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Abstract

A half diallel set among six parents of Egyptian cotton was un-
dertaken to evaluate general and specif.ic‘combining ability and their in-
teractions with environment in three different locations. The six parents,
15 F1 hybrids and 15 F2 populations were included in three randomized
complete blocks design experiments at the three locations.

Analysis of variance showed highly significant differences among
genotypes for all traits except uniformity ratio. Seed cotton yield, lint
yield, number of bolls/plant and boll weight were the most affected
characters by the environmental variables. The average estimates of
heterosis were the highest for these traits. GCA/SCA variance ratio re-
vealed that the non-additive genetic variance was more important in the
inheritance of these characters, suggesting the utilizing of heterosis to
improve these characters. The additive genetic variance was the most
important for lint percentage, lint index and fiber properties. Significant
GCA and SCA by locations interactions were observed for several traits
indicating that a range of environments is needed to better evaluate hy-
brid combinations. The best general combiners .were; Giza 81 for most
agronomic characters, Giza 83 x (Giza 72 x DelCero) for boll number and
lint percentage, Giza 77 for fiber length and fiber strength traits and
Giza 84 for fiber fineness. Crosses exhibiting highest SCA effects were
81 x [Giza 83 x (G.75 x Delcero], Giza 85 x Dendera for yield and num-
ber of bolls and Giza 77 x Giza 84 for fiber length.

INTRODUCTION

Most Egyptian cotton varieties have been bred by using various forms of
pedigree selection with the aim of combining characters from two or more parents
into a single line or lines. Results from diallel crosses are good criteria used to
decide which parents or lines were to be of potential use in intended crosses. The two
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genetic parameters; GCA and SCA suggested by Griffing (1956) are mainly used for
this purpose. Although, these two parameters have been studied in cotton by several
investigators, Radwan and Abo El-Zahab (1974), Salem (1984) and Rahouma and
EL-Shaarawy (1992), the scope of these tests was limited as to establish a general
trend and results of this kind of research are scant in Egyptian cotton. Therefore,
further studies were needed for better understanding of the nature of gene action
and its interactions with environment. Baker and Verhalen (1975), El-Fawal et al.
(1978) and El-Disoqui et al. (1992) calculated significant GCA by environment
interactions for several agronomic and fiber properties.

The degree of heterosis and GCA versus SCA has been studied in Egyptian
intervarietal cotton crosses by El-Adi et al. (1978) and Selim et al. (1979).

The main objectives of this study are to estimate the frequency and magnitude
of heterosis and inbreeding depression, as well as SCA and SCA effects, variances
and its interactions in three different locations. It was also of interest to determine
whether conventional breeding programs could make further progress in yield,
components and fiber properties through utilization of crossing between three
Egyptian cotton cultivars and three promising Egyptian lines used as parents.

MATERIALS AND METHODS

Six cultivars and lines of Egyptian cotton were selected as parents. The
extra-long staple cottons included Giza 77 (P1), and Giza 84 (P2); the long staple
cottons assigned to North Egypt were Giza 85 (P3) and Giza 81 (P4) and the long
staple cottons grown at Upper Egypt were Giza 83 x (Giza 72 x DelCero) (Pg) and
Dendera (Pg). The parents; Pq., P4 and Pg are the commercial cultivars while, the
parents; P> and P3 are the newly released cultivars, while Pg was a promising line.

In 1994, a half diallel genetic design including the six parents with the 15 Fq
hybrids and the 15 Fp populations were grown at the three different locations of
Sacolta (Sohag), Kenayate (Sharkia) and Sakha (Kafr EI-Sheikh). The F1's seed were
produced by hand crossing in 1992 and 1993 seasons, Fp's seed were produced by
selfing the Fq hybrids at the Agricultural Research Center in Giza in 1993 season.

Each Experiment was set as randomized complete blocks design with three
replications. Plots were single rows of 6 m length and 0.6 m apart. Two plants were
left per hill after thinning. The three Experiments were planted on the 26 th March,
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the 30 th March and the 9 th April at Sacolta, Kenayate and Sakha, respectively. All
cultural practices followed the recommendations for growing cotton in Egypt in all
locations. Harvesting was done once on the 15th Oct., 20th Oct. and 30 th Oct. for
Sacolta, Kenayate and Sakha sites, respectively.

