Annals Of Agric. Sci., Moshtohor,
Vol. 46(4): Ag. 271-287, (2008).

| ISSN 1110-0419

HETEROSIS AND COMBINING ABILITY FOR AGRONOMIC AND FIBER
QUALITY TRAITS IN INTRA-AND INTERSPECIFIC CROSSES OF COTTON

BY

El-Marakby, A.M."; Afaf, M.Tolba" and Heba, H. Hamed ™
Agron. Dept., Fac. Of Agric., Ain Shams Univ., Cairo, Egypt

*h

Cotton Res. Institute, Agric. Res. Center, Giza, Egypt

ABSTRACT

INTRODUCTION

The frequent crossing between
Egyptian cotton cultivars followed by rigid
selections resulted in exhausting the genetic
variability and narrowing the genetic base,
hence reducing the chances for further effec-
tive selection. It is imperative for this reason
to use other genotypes belonging to barba-
dense species such as Sea Island or genotypes
belonging to the American hirsutum species
for intra and interspecific crossing with

Egyptian cultivars hoping to generate new
recombinants amenable to effective selection
in a program for pedigree breeding. However,
for “hybrid cotton breeding” heterotic effects
in interspecific cotton hybrids betwecen G.
barbadense, L x G. hirsutum, L offer possi-
bility for achieving progress in cotton produc-
tion, this is because data on previous experi-
ments investigating interspecific hybrids indi-
cated an overall tendency for Fis to possess
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the high yielding ability of the G. hirsutum, L.
parents and a close resemblance in fiber
properties of G. barbadense, L. (Davis, 1979,
Weaver ef al, 1984; Hassan et al, 2005;
Sultan, 2008). In this respect, Potdar et al.
(1999) stated that, among the cotton growing
countries, India ranks first in area (9.16
million ha) which produced about 17.15
million bales of cotton. They added that, from
this 9.16 million ha, an area of about 40% was
cultivated with hybrid cotton. However, the
cost of producing hybrid cotton seed could be
the deciding factor in determining if hybrid
cotton is to be planted on a large scale. In
India, the conventional hand emasculation and
pollination method was used for the develop-
pment of a number of intra-specific and inter-
specific hybrids released for commercial culti-
vation on a large acreage, depending upon that
manual labor in India is abundant and
inexpensive. Singh ef al. (1980) reported that
the first hybrid which ushered in the “Hybrid
Cotton Era” in India was an intraspecific cross
between two G. hirsutum strains. This hybrid
was released in 1968 under the name of
"Hybrid - 4"; followed by a successful extra—
long staple interspecific (G. hirsutum L x
G.barbadense L) hybrid popularly known as
"Varalaxmi". The technique used in India is
impractical in many other cotton producing
regions especially where labor costs are high.
However, with the achieved development of a
complete cytoplasmic male-sterile and a
dependable genetic fertility restorer system in
cotton (Meyer, 1975); commercial production
of F, hybrid seed is feasible. However, the
technique used in India for development of
cotton hybrids between G. hirsutum x G.
barbadense seems to be practical in Egypt
since manual labor is abundant and inexpen-
sive. Some isolated regions, such as "Toshki"
or others can be prospective areas for "hybrid
cotton production” where large acreage can be
devoted for this purpose.

The diallel-cross technique provides
information about general (GCA) and specific
combining ability (SCA) effects of parents
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and is helpful in estimating various types of
gene action. In addition, the diallel analysis is
a systematic method for identifying those
parents and hybrids that have superior comi-
binations of the characters of interest. GCA
involves mostly additive and additive x addi-
tive gene effects. SCA, on the other hand,
depends upon non-additive gene cffects,
which involves dominance and epistatic
components of genetic vanation. Knowledge
of the relative magnitude of additive and non-
additive effects would be very useful n
designing an efficient breeding program. Mid-
and better parent desirable heterotic effects
were found for earliness, yield componectts
and fiber quality propertics in intra - or inter-
specific cotton crosses (Soomro et al, 1995,
Awad, 2001; Ei-Helw, 2002; Hassan et al.
2005; Rabie et al., 2007 and Sultan, 2008).

Several workers reported contra~
dicting results with respect to the rol: and
importance of GCA and SCA effects in the
inheritance of agronomic traits in their diallel
crosses (Jagtab and Kohle, 1987; Micredith,
1990; Hendawy, 1994, Nassar ef al., 1995;
Patiel ef al., 1997; Rady ef l., 1999; Hassan
et al, 2005; Rabie et al, 2007 and Sulian,
2008). The predominarce of additive genetic
effects in the inheritancz of fiber technological
properties was reporied by Abo El-Zahab
(1983) and El-Feki er al (1994) while
Lasheen (2003) found that non-additive
effects were predominant in the case of fiber
strength aud 2.5% span length.

The present study was designed to
determine heterosis aund general anvd specific
combining ability for earliness irgex, yield
and its components and fiber qurdity proper-
ties in a 7-parent haif diallel criss imolving 3
varieties of American Upland cotton (G
hirsutum, L.) and four varietics belc.aging to
G. barbadense, L.

MATERIALS AND METHODS

The present investigation was carried
out during the two successive seasons 2003
and 2004. In the first season, all possible
crosses were made, excluding reciprocals, in a

diallel mating design involving seven diver-
gent parental cotton genotypes ai {Jiza Agric.
Res. Station, Agric. Res. Centcr. "The geno-
types includerd four varieties belonging to G.
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barbadense, L., namely;, the Egyptian cvs,
Giza 83, Giza 89 (long-staple) and Giza 70
(extra-long staple) as well as the exotic extya-
long variety Sea Island. The other fthree
genotypes belong to G. hirsutum, 1., icvol-
ving the American Upland varietics; Delta-
pime, Tamcot C.E and Australian 6104, The
pure seed of the parental genotypes were
supplied by Cotton Breeding Sectior:, Cottors
Res. Institute, ARC. In the 2™ season 2004,
the seven parents along with their 21 F;'s were
sown on 4" April in complete randomized
block design with four replications. The
experimental plot consisted of 4 rows, 3.5 ru
long and 60 cm apart. Hills were spaced at 25
cm within rows and seedlings were late:
thinned to two plants/hill. All cultural prac-
tices were followed throughout the growing
season as usually done with ordinary cottor:
culture. Data were recorded for the followis
traits:

1- Earliness index; determined as percent of
seed cotton yield of first pick to Yutal seed
cotton yield/plot collected from two picks.

