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ABSTRACT Combining - ability estimates are very important
attributes to cotton breeders in predicting genetic improvement that
could be made through hybridization and selection. Cross
Classification Design-11 analysis that involved 5 cotton leaf curl virus
(clcv) susceptible male and 5 clcv resistant female inbred parents
were crossed in cotton research institute, Sindh, Pakistan, during
summer Season 2000 and 2001, thus forming 25 intrahirsutum F1
hybrids were studied. The mean squares due to male and female
parents both determined general combining ability (GCA) variances
and males x females which pertained to specific combining ability
(SCA) variances were significant for all the six characters. The
significance of GCA and SCA variances suggested that both additive
and dominant genes were controlling the traits, thus selection in
segregating populations could be very effective or choice parents
could be used for hybrid crop development. The significance of GCA
and SCA variances as such, however, do not provide the information
on the nature of genes of individual inbred parents, hence GCA and
SCA effects of males and females were also detemined. Among the
males, parents CRIS-121 for seedcotton yield and number of bolls;
CRIS-226 for boll weight and lint %; CRIS-134 for fibre length and
CRIS-154 for earliness, exhibited maximum GCA estimates. Whereas
among the female parents, the higher GCA estimates were displayed
by VH-137 for seedcotton yield, boll weight and fibre length; FH-901
for bolls per plant and LRA-5166 for lint % and earliness %. The
parents gave variable GCA estimates for different characters implied
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that parental choice could be made according to the characters to be
improved. It is, generally, predicted that hybrid’s performance per se
is also reflected in SCA of the parents. However this assumption did
not always hold true. In the present studies, the per se hybrid
performance and their SCA, though not exactly attended the simillar
positions, yet top three scoring hybrids have only changed their rank
orders. These results thus indicated that per se hybrid performance
could be persuaded to select the parents for SCA, consequently for
hybrid cotton development.

Kay words: General and specific combining ability, cotton leaf curl
virus, upland cotton.
Running Title: Estimating general and specific combining ability effects

in intrahirsutm F1 hybrids.

INTRODUCTION

Early evidences indicated that
certain inbred parents perform
better than the others in
transmitting favorable genes to
their off-springs. Richey and
Mayer (1925) thus emphasized that
due to lack of any definite
correlation in the performance
between the parents and their. off-
springs, selection for combining
ability therefore must be based on
the performance of the inbreds in
cross combinations rather than the
inbreds per se. Cotton breeders
hence are very ardent in
determining the genetic potential of
their inbred parents in hybrid
combinations for two reasons. First
is that, inbred parents be identified

which form good individuals in
specific combination what 1is
commonly referred as specific
combining ability (SCA) of the
inbred parents. Second purpose is
to locate those inbred lines which
form good combinations with
series of other inbred parents is
referred -as general combining
ability (GCA) of the parents
(Sprague and Tatum, 1942). Thus,
former types of inbreds are useful
for hybrid cotton development
whereas later types are desirable
for hybridization and selection
from segregation populations.
In  quantitative  genectics,
genotypic value of an individual is
determined by various types of
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gene, actions such as additive,
dominantce, and their interactions
(Falconer, 1989). Theoretically.
inbreds which show good SCA are
those predominantly with dominant
genes and these are not transferable
to their ofl-springs. Whereas
inbreds which perform well in
general terms referred as general
combining ability are those
preponderant with additive genes.
Among number of cotton breeders,
Baloch er al. (1993, 1995, 1997,
1999, 2000 and 2002 and Bhutto et
al. (2001) reported that inbred
parents were very inconsistent for
their GCA and SCA estimates.
Generally, parents that formed best
GCA effects were not always best
for SCA effects. It was therefore,
believed that combining ability is
the property of an individual parent
in hybrid combination rather than
inbred parents per se performance.
Therefore it is utmost important to
cotton breeders that every inbred
parents be specified for their
potentiality in terms of GCA or
SCA.

