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ABSTRACT

A combining ability study conducted to evaluated 10 parents and 45 hybrids at two locations in Sindh
province of Pakistan during 2017 revealed that general combining ability (GCA) variance was higher than
specific combining ability (SCA) with greater than unity ratio for all the traits, indicating the role of
additive gene action for inheritance of traits. Selection could therefore be performed in early segregating
generation. Among the parents, CRIS-129 and Baghdadi were found good general combiner for yield and
its components, CIM-602 for lint index, GOT and earliness. USD16-3058, NIAB-824 and FH-142
contributed for staple length, micronaire value and fiber strength, respectively. MAC-7 showing a
significant positive GCA effects for healthy plant percentage and a negative effect for diseased plant
percentage was measured as resistant against cotton leaf curl virus (CLCV). Genotypes expressing
maximum positive GCA affects for different traits could be preferred for selection and utilization in
breeding program. Based on SCA effects, cross MNH-886 x Baghdadi was the best specific combiner for
plant height, seed and lint indices and staple length, MNH-886 x CIM-602 for bolls plant™ and bolls open
at 90 DAP. FH-142 x CEMB-33 for boll weight, CRIS-129 x NIAB-824 for seed cotton yield plant™, and
CRIS-129 x MNH-886 for days to 1% flower, bolls formed at 120 DAP and uniformity index. The hybrids
NIA-Noori x CIM-602, Baghdadi x CIM-602, NIA-Noori x USD16-3058, MNH-886 x FH-142 that gave
significant positive SCA effects for the bolls formed at 90 DAP, bolls open at 120 DAP, micronaire value
and fiber strength are suggested for hybrid development programs.
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INTRODUCTION

Cotton (Gossypium hirsutum L.) is one of the important cash crops of Pakistan that plays a significant role in
the national economy. Country’s economic development depends upon the production of cotton and the related
textile sector. The cotton crop is cultivated over an area of 2214.95 thousand hectares in Pakistan. The annual
production of cotton in Pakistan is 10671 thousand bales with an average yield of 819 kg hectare™ (Anon., 2013).
The country is largest exporter of raw cotton and cotton yarn. The cotton crop particularly grown for source of fiber,
whereas other byproduct the seed cotton is important for is edible oil.

Cotton leaf curl virus (CLCV) is an important disease transmitted by whitefly and considered as major threat to
the production of cotton in the country (Ahmad et al. 2010). Around 2.3 million bales were affected due to cotton
leaf curl virus incident reported in the country (Anon., 2013).

Keeping in view the significant role of cotton in economy, the breeders are making efforts to improve genetic
pattern of cotton crop by exploiting available genetic resources to evolve cotton varieties with high yielding, early
maturing, cotton leaf curl virus resistance and better fiber traits. Diallel is one of the methods that is usually applied
for assessing the additive and non-additive gene action of the parents; it facilitates in selecting appropriate parents
for the utilization in hybridization and selection program to maintain the desirable traits. The general combining
ability (GCA) in the average performance of strains in a series of crosses assessed by additive gene action, whereas
specific combining ability (SCA) is the performance of parents in specific cross combinations measured by non-
additive gene action (Sprague and Tatum, 1942). Dhamayanthi and Rathivanvel (2017) and Swetha et al. (2018)
observed highly significant GCA and SCA variance for yield, its components and fiber traits in cotton and suggested
the role of additive and non-additive gene effects for inheritance of these traits.

The purpose of this study was to estimate the gene action and nature of legacy for seed cotton yield, its
components, fiber traits and cotton leaf curl virus disease percentage through evaluation of general and specific
combining ability (GCA & SCA) of the parents and F; hybrids which can be exploited in future breeding program.
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MATERIALS AND METHODS

The present research was conducted to evaluate the genetic potential through combining ability of parents and
F; hybrids. Forty five F; hybrids were produced through crossing 10 genotypes viz., CRIS-129, MNH-886, FH-142,
NIA-Noori, Baghdadi, CIM-602, NIAB-824, CEMB-33, MAC-7 and USD16-3058. The seed of parents and F;
hybrids were sown during the Kharif season 2017 in randomized complete block design with three replications at
two locations viz., Sakrand and Mirpurkhas in the province of Sindh, Pakistan. A 60 square feet plot was arranged
for each treatment. The inputs i.e. di-ammonium phosphate (DAP) and nitrogen (Urea) fertilizers were applied @ 57
kg and 170 kg hectare™, respectively. However, the plant protection measures i.e. nitenpyram 250mL and
immidachlopride 125mL acre™ were applied for the control of jassids and thrips. At maturity, five plants from each
replication were tagged for the collection of data on plant height (cm), number of sympodial branches, bolls plant™,
boll weight (g), seed index (g), lint index (g), seed cotton yield plant™ (g), ginning outturn (GOT %), days to first
flower, bolls formed at 90 and 120 days after planting, bolls opened at 90 and 120 days after planting, staple length
(mm), micronaire value (ug inch™), fiber strength (g tax™), uniformity index (%) and percentage of plants affected
by cotton leaf curl virus (CLCV) disease by using disease rating scale suggested by Akhtar et al. (2010) and Farooq
et al. (2011).

The data of both the locations were combined and employed for analysis of variance (ANOVA). The LSD (least
significance difference) was examined for mean separation. The general combining ability and specific combining
ability were estimated according to Diallel Method-I1 described by Griffing (1956) by using the statistical software
Plant Breeding Tool 1.4 and Statistix 8.1.