2- Seed cotton yield; estimated as weiglit of
seed cotton yield/plot, then comverted o

. yield per fed. (Ken/fed).

3- Lint parentage (lint %); ratio of lit to
seed cotton sample expressed as pericn-
tage. ‘

4- Number of bolls per plant; the average
number of open bolls/plant of 10 plants
picked at random from each plot.

5- Boll weight; the average boll wuight in
grams of 50 fully developed boll: picked
from each plot.

6- Number of loculi/boll; determined as ave-
rage of 50 bolls from each piot.

7~ Number of seeds/boll; average number of
seeds per boll from 5 bolls from each plot.

8- Sced index; detormined as weight of 100
seeds in grams from each plot.

Fiber quolity properties were mea-
sured by using the High Volume Instru-
ment (HVD) according to ASTM.
(1984): D-46(13-86, as follows:

9- Fiber length; expressed as upper half
mean length in (mm).

18- Fiber strength;, expressed as gram/tex,

- Micronaire veading {Mic); this value
determines fineness and maturity in com-
bination.

12- Lint color “reflectance” (Rd %).

13- Lint color "yellowness: degree" (+h).

The obtained data were statistically
analyzed as randomized complete  blocks
design according to Snedecor and Cochran
(1981). LS D was used to compare diffe-
rences among means at 5% and 1% levels.
Heterosis was determined as percentage of
better parerc (BP) values of each cross as
follows:

Heterosis (%)= [F; - BPYBP| » 100

General and specific combining abi-
lity estimates were obtained by employing
Griffing's (1956) diallel cross analysis desi-
gnated as method 2 rnodel 1.

RESULTS AND DISCUSSION

A-Analysis of variance and mean perfor-
mance;

Analysis of variance presented in
Table /» =~uCate that mean squares duc to
-~Olypes; parents and crosses were highly
significant for earliness index, yield and s
components and fiber technological traits
md{cat'x{xg the presence of sufficient genetic
variability in the population and the validity to
proceed for further analysis. ‘

The mean performance of seven
parental varieties and their crosses is presented

in Table (2). Conceming earliness index, the

results show that the Upland varisties (G.
hirsutum, L.) tended to be earlier in maturity
as they gave the highest ratio of i* pick with
Tamcot C.E. was the earliest variety giving
76.15%, while in the Egyptian cultivars along
with Sea Istand (G. barbdense, L.) gave the
lowest earliness index. Giza §9 cv. was the
latest giving a ratio of 54.75%. With regard to
Frs, earlior crosses tended to be produced
from crossing between parents belonging to
G. hirsutum, L for instance, Deltapine x
Tamcot C.E. (78.75%) ati Australian 6100 x
Tamcot CE. (77.75%). The interspecific
crosses tended to give moderate earliness such
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as Australian 6100 x Giza 83 (71.68%)
followed by Sea Isalnd x Australian 6100
(70.98%) and so on. The intra-specific crosses
within G. barbadese, L. tended to give the
lowest ratios of 1% pick such as Giza 70 x
Giza 89 which was the latest with a ratio of
58.75%.

Conceming yield and its component
traits, the American Upland variety Tamcot
C.E possessed the highest desirable values of
boll weight (4.67g), number of loculi/boll
(4.79), number of seeds/boll (32.19), lint
percentage (39.87%), seed cotton yield/fed.
(10.62 ken.), while the Egyptian cv. Giza 89
attained the lowest values of seed cotton yield
per fed (7.15 Ken.). Generally, the barbadese
varietics gave highest number of bolls/plant,
with Giza 83 being the highest (16.88) and

each variety consistently produced 3 locul/
Lt Aoy, us odrbadense varieties tend to

give lower values of either boll weight or
number of seeds/boll due to their small
number of loculi per boll as compared to the
Upland varieties. The heaviest 100-seed
weight of 11.15 g was obtamed from
Australian 6100 while the lowest value of 9.76
g was obtained from Giza 70.

The best performing F; in number of
bolls/plant was the interspecific cross Sea
Isalnd x Australian 6100 giving 19.99 bolls,
followed by the three intra-specific crosses G.
barbadense, Giza 83 x Giza 89, Sea Island x
Giza 83 and Giza 70 x Giza 89 giving values
of 19.00, 18.14 and 18.00 bolls, respectively.
The Fi's between Upland varieties exhibited
the highest seed cotton yield namely, Delta-
pine x Tamcot C.E, Australian 6100 x Tamcot
C.E and Deltapine x Australian 6100, giving
10.91, 10.76 and 10.40 ken/fed. Such result is
attributable to that Upland crosses attained the
heaviest boll weight, higher number of loculi/
boll and higher number of seceds/boll. It is
worthy to note that the interspecific cross;
Tamcot C.E. x Giza 83 produced high seed
cotton yield of 10.27 ken/fed. comparable but
did not differ significantly from that obtained
from the intervarietal Upland crosses.

Conceming fiber quality traits, the
data presented in Table (3) indicate that the
Egyptian extra-long staple cv. Giza 70
possessed the longest, strongest and finest
fibers among the other G. barbadense varic-
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ties. On the other hand, the Upland varicties
exhibited as expected, the poorest quality
fibers since they were short, weak and coarse
as compared to the G. barbadense varietics,
this inferior quality of Upland cotton fibers
was possed along to the three crosses among
them. The intra-specific crosses within G. bar-
badense species exhibited good fiber pro-
perties.

