of mean = -------emommmemmmman x 100
Grand mean

3.5.3 Estimation of combining ability

Combining ability was estimated based on the method of
Kempthorne (1957). The estimates of general and specific combining ability and

their variances were obtained by using covariance of half sibs and full sibs.
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ANOVA

Source df SS MS  Expected mean squares
X2.k X?
Replications (r-1)
mf mfr
X2 X2
y
Hybrids (mf-1)
r mir
X4 X2...
Males (m-1) M; o®+r[Cov (F.S)—-2Cov
fr mfr (H.S) + fr Cov (H.S)]
X2 X3,
Females (1) M, o>+r[Cov (F.S)—2Cov
mr mfr (H.S) + mr Cov (H.S)]
Males x (m-1) X2 X2...
Females (1) M; o +r[Cov (F.S)—2 Cov
fr H.S)]
XZ_J. X2
 omr mfr
Error (1) (mf-1) By difference M, o’
X2...
Total (mfr-)  Xgx -
mfr
Where,
X... = Sum of all the (ij) hybrid combinations
X.x = Sum of k™ replication

Xg = Sum of ij™ hybrid combination over all replications

X; = Sumof ™ female parent over all males and replications

Xik = ij™ observation in k™ replication
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Covariance of full sibs and covariance of half sibs were estimated

by using the formula (Kempthorne, 1957) given below:

1 /(f— 1) (mq) + (m—1) (MZ)\ '
-M3

r(2mf—f—m)\

Covariance of half sibs =

f+m-—2

(M3 —M4)+(M—M4)+(M3z—My)
3r

Covariance of full sibs =

6 r Cov (H.8)~r (m+f)Cov (H.S)
3r

+

3.5.3.1 Estimation of variances
Using the covariances of half sibs and full sibs which were
estimated by the above equations, variance due to general combining ability (o
gca) and variance due to specific combining ability (o sca) were estimated as:
o*gca=  Covariance of half sibs:
o’ sca= Covariance of full sibs — 2 Covariance of half sibs
3.5.3.2 Estimation of combining ability effects
The -additive model used to estimate the gca and sca effects of the

ijk observations were

Xy = ptgtgitsyten
Where,
7] = population mean
g = gca effect of i" male parent
24 = gca effect of jth female parent
sj = sca effect of ij” combination
ey = error associated with the observation X
i = number of male parents
j = number of female parents
k = number of replications
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The estimation of individual was as follows:

X...
# O —
mfr
‘Where,
X... = Total of all hybrid combinations over all replications
(i) Lines
Xi.. X
gl = ammccccssome——— e e
fr mfr
Where,
X = Total of i™ male parent over all females and replications
(ii) Testers
X X...
gj [T S -
mr mfr

Where,

X ;=Total of i female parent over all male parents and replications

Xl_] Xl X j X
Su —  meemmmmessmeese - - = mEmEssssmsss
T fr mr mfr
Where,
X = ij"™ combination total over all replications

3.5.3.3 Standard errors for combining ability effects

The standard errors (SE) pertaining to gca and sca effects of

different combinations were calculated as follows:

Error of variance
SE (g,) female (gca for line) = e 1 /2
_Error of variance _
SE (gi) males (gca for tester) = ” 1,
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_ Error of variance
SE(s;j) male x female combination = R 1 /2

Where,
r = number of replications
m = number of males
f = number of females

The gea and sca effects were tested against zero for significance by

calculating t-value, by using the following formulae.

gi—0 -0
tcal = e t-cal = e
SE(gl) ; SE(g)) ;
Sij -0
t-cal = e
SE(Sij) ;

t-cal value is compared with table value at error degrees of freedom.

3.5.4 Estimation of heterosis

Heterosis was estimated for 28 hybrids for 15 characters using the
following formulae.
3.5.4.1 Heterosis over mid parent

Relative heterosis was expressed as per cent increase or decrease

observed in the F; over the mici—parent as per following formula.

F,~MP
Heterosis (%) (h;)) = —mmmmemee— X 100
MP
Where,
F] = Mean of F]
MP = Meanof parents
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3.5.4.2 Heterosis over better parent
Heterobeltiosis was expressed as per cent increase or decrease

observed in F, over the better parent as per the formula of Liang et al. (1971).

Heterosis (%) (hy) = ==e-m- g 100

Where,

BP = Mean of better parent (for the characters like days to 50% flowering,

earliness is desirable so the early parents are taken better parents).
3.5.4.3 Heterosis over standard checks

Standard heterosis was expressed as per cent increase or decrease

observed in F, over standard checks.