RESULTS AND DISCUSSION

The combined analysis of variance (ANOVA) showed a significant effect of environments for all the characters
except boll weight, lint index, GOT, days to 1* flower, bolls opened at 90 days after planting and micronaire value
(Table 1) that suggests that the genotypes have potential to perform in multi-environments. The results of parents
and hybrids performance were highly significant for all the characters. The mean square due to genotypes was found
highly significant in combined environments which suggests that enough genetic diversity and variability is present
in the breeding material. Hence, the later analysis for interaction of parents, hybrids and genotypes with the
environment was significant for all the characters studied. The analysis of variance mean squares of general
combining ability (GCA) and specific combining ability (SCA) were highly significant for the all characters that
indicates the involvement of additive and non-additive gene action for controlling these traits, whereas the
interaction of environment with GCA and SCA was also significant for all the traits. The significant differences
were also observed for GCA x environment and SCA x environment for all the characters which shows that both the
GCA and SCA effects diverged in environments. Thus, the selection of genotypes (parents and hybrids) should be
according to environments (Table 1). These findings are in accordance with Khan (2013), Sorour et al. (2013), Khan
et al. (2017), Reddy et al. (2017), Patil et al. (2018) and Swetha et al. (2018) who found significant differences in
GCA and SCA effects, GCA x environments and SCA x environments for various traits. Kumar et al. (2017)
reported higher GCA significant effects than SCA for yield and its component traits.

The genetic variance for yield and its components, earliness and fiber traits are presented in Table 2. The GCA
variance was found greater than the SCA variance for all the traits except fiber strength, which specifies the role of
additive gene action. The proportion of gca/sca variance was more than unity that excelled the preponderance of
additive gene action which is fixable and selection in early generation can be executed. The SCA variance was
higher than the GCA whereas gca/sca variance unity ratio was less than zero indicating the role of non-additive gene
action for inheritance of fiber strength only. The heritability was analyzed in combined environments, the broad
sense heritability was found higher from the narrow sense heritability. The range of broad sense heritability ranged
from 48-87% for all the characters studied. The present findings are in accordance with Kumar et al. (2017) who
reported higher GCA variance than the SCA and greater than zero unity ratio for the traits viz., seed cotton yield,
boll weight, number of sympodial branches, bolls plant ™, ginning outturn, seed index and lint index. Swetha et al.
(2018) found higher GCA variance for plant height, ginning outturn, seed index, lint index, sympodial branches,
fiber length and micronaire value with grater ratio of unity.
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Table 1. Analvsis of vanance (ANOV A) mean square values of various aits sdied.

wcﬁ:__ of 'pF| PH NOSB BPP BW ST LI SCYPP | GOT DFF BF-20
ariation DAP
Replications (R) | 2 | 28631 0273 0553 00147 | 02787 | 01414 2778 0.6707 17.003 51.002
Environments (E) | 1 | 107153% | 213.03%* | 35850%*  00175® | 112010°* | 00068 422654 | 0.6110° | 07280  244.068"
Parents (P) 0 | 156871 | 4212 | 54334  17437%* | 7.0036** | 23174 274351 | 304638 | 100.100°* 670127
Crosses (C) 34 | 282147 | 158.51%* | 2821.47°% 24617°* | 147762 | 30003 583243** | 53.1415°* | 105.172°*  84.824**
Genotypes (G) S4 | 2891.10%* | 152.77%= | 77879%= 23706 | 133703%* | 20455%*  5250.86** | 402065 | 112.4232%* §1.5300%*
GCA 0 | 1257441%% | 765.31%* | 3622.05%% 114334%* | 613883% | 13.5684** 2567.07*% | 217332%* | 530.864**  405.004*
SCA 44 | 05455% | 3026%% | 20006  05580%* | 3.7775%* | 08200%* 124744% | 155814%* | 287340%*% 168201+
PxE 0 | 23923* | 1061 | 16185 000711= | 02308% | 01626® 04533 | 54278 | 7764 212737
CxE 34 | 41516" | 804 | 0044**  00520= | 1.0786°* | 02804 53068 | 6.8550*= | 0027F  0.750°
GiE 54 | 37044 | 1237°* | 11071 01202 | 00221** | 02630°F 50503 | 64012°* | 04035 11.7300*
GCA xE 0 | 45683 | 1828 | 16841°* 02857** | 1.0864°* | 02604% 143735 | 1100"* | 16.6476"* 348230
SCA xE 44 | 36306= | 1119 | 0016* 00070 | 0.8892%* | 02617%= 427.64% | S516** | 79546  7.1220%
Error 26 | 7302 1.20 16.05 01054 | 03806 | 01200 14208 | 1.0310 3.0030 6.4002
Tabhlel. Continue
Sourceof Variatisn DF ww.%a w%%: wmwuma SL MV FS Ul bpos e I
Replications (R) 2 73.754 43064 | 21761 06478 32202 0.6503 12323 24353 243 87
Environments (E) 1| 774547+ 52604 | 244240%*  01334% 00010  821005%*  345644**  1753.520%  1752.146*
Pareris (P) 0 | 236870°F 32065 | 84523  200603** 12500°% 201750** 360013**  356140°%  3561.20%
Crosses (C) 44 | 312754 32751 | 126581 100311"* 08018** 434321** 185731°*  5072.76"*  5073.14*"
Genotypes (G) 54 | 204543 32183 | 117.151°* 188553°* 00303 405428 218627 4820800  4823.176°
GCA 0 | 1420353%*  15.7478% | 555.643**  803824%F  3.8162%F  155.254%*  002313**¢  §4.10%* 84.07+*
SCA 44 | 603810%*  07124% | 204528%F  47408%*%  03630%* 176005**  8.1700%%  100.12%* 100 04+
PxE 0 | 60744"  1.06785% | 204834**  08763% 01719  36701°F 403377 171304 171330
CxE 33 | 41.060% 06038 | 18538 11610  0.1505® 33700°*  33130°*  25536.070°* 25537.840°*
GxE 54 | 45004 0.6760° | 200103*F  1.0043=  0.1514%  33810°%  3.5255°*  680.084** 680242
GCAxE 0 | 117.336%*  2.0340%F | 44470%F 11014 03256% 20727 64704%  144.351% 144 406
SCAXE 34 | 306835 04042 | 1L136**  1.0740° 01166 34627  2.0347** 176803  176.714*
Frror 316 | 151670 08430 | 6.0081 08375 02020 15001 16854 67335 67330