It is interesting to note that most inter-
specific crosses involving G. hirsutum x G.
barbadease varieties showed better fiber
characteristics, such as the cross Tamcot CE.
x Giza 70 which gave longer, stronger and
finer fibers of 36.28 mm, 46.00 g/tex and 3.39
micronaire units, respectively, indicating that
some F's between Egyptian x American
Upland produced high quality fibers which
fell in the Egyptian category in addition to that
these Fi's produced high yield which resem-
bles the high yielding Upland varieties.

With regard to lint color reflectance
(Rd %), data in Table (3) indicate that Giza 89
followed by Tamcot C.E. gave the highest Rd
% values toward bright white color, while
Giza 83 gave the lowest value toward creamy
color. The values of vellowness degree (+b)
emphasized this wend, since +b value was
high for Giza 83 toward creamy color, while
+b values for Giza 89 and Tamcot C.E. were
low showing tendency toward whiteness.
Conceming F, hybrids, the two Upland
crosses; Dellapine x Australian 6100 and
Tamcot CE. x Australian 6100 gave the
highest Rd% values accompanied by low +b
values, showing tendency toward whiteness,
while the dark creamy crosses were those
involving Giza 83, namely; Sea Island x Giza
83 and Giza 70 x Giza 83.

These results concerning performance
of hybnds are in agreement with those
reported by Davis (1979), Weaver et al
(1984) and Hassan et al. (2005) who found
that the crosses between G. hirsutum x G.
barbadense varicties possessed high yielding
ability similar to the high yielding varieties of
the former species coupled with the best fiber
quality of the G. barnadense ones. Moreover,
Sultan (2008) found that some crosses, such
as, Giza 70 x Okra leaf greatly surpassed the
Upland Okra leaf in yield and attained longer
and finer fibers than the Egyptian cv. Giza 70.



Table (1): Mean squares for earliness index yield and yield components and fiber properties in a seven parent half diallel cross of cotton.

. Seed Upper . . Color
Earliness No. of Boll Seed No. of No. of . Fiber Mic.
froa:‘l;xct;o‘: df index bolls/ weight index loculi seeds '(',‘,'/:)t c;lt:;) dn hz;lefnl:&an strength read.ing Reflectance | Yellownes
(%) Plant ® @ / boll /bolt (Kenffed) |  (mm) (g/tex.) unit Rd %) (+b)
Replication | 3 1.22 928 (.06 025 0.02 048 0.58 142 1.330 0241 0.025 0277 0.882%%*
Genotypes | 27 | 173.86*%* | 15.04** | 1.90** | 3.00%* | 143** | 107.74%%| 22.28*%*% | 332%* |17.179%*| 59.868** | 0.660*%* | 34 401** | 2.899%*
Parents (P) | 6 | 323.20%* | 10.29%* | 3.59%% | 0.71** | 2.92%* 1214.16%*%| 22.60** | 595%* |28524*%|112.647**| 0.333%* | 27.627** | 3.008**
Crosses (C)| 20 | 127.90%% | 1542* | 1.36** | 3.61%* | 1.05%* | 72.19%* | 1593%% | 2 69%* |10.981**| 40.945%% | 0.689%* | 32 021%* | 2.755%*
Pvs.C 1 [196.33%*% | 3573*% | 2.62** | 28.88%* | 0.02 |180.11%%|147.29%%] (023 [73.073** 121.667**| 2.047** | 104.658** | 5.143*%*
Error 81 0.75 542 0.02 0.12 0.04 092 1.09 0.63 0.790 0.872 0.050 0.828 0.148

*:%* denote significant at 5 % and 1% levels of probability, respectively.
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Table (2): Mean performance of seven cotton parents and their F; crosses for earliness
index and yield and yield components.

Parents and E’.‘rﬁmss l::il:/r B?" ii‘:iee‘:( ij)(c);x;]i; No. of Lint c?::::n
crosses m.:i o plant weight ® bou | Sced¥ (%) yield
(%) ® boll (Ken/fed.
Deltapine (P) 69.30 1344 | 3.78 1038 | 4.18 | 28.75 | 39.86 9.66
Sea Island (P,) 5550 | 1544 | 240 | 1054 | 3.00 | 14.75 | 38.26 8.39
Australian 6100 (P, 73.08 | 1320 | 416 | 11.15| 471 | 2744 | 3543 10.33
Tameot C.E. (P, 76.15 1252 | 4.67 1070 | 4.79 | 32.19 | 39.87 10.62
Giza 70 (P 56.80 [ 1598 | 2.50 976 | 3.00 | 1963 | 3433 8.47
Giza 83 (P 5963 | 1688 261 | 1072 | 3.00 | 16.00 | 3745 9.38
Giza 89 (P, 5475 | 1448 | 249 | 1052 | 3.00 | 15.06 | 3451 7.15
Mean 6360 | 1456 | 323 | 1054 | 3.67 | 2197 | 37.10 9.14
PP, 6535 (1534 | 273 | 1209 | 3.82 | 20.75 | 33.78 8.54
PixPs 69.03 [ 1390 | 386 | 1086 | 466 | 29.13 | 37.09 10.40
PixP, 7875 | 1456 | 3.77 | 11.25 | 439 | 26.13 | 36.35 10.91
PyxPs 70.09 | 1506 | 294 | 1221 350 | 1575 | 3232 8.94
PixPs 65.18 | 1546 | 298 | 1249 | 3.60 | 16.19 | 32,56 943
Pyx P 6625 | 1466 | 290 | 11.81 | 396 | 20.50 | 32.78 8.48
PyxPs 7098 [ 1999 | 279 | 1243 | 3.68 | 16.56 | 34.82 9.07
Pyx Py 7030 [ 1635 | 283 | 1234 | 384 | 1831 | 31.39 961
PyxPs 6748 | 1737 | 224 | 1052 | 3.00 | 14.63 | 3530 8.89
PoxPs 65.18 [ 18.14 | 243 | 1060 | 3.00 | 1544 | 3756 | 9.66
PP 6958 | 1646 246 | 1048 | 3.00 | 16.00 | 3559 8.54
Psx Py 7775 | 1280 456 | 1141 | 449 | 28.00 | 36.87 10.76
PsxPs 6430 | 1682 | 267 | 1260 | 370 | 1844 | 3297 9.55
P3xPs 7168 | 1634 | 284 | 1328 | 341 | 2094 | 33.35 975
Psx Py 5905 | 1552 | 273 | 1276 | 3.76 | 19.00 | 32.87 8.70
PyxPs 5913 | 1510 | 3.01 | 1259 | 388 | 1744 | 3230 9.20
Py Ps 6785 | 1638 | 298 | 1223 | 400 | 18.81 | 3524 10.27
PP, 60.83 | 1381 | 282 | 1260 370 | 21.56 | 32.06 8.24
PP 6263 | 1214 | 258 | 1032 | 3.00 | 16.00 | 38.03 8.70
Ps P, 5878 [ 18.00 | 227 | 1034 | 3.00 | 16.69 | 35.14 824
PP, 5985 | 19.00| 197 | 1078 | 3.00 | 13.69 | 35.15 834
Mean 66.67 | 1587 | 2.87 | 11.71 | 3.64 | 19.05 | 34.45 9,25
LSDat0.05| 1.218 | 3.276 | 0.199 | 0.487 | 0.281 | 1.350 | 1.469 1.117
001 | 1.613 | 4338 | 0.264 | 0.645 | 0.373 | 1.787 | 1.945 | 1479

