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Abstract

The present experiment was carried out to assess the general combining
ability (GCA) and specific combining ability (SCA) of seven important commer-
cial cultivars of Egyptian cotton and their 21 F; and F, crosses. Significant dif-
ferences among genotypes were found for all studied traits. Combining ability
analysis of variance revealed significant differences for GCA and SCA effects
among the parents and hybrids for almost all traits. The results suggested the
presence of additive and non-additive gene action for almost all of the traits. The
ratio of G.C.A/S.C.A for F, and F, hybrids decreased from unity for all charac-
ters studied. The results (G.C.A) for seven parents revealed the good combiner
for lint yield/plant and fiber fineness was the parent Giza 90, while for seed cot-
ton yield/plant and seed yield /plant was the parent Giza 87 while, for fibre
strength was the parent Giza 83 for F, and F, generations. In F, hybrid estimates
of (S.C.A.) effects revealed that significant SCA effects were observed for most
crosses. Moreover, the best combinations were (Giza 86 x Giza 90) for seed cot-
ton yield /plant and fiber fineness, (Giza 88 x Giza 83) for lint yield/plant and fi-
bre strength. But the F, hybrid of the best combinations were (Giza 90 x Giza 83)
for seed cotton yield/plant and fiber fineness, (Giza 86 x Giza 90) for lint
yield/plant and fibre strength. It can be conclude that possibility of use the supe-
rior crosses for improving Egyptian cotton traits by breeding processes and selec-
tion in sequent generations.
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Introduction
Cotton is a warm climate crop
grown in approximately 60 countries

requires working to increase the pro-
duction of unit area in order to com-
pensate for the shortfall in the culti-

worldwide. It is cultivated from 45
North latitude to 32 South latitude by
over 20 million farmers. Over 90 per-
cent of cotton grown in the world is
belong to Gossypium hirsutum L. or
Upland cotton, while about ten per-
cent of cotton in the world is related
to the species G. barbadenes L,
Goldringer et al. (1997). In Egypt,
cotton is one of most important eco-
nomic crops as it plays a vital role in
our agriculture and industrial devel-
opment. In recent years, the total cul-
tivated area began to decline, which

vated area. The breeders has to de-
velop a new set of varieties with
higher production, the true knowl-
edge of gene action for various cotton
treat is useful in making decisions
with regard to appropriate breeding
system. It is important to study the
genetic diversity of Egyptian cotton
varieties, which be used for the de-
velopment of new cotton genotypes.
Knowledge of genetic diversity and
relationships among breeding materi-
als is essential to the plant breeders
for improving this crop, Mother and
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Jinks (1982). Muhammad et al
(2013) reported additive type of gene
action with partial dominance for
plant height, boll weight and yield of
seed cotton per plant. The increase in
yield per unit area of the crop is a
prime concern of breeding program-
mers and cotton breeders all over the
world. Sprague and Tatum (1942)
used the term general combining abil-
ity to designate the average perform-
ance of a line in hybrid combinations,
and used the term specific combining
ability to define those cases in which
certain combinations do relatively
better or worse than the expected on
the basis of the average performance
of the lines involved. The present
study was undertaken to study the
performance, heterosis and combin-
ing ability for studied traits in seven
parents and their crosses of Egyptian
cotton.
Materials and Methods

This investigation was carried out
during three growing seasons; 2016,
2017 and 2018. At the Experimental
Farm of Faculty of Agriculture, Al-
Azhar University, Assiut Branch.
Seven genetically diverse genotypes of
Egyptian cotton wildly different in
their agronomic characters were used
as parental varieties in this study.
These cultivars were Giza 88 (P,) Giza
86 (P,), Giza80 (P;), Giza 90 (Py),
Giza 92 (Ps), Giza 87 (Ps) and Giza83
(P7) were mated in a half diallel fash-

ion. The description and origin of these
genotypes is shown in Table (1).

In the (2016) season, the seven
parental genotypes were sown in a
field in two planting dates with two
weeks apart to obtain enough flowers
for crossing. Parents were crossed in
all possible combinations except recip-
rocals to produce 21 F; hybrids.

In the (2017) season, these par-
ents were crossed again in (2016/2017)
season to obtain more hybrids seeds
(F,’s) for all combinations. Also, the
(Fi’s) seed were left to gave the F,
seeds.

In (2018) season, the forty nine
genotypes (seven parents and twenty
- one hybrids) from each of F; and F,
were sown in a Randomized Com-
plete Block Design (R.C.B.D) with
three replications. Planting was car-
ried out on 19 March (2018). Plants
were grown on rows, 4 m long and 60
cm apart, in single seeded hill spaced
at 25 cm. Each parent was repre-
sented by three rows/plot, while F,
hybrid was represented by three
row/plot and each F, cross was repre-
sented by five rows/plot. The agricul-
ture practices of irrigation, fertiliza-
tion, used as recommended for Egyp-
tian cotton production. The data were
recorded on the mean of ten guarded
plants/plot for both of parents and F,
hybrids, and thirty guarded plants for
F, generation.

Table 1. The Pedigree and origin of the cotton varieties under investigation:

Genotype Pedigree Origin
1- Giza 88 (Giza 77 x Giza45)b Egypt
2- Giza 86 Giza 75 x Giza 81 Egypt
3- Giza 80 Giza 66x Giza 73 Egypt
4- Giza 90 Giza83xDandra Egypt
5- Giza 92 Giza84 (Giza 74 x Giza 68) Egypt
6- Giza 87 Giza 89 X C.B.58 Egypt XU.S.A
7- Giza 83 Giza 67 x Giza 72 Egypt
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The studied traits:

1- Plant height in centimeters.