£ % gepificant at 5% amd 1% level respectively, PH-Plant Height, NOSB-Number of svmpodial branches, BPP-Bolls Plant , BW-Bcll Weight, SI-22ed Index LI-Lint Index, SCYPP-

% eadcotton Yield Plant ', GOT Ginning Outturn, DFF -Days to 1" Flower, BF-Bdl Fomed, D 2
& treng th, Ul Uniformity Index, CL CV-Cotton Leaf Curl ¥ires, DP-Thsease plant and HP-Healthy Flant

Days After Planting, BO-Boll Opened, SL-Staple Length, MV MMicronaire valve, FS-Fiber
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Table 2. Estimation of genetic variance components of the traits studied.

Source of Variation ¢’ GCA ¢’ SCA o’ A ¢’D h? H? o’gea/e’sca
Plant height 160.10 98.43 640.39 393.72 0.43 0.69 1.63
No. of sympodial branches 10.11 3.17 40.44 12.72 0.59 0.79 3.19
Bolls plant™ 46.44 18.46 185.70 110.81 0.47 0.65 2.52
Boll weight 0.15 0.08 0.59 0.31 0.57 0.87 1.93
Seed index 0.80 0.48 3.19 1.93 0.51 0.82 1.66
Lint index 0.18 0.09 0.71 0.37 0.51 0.77 1.90
Seed cotton yield plant™ 319.59 136.26 1278.37 546.53 0.51 0.74 2.35
Ginning outturn 2.70 171 10.82 6.84 0.42 0.70 1.58
Days to first flower 6.85 3.46 27.41 13.85 0.52 0.79 1.98
Bolls formed at 90 DAP 5.01 1.62 20.03 3.08 0.54 0.71 3.10
Bolls formed at 120 DAP 17.56 6.46 70.24 9.63 0.49 0.67 2.72
Bolls opened at 90 DAP 0.19 0.05 0.74 0.21 0.37 0.48 3.62
Bolls opened at 120 DAP 6.57 3.05 26.27 5.92 0.46 0.67 2.15
Staple length 1.17 0.61 4.70 2.45 0.56 0.85 1.92
Micronaire value 0.05 0.04 0.18 0.16 0.31 0.60 1.09
Fiber strength 1.92 2.36 7.67 9.43 0.36 0.80 0.81
Uniformity index 1.09 0.87 4.37 3.49 0.37 0.67 1.25
CLCV DP% 345.685 83.880 1382.741 335.520 71% 88% 412
CLCV HP% 345.693 83.921 1382.772 335.685 71% 88% 412

The general combining ability (GCA) is presented as the average performance of lines in a series of crosses, the
GCA effects of combined environments of the parents are presented in Table 3. The parent MNH-886 exhibited
significant positive GCA effects for plant height and uniformity index. The CEMB-33 showed significant positive
effect for Sympodial branches plant™. The CRIS-129 gave significant effect for bolls plant™ and maximum bolls
formed at 120 DAP. The Baghdadi also excelled significant positive GCA effect for boll weight, seed index and
seed cotton yield plant™. Among the parents, CIM-602 performed extremely well for lint index, GOT and earliness
traits which manifested it a good general combiner and showed significant positive GCA effects for lint index, GOT,
days to 1% flower, bolls formed at 90 DAP and bolls opened at 90 and 120 DAP. USD16-3058 was found good
general combiner for staple length, NIAB-824 for micronaire value and FH-142 for fiber strength.

The study suggested that the parents which exhibited maximum positive significant GCA effects for various
traits i.e. yield, its components, earliness and fiber characteristics could be utilized in cotton improvement program.
The genotypes CRIS-129 and Baghdadi have the potential for bolls plant™, boll weight, seed index and seed cotton
yield plant™. CIM-602 proved to be a good general combiner for lint index, GOT and earliness traits. The positive
GCA effects showed by USD16-3058, NIAB-824 and FH-142 for staple length, micronaire value and fiber strength
over both the environments that may be attributed to additive gene action and was fixable. It would suggest that
crossing of these parents will probably improve these traits. Similar results were obtained by Sorour et al. (2013),
Reddy et al. (2017), Parkash et al. (2018) and Patil et al. (2018) who reported that genotypes found to be good
general combiner with positive GCA effects for various traits could be exploited in hybridization program.
Choudhary et al. (2016), Khan et al. (2017) and Vekariyal et al. (2017) also found positive GCA effects of various
traits and suggested that high GCA for yield, its components, and earliness and fiber traits may possess considerable
genes for these characters and can be used extensively in breeding program.