Ever since cotton leaf curl virus
(clev) disease erupted in Pakistan
during 1991, cotton breeders had
no choice but to use at least one of
the (clcv) parents in their
hybridization programme. Breeders
are also well known of the fact that
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making huge number of crosses
between (cicv) resistant and other
high yielding strains thereby isolate
potential inbreds based on progeny
performance seems a chance game.
This approach of isolating
desirable inbreds naturally is very
tedious and expenive in terms of

inbreds also require vigorous
selection in segregating
populations. Thus, it becomes

imperative for Pakistani cotton
breeders to determine the GCA and
SCA of (clcv) parents with our
high yielding parents before their
usefulness for extracting potential
progenies is established. In this
way an effective and more teliable
hybridization programme could be
launched.

Additive and domionance
genetic variances are important to
breeders in that, they arbitrate as
how far a particular trait is
amenable to  selection in
segregating generation or useful for
hybrid cotton development. For
these purposes, diallel analysis has
been extensively used but Cross
Classification Design-11 analysis
is still superior mating design
against diallel in that, it uses more
number of parents with relatively
small number of crosses, thus it
provides more reliable estimates of
genetic components of variances as
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compared to diallel analysis. Hence
the knowledge of relative
contribution of desirable genes of
(clcv) resistant inbreds and also the
nature of genes whether those are
additive or dominance are very
useful to cotton breeders for
conducting effective breeding
programmes. .
Thus, the objectives of the
present study were to determine the
GCA and SCA effects of (clcv)
resistant inbreds and also genetic
variations due to GCA and SCA
thereby knowing the importance of
additive and dominance genes
attributable to various quantitative
traits in intrahirsutum F1 hybrids.

MATERIALS AND METHODS

The Cross Classification Mating
Design-11 analysis that involved 5
Cotton leaf curl virus (clcv)
susceptible male parents (DNH-49,
CRIS-226, CRIS-121, CRIS-134
and CRIS-154) and 5 (clcv)
resistant parents (Cyto 9/91, FH-
901, VH-137, LRA-5166 and CIM-
443) were crossed in cotton
rescarch institute in  Sindh,
Pakistan in  all  possible
combinations, thus forming 25 F,
hybrids. * Enough numbers of
flowers were pollinated during
2000 crop year so as to obtain
sufficient quantity of seed for
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replicated trial. The seeds of 25 F,
hybrids were raised in a
randomized complete block design
with. four replications during
summer season of 2001 in plot size
of 30 x 7.5 feet length where row
to row and plant to plant distances
were kept at 2.5 feet and 9.0
inches, respectively. After 30 days
from sowing, primary thinning was
carried out in order to minimize
un-necessary plant competition for
healthy growth and also maintain
optimum plant stand. All the inputs
like fertilizer, irrigations and
insecticides were applied on the
basis of as and when required. For
recording the observations, 10
plants per hybrid per repeat thus a
total of 40 plants per entry were
rendomly tagged. The data on six
quantitative traits were recorded as
seedcotton yield in gm, number of
bolls per plant, boll weight in gm,
lint % as the ratio of lint from
seedcotton sample, fibre length at
5% span length, and earliness as
the percentage of open bolls at 125
days after planting.

The Cross  Classification
Design-11 analysis was carried-out
for determining the genetic
variability due general combining
ability (GCA) and specific
combining ability (SCA) as
described by Comstock and
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Robinson (1948) abopted by
Hallauer and Miranda (1986). The
GCA and SCA effects of inbred

parents were also calculated by

adopting Griffing’s (1956)
statistical procedures described by
Singh and Choudhry (1979).

RESULTS AND DISCUSSION

Predicting relative contribution
of desirable genes of inbred parents
to their off springs is imperative in
designing effective plant breeding
programmes.
designs in this regard have been
very useful. The diallel analysis
has been used more than any
mating design to designate general
combining ability (GCA) and
specific combing ability (SCA) of
the parents, thereby, obtaining the
information on the types of gene
actions  controlling  different
quantitative fraits in cotton. Yet,
dialled mating design has its
limitations in using less number of
parents but requires more
resources. Cross classification
Design-11 as compared to diallel,
involves more parents with same
resources. Thus Design-11 analysis
provides information for large
number of  parents with more
reliable estimates of genetic

parameters.