2- Boll weight in grams.

3-Seeds cotton yield/plant in grams.

4-Seed yield/plant in grams.

5-Lint yield/plant in grams.

6-Seed index in grams: It was deter-
mined as the weight a sample of
100 seeds in grams.

7- fibre strength.

8- Fibre fineness.
Statistical analysis:

Statistical analysis was made on
an entry mean basis. The variation
among parents, F; and F, crosses was
partitioned into general and specific
combining abilities as illustrated by
Griffing (1956) Method 2, Model I as
shown in Table 2.

Table 2. Mean squares for the assumption of Method (2), Model (1) of Griffing’s
(1956) and expectation of mean squares.

Source of variation D.F. M.S. Expectation Model 1
Replications b-1 Mp |c’c+ab(b)
Genotypes a-1 M, |c°+bB (V)
Parents (p-1)
Crosses (c-1)
Parents v.s. crosses |
M o2 1 2
g.c.a. (p-1) g |0 T(pt2) (E) pgeh
2 2 2
- M o, + S
s.c.a. p(p-1)/2 S e p(p—1) ? %: i
Error (b-1)(a-1) e |o2

Heterosis estimates:

Heterosis values was made ac-
cording to (Halluer and Miranda,
1981).

A)- Heterosis from the mid-parent:

Heterosis was determined as the
percentage of increase or decrease of
F’s means over the average of its par-
ents(M.P):

Heterosis % = F'_T]Z'Px 100
b)-Heterosis from the better-parent:

It was also determined as the
percentage of increase or decrease of
F, mean over the better parent(B.P):

. F,—B.P
Heterosis % = —'———x100
B.P
L.S.D for better parent heterosis = tx

(3M.S.E/2r)"?

L.S.D for mid parent heterosis = tx (M.S.E/r)"
Where: t is the value of tabulated

t at a stated level of probability for

the experimental error degrees of

freedom; r is the number of replica-

tions.

Results and Discussion

The mean of the seven parental
cultivars and their 21 for F, and F,
hybrids were estimated for all the
studied traits and the results are pre-
sented in Table 3 and 4.

Mean performance of the stud-
ied parental cultivars varied from The
results reveled that mean of parents
was wide extended with a range of
94.85-120.24 (Ps— P,); 2.18-2.82 (P; -
P,); 86.06-105.23 (P,—P¢); 54.45-
70.52 (P;—Pg); 31.60- 40.16 (P, —P3) ;
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3.13-9.16 (P;-P,) ); 3.05-4.55 (P;—
P,) and 35.7 — 42.8 (P, —P3) for plant
height, boll weight, seeds cotton
yield/plant, seed yield/plant, lint
yield/plant, seed index, fiber fineness
and fiber strength respectively.
Meanwhile, means of F, hybrids were
extended with a range 86.11 -140.22
(P; Xpa)-(Ps Xpg); 2.25 -3.04 (Py
Xp7)-(P1 Xp6)9 20.61-56.32 (P] Xp6)-
(P4 Xp); 3.12- 9.01 (P, Xps)-(P1 Xpe)
29-48(P1 Xp3)-(P1 sz) and 1.26-
4.73 (Py Xp7)-(P; Xp,) for the above-
mentioned traits, respectively. The F,
mean increased over the parental
mean for all studied traits. Mean-
while, means of F, hybrids were ex-
tended with a range 75.65 -136.76 (P;
Xp4) - (P4 Xp7); 2.04 -3.11 (P2 Xps) -
(P4 Xp7); 89.98 -120.75 (P; Xp7) - (P,
Xp7); 44.33 — 80.78 (P4 Xps)-(P,
Xp7); 2.22- 8.85 (Py Xp7) - (P1 Xpy);
34.00-64.25 (P, Xp7) - (P; Xps) and
22.9- 52.54 (P4 XPS) - (P3 XPS) for
plant height, boll weight, seeds cotton
yield/plant, seed yield/plant, lint
yield/plant, seed index, fiber fineness
and fiber strength respectively.
Combining ability:

Mean squares due to both gen-
eral (G.C.A) and specific (S.C.A)
combining ability were highly sig-
nificant for all characters studied, in-
dicating the importance of both addi-
tive and non-additive gene effects in
the inheritance of these characters.
The ratio of G.C.A /S.C.A for F1 and
F, hybrids decreased from unity for
all characters suggesting that non-
additive type of gene action was more
important in the inheritance of these
trait or appeared to be under the cen-

tral of epistatic effect. Similar results
were reported by Singh et al. (1987),
Ali et al. (1998), Basal and Turgut
(2003), Naveed et al. (2004), Rauf et
al.(2005), Ashokkumar and Ravike-
savan (2008), Azhar and Naeem
(2008), Abro et al. (2009).
A-General combining ability:
Estimates of GCA effects (gi) for F,
and F, generations showed that

Giza 88 had positive and highly
significant G.C.A. effects for boll
weight, seeds cotton yield/plant, seed
yield/plant and seed index, while it
displayed a negative and highly sig-
nificant G.C.A. effects for fiber fine-
ness and fiber strength it also showed
non-significant values for plant
height and lint yield/plant.

Giza 86 had positive and highly
significant G.C.A. effects for boll
weight and fiber fineness, while it re-
vealed a negative and highly signifi-
cant G.C.A effects for seeds cotton
yield/plant, seed yield/plant, lint
yield/plant and fiber strength, while it
non- displayed significant values for
plant height and seed index.

