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ABSTRACT

The present study was performed to evaluate the heterosis effects for economic and fibre quality
traits of 60 hybrids were obtained from a line x tester analysis of crosses involving fifteen female
parents and four male parents along with a check hybrid HHH 223. The heterosis was observed
for number of seeds per boll, seed index, lint index, ginning outturn, 2.5 per cent span length,
fibre strength, micronaire value, fibre uniformity and seed cotton yield per plant. The results
showed that range of economic heterosis varied from -18.18 to 20.45% of number of seeds per
boll, 1.58 to 32.91% of seed index, 11.15 to 31.85% of lint index, -11.06 to 3.37% of ginning
outturn, -6.32 to 8.80% of 2.5 per cent span length, -2.73 to 18.27 of fibre strength, 17.69 to
21.23 of micronaire value, -2.08 to 1.66 of fibre uniformity and -60.38 to 48.32 of seed cotton
yield per plant. The overall study of heterosis revealed that the better performing hybrids, H1316
X H1236 for number of seeds per boll and seed cotton yield, LH2232 x H1236 for seed index,
H1300 x H1236 for lint index and ginning outturn, H1300 x H1098-i for 2.5 per cent span length
and fibre strength, H1220 x H1226 for micronaire value and H1353 x H1117 for fibre
uniformity. So these crosses could be exploited to improve the yield along with one or more fibre
quality traits through heterosis breeding.
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INTRODUCTION
Cotton (Gossypium hirsutum L.) is an

first step in successful breeding program is to
select appropriate parents. Cotton plays a key

important fibre crop and plays a vital role as a
cash crop in commerce of many countries such
as India, China, USA, Pakistan, Uzbekistan,
Australia and Africa. Cotton crop is mainly
cultivated for fibre. Development of new
variety with high yield and fibre quality is the
primary objective of all cotton breeders. The

role in the national economy in terms of
generation of direct and indirect employment
of about 60 million people in the agricultural
and industrial sectors of cotton production and
processing, textile and related exports which
accounts for nearly 33 percent (76,000) of total
foreign exchange earnings of our country.
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Cotton though mainly grown for fibre is also
ranked as major oilseed crop in the
international market. Cotton improvement
programmes primarily lay emphasis on
development of hybrids, which have
contributed in improving productivity of
cotton®.

Cotton fibre is the most important raw
material for the textile industry. Both yield and
quality of fibre are equally important in cotton.
Fibre quality parameters should be given due
importance in any cotton improvement
programme. High vyielding parents may not
necessarily transmit their superiority to their
progenies in crosses. In any systematic
breeding programme, it is a prerequisite to
identify the elite parents for hybridization and
superior crosses. The Line x Tester mating
design is very useful and simple procedure for
evaluation of parents for gca and sca variances
and effects through hybridization programme.

The phenomenon of heterosis of F;
hybrids can also reflect SCA and GCA of
parental lines. Heterotic studies can also
provide the basis for exploitation of valuable
hybrid combinations and their commercial
utilization in future breeding programs™.

Heterosis or hybrid vigour is the
increment in performance of a hybrid (F;
generation) in relation to the parental average
and can assume positive or negative values'.
Regarding previous studies on heterosis in
cotton, researchers reported different heterosis
values for yield components and fiber quality
parameters. The amount of exploitable
heterosis for seed cotton yield ranged from
15.50% to 35%2°. The amount of heterosis for
fiber properties was usually lower (5- 10%)
than that for yield and its components****,

Heterosis is the superiority of the
hybrid over the mid-parent or better parent
values. It is the allelic or non-allelic interaction
of genes under the influence of particular
environment. Heterosis has been observed in
many crop species and has been the objective
of considerable importance as mean of
increasing productivity of crop plants. It is
now well established fact that heterosis does
occur with proper combination of parents.
Therefore, present study was carried out to
measure heterosis over standard check (HHH
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223) for economic and fibre quality traits to
obtain information on heterotic potential as to
develop hybrids in cotton.