" significant

Various mating-
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The mean squares (Table-1) of
the crosses (F; hybrids) for the
characters; seed seedcatton yield,
number of open bolls per plant,
boll weight (g.), lin %, fibre length
(mm) and earliness were all
which allowed
arbitrating the proportions of
genetic variability due to general
combining ability (GCA) and
specific combining ability (SCA).

The per se performance of all 25
(clev) resistant F1 hybrids is
presented in (Table-1). For
seedcotton, hybrid VH-137 x
CRIS-226 produced maximum
yield (112.4gm), next in the rank
was VH-137 x DNH-49 (94.5gm)
and third in the order was Cyto.
991 x CRIS-226 (89.3gm) and
CIM 443 x CRIS-154. These top
four high yielding hybrids also
secured similar rankings for
number of bolls per plant which
were 39.0, 33.0, 30.8 and 30 bolls,
respectively. These results thus
suggested that yield and bolls are
highly associated traits. However,
the hybrids producing higher yields
and setting more number of bolls
did not perform similar for boll
weight, except VH-137 x DNH-49
which was first rank for yield and
bolls, ranked only third in
producing bigger bolls (2.9gm).
Such results thus implied that
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Table 1. Mean squares from Cross Classification Design-11 analysis for six quantitative traits in
intrahirsutum cotton leaf curl virus resistant F, hybrids.

| Baloch and Bhutto

Source of | Degres of Mean Squares® : '
variation freedom | Seedcotton | Open bolls | Boll Lint - | Fibrelength | Earliness %
‘ yield (g) | per plant | weight(g) | percent ‘(mm) at 125 dap+

Crosses 24 695.178** | 71.778** | 0.191** | 5.540** 2.288** 329.660**
Males 4 1 941.835** | 130.084** | 0.162** | 3.011** 3.684** 603.195**
(GCA) o
Females 4 190.475** | 34.721** | 0.283** | 9.694** 2.409*%* 280.790**
(GCA) . - I ' ﬁ '
Males x° 16 -] 759.689** { 66.465** 0.168** | 5.134** 1.910** 273.495**
Females I : ' :
(SCA)
Error 72 1.161 - 0.171 0.003 0.037 0.038

** Highly significant at 1% probability level.

dep + = days after planting.

2.910
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bigger bolls do not necessarily

mean to increase the seedcotton

yield. However, bigger bolls were
set by the hybrids FH-901 x DNH-
49 and CIM-443 x CRIS-121
which weighted 3.1gm. The
hybrids FH-901 x CRIS-134 and
CIM-443 x CRIS-226 ginned
higher lint % of 37.8 and 36.5,
respectively. In respect of fibre
length, none of the high yielding
hybrids gave longer fibre, yet two
hybrids VH-137 x CRIS-121 and
LRA-5166 x CRIS-121 produced
equally longer fibre measuring
27.6mm. The top three early
maturing hybrids were also not
among the high yielders, except
VH-137 x DNH-49 which ranked
second in yield and number of
bolls, ranked only third in
earliness. These results generally
demonstrated that earliness is not
correlated with higher yield but
compromise could be made while
selecting for both the traits
simulaneously. Nevertheless
hybrids CIM-443 X CRIS-134
(92.2%) ranked first, and Cyto.
9/91 x CRIS-134, CIM-443 and
CRIS-226 for lint %; VH-137,
CRIS-121, LRA-5166, FH-901 and
CRIS-226 for fibre length and
CIM-443, CRIS-134, Cyto. 9/91,
CRIS-154, VH-137 and DNH-49
for earliness, are choice parents.
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The crosses (F1 hybrids) mean
squares (Table-2) for all the six
characters  being  significant
permitted to further partition this
factor into the components of
males and females both pertain to
GCA and also into males x females
which designate to SCA source of
variations. All these source of
variations were also significant
implied that both the types of gene
actions, additive and dominance
genes were important for all the
studied characters. However, mean
squares due to GCA (males or
females) were higher than SCA
(males x females) suggested that
though both types of genetic
variances were substantial, yet
additive variances were greater
than the dominance variances for
all the characters, Ubaidullah and
Hussain (1997), Baloch er al
(2000 and 2002) and Bhutto ef al.
(2001) also reported significant
GCA and SCA \variances for
seedcotton yield, bolls per plant,
boll weight, lint % and fibre length.
The proportion of GCA being
higher than SCA was also noted by
these researchers. There also
existed significant differences
between males and females (both
pertain to GCA variance) for
various characters. With respect to
seedcotton yield, bolls per plant,
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Table 2. Per se hybrid performance of cotton leaf curl virus resistant intrahirsutum F1 bybrids for