Giza 80 had positive and highly
significant G.C.A. effects for boll
weight, seeds cotton yield/plant, seed
yield/plant, seed  index, lint
yield/plant and fiber strength, while it
showed a negative and highly sig-
nificant G.C.A. effects for fiber fine-
ness, while it displayed non- signifi-
cant values for seed index plant.

Giza 90 had positive and highly
significant G.C.A. effects for plant
height, lint yield/plant and fiber
strength, while it a negative dis-
played and highly significant G.C.A.
effects for seed yield/plant and fiber
fineness, while it showed non- sig-
nificant values for boll weight, seeds
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cotton yield/plant, lint yield/plant and
seed index.

Giza 92 had positive and highly
significant G.C.A. effects for seed
yield/plant, while it showed a nega-
tive and highly significant G.C.A. ef-
fects for plant height, lint yield/plant
and fiber strength, while it revealed
non- significant values for boll
weight, seeds cotton yield/plant, seed
index and fiber fineness.

Giza 78 showed positive and
highly significant G.C.A. effects for
plant height, seeds cotton yield/plant,
seed yield/plant, seed index, while it
gave a negative and highly significant
G.C.A. effects for lint yield/plant and
fiber strength, while it had non- sig-
nificant values for boll weight and
fiber fineness.

Giza 83 had positive and highly
significant G.C.A. effects for plant
height, while it a displayed negative
and highly significant G.C.A. effects
for seed yield/plant, seed index and
fiber strength, while it had non- sig-
nificant values for boll weight, seeds
cotton yield/plant, lint yield/plant, fi-
ber fineness.

In F, and F, generations showed
that the Pl, Pz, P3, P4, PS, P6 and P7
were very good combiner parents for
(seed yield/plant and seed index),
(boll weight and fiber strength),
(seeds cotton yield/plant and fiber
strength), (lint yield/plant), (plant
height and seed yield/plant), (seed
index and fiber strength) and (plant
height and seeds yield/plant) respec-
tively. Similar results were reported
by Ali et al. (1998), Basal and Turgut
(2003), Naveed et al.(2004), Rauf et
al. (2005), Ashokkumar and Ravike-
savan (2008), Azhar and Naeem
(2008), Abro et al. (2009), Karademir

et al. (2009), Khan et al. (2009),
Ashokkumar et al. (2010), Karademir
and Genger (2010) and Singh et al.
(2010).

B-Specific combining ability:

Specific combining ability ef-
fects of the seven parents and F; gen-
eration are showed in Tables 6 and 7.
Concerning plant height, the crosses
which had positive and highly sig-
nificant S.C.A effect were (P, x Ps) ,
(P] X P7) ,(Pz X P6),(P3 X PS) and (P3 X
Ps). While the crosses which had
negative and highly significant S.C.A
effect were (P x P,), (P, x Py), (P; x
P,) and (P; x P;). The crosses (P; x
Ps) had the highest positive effect of
plant height (Table 6).

Regarding to boll weight, the
crosses, which had negative and
highly significant S.C.A effect were
(P2 X P4) and (P2 X P7) While the
crosses which had positive and highly
significant S.C.A effect were (P; x
P4), (P] X P7), (P2 X P3), (P3 X P6) and
(P4 x P7) (Table 6).

For seed cotton yield/plant, (P, x
P3), (P] X P7), (P2 X P6)a (P3 X PS) and
(P4 x P7) crosses had positive and
highly significant S.C.A effect and
the crosses (P; x P3), (Ps xPs) and (Ps
x P;) were the best crosses for seed
cotton yield/plant and they had the
highest positive significant. Other-
wise, (P4 x Ps) cross had negative and
highly significant specific combining
ability effect (Table 6).

Concerning seed yield/plant, (Ps
x P;) and (P4 x Pg) crosses had posi-
tive and highly significant S.C.A ef-
fect. The (Ps x P;) cross was the best
for seed yield/plant and they had
positive and highly S.C.A. Otherwise
P,x Ps cross had negative and highly
significant S.C.A effects (Table 6).
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For lint yield/plant, (P, xP5), (P,
X Py), (P x P7), (P3 xPg), (P3 xPs), (P4
xP7) and (Ps x P;) crosses had posi-
tive and highly significant and S.C.A
effect. But (P] X P6)a (P3 X P6) and (P4
x Ps) crosses had negative and highly
S.C.A effect (Table 7).

With regard to seed index, (P, x
Ps), (P, x Ps) and (P; x P;) crosses
had positive and highly significant
S.C.A effect. The (P; x P;) cross had
highest positive significant S.C.A ef-
fect. While, (P, x P,) cross had nega-
tive and highly significant S.C.A ef-
fect (Table 7).

Regrinding fiber fineness, the
crosses Py x P,, Py x Pg, P; xP7, P, x
P; and P¢ x P; had a positive highly
significant S.C.A effect. While the
crosses which had the highest nega-
tive and highly significant S.C.A ef-
fect were Py x P; and P, X P; (Table
7).