Specific combining ability (SCA) effects will generally help the cotton breeders to explore best cross combinations

during hybrid production. The combined SCA effects of hybrids over the environments are depicted in Table 4
which revealed that among the 45 cross combinations, top three hybrids MNH-886 x Baghdadi, Baghdadi x NIAB-
824 and CRIS-129 x FH-142 showed highest significant positive SCA effect for plant height in descending order.
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Similarly, the highest significant positive SCA in descending order were shown the hybrids NIA-Noori x CEMB-33,
MNH-886 x Baghdadi and CRIS-129 x FH-142 for sympodial branches plant™, by MNH-886 x CIM-602, FH-142 x
NIA-Noori and CRIS-129 x NIAB-824 for bolls plant™. The best specific combiners for the boll weight were FH-
142 x CEMB-33, FH-142 x Baghdadi and MNH-886 x Baghdadi. The crosses MNH-886 x Baghdadi, Baghdadi x

CEMB-33 and CRIS-129 x CEMB-33 were reliable for seed index. The highest SCA effect for lint index was

observed in cross MNH-886 x Baghdadi followed by CRIS-129 x CEMB-33 and CRIS-129 x CIM-602,

respectively. The hybrids which manifested utmost significant positive SCA effects for seed cotton yield were

CRIS-129 x NIAB-824, MNH-886 x FH-142 and Baghdadi x CIM-602, respectively.

Table 3. General Combining Ability (GCA) effects of 10 parents under two environments.

Parents PH NOSB BPP BW SI LI SCY GOT DFF
CRIS-129 4.76** 1.63** 5.62** -0.09* 0.14* 0.03 13.20** 0.15 1.54**
MNH-886 10.45** 1.26** 4.23** 0.15** 0.32** 0.20** 10.01** 0.40** 1.72**
FH-142 8.05** 1.35** 2.33** 0.31** 0.94** 0.25** 9.01** 0.78** 1.60**
NIA-Noori 2.39** 0.11 1.67** -0.25** -0.88** -0.16** -4.68** 0.91** -0.32
Baghdadi 5.23** 2.22%* 1.54** 0.48** 1.11** 0.32** 14.37** 0.65** 0.37
CIM-602 2.01* 1.10** 5.46** -0.11** -0.21** 0.41** 9.98** 1.54** 2.80**
NIAB-824 8.66** 1.68** 4.77** -0.07* 0.15* 0.14** 10.83** 1.47*%* 1.38**
CEMB-33 7.54** 2.75** 041 0.39** 0.82** 0.20** 5.01** 0.44** 0.65**
MAC-7 -24.74** -5.93** -12.29** -0.92** -1.92** -1.07** -38.33** -3.55** -5.40**
USD16-3058 -24.37** -6.16** -13.75** 0.11** -0.47** -0.30** -29.39** -2.79%* -4.34%*
S.E (gi.) 0.96 0.15 0.45 0.04 0.07 0.04 143 0.11 0.20
CD @5% 281 0.45 131 0.11 0.20 0.12 3.32 0.33 0.57
*, ** significant at 5% and 1% level, respectively
Table 3. Continue.

Parents BF90 BF120 BO90 BO120 SL MV FS Ul cLev

DP% HP%
CRIS-129 1.79** 4.31%* 0.05 2.06** -0.37** -0.21** -1.20** 0.02 174 -1.74
MNH-886 1.94** 2.44%* 0.21* 1.33** 0.70** 0.05 0.55** 0.77** 3.53** -3.563**
FH-142 0.80** 2.06** 0.28** 1.86** 0.44** 0.16** 1.38** 0.28 -1.08 1.08
NIA-Noori 0.18 -1.16** 0.15 -0.40 -0.17 0.05 0.41** 0.24 6.27** -6.27**
Baghdadi 0.32 1.66** 0.20 1.38** 0.43** 0.09 0.54** 0.41** 1.66 -1.66
CIM-602 2.69** 4.13** 0.55** 2.54%* -0.03 0.18** -0.01 0.41** 5.77** -5.77**
NIAB-824 0.93** 1.32** 0.22* 0.87** 0.38** 0.24** 0.59** 0.61** 4.47** -4 47
CEMB-33 -0.33 0.89* 0.03 0.40 0.54** 0.04 0.41** 0.52** 2.96** -2.96**
MAC-7 -4.06** -6.69** -0.84** -4.84** -2.94** -0.55** -3.71** | -3.09** -49.74** 49.74**
USD16-3058 -4.27** -8.96** -0.85** -5.21** 1.03** -0.05 1.02** -0.17 24.42** -24.42**
S.E(gi.) 0.25 0.44 0.10 0.29 0.10 0.05 0.14 0.16 0.91 091
CD @5% 0.83 1.28 0.30 0.86 0.30 0.14 0.41 0.43 2.69 2.69

*, ** significant at 5% and 1% level, respectively

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 18 (1): 147-155, 2021.