Data of the following traits were rcorded on individual plant basis with all
plants in the plot being sampled, then averaged to obtain plot mean. The following
characters were measured.

1- Seed cotton yield per plant (g). 2- Lint yield per plant (g).
3- Number of open bolls per plant. 4- Boll weight (g).

5- Lint percentage (%). ’ 6- Seed index (g).

7- Lint index (g)- 8- Micronaire reading.

9- Pressley index. 10- 2.5% span length (mm).
11- 50% span length (mm). 12- Uniformity Ratio (%).

All fiber measurements were determined under standard conditions of
temperature (21°+2) and relative humidity (70% + 2), at the Cotton Research
Institute in Giza. ’

Combined analyses over locations were carried out to test the genotype by
location interactions. The statistical genetic procedure for the analysis of diallel
cross pooled over locations for combining ability was done according according to
Singh (1973 a and b) using Method Il Model 1.

Estimates of variance components for general and specific combining ability
effects and interactions with locations were calculated according to Baker and
Verhalen (1975).

Estimates of general and specific combining ability variances associated with
each parent were calculated according to Griffing (1956) as follows :-

(-1
o2 = (g)? - —— e
p (p-1)
1 (p-3)
o%si2 = (—— ) I Si2j- ——— ¢
p-2 (p-2)
Where :-

o2 gi? and o2 si2 are estimates of general and specific combining ability
variances associated with each parent, respectively.
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gi and Sij are the estimates of GCA and SCA effects.

AN
lheterosis percentage (H%) was expressed as the percentage increase of the
F1 over mid-parents values (MP) and better parent values (BP).

Inbreeding depression (ID) was measured as the percentage deveiation of the
F, performance from that of F1 in proportion to MP.

A significant Fp deviation was interpreted as suggesting the presence of
epistatic effects.

Simple correlation coefficients between GCA effects (gi) and the parental
mean performances were calculated according to Steel and Torrjg (1960).

RESULTS AND DISCUSSION

Combined analyses of variance for the three locations for genotypes showed
highly significant differences for all studied characters except uniformity ratio
which indicated that detailed analyses for most gene action could be pursued for
these characters, (Table 1).

Heterosis and inbreeding depression :

The analysis of variance pursued permits the appreciation of heterosis as a
goal of this work. Mean heterosis over crosses and locations is summarized in Table
2. F1 means were higher than those of the parents for all traits except uniformity
ratio. Average heterosis was greatest for seed cotton yield (24.2%), lint cotton
yield (27.0%) and number of bolls/plant (18.1%) and refatively low for boll weight,
lint percentage, lint index and 2.5 % span length. Better parent heterosis was
detected for only seed lint index and 2.5% span length. Better parent heterosis was
detected for only seed cotton yield (18.0%), lint yield (17.8%) and number of
bolls/plant (13.0%). The diversity among parents was given for each trait as the
ratio of the highest parent (HP) to the lowest parent (LP). Ratio ranged from
(1.47%) for lint yield, to (1.04%) for uniformity ratio. It is apparent that these
traits, namely lint yield, seed cotton yield and number of bolls/plant, showing the
greatest range of variability among parents, with the exception of micronaire
reading, displayed the highest HP/LP and showed heterosis of high magnitude.
Pressley index and uniformity ratio were the only cases expressing an overall
negative estimates.

Siénificant positive heterosis for seed cotton yield, lint yield, number of
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bolls/plant and boll weight and 2.5% span length were shown by a large number of
crosses, but few showed positive heterosis for micronaire, Pressley index, 50%
span length and uniformity ratio.

From Table (2), individual Fp means for all traits were similar to or higher
than parental means but less or equal in some instances to their Fq performances.
Because minor estimates of Fp deviations were obtained and were statistically
nonsignificant, this suggests that additive and dominance effects were more
important than those for epistatic effect in this material.