B-Expression of heterosis:

Analysis of variance presented in
Table (1) showed that parents vs. crosses
mean squares, as an indication to average
heterosis over all hybrids, was highly signifi-
cant for earliness index, number of bolls/plant,
boll weight, seed index, number of seeds/boll,
lint %, upper half mean length, fiber strength,
micronaire value, color reflectance (Rd%) and
yellowness (+b), indicating that average
heterosis was exhibited for these traits, while
parents vs. crosses mean squares for No. of

loculi/boll and seed cotton yield per fed. were
insignificant, revealing that heterotic effect
was not pronounced for both traits.

Better parent heterotic values for all
traits are presented in Table (4). Earliness
index showed that 7 hybrids exhibited ten-
dency for earliness (desirable positive hete-
rosis) relative to the better parent, ranging
from 2.10% for Australian 6100 x Tamcot
CE. to 25.37% for Sea Isalnd x Giza 89,
while 12 F)'s exhibited tendency for lateness
and gave significant negative heterotic effect
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ranging from -22.35% for Tamcot C.E. x Giza
70 hybrid up to -1.92% for Australian 6100 x
Giza 83 hybrid. In this respect, Awad et al.
(1986), El-Helw (2002), Hassan er al. (2005),
Rabie et al. (2007) and Sultan (2008) have
obtained similar desirable better parent hete-
rotic effects for earliness in their intra~or inter-
specific crosses of cotton.

With regard to number of bolls/plant,
desirable positive and significant heterosis of

Upperbalt |
mean length
(mm)

strength
(g/tex.)

29.47% was obtained for the interspecific
hybrid Sea Island x Australian 6100, while 11
F)'s exhibited positive values relative to their
better parents but did not reach the level of
significance. Hassan et al. (2005) and Sultan
(2008) have also obtained high positive better
parent heterosis in the majority of their crosses
for this trait especially in crosses between G.
hirsutum x G. barbadense.

Reflectance(
Rd %)

Yellownes
(+b)

Deltapine (P,) 31.27

34.57

72.47 9.50

Sea Island (P;) 34.69

40.07

73.10 8.77

Australian 6100 (P, 29.63

35.80

73.77 1.97

Tamcot C. E. (Py, 27.29

32.13

75.87 7.87

Giza 70 (Ps, 36.60

51.10

71.30 9.07

Giza 83 (P, 31.58

37.67

67.20 10.50

Giza 89 (P, 3241

38.20

76.13 - 7.80

Mean 31.92

38.51

72.83 8.78

PP, 34.64

39.00

66.53 10.77

PyxP; 29.99

35.77

77.40 8.37

PixPy 30.43

35.70

74.80 8.93

PxPs 3441

38.87

69.30 8.77

PixPs 34.76

40.90

72.77 9.30

PixP; 3432

45.33

61.57 3.37

PPy 36.42

38.80

66.27 10.23

PxP, 33.67

43.60

68.60 10.03

PyxPs 34.92

42.60

66.23 10.23

PyxPs 33.31

41.80

67.30 11.77

Px Py 33.46

47.10

70.57 9.10

PsxP, 29.73

35.10

71.07 7.80

PsxPs 35.96

41.40

69.20 9.57

PsxPs 35.54

37.67

67.00 9.50

Pyx Py 35.75

41.03

70.80 3.43

Py Ps 36.28

46.00

68.00 9.10

PxPs 33.96

37.50

70.00 9.37

PPy 35.55

44.53

73.33 8.23

PsxPs 33.88

45.73

70.20 10.43

Py P, 34.75

44.63

71.90 9.03

Pex Py 33.93

43.90

70.53 9.07

Mean 34.08

41.28

70.26 9.35

L.S.D at 0.05
001 |

1.455
1938 |

1.529
2.036

1.490
1984

0.630
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Table (4): Heterosis as percentage of better parent (B.P) for earliness index and yield and

Sea Island x Tamcot C. E

Sea Island x Giza 70

Australian 6100 x Tamcot CE

Australian 6100 x Giza 70

Australian 6100 x Giza 83

Australian 6100 x Giza 89

amcot C, E. x Giza 70

iza 70 x Giza 89

Giza 83 x Giza 89

As for boll weight, number of loculi/
boll, number of seeds/boll and lint%, none of
the hybrids exhibited significant positive
heterosis relative to better parent in the four
traits which agree with the data obtained by
Weaver et al. (1984), Hassan ef al. (2005) and
Sultan (2008). In the case of seed index, 18
out of 21 F's exhibited positive significant
heterosis relative to better parents which
reached 29.10% for the interspecific hybrid
Australian 6100 x Giza 70.