152 A.W. SOOMRO ET AL.,

Table 4. Specific Combining Ability (SCA) effects of 43 F) hvbridsunder two environments.

Crosses PH NOSB BPP BW ST LI SCY GOT | DIF
CRIS-120 x MNH-586 10.06"* .00 554 017 067+ 0.01 012 48 | 0=
CRIS- 120 x FE-142 15.00% 300+ 0.1 017 001% | 035 | 5™ | 017 | 232
CRIS-120 x NIA-Noori g1 3.00% 103 Q.11 12 | oee | 10ee | 208 | 0.6

CRIS-120 % Baghdadi 1087+ 0,60 0.16 0.10 078* | 037 | 186 13 | 071

CRIS-120 x CIM-602 065 178 5.66** 0.05 008 | 06 | 1675 | 188 | 236*
CRIS-120 x NIAB-824 167 23 6.03% 032+ 020 | 034 | 2087 | 141% | 148
CRIS-120 5 CEMB 33 753 161+ 353+ 034+ 126% | 063 | 1104 | 124 | 020
CRIS-120 X MACT D67 | -1 177 0.08 128 | A8 | Bt | 05 003

CRIS-120 X USD16-3058 337 135+ 038 30+ 029 003 | o5t [ 27 | 307+
MNH-886 % FH-142 1215 L6 480 0.19 005 016 | 2027 | 016 131*
MNH-386 % NIA-Noori 140 .64 24 0317 | Q66 | 025¢ | 843* | 146 | 089
MNH-886 % Baghdadi 1643 131 0.64 045% 153% | 073 | 1760 | 216 | 250%
MNH-$86% CIM-602 280 137+ g1+ 013 0.03 026* 138 06 | 201
MNH-886 % NIAB 524 §.10% 113 49 | o4 | 061 | -025* | 1151 | 136 | 061

MNH-386 % CEMB-33 12407 165+ 214 0.09 .08 0.0 7.05 02 | 2u*
MNH-886% MAC-7 38 | 245 181 017 T2 | 016 | 1258 | L0 | 063

MNH-$86 USD16-3058 018 236% | 366 0.06 0.07 0.03 5,50 040 | 10+
FH-142 x NIANoori 6.28% 017 605 | 035+ 030 | 027 | 1228% | -147* | 027

FH-14) x Baghdadi 464 160+ 5.71% 048** 041* 005 | e | 008 | 103
FH-142x CIM-602 3.61% 236 | 580 002 058 | 033 | 736 | 200 | 201
FH-142x NIAB 824 246 023 3,88+ 002 075" 010 | 1537% | 021 | 201
FH-142x CEMB 33 1167 197% 5.66* 048+ 030 | 051** | 008 | 141%* | 139
FH-142x MACT 304+ .66 453 | 038 | 061 | 020 | 1488 | 08¢ | 038
FH-142x USD16-3058 1037+ 057 335+ 0.15 038 | 038 | 1016 | 128 | 157
NTA Noori x Baghdadi 24) 072 27T 030+ 0.0 011 T0F | 004* | 1e4™
NTA-Noori x CIM-602 10.00%* 0.3 2.63 0.04 056% | 030 | 156 | 211 | 1%9%
NIA-Noori x NIAB-§24 6.00% 250+ 340° 01 044 | 037 | 1380t | 0;° 076

NIA-Noori x CEMB33 15 87+ 341% 1.05 001 0.60* 021 547 | 16 | 141
NIA Noori xMAC 6.15% 005 138 0.02 0.88* 0.02 462 00 052
NIA-Noori xUSD16-3058 | 4.2 1.08* 183 037+ 037 0.01 083 | oz | 045
B aghdadi x CIM-002 123 255" 5,56+ 0,01 025 01l | 1005 | 010 | 200%
Baghdadi x NIAB-824 16.00%* 100% 2.00 005 028 | 033 | 1003 | 040 | 076
Baghdadi x CEMB 33 13.00% 213% 101+ 043+ T46% | 0.08 645 020 120%
Baghdadi x MAC7 775+ 036 031 037+ .34 .08 5.58 038 | -028
Baghdadi x USD163058 203 .06 0.05 0.06 076 | 018 | 1023* | 013 | -100
CIM602 % NIAB 824 0,52+ 056 5,06 015 011 0.3 084 145+ | 30+
CIM-602 % CEMB33 150 045 E 001 005 010 | 1644 | 001 | 199+
CIM-602 s MAC-7 748+ 111 133 0.03 033 | s | o [ o | s
CIM-602 % USD16-3058 .00 105 | §75% 0.15 028 015 | 8= | 300 | 187
NIAB-824 x CEMB 33 115 0.74 074 0.3 0.44% 003 | 1763 | 180% | 057

NIAB-824 x MACT 140 056 437+ 0,01 068 | 4.1 6.87 041 | 019
NIAB-824 xUSDI6-3058 | 6.00° 148+ 150 0.09 032 015 | 107%™ | 109% | 038
CEBM33x MAC-] 451 154+ 011 3% | 131 | 419 748 | a8 | w70
CEBM33x USDI63058 | 013 1 60+ 231 030 | 120 | 019 580 | 2000 | 069
MAC-7x USD16-3058 341 046 245 027 026 | 041 | 34l 065 | 204"
SE (5i) 288 047 135 011 021 0.2 403 034 059