F, — Mean of check
Standard heterosis (%) (h;) = x 100
Mean of check

3.5.4.4 Test of significance of heterosis

To test the significance for different types of heterosis needs
computation of standard error (SEm). For relative heterosis and heterobeltiosis,
SEm were calculated based on error mean squares (EMS) from the ANOVA
tables consisting parents and crosses, whereas, EMS from the RBD ANOVA
(c%) table based on all treatments (Parents, crosses and checks) was used for
standard heterosis.

The significance of heterosis viz., relative heterosis, heterobeltiosis
and standard heterosis was then tested by comparing the calculated ‘t” — value
with the tabulated student’s ‘t’ — value for appropriate error degrees of freedom at
5 per cent and 1 per cent level of significance (0.05 and 0.01 level of probability),

respectively.
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F; —Mean of mid parents or better parent

‘t> .a1 for Heterosis and heterobeltiosis =
SEM

Where, SEm = J2EMS/r

EMS = Error mean of squares
r = Number of replications

F; —Mean of check

‘t> .o for Standard heterosis = -
SEM SC

Where, SEm SC =~ = J20e2 /1

3.5.4.5 Least significance difference (critical difference) for heterosis

The significance of the difference between two estimates of
heterosis were tested by computing the least significant difference (LSD) by
multiplying the SEm with the appropriate student’s ‘t’ value of respective for
degrees of freedom at desired level of probability.

Ch = SEm x ‘t’ table value at error degrees of freedom

3.5.5 Correlations |

The data on 13 characters were utilized for the computation of
correlation coefficients between quality, yield and yield component clllaracters for

all the genotypes. The formula suggested by Snedecor and Cochran (1967) was

followed.
Cov (X; . X))
by (Xi . Xj) = :
 (Var Xi) . (Var Xj)
Where,
r(X;.X) = Correlation coefficients between i and j*™ character
Cov (X;. X)) = Covariance between i™ and j™ character
(Var X)) (Var X)) = Variance of i and j characters respectively
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3.5.5.1 Phenotypic and genotypic correlations

Phenotypic and genotypic correlation coefficients were calculated
for the characters by working out the variance components of each character and
the covariance components for each pair of characters using the formulae
suggested by Al-Jibouri et al. (1958).

Cov xy (genotypic)
Genotypic correlation = ,
Coefficient (rp) \ (Var x). (Var y) (genotypic)
Treatment MS — Error MS
Genotypic variance =
Number of replications
Similarly,
Treatment Cov — Error Cov
Genotypic covariance =
Number of replications
Cov xy (phenotypic)
Phenotypic correlation =
Coefficient (rg)  (Var x). (Var y) (phenotypic)

The values of genotypic correlation exceeding unity should be
considered as unit only (of same sign). To test the significance of correlation
coefficients, the estimated values were compared with the table values of
correlation coefficients (Fisher and Yates, 1967) at 5 per cent and 1 per cent levels
of significance with (n-2) degrees of freedom, where ‘n’ is the number of
genotypes used in the experiment.

3.5.6 Path coefficient analysis

Contribution of 13 component characters towards dependent
character were calculated through path coefficient analysis as suggested by
Wright (1921) and elaborated by Dewey and Lu (1959) at both phenotypic and

genotypic levels.

71



r[y

S~

Where,

ryto ry

ry2 to rep

Ply to P|y

I‘}y

N

Where C!

= Piy+ 1y Py t113 Pay +

= | PPyt Pyt Pyt

= 1Py + 112 Py + 113 Py +

N

f

= Coefficient of correlation among causal factors

i

2 I3
T2 1 I3
I3 3 1
I Iz I3

~—

—

Ch Cp
Cy Cn
Cn Cp

.....................

....................

dependent character Y.

.....................

.....................

.....................

.....................

Cay Ll

Direct effects of characters 1 to I on character Y

r !_i\

T2

I3

Coefficient of correlation between causal factor 1 to 1 and

.......

.......




The matrix was inverted using generalized inverse (G inverse).

Then, direct effects were calculated as follows:

I

Py = Z Cllrxy
I=1
I

Poy = z Cziriy
I=1
I

Py = X Cyry
I=1

Residual effect (PRy) which measures the contribution of the

characters not considered in the causal scheme was obtained as,
Residual effect (PR,) = 12
? = PiyTiy+Poy Ty + cereenns +Pyy11y)

3.5.7 Generation means and gene effects

The concept of Generation Mean Analysis (GMA) was developed
by Hayman (1958) and Jinks and Hayman (1958) for the estimation of genetic
components of variation; since this technique involves six different generations

viz., parents (P, and P,), their F,, F, and back (BC, and BC,).

