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Abstract

A filed investigation was conducted at Sakha Agricultural
Research Station, A.R.C., Egypt during 2000-2002 growing
seasons. The two Egyptian cotton crosses, Giza 45 x Giza 75 and
Giza 88 x Giza 89 with their six populations were evaluated for lint
yield and lint yield components, seed characters and fiber quality.
The data showed significant deviation from zero for the values of
A, B and C, indicating the inadequacy of the additive-dominance
model and the presence of non-allelic gene interactions for all
studied characters, except micronaire reading. Significant epistatic
deviations on the basis of F, mean (E;) and back crosses mean
(E;) for most characters were in complete agreement with the
outcome of A, B and C scaling test. All types of gene effects were
significant and govern the inheritance of most studied characters.
The potence ratio values indicated overdominance for bolls/plant,
seed index and seed density in both crosses as well as 100-seed
volume only in cross I, and lint yield/plant, lint/seed, lint
percentage and heavy seed percentage in cross II. High to
moderate heritability estimates in the narrow sense were found for
all characters except seed density, in both crosses, 100-seed
volume, heavy seed percentage and Pressley index in cross I and
seeds/boll in cross II. Maximum pre .icted genetic advance values
as a percent of F, mean (Ag%) were detected for lint yield/plant
and bolls/plant in both crosses .Genetic advances were also
reported for lint/seed, 100-seed volume and heavy seed
percentage in cross II.

INTRODUCTION

The plant breeder is interested in the determination of various types of gene
effects to establish the most advantageous breeding programs for the improvement
of desired characters in different crop species. Basic information is needed to
understand the type of gene action in cotton breeding populations for yield and yield
components. It is assumed in most analysis that non-allelic interaction are absent
although these analysis rarely provide a valid test of this assumption. Information
about epistatic gene effects would be of value to the plant breeder. Most of the
literatures refer to the additive and dominance as the major components of gene
effects. However, additional evidence for the incorporation of epistetic gene effect in
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the inheritance of different quantitative characters and the relative importance of the
three types of gene effects in genetic variation is highly desired (Gamble, 1962).
Jagtap (1993) reported that epistatis played a major role in the inheritance of lint
percentage and bolls/plant over main effect. Hendawy (1994) indicated that the
additive effect was highly significant for bolls/plant in the two crosses (Giza 69 x Giza
83and Giza 75X Tom 3). _

Khalil -and Khattab .(1997) «showed- that both dominance and epistasis were
significant for-most of the studied‘tharacters. Gomaa ef a/. (1999) found that additive
-variance was the main component of thé genetic variance for bolls/plant and seed
index. Both additive and dominance controlied lint percentage. Abdel-Gelil (2001)
observed that the additive x additive and additive x dominance were greater than
dominance x dominance for lint yield/plant, lint percentage, lint index and seed index.
Abd El-Bary (2003) revealed that the magnitude of additive genetic variances were
positive and larger in magnitude than those of dominance variances for lint yield/plant,
bolis/plant, lint percentage, seed index, Micronaire reading and Pressley index. The
three types of epistatic variance contributed to the genetic expression of most studied
characters. Khalil and Khattab (1997), Abdel-Gelil (2001) and Awad (2001) detected
overdominance for lint yield/plant, bolls/plant, seeds/boll, lint percentage, seed index,
Micronaire reading and Pressley index. . Hendawy (1994), Khalil and Khattab (1997),
Gomaa et al, (1999) and Awad (2001) observed high expected genetic advances for
lint yield/plant, bolls/plant, lint percentage, seed index and Micronaire reading.

MATERIALS AND METHODS

The present investigation was carried out at Sakha Experimental Farm, Sakha
Agricultural Research Station, Agricultural Research Center, Egypt, during 2000, 2001
and 2002 growing seasons.