MATERIALS AND METHODS

The present investigation was carried out at
Cotton Research Area, Department of Genetics
and Plant Breeding, Chaudhary Charan Singh
Haryana Agricultural University, Hisar. The
Hisar is situated at the latitude 29° 10 N and
longitude 75°46 E and falls in the semi-
tropical region of the western zone of India
and at an altitude of 215.2 meters above mean
sea level. The experimental material was
grown during the years 2014-15 and 2015-16,
during first year the selected diverse material
comprising of 19 parents (15 lines + 4 testers)
were presented in Table 1. were grown in the
field (crossing block) during Kharif 2014. A
total of 60 crosses were attempted in a line x
tester design by hand emasculation and
pollination. Opened crossed bolls of all the F;
hybrids and selfed seeds of parental lines were
picked up and sun dried before ginning. The
ginned seed materials were used during 2015-
16. During Kharif 2015-16, F; hybrids (60)
and their parents along with the check hybrid
HHH223 were grown. Each entry i.e. parents
and hybrids were sown in a single row of 7.2
meter length adopting a spacing of 100 cm
between rows and 45 cm between the plants in
a row in randomized block design with three
replication. All the recommended practices
were adopted for all the entries from sowing
till harvesting. For recording observations, 5
competitive plants were randomly selected and
tagged from each treatment in each replication
and the average value per plant was computed
for economic and fibre quality traits viz.,
number of seeds per boll, seed index (g), lint
index (@), ginning outturn (%), 2.5 per cent
span length (mm), fibre strength (g/tex),
micronaire value (ug/inch), fibre uniformity
(%) and seed cotton yield per plant (g). The
mean data of 5 plants over three replications
were used for statistical analysis. The data
were analyzed to find out the extent of
heterosis was carried out according to the
model given by Kempthorne®. Using the
OPSTAT statistical software.
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Table 1: Parents used in hybridization programme
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S.NO. LINES S.NO. S.NO. TESTERS

1 H 1300 9 RS 921 1 H 1226
2 H 1316 10 B 59- 1679 2 H 1098-i
3 H1353 11 A 537 3 H 1117
4 H 1442 12 RS 875 4 H 1236
5 H 1442-1 13 Su Flum

6 R S 810 14 LH 2232

7 H1220 15 LH2306

8 H 1455

RESULTS AND DISCUSSION

The analysis of variance was carried out for all
the characters of all the parents and hybrids
viz., 15 lines, 4 testers, 60 hybrids (line X
tester) and one commercial check hybrid
(HHH 223). It is evident from the analysis of
variance that mean sum of squares due to
parents and hybrids were significant for all
characters (Table 2). The extent of heterosis
was studied for all the traits against the
standard check hybrid HHH 223. The values
for the economic heterosis for individual
crosses recorded for different characters
(Table 3). Heterosis is the superiority of F;
over the mean of the parents or over the better
parent or over the standard check’ (Hays et al.,
1956) with respect to agriculturally useful
traits. Heterosis may be positive or negative,
depending on the magnitude of the hybrid
means. For exploitation of hybrid vigour, high
degree of heterosis for seed cotton vyield,
economic and fibre quality is a prerequisite.
The negative heterosis is important for
characters like micronaire value. In the present
study, superiority of the hybrids were observed
over standard check HHH 223, a popular
hybrid of North India for all the characters
viz., number of seeds per boll, seed index (g),
lint index (g), ginning outturn (%), 2.5 per cent
span length (mm), fibre strength (g/tex),
micronaire  value (ug/inch) and fibre
uniformity (%) and seed cotton yield per plant.
The brief description of heterotic response is
given here under:

Number of seeds per boll:

The economic heterosis over check for this
character ranged from -18.18 % to 20.45%.
The cross H1442 x H1117 (20.45%) exhibited
highest positive economic heterosis followed
by cross H1316 x H1236 (19.31%), H1442 x
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H1226 (15.90%) and H1442 x H1236
(14.77%) showed better and positive heterotic
effects over check variety HHH223 (Table 3).
The crosses showing high heterosis for number
of seeds per boll were H1442 x H1117, H1316
X H1236, H1442 x H1226 and H1442 x
H1236. Heterosis for this trait was reported by
the earlier workers Reddy?, Pathak and Patel™
and Neelima®.

