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Abstract: Genic effects for yield of seed cotton and number of sympodial branches per plant were estimated
from two Upland cotton crosses through generation mean analysis from six populations (P, P, ¥,, F,, BC, and
BC,). The results showed that 5 crosses over mid and 4 crosses over better parent showed significant heterosis
for number of sympodial branches per plant, whereas only 4 crosses exhibited inbreeding depression for this
character. The generation mean analysis advocates the presence of additive gene action in crosses 1e., S-12
x 5-14, 3-12 x Albacala (69)11 , LRA-5166 x S-12 and LRA-5166 x S-14 for number of sympodial branches per
plant. All the crosses exhibited heterosis in desired direction over mid and better parents except Albacala (69)11
x $-12 for yield of seed cotton plant™ Significant marked inbreeding depression from F, to F,generation were
observed 1n all the crosses except 3-14 x LRAS5166 for yield of seed cotton per plant. Maximum degree of
dominance was associated with 3-14 x S-12. Tt reflected the presence of maximum number of dominant genes,
which needs to be the cause of sigmficant heterosis in this combination. Most recessive alleles for seed cotton
yield accumulated m Albacala (69) 11 x S-12, which expressed least positive degree of dominance. The scaling
test revealed involvement of epistasis in all the crosses, except 5-14 x LRA-5166 for yield of seed cotton per
plant. The rest of all the crosses were predominately under non additive genetic control except S-14 x LRAS166
for yield of seed cotton plant™, hence delaved selection will be fruitful in these crosses. However the presence
of duplicate epistasis in all the crosses would limit the pace of variability and thus slow down the pace of
progress through selection. Therefore, heterosis breeding would be advantageous for the improvement of yield
of seed cotton per plant.
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Introduction

The different types of gene actions are important in
different crosses. The breeding strategy should therefore,
be based on the gene action mvolved m that particular
cross to get a desirable genotype.

Some researchers from abroad like Saudhu and Nittal
(1988) studied two G. arborieum crosses and reported
absence of non allelic interaction in six parameter model
while three parameter model predicted, the presence of
epistasis for yield of seed cotton per plant. One cross had
significant additive, additive x additive and dominance x
dominance while the other cross had only significant
additive effects. Ketageri et al. (1992) showed significant
positive heterosis over mid parent and high magnitude of
inbreeding depression for yield of seed cotton per plant.
Igbal (1994) performed and Hayman (1954) reported the
genetic analysis and observed epistasis in F, and F,
generation of 9 x 9 diallel crosses for yield of seed cotton
per plant. He also advocated the presence of both
additive and non additive genetic variation for yield of
seed cotton per plant. Azhar et al. (1994) through Hayman
analysis advocated mvolvement of epistasis m the

395

inheritance of number of sympodial branches per plant.
Khan et al. (1996) reported that high yielding parents did
not produce high yielding hybrids. Ymgxin and
Xiangming (1998) and Abdallah et al. (1999) reported the
presence of both additive and non-additive genetic effect
for yield of seed cotton. Using Gritfing (1956) technique
Subhan et al. (2001) observed sigmficant differences
among hybrids and their parents for yield of seed cotton
per plant.

In Pakistan on cotton plant no body had carried out
generation mean analysis probably due to creation of six
generations and plantation of these generations in one
year to overcome the problem of genotypic environment
interaction. Keeping this issue in mind this study was
undertaken to know the breeding behavior, nature and
magnitude of gene effects controlling seed cotton yield
and number of sympodial branches in Upland cotton.

Materials and Methods

Four diverse parental genotypes of Upland cotton viz.,
3-12, 8-14, Albacala (69)11 and LRAS166 were selected
and selfed for two generations before being used in a
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diallel crossing. These four parents were crossed in diallel
fashion during 1998-99. In 1999-2000 these parents were
again crossed in diallel technique and F, was used for the
creation of F, and back crossing with female (Bc,) and
male (Be,) parents. The four parents, their F, F,, BC, and
BC, generation were grown in a randomized complete
block design (RCBD) with three replicated during 2000-01
at Cotton Research Sub Station, Khanewal with intra and
inter row distance of 30 and 75 cm, respectively. The F,,
P.. P,, BC, and BC, were presented by three rows of 4.3
meter each per replication while F, were planted on 4.3 x
6 m plotin each replication. Yield of seed cotton per plant
and number of sympodial branches were recorded for
each and every plant in three replications. The data were
subjected to analysis of variance given by Steel and
Torrie (1980). Heterosis and heterobeltosis were computed
mn terms of percentage mcrease (+) or decrease (-) of F,
over mid and better parent respectively. The potence
ratio was calculated, method proposed by Griffing (1950).
The mbreeding depression was computed m terms of
percentage decrease at F, over F,. The environmental,
additive and dominance genetic variance (three parameter
model) were computed as described by Simmonds (1979).
The scaling tests were performed following Mather and
Tinks (1989) and Hayman and Mather (19355) in order to
determine the presence or absence of non allelic gene
interaction. Six parameters model suggested by Hayman
(1958) were used for estimation of wvarious genetic
components, assuming the absence of linkage, multiple
alleles, lethal genes and full viability of gametes and

