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Abstract

The knowledge of gene action would be of great importance
to plant breeders as it provides information about possible
improvement of different yield, yield components and fiber
properties traits. Hence, this investigation has been done to
partition the genetic variance to its components through studies on
different generations of two cotton crosses i.e. Giza 89 x Suvin and
Giza 86 x Karshenky at Sakha Agricultural Station, during four
successive growing seasons (2003-2006).

The results showed presence of significants differences
among generations in the two crosses for all studied traits. Since,
the parents Suvin and Giza 86 have transmitted their performances
into their offspring, it could utilize these parents in cotton breeding
program for improving these traits. Highly significant positive
heterosis was observed relative to mid-parents for most studied
traits. In addition, heterosis relative to the better parent was
significantly positive, for boll weight, lint cotton yield/plant, lint
percentage and 2.5% span length in cross I and for all studied
traits in cross II except number of bolls/ plant and fiber strength.
Highly significant positive inbreeding depression values were
recorded in values F, and F; for boll weight, seed cotton yield
/plant, lint cotton yield /plant and 2.5% span length in the two
crosses as well as, lint percentage, number of bolls /plant and fiber
fineness in cross I and seed index in cross II. Over dominance
appeared to be controlling most studied traits in F; hybrids and F,
generations in the two crosses and the other remaining traits were
controlled by partial dominance.

Results of scaling test (C and D) suggested the presence of
non-allelic interaction for boll weight, seed index, lint index, fiber
strength and fiber fineness in the crosses indicating that the
epistasis effects plays important role in the inheritance of these
traits, while number of bolls /plant was the least affected trait. The
additive gene effects were positively significant or highly significant
for 2.5% span length and fiber strength in the two crosses and
almost studied traits in cross II except for lint index. While,
dominance effects were positive and highly significant for boll
weight, seed cotton yield /plant, lint cotton yield /plant and number
of bolls /plant in cross I only and fiber fineness in cross II. Among
the epistatic components, the dominance x dominance component
(L) was quite positive highly significant and greater in magnitude
than additive or dominance components for most studied traits in
the two crosses.
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INTRODUCTION

Cotton is considered the most important cash crop in Egypt hence great efforts
have been devoted to increase the yield capacity and fiber properties through breeding
programs which depends on the knowledge concerning rﬁultiple factors such as
heterosis, inbreeding depression and the nature of the interactions of genes controlling
the quantitative traits. Many authors studied these factors. El-Disouqui et a/. (2000)
pointed out to the occurre}mce of positive and significant heterosis relative to mid-
parents for boll weight, seed index in two crosses and for lint yield /plant in one cross.
Meanwhile, significant positive heterosis relative to better parent was detected for
seed index in the second cross. On the other hand, they found significant positivé
inbreeding depression in F, and F; generation for boll weight, seed index and lint
index. The additive gene effects were significantly positive for seed cotton yield/ plant,
lint yield /plant and boll weight in all crosses. Whereas, dominance gene effects were
significant for most studied traits in cross I. Epistatic components were greater in
magnitude than additive or dominance components for most studied traits. Also, El-
Disouqi and Zeina (2001) reported that the roles of non-allelic interaction were
governing most of studied traits in two crosses. The additive gene effects were
significantly positive or negative for all studied traits except seed cotton yield/plant in
cross I and dominance gene effects were important in the inheritance of most studied
traits in both crosses and were relatively high in magnitude compared with additive
effects in all variables. They also added that, heritability values in narrow sense were
23.22% for seed cotton yield/plant in cross I. While, Zeina (2002) stated that additive
genetic variances accounted for the major proportion of phenotypic variance for all
traits studied. He also added that, this resulted confirmed the high heritabilities in
narrow sense for all studied traits, suggesting that high values of additive genetic
variances and small values of environmental variances in these respect. On the other
hénd, Soliman (2003) showed that highly significant positive heterosis relative to mid
and better -parents for seed cotton yield /plant, lint yield /plant, fiber strength and
2.5% span length in all crosses ‘were observed. Also, highly positive significant
inbreeding depression values in F, and F; generation for all most studied traits. All
types of gene action effects were significant for yield and cotton properties. While,
dominance and epistatic effects were higher in magnitude than additive in some traits.
The aim of the present investigation was to study heterosis, inbreeding depression and
type of gene action in two intra-specific crosses to obtain additional information about’
some genetic parameters to help the breeder in the future studies in the segregating

generations.
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Table 3. Scaling test values for ten studied characters in the two cotton crosses.

!