CD@5% 704 128 37 030 057 033 1L 094 163

* ** ganificant at 3% and 1% level, respectively
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Table 4. Continue

Crosses BF90 BF120 BO% BO120 SL MV FS Ul DP% aa %
CRIS-129 x MINH-886 14 6.21% 0.13 241 044 022 -119% | 2.08% 3N 3.7
CRIS-129 x FH-142 1.26 0.89 0.16 0.83 045 L.17 -0.18 1.12%* 539 -5.39
CRI5-129 x NIA Nood -0.10 -2.86* 0.03 0.21 0.01 4.3 -0.09 -1.09* -1.69 1.69
CRI5-129 x Baghdadi 0.29 1.94 0.13 .10 -0.66 0.13 -0.14 -1.13%* 378 378
CRIS-129 x CIM-602 033 200 013 181 0.03 0.05 -0462 -L.21% 281 -2.81
CRIS-129 x NIAB-824 107 5.28% 017 300 001 0.05 -0.11 .03 -243 243
CRIS-129 x CEMB 33 2.85% 0.81 0.10 -1.01 1.10** 0.17 0.57 1.66** -3.15 315
CRIS-129 x MAC7 170 4004 .11 -2 45% -0.01 .08 0.76 0.24 27 72T
CRIS-129 x USD16-3038 -0.99 -1.34 1.2 0.90 -049 .07 -0.57 4.3 -205 203
MNH-886 x FH-142 0.21 411 026 365 | 109 .03 449% 092+ -234 234
MNH-886 x NIA-Noori 2.88* 0.60 030 1.10 -0.60 0.28 18 | 132 3l 311
MNH-886 x Baghdadi -1.01 3.20¢ 4.10 179 200 0.10 1L.01* 0.235 33 53
MNH-886x CIM-602 1.80* 1.93 0.62** 051 046 0.15 026 -087* -362 162
MNH-886x NIAB-824 0.75 122 0.01 43 -0.90% .12 100%* | 1.26* -0.99 0.99
MNH-886x CEMB-33 1.29 397 040 -3 96 L7 .06 027 .78 -5.95* 505
MNH-886x MAC-7 -0.37 -4 80** {32 -1.29 -040 .13 -1.16%* .67 -006* | 0.06*
MNH-886 x USD16-3058 -152 207 -0.50% -1.59 -1.20 4.1 -0335 0.65 12.00% | -12.09**
FH-142 x NTA Noori -0.33 1.9 .06 0.67 -0.10 £.01 278" 042 75 | 195
FH-142x Baghdadi 2.26% 103 0.01 -129 0.05 1.2 020 1.52%* 421 421
FH-142x CIM-602 -0.01 1.2 0.03 417 -0.18 0.21 e SR ) ks 334 -3.34
FH-142x NIAB-$M4 0.62 .13 007 1.3 1.80%* 0.28 028 .19 -195 195
FH-142x CEMB 33 0.38 1.94 0.06 199* | -L16* 0.17 -396* 0.17 -0.12 0.12
FH-142x MAC-7 -0.18 1.61 017 {039 D.63% | 044 | 184 £.59 444 4.4
FH-142x USD16-3058 022 231 0.1 S20% | 097F | 43 LOT** | 142 | 000* | 990
NIA-Noori x Baghdadi -1.86% | 442 .16 -2.08* -026 0.01 -L07* -1.03* 442 442
NIA-Noori x CIM-602 3.00% 3.00* 0.48* 2.48% 030 -033* 395 047 118 -1.18
NIA-Noori x NIAB -824 3145 | 406 {.38 -3.10%* 026 0.17 -1 87# 0.63 002% | 0.02%
NIA-Noori x CEMB-33 -0.68 185 439 -1.83% | 080 | 0.32%* 1.76% £.07 -386 3.86
NIA-Noori x MAC-7 037 147 .26 423 -LI7 0.00 LI | 122 118 1L.g**
NIA-Noori x USD16-3058 0.10 1.95 -043* 0.4 0.50 0.§3%* 0.74 £33 B3gw | f3ge
B aghdadi x CTM-602 1.72* 4.18% 0.48* 4.55% 0.65* £.07 -1 46%* 091* 3.2 320
Baghdadi x NIAB-824 0.75 4.79* 0.13 220 -036 .19 0.90* -1.03* QI | o0
Baghdadi x CEMB 33 142 0.11 013 220 1.06* 034" 133% ] 1.85* -3.12 312
Baghdadi x MAC-7 -152 210* .60%* {62 -0.19 .07 I A e I A L I A (e
Baghdadi x USD16-3038 0.712 292 .04 2420 | 082 0.05 -0.06 .69 1L.27% ] 1127
CIM-602 x NIAB-824 Lo 38T 031 1.83* -0.17 030 -146* 0.63 003** | .03
CIM-602 x CEMB-33 -022 281 .14 2.98% 030 .28 IR | 130 0.5 0.5
CIM-602 x MAC-7 -1.32 4.54* .36 .58 | -112%* 4.1 0.14 L30%* | -11.31% | 1131%*
CIM-602 x USD16-3038 -1.68* 3.2 -042* -2.76** -042 0.22 048 0.34 130 | 130
NIAB-824 x CEMB-33 231 2.72 {31 0.08 -102 -031* -002 1.23* | 1032 | -10.32*
NIAB-824 xMAC 1.90* 093 .30 -1.85* 033 0.02 028 017 1001 | 1001**
NIAB-824 x USD16-3038 -0.73 -335% .26 -2.26** 057 4.25 1.01* 1.42%* 428 428
CEBM-33x MACY 0.63 0.36 0.10 0.04 048 0.20 0.08 .30 L
CEBM-33x USD16-3058 0.61 0.43 027 0.20 -1.29 0.18 204% | -1e2% | 16.38% | -16.38**
MAC-7x USD16-3058 0.26 0.50 L.17 {123 0.65* {.12 031 0.24 0 S R
S.E(8) 0.83 131 021 0.89 031 0.15 043 0.4 276 3.08
CD@5% 233 3.62 083 14 0.83 0.41 1.17 1.21 1.62 7.62