Conceming seed cotton yield, data in
Table (4) indicate that none of the hybrids
exhibited significant positive heterosis relative
to better parent for this trait. On the other
hand, six F1 crosses gave insignificant posi-
tive heterotic values ranging from 0.68% for
Dellapine x Australian 6100 to 4.96% for Sea
Island x Giza 70, indicating that yield of these
crosses was equal or very close to their better
parents.

Positive as well as negative heterotic
effects relative to better parents were reported
by many workers on seed cotton yield in both
mtra-or interspcific crosses of cotton. Their
values differed according to the parents
involved in the F, hybrids (Weaver et al,

1984; Hendawy, 1994; Soomro et al., 1995;
El-Helw, 2002; Hassan et al., 2005; Rabie et
al., 2007 and Sultan, 2008).

With respect to fiber quality proper-
ties, data in Table (5) indicate that 6 inter-
specific crosses expressed significantly posi-
tive heterotic effect for fiber length relative to
the better parent, ranging from 4.99% for Sea
Island x Australian 6100 to 12.54% for
Australian 6100 x Giza 83, indicating that the
six interspecific crosses exhibited longer
fibers than their better barbadense parents.
Only the intervarietal cross Giza 83 x Giza 89
gave a significant value of 4.69% more than
the better parent Giza 89.

For fiber strength, 4 interspecific
crosses between G. hirsutum x G. barbadense
and 5 crosses within barbadense, L. possessed
stronger fibers than the better G. barbadenese,
L parents, ranging from 4.32% for Sea Island
x Giza 89 to 18.66% for Deltapine x Giza 89.

Conceming micronaire value, the data
show that 10 interspecific F)'s exhibited signi-
ficant negative heterosis relative to better
parent (low micronaire) ranging from -10.10%
for Australian 6100 x Giza 89 to -18.44 for
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Sea Island x Tamcot CE. while, 5 hybrids
within G. barbadense, L. exhibited significant
positive heterosis.

The results reported herein concer-
ning heterosis of fiber length, strength and
fineness are in general agreement with those
obtained by Meredith (1990), Percy and
Turcotto (1992), Hendawy (1994), El-Debaby
et al. (1997), El-Helw (2002) and Abd El-
Maksoud et al. (2003) who reported positive
or negative heterosis for these traits in their
intra- and interspecific crosses.

Moreover, Weaver et al. (1984) and
Sultan (2008) have obtained longer, stronger
and finer fibers than the best fiber quality of
the G. barbadense varieties involved in their

interspecific crosses which agree with the
present results.

With regard to color reflectance
(Rd%), data in Table (5) show that the hybrid
Deltapine x Australian 6100 was the only one
exhibiting significant positive heterosis toward
white color with a value of 4.92%, while 16
F,'s exhibited significant negative heterosis for
reflectance toward creamy color. As for
yellowness (+b), 14 Fi's showed significant
positive heterosis toward creamy color. Most
of the intra-and interspecific crosses obtained
by Sultan (2008) manifested undesirable
heterotic effects toward creamy color which
agree with our results.

Table (5): Heterosis as percentage of better parent (B.P) for fiber properties in a seven

arent half diallel cross of cotton.

Upper half Fiber Mic. Color
Crosses mean length strength | reading | Reflectance | Yellownes
{(mm) (g/tex.) Units (Rd %) (+b)
Deltapine x Sea Island 0.14 267 | -1655 | -899" | 22.81"
Deltapine x Australian 6100 -4.09 -0.08 7.93 492" 5.02
Deltapine x Tamcot C. E -2.69 327 -3.85 -1.41 13477
Deltapine x Giza 70 598" 23937 | -896 | 437 -3.31
Deltapine x Giza 83 10.07" 857 [-1130" | 041 211
Deltapine x Giza 89 5.89 1866 | 474 | -1124" 731
Sea Island x Australian 6100 499 317 [ -13227 [ -1017° | 2836
Sea Island x Tamcot C. E 2.94 881" [-18447 | 958" 27457
Sea Island x Giza 70 459 6317 3.39 940" 16.65"
Sea Island x Giza 83 -3.98 432" 13247 | -7.93" 3421
Sea Island x Giza 89 3.55 1754 | 520" | 730" 16.67"
Australian 6100 x Tamcot C.E 034 -1.96 -2.16 1.58 -0.89
ustralian 6100 x Giza 70 -1.75 -18.98" [ -1259" | -6.19" 20.08™
Australian 6100 x Giza 83 12.54" 000 |-1154" | 9.18" 19.20™
Australian 6100 x Giza 89 10317 7410 | -10.10° | -7.00" 8.08
Tamcot C. E. x Giza 70 -0.87 998" [-17.92" | -1037" 15.63"
Tamcot C. E. x Giza 83 - 754" -183 | -1066 | -7.74" 19.06™
Tamcot C. E. x Giza 89 969 18217 | -794 | -3.68 5.51
Giza 70 x Giza 83 7437 -10.517 | 13.087 | -154 14.99™
Giza 70 x Giza 89 5.05 -12.66° | 1041 | 556 15777
Giza 83 x Giza 89 4.69" 14927 | 1558" | -7.36 16.28"

, :denote significant at 5 % and 1% levels of probability, respectively.