With respect to fiber strength,
(P1 xP3), (P2 x Ps), (P53 X Py), (P5 x
Ps), (P; x Pg) and (P4, x P;) crosses
had a positive and highly significant
specific combining ability effect.
However, P; x Py was the highest
positive significant specific combin-
ing ability effect. But, (P; x P;), (P, x
P3), (P2 X P4), (P2 X P7) and (P3 XP7)
had negative and highly significant
S.C.A effect (Table 7). These results
are in harmony with those obtained
by Ashokkumar and Ravikesavan
(2008), Azhar and Naeem (2008),
Abros et al. (2009), Karademir et al.
(2009), Khan et al. (2009), Ashok-
kumar (2010), Karademir and Gen-
cer (2010) and Singh et al. (2010).
While, specific combining ability ef-
fects of the seven parents and F, gen-
eration are showed in Tables 6 and 7.
Concerning plant height, the crosses

which had positive and highly sig-
nificant S.C.A effect were (P; x Ps),
(P] X P7), (P2 X P6)a (P3 X PS) and P4 X
P;. While the crosses which had
negative and highly significant S.C.A
effect were (P x P,), (P, x P7), (P; x
P4), (P3 X P7), (P4 X PS) and (P5 X P6)
the crosses (P; x Ps) had the highest
positive effect of plant height (Table
6).

Regarding to boll weight, the
crosses, which had negative and
highly significant S.C.A. effect was
(P; x P;). While the crosses which
had positive and highly significant
S.C.A. effect were (P, x Pg), (P53 x Pg)
and P, x P, (Table 6).

For seed cotton yield/plant, (P, x
PS)) (P] X P7), (P2 X P6), (P3 X PS), (P3
x Pg) and (P4 x P;) crosses had posi-
tive and highly significant S.C.A ef-
fect and the cross (P4 x P;) was the
best for seed cotton yield/plant re-
vealed the highest positive significant
SCA. Otherwise, (P, x Pg), (P; xPy),
(P3 X P7), (P4 X PS) and (P4 X P6)
showed the negative and highly sig-
nificant SCA values (Table 6).

Concerning seed yield/plant, (P,
x Pg), (P; x Ps) and (P4 x Pg) crosses
showed positive and highly signifi-
cant S.C.A. effect. The P; x P5 cross
was the best for seed yield/plant
which revealed positive and highly
S.C.A. Otherwise Ps x P4 cross had
negative and highly significant S.C.A
effects (Table 6).

For lint yield/plant (P, xPy), (P,
X PS)) (P] X P7), (P2 XP4), (P4 XP7) and
Ps x P, crosses revealed positive and
highly significant and S.C.A effect.
While the (P] X Pz), (P] X P6) and (P6
x P;) crosses showed negative and
highly S.C.A effect (Table 7).
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With regard to seed index, (P, x
Ps), (P, x Ps) and (P; x P;) crosses
showed positive and highly signifi-
cant S.C.A effect. The (P; x P;) cross
revealed highest positive significant
S.C.A effect. While, (P, x P,) cross
showed negative and highly signifi-
cant S.C.A effect (Table 7).

Regrinding fiber fineness, the
crosses (P, x Py), (P; x P4) and (P5 x
P;) showed a positive highly signifi-
cant S.C.A effect. While the crosses
which showed the highest negative
and highly significant S.C.A effect
WCEre P] X PS) P] X P7 and P2 X P4
(Table 7).

With respect to fiber strength,
(P] XPz), (P] X P3), (P3 X PS) and (P4 X
P;) crosses showed a positive and
highly significant specific combining
ability effect. However, P; x Ps dis-
played the highest positive significant
SCA effect. But, (P] X PS)) (P2 X P4)
and (P, xPs) showed negative and
highly significant S.C.A effect (Table
7). These results are in harmony with
those obtained by Naveed et al
(2004), Rauf et al.(2005), Ashokku-
mar and Ravikesavan (2008), Azhar
and Naeem (2008).

Heterosis:

Data in Table 3 showed that
there were significant values for the
heterosis over mid and better parent
for all studied traits, indicating that

heterosis played an important role in
the inheritance of these traits. For
plant height (Giza 88 x Giza 80),
(Giza 88 x Giza 90) (Giza 88 x Giza
83) and (Giza 90 x Giza 83) showed
highly positive significant values for
heterosis over mid parents. Highly
positive significant value for hetero-
sis over better parent were found in
(Giza 88 x Giza 90) and (Giza 90 x
Giza 92) for plant height (cm). For
boll weight ( Giza 90 x Giza 83) had
desirable highly positive significant
values for the heterosis over mid par-
ent and better parent. (Giza 86 x Giza
87) and (Giza 90 x Giza 83) showed
highly positive significant values for
the heterosis over mid and better par-
ent for seed cotton yield/plant. (Giza
86 x Giza 87) had desirable highly
positive significant values for the het-
erosis over mid and better parent for
seed yield /plant. For lint yield/plant
(Giza 88 x Giza 80) had desirable
highly positive significant values for
the heterosis over mid and better par-
ent. For 100 seed weight. (Giza 88 x
Giza 87) and (Giza 80 x Giza 87)
showed highly positive significant
values for the heterosis over mid and
better parent. These findings are in
accordance with those of Abro et al.
(2009), Karademir et al.(2009), Khan
et al. (2009), Ashokkumar (2010),
Karademir and Genger (2010).
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Table 3. Mean squares of genotypes, general combining ability (GCA) and specific
combining ability (SCA) and their ratios for yield and its components in cot-
ton for F, and F, generations.