Seed index (9):

The range of superiority over check for this
trait was 1.58 % to 32.91 %. The cross
LH2232 x H1236 (32.91%) exhibited highest
positive economic heterosis followed by cross
H1442-1 x H1098-i (31.39%), H1316 x
H1098-i (30.19%) and H1353 x H1098-i
(29.11%) showed better and positive heterotic
effects over check variety HHH223 (Table 3).
For the seed index, positive heterosis is
desirable and maximum heterosis were shown
by crosses LH2232 x H1236, H1442-1 X
H1098-i, H1316 x H1098-i and H1353 Xx
H1098-i. Heterosis for this trait was reported
by the earlier workers Pole et al®., Hussain et
al®., Balu et al*,, Nirania et al'®., and Tuteja et
al”’.

Lint index (9):

Heterosis for lint index ranged from -11.15 % to
31.85 %. The cross H1300 x H1236 (31.85%)
exhibited highest positive economic heterosis
followed by cross H1445 x H1117 (31.39%),
B59-1679 x H1226 (27.43%) and LH2232 x
H1236 (27.13%) showed positive heterotic
effects over check (Table 3). Maximum
heterosis for lint index was shown by crosses
H1300 x H1236, H1445 x H1117, B59-1679 x
H1226, and LH2232 x H1236. Similar result
were reported by Sheng et al*., Basal et al®,,
and Balu et al’.
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Ginning outturn (%):
The range of heterotic effects for this trait was
minimum i.e. -11.063 % to 3.37%. The cross
H1300 x H1236 (3.37%) showed highest
heterotic effect over check for ginning out turn
and was followed by B59-1679 x H1226
(3.02%), RS875 x H1117 (2.24%) and H1445
x H1117 (1.90%) (Table 3). For the ginning
outturn, positive heterosis is desirable and
maximum heterosis was shown by crosses
H1300 x H1236, B59-1679 x H1226, RS875 X
H1117, H1445 x H1117. Heterosis for this
trait was also reported by the earlier workers
Balu et al*., Nirania et al*®., and Tuteja et al®’.
2.5 per cent span length (mm):

Economic heterosis for this character varied
from -6.32 % to 8.80 %. Total twelve cross
combinations were recorded more than five
percent positive heterosis of this character.
The important crosses which showed high
heterotic effect were H1300 x H1098-i
(8.80%) followed by LH2232 x H1098-i
(8.11%), LH2306 x H1226 (7.65%), A537 x
H1098-i (7.65%) and H1442 x H1226 (7.15%)
(Table 3). In recent years, more emphasis is
laid on quality traits apart from seed cotton
yield. The cross H1300 x H1098-i, LH2232 x
H1098-i, LH2306 x H1226, A537 x H1098-i
and H1442 x H1226 showed maximum desired
positive heterosis over standard check for 2.5
percent span length. Out of sixty crosses,
twelve crosses showed desirable positive
heterosis for 2.5 percent span length. Similar
results were obtained by Khan et al'?., Patel et
al'®., and Shinde et al®.

Fibre strength (g/tex):

The cross A537 x H1098-i (18.27 %) showed
maximum heterosis over check, while range of
heterosis for fibre strength was recorded from
-2.73 % to 18.27 %. The important crosses
showed high heterosis for fibre strength were
H1442 x H1236 (15.39 %), H1315 x H1226
(1453 %) and H1300 x H1098-i (13.81)
(Table 3). Maximum heterosis for fibre
strength were shown by crosses H1442 x
H1236, H1315 x H1226 and H1300 x H1098-i
over standard check for fibre strength. Similar
results were found Tuteja et al*’.
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Micronaire value (ug/inch):