six quantitative traits. .
F1 Hybrids Sexdeotion [ Open | Bolweght | i) et [ Soins
plant (gm) | bolls per ‘ dsp*
Plant

T. Cyto. 9/91 x DNH49 693 260 27 350 | 262 746

2 Cyto. 991 xCRIS226 | 893 308 29 32 257 765
3. Cyto. 991 x CRIS-121 804 777 | . 29 335 265 812
7 Cyto. 991 xCRIS-134 | 600 222 27 36.1 257 862
5.Cyto. OB1 x CRIS-154 | 766 | 213 28 34 5.0 7135
6. FR-901 x CRIS-226 713 | 28 | 31 340 764 76.7
TFRO0IxCRIS236 | 555 | 206 | 27 | 344 72 | 657

8. FH-901 x CRIS-121 2 | 297 |- 30 345 26.1 722

5. FF-90] x CRIS-134 Tas | 58 | 29 3738 26.7 340

0. FFF-901 x CRIS-154 620 | 255 27 345 262 645

. VE-I37xDNH® | 945 | 330 | 28 532 763 847

12 VA-137 xCRIS 226|124 | 390 29 342 63 | 735

13. VA-137 x CRIS-121 70.4 43 | 28 340 716 | 645

T4 VA-I37xCRIS-134 | 786 | 280 28 346 | 245 672

15, VH-137 x CRIS-154 BI1 | 270 27 352 261 812

6. LRASI66 xDNA49 | 805 | 298 27 55 | 275 58.7
17.LRA-S166 x CRIS-226 | 605 | 305 19 332 261 565

18. LRA-5166 x CRIS-121 | 74.6 257 29 3438 36 | 717

5. LRA-5166 x CRIS-134 | 709 250 38 356 773 637

20.LRAS166x CRIS-154 | 780 | 289 27 356. | 264 802
31. CIM443 x DNH49 63 | B 28 340 253 | 822

7.CIM443 x CRIS2%6 | 634 | 240 26 365 2638 765

73. CIM443 x CRIS-121 6.1 220 31 345 266 73.0

24.CIM443 xCRIS-134 | 882 300 | 29 350 265 92

35.CIM443 x CRIS-154 | 560 205 26 350 76.1 735

Grand Mean 745 | 267 28 | 347 264 733

LSD (5%) 181 0.58 0e8 | ez 027 239

Dap * = days afier planting
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fibre length and earliness, the GCA
of males were higher than females,

except for boll weight and lint %, it
was vice versa. These results thus .
connoted that comparatively, male’

parents retain more additive genes
for the improvement of yield, boll,
fibre lengh and earliness and ‘cicv
resistant female parents for!boll
weight and lint %. Nevertheless,
male and female parents were
equally mportant if non-additive
genetic variance is to be explonted
for the improvement of all the six
characters. f
The s1gmﬁcance of GCA and
SCA variances as such does not
provide the information on the
nature of genes’ present in
individual inbred parents.
Therefore, general combining
ability and specific combining
ability effects of both (clcv)
susceptible male and (clcv)
resistant female inbred parents
were also detemined (Table-3). For
seed cotton yield, parents CRIS-
121 (11.327) and CRIS, 134
(1.568) among the males and VH-
137 (2.067) and Cyto. 9/91 (1.172)
respectively ranked first and next
good general combiners. In respect
to bolls per plant, parents CRIS-
121 (3.571) and CRIS-134 (1.296)
among the males, FH-901 (2.136)
and Cyto. 9/91 (0.251) among the