*, ** sonificant at 5% and 1
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It was observed that the hybrids which expressed maximum positive significant SCA effects for yield and its
components were produced from crosses involving either one or both good general combiner parents. Such similar
results have been reported by Sorour et al. (2013), Choudhary et al. (2016), Khan et al. (2017), Vekariyal et al.
(2017), Patil et al. (2018) and Reddy et al. (2017) who also found high SCA effects for yield and its components in
hybrids produced by one or both of good general combiner parents.

Early maturity is an important trait of cotton which is being suggested to growers as the crop matures earlier
and harvested (picking of seed cotton) quicker. Among the 45 hybrid combinations (Table 4), CRIS-129 x MNH-
886 excelled highest significant positive SCA effect for days to first flower (DFF) followed by CIM-602 x NIAB-
824 and MNH-886 x Baghdadi, respectively. The hybrids NIA-Noori x CIM-602, MNH-886 x NIA-Noori and
CRIS-129 x CEMB-33 showed highest significant positive SCA effect for bolls formed at 90 days after planting.
Similarly, the crosses CRIS-129 x MNH-886, CRIS-129 x NIAB-824 and Baghdadi x NIAB-824 expressed
significant positive SCA effect for bolls formed at 120 DAP trait. The hybrids MNH-886 x CIM-602, NIA-Noori x
CIM-602 and Baghdadi x CIM-602 contributed significant positive SCA effect for bolls opened at 90 DAP. In case
of bolls opened at 120 DAP, the hybrids Baghdadi x CIM-602, MNH-886 x FH-142 and CRIS-129 x NIAB-824
showed highest significant SCA effect in descending order.

High SCA effects for earliness indicated the combinations of positive alleles of good general combiner. The
fiber quality parameters illustrated in Table 4 show the maximum positive significant SCA effect for staple length
was shown by hybrid MNH-886 x Baghdadi fllowed by FH-142 x NIAB-824 and then by MNH-886 x CEMB-33.
The crosses NIA-Noori x USD16-3058, FH-142 x MAC-7 and Baghdadi x CEMB-33 revealed significant positive
SCA effect for micronaire value. For the fiber strength, the highest SCA effects were shown by the crosses MNH-
886 x FH-142, NIA-Noori x CIM-602 and CIM-602 x CEMB-33. Similarly, the hybrids CRIS-129 x MNH-886,
Baghdadi x CEMB-33 and CRIS-129 x CEMB-33 produced high SCA effects for uniformity index. These findings
are in accordance with the results of Sorour et al. (2013), Choudhary et al. (2016), Dhamayanthi and Rathivanvel
(2017), Khan et al. (2017), Kumar et al. (2017), Vekariyal et al. (2017), Chinchane et al. (2018), Patil et al. (2018),
Reddy et al. (2017) and Swetha et al. (2018) who reported significant positive SCA effects for earliness and fiber
traits with at least one of the good general combiners in cross combinations.

The genotypes that express maximum positive GCA effects are considered as superior general combiner who
may unite the important genes for the development of traits and these can be preferred for selection and utilization in
hybridization program. The general combining ability (GCA) effects of cotton leaf curl virus are presented in Table
3. The parent MAC-7 was found good general combiner, since it contributed significant positive GCA effects for
healthy plant percentage (49.74), whereas it was a negative combiner for diseased plant percent (-49.74). It was
followed by the genotype USD16-3058 that contributed higher significant positive GCA effects for diseased plant
percentage (24.42) and higher negative GCA effect for healthy plant (-24.42) which is considered as highly
susceptible against cotton leaf curl virus disease. The genotype MAC-7 that exhibited positive GCA effect for
CLCYV is designated as resistant/highly tolerant.

The specific combining ability (SCA) effects depicted in (Table 4) show that among the hybrids combinations,
CRIS-129 x MAC-7, MNH-886 x MAC-7, FH-142 x MAC-7, NIA-Noori x MAC-7, Baghdadi x MAC-7, CIM-602
x MAC-7, NIAB-824 x MAC-7, CEBM-33 x MAC-7, MAC-7 x USD16-3058 excelled high SCA positive effects
for healthy plant percentage and negative SCA effect for diseased plants. It was noted that cross combinations
exhibited high SCA effect for healthy plants, confirmed the combination of average x good and poor x good general
combiner with significant SCA effect was due to complementary gene action which produce desirable transgressive
segregants. Therefore, single plant selection based on disease symptoms in early generation would be helpful in a
plant breeding program.