zZygotes.

Results and Discussion

Yield of seed cotton per plant: The genotypes differed
significantly in their genetic constitution (Table 1). This
genetic variability paves the way for further analysis.

The estimation of heterosis (Table 2) based on F,
generation mean over mid parental values were significant
is desired direction for all the crosses except Albacala (69)
11 x S8-12. These results are in accordance with the
findings of Subhan ef af. (2001). The maximum heterosis
162.46% was noted in cross combination S-12 x LRAS5166.
All the crosses exhibited significant heterosis over better
parents except Albacala (69) 11 x 3-12. The heterobeltosis
ranged from —10.5% (LRA5166 x S-14) to 92.48% (Albacala
(69) 11 x 3-12). Although the high yielding parents
produced sigmficant heterosis but it was noted that in
both heterosis and heterobeltosis higher yielded crosses
combination had one lower yielder parent. These findings
are in agreement with Khan et al. (1996) who observed
that high yielding parent did not produce high yielding
hybrid. The heterosis in reciprocal crosses were not in
same direction, hence the heterosis was greatly effected
by the direction in which way the cross was made.
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Table 1:  Mean square of replication, genotypes and error for yield of seed
cotton and No. of sympodial branches
Mean squares
5.0V df  Yield of seed cotton No. of sympodial branches
Replication 2 1148.3638%+ 48.8137+*
Genotypes 51 2313.7203%% 38.681%
Error 102 168.8146 12.099

* = Significant at 5% probability level.
*# = Significant at 1% probability level.

Significant marked inbreeding depression from F, to F,
generation were observed in all the crosses except S-14
x LRA-5166, hence its exploitation m selecting good
segregate could be made. These results are i accordance
with the findings of Ketageri ef al (1992). The high
dominance estimate i the form of potence ratio indicated
preponderance of dominance genetic variations 11
cross combinations except Albacala(69)11 x 3-12. Tgbal
(1994), Yingxin and Xiangming, (1998) and Abdallah et al.
(1999) observed both additive and non additive effect for
this character. This contradiction may be due to different
methods used for analysis. The generation means
analysis 1s more reliable than simple additive dominance
model. Maximum degree of dominance was associated
with 3-14 x 3-12 and its reciprocal. It reflects the presence
of maximum number of dominant alleles, which needs to
be the cause of significant heterosis in this combination.
Most recessive alleles for seed cotton yield accumulated
in Albacala (69)11 x 5-12 which expressed least positive
degree of dominance. The three parameter model
indicated the importance of environment for character
expression m all the crosses, whereas dominance genetic
variance (5°H) was important for all the crosses except S-
14 X Albacala (69)11, Albacala (69)11 x LRAS166 its
reciprocal and LRAS166 x S-12.

The results of scaling tests sigruficant
differences for one or the other tests m all the crosses
except S-14 x LRAS166 (Table 3). These significant tests
indicated madequacy of simple additive — dominance
model, hence six parameters model was needed to explain
the genetic variation. The scaling test also suggested the
major role of epistasis for controlling yield of seed cotton
per plant.

The perusal of data indicated significant dominance
compoenent (h) (Table 4), which revealed that yield of seed
cotton per plant was predominantly under non-additive
genetic control 1 all the crosses except S-14 x LRAS166.
The high magnitude of dominance effect suggested that
selection of lugh yielding genotypes would be postponed
till later generation when the dominance effect would have
diminished except 3-14x LRAS5166, Albacala(69)11 x S-12
and LRAS166 x S-12.