The means were computed for each generation of P, P,, Fy, F,, BC,
and BC, for each cross over three replications. The variance and corresponding
standard errors of the means were computed from the deviations of the individual

values from the pooled mean for each of the generation in each cross.
3.5.7.1 Scaling test

The test which provides information regarding presence / absence of

gene interaction is termed as. scaling test. The test of adequacy of scales is
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important because in most of the cases the estimation of additive and dominance
components of variances is made assuming the absence of gene interactions.

Mather (1949), and Hayman and Mather (1955) gave four scaling tests.

The t’ values are calculated by dividing the scale effects of A, B

and C by their respective standard error.
t cal for A-test = Scale A/S.E. A
t cal for B-test = Scale B/ S.E. B
t cal for C-test = Scale C/ S.E. C
t cal for D-test = Scale D/S.E. D

The calculated values of “t” are to be compared with “t’ table values
at 5 per cent and 1 per cent level of significance. If the calculated values of these
scales is higher than 1.96, it is considered significant and vice versa. The

significance of any scaling test indicates the presence of epitasis.
3.5.7.2 Components of generation means

The mean values over replication are used for the estimation of the
gene effects. Owing to presence of six generations in each cross, Hayman’s
(1958) six parameter model was followed to estimate gene effects including

epistatic interactions.

The six parameter model was first suggested by Hayman (1958) for
estimation of various genetic components from the generation means. This
method is used when non-allelic interactions are present. The analysis of this
model is based on six generation viz., Py, P, F;, Fo, BC, and BC, and six
parameters are obtained. These parameters are mean (m), additive gene effects
(d), dominance gene effects (h) and three types of non-allelic gene interactions
viz., additive x additive (1), additive x dominance (j) and dominance x dominance
1.
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Where,

F

B, -B,

F1 — 4F; — (1/2)P, ~ (1/2) P, + 2B, + 2B,
2B, + 2B~ 4F,

B;—(1/2)P;-B,+(1/2) P,

Fl + ?2 + 2}-‘:1 -+ 4_1:‘:2 - 4§1 —4§2

?,, .152, '131, F,, B, and B, are mean values of Py Py, Fi, F5, BC; and BC;

generations, respectively.

3.5.7.3 Test of significance of various gene effects

The test of significance of the gene effects was done using ‘t’ test

for which variance and standard error of each estimates were calculated using

following equations.

Vo =
Va =
Vi =
Vi =
Vi =

V] =

V(F2)

V(B) + V(By)

V(F)) + 16 V() + % V(By) + % V(By) + 4V(B1) + 4V (By)
4V(B;) + 4V(B,) + 16V(Fy)

V(By) + % V(P)) + V(By) + % V(Py) .

V(P)) + V(Py) + 4V(F)) + 16V(Fy) + 16V(B)) + 16V(B,)

V(Pl), V(Pz) ’ V(Fl), V(Fz), V(B]) and V(Bz) are the variance of P[, Pz, Fl, Fz,

BC, and BC; generations, respectively.

The standard error of the gene effects was estimated as follows

S.E (m)
S.E (d)
S.E (h)

=  vVm
VVd
VVh'
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S.E (i) = Vi
S.E () = JV
SE() = VT
The *t’ values were worked out using following formulae
t(m) =  m/SE(m)
#(d) = d/SE()
t(h) . =  h/SE()
t(0) = i/SEQ)
t@) = J/S.EQ)
(D) =  1/SEQ) ]

The significance for above parameter is tested with the help of ‘t’
test. First standard error (S.E) is worked out for each component separately by
taking the square root of the variance of the respective component. Then the ‘t’
value is calculated for each component by dividing the gene effects of respective
components by their S.E. The calculated value of ‘t’ is compared with 1.96 which
is the table value of ‘t’ at 5 per cent level of s:igniﬁcance. If the calculated value
greater than 1.96, it is considered significant and vice versa.
3.5.7.4 Generation means and gene effects (Joint Scaling test)