1. Genetic Materials:

Two Egyptian cotton crosses Giza 45 x Giza 75 and Giza 88 x Giza 89 were
‘included to generate the experimental material in this study. The F; hybrids and the
three segregating generations (BC;, BC; and F,) were developed in 2000 and 2001
seasons, respectively. The six populations of each cross were evaluated in randomized
complete block design with two replications in 2002 season. Each replication
consisted of 44 rows-16 rows for F,, 8 rows for each of BC, and BC,, 4 rows each for
P, P, and F;. Each row was 4.5 meter in length and 60 cm in width. Seeds were sown
in hills spaced 30 cm apart, and two plants were left per hill at thinning time.
Ordinary agricultural practices were done according to that followed in Sakha
Experimental Farm.
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Characters were assessed using individual guarded plants from the six
populations (300 plants for F,, 150 plants for each BC, and BC,, 75 plants for each P,,
P, and F;) as follows: ) '

1.  Lintyield: The weight in grams of lint yield per plant.

2.  Bolls per plant: Average number of open bolis per plant at picking time.

3. Seeds per boll: Average number of seeds per boll determined from the five
sound bolls sample after ginning and seed counts.

4.  Lint per seed: Obtained by dividing lint weight of the five boll samples by seed
counts.

5. Lint percent: Ratio of lint to seed cotton expressed as a percentage, using the

formula:
Lint % = Weight of lint per plant % 100

Weight of seed cotton per plant

Seed index: The weight in grams of 100-seeds.

100-seed volume: The volume in cubic cm of 100 delinted seeds.

Seed density: Ratio of seed index to 100-seed volume (g/cm?).

Heavy seed %: Ratio of the seeds which settled down in water from the 100
delinted seeds as percentage. Percentages were transformed into arc-sin before

0 o N

statistical analysis.

10. Fiber fineness and maturity: Assessed in Micronaire reading according to
A.S.T.M. (D 3818 - 79, 1998).

11. Fiber strength: (in Ib/mg) by using the Pressley fiber strength tester at zero-
gauge according to A.S.T.M. (D 1445 - 75, 1998).

The two fiber measurements were done under standard conditions of
temperature (21° + 2) and relative humidity (70% + 2), at the laboratories of Cotton
Technology Research Division, Cotton Research Institute in Giza.

2. Statistical and Genetical Analysis:

Data analysis followed the procedures and methods as outlined by Mather
(1949), Smith (1952), Johnson et al. (1955), Miller et al (1958), Allard (1960),
Gamble (1962) and Marani (1968).

RESULTS AND DISCUSSION

1. Generation Means:

The mean performance of the six populations Py, P, F;, BCy, BC,, F, of the
two crosses (G. 45 x G. 75) and (G. 88 x G. 89) showed existence of substantiai
variability in the genetic material to allow improvements for most characters dealt
with in this study (Table 1). parents showed wide divergence for lint yield/plant,
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bolls/plant and micronaire reading in both crosses. Also, parents showed wide
variations for lint/seed, lint percentage and heavy seed percentage in cross I (G. 45 x
G. 75). On the other hand, seeds/ boll, seed index, seed density and Pressley index in
the two crosses did not exhibit substantial variations between parents.

Table (1) also shows that F; mean performance was better than either parents
for seed index and seed density in the two crosses, 100-seed volume in cross I, lint
yield]plant, bolls/plant and lint/seed in cross II, indicating overdominance.

With régard to both BC; and BC, mean performance results showed relative
association with both P; and P, means, respectively for most characters investigated
in the two crosses.

Concerning F, mean performance, it was lower than its F; mean for lint
yield/plant, bolls/plant, seeds/boll, seed index and Pressley index in the two crosses,
as well as, 100-seed volume and heavy seed percentage in cross IA and seed density in
cross II, suggesting the presence of dominance and epistatic interaction (Table 2). On
the other hand, F, means were higher than F, mean for lint/seed, lint percentage and
micronaire reading in both crosses, as well as, seed density in cross I, 100-seed
volume and heavy seed percentage in cross II. This might indicate that no distinct
depression occurred from Fy to Fs.