S.0.V daf Pl.ant bf)ll c?):ffn . Seed . lint 'seed Fiber fibre
height weight yield/plant yield/plant | yield/plant| index fineness | strength
F,
Replicates | 2 2.48 0.36 0.719 1.50 0.34 0.085 0.052 0.019
Genotypes | 27 | 32.89** | 1.10%* 10.84** 15.43** 17.41%* 0.485** 2.80** 0.052%**
GCA 6 | 50.88** 4.7%% 32.88** 41.66** 68.05** 2.08** 7.32%* 0.178%*
SCA 20 | 245.13** | 5.20** | 64.65** 97.20%* 88.08** 2.23%* 17.84** 2.89%*
Error 54 1.43 0.041 0.87 2.808 0.24 0.081 0.24 0.073
GCA/SCA 0.21 0.90 0.510 0.429 0.80 0.929 0.410 0.616
F,
Replicates | 2 4.08 0.051 1.875 2.23 0.55 0.105 0.082 0.075
Genotypes | 27 | 51.89** | 1.20%* 19.00** 22.12%* 14.70** 0.492%* 11.80** | 0.131**
GCA 6 | 160.88%* | 2.10** | 22.14** 80.40** 62.91** 1.88** 48.98** | 0.375**
SCA 20 | 306.11** | 8.00%* | 103.34** | 118.04** | 69.39** 2.35%* 57.25%*% | 0.807**
Error 54 2.32 0.047 1.33 3.542 0.54 0.046 0.55 0.025
GCA /SCA 0.530 0.260 0.660 0.678 0.910 0.080 0.856 0.405

Table 4. Mean performances for plant height, boll weight, seed
and seed yield/plant of parents and Fiand F, generations.

cotton yield/plant

Traits Plant height boll weight i?:ﬁi/c;)lt;g? Seed yield/plant
F, F, F, F, F, F, F, F,
P1 101.35 | 101.35 | 2.44 2.44 97.65 97.65 66.25 | 66.25
P2 120.24 | 120.24 | 2.82 2.82 86.06 86.06 58.12 | 58.12
P3 106.44 | 106.44 | 2.42 2.42 100.11 100.11 60.25 | 60.25
P4 139.77 | 139.77 | 2.48 2.48 99.98 99.98 60.87 | 60.87
P5 94.85 94.85 | 2.33 2.33 101.12 101.12 65.77 | 65.77
P6 106.15 | 106.15 | 2.25 2.25 105.23 105.23 70.52 | 70.52
P7 110.34 | 110.34 | 2.18 2.18 86.56 86.56 54.45 | 5445
P1XP2 96.66 90.78 | 2.53 2.42 95.66 90.36 63.38 | 63.45
P1XP3 111.12 | 109.22 | 2.35 2.45 110.05 101.66 67.88 | 69.88
P1XP4 119.07 | 110.12 | 2.78 2.22 105.23 111.09 57.54 | 57.05
P1XP5 122.92 | 125.55 | 2.31 2.54 101.12 116.06 66.76 | 68.99
P1XP6 119.55 | 113.35 | 2.27 2.19 99.75 96.54 80.54 | 79.67
P1XP7 127.66 | 12545 | 2.66 2.74 110.33 120.75 55.98 | 64.77
P2XP3 109.11 100.12 | 2.91 2.04 98.54 94.55 59.98 | 59.05
P2XP4 94.57 122.77 | 2.41 2.11 101.44 101.19 58.78 | 52.16
P2XP5 113.42 99.55 | 2.38 2.21 100.09 96.78 66.54 | 60.35
P2XP6 128.45 | 133.53 | 2.64 2.77 110.25 111.56 76.78 | 80.78
P2XP7 107.47 97.75 |2.29 2.23 92.27 90.75 59.67 | 53.45
P3XP4 86.11 75.65 | 2.76 2.21 99.85 90.17 59.65 | 55.96
P3XP5 142.12 | 135.47 | 2.35 2.46 112.33 113.64 66.55 | 76.45
P3XP6 122.25 | 116.65 | 2.83 2.86 100.01 111.07 76.89 | 77.19
P3XP7 100.04 88.95 | 2.33 2.06 95.55 89.98 61.88 | 54.44
P4XP5 105.83 95.98 | 2.25 2.16 84.33 92.44 65.99 | 44.33
P4XP6 118.34 | 122.08 | 2.37 2.18 99.65 90.15 56.98 | 53.12
P4XP7 140.22 | 136.76 | 3.04 3.11 114.77 114.87 58.98 | 63.43
P5XP6 105.22 93.35 | 2.42 2.09 98.65 96.77 78.46 | 63.76
P5XP7 103.25 89.19 | 2.28 2.23 109.67 97.25 66.74 | 59.67
P6XP7 107.24 | 102.26 | 2.39 2.45 100.11 109.77 77.85 | 78.46
L.S.D5% 3.92 4.71 0.17 0.28 2.83 1.33 0.71 2.36
L.S.D1% 5.24 6.29 10.23 0.38 3.79 1.78 0.95 3.16
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Table 5. Mean performances for lint yield/plant, seed index fiber strength
and fiber fineness of parents and F,and F, generations.