Economic heterosis for micronaire value over
standard check was ranged from -17.69% to
21.23%. The cross H1220 x H1226 (-17.69%)
showed the highest negative heterosis over
standard check followed by RS810 x H1117 (-
15.92%), H1300 x H1117 (-14.15), B59-1679 x
H1098-i (-14.15), H1300 x H1236 (-13.27) and
H1442 x H1098-i (-13.27) (Table 3). Twenty
crosses showed positive heterosis  for
micronaire value. Maximum heterosis for this
character was recorded in crosses namely,
LH2232 x H1236, Su flum x H1117, LH2306
x H1236, H1220 x H1117, RS921 x H1226,
A537 x H1098-i, LH2232 x H1226 and A537
X H1098-i. Similar results on heterosis were
reported by Neelima'®and Khan et al*%.
Uniformity ratio (%o):

The cross H1353 x H117 (1.66 %) showed
maximum heterosis over check, while range of
heterosis for fibre uniformity was recorded
from -2.08% to 1.66%. The highest heterosis
was observed in the cross namely, H1316 X
H1226 (1.25%), H1316 x H1098-i (1.25%),
H1300 x H1226 (1.25%), H1316 x H1117
(0.83 %), H1316 x H1236 (0.83 %), H1442 x
H1226 (0.83 %) and H1442 x H1117 (0.83 %)
(Table 3). For the fibre uniformity, positive
heterosis is desirable. Out of sixty crosses,
seventeen crosses showed desirable positive
heterosis for fibre uniformity. Maximum
heterosis for this character was recorded by the
crosses H1316 x H1226, H1316 x H1098-i,
H1300 x H1226, H1316 x H1117, H1316 X
H1236, H1442 x H1226 and H1442 x H1117.
Heterosis for this trait was reported by the
earlier workers Baloch et al°., and Basal et al’.
Seed cotton yield per plant (g):

Among all the traits studied, the range of
heterosis for this most important trait i.e. seed
cotton yield per plant was -60.38 % (LH2306
x H1117) to 48.32 % (H1316 x H1236). Ten
cross combinations showed significant positive
heterosis i.e. more than twenty five per cent
for seed cotton yield per plant was obtained in
the crosses H1316 x H1236 (48.32 %)
followed by H1442 x H1226 (46.37 %),
H1442 x H1098-i (45.98%), H1316 x H1098-i
(45.58%), RS875 x H1098-i (33.09%), H1220

243



Lingaraja et al

Int. J. Pure App. Biosci. 5 (2): 240-248 (2017)
x H1236 (30.75%) and H1442 x H1117
(29.19%) (Table 3). For seed cotton yield,
which is most important aspect of breeding,
ten hybrids exhibited heterotic value of more
than 25 per cent. Among these four hybrids,
H1316 x H1236, H1442 x H1226, H1442 X

al®., Sawarkar et a

|22

., and Sharma et a

ISSN: 2320 — 7051
heterosis of more than 45 percent and these
hybrids needs special attention to exploit
heterosis for seed cotton yield. Heterosis for
seed cotton yield in American cotton has also
been reported earlier Nirania et al'’., Jaiwar et