C-Combining ability:

Partitioning of genetic variance into
general combining ability (GCA) and specific
combining ability (SCA) shown in Table (6)
indicate that both GCA and SCA were highly
significant for earliness index, No. of

bolls/plant, No. of seeds/boll, lint%, upper half
mean length, fiber strength and fiber reflec-
tance (Rd%), revealing the important role of
both additive and non-additive gene effects in
the expression of these traits. Data also
revealed that GCA variance was significant
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for seed cotton yield and fiber yellowness
(+b), indicating that the nature of gene effect
was predominantly additive for both traits. It
could therefore be concluded that selection
based on accumulation of additive effects
would be successful in improving both traits.
The GCA/SCA ratio was calculated to clarify
the nature of genetic variance involved and to
determine the relative importance of both
genetic  portions (Table 6). The ratio of
GCA/SCA was found to be greater than unity
for earliness index, all fiber quality traits and
most yield components, indicating that addi-
tive and additive x additive types of gene
action were of grater importance in the
inheritance of these traits, while low ratio of
GCA/SCA was found for seed index and lint
% indicating that non-additive effect was
more important for such traits. The obtained

Annals Of Agric. Sci., Moshtohor, Vol. 46(4), 2008

results are in harmony with those obtained by
Jagtab and Kohle (1987), Meredith (1990),
Hendawy (1994), Nassar et al. (1995), Patiel
et al. (1997), Rady et al. (1999), Hassan et al.
(2005), Rabie et al. (2007), and sultan (2008)
who found that both additive and non-additive
gene effects were involved in the inhentance
of the studied traits, while Ismail et al. (2005)
found that non-additive effects were important
in the case of boll number, boll weight and
seed cotton yield The predominance of
additive genetic effects obtained in the present
study in the inheritance of fiber traits was in
harmony with those reported by Abo El-
Zahab (1983), El-Feki ef al. (1994), Hassan et
al. (2005) and Sultan (2008), while Lasheen
(2003) found that GCA/SCA ratio was less
than unity for fiber strength and 2.5% span

length.

Table (6): Mean squares for general (GCA) and specific (SCA) combining ability in a half diallel
cross of cotton for earliness index, yield and yield components and fiber properties.

Seed
Earliness| No. of Boll Seed No.of | No.of .
Sourceof | af | index | bolly | weight | index | loculi | seeds 1(1,‘/")' ‘;i‘e‘;;“
(%) plant ® ©® /boll | /boll o (Cen/fed.
GCA 6 (11874 | 6.38" 1.81 0.76 153 (94637 [ 343" | 320"
SCA 21 [ 2196 | 301 0.09 104 | 002 | 759" | 618" | 0.15
Error | 81 | 0.19 1.35 0.01 003 | 001 | 023 | 027 | o016
GCA/SCA 541 2.12 20.11 073 | 7650 | 12.47 | 056 | 2133
Source of Upper half Mic. Fiber Color
variation df | mean length reading strength Reflectance (Rd Yeliownes
(mm) Unit (g/tex.) %) #b)
GCA 6 10.84™ 55.98" 033 18.98" 283
SCA 21 427" 9.66 0.19 9.32" 043
Error | 81 0.26 029 0.02 028 0.05
GCA/SCA 2.53 5.80 1.02 2.04 6.58

, . denote significant at 5% and 1% levels of probability, respectively.

1-General combining ability effects:

Estimates of  general combining
ability effects (gi) for individual parental
varieties evaluated in F; crosses are presented
in Table (7). Positive and significant GCA
values are desirable for carliness index, yield
and its components and fiber length, strength
and reflectance (Rd%) while negative and
significant GCA values for micronaire value
and yellowness (+b) would be useful from the
breeder's point of view.

Regarding earliness index, the Upland
varicties Deltapine, Australian 6100 and
Tamcot C.E. exhibited positive GCA effects

toward better earliness index and they are
considered good combiners, while the barba-
dense varicties exhibited negative GCA
effects and they were poor combiners for this
trait.

Concemning yield and its components,
the data revealed that Tamcot C.E. and
Australian 6100 were good general combiners
for all traits, except for number of bolls/plant
and lint%. Also, the Upland variety Deltapine
was good combiner for all traits except for
number of bolls/plant, seed index and seed
cotton yield. The parental G. barbadense
variety Sea Island was good combiner for no.



Heterosis & Combining Ability For Agronomic & Fiber Quality..... Ag. 281

of bolls/plant and lint%, Giza 70 for seed
index and Giza 83 was good combiner for
lint%.

With respect to fiber quality pro-
perties, the data in Table (7) revealed that Giza
70 and Sea Island are good general combiners
for improvement of fiber length and fiber
strength. Also, Giza 89 was good combiner
for fiber strength, while the three Upland
varieties had highly significant negative GCA
effect, indicating that these three parents were
poor combiners for fiber length and strength.
As for micronairc reading, the Upland
varieties Australian 6100 and Tamcot C.E.
showed significant negative GCA effect and
are recommended to be good combiners for
developing fine fibers. With respect to fiber
reflectance  (Rd%), data showed that the
parents Deltapine, Australian 6100, Tamcot
CE. and Giza 89 had significant positive
GCA effect toward of white color, while Giza
70, Sea Island and Giza 83 exhibited negative
values in toward of creamy color. Regarding
yellowness (+b), the data indicate that Sea
Island and Giza 83 had positive and
significant GCA effect toward creamy color
while Australian 6100, Tmcot C.E.and Giza 89
showed negative effect and are considered
good combiners toward whiteness.

2-Specific combining ability effects:

The effects of specific combining
ability (Si) for the parental combinations in F;
crosses are given in Table (8). Regarding
carliness index, the data show that 11 out of
21 F, crosses exhibited significant positive
SCA effect toward carliness. The highest SCA
values were given by Sea Island x Giza 89,
Sea Island. X Giza 70, Deltapine x Tamcot
C.E. and Deltapine x Giza 70, the latter two
F)'s contained at least one good general
combiner patent for earliness index. For boll
number/plant, two hybrid combinations
exhibited greatest SCA effect viz. Sea Island x
Australian 6100 and Giza 83 x Giza 89. For
boll weight, 5 Fi's had positive SCA effects.
The highest values were manifested by
Australian 6100 x Tamcot C.E., Sea Island x
Tamcot CE. and Sea Island x Giza 89.
Twelve Fy's had significant positive SCA
effects for seed index ranged from 0.548 for
Deltapine x Giza 89 to 1.406 for Australian

6100 x Giza 83. For number of loculi/boll, the
hybrids Deltapine x Australian 6100 and
Deltapine x Giza 89 had significant positive
SCA values. It is worthy to note that the first
cross involved both good combiner parents,
while the second was a result of crossing one
good x one poor combiner parents.