Traits lint yield/plant seed index Fiber fineness fibre strength
F] F2 F] F2 F] F2 F] F2
Pl 31.6 31.6 7.55 7.55 4.55 4.55 37.25 | 37.25
P2 28.24 28.24 | 9.16 9.16 3.5 3.5 40.05 | 40.05
P3 40.16 40.16 | 6.66 6.66 3.05 3.05 42.8 42.8
P4 39.31 39.31 | 6.15 6.15 3.43 3.43 35.7 35.7
P5 35.45 3545 | 5.44 5.44 3.65 3.65 35.8 35.8
P6 34.81 34.81 | 4.46 4.46 4.05 4.05 40.2 40.1
P7 32.31 32.31 | 3.13 3.13 3.85 3.85 40.1 40.1
P1XP2 33.38 28.31 | 7.55 6.62 4.8 4.73 37.15 | 42.22
P1XP3 43.37 33.28 | 8.23 7.35 2.9 3.94 44.1 51.14
P1XP4 49.09 5535 | 6.23 6.04 3.85 4.34 37.45 | 31.19
P1XP5 35.86 48.47 | 6.83 7.02 3.6 2.37 38.4 25.79
P1XP6 20.61 44.32 | 9.01 8.85 3.55 4.42 38.75 | 41.19
P1XP7 54.02 57.18 | 5.21 2.22 3.15 1.26 34 30.84
P2XP3 39.86 36.6 5.36 4.13 4.7 4.63 34.5 37.76
P2XP4 44.16 5534 | 4.44 6.00 3.85 2.96 34.15 | 26.71
P2XP5 34.85 37.73 | 3.12 5.12 4.6 4.48 38.4 35.52
P2XP6 34.67 46.78 | 7.65 7.97 4.7 3.7 38.5 41.19
P2XP7 33.9 38.6 5.76 5.72 3.65 4.47 35.6 30.9
P3XP4 41.5 35.51 | 6.11 6.28 4.44 4.52 41.8 47.79
P3XP5 46.98 38.39 | 5.95 6.07 4.05 3.06 43.95 | 52.54
P3XP6 24.22 3498 | 7.64 6.74 4.35 3.22 46.25 | 40.13
P3XP7 34.77 36.64 | 6.95 7.09 3.65 4.44 37.9 36.03
P4XP5 30.26 50.96 | 6.99 6.66 4.05 2.7 38.3 22.9
P4XP6 44.17 3843 | 6.02 6.53 4.15 3.29 38.5 44.24
P4XP7 56.32 48.94 | 6.75 6.83 3.9 2.45 42.05 | 45.43
P5XP6 55 52.88 | 7.14 6.93 3.95 3.08 40.75 | 34.08
P5XP7 44.23 38.98 | 6.26 6.76 4.05 4.14 36.55 41.8
P6XP7 23.56 40.00 | 7.01 6.89 4.6 3.05 39.55 34
L.S.D5% 2.17 2.19 1.13 1.53 0.073 0.052 0.26 0.23
L.S.D1% 2.89 2.93 1.52 2.04 0.099 0.070 0.35 0.31
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Table 6. Estimates of general and specific combining ability effects for plant
height, boll weight, seed cotton yield/plant and seed yield/plant in s ix cotton

varieties.
Plant height boll weight Seed cotton Seed yield/plant
Traits yield/plant
F, F F, F, F, F F F
P1 2035 02 001% | 0.04% | 142 | 3.08% | 051% | 3.32%
P2 4% 107 | 0117 | 0.08%* | 3.81%* | -5.19%* | 2.07%* | -2.33*
P3 D13% | 4047 | 0.06%* | 004* | 132¢ | 136 | 074* 0.78%
P4 4545 | 751%% | 0.08%* | -0.01 0.06 046 | 4487 | 6525
P5 2265 | 5077 | -0.13 | -0.08%* | 042 124 | 2507 | 2.15%*
P6 117 200 | 005 | 001 | 2.58%* | 448%* | 7.61%* | 7.51%
p7 0.46* 159%  [-0.06%* | 0.02 098 | -0.84 | 333%* | 2.50%%
LSD5%| 045 1.44 001 | 004 1.02 135 0.49 0.18
LSDI%| 2.1l 4.0 006 | 008 335 436 2.05 255
PIXP2 | -14.44%* | -19.91%* | -0.05 | -005 | 253 | -8.03* | -0.06 20.84
PIXP3 0.75 3.64 | 0.18% | 004 | 673 | -162 | 3.11* 2.48
PIXP4 | 2.02 701% | 023 | 019 | 3.17% | 7.97% | -3.49*% 3.05
PIXP5 | 12.68%* | 20.1%* | -003 | 0.19 13 | 1124 | -126 2.52
PIXP6 | 5.87* 171 | -0.16* | -023* | -3.83% | 9.50% | 7.42% 5.54%
PIXP7 | 14.74% | 17.42%% | 024** | 031* | 931** | 18%* | -9.2%* 0.74
P2XP3 | -021 633% | 0277 | -037** | 045 046 | 221 27
P2XPA | 21.42%*% | 477 | -026% | -032* | 461* | 634* | 033 23
P2XP5 423 577% | 007 | -014 2.9 023 1 2047
P2XP6 | 15.83% | 21.02%* | 0.1 | 035 | 11.9%* | 13.77%% | 6.24% | 12.3%*
P2XP7 | 439 | -11.15%* |-024% | 021 | 3.52* | -3.73 007 | 4.93%
P3XP4 | 20.15%*% | -37.23%* | 0.14* | 015 | 212 | 9.57** | -0.13 161
P3XP5 | 33.66%* | 3527%% | 006 | 0.7 | 10.01** | 122%* | 022 | 12.52%*
P3XP6 | 1036%* | 926 | 034** | 049%* | 347% | 839%* | 5.02* 5.6%
P3XP7 | -11.1%* | -14.84%* | -0.15% | -032* | 537 | 9.38** | 0.96 7.05*
PAXP5 | -93* | -1577%* | -0.18% | -0.13 |-16.73** | 8.84%* | 296 | -1231%*
PAXP6 | -0.23 304 | 0.14% | 019 | 257 |-1237%* | 1115 | 1117
PAXPT | 22417 | 21427 | 0.53** | 0.73** | 15.11%* | 15.67%* | 1.8 9.04%
PSXP6 | 654 | -12.92%* | 0.2 | -021 | 3.93* | -7.45% | 3.34* 6.9
P5SXP7 | -5.79% 931% | 0.3 | 023* | -137 | 414 | 1420 32
P6XPT | -7.2* 931% | 001 | -024* | -1.07 | 414 | 857 32
LSD5% | 4.62 5.63 014 | 023 3.01 4.63 3.02 3.53
LSDI%| 985 1155 | 022 | 043 6.52 8.24 8.75 10.05
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Table 7. Estimates of general and specific combining ability effects for lint
yield/plant, seed index fiber strength and fiber fineness in s ix cotton varie-

