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Abstract: The six populations P1 , P2 , F I, F 2, BCI and
BC2 of four cotton crosses were established during summer 2004
to 2005 and evaluated in 2006 summer season at Assiut .The
experiment was grown in a randomized complete blocks design (
R.C.B.D ) with three replications. The means of the six generations
recorded for plant height , days to flowering , no.of open bolls, no.
of unopened bolls ,boll weight ,lint yield/plant and cotton
yield/plant, , were subjected to scaling test, and six parameters
method to detect epistasis and estimates of m, d, h, i, j and L
parameters. Results revealed the epistatic gene effect cannot be
ignored when establish a new breeding programec to improve cotton
populations for economic traits. The inheritance of all traits studied
was controlled by additive and non-additive genetic effects, with
greater values of dominance gene effect than the additive one in
most cases. Among the nonadditive effect, the other fixable
component, i.e., additive x additive (i) type of interaction, was also
significant and constituted a major portion of the gene effects. The
signs of (h) and (L) were opposite in the case of plant height, days
to flowering , no.of open bolls, no. of unopened bolls ,boll weight,
lint yield and cotton yield/plant, in most crosses suggesting
duplicate type of non-allelic interaction in these traits. The
coincidence of sign and magnitude of heterosis and inbreeding
depression was detected for most traits .

INTRODUCTION

Cotton is a warm climate crop grown in approximately 60 countries
worldwide. It is cultivated from 45 North latitude to 32 South latitude by
over 20 million farmers. Over 90 percent of cotton grown in the world is
Gossypium hirsutum L or Upland cotton, while about ten percent of
cotton in the world is related to the species G. barabadense L.. The
choice of selection and breeding procedures for genetic improvement of
cotton or any other crop is largely depends on the knowledge of type and
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relative amount of genetic component and the presence of non-allelic
interaction for different characters in the plant materials under
investigations. The genetic control of a given trait cannot be definitively
characterized because it depends on the genetic material, the test system
inter-action for different characters in the plant materials under generation
means and the environmental conditions, (Goldringer et al/ (1997). Plant
breeders and geneticists frequently use generation mean analysis to obtain
information on gene action controlling the economic traits in cotton(
Jagtap, 1986, EL-Okkia, et al., 1989, Gomaa, and Shaheen, 1995
,Esmail et al .,1999,Ahmad, ef al., 2003 and AbdeL Hafez et al. , 2007).

Therefore, the present study was carried out to obtain information
about gene action on yield and its components in the cotton. Heterosis,
inbreeding depression, , phenotypic and genotypic coefficient of
variability were also investigated .

MATERIALS AND METHODS

The experimental materials comprised seven genotypes namely G88
,G90,G87,G89, Promising hybrid,G83 and Dandara. For F1 G88
xG90(cross I), G87xG89(cross 2), Promising hybrid xG83(cross 3) and
Promising hybrid x Dandara(cross 4) .The name, pedigree, origin of these
parents are presented in Table (1).

Table (1). The name , pedigree and origin of these parents.

Genotypes Pedigree Origin
Giza.88 © (G.77xG.45)B Egypt
Giza.90 (G.83 x Dendera) Egypt
Giza.87 (G.77x G.45)A Egypt
Giza.89 (G.75 x R.6022) Egypt

Promising hybrid (G.81 xG.83) Egypt
Giza.83 (G.72 x G67) Egypt
Dandara Selected from G 3 Egypt

The present investigation was carried out during 2004 to 2006
seasons . A field experiment was conducted at Al- Ghoraeb Farm for
Assiut University, at Assiut during three seasons (2004 to 2006 ) using
seven cotton genotypes . In the summer 2004 the seven parental lines
were crossed to produce four F1 crosses. In 2005 season. F1 plants of
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each cross were selfed and backcrossed to their two parents to obtain F2,
BC1 and BC2 generations, respectively. Hand emasculation and
pollination techniques were applied to obtain a hybrid seeds.

Six population P1 , P2, F 1, F 2, BC1 and BC2 were planted during
2006 in a randomized complete block design with three replicates in rows
with 3m long and 60 cm width. Sowing was done in hills spaced 25cm
apart and two plants were left per hill after thinning. Each parent and F
were represented by three rows, F2 and the two back cross génerations
(BC and BC ) 20 rows. The means of the six populations were recorded
for plant height , days to flowering , no. of open bolls, no. of unopened
bolls ,boll weight, lint yield and cotton yield/plant .