|23

H1098-i and H1316 x H1098-i exhibited
Table 2: Mean squares from the analysis of variance of parents and hybrids
Source of | d.f | Number | Seed | Lint | Ginning | 2.5% Fibre | Micronaire Fibre Seed
variation of seeds | index | index | outturn | Span | strength value uniformity cotton
/ boll 9) (9) (%) length | (g tex-1) | (pnginch™) (%) yield/plant
(mm) @
Replication | 2 226.48 | 11.99 | 4.99 8.60 9.47 3.97 0.03 20.10 658.18
Treatment | 78 | 11.65 | 11.45 | 377 | 8.08* | 229" | 2.38 0.64 1.32* 1199.81°
Error 156 6.13 10.65 | 3.16 13.17 3.85 0.99 0.03 1.81 37.74
Table 3: Estimation of economic heterosis for different characters
Crosses Number | seedindex | Lintindex | Ginning 2.5% Fibre | Micronaire Fibre Seed
of seeds/ @) ()] outturn Span streng value uniformity cotton
boll (%) length th (g (ng inch™) (%) yield/
(mm) | tex-) plant (g)
H1300 X -4.54 12.65 -4.02 -9.68 5.22 9.06 -7.96 1.25 -36.18
H1226
H1300 X 1.13 11.07 -6.33 -10.19 8.80 13.81 -12.38 0.00 15.14
H1098-i
H1300 X 7.95 13.29 16.38 1.64 -2.20 10.07 -14.15 0.41 28.80
H1117
H1300 X 10.22 23.79 31.85 3.37 0.96 4.17 -13.27 0.00 6.94
H1236
H1316 X -1.13 15.25 6.13 -5.70 6.87 14.53 -2.65 1.25 -0.66
H1226
H1316 X 13.63 30.19 8.04 -10.63 4.40 7.91 -6.19 1.25 45.58
H1098-i
H1316 X -18.18 11.58 -6.13 -10.28 4.67 13.38 -9.73 0.83 -51.87
H1117
H1316 X 19.31 12.34 6.53 -3.37 4,12 7.05 -12.38 0.83 48.32
H1236
H1353 X -13.63 19.62 472 -8.98 2.20 5.18 -1.77 -1.25 -45.55
H1226
H1353 X 2.27 29.11 26.73 -1.03 4,12 1.43 -11.50 0.00 -1.76
H1098-i
H1353 X 7.95 21.39 7.43 -8.38 2.20 10.50 -4.42 1.66 1.09
H1117
H1353 X 7.95 6.96 2.91 -3.37 0.41 431 -10.61 0.00 8.62
H1236
H1442 X 15.90 26.20 20.40 -2.42 7.15 13.09 -0.88 0.83 46.37
H1226
H1442 X 13.63 15.82 11.05 -2.24 7.01 12.37 -13.27 0.41 45,98
H1098-i
H1442 X 20.45 20.12 16.28 -1.72 0.00 5.18 -2.65 0.83 29.19
H1117
H1442 X 12.50 27.59 17.28 -5.96 6.87 15.39 8.85 -0.41 -0.46
H1236
H1442-1 2.27 16.20 1.50 -1.77 7.15 10.93 -0.88 0.41 -4.76
Copyright © April, 2017; JPAB 244
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X H1226
H1442-1 6.81 31.39 10.25 -10.37 -1.37 | 12.95 12.38 0.00 9.68
X H1098-i
H1442-1 2.27 17.34 2.71 -9.16 -1.37 5.61 3.54 -0.83 -19.59
X H1117
H1442-1 14.77 28.60 22.71 -3.02 5.91 13.09 -7.96 0.00 26.85
X H1236
RS810 X 2.27 6.83 -7.13 -8.03 2.75 7.05 -2.65 -1.25 18.26
H1226
RS810 X 2.27 5.69 -8.64 -8.64 3.43 9.35 -12.38 -1.66 10.85