ties.
Traits lint yield/plant seed index Fiber fineness fibre strength
F, F, F, F, F, F, F, F,
P1 0.49 -0.38 0.86** | 0.48** -0.04 0.13* -0.74* -0.83*
P2 -1.98%* -2.48% -0.05 0.33* 0.22%* 0.34%** -1.4%* -1.1%
P3 1.76* 1.29* 0.34 -0.01 -0.23%%* -0.14%* 2.57%* 5.18%*
P4 5.44%* 6.64%* -0.43* -0.03 -0.13%* -0.2% -0.81* -1.63**
P5 -1.19 1.39% -0.36* | -0.18* 0.03 -0.2% -0.36* -2.23%*
P6 -6.32%* -5.35%* 0.36* | 0.29** 0.23** -0.01 1.28** 1.19*
P7 1.81% 1.47%* -0.69%* | -0.79%* -0.07 -0.16 -0.57* -0.952%*
L.S.D5% 1.75 0.44 0.35 0.11 0.10 0.13 0.35 0.852
L.S.D1% 3.88 4.33 0.445 0.28 0.21 0.33 0.985 1.28
P1XP2 -2.02 -7.25%* 0.44 -0.57 0.709%*%* 0.64* 0.41 6.11**
P1XP3 4.23%* -3.47* 0.73 0.49 -0.746** 0.08 3.39%** 8.74**
P1XP4 6.27%* 10.66** -0.5 -0.79 0.103 0.79** 0.13 -4.39%*
P1XP5 -0.33 9.04%* 0.03 0.33 -0.302 -1.18%* 0.60* -9.19**
P1XP6 -10.45%* | -14.52%* | 2.82%* | ].89%* 0.552%%* 0.68%* -0.67* 2.79
P1XP7 14.83** 17.67*%*% | -1.26* | -1.64* 0.652%%* -2.33%% | 3 57%% | L5 80%*
P2XP3 3.19* 1.95 -1.23% | -2.97%* | (.793** 0.57* -5.54%* -4.36*
P2XP4 3.81% 12.76** | -3.6%* -0.56 -0.159 -0.79%* | 2. 51*%*% | -8.60**
P2XP5 1.13 0.4 2.77**% | 3.41%** 0.437* 0.73** 1.26** 0.82
P2XP6 6.08** 1.39 1.07* 1.07 0.337 -0.24 -0.26 3.06
P2XP7 -2.82% 1.19 0.2 -0.2 -0.613** 0.68* -1.31%*% | -5.47*
P3XP4 -2.6% -8.26%** -0.21 -0.06 -0.014 0.99** 1.17** 6.20%*
P3XP5 9.51** -0.12 -0.33 -0.12 0.331%* -0.46* 2.84%*% | 11.55%*
P3XP6 -8 11%** 3.2% 0.67 0.17 0.431%* -0.50%* 3.53%* -4.28%
P3XP7 -5.69%** -1.96 3.11%* 3.5%% 0.031 0.88** 2.97** | -6.63**
P4XP5 -10.89%* 4.51* 1.48* 0.49 0.23 -0.51% 0.58*% | -11.28**
P4XP6 8.16** -1.28 -0.18 -0.02 0.13 -0.12 -0.84%* 6.64**
P4XP7 12.18** 6.41%* 1.57* 1.27* 0.18 -0.81%* | 4.56%* 9.59%**
P5XP6 -7.99%** -0.05 0.87 0.53 -0.224 -0.33 0.93* -2.92%
P5XP7 16.12%** 6.87%* 1.89% 1.51%* 0.076 -0.17 2.78 -1.16
P6XP7 -8.82%* -6.87%* 1.07* 1.52% 0.526%** -0.176 -0.03 -1.16
L.S.D5% 2.16 2.83 1.06 1.13 0.33 0.34 0.55 2.32
L.S.D1% 4.22 5.43 2.62 2.84 0.545 0.707 2.54 5.75
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Table 8. Heterosis as percentage of mid-parents (M.P) and better Parent (B.P) in
the F; crosses for plant height, boll weight, seed cotton yield/plant and seed

yield/plant.
Traits Plant height boll weight if:&fﬁgﬁ? Seed yield/plant
M.P B.P M.P B.P M.P B.P M.P B.P