The data were first subjected to test the differences between
parental genotypes by applied “t”test for the studied characters before
considering the biometrical analysis, as well as. the scaling test(A, B and
C) were applied to detect the presence of epistasis according to Mather
and Jinks(1982). In the presence of nonallelic interaction the analysis
was proceeded to estimate the inter-action types involved using the six
parameters genetic model i.e., (m, d, L i, j, and | ) m = the origin of the
scale, which reflects the contribution due to the overall mean plus the
locus effects and the interaction of fixed loci ,d = sum of the additive
effects of the genes ,h = sum of the dominance effects of the genes, i =
sum of the additive x additive effects of the genes, j = sum of the additive
x dominance effects of the genes and 1 = sum of the dominance x
dominance effects of the genes according to Hayman (1958). Heterosis,
inbreeding depression , phenotypic and genotypic coefficient of
variability  calculated according to Singh and Chaudhary (1977) as
follows:

a) Heterosis from the mid-parents:

HMP)%=— x100

Heterosis deviation= F1—M.F

Variance of heterosis deviation = V F1 + %TV P1+V P2)
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b) Heterosis from the better-parent:

L F1-B.P
H(B.P)%=—x 100

B.P
Heterosis deviation= F1 — B.P

Variance of heterosis deviation = V F1 + V B.P

The t- test was used to test the significance of the above estimates from
zero as outlined from the following equation:

Deviation — Zero
t =
(Variance of deviation)

12

Inbreeding depression; its values were measured from the following
equations:

F1-F2

Inbreeding depression of F1= x 100

F1
Variance of inbreeding depression (V.I.D) for F1 =V F1 +V F2
F1-F2
tIlD= ——
(V.1D)"?
Estimation of phenotypic and genotypic coefficient of variability:
The Phenotypic Coefficient of Variability (PCV) and Genotypic

Coefficient of Variability (GCV) calculated according to Singh and
Chaudhary (1977) as follows:
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(VF2) 2 (VF2 - VE) 1
PCV= GCV=
F2 F2
RESULTS AND DISCUSSION

Means of the six populations for all the studied traits are presented in
Table (2) The analysis of variance show significant differences among
the six population means for most the studied traits. The results
indicated that (P1) in all crosses was higher in all traits compared with P2,
while in crosses the means of parents gave different values from one
to another for the studied traits . The differences in the means may
suggest the presence of adequate genetic variation. Means of 2 ,s values
were higher than parents and Fl.s values in most crosses for all the
studied traits .

Results of the scaling tests (A, B and C) reveled the presence of non-
allelic gene interaction for all traits studied in both crosses except boll
weight in three crosses , Table (3). Abdel-Hafez ef al (2007) and Esmail
(2007) found similar results.

Estimates of genetic effects in six parameter model are presented in
Table (3). Highly significant for the estimated values of mean effects (m)
indicated that all the studied characters were quantitatively inherited. The
additive gene effects (d) were significant for all traits in all crosses except
boll weight in two crosses suggesting the potential for obtaining further
improvement of these traits. Dominance gene effects (h) were found to be
highly significant for most studied traits. The magnitude of additive gene
effects (d) were small relative to the corresponding dominance effects (h)
in most cases ,suggesting pedigree selection method is a useful breeding
program to improve these populations. However, the negative value of (h)
observed for most traits studied indicated that the alleles responsible for
less value of the trait were dominant over the alleles controlling high
value.

Significantly positive of additive x additive epistatic type of gene
effects (i) was detected for plant height (two crosses) ,days to flowering
(two crosses) no. of open bolls (one cross) ,no. of unopened bolls (one
cross) ,lint yield /plant (three crosses) and seed cotton yield/plant (four
crosses) , while it was negative for plant height (two crosses) , days to
flowering (two crosses) , no. of open bolls (three crosses) . no. of
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unopened bolls (three crosses) , boll weight (four crosses) and lint/plant in
one cross under investigation. Additive x dominance epistatic type of
gene effects (j) was found to be significant for all traits in all crosses
studied except boll weight. The dominance x dominance epistatic effect
(L) played major role in the inheritance of all traits studied.

Table ( 2 ) Mean performance of parents, F1,F2 and backcross populations for
all the studied traits in cotton.