The six families (P, P,, F,, F,, BC, and BC;) developed for four
cross combinations were analyzed for generation mean analysis. The A, B, C and
D scaling test of Mather (1949) and Hayman and Mather (1955) could not provide
the detailed information. Separately on each parameter, namely:

i. additive x additive (i)
ii. additive x dominance (j)

iii. = dominance x dominance (1)
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Further, the six parameter model of Hayman (1958) can be
employed to compute components of generation means, neither model can be
tested nor the non-significant parameters can be eliminated from the model.
Therefore, the data: on seed yield and all possible ancillary traits were analyzed
with the help of joint scaling test (Cavalli, 1952; Mather and Jinks, 1982) of three
and six parameter models (to know non-significant parameters) where sequential
model fit scheme was employed and the best model fit scheme was searched. The
parameters m, [d] and [h] estimated from the observed mean of the available types
of generations were compared with expected values derived from the estimates of
these three parameters.

The six equations which are obtained by equating the observed
family means to their expectations in terms of m, [d], [h], [i], [j] and [1] were used
for estimating these parameters. Since, the number of equations is higher than the
number of parameters to be estimated, least square technique was followed.

Further, the mean of various generations were not known with equal
precision and hence, the generation means and their expectations were weighed,
where the weight is estimated as

1

Weight =
(Variance of generation mean)

The weighed least square estimates of the three parameters were
obtained from the three equations which were obtained after combining the six
original equations and their weights. In order to assess first of these three
equations, each of the original equation was multiplied by the coefficient of m
which contained and by its weight and all the six equations were then summed to

a single equation.
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Similarly, the second and third equations were obtained by using the
coefficients of [d] and [h] in turn the weights as the multipliers. These three
simultaneous equations were solved by way of matrix inversion and the estimates
of m, [d] and [h] were obtained.

The adequacy of the additive - dominance model was tested by
determining the expected values of six different generations with help of estimates
obtained from m, [d] and [h] and following the comparison between observed and
expected means of these generations. Six deviations between the observed and
expected values of each generation were obtained and by squaring each of these
deviations and multiplying them by their corresponding weights tested the
goodness of fit. The products were summed over all six types of families and

tested against the values of n-p degrees of freedom; that is

X = P (0;3)2 xW for (n — p)d.f
Where,

>¢, = Represents the sum of all six products

o = Qbserved mean generations

E = Expected mean value of the generation

\ = Corresponding weight of the generation

N = Number of equations and

P = Number of parameters to be used

X7 at (n-p) degrees of freedom (d, f) would indicate preéence of
epistasis. After confirmation of presence of epistasis, joint scaling test of
parameter model significance estimates of m, [d], [h], [i], [j] and [1] was applied.

The weighed least square estimates of the six parameters were
obtained for six equations which were obtained after combining the seven original
equations and their weights. In order to assess first of these six equations each of

the original equations was multiplied by the coefficients of m which it contained
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and by its weight all the six equations were then summed to give rise to a single
equation.

Similarly, the second, third, fourth, fifth and sixth equations were
obtained by using the coefficient of [d], [h], [i], [j] and [1] in turn the weights as
the multipliers.

These six simultaneous equations were solved by way of matrix
inversion and the estimates of m, [d], [h], [i], [j] and [1] were obtained.

The presence of the non-significant parameters in additive,
dominance, additive x additive, additive x dominance and dominance x

dominance model was searched and subsequently those were eliminated (X 2)
cannot be tested because degrees of freedom is zero.

Through sequential model fit scheme after eliminating the non-
significant parameters of six parameter model best fit scheme was traced and
tested through X~ at (n-p) degrees of freedom.

3.5.8 Chi-square test
X ? test was applied for testing the deviation of an observed

segregation for theoretical observation. Chi-square was calculated using the

formula ¥ (0O-E)
Xt =
E
Where,
0 = Observed frequency
E = Expected frequency
> == Summation of the data

If the calculated values of X2 is significant at 5 per cent level of
significance, we can say that the fit is poor, one or more observed frequencies are
not in accordance with the hypotheses assumed and vice versa. So, it is also

known as goodness of fit. The degree of freedom (d. f) in X? test is (n-I). Where n

= number of classes.
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CHAPTER-1IV
RESULTS

12

The results on “Studies on,heterosis, combining ability and
gene action for fibre characters, yield and its components in intra and inter
specific hybrids of upland cotton (Gossypium sp.)” are presented under the
following heads.