Scaling Crosses
Traits Total
test 1 I
G 0.37** +0.134 -0.69** + 0,17
Boll weight (gm) 2 Lot
D . 0.09 +0.137 1.03** + 0.17 £
-[Seed cottdn yleid G -140.63%* +10.27 ~39.89%* + 10.69
: 1 .
plant (gm) D - -80.09** +9.14 18.75 + 10.78
Lint cotton yield / C -53.43*%* +4.06 -11.71%* + 4.04
1
lant (gm) D -6.57** +3.49 9.78** + 3.74
[¢] -5.38%* +0.90 1.52 +1.01
Lint % 1
D -0.94_+0.82 2.72** + 0.81
Seed index € 4.50** +0.33 -1.77%* + 0.30
2
(gm) D 1.56** 40.32 137** + 0.29
c 1.12%* +0.27 0.50 + 0.33
Lint index 2
D 1.22 +0.22 1.66%* + 0.32
c -47.22%* +3.99 -4.93+ 4.99
No. Bolls /plant 0
D -26.48** +3.61 -5.43 + 4.90
(o -0.97 +0.66 -8.14** + 0.66
2.5% Span length g
D 2.21** + 0.63 -1.16* + 0.59
Fiber strength (e -0.068 + 0.38 -3.34%% £ 0.38 |
2
(gm tex D 1.012%* + 0.33 1.18%* + 0.35
e 0.34 +0.15 1.91%* + 0.15
Micronaire reading| 2
D 0.94%*4+ 0.15 -1.95** + 0.14
Total 6 8 14

* ** Sjgnificant at 5% and 1%, respectively
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Table 4. The estimates of gene effects and type of epistasis for ten studied characters
in the two cotton crosses.

Traits Crosses Gene effects Type of
m d h L i istasis
Boll weight I 3.08**+0.03 | -0.17**+0.03 | 0.467**+0.09 -0.37+0.22 -0.33£0.10 Dupli
(gm) i 2.76**+0.04 | 0.095**+0.04 | -0.43**+0.12 2.29%*40.28 -0.61%*.+0.12 Dupii |
Seed cotton I 104.68%*+1.96 | -30.53**£1.60 | 66:62**+6.65 | 80.72%**+16.76 |-31.10**+6.44 Compl
yield / plant I 83.45%*+2.66 | 7.67**+2.36 -4.49+9.02 78.19%#421.51 | -3.8**48.78 Dupli
(gm)
Lint cotton I 34.59%*+0.78 | -10.69**-+0.67 | 23.54%*+2.55 34.48%%46.44 | -11.90**+2.55 Compl
yield / plant 1 29.5%*%+1.03 2.61%*40.86 -1.36+3.50 28.64**+6.50 | -3.25**43.31 Dupli
(gm)
Lint % 1 32.85%*40.19 -0.25+0.19 0.8040.57 5.92**41.40 -0.7740.62 Compl
I 35. **40.27 10.52*%* + 0.17 -0.2 +0.59 1.641.53 -0.5240.62 Dupli |
Seed index I 10.93**40.07 | -0.59**+0.06 -0.46%+0.23 -3.92%*+0.55 -1.4740.22 Compl
(gm) I 10.29%%+0.062 | 0.57**+0.06 -0.07**+0.21 4.19%*%+0.51 -0.078+0.21 Dupli |
Lint index I 5.36¥*+0.06 | -0.39**+0.05 | -0.447**+0.17 0.133+0.42 -1.41%%+0.17 Dupli.
I 5.61%*40.07 —0.34*'+b.05 -0.1740.24 1.55%+0.57 -0.34**+0.20 Dupli
No. Bolls /plant T 34.29%*%40.71 | -9.38**40.79 | 16.31%*+2.53 27.65**+6.33 | -8.98%*+2.68 Compl
)i 30.65**+1.09 1.71*40.92 3.6342.67 0.67;8.32 6.20%+2.74 Dupli |
2.5% Span I 31.52%*40.13 0.27*%+0.13 -0.42+0.44 4.24%*41.07 ~1.11*40.45 Dupli
length (m.m 11 31.69**+0.12 | 0.71**.+0.14 0.3340.41 9.31%*+1.03 0.84+0.46 Compl _|
Fiber strength 1 9.68**+0.07 0.54**+0.07 -0.23+0.23 1.44%+0.55 0.4040.25 Dupli
(gm tex) I 9.48**+0.08 | 0.47**+0.07 -1.33**40.26 6.03**+0.63 -0.41+0.25 Dupli
Fiber fineness I 4.064**+0.03 | -0.40**+0.02 0.037+0.11 0.79%+0.25 -1.36**40.10 Cempl
11 4.33**+0.04 | 0.45**+0.03 2.15%*40.12 -5.15**+0.24 2.51**+0.M Dupli

