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Analysis on the heterosis and combining ability of
upland cotton with Bt resistance
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Abstract Hybrid breeding has great significance in cotton genetic improvement as well as that in other crops. Eleven
stocks from areas of Yangtze River and Yellow River,with Bt resistance or not,were divided into two groups of 4 or 7
respectively, and made crosses according to NC II design of the incomplete diallel cross (4 X 7) to analysis the
heterosis and combining ability of hybrid of upland cotton based on the evaluation in two years. The results show that
both broad sense heritability and narrow sense heritability were relatively low; but the narrow heritability of lint
percentage, lint index, fiber strength and seed index was over 54.64 % ,and the broad heritability of lint percentage was
even reached to 92. 16% . The narrow heritability of F, for some traits was higher than that of F,. The heterosis was
checked in F; and F, generations. The heterosis of lint yield in F; was with an average of 11.31%,34. 17% and
13.33% over competitive control, the mid-parent and high-parent, respectively. The lint yield of a cross of P4/P7
(EZAMIAN 12/5H303) showed 27. 4% higher than a local commercial variety Han284. The depression showed in
crosses of F, generation while the heterosis remained in some crosses in F, generation. The cross P4/P7(EZAMIAN 12/

5H303) showed the highest specific combining ability (SCA) of yield in the crosses of F; generation,while the crosses
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P4/P10 (EZAMIAN 12/5H335), P1/P11 (611/5H336) showed the highest SCA in the crosses of F, generation. The
parent with best general combining ability (GCA) were P8 (5H309) and P5 (5H181) in yield and P1 (611),P2 (05-
5317) ,P4 (EZAMIAN 12). So it is possible to bred commercial hybrid with Bt-resistance of upland cotton by using

stocks from different regions.
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Table 1 Origin of experimental materials
R 25 % -~ AR/ FERR/ AKSy/ AKRAR/ KR/ B 4 BIF O OWRRE K ST
&5 kg kg % g g H/g KE/mm E/%  N/tex F/% EE
P1 S 1212 611, ¥ [f 244 A — 2.75 1.00 36.57 5.68 10.52 5.66 30.97 85.32 31. 25 6.33 4.54
R
P2 S1213 05-5317,330 % +  2.60 0.89 37.85 6.50 11.00 5.16  31.13  84.32  32.02  6.28 4.51
. LA HE 109
P3 S 1215 F3061 - 2.49 1.05 41.98 7.13 10.21 5.91 31.25 83.48 30. 33 6.28 4.02
P4 S 1216 FhyiAm 12 — 1.64 0.68 41.27 7.17 10.82 5.73 29.35 82.77 29.10 6.33 4.51
P5 S 2900 5HI181 + 2.82 1.22 42.88 7.68 11.39 6.01 30. 85 85.22 30. 90 6.33 4.98
P6 S 2901 5HI85 + 3.15 1.26 39.8 7.48 11.67 5.96 29.79 84.97 28.78 6.25 5.72
pP7 S 2902 5H303 + 3.37 1.31 38.68 6.65 10.86 6.23 29.78 84.75 29.48 6.30 4.89
P8 S 2903 5H309 + 3.27 1.36 41.28 6.92 10.41 5.58 30. 82 84.67 32.90 6.33 4.48
P9 S 2905 5H330 + 3.03 1.19 38.82 6.78 11.09 6.45 29.97 84.28 29.50 6.32 4.41
P10 S 2906 5H335 + 3.05  1.29 42.1 7.32 10.56 6.08 31.23 84.97 31.58 6.35 4.88
P11 S 2907 5H336 +
CK HE 284 + 3.68 1.41 38.28 6.75 11.82 5.98 29.85 84.87 30.9 6.32 4.56
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Table 2 Statistic analysis and ANOVA of agronomy traits