In cross combination Albacala (69)11 x S-12 and LRAS166
x 3-12 the additive genetic effect (d) was equally important

revealed

as non-additive, therefore, for efficient utilization of fixable
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Table 2: Heterosis, Heterobetoiosis, Potence ratio, Inbreeding depression and Genetic variance, Environmental, Additive and Dominance) for Yield of seed
cotton and No. of sympaodial branches plant! in Gessypitim hirsutum crosses

Crosses Ht. Hb Hp 1.D. $°E. $°D $°H
Yield of Seed Cotton plant™

S-12x 8-14 T6.68% 61.23% 8.00 56.06% 24217 -401.40 37831
5-12 x Albacala (6911 105.98%* 65.53% 4.34 65.74% 132.02 -472.57 416.29
S$-12x LRAS166 162.46% 84.75% 3.806 56.58% 53.60 -143.62 251.08
'8-14 x §-12 86.96% 70.61% 9.07 51.57* 47.92 -1437.65 1478.65
5-14 x Albacala (6911 78.16% 54.64% 514 62.74% 157.67 -34.93 -85.69
S-14x LRAS166 FO.91% 27.69% 2.09 13.68 113.81 -206.62 25223
Albacala(69)11 x S-12 11.37 -10.50 0.46 44.51%* 50.00 -207.46 203.06
Albacala(69)11 x S-14 70.36% 47.87% 4.63 54.40% 57.97 -113.69 96.164
Albacala (69)11x LRAS166 51.13% 26.31* 2.60 59.14* 153.82 -40.01 -107.23
LRAS166x8-12 101.19* 41.79#* 241 52.40% 20991 -181.31 -17.51
LRAS166x 8-14 157.64% 02.48% 4.66 47.80% 160.94 -136.68 16.05
LRAS166 x Albacala (69) 11 123.35% 86.60* 6.28 62.35% 330.64 -84.99 -204.94
No. of sympodial branches plant™

S-12x 8-14 22.26% 9.89% 1.98 -1.87 10.11 -0.72 -6.42
5-12 x Albacala (6911 -1.01 -20.18 -0.88 -1.74 16.15 -14.97 0.56
S$-12x LRAS166 -13.11 -12.31 -1.70 -7.38 5.97 -40.26 3717
S-14x 8-12 -9.16 -18.34 -0.81 25.11% 2.65 26.23 17.49
5-14 x Albacala (6911 -11.88 -29.67 -0.47 -47.13 43.59 -22.38 -14.29
S-14x LRAS166 42.62% 20.08* 2.27 9.09% 921 -4.55 -381
Albacala(69)11 x S-12 4.22 -8.93 0.29 -1.40 12.89 -0.69 -0.59
Albacala(69)11 x S-14 17.43* -6.27 0.69 -1.24 25.25 -48.66 2842
Albacala (69)11x LRAS166 TA41* 0.53 1.08 -5.68 12.27 -2.57 -6.46
LRAS166x8-12 21.28* 12.63% 2.77 16.21%* 5.94 -32.62 27.01
LRAS166x 8-14 45.75% 22.71% 2.44 7.03% 9.87 -2.07 =370
LRAS166 x Albacala (69) 11 3.92 -2.73 0.57 1.01 35.09 -9.22 -7.61
Ht= Heterosis, Hb= Hetrobeitosis, Hp= Potence ratio, 1.D= Inbreeding depression, $?E= Environmental variance,

$°D= Additive variance, $*H= Dominance variance, *= Significant, ##= Highly significant, LSP=

Table 3: Scaling test for Vield of eed cotton and Number of Sympodial branches in cotton

Crosses A B [

Yield of seed cotton plant™

S-12x S-14 69.93+£36.09 50.37+15.45% -132.23444 44*
$-12 x Albacala (69)11 107.174796.04 -43.2417.44% -158.1430.19*
S-12x LRAS166 15.7£13.75 46.77£22.05% -133.04+30.23*
S-14x 8-12 108.36+29.62% 29.93436.53 -115.3+23.49+
5-14 x Albacala (6911 -0.97+15.12 3.37+13.45 -124.27+25.99%
S-14x LRAS166 15.83+16.12 8.6+21.35 17.7667+32.85
Albacala(6911 x §-12 49.1+11.68% -17.93+16.50 -84.17+15.35*
Albacala(69)11 x S-14 32.97£16.58% 3.3+£7.05 S98.27+17.17*
Albacala (69)11x LRAS166 21.8+12.15 34.17412.84* S77.3421.26%
LRAS166x8-12 48.07421.5% 151.4+13.26* S92 13427.19*
LRAS166 x8-14 21.97£18.06 1.27+14.5 65.23£25.15
LRAS5166 x Albacala (69) 11 22.17£19.23 -4.2421.146 -93 97436.63*
No. of Symp odial branches plant™.