* **Significant at 5% and 1%, respectively.
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MATERIALS AND METHODS ' -

This study was carried out at Sakha Agricultural Research Station, Egypt, during
the 2003, 2004, 2005 and 2006 growing seasons. Crossing is used between Giza 89
with Suvin and between Giza 86 with Karshenky. The filial generations Fy, F, and F3
were obtained, the five populations, Py, P2, Fi, Fa and F; of each cross were evaluated
through 2006 season. Each non-segregating generation (Py, P> and F;) was consisted
of five rows, while F, and F; contained 20 rows. Each row was 4.2m in length and 60
cm in width. Hills were spdted at 35cm within row and plants were thinnéd one plant/
hill. All the agronomic practices were done according to the ordinary cotton culture.
Data and measurements were recorded for ten characters on individual guarded
plants, (30 for each of Py, P2 and F; and 150 for each of F, and F3), to study
performance of the ten following traits:

1 -Yield and yield components including boll weight, seed cotton yield /plant, lint
cotton yield /plant, lint percentage, seed index, lint index and number of
bolls/plant

II - Fiber properties including fiber length (2.5% span length in mm), fiber

strength as Pressely index and fiber fineness as Micronaire reading

Statistical procedure:

Means and variances were computed, then the following estimations were

calculated: o
H he mid H.M [ETME sron
terosi t id- ts (HMP %) =""——
eterosis over the mid-parents ( ) aMP__
F1-BP
Heterosis over the better-parent (H.B.P %) = [——E—-P—Xl 00]

Fl1-F2
Inbreeding depression from Fy to F; (L.D. F2%) = [——F—l—‘x 100]

' [F1-F3
Inbreeding depression from F to F3 (1.D. Fs%) =-—F1—'XI 00]
Nature and degree of dominance were determined by means of potence ratio method
outlined by Smith ( 1952 ), which can be defined as follows:
F, -M.P
~(pl1-P
27
Potence ratio in F, (P.R.F;) = M
T s ne
E (Pl - Pz)

Potence ratio in Fy (P.R.Fy) =
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The population means and variances were used to compute the scaling tests C and
D and to estimate the type of gene effects according to Mother and Jinks (1971).
Estimation of both scaling tests and gene effects were tested for significance from
zero using student’s £ test. Scaling “test for independence of genetic from
environmental effects variance of non-segregating generations i.e., P1. P, and F; ratio,
if proves significance there is genotype x environment interaction
VPl VPl VP2

F=ypP2 , VF1 and g1
RESULTS AND DISCUSSION

The five generations in this investigation included four parents and their 2F,
hybrids,2F, and 2F; generations, the mean performances are presented in Table
(1).The results showed that the genotype Suvin gave the highest values for boll
weight, seed cotton yield /plant, lint cotton yield /plant , lint percentage ,lint index
and number of bolls /plant followed by Giza 86 for all studied yield traits and fiber
properties except fiber fineness .Whereas, variety Giza 89 exhibited to be the same
trend for these traits except for boll weight and seed index, while the genotype
Karshenky showed lower values for seed cotton yield /plant, number of bolls /plant
and fiber strength.

Moreover, Giza 89 x Suvin, F; and F, generations showed best values for boll
weight, seed cotton yield /plant, lint cotton yield /plant and number of bolls /plant.
While, Giza 86 x Karshenky, F; hybrid was the best for most studied traits. These
findings reflected the presence of heterotic effects and the higher frequency of
dominant genes controlling these traits. Also, Fy's generation showed superiority for
most studied traits compared with the Fys generation values in two crosses. These
results indicated that the parents Suvin and Giza 86 could had transmitted their
performances to their offspring, hence could be utilized for the improving these traits.
These results were in agreement with thoée obtained by El- Disouqi et al. (2000), El-
Disouqi and Zeina (2001) and Soliman (2003).

The values of heterosis over the mid and better-parents, inbreeding depression
and potence ratio were calculated and presented in Table (2). The results showed
highly significant positive heterosis relative to mid-parents for all studied traits except
for seed index in cross I as well as number of bolls /plant and fiber strength in cross
II. Moreover, positive highly or significant heterosis relative to better-parent were
obtained for boll weight, lint cotton yield /plant , lint percentage and 2.5% span length
in cross I and for all studied traits except , number of boll/ plant and fiber strength in
cross II. In addition, positive and undesirable highly significant heterosis values were
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observed for fiber fineness relative to both mid and better-parent for fiber fineness in
the two crosses.