Days No. of No. of Boll | Lintyield | Cotton

Traits ‘hI:Iiagr;]tt - to 50% open | unopened | weight | /plant yield .

Populations flowering | bolls bolls (gm) /gm /gm
Cross 1 (G88xG90)

P1 451451 5725 118622 2.75 1.28 12.184 | 28.697

P2 33.312 ] 5725 [27.375 2.4 1.395 18.63 | 39.345

F1 41655 | 56.75 9.5 1.687 1.497 5.347 | 14.937

F2 46.662 | 57.335 | 10.115 3.145 1.655 3.41 10.107

BC1 52.357 | 56.375 | 10.757 3.915 1.452 6.317 | 20.997

BC2 57.622 55.5 17.182 3.782 | 1.752 1 10.617 128.255
LS Datb5% | 18.672 N.S 5.13 0.64 N.S 6.27 15.76

Cross 2 (G89xG87)

P1 62675 5725 [12.357 2.987 1.32 5775 118.682

P2 54.847 56 17.625 2.95 1.56 12.065 | 27.845
F1 53.315 | 58.25 8.315 2.5 1.455 5675 115.442
F2 59.662 57 12.81 3.947 1.545 4.29 12.532
BC1 62.75 | 56.375 [11.187 3.377 1.302 5.872 15.45

BC2 60.987 56.5 7.042 3.027 1.507 6.047 | 13.882

LSDat5% [ NS N.S 4.56 N.S 0.1/8 3.12 9.626 |

Cross 3 (G83xPromising hybrid )

P1 57.375 58 12.9 26 1.56 10.105 | 21.38
P2 52.225 | 59.25 16.35 2.85 1.575 | 11.532 |27.412

F1 38.855 | 57.25 4.95 1.98 1.25 3.855 9.75
F2 56.05 | 56.167 | 11.59 4.16 1.612 7.08 10.792
BC1 53.245 ] 56.75 7.52 2.865 1.282 5.81 13.882
BC2 48.027 | 57.125 | 10.485 3.187 1.365 | 10.385 [24.985
L.S.Dat5% [ 12.405 N.S 4.33 0.76 N.S 5.048 11.37

_ Cross4 (Dandara x promising hybrid )

P1 57.375 58 12.9 2.6 1.56 10.102 | 21.38
P2 48.79 58 12.3 1.8 1.402 8.332 [ 19.657

F1 48.45 58.75 5.3 2.367 1.377 3.002 7.902
F2 67.387 | 56.417 | 11.152 3.86 1.56 8.185 1 10.192
BC1 50.482 | 57.25 7.85 2,777 1.392 4.84 12.147
BC2 49.35 | 56.875 | 10.505 2.445 1.447 7.37 15.967
LSDat 5% [ 17237 ] NS 3.54 0.75 N.S N.S 11.175
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Table ( 3) resting for A, B and C along with six parameter gene efTects for yield and its contributing traits in cotton

Characters
scaling test Plant height Days te 50% flowering No. of open bolls No. of unopened bells
Cross 1 Cross2 Cross 3 Cross 4 Cross | Cross2 Croas 3 Cress4 Croas 1 | Cross2 Cross 3 Cross4 | Cross! | Cross2 | Crossd | Cross4

A 3844.76%* 4354.18%* 1760.09+ 454.762+ 2646.88*+ 278742% 208243+ | 297748 | 181.136" | 101.027" -39.894" 8.197" -24.168" | 12251 | 5.778" L1329
B 8610453+ | 9073511% | 4856579+ | 4083935+~ | 5332.806*+ | 5535.361* | 6547.028 | 5GEG.4T2=+ | -22.746" | 58.062 | 260920% | 222692 | 56.484" | 32.325" [ 30.854" | 15876+
[ 769.263* 1568.173%= | 1149.972% | 1274.189+ | 1451.361 1454.389% | 1507.056% | 1511.861* | 229.755" | 88.942" 86.802" 62.662" 2837 | 5.684" | 3.291" | 3.4250"
m 46.662+ 59.662" 56.06% 67.387" 57.33%5" [ 56.167" s8417" 10.115" 281" 11.58" 11.182" 345" | 347" | 496" 386"
d -5.265%* 1,762" s217" 112" 0875+ 0.125% 4.375" 037" £42%5" 4145 -2.965" -2685" 0132" § 035" | 032" | 0.332°
[ 35.73%" 3378+ 3767 4817 509" 062" 1.706" 33 18217 | -214563" | -20.025+ -15.2" 1927 | 3448~ | 528" | 4827
* 3331+ 8825+ -21.655" £9.885° 5.59" 2.2%" 3.08= 258" 1542° -14.78" -10.35" 79 2815" | 298" | 4535" | 4.995"
J -11.181%% -2.151" 2.642" -3.16" 0875" 275" 025" 0.375" -2048" 6.778" -1.24" -2.855" 0042" | 0331 } 0.197" | 0.067"
' -91.502+ 32147+ 842+ 73.258" 984" 625" 0.82° 267" £.302° 24932 1349" 6.99" 9685 | 1.107" 1.84" 3.685"
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Table (3 ) Conti.