4.1  Mean performance of parents and crosses

4.2  Estimates of mean, range, PCV, GCV, heﬁtability and genetic
advance

4.3  Combining ability studies

44  Estimates of heterosis

4.5 Correlations

4.6  Path analysis

4.7  Generation mean analysis

41 MEAN PERFORMANCE OF PARENTS AND CROSSES
4.1.1 Analysis of variance
The mean data on fifteen characters viz, days to 50%
flowering, number of monopodia per plant, number of sympodia per plant,
plant height (cm), days to maturity, boll weight (g), number of bolls per
pl@t, ginning percentage, micronaire value (ug/inch), fibre length (mm),
uniformity ratio, fibre strength (g/tax), seed cotton yield per plant (g), seed
cotton yield per plot (g) and seed cotton yield qtl./ha were collected and
analysed. Analysis of variance for fifteen characters is presented in Table 7.
The analysis of variance showed significant difference among

the treatments (parents and crosses) for all the characters studied.
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4.1.2 Mean performance

The mean performance of parents, crosses and checks for
fifteen yield and fibre quality characters is presented in the Table 8.
4.1.2.1 Days to 50% flowering

The character days to 50% flowering recorded mean values
ranging from 67.00 to 84.66 days in parents with an overall mean of 75.65
days. Among the parent, lines recorded mean value ranging from 67.00 (NH
545) to 78.00 days (NH 615), whereas for testers the values ranged from
72.33 (NH 452) to 84.66 days (Suvin). The cross NH 545 x NH 452
recorded lowest value (68.66 days, Plate 3) followed by NH 545 x NH 625
(71.66 days) and LRA 5166 x NH 625 (72.00 days) and the cross NH 630 x
Suvin recorded the highest days to 50% flowering (82.33 days) with a mean
of 76.06 days.
4.1.2.2 Number of monopodia per plant

' The mean values of parents and hybrids for number of

monopodia per plant ranged from 1.13 to 1.86. Among the females, the
range was from 1.13 (NH 635) to 1.66 (LRA 5166), while for the males, it
ranged from 1.20 (NH 625 and PKV Rajat) to 1.46 (Suvin). The mean
values for hybrid ranged from 1.13 (LRA 5166 x Suvin) to 1.86 (NH 615 x
NH 452). The cross NH 615 x NH 452 (1.86) recorded the highest
monopodial vailues followed by NH 615 x NH 625 (1.80) and PH 1076 x
Suvin (1.73).
4.1.2.3 Number of sympodia per plant

The mean of lines was 22.35 with a range of 19.68 (NH 630)
to 24.66 (PH 1076). Among the testers the range was 23.06 (PKV Rajat) to
26.26 (Suvih) and among the crosses it ranged from 19.33 (LRA 5166 x
PKYV Rajat) to 28.26 (PH 1076 x PKV Rajat). The cross PH 1076 x PKV
Rajat (28.26) recorded the highest mean value followed by LRA 5166 x NH
452 (27.59) and PH 1076 x NH 452 (27.40). The overall mean of parents
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Plate 3. A cross showing early flowering
(NH 545 x NH 452)



and hybrids was 23.28 and 23.59 respectively, while the check DCH 32
recorded 23.13 numbers of sympodia per plant.
4.1.2.4 Plant height (cm)

Among the females, the range was for plant height 121.93 (NH
630) to 167.13 cm (PH 1076), while for the males it ranged from 123.26
(PKV Rajat) to 166.00 cm (Suvin). The mean values for hybrids ranged
from 132.66 (NH 615 x NH 625) to 162.40 cm (PH 1076 x PKV Rajat),
while the check NHH 44 recorded 135.73 cm of plant height. The cross PH
1076 x PKV Rajat (162.40 cm) exhibited highest plant height followed by
PH 1060 x PKV Rajat (160.46 cm) and PH 1076 x NH 452 (158.60 cm).
4.1.2.5 Days to maturity

The character days to maturity recorded mean values ranging
from 146.66 to 184.66 days in parents with an overall mean of 163.17 days.
Among the parents, lines recorded mean value ranging from 147.33 (NH
615) to 167.66 days (NH 635), whereas, for testers the values ranged from
150.33 (PKV Rajat) to 184.66 days (Suvin). Among the crosses, PH 1060 x
PKV Rajat recorded lowest value (146.66 days, Plate 4) followed by PH
1076 x PKV Rajat (150.66 days) and PH 1076 x NH 452 (154.33 days). The
cross PH 1076 x Suvin recorded late days to maturity (184.66 days) than
check NHH 44 (161.33 days).
4.1.2.6 Boll weight (g)