Concerning inbreeding depression, the results indicated highly significant positive
inbreeding depression in F, and F; generations for boll weight, seed cotton yield
/plant, lint cotton yield /plant and 2.5% span length in the two crosses as well as lint
percentage ,number of bolls /plant and fiber fineness in cross I only and seed index in
cross II. The reduction in performance of the F, and F; generations with respect to
their corresponding F, hybrids was negatively associated with the amounts of heterosis
obtained in these hybrids. When the large amount of heterosis is obtained for any
trait, large inbreeding depression can occur and may be due to fixation of unfavorable
recessive genes in F, and F; generation, i.e. the depression of dominance effects of
genes.

On the other hand, negative and highly significant inbreeding depression were
noticed in F, and F; generation for seed index and lint index in cross I and also in F,
generation for fiber fineness in cross II , suggesting the increase of mean performance
of F, and F; generation than F; hybrid for these traits. El-Helw (2002) reported highly
significant positive heterotic effects relative to mid-parents for seed cotton yield /plant,
lint cotton yield /plant and boll weight and highly significant positive inbreeding
depression values for seed cotton yield /plant, lint cotton yield /plant and lint
percentage.

With respect to potence ratio the results illustrated presence of over-dominance
for most studied traits in F; hybrid and F, generations in the two crosses. El-Akheder
(2001) stated that the over-dominance controlled inheritance of seed and lint cotton
yield/plant in the two crosses, seed index in the second cross and fiber fineness in the
first cross. While, partial dominance controlled the rest of the traits. Also, he indicated
that additive, dominance and most types of epistatic effects controlled the inheritance
of fiber fineness. Concerning these results, if the parental values and Fy or F,
generation were nearly equal, then the relatively small error in estimated could
magnify the potence values (Petr and Frey, 1966), also, could obtained from the
failure of the parents of equal phenotypic values to carry the same dominant and
duplication genes in different genomes may underestimate or overestimate the
potence ratio which would exist if the genes were acting in a diploid state.

Results of scaling tests C and D for the studied traits are presented in Table (3)
and suggested the presence of none allelic interaction for boll weight, seed index, lint
index, fiber strength and fiber fineness in the two crosses, since, one or both of C and
D showed significance, also, the cross II exhibited significant non-allelic effects in all
studied characters except for number of bolls /plant and 2.5% span length. Generally,
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14 out of 20 crosses gave similar trends of significance of non-allelic interaction for
one or more of the studied traits.

The data in Table (4) showed that the mean effect of F, performance (m) were
highly significant for all studied traits in the two crosses. Initially, it was noted that
these characters were quantitatively inherited. Also, the additive gene effects (d) were
significant or highly significant positive for 2.5% span length and fiber strength in the
two crosses.

Dominance effects (h) were positive and highly significant for boll weight,
seed cotton yield /plant, lint cotton yield /plant and number of boll /plant in cross I
and for fiber fineness in cross II. Hence, improvement of these traits could be
achieved through recurrent selection procedure (Singh and Naryanana 2000). Among
the epistatic components, the dominance x dominance component (L) was quite high
and positive for most studied characters in comparison to additive x additive
components (i). El- Akheder and El- Mansy (2006) stated that overall epistasis play
important role in inheritance of all yield and its component traits except for boll weight
as well as fiber properties

Finally, all types of gene action effects (d, h and epistasis) were highly
significant or significant, but dominance x dominance component (L) epistatic effect
was higher in magnitude and played a major role in the inheritance of these traits.
Similar results were reported by EL-Akheder (2001), El-Helw (2002) and Soliman
(2003).

Duplicate epistasis was observed as revealed by differences in signs of h and L in ‘
crosses which exhibited significant epistasis for boll weight, lint index and fiber ’
strength in the two crosses and for other studied traits in cross II only except for 2.5%
span length.

In duplicate type of epistasis (the ratio 15:1) identical substance of substances
interchangeable in effect are presumably produced by the dominant alleles at both
loci. It showed complementary epistasis for seed cotton yield /plant, lint cotton yield
/plant, lint percentage, seed index, number of bolls /plant and fiber fineness in cross I
and for 2.5% span length in cross II only where similar signs were obtained for both h
and L. In complementary type of epistasis (the ratio 9:7) they probably produce
different substances both of which were needed for the phenotypic manifestations of
some property.

Table (5) showed the results that the F-ratio between VP,/VP, were insignificant
for almost all traits in the two crosses which indicated that the genotype x
environment interactions in the parents are not significant except for seed index and
2.5% span length in cross 1. While, on the basis of VP,/VF; and VP,/VF,, F values
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exhibited quite highly significant effect for boll weight in the two crosses and in lint
percentage in cross I only.
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