. o oRAY HEF K B 40 M 284N TARA 4 BEA S SCA T XaRAE MRS
ORI BHERA B ¥ B &7 GCAX¥I GCA¥J ¥y Ve / Ve Via/ Ve
MA R /kg F 3,10 3.87  0.53°  0.45°  1.097  0.19 2.20 0.22 2.65 8.12 8.12
F, 2.49 2.95 0.43 161 0.80  0.46" 3.37 473" 4.38 20. 47 20. 47
R/ kg Fo 1,27 1,63 0.09°  0.06° 0.22  0.06°  0.35 0.68 0.56 21.52 21.52
F, 0.96 1.12  0.07 0.20” 0.117  0.07°  0.60 0.57”  0.68 21.10 20. 35
K45/ % F,  41.60 42,10 19.58™ 24.47" 15.06" 12.45" 60.58" 259.73“ 15.86" 92.16 88. 74
F, 38.44 38.30 7.04” 30.687 13.27° 13.97" 77.93" 272.34” 26.98 77.12 75.59
*®45/g F,  7.23 7.51 1.417 2,47 1.18"  1.02”  5.91" 17.28" 4.23 60. 92 59. 60
F, 6.47  6.68 0.67 11 0.98™  1.02"  3.77°  20.20° 3.61 62. 54 62. 54
K48 /g F, 10.94 10.94 0.85” 0.53  0.67  0.547  4.88" 6.57  3.14 63. 84 54. 64
F, 10.87 11.06 0.80 0.27  0.85" 0.8 12.10" 3.60 7.51 40.72 33. 31
YK E/mm  F 31.22 31.81 1.30% 3.96° 1.83"  1.45" 19.04” 11.93“ 8.11 50. 82 48. 68
F, 29.91 30.33 1.25° 1.26  2.11" 2,37 25.30" 30.64” 7.98 64. 20 64. 00
M E/ % F 84.67 84.91 0.22 5.047 1.20"  0.82 2.95 5.35  13.69 17.78 7.29
F, 84.31 84.38 0.53 2.52  1.25 1. 20 6.31 4.76  21.38 18.69 2.09
T 284 L 5 R/ F, 30.94 31.06 6.16° 6.54" 4.27" 3.99" 59,04  30.37" 18.51 58.75 56. 04
N/tex F, 30.24 30.73 6.79 3.58  4.69  4.64" 65.82"  36.77" 22.62 56. 22 53. 88
R/ % F,  6.22 6.23 0.01 0.04° 0.02°  0.02"  0.28" 0.20 0.15 45.26 43. 86
F, 6.40  6.40 0.02 0.02  0.02"  0.02"  0.20" 0.17  0.08 51.45 51.45
oA F,  4.63 4.57 0.58” 0.33" 0.31"  0.18" 3.08" 0.71"7  1.11 37.69 37.69
F, 4.78 4.70 0.59 0.10  0.28"  0.21° 3.20" 0. 60 1.76 28.70 28.70
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Table 3 Average heterosis and depression of various traits in upland cotton %
32 G R ORI R
R AR

30 [ I Fil FiEn | FEIHE Filk 70 ] I E wik

MR/ F —3.97~18.11 3.94 5.76 0.29~57.08 29.75 0.25 —4.82~38.47  13.09 0.38
kg F, —45.03~—4.83 —18.76 —2.02~52.23 22.31 —19.13~43.72 8.12

B/ Fi —4.63~27.3 11.31 4,26 12.15~58.61 34.17 0.38 —8.45~47.8 13.33 0.46
kg F, —56.67~—21.54 —36.89 —7.40~50.11 21.20 —24,52~40. 76 7.16

K5y /% F,  —0.68~16.82 7.03 0.72 —1.73~5.99 1.62 1.60  —9.07~9.77  —1.32 —1.95
F, —25.40~12.68 1.95 —25.99~3. 36 —0.98 —27.85~2.60  —3.90

WA T /g F, —11.72~13.86 1.14 3.41  —5.73~17.45 7.88 0.15 —11.86~14.05 2.31 0. 00
F, —18.76~12.31 —2.75 —7.74~26.55 6.69 8.36~25.37 2.31

KI5 /g F, —14.69~13.97 —0.37  10.19 —4.31~12.64 4.18 0.03  —8.45~19.25 5.13 1.15
F, —21.09~20.83 3.40 —23.09~17. 64 4,06 —25.73~17.02 —0.76