. 2. Scaling Test, F,-Deviation and BC-Deviation:

Results of the scaling tests (A, B and C) are shown in (Table 2). These tests
demonstrated the presence of non-allelic gene interactions for all studied characters
except micronaire reading in the two crosses. These results indicated the inadequacy
of the additive-dominance model.

Regarding F,-deviation (E;) and BC-deviation (E,), Table(2) shows significant
epistatic  E; and E, for all studied characters except seed index and micronaire
reading in the two crosses, and heavy seed percentage in cross II. Also, epislétic
deviations E, and E; for the studied characters were in the same direction with the
outcome of A, B and C scaling tests indicating that there were non-allelic gene
interactions. Similar results were reported by Awad (2001).

3. Gene Action Effects:

Genetic analysis of generation means to give estimates of additive (a),
dominance (d) and the three epistatic effects, additive x additive (aa), additive x
dominance (ad) and dominance x dominance (dd) were calculated according to the
relationships illustrated by Gamble (1962).

Types of gene effects using generation means are shown in Table (3).
Estimated mean effects parameters (m), which reflects the contribution due to the
overall mean plus the locus effects and interaction of the fixed loci were found to be
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highly significant for all characters in both crosses. Initially, it is clear that all the
studied characters were quantitatively inherited. The additive gene effects were
significant and positive or negative for all studied characters except heavy seed
percentage in both crosses, 100-seed volume in cross I, lint yield/plant and bolls/plant
in cross 1I, suggesting the potentiality for attaining further improvements of most
studied characters.

Dominance gene effects were found to be significant for lint percentage, seed
index and 100-seed volume in both crosses, heavy seed percentgae and Pressley
index in cross I, lint yield/plant, bolls/plant, seeds/boll, lint/seed and seed density in
cross II.

Significant additive x additive epistatic type was detected for lint percentage,
100-seed volume and seed density in the two crosses, heavy seed percentage and
Pressley index in cross I, lint yield/plant, bolls/plant, seeds/boll and lint/seed in cross
1I. Additive x dominance type of digenic epistasis was significant for all characters
under investigation except seed density in cross I, and micronaire reading in both
crosses. Dominance x dominance type of gene action was significant for lint
percentage in the two crosses, lint yield and bolls/plant in cross I, seeds/boll,
lint/seed, 100-seed volume and seed density in cross II.

Generally, it may be concluded from the abve results that all types of gene
effects were significant and govern the inheritance of most studied characters with
some exceptions indicating that selection index and phenotypic trait selection based
on the accumulation of additive effects were successful in improving most of the
characters under investigation. However to maximize selection advance, procedures
known to be effective in shifting gene frequency such as recurrent selection, when
both additive and non additive genetic variations are involved, would be preferred.
These findings are in agreement  with those obtained by Jagtap (1993), Khalil and
Khattab (1997), Gomaa et al. (1999), Abdel-Gelil (2001) and Abd El-Bary (2003).

4. Potence Ratio and Heritability Estimates:

Potence ratio values (Table 4) indicated the existence of overdominance for
bolls/plant, seed index and seed density in both crosses, 100-seed volume in cross I,
lint yield/plant, - lint/seed, lint percentage and heavy seed percentage in cross II,
however, other characters under investigation expressed partial dominance. The
existence of overdominance in lint yield/plant was previously reported -(Abdel-Gelil,
2001, Awad, 2001) in bolls/plant and in seed index by Khalil and Khattab (1997) and
Awad (2001).
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Table 4. Phenotypic (PCV) and genotypic (GCV) coefficients of variation in F,
generations, potence ratio (P), heritability in broad (h%) and narrow (h%)
sense, and expected genetic advance (Ag%) of the eleven cotton characters
in the two studied crosses.