Characters

Boll weight / gm Lint yield / plant / gm Cotton yield /plant(gm)
scaling test

Cross 1| Cross2 | Cross 3 | Cross4 | Cross 1 Cross2 | Cross3 | Cross4 | Cross 1 Cross2 Cross 3 | Cross 4
A -2.305* | -1.468 -0.939 -4.439 | -161.405** | -68.219** | -38.885** | 7.102" |-1133.06" ] -323.136" | -707.722" | -459.971"
B . 5.882** | 3.358** | 2.597** | 3.538** 6.294** 27.468" | 88.832** | 123.266" | 602.932" | 62.243" | 630.549** | 482.607"
C 0.900 0.955 0.976 0.946 84.304** | 36.143** | 46.100*" | 27.337" | 461.208" | 219.278** | 248.098" | 155.704"
m 1.655 1.545 1.612 1.56 3.41* 4.29** 7.08** 8.185" 10.107" 12.532 10.792" 10.192"
d -0.3 -0.205** | -0.082 | -0.055** -4.3* -0.175* FRESTT -2.53" -1.257" 1.567 -11.102" -3.82"
h -0.05** | -0.545*" | -1.472** | -0.663** | 10.218** 3.165" 92" 1 -14.535" | 38.991" 0.763 19.918* 2.843"
1 -0.21** § -0.56" |-1.155"*| -0.56** 20.23* 6.68** sy -8.32" 58.075" 8.535 34.565" 15.46"
J 20.242 | 0.085 | -0.075 | -0.133 | -1.128~ | 3.24~ | 26" | -3.415" | -1.933" | 6.198 -8086" | -4.681"
1 -0.53* [ 0.73" [ 1495 | 0597 | -12.687 | -0.79" | 15" | 8.34" | -53.662" | 10.112" | 44.007" | -14.847"
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These results are in agreement with those obtained by Okaz (1974)
Bhardwaj and Kapoor (1998), Esmail ef al. (1999), El-Disouqi and
Ziena (2001) Ahmad et al, (2003),Abdel- Hafez et al.(2007) and
Esmail ( 2007) . The signs of (h) and (L) were opposite in the case of
plant height, days to flowering , no. of open bolls, no. of unopened bolls
,boll weight, lint yield and cotton yield/plant, in most crosses suggesting
duplicate type of non-allelic interaction in these traits.

The inheritance of all traits studied was controlled by additive and non-
additive genetic effects, with greater values of dominance gene effect
than the additive one in most cases. Among the nonadditive effect, the
other fixable component, i.e.,additive x additive (i) type of interaction,
was also significant and constituted a larg portion of the gene effects,
therefore, it may be possible to exploit it. The same findings was also
reported by Tandon et al.(1968). Ahuja and Dhayal(2007) found
preponderance of non-additive gene action in the inheritance of cotton
yield per plant and majority of its components. Jagtab (1986), stated that
when additive effects are larger than the non-additive, it is suggested that
selection in early segregating generations would be effective, while, if the
non-additive portion are larger than additive, the improvement of the
characters need intensive selection through later generation, when
epistatic effects were significant for traits, the possibility of obtaining
desirable segregates through inter-mating in early generations by
breaking undesirable linkage or it is suggested to adopt recurrent
selection for handling the above crosses for rapid improvement. Abo El-
Zahab and Amein(2000) and Esmail (2007) reported the same
conclusion. However, Ramalingam and Sivasamy (2002)stated that the
predominance of additive x dominance epistatic effect (highest
magnitude) for the trait suggesting delayed sclection and inter-mating the
segregates followed by recurrent selection for improvement of this trait.