H1098-i
RS810 X 1.13 15.82 15.67 -0.69 -2.06 5.18 -15.92 -1.25 -0.46
H1117
RS810 X 5.68 14.87 11.65 -1.46 151 8.05 11.50 -0.83 -2.81
H1236
H1220 X 4.54 21.01 2.21 -10.19 481 12.08 -17.69 -0.41 5.38
H1226
H1220 X -1.13 8.22 4.82 -1.90 -2.47 7.62 -10.61 -1.25 -7.10
H1098-i
H1220 X 4.54 10.57 -3.01 -8.90 -1.65 | 11.36 15.92 0.00 2.65
H1117
H1220 X 12.50 15.44 10.85 -2.76 0.68 431 -7.08 -0.41 30.75
H1236
H1445 X -4.54 17.35 22.36 0.00 2.33 7.05 -5.31 -0.41 -31.88
H1226
H1445 X 2.27 21.01 13.26 -5.61 3.30 8.48 -9.73 -2.08 -29.50
H1098-i
H1445 X 3.40 25.50 29.24 1.90 -151 4.17 -0.88 -0.41 -23.88
H1117
H1445 X 9.09 18.35 6.23 -6.82 0.13 4.17 -4.42 -0.41 -16.08
H1236
RS921 X 9.09 17.91 20.00 1.12 -4.95 4.60 15.04 -1.25 11.63
H1226
RS921 X -3.40 5.12 -10.15 -9.76 -3.71 9.64 7.08 -0.41 -34.58
H1098-i
RS921 X 6.81 3.98 -3.61 -4.84 4.26 10.79 13.27 -1.25 -10.22
H1117
RS921 X 3.40 23.98 20.80 -1.81 0.68 3.45 -5.31 0.41 -2.42
H1236
B59-1679 9.09 21.83 27.43 3.02 -0.96 3.59 -1.77 0.00 -0.46
X H1226
B59-1679 9.09 7.97 5.93 -0.95 1.78 6.04 -14.15 0.00 -11.39
X H1098-i
B59-1679 | 10.22 6.64 -0.50 -4.32 -3.43 1.29 -12.38 -1.25 16.90
X H1117
B59-1679 | 12.50 12.65 12.56 -0.25 453 5.32 0.00 -0.83 25.48
X H1236
A537 X 10.22 8.22 -3.31 -6.65 2.88 10.50 14.15 -1.25 -30.91
H1226
A537 X 5.68 18.79 13.56 -2.76 7.56 18.27 15.04 0.41 -18.61
H1098-i
Ab37 X -1.13 20.57 10.75 -4.92 2.47 8.92 7.08 0.00 -23.88
H1117
A537 X -3.40 7.59 1.40 -3.28 1.65 8.05 -1.77 0.00 -40.98
H1236
RS875 X 1.13 16.26 10.05 -3.19 -6.32 | -2.73 6.19 0.00 -23.65
H1226
RS875 X 15.90 20.12 -0.30 -11.06 2.61 11.65 13.27 -1.25 33.09
H1098-i
RS875 X -2.27 18.35 23.31 2.24 3.43 6.04 -1.77 0.00 -6.32
H1117
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The present study revealed that the magnitude
of heterosis from F, to subsequent generations
shows inbreeding depression. Based on the
economic heterosis, the better performing
hybrids were H1316 X H1236 for number of
seeds per boll and seed cotton yield, LH2232 x
H1236 for seed index, H1300 x H1236 for lint
index and ginning outturn, H1300 x H1098-i
for 2.5 per cent span length and fibre strength,
H1220 x H1226 for micronaire value and
H1353 x H1117 for fibre uniformity So these
crosses could be exploited to improve the yield
along with one or more fibre quality traits can
be utilized in future breeding endeavors.