PIXP2 |-12.76%% | 7.86% | -3.8%% | 6.74% | 4.14% | 5.093* 192 | -6.14*
PIXP3 | 695** | 239 | -3.29%* | -0.41 | 113** | -123 | 7.32* | 453
PIXPA | -124 | 13.74%% | 13.01%* | 0.81 | 649% | -1.17 | -9.47* | -4.06
PIXP5 | 253** | 321 | -3.14* | 225 | 1.75 172 114 | 036
PIXP6 | 1523%F | 226 | -32% | 389 | -1.67 3.6 | 17.77% | -3.03
PIXP7 | 20.61%* | -4.07 | 15.15%% | -5.33% | 19.79%% | 568% | -7.04* | -8.91*
P2XP3 | 373 | -5.74% | 11.07** | -7.09%* | 586* | -7.02* | 134 | -1.77
P2XP4 | -27.26%* | -6.99% | 9.06%* | -6.03%* | 9.05%* | 896** | -12 | -1.25

P2XP5 5.46* -10.56* | -7.57** | -8.69%*% | 6.95%* | -7.45%* 7.42% 2.81

P2XP6 13.48%* | -5.86* 4.14** 1 10.11%* | 1527** | 9.11** | 19.37** | 11.79**

P2XP7 -6.78* -4.12 8.4** | 11.35%*| 6.91** -0.29 6.01* -3.16

P3XP4 | -30.05%* | -11.92%* | 12.65%* | -1.21 -0.19 -0.06 -1.5 -0.51
P3XP5 | 41.21%* | -544%* -1.05 -1.86 | 11.64** -0.5 5.62* -4.2
P3XP6 15.01%** -0.14 21.2%* -3.51 -2.59 -2.43 17.6%* | -7.28*
P3XP7 -7.7% -1.77 1.3 -4.96* 2.37 -6.77* 7.9% -4.81
P4XP5 -9.79** | 16.07** | -6.44** | -3.02 | -16.13** -0.56 4.22 -3.73
P4XP6 -3.76 | -12.03** 0.21 -4.64* -2.88 -2.49 -13.27%% | -6.84*
P4XP7 12.13** | -10.53* | 30.47** | 6.05%* | 23.05** | 8.71** 2.29 -5.27
P5XP6 4.7* -5.32% 5.68%* -1.72 -4.39* -1.95 15.14** | -3.37
P5XP7 0.64 -5.97* 1.11 -3.22 | 16.87** -1.2 11.03** | -8.61*
P6XP7| -0.93 -1.9 7.9%%* -1.56 4.4* -8.87** | 24.59** | 11.39**
L.S.D5% | 4.55 5.22 2.26 4.35 3.67 4.75 5.35 6.09
L.S.D1% | 10.13 11.44 3.53 5.65 6.66 7.15 10.55 11.37
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Table 9. Heterosis as percentage of mid-parents (M.P) and better Parent (B.P) lint
yield/plant, seed index fiber strength and fiber fineness in the F; crosses.
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4(6): 798-802.
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Traits lint yield/plant seed index Fiber fineness fibre strength
M.P B.P M.P B.P M.P B.P M.P B.P
P1XP2 11.56%* | -5.32 -9.63* -8.79 19.25 5.49 -3.88 -7.24%*
P1XP3 20.88** |10.66**| 15.83** | -5.89 -23.68 | -36.26*%* | 10.18** | 3.04
P1XP4 38.46** | -9.81* | -9.05%* -9.27* -3.51 -15.38%* 2.67 0.54
P1XP5 6.96* -5.43 5.16 -13.97*%% | -12.2 -20.88%* 5.13* 3.09
P1XP6 -37.93%% | 4,61 | 50.04*%* | 20.46** | -17.44 | -21.98** -0.24 -4.18
P1XP7 69.05%* | -1.1 -2.43 | -29.27** -25 -30.77%% | -12.09%* [-15.21%*
P2XP3 16.55%* | 14.84%** | -32.24** | 13.65%* | 43.51 34.20%* | -16.72%* |-19.39%*
P2XP4 30.75*%* | 14.08** | -42** | -16.43**| 11.11 10 -9.83* |-14.73%**
P2XP5 9.44** | -10.17* | -57.26** | -20.31** | 28.67 26.03** 1.25 -4.12
P2XP6 9.98** | -9.44%* | 12.33*%* | 25.66** 24.5 16.05** -4.34 -4.8
P2XP7 11.97** | -6.3 -6.27 | -32.91*%*| -0.68 -5.19 11.17*%% | 11.22%*
P3XP4 4.44 1.08 -4.61 -3.83 9.57 3.5 6.5% -2.34
P3XP5 24.27** | -5.86 -1.65 -9.16* 20.9 10.96* 11.83** | 2.69
P3XP6 -35.39%% | -6.66 | 37.41*%* | 16.52*%* | 22.54 7.41 11.12** | 8.06*
P3XP7 -4.04 -9.77* | 41.98%* | -26.5%* 5.8 -5.19 -8.56* |-11.45%*
P4XP5 -19.05%* | -491 | 20.62** | -5.77 14.41 10.96** 7.13* 6.98*
P4XP6 19.19** | 572 | 13.48** | -13.74** | 10.96 2.47 1.13 -4.8
P4XP7 57.27** | -8.9*% | 45.47** | 24 55%* 7.14 1.3 10.95 4.86
P5XP6 -39.11%% | -09 | 44.24*%* | -9.01* 2.6 8.22 6.9 0.77
P5XP7 30.55%* | -4.43 | 46.09*%* | -21.23** 8* 5.19 -3.69 -8.85*
P6XP7 -29.8*%* | -3.59 | 84.72*%* | -14.91** | 16.46 13.58** -1.79 2.2
L.S.D5% 5.33 6.95 7.67 8.97 7.67 8.97 5.12 7.25
L.S.D1% 7.58 10.65 9.96 12.05 9.96 12.05 10.23 11.12
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