643

(clcv) resistant female parents

‘secured  first two  positions,
("respectlvely In' per se hybrid
. performance, .
observed that hybrids which were

it was generally

good for seedcotton yield were also
good for number of bolis, but for
GCA effects, this exact trend of the
parents for both traits did not exist.
Regarding boll weight and lint %,
parents CRIS-226 and CRIS-154
among the males and VH-137 and
LRA-5166 among the females
ranked top for both the traits,
respectively. For fibre length,
parents CRIS-134 (0.624) and
CRIS 266 (0.189) among the males
and VH-137 (0.544) among the
females exhibited maximum GCA
effects. Whereas for earliness
parents CRIS 134 (-7.136) and
CRIS-121 (-3.036) among the
males, FH-901 (-3.586) parents
CIM-443 (-3.086) among the (clcv)
resistant female parents ranked as
first and next good general
combiners, respectively.  The
results in Table-3 thus generally
suggested that among the male
parents CRIS-121, for yield and
number of bolls; CRIS-226 for boll
weight and lint %; CRIS-134 for
fibre length and CRIS 134 for
earliness exhibited maximum GCA
estimates conferring saturation of
additive genes in these parents.
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Table 3. General combining estimates of (clcv) susceptible male and (clcv) resistant female parents
for six quantitative characters in intrahirsutum F, hybrlds

Inbred

Seedcotton | Open bolls Boll weight ‘Lint % Fibre length | Earliness %
parents | yield (gm) | perplant | - (gm) ' _(mm) at 125 dap

CLCY susceptible male inbreds :

1. DNH-49 0.631** -0.052 0.022 -0.400** -0.511** 4.694**
2. CRIS-226 -3.918** -2.405** - 0.102** 0.390** 0.189** -0.686**
3. CRIS-121 | 11.327** 3.571** 0.027* -0.410** -0.021 -3.036**
4. CRIS-134 1.568** 11.296** -0.163*%* 0.080 0.624** -7.136**
S CRIS-154 | -6.473** -2.401** 0.012 0.340** -0.101* 6.164%*
S.E. (gi.) 0.241 0.092 0.012 0.043 0.044. 0.381
CLCY resistant female inbreds :

1. Cyto. 9/91 1.712%* 0.251** 0.032** -0.310** -0.021 2.064**
2. FH-901 1.542** 2.136** -0.158** -0.560** 0.064* -3.586**
3. VH-137 2.067** -0.807** 0.157** -0.390** 0.544** -0.786**
4. LRA-5166 0.022 -0.331** 0.037** 1.170** - -0.226** 5.364**
5. CIM-443 -5.338*+ -1.250** -0.068** 0.090** -0.361** -3.086**
S.E. (gi.) 0.241 0.092 0.012 0.043 0.044 0.381

* and ** refer to 5% and 1% level of significancy, respectively.
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Whereas, among the (clcv)
resistant female parents, the
maximum GCA displaying parents
were; VH-137 for yield, boll
weight and fibre length; FH-901
for bolls per plant and LRA-5166
for lint % and FH-901 for earliness
suggested that these parents retain
more additive genes. Thus, parents
could be employed for
hybridization and extraction of
desirable progenies from
segregating populations.

It is generally predicted that the
parents that perform well as per se
hybrids also perform similar for