The genetic variance components of CLCV illustrated in Table 2 shows that the GCA variance was higher than
the SCA variance which indicates the role of additive gene action. The proportion of GCA / SGA variance for
CLCV diseased and healthy plants percentage was more than unity which also indicates the predominant role of
additive genes. Therefore, selection in early segregating generation could be performed for evolving the cotton leaf
curl virus resistant/highly tolerant inbred lines. Khan (2013) and Khan et al. (2017) also reported that parents and
hybrids with positive GCA and SCA effects in CLCV epidemic conditions could be utilized for further breeding and
selection program.

REFERENCES

Ahmad, S., N. Islam, A. Mahmood, F. Ashraf, K. Hayat and M. Hanif (2010). Screening of cotton germplasm
against cotton leaf curl virus. Pak. J. Bot., 42:3327-3342.

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 18 (1): 147-155, 2021.




DIALLEL ANALYSIS IN UPLAND COTTON 155

Akhtar, K.P., Haider, S. Khan, M.K.R. Ahmad, M. Sarwar, N. Murtaza, M.A. and M. Aslam (2010). Evaluation of
Gossypium species for resistance to leaf curl Burewala virus. Annals of Applied Biology, 157: 135-147.

Anonymous (2013). Pakistan Economic Survey (2012-13). Ministry of Finance Division, Economic Advisor Wing,
Islamabad.

Chinchane, V.N., V. S. Patil and D. G. Ingole (2018). Combining Ability Studies for Yield and Its Components in
Desi Cotton (Gossypium arboreum L.). Int. J. Curr. Microbiol. App. Sci. Sp. Is., 6: 1368-1372.

Choudhary, R., B.G. Solanki, G.N. Chander, P. Tapas and R. Choudhary (2016). Combining ability analysis to
identify suitable parents ad crosses for seed cotton yield, fibre quality and oil content in Intra- and Inter-specific
diallel crosses of diploid cotton. Int. J. of Agri. Sci., 8(59): 3436-3443.

Dhamayanthi, K.P.M and K. Rathinavel (2017). Heterosis and combining ability studies in extra-long staple inter-
specific (G. hirsutum x G. barbadense) hybrids of cotton. Electronic Journal of Plant Breeding, 8(2): 494-500.

Farooq, A., J. Farooq, A. Mahmood, A. Batool, A. Rehman, A. Shakeel, M. Riaz, M.T.H. Shahid and S. Mehboob
(2011). An overview of cotton leaf curl virus disease (CLCuD) a serious threat to cotton productivity.
Australian Journal of Crop Sciences, 5(12):1823-1831.

Griffing, B. (1956). A generalized treatment of diallel cross in quantitative inheritance. Heredity, 10:31-51.

Khan, A.M., S. Fiaz, I. Bashir, S. Ali, M. Afzal, K. Kettener, N. Mahmood and M. Manzoor (2017). Estimation of
genetic effects controlling different plant traits in cotton (Gossypium hirsutum L.) Under CLCuV epidemic
condition. Cercetari Agronomice in Moldova, 50(1): 47-56.

Khan, N.U. (2013). Diallel analysis of cotton leaf curl virus (CLCuV) disease, earliness, yield and fiber traits under
CLCuV infestation in upland cotton. Aus. J. of Crop Sci., 7(12):1955-1966.

Kumar. K. S., J. M. Nidagundi & A. C. Hosamani (2017). Genetic analysis for yield its component traits in upland
cotton (Gossypium hirsutum L.). Int. J. of Agr. Sci. & Res., 7(2):469-476.

Parkash, G., S.L. Korekar and S. Mankare (2018). Combining Ability Analysis in Bt Cotton (Gossypium hirsutum
L.) to Harness High Yield under Contrasting Planting Densities through Heterosis Breeding. Int. J. Curr.
Microbiol. App. Sci., 7(2):1765-1774.

Patil, A.E., D.B. Deosarkar and M.R. Puttawar (2018). Environmental impact on the stability of gene action for seed
cotton yield in cotton (Gossypium hirsutum L.). Int. J. Curr. Microbiol. App. Sci., 7(1): 1319-1329.

Reddy, K.B. V.C. Reddy, M.L. Ahmed, T.C.M Naidu and V. Srinivasrao (2017). Combining ability analysis for
seed cotton yield and quality traits in upland cotton (Gossypium hirsutum L.). Elec. J. of PI. Breed., 8(1): 142-
152.

Sorour, F.A.; M.S. Abdel- Aty, W.M.B. Yehia and H.M.K. Kotb (2013). Heterosis and combining ability in some
cotton crosses in two different environments. J. Plant Production, Mansoura Univ., 4(11): 1707-1723.

Sprague, G.F. and L.A. Tatum (1942). General vs specific combining ability in single crosses of corn. J. American
Soc. Agron., 34: 923-932.

Swetha, S. Nidagundi, J.M. Diwan, J.R. Lokesha, R. Hosmani, A.C and A. Hadimani (2018). Combining ability
studies in cotton (Gossypium barbadense L.). J. of Phar. and Phyt., 7(1): 638-642.

Vekariyal, R.D., S. Nimbal, A. Batheja, R.S. Sangwan and S. Mandhania (2017). Combining ability and gene action
studies on seed cotton yield and its related traits in diploid cotton (Gossypium arboreum L.). Elec. J. of Pl
Breed., 8(4): 1159-1168.

(Accepted for publication December 2020)

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 18 (1): 147-155, 2021.