Heterosis, inbreeding depression (%),phenotypic (pcv )and genotypic
(cev)coefficient of variability and genetic advance in four cotton crosses
for all traits studied are presented in Table (4 ). Heterosis relative to
" mid-parent and better parent was found to be significantly positive for
plant height in one cross no. of unopened bolls in one cross and boll
weight in two crosses while, it was negative in all other traits .These
results are in harmony with those obtained by El-Disouqi and Ziena
(2001). Concerning inbreeding depression, positive and highly significant
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Table{ 4): Heterosis, inbreeding depression (%) and phenotypic (PCV )and
genotypic (GCV )coefficient variability in four cotton crosses for all studied
traits.

Inbreeding Phenotypic Genotypic
character Cross Heterosis depression coefticient coefficient
M.P B.P (%) variability variability
(PCV) (GCV)
Plant height Crossl 6.184 25.043** -12.021** 67.752 32,517
Cross2 -9.268 -2.794 -11.905%* 68.278 16.014
Cross3 -29.096** -25.600** -44 254+ 67.563 30.071
Cross4 -8.726 -0.696 -39.086** 67.479 41.804
Days to 50% | Crossl -0.873 -0.873 -1.030 66.668 5.449
flowering Cross2 2.869 4.017 2.145 66.678 0.0
Cross3 -2.345 -1.293 1.890 66.6°7 0.0
Cross4 1.293 1.293 3.970* 66.669 0.0
No. of open | Crossl -58.693** -65.296** -6.473** 114.122 no
bolls Cross2 -44.534** -52.822** -54.058** 96.513 63 072
Cross2 -66.153** -69.724** -134.141** 99.161 58.061
Cross4 -57.936** -58.914*+ -110.425%* 99.215 69.322
No. of | Crossl -34.466** -29.687** " .86.370** 70.204 45.380
unopened Cross2 -15.789** -15.254** -57.90** 70.020 35.426
bolls Cross3 -27.339%+ -23.846** -110.101** 68.479 _52.79§
Cross4 7.613** 31.527+* -63.041** 73.112 55.194
Boll Crossl 11.962%* 7.347%* -10.517** 66.678 34.050
weight(gm) Cross2 1.0416%* -6.730** -6.185** 66.608 21.022
Cross3 -20.255* -20.634** -29.00** 66.674 26.276
Cross4 -7.004** -11.698** -13.248** 67.566 26.019
Lint Cross1 -65.182%* -71.14]1*+ 36.231** 66.714 0.0
vield/plant Cross2 -38.248%* -54.978** 24.405%* 69.543 0.0
igm) Cross3 -64.363** -66.572** -83.657** 98.7335 23.488
Cross4 -67.426%* -70.279** -172.606* 95.971 71.624
Cotton Cross] -56.093** -62.034** 32.334*+ 66.673 0.0
yield/plant Cross2 -33.476** -44.541** 18.844%+ 68.301 0.0
(gm) Cross3 -60.034** -64.432%* -10.692+* 66.735 0.0
Cross4 -61.486** -63.037+* -28.978** 66.810 0.0

values was obtained for days to flowering in three crosses, lint yield per
plant in the two crosses and cotton yield/plant in two crosses however, it
was significantly negative in all the other traits. The coincidence of sign
and magnitude of heterosis and inbreeding depression was detected for
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most traits in four cotton crosses. This is logic and expected since the
expression of heterosis inF1 will be followed by a considerable reduction
in F2 due to homozygosity. The contradiction between heterosis and
inbreeding depression for boll weight lint yield/plant (gm) and cotton
yield/plant could be due to the presence of linkage between genes in these -
plant materials. Cotton has a relatively low inbreeding depression,
Abdalla(2007).

The phenotypic coefficient(PCV) of variability values were higher
than (GCV) for all traits in the four crosses (Table 4 ). Results indicated
also that both PCV and GCV values were much close, this revealed the
major proportion of the observed variation was contributed by the genetic
factor in additive genetic variance in most values for phenotypic and
genotypic coefficient of variability. Therefore, these traits were highly
affected by environmental factors. This indicating high genetic gain
suggesting the probable role of additive gene effects for these traits.
These results are in harmony with those obtained by El-Hashash(2004)

These information of great importance for cotton breeder to
improve yield potential and release a new cotton genotypes
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