general combinations and for sure

in specific combinations. This type
of assumption did not always hold
true (Srinivasan and Gururajan,
1973; Baloch er al, 1993, 1995,
1997 and 2000 and Bhutto et al.
2001). In hybrids per se (Table-1),
VH-137 x CRIS-226, VH-137 x
DNH-49 and Cyto. 9/91 x CRIS-
226 which ranked first, second and
third for seedcotton yield and
number of bolls did not perform
similar for specific combining
ability, except only hybrid VH-137
x CRIS-226 which was still top
scoring in both hybrids per se and
in SCA for yield and next in both
hybrids per se and in SCA for yield
and next in number of bolls. In
respect of boll weight, the rank
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order of the hybrid VH-137 x
CRIS-226 as per se and for SCA
though changed, but it still stood
among the top three scoring hybrids
(Table, 4). Regarding lint %,
hybrids FH-901 x CRIS-134 and
CIM-443 x CRIS-226 though
changed the rank orders as per se
hybrid performance and for SCA,
yet both the hybrids secured top two
positions. In respect to fibre length,
hybrids FH-901 x CRIS-226, VH-
137 x CRIS-121 and LRA-5166 x
CRIS-134 which also changed the
rank orders but still remained at first
three positions for SCA also. The
hybrids VH-137 x DNH-49 and
CIM-443 X CRIS-134 except
changing their rank positions for
earliness as per se and for SCA
performance, were still among the
top three good performing hybrids
for SCA. Present results are in
accordance with those of Baloch ef
al. (1993, 1995, 1997 and 2000) and
Bhutto ef al. (2001) who also noted
that not all but some of the parents
perform equally better as hybrids
per se and for SCA. The close
association between the
performances of hybrids per se and
for SCA in present studies suggested
that F; hybrids between (clcv)
susceptible and (clcv) resistant
parents could be reliably persuaded
for hybrid cotton development.
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Table 4. Specific combining ability estimates of intrahirsutum F, hybrids obtained from the crosses
between (clcv) susceptible and (clev) resistant inbreds for six quantitative traits,

F1 Hybrids Seedcotton Open Boll weight Lint Fibre length | Earliness
yield per | bolls per (gm) perceat % (mm) % at 125
plant(gm) | Plast dap*
T.Cyt. 9/91 x DNH49 7532 | 0888 | -0.162 705 0366 | 5474
3. Cyto. ORI xCRIS226 | 12641 | 1227 | 0328 050 | o194 | 20%
3.Cyto. 991 xCRIS-121 | 3213 | 1857 | 0087 | 030 | 0.0l 4.006
4.Cyo. ORI xCRIS-134 | 15142 | 2108 | 0142 | 072 0,071 7356
5.Cyto. 9T xCRIS-154 | 6821 | 1912 | 0063 095 | 034 | 344
6. FH-901 x DNHA9 0977 | 1736 | 0.183 074 | <1109 | 2006
7.FH-901 x CRIS-226 6605 | 5821 | 0002 | 024 0606 | 3314
% FH-901 x CRIS-121 16593 | 6247 | 0067 | 16 | 0949 | 038
3 FH-901 x CRIS-134 2213 | 1385 | 0047 58 | 039% 5986
10, FH-901 x CRIS-154 3225 | 0536 | 0067 | 039 | 0056 | -5.064
11, VA-137 x DNF49 7006 | 2490 | 0017 | 069 | 0181 12356
1Z VA-37xCRIS226 | 25053 | 6605 | 0253 031 0071 6.786
3. VE-3TxCRIS121 | 17475 | 5053 | 0117 | 014 0.891 3014
14.VH-137 x CRIS- 134 T35 | 191 | 0047 | 082 | 4 | $414
5. VH-137 x CRIS-154 7355 | 2011 | 004z 086 0321 3714
T6.LRA-S166 xDNHA9 | 5901 | 1389 | 0,048 707 0506 | 954
T7.LRA-SI66 XCRIS226 | -13939 | 0405 | 0512 | 198 | 09 | %114
T8 LRA-S166 xCRIS-121 | 0380 | <1478 | 0.098 045 0116 | 6336
19.LRA-S166x CRIS-134 | 2009 | 2656 | 0193 31 0s1T | 814
20.LRA-S166x CRIS-154 | 10428 | Zi65 | 0173 o7 | o204 | 17056
21, CIM443 x DNH49 2397 | 431 | 0052 | 069 | 054 | 06%
22.CIM443x CRIS226 | 9149 | 2ai6 | 0037 206 | 0466 | 0586
3. CIM443 xCRIS-121 | 1953 | 1453 | 0173 o0 | 0159 | 714
24.CIM443 xCRIS-134 | 20168 | 6349 | 0043 117 | 0486 7386
5. CIM443xCRIS-134 | 6660 | 1531 | 0127 | 30 | o1 IR
SE (50 0539 | 0207 | o0z 0.10 0,097 0853
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