Estimates of inbreeding depression ranged from (-0.1%) for uniformity ratio
to (5.57%) for lint cotton yield. Evidently, those characters that showed the
greatest amount of heterosis previously also manifested the most inbreeding
depression, Baker and Verhalen (1975) estimated high MP heterosis and large
number of heterotic F1's for lint yield while, negative heterosis was determined for
uniformity ratio. EI-Ad! et al. (1978) reported that the highest estimate of heterosis
were confronted for seed cotton yield and number of bolls/plant.

Combining ability :

Combining ability analysis of variance (Table 3) revealed highly significant
levels of GCA effects for all traits. SCA effects were highly significant or
significant for agronomic characters only. The interaction estimate of GCA x
location were significant for all traits except micronaire reading, fiber length
characters in Fq generation and seed index, Pressley index and fiber length
characters in Fp generation. With the exception of seed cotton yield interaction
estimates were quite small relative to the corresponding variance for GCA effects.

Estimates of SCA x location were significant for all traits except fiber quality
characters, lint percentage in Fq generation and seed index and lint index in F)
generation. Such differences in GCA and SCA effects between location suggest that
in most breeding material, crosses should be evaluated over a range of
environments. The findings were in agreement with Baker and Verhalen (1975).

Since a fixed set of lines was studied in this experiment, it was not possible
to obtain completely valid estimates of the GCA (additive) and SCA (non-additive)
components of variance (Griffing, 1956). However, on the assumption that an
approximate estimate was better than none, variance components were calculated
and shown in Table (4). From the components, the ratio GCA to SCA showed that the
GCA effects were approximately 1.13 to 4.84 times greater for lint percentage, lint
index and fiber properties. This strongly implies that GCA was more important than
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SCA for these traits. Therefore, the additive genetic variance component must
comprise a considerable portion of the genetic variance for each of these traits.
However, for yield components (except lint percentage), the SCA component
exceeded that for GCA. These traits, therefore, are thought to be influenced to a
greater degree by dominance genetic variance. These results are in agreement with
the results reached by Salem (1984), El-Disouqi et al. (1992) and partially with
Rahouma and El-Shaarawy (1992).

The Parental mean performances, The mean estimates of GCA effects and the
correlation coefficient between these two parameters are shown in Table (5).

The GCA effects agree closely in rank with parental means for lint
percentage, lint index and all fiber properties. This indicates that selection of
parents for use in breeding to improve these traits may be based largely on the
phenotypic performance of the parents, and also suggests the presence of
considerable additive effects. Giza 81 (P4) was the best combiner for lint
percentage and lint index, [Giza 83 x Delcero)] (P5) was the best combiner for lint
percentage, Giza 7Z7 (P1) had high estimates of GCA effects for Pressely index and
fiber length characters.

Mean estimates of SCA effects for seed cotton yield, lint yield and number of
bolls/plant are presented in Table (6), as these traits exhibited a much greater
degree of average heterosis (Table 2). Moderate levels of SCA effects were
observed for certain crosses. [Giza 81 x (Giza 72 x Delcero.)] (P4 x PS) had the
best SCA effects for seed cotton yield, lint yield and number of bolls/plant. It could
be noted also that, Giza 85 x [Giza 83 x (Giza 72 x DelCero)] had high estimates of
SCA effects for number of bolls/plant.

Breeding implication :

The above results, generally demonstrate differences among crosses for yield
and yield components, namely, seed cotton yield, lint yield, number of bolls per
plant and boll weight which showed high levels of heterosis and relatively high
inbreeding depression. Therefore, it could be concluded that most of the genetic in

this material is nonadditive.

The GCA/SCA ratio for these traits confirmed that non-additive (dominance)
variance component accounted for a sizable portion of the genetic variance. Hence,
dominance should receive better attention in breeding programs utilizing heterosis in
this material in future work. On the other hand, The results show that GCA appears
to be more important than SCA for lint percentage, lint index and fiber properties.
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Besides, the data obtained on GCA effects and its relation to the means of parents,
endorse the idea that selection of parents and crosses based on their per se
performances would also be beneficial to improve these characters.
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