Character Cross | PCV % | GCV % | (P) h?%, b Ag %
Lint yield/ plant (g) I 454 | 361 |0.40| 63.3 59.5 55.6
u | 478 | 355 |-1.10[ 55.0 54.7 | 53.9
Bolls/plant I 40.7 | 316 |141| 603 55.8 | 46.8
I | 41.8 269 |-1.08| 414 | 38.4 33.0
Seeds/boll I 11.5 7.3 |0.75] 40.1 38.3 9.1
11 1149 86 [095] 52.7 22.8 5.6
Lint/seed (g) I 14.8 9.4 |0.16| 40.7 38.0 11.6
1 18.6 149 {-4.00| 64.1 43.0 16.4
Lint percentage I 8.1 58 10.86| 52.1 48.8 8.1
] 11 9.1 71 |1.37| 60.9 60.6 11.4
Seed index (g) 1 11.3 7.8 |-1.75| 478 | 43.7 10.2

1I 12.2 8.6 |-4.78| 50.2 43.1 10.8

100-seed volume (cm®)| I 9.7 57 |-1.39] 34.0 6.3 1.3

II 10.2 6.9 |-0.13] 45.6 76.1 15.9

Seed density (gfecm®) | I 75 24 |-1.80 10.4 2.8 0.4

11 9.0 3.9 [-2.33] 186 5.8 1.1

Heavy seed (%) I 324 18.3 |-0.43| 31.9 15.9 10.7
I 32.8 17.3 [1.96]| 27.8 31.9 21.6
Micronaire reading I 15.8 11.6 [0.20| 547 81.7 26.5
I 16.4 10.9 10.25( 44.0 56.0 18.9
Pressley index I 6.9 3.8 |-040] 30.7 13.1 1.9

11 6.7 40 |-0.31] 34.7 50.0 6.9

Phenotypic and genotypic coefficients of variation, broad and narrow sense
heritabilities and expected genetic advance (Ag%) are presented in Table (4). The
estimates of phenotypic and genotypic coefficients of variation (PCV % and GCV%)
were higher for lint yield/plant, bolls/plant and heavy seed percentage in both crosses
than all other characters. Generally, there were relatively distinct differences between
phenotypic and genotypic coefficients of variation for most characters in the two
crosses, indicating that environmental effects had their impact on these characters.

High heritabi-lity estimates in broad sense (> 50%) were detected for lint
yield/plant and lint percentage in the two crosses, bolls/plant and micronaire reading
in cross I, seeds/boll, lint/seed and seed index in cross II. Similar results were
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obtained by Hendawy (1994). Moderate heritability estimates in broad sense (from 30
to 50%), were obtained for the remaining characters in both crosses except seed
density and heavy seed percentage in cross II. High to moderate narrow sense
heritability estimates were found for all characters except seed density in the two
crosses, 100-seed volume, heavy seed percentage and Pressley index in cross I and
seeds/boll in cross II, where low narrow sense heritability values (< 30%) were
recorded for these characters.The difference between broad and narrow sense
heritabilities may be due to the presence of non-additive gene action in the inheritance
of most characters. These results were in agreement with those reported by Khalil
and Khattab (1997), Gomaa et a/. (1999) and Awad (2001).

Regarding heritability estimates in narrow sense of some studied characters in
both crosses (Table 4), it is noticeable that these estimates were higher than their
corresponding broad sense heritability estimates. This may be attributed to using of
different samp!e sizes .These results are in agreement with those obtained by Awad
(2001).

5. Predicted Genetic Advance:

The highest predicted genetic advances as percentage of F, mean (Ag%)
(Table 4) were achieved for lint yield/plant and bolls/plant in the two crosses,
lint/seed, 100-seed volume and heavy seed percentage in cross II. On the other
hand, low predicted genetic advances were detected for seed density in the two
crosses, 100-seed volume and Pressley index in cross I.

High to moderate values of heritability estimates in narrow sense were found
to be associated with high and moderate genetic advance in most characters
investigated, so selection for these characters may be effective. Similar conclusions
were found by Hendawy (1994).
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