REFERENCES
1. Aguir, P.A.D., Penna, J.C.V., Freire, E.C.,
Melo, L.C., Diallel analysis of upland
cotton cultivers. Crop Breeding and
Applied Biotechnolpgy, 7: 353-359 (2007).
2. Al-Rawi, K.M. and Kohel, R.J., Diallel
analyses of yield and other agronomic
characters in Gossypium hirsutum L. Crop
Sci., 9(6): 779-783 (1969).

Copyright © April, 2017; IJPAB

RS875 X 0.00 6.32 -0.80 -4.06 0.27 3.88 -0.88 -1.25 -46.91
H1236
Su Flum 12.50 10.63 -0.50 -7.08 -1.65 4.74 -4.42 0.00 9.68
X H1226
Su Flum 7.95 17.15 20.80 1.38 3.57 10.79 -7.96 0.41 -19.98
X H1098-i
Su Flum 2.27 13.10 9.04 -2.16 0.27 9.20 15.92 0.00 -2.61
X H1117
Su Flum 3.40 17.72 11.96 -3.19 5.77 8.77 11.50 0.00 -22.91
X H1236
LH2232 X 454 22.78 20.80 -0.95 2.75 11.94 15.04 0.83 19.82
H1226
LH2232 X 3.40 12.34 10.55 -0.95 8.11 9.49 -1.77 0.83 -26.62
H1098-i
LH2232 X -2.27 17.08 16.18 -0.34 0.82 9.06 7.08 -0.41 -90.83
H1117
LH2232 X 0.00 32.91 27.13 -2.42 0.55 8.48 21.23 -0.83 -13.34
H1236
LH2306 X 1.13 16.13 1.60 -8.03 7.56 8.48 7.08 0.83 -35.51
H1226
LH2306 X 0.00 12.27 3.92 -4.58 3.16 8.48 6.19 -0.41 2.84
H1098-i
LH2306 X -2.27 1.58 -11.15 -8.21 -3.85 6.61 -4.42 -0.41 -60.38
H1117
LH2306 X | 4.54 15.19 -0.40 -9.50 247 | 1151 15.92 0.00 -42.23
H1236
Minimum -18.18 1.58 -11.15 -11.06 -6.32 -2.73 -17.69 -2.08 -60.38
Maximum 20.45 32.91 31.85 3.37 8.80 18.27 21.23 1.66 48.32
CONCLUSION 3. Basal, H., Canavar, O., Khan, N.U. and

Cerit, C.S., Combining ability and
heterotic studies through line x tester in
local and exotic upland cotton genotypes.
Pakistan Journal of Botany, 43(3): 1699-
1706 (2011).

4, Balu, A., Kavithamani, P.D., Ravikesavan,
R. and Rajarathinam, S., Heterosis for
seed cotton yield and its quantitative
characters of (Gossypium barbadense L.).
Journal of Cotton Research and
Development, 26(1): 37-40 (2012).

5. Baloch, A\W., Baloch, M.J., Jatoi, W.A.
and Veesar, N.F., Production of superior
F1 hybrids: genetic analysis for estimating
combining ability in upland cotton
(Gossypium hirsutum L.). Journal of
Agricultural Research, 48(4): 419-428
(2010).

6. Christopher, L., Cheatham, J.N., Jenkins,
Jack, C., Carty, M., Clarence, J., Waston,
J. and Wu, J., Genetic variance and
combining ability of crosses of American
cultivars, Australian cultivars and wild
cotton. Journal of Cotton Science, 7: 16-
22 (2003).

246



Lingaraja et al

7.

10.

11.

12.

13.

14.

15.

Hayes, H.K., Immer, I.R. and Smith, D.C.,
Methods of Plant Breeding. McGraw Hill
Book Company International Corporation,

New York (1956).

Hussain, K., Abbas, G., Aslam, M.,
Hussnain, H., Akhtar, M.N. and
Muhammad, Irshad., Heterosis and

inbreeding depression estimates for yield
and fibre components in upland cotton
(Gossypium hirsutum L.). International
Journal of Biology and Biotechnology,
6(4): 233-236 (2009).

Jaiwar, S.S., Avinashe, H.A. and Patel,
B.N., Heterosis for seed cotton yield and
its contributing traits in upland cotton
(Gossypium hirsutum L.). Journal of Soils
and Crops, 22(2): 314-320 (2012).
Kempthorne, O., An Introduction to
Genetic Statistics, 1st edn. John Wiley and
Sons, New York, pp. 456-471 (1957).
Khan, N.U., Hassan, G., Kumbhar, M.B.,
Marwat, K.B., Khan, M.A., Parveen, A.,
Umm-e-Aiman, and Saeed, M.,
Combining ability analysis to identify
suitable parents for heterosis in seed
cotton vyield, its components and lint% in
upland cotton. Indus. Crops. and Products,
29: 108-115 (2009).

Khan, N.U., Basal, H. and Hassan, G.,
Cottonseed oil and yield assessment via
economic heterosis and heritability in
intraspecific cotton populations. African
Journal of Biotechnology, 44: 7418-7428
(2010).

Luckett D.J., Diallel analysis of yield
components, fibre quality and bacterial
blight resistance using spacing plants of
cotton. Euphytica., 44: 11-21 (1989).
Meredith, J.R. and Brown, J.S., Heterosis
and combining ability of cottons
originated from different regions of the
U.S. Journal of cotton science, 2: 77-84
(1998).