S-12x S-14 0.69+2.93 11.36+3.48% 8.54+5.30
5-12 x Albacala (6911 -5.84+4.39 -1.52+4.97 -2.26+8.01
S-12x LRAS166 -5.86+5.63 3.05+2.71 -0.04+4.63
S-14x 8-12 4.74+3.59 -1.65+3.93 -17.45+14.47
5-14 x Albacala (6911 4.34+8.96 5.18+6.30 26.93+12.84
S-14x LRAS166 8.38+3.38% 3.46+2.61 5.81+3.99
Albacala(6911 x §-12 -1.48+5.91 -0.01£2.11 2.96+5.93
Albacala(69)11 x S-14 -1.68+7.79 11.85+7.25 774902
Albacala (69)11x LRAS166 1.07+4.45 2.91+£2.18 8.745.50
LRAS166x8-12 2.47+4.33 4.69+4.91 -6.924£2.70%
LRAS166 x8-14 4.2143.56 11.2343.52% 8.79+6.02
LRAS5166 x Albacala (69) 11 5.714£5.55 -14.62+9.4 0.81£14.20
A and B = Provides evidence on1, j and | types of interactions,  C =indicates 1 type of interaction * = Significant at 5% probability level
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Table4:  Estimates of components of generation mean anatysis for yield of seed cotton and Number of sympodial branches per plant in Gossvpium Rirsutum
L. Crosses alongwith their standard errors
Crosses. m d H i i L
Yield of seed cotton plant™
S-12x 8-14 42.27+8.38* 15.0£16.59 204.28+49.20% 252.53+47.07* 9.78+16.83 -372.8+79.72%
§-12 x Albacala (69)11 33.8345.25* 20.5+14.58 140.08+37.5* 89.27+35.94* 8.78+14.83 -20.43+65.68
8-12x LRAS166 47.87+7.33* 213+1246  243.7+38.64% 175.47+38.47* -15.53+12.98 -237.93+58.25*
S-14x 8-12 49.3£5.44% 34.0+23.21 300.95+51.45* 253.6+51.26% 392242341 -391.90+05.75*
§-14 x Albacala (69)11 28.3743.51* 4.333+6.03  160.07+21.50* 126.67+18.590* -2.17+7.00 -129.07+£35.4*
8-14x LRAS166 54.2747.29% 16.07+13.234  32.75+40.10 6.67+39.38 3.62+13.93 -31.10+62.30
Albacala(6911 x 5-12 29.6342.76* 21.8+9.85% 120.78+22.08*% 115.33+19.18* 33.5249.57% -217.70+£39.82
Albacala(6911 x 5-14 33.243.67* 8.334+8.05 164.6+£22.25% 134.53421.71* 14.83+8.81 -170.80+£36.50
Albacala (69)11x LRAS166 18.741.48% -0.23+4.21 148.75+14.50% 133.274+10.29* -6.18+5.85 -189.23427.12%
LRAS166x 8-12 40.27+1.92% S6933E8.24%  334.2422.37% 291.6+18.18* -51.67+£9.00 -491.07+42.7%
LRAS166 x 8-14 4946743.67* -2.1£8.51 146.45+24.69* 88.47+22.47% 10.35+9.55 -111.70+42.33 %
LRAS166 x Albacala (69) 11 25.4743.68* 7.2557.44 149.28+26.83% 111.934+12.85% -3.18+0.48 -129.90+47.21*
No. of sympodial branches plant™
S-12x 8-14 19.83+0.99* -3.54+1.57%* 7.06+5.36 3.51£5.06 -5.33+£2.71% -15.57+8.22
§-12 x Albacala (69)11 19.25+0.76* -5.5142.47% -6.89+6.34 -5.09+3.92 -2.16+3.06 -12.45+11.54
8-12x LRAS166 17.92+0.98* -6.93+4.00 -5.28+8.84 -2.77+8.76 -4.45+4.10 5.57+16.33
S-14x 8-12 10.83+3.53* 1.40+2.14 19.08+14.83 20.54+14.74 3.19+2.63 -23.63+16.8
§-14 x Albacala (69)11 24.53+1.52 -5.20+3.48 -19.65+10.82 -17.41+9.23 -0.42+3.99 7.88+18.92
S-14x LRAS166 22.56+0.53* -0.80+1.44 13.45+3.96% 6.03+3.59 2.46+2.05 -17.87+7.0%
Albacala(1911 x 8-12 21.89£1.79% 2.26+2.28 -3.58+9.00 -0.73£3.14 -4.46+8.81 5.60+13.0
Albacala(1911 x 5-14 22.49£1.29% -1.98+4.42 5.77+10.89 2.47+10.24 -6.77+4.84 -12.65+19.8
Albacala (69)11x LRAS166 25.18£1.04% 0.6£1.73 -3.08+£5.70 -4.72+£5.41 -0.92+£2.45 0.74+8.859
LRAS166x 8-12 19.50£0.34* 0.67£3.31 17.51+6.90% 13.48+6.79% -0.75+3.55 -19.92+13.6
LRAS166 x 8-14 23.58+1.18% -0.963+1.85 16.05+6.28* 8.09+9.98 -4.23£2.36 -24.96+9. 55%
LRAS166 x Albacala (69) 11 22.82+2.47% 8.65+3.90* -8.84+13.58 -9.12+12.59 10.16+2.47* 18.62+21.1