The boll weight ‘among the parents and hybrids ranged
between 2.32 and 3.28 g, while the check NHH 44 recorded 3.15 g. This
character ranged from 2.82 (NH 615) to 3.18 g (NH 630) in lines with a
mean of 3.03 g, while in testers the range was from 2.40 (Suvin) to 3.05 g
(NH 625 and PKV Rajaty with a mean of 2.87 g. The overall mean of
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Plate 4. Early maturing hybrid

(PH 1060 x PKV Rajat)



parents and crosses was 2.97 and 2.97 g, respectively. The cross PH 1076 x
NH 452 recorded the maximum boll weight (3.28 g).
4.1.2.7 Number of bolls per plant

The overall mean values for number of bolls per plant ranged
from 21.52 to 34.72 hybrids. In lines, number of bolls per plant ranging from
23.34 (NH 615) to 27.27 (NH 545) with mean of 25.74, whereas for the
testers, the values ranged from 23.82 (NH 625) to 29.26 (Suvin) with a mean
of 25.53. The cross PH 1076 x PKV Rajat recorded the highest bolls per
plant (34.72) followed by NH 615 x PKV Rajat (32.84) and PH 1076 x NH
452 (30.90). However, the check NHH 44 recorded 23.18 numbers of bolls
per plant.
4.1.2.8 Ginning percentage (%) . .

The ginning percentage varied from 32.96 to 42.05. The
female parents exhibited a range of 33.35 (NH 630) to 40.00 per cent (NH
545), while the male parents were in~the range of 32.96 (Suvin) to 40.16 per
cent (NH 625) with a mean of 37.55 and 35.54 per cent of lines and testers
respectively. Among the hybrids, PH 1060 x NH 625 recorded highest
ginning per cent (42.05%, Fig. 1) followed by NH 630 x NH 625 (41.73%)
and PH 1076 x NH 625 (41.70%). The cross NH 630 x PKV Rajat recorded
the lowest ginning percentage (33.54%).
4.1.2.9 Micronaire value (ng/inch)

Mean micronaire values were recorded 3.92 pg/inch, 4.06
pg/inch and 4.04 pg/inch for lines, testers and crosses, respectively. Among
the lines, LRA 5166 recorded the minimum value (3.30 pg/inch), whereas
NH 635 recorded the maximum (4.64 pg/inch), while in testers, Suvin

recorded minimum values (3.87 pg/inch) and NH 625 recorded the
maximum (4.42 pg/inch), corresponding to the parental mean of 3.97
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Fig. 1. Performance of promising hybrids for fiber properties




pg/inch. In crosses, PH 1060 x Suvin recorded lowest value of 2.99 pg/inch
followed by PH 1060 x NH 625 (3.04 pg/inch) and LRA 5166 x Suvin (3.04
ng/inch).The cros:s NH 630 x NH 625 recorded highest micronaire value
(4.99 pg/inch). The check DCH 32 recorded 2.66 pg/inch (Fig. 1).
4.1.2.10 Fibre length (mm)

This character ranged from 23.06 (PH 1060) to 26.51 mm (NH
635) in lines with a mean of 24.18 mm, while in testers the range was from
21.56 (PKV Rajat) to 33.62 mm (Suvin) with a mean of 25.67 mm. The
overall mean of parents and crosses was 24.72 mm and 25.03 mm
respectively. The cross LRA 5166 x Suvin recorded the maximum fibre
length of 32.46 mm followed by PH 1076 x Suvin (31.51 mm) and PH 1060
x Suvin (30.70 mm) Fig. 2.
4.1.2.11 Uniformity ratio

Among the parents and hybrids the mean values of uniformity
ratio ranged from 40.50 to 49.36. Among the lines, the character ranged
from 45.96 (PH 1060 and NH 545) to 49.13 (NH 630) and from 45.56
(Suvin) to 49.36 (NH 625) in testers with a mean values of 47.18 and 47.17
respectively. Among the crosses, the values varies from 40.50 (NH 615 x
Suvin) to 48.73 (NH 545 x NH 625) with a mean of 45.44, while NH 545 x
NH 625 (48.73) recorded highest uniformity ratio followed by NH 545 x
PKV Rajat (48.36) and PH 1060 x NH 452 (47.53) Fig. 2.
4.1.2.12 Fibre strength (g/tex)