Neelima, S., Heterosis and combining
ability analysis for vyield and yield
components in  cotton  (Gossypium
hirsutum L.). M.Sc. (Ag.) Thesis, Acharya
N.G. Ranga Agricultural University,
Rajendra Nagar, Hyderabad (2002).

Copyright © April, 2017; IJPAB

Int. J. Pure App. Biosci. 5 (2): 240-248 (2017)
16.

17.

18.

19.

20.

21.

22.

23.

ISSN: 2320 — 7051
Nirania, K.S., Jain, P.P. and Yadav N.K.,
Genetic improvement for seed cotton yield
and its component traits through heterosis
breeding in (Gossypium hirsutum L.).
Journal of Cotton Research and
Development, 28(2): 220-222 (2013).
Nirania, K.S., Chhabra, B.S., Jain, P.P.
and Dutt, Y., Heterosis for yield and its
component traits in genetic male sterility
based upland cotton hybrids. Journal of
Cotton Research and Development, 18(2):
145-149 (2004).

Patel, N.N., Patel, D.U., Patel, D.H., Patel,
K.G., Chandran, S.K. and Kumar, V.,
Study of heterosis in inter-varietal crosses
of Asiatic cotton (Gossypium herbaceum
L.). World Cotton Research Conference-
5, Mumbai, India, 149-152 (2011).

Pathak, V.D. and Patel, U.G., Heterosis for
oil content and its related characters over
environments in diploid cotton
(Gossypium  herbaceum). Journal of
Indian Society of Cotton Improvement,
164-167 (2003).

Pole, S.P., Sudewad, S.M., Kamble, S.K.
and Borgaonkar, S.B., Heterosis for seed
cotton vyield and vyield components in
upland cotton (Gossypium hirsutum L.).
Journal of Cotton Research and
Development, 22(2): 139-142 (2008).
Reddy, A.N., Heterosis, combining ability
and stability analysis of hybrids for yield
and vyield components in cotton
(Gossypium hirsutum L.). Ph.D. Thesis,
Acharya N. G. Ranga Agricultural
University, Rajendra Nagar, Hyderabad
(2001).

Sawarkar, M., Solanke, A., Mhasal, G.S.
and Deshmukh, S.B., Combining ability
and heterosis for seed cotton vyield, its
components and quality traits in
(Gossypium hirsutum L.). Indian Journal
of Agricultural Sciences, 49(2): 154-159
(2015).

Sharma, R., Gill, B.S. and Pathak, D.,
Heterosis for yield, its component traits
and fibre properties in upland cotton
(Gossypium hirsutum L.). Journal of

247



Lingaraja et al

24.

25.

Cotton Research and Development, 30(1):
11-15 (2016).

Sheng, D., NaiZeng, L., Jie, Y.D., Li, Z.L.
and Jun, M.Y., Analysis on heterosis of
yield and traits of self-cultivated inter
varietal crossing of Sea Island cotton
(Chinese). Xinjiang Agricultural Science
and Technology, 47(1): 42-46 (2010).
Shinde, D.V., Bhatt, M.M., Sasidharan,
N., Vala, A.G., Sneha and Macwana.,
Heterosis for quality traits in Asiatic
cotton  (Gossypium  herbaceum L.).

Copyright © April, 2017; IJPAB

Int. J. Pure App. Biosci. 5 (2): 240-248 (2017)

26.

27.

ISSN: 2320 — 7051
Advances in Plant Science, 25(2): 459-461
(2012).

Thomson, N.J. and Luckett, D.J.,
Heterosis and combining ability effects in
cotton. 1l Heterosis. Aust J Agric. Res., 39:
991-1002 (1988).

Tuteja, O.P., Studies on heterosis for yield
and fibre quality traits in GMS hybrids of
upland cotton (Gossypium hirsutum L.).
Journal of Cotton Research and
Development, 28(1): 1-6 (2014).

248