M = Mean d = Additive gene effect,
j = Additive X Dominance type of gene interaction,

and unfixable components of genetic variation, reciprocal
recurrent breeding method was suggested for these
crosses. As this breeding procedure will concentrate
additive effect, but will not allow to dissipate non-additive
effect.

The results also revealed that additive x additive
mteraction (I} contributes significantly in all the crosses
except S-14 x LRAS166, these findings were corroborated
with scaling test which also indicated the absence of
interaction in this cross. The additive x dominance type
of gene interaction () was significant i two crosses 1.e.,
Albacala (69)11 x S$-12 and LRAS166 x S-12. The
dominance x dominance type of gene interaction (I)
contributed significantly in all the crosses except S-12 x
Albacala (69)11 and S-14 x LRAS5166. These findings are
m accordance with Saudhu and Nittal (1988). The
opposite sign of (h) and (T) in all the crosses suggested
duplicate type of epistasis, which would limit the range of
variability and thus slow down the pace of progress
through selection, therefore, hetorosis breeding would be
advantageous.

Number of sympodial branches plant™: The analysis of
variance for experiment (Table 1) showed significant
genotypic differences, which implies that there was
substantial amount of genetic wvariability among the
genotypes for further study.

h = Dominance gene effect,
I=Dominance X Dominance type of interaction,
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I= Addivtive X additive type of gene interaction
* =Significant at 5% probability level

Table 2 indicated that heterosis varied from —13.105
percent (S-12x LRAS166) to 45.747 percent (LRAS1 66x S-
14) and heterobeltosis from —29.662 % (S-14 x Albacala
(6911) to 22.71 % (LRAS166 x S-14) (Table 2). The
significant mbreeding depression was noted in four
crosses and three of them had positive significant
heterosis and heterobeltosis. The potence ratio was
higher for enly three crosses. The results also revealed
that cross combination 3-14 x S-12 had higher both
additive and dominance genetic variance whereas the
only dominance genetic variance was higher in S-12 x
LRAS5166, Albacala (69)11 x S-14 and LRAS166x S-12
crosses (Table 2). The higher environmental variance for
test of the crosses indicted the importance of environment
1n character expression of number of sympodial branches
plant™

The results of scaling test divulged the absence of non-
allelic interaction mn most of the crosses except 3-12x S-14,
5-14 x LRAS166, LRAS166 x 5-12 and LRAS166 x 5-14
(Table 3). These findings partially agreed with the results
of Azhar et al (1994). This non- interacted trend in
majority of crosses revealed adequacy of additive—
dominance model to account for the analysis of data.
Additive genetic effect (d) were significant in the crosses
S-12 x 8-14, 8-12 x Albacala (69)11 and LRAS5166 x
Albacala (69)11. The dominant genetic effects (h) were
significant for 3-14 x LRAS5166, LRA5166 x S-12 and
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LRAS166x S-14 (Table 4). Epistasis interaction (T) was
presented for only one cross LRAS5166 x 5-12 while
additive x dominance gene interaction (j) were noted for S-
12x 8-14and LRAS1 66 x Albacala (69)11. Dominance type
of gene interaction was found in crosses S-14 x LRAS166
and its reciprocal.
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