As for number of seeds/ boll, 8
crosses had significant positive SCA effects.
The highest were exhibited by Deltapine x
Australian 6100, Sea Island x Tamcot C.E.
and Sea Island x Giza 89.The three Upland
varieties involved in some of these crosses
were good general combiners. For lint%, 8
Fi's showed significant positive SCA effects.
The highest values were displayed by Giza
70x Giza 83, Deltapine x Giza 70 and
Australian 6100 x Giza 83.

Conceming seed cotton yield, 10 Fy's
exhibited positive SCA effects but all failed to
reach the level of significance. Thus it is
preferable to take into account the seed cotton
yield components related to seed cotton yield.
As for number of seeds/ boll, 8 crosses had
significant positive SCA effects. The highest
were exhibited by Deltapine x Australian
6100, Sea Island x Tamcot C.E. and Sea
Island x Giza 89.The three Upland varieties
involved in some of these crosses were good
general combiners. For lint%, 8 Fy's showed
significant positive SCA effects. The highest
values were displayed by Giza 70x Giza 83,
Deltapine x Giza 70 and Australian 6100 x
Giza 83.

With regard to fiber quality pro-
pertics, data in Table (9) indicate that 9
crosses had significant positive SCA effects.
The highest values were exhibited by the
interspecific F,'s; Tamcot C.E. x Giza 89, Sea
Island x Australian 6100 and Tamcot C.E. x
Giza 70, the latter two F\'s involved at least
one general good combiner parent viz. Sea
Island and Giza 70. For fiber strength, the
highest SCA effects were recorded by 9
crosses which varies from 1.014 for Australian
6100 x Giza 89 to 4.944 for Deltapine x Giza
89, out of the 9 crosses only three ones
involved the good general combiner parent
Giza 70.



Table (7): Estimation of general combining ability (GCA) effects for earliness index, yield and yield components and fiber properties
Earliness | No.of | Boll | Seed | Noof | Noof | . Seed UPPer | iber Mic. Golor
Parents m;lex bolls weight index loculi seeds (%) yield mean strength | Reading | Rfiectance |Yellownes
(%) /plant @ ® /boll /boll (Ken/fed)) ?,{,'ﬂ')' (g/tex.) uhit (Rd %) “h)
ltapine 2.892° | 0940" | 0337 | 0011 | 0.347" | 3.080" | 0408 | 0249 |-0.804" | 2224 | 0.120 0020 | 0678"
Sea Island 0806 | 1.133° | 0379 [ 0202 | 0314" | -3.003" | 0447° | 0298 | 08327 | 0924 | -0.099 0.666 | -1.7227
ustralian 6100 | 3.525° | -0.284 | 0451 [ 0476 | 04417 [ 3.191" | 0231 | 0.568" |-0631"| -2594" | -0214" | 0427 | 089"
Tamcot C.E. | 4411 | -1.1437 | 06237 | 02757 | 0.523" | 4046 | 0337 | 0718" |-1569" | -2.002" | -0.164" | 0497 | 1815
Giza 70 3469 | 0236 |-0333" | 0361 | 0.343" | -2.225" | 0689 | 0369 | 1.675 | 4.080° | -0.102 0.177 -1.085
Giza 83 -1.7347 | 0766 | -03017 | 0.026 | 0350 |-2795" | 06527 | 0.127 0024 | 0209 | 0285 07517 | 1667
Giza 89 48200 | 0232 [-0398" | 0.173" | 0304~ | -2.295" | 09237 | 0995~ | 0472 | 2024 | 01747 | 0649 | 1.085"
LSDat 5% 0326 | 0880 | 0059 | 0.129 | 0.076 | 0363 | 0394 | 0424 0.545 0.573 0.138 0.238 0.559
1% 0463 | 1332 | 0089 | 0196 | 0.115 | 0549 | 0597 | 0.456 0.58 | 0616 0.148 0.256 0.601

, : denote significant at 0.05 and 0.01 levels of probability, respectively
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ield and yield components of 21 cotton crosses.
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Table (8): Estimates of specific combining ability (SCA) effects for earliness index and

Earliness| No.of | Boll Seed | No.of | No.of Lint ;:::n
Crosses Index bollsy | weight | index | loculi/ | Seeds/ %) yield
(%) plant (® ® boll boll (Ken/fed)
eltapine x Sea Island 2637 | -0393 | 0193 | 0864 | 0.142 | 0896 [-2.192 | -0.635
eltapine x Australian 6100 | 3292 | 0416 | 0107 |-1.046 | 0230 | 3076 |1.799 | 0362
eltapine x Tamcot C. E 5546 | 1.103 | -0.158 |-0460 | -0.127 | -0.778 | 0491 | 0.719
eltapine x Giza 70 4761 | 0224 | 0025 | 1138 | -0.149 | -4.882 |2.517 | -0.158
eltapine x Giza 83 1884 | 0094 | -0.018 | 1.080 | -0.042 | -3875 |-3614 | -0.165
eltapine x Giza 89 2277 | 0172 | 0000 | 0548 | 0274 | -0.063 |-1818 | 0002
Sea Island x Australian 6100 | 2356 | 3.600 | -0243 | 0739 | -0.096 | -3403 | -0.510 | -0422
Sea Island x Tamecot C. E 0795 | 0815 | 0375 | 0845 | -0016 | 2.507 |-4.511 | -0.028
Sea Island x Giza 70 5849 | 0461 | -0.009 | -0336 | 0012 | 0076 | 0431 | 0334
Sea Island x Giza 83 1814 | 0700 | 0147 |-0.597 | 0019 | 1458 |1342 | 0611
Sea Island x Giza 89 9300 | -0445 | 0276 |-0.569 | 0027 | 1.521 | 0947 | 0.609
ustralian 6100 x Tameot CE. | 3914 | -1.314 | 0525 | -0.757 | -0.121 | 0986 |1.653 | 0255
ustralian 6100 x Giza70 | -1.656 | 1328 |-0411 | 1.069 | -0.043 |-2306 |[-1.228° | 0134 |
ustralian 6100 x Giza 83 3984 | 0317 |-0273 | 1406 |-0.323 | 0.764 |2.185 | -0.169
ustralian 6100 x Giza89 | -5.555 | 0031 |-0284 | 1.036 | 0019 |-1.674 |-1.090 | -0.100
Tameot C. E. x Giza 70 7718 | 0467 |-0241 | 1260 | 0050 |-4.160 |-2464 | -0.368
Tamcot C. E.x Giza 83 0728 | 1216 |-0302 | 0.564 | 0.182 |-2215 | -0.866 | 0.200
Tamcot C. Ex Giza 89 4666 | 0817 |-0366 | 1082 | -0.164 | 0.035 |-2468 | -0.710
iza 70 x Giza 83 1.927 |-4402 | 0251 |-0717 | 0047 | 1243 [2953 | -0.284
iza 70 X Giza 89 1163 | 1992 | 0035 [-0547 | 0002 | 1431 | 1641 | 0378
iza 83 x Giza 89 0503 | 2461 |-0299 |-0445 | 0009 |-1.000 | 0302 | -0010
L.S.D at 0.05 0807 | 2174 | 0144 | 0322 | 0.191 | 0396 | 0976 | 0.744
0.01 1098 | 2957 | 0195 | 0439 | 0260 | 1220 | 1.327 | 1013
L.S.D at 0.05 0948 | 2225 | 0168 | 0379 | 0225 | 1055 | 1.144 | 0874
0.01 1290 | 3472 | 0229 | 0515 | 0306 | 1435 | 1.557 | 1.189