For fibre strength, the lines, testers and crosses exhibited mean
values of 22.65 (g/tex), 23.66 (g/tex) and 24.07 (g/tex) respectively. The
parent NH 545 recorded minimum value of 20.27 (g/tex), whereas LRA
5166 recorded the maximum (25.60 g/tex) among-the females. Among the
males, the value varied from NH 452 (21.18 g/tex) to Suvin (26.36 g/tex) for
the check DCH 32 the fibre strength recorded was 22.05 g/tex. Among the
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hybrids, LRA 5166 x Suvin recorded highest value of 27.50 g/tex followed
by PH 1060 x Suvin (27.46 g/tex) and PH 1076 x Suvin (26.76 g/tex) Fig. 3.
4.1.2.13 Seed cofton yield per plant (g)

Among the lines, the seed cotton yield per plant values varied
from 67.46 (NH 630) to 82.38 g (NH 545), whereas in testers NH 625
recorded lowest yield of 67.72 g and NH 452 recorded the highest value of
73.47 g. The hybrid, NH 630 x Suvin recorded the lowest value of 57.79 g
and the hybrid PH 1076 x PKV Rajat recorded the highest yield of 109.33 g
followed by NH 615 x PKV Rajat (99.87 g) and PH 1076 x NH 452 (97.29
g) (Plate 5 and Fig. 4). The check NHH 44 recorded the seed cotton yield of
78.88 g per plant.
4.1.2.14 Seed cotton yield per plot (g)

Among the lines, the seed cotton yield per plot varied from
1214.33 (NH 630) to 1648.00 g (LRA 5166), whereas in testers NH 452
recorded the highest 1316.66 g followed by 1302.33 (PKV Rajat) and
1234.00 g (Suvin). The hybrid PH 1076 x PKV Rajat recorded the highest
yield of 1968.00 g followed by NH 615 x PKV Rajat (1797.66 g) and PH
1076 x NH 452 (1751.33 g) as compare to check NHH 44 (1454.00 g).
4.1.2.15 Seed cotton yield qtl./ ha

Among the lines, the seed cotton yield qtl./ ha varied from
16.86 (NH 630) to 22.88 qtl./ha (LRA 5166), whereas in testers NH 452
(18.28) recorded the highest gtl./ha seed cotton yield followed by PKV Rajat
(18.07 qtl./ha) and Suvin (17.13 qtl./ha). The hybrid PH 1076 x PKV Rajat
recorded the highest yield seed cotton 27.33 qtl./ha followed by NH 615 x
PKYV Rajat (24.96 qtl./ha) and PH 1076 x NH 452 (24.32 qtl./ha) whereas,
the check NHH 44 recorded 19.66 qtl./ha (Fig. 4). The interspecific cross
LRA 5166 x Suvin recorded the highest seed cotton yield (19.31 qt/ha)
among the interspecific crosses with better fibre quality (Plate 6).
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Plate 5. A promising intraspecific cross for seed cotton yield
(PH 1076 x PKV Rajat)



Plate 6. A promising interspecific cross for fibre quality and yield
(LRA 5166 x Suvin)



42 MEAN, RANGE, GENOTYPIC COEFFICIENT OF VARIATION
(GCV), PHENOTYPIC COEFFICIENT OF VARIATION (PCV),
HERITABILITY (h%) AND GENETIC ADVANCE (GA) IN COTTON

The results are furnished in Table 9.
4.2.1 Days to 50% ﬂ(;wering

The overall mean for this character was 75.65 days with a
range from 67.00 to 84.66 days. Genotypic coefficient of variation and
phenotypic coefficient of variation were 4.71 and 5.02 respectively. Broad
sense heritability recorded was 88.13 per cent with low genetic advance of

9.12.

4.2.2 Number of monopodia per plant

Range for this character was from 1.13 to 1.86, with mean of

1.42. GCV and PCV values recorded were 8.53 and 18.52 respectively. The

heritability recorded low (21.24 per cent) with low genetic advance (8.10)

was observed for this trait.

4.2.3 Number of sympodia per plant

The character ranged from 19.33 to 28.26 with a mean of

23.47. The values recorded for GCV, PCV, heritability and genetic advance

were 8.38, 11.00, 58.99 per cent and 16.87 respectively.

4.2.4 Plant height

The overall mean for this character was 145.41 cm with a
range from 121.93 to 167.13 cm. For this character GCV was 7.84, PCV
was 8.61 whereas high heritability 82.97 per cent and high genetic advance

(14.71) was recorded.