, .denote significant at 0.05 and 0.01 levels of probability, respectively

Concerning micronaire values 11
crosses had significant negative SCA effects
ranging from -0.670 for Deltapine x Sea
Island to -0.250 for Deltapine x Giza 89.
However, out of these 11 Fy's 7 contained one
good general combiner parent either
Australian 6100 or Tamcot C.E. As for fiber
color traits, the data show that 6 crosses had
desirable  significant positive reflectance
(Rd%) toward brightness ranging from 1.00
for Giza 70 x Giza 89 cross to 4.926 for
Deltapine x Australian 6100, while in the case
of yellowness (+b) only three crosses exhi-
bited desirable negative SCA values ranging
from-0.485 for Australian 6100 x Tamcot C.E
to -0.641 for Deltapine x Giza 83.

Generally it could be concluded that
several F, hybrids either intra-or interspecific

exhibited good performance in one or more
traits. Some crosses involving G. hirsutum x
G. barbadense indicated an overall tendency
for Fy's to possess the high yielding ability of
the hirsutum varieties and a close resemblance
or even better fiber properties than those of
Egyptian varicties (G barbadense, L),
therefore can be practically exploited in hybrid
cotton production.

Based on GCA effects, each of the
seven parents studied proved to be good
general combiner for some traits, thus can be
effectively used as promising progenitors for
high expression of the characters under
consideration. Also, high SCA effects were
recorded for many crosses in the majority of
traits which were a result of crossing good x
good or good x poor general combiner
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parents. In such hybnds, desirable trans- in the F, acted in the same direction to
gressive segregants could be expected in  maximize the desirable characters in a pedi-
subsequent generations, if the additive genetic  gree selection program designed for varietal
system present in the good general combiner improvement purposes.

parent and the complementary epistatic effects

Table (9): Estimation of specific combining ability (SCA) effects for fiber properties of 21
cotton crosses.

Upper half Fiber Mic. Color
Crosses mean strength Reading
Length (mm) (g/ tex). unt Reflectance | Yellownes
Rd %) (+b)
Deltapine x Sea Island 1.0717 -0.290 06707 | -3.222" 0911
Deltapine x Australian 6100 21127 -0.005 0.404™ 4926 -0.396
Deltapine x Tameot C. E -0.741 -0.664 0.101 1.407" 0.241
Deltapine x Giza 70 -0.005 35797 | 04387 -1.193° -0.600™
Deltapine x Giza 83 -1.999" 2744 | 0341 2.856 -0.6417
Deltapine x Giza 89 1.133 4944 -0.250" -5.096 0.174
Sea Island x Australian 6100 2.6817 -0.119 -0.260 -3.807" 0.785
Sea Island x Tamcot C. E 0.869 40887 | 04707 | -2.399" 0.656
Sea Island x Giza 70 -1.128° -2.994™ 0291 -1.859" 0.181
Sea Island x Giza 83 -1.090° 0.495 0.428" 0211 1.1417
Sea Istand x Giza 89 -1.3817 3.562" 0.192 0304 |. -0.126
Australian 6100 x Tamcot C.E -1.6117 -0.894 0.268" 3456 -0.485"
Australian 6100 x Giza 70 13727 -0.675 -0.258" -15117 0.607"
Australian 6100 x Giza 83 2.603" -0.119 05717 | -3.130" -0.033
Australian 6100 x Giza 89 2365 1.014 0.397" | -2.081" 0.300
Tameot C. E. X Giza 70 2637 33327 | 05217 | -3.630" 0211
Tamcot C. E. X Giza 83 1.964" -0.879 -0.358" | -1.048 -0.096
Tamcot C. E. X Giza 89 3.107" 3.9217 -0.134 -0.467 0.170
Giza 70 x Giza 83 -1.356 1.273" 0.303" 2.052" 0.296
Giza 70 x Giza 89 -0.940 2.060" 0311 1.000 0.296
Giza 83 x Giza 89 -0.109 1495 04817 0.215 -0.244
L.S.D at 0.05 0.959 1.008 0.241 0.979 0414
0.01 1.305 1.369 0.328 1.333 0.563
L.S.D at 0.05 0.541 1.181 0.285 1.152 0.487
0.01 1.531 1.607 0.388 1.568 0.662

", denote significant at 0.05 and 0.01 levels of probability, respectively.
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