4.2.5 Days to maturity

The overall mean for this character was 163.17 days with a
range from 146.66 to 184.66 day. The low GCV (5.91) and PCV (5.96) was
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found for this character. However, high heritability (98.45 per cent) with
high genetic advax:lce (12.09) was recorded for days to maturity.
4.2.6 Boll weight

The overall mean for this character was 2.98 g with a range
from 2.32 to 3.28 g. GCV and PCV recorded for this character was 8.70 and
9.23, respectively. The high heritability (88.84 per cent) with moderate
genetic advance (16.90) was recorded for this trait.
4.2.7 Number of bolls per plant

Range for number of Bolls per plant was 21.52 to 34.72 with
an average value of 26.07. The GCV for this character was 10.96 and PCV
was 12.01. The high heritability and high genetic advance was recorded
(83.32 per cent and 20.61, respectively) for this trait.
4.2.8 Ginning percentage

The mean value recorded for ginning percentage was 38.54 per
cent, whereas a range was from 32.96 to 42.05 per cent. GCV, PCV,
beritability and genetic advance recorded were 5.22, 8.59, 36.92 per cent and
6.53, respectively. -
4.2.9 Micronaire value

For the trait micronaire value, the mean was 3.98 pg/inch,
whereas the range was from 2.66 to 4.99 pg/inch. GCV and PCV recorded
were 14.31 and 15.04 respectively. High genetic advance (28.04) and high
heritability (90.50 per cent) recorded for this trait.
4.2.10 Fibre length 2

For this character, 25.05 mm was the mean value recorded
with a range from 20.10 to 33.62 mm. Both GCV (12.96) and PCV (13.07)
recorded high values, while heritability (98.27 per cent) and genetic advance
(26.47) was observed to be very high.
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4.2.11 Uniformity ratio

The trait uniformity ratio ranged from 40.50 to 49.36 with an
average value of 45.93. Both GCV (3.54) and PCV (4.73) recorded low
value, while heritability was moderate (55.93 per cent) and genetic advance
very low (5.45).
4.2.12 Fibre strength

The overall mean for this character was 23.66 g/tex with a
range from 20.27 to 27.50 g/tex. Both GCV (7.72) and PCV (8.41) recorded
moderate values; while heritability was high (84.28) and low genetic was
recorded (14.61).
4.2.13 Seed cotton yield per plant

This character has recorded a mean value of 75.61 g with a
range of 57.79 to 109.79 g per plant. Both GCV (14.45) and PCV (14.63)
were found to be moderate coupled with high heritability (97.55 per cent)
and high genetic advance (29.40).
4.2.14 Seed cotton yield per plot

The overall mean for this character was 1364.52 g with range
from 1040.33 to 1968.00 g per plot. GCV recorded was 14.08 and PCV was
16.01. High heritability 77.38 per cent and high genetic advance (25.53)
were recorded for these trait.
4.2.15 Seed cotton yield qtl./ ha

For this character 18.95 qt/ha was the mean value recorded
with a range from 14.50 to 27.33 qtl./ha. Both GCV (13.91) and PCV
(16.02) recorded moderate values, while moderate heritability (75.42) per

cent with high genetic advance was observed (24.89) recorded.
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43 COMBINING ABILITY
4.3.1 Analysis o:f variance

Analysis of variance for combining ability revealed significant
differences for most of the characters mthm parents and crosses. In lines,
significant differences were observed for number of monopodia per plant,
plant height, number of bolls per plant, micronaire value, seed cotton yield
per plant, seed cotton yield per plot and seed cotton yield quintal per ha.,
where as in testers significant differences were recorded for days to 50%
flowering, days to maturity, boll weight, ginning percentage, fibre length,
uniformity ratio, fibre strength, seed cotton yield per plant, seed cotton yield
per plot and seed cotton yield qtl./ ha. (except for number of monopodia per
plant, number of sympodia per plant, plant height, number of bolls per plant
and micronaire value). In line x tester significant differences were noted for
all the characters (except for number of monopodia per plant and ginning
percentage). However, in parents vs crosses significant differences were
observed for all the traits studied, except for number of monopodia per plant,
boll weight, micronaire value, seed cotton yield per plot and seed cotton
yield quintal per ba (Tablel0).
4.3.2 Combining ability variances and gene action

The estimates of general combining ability (GCA) and specific
combining ability (SCA) variances, their ratios and gene action are
presented in Table 11. General combining ability is generally associated
with additive gene action while specific combining ability is genetically due
to dominance and epistasis.

In the present study, the result revealed that the variance due to
SCA were higher in magnitude than the variance due to GCA for the

characters days to 50% flowering, number of monopodia per plant, number
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