¥rig/g F, —15.86~—3.88 —8.86 0.38 —3.89~4.75 0.48 —3.83 —8.52~2.75  —1.95 0.84
F, —26.93~5.38 —5.50 —23.41~11.56 2.32 —25.0~10.52 —0.32

YK pE/ F,  —0.7~9.52 4.05 0.38 —0.84~6.31 1.55 0.08  —3.54~4.10 0.46 0.37
mm F, —0.60~4.46 2.52 —3.94~5.06 1.42 —6.12~4.89 0.29

wFEH  OF —1.06~1.62 0.37 3.92  —0.98~1.85 0. 40 0.53 —1.36~2.12  —0.21 —0.62
/% F, —2.23~—0.29 —1.08 —1.08~1.56 0.19 —1.92~1.22  —0.34

Wradtesw  Fo —7.72~5.57 —0.14 —10.29 —0.08~2.24 0.08 —20.25 —13.12~2.60  —2.49 0.78
BE/cN/tex F, —7.22~4.56 —1.58 —2.16~5.98 1.70 —8.13~3.31  —0.54

Mk#/% F,  —2.65~0.01 —0.10 9.30 —2.13~0.02 —0.08 4,50 —3.16~1.61 —0. 86 0.26
F, —0.26~2.36 0.83 1.57~1.82 0.28 —2.55~1.55  —0.64

Oy F —6.86~15.0 3.30 0.78 —6.93~11.38 0.69 1.84 —14.66~9.88  —5.12 0.05
F, —7.13~11.39 0.72 —12.07~6. 34 —0.58 —15.29~4.56  —4.87

Fy BR T BRSE FFAE R R E pe BEE Ah . H J3hh e m A YE S AR e F AR pn

MR- I E I R T Fo L I AR H AT W] 2 i 2 2k
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JEE R S R A T o [ AR v SR A A L S A I S R SR
HIILT F..

2 AR S s IR SR AE — 20, 25~4. 50 % = [i] , 3
N 0.137% ., Fo AR H Fo AR IR A8 fb i B 3 K F
FeAp RS PR B F, AR BT, DL R
R RK . Fy AORAR ™ 52 09 b o3 00 350 o O 34 i
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Table 4 GCA of parents in different traits
ek AN R R MR RRE Ko KAg FriE MK RESTEIEH WA ILRE KR BEE
P1 F, —0.040 —0.040 —0.305 —1.561 —0.711 —0.128 0. 336 0.215 0. 630 0.043 0.038
F, 0.259 0.072 —0.218 —1.543 —0.721 —0.276 0.489 0.298 0.432 —0.035 0.107
P2 F, —0.040 —0.040 —0.020 —1.194 —0.204 0.316 0.194 0.282 0.563 —0.081 0.103
F, 0. 044 —0.032 —0.146 —1.138 —0.179 0.267 0.221 0.155 0.723 0.059 —0.012
P3 F, 0.068 0.068 0.214 2.277 0.581 —0.393 —0.165 —0.299 —0.494 0.005 —0.147
F, 0.013 0.042 0.165 2.238 0.498 —0.105 0.323 —0.150 —0. 144 0.032 —0.183
P4 F, 0.012 0.012 0.111 0.477 0.334 0.205 —0.364 —0.199 —0.699 0.033 0.006
F, —0.316 —0.082 0.199 0.443 0.402 0.114 —1.033 —0.302 —1.011 —0.057 0. 089
P5 F, —0.069 0. 020 0.094 1. 285 0. 305 0.302 0. 886 0.383 0.727 —0.104 0.059
F, —0.363 —0.123 —0.121 0.426 0. 407 0.775 0.574 —0.370 0. 090 0. 059 0.115
P6 F, —0.091 —0.052 0.061 —0.357 0.188 0.338 —0.191 0.142 —0.639 —0.029 0. 396
F, 0.158 0.075 0.309 —0.265 0.040 —0.217 —0.604 0.321 —0.818 0.009 0. 396
P7 F, 0.142 0.034 —0.014 —0.749 —0.270 —0.059 —0.596 —0.142 —1.014 0. 080 0.041
F, —0.039 —0.013 —0.086 —0.640 —0.143 0.067 —0.663 —0.212 —1.176  —0.041 0.086
P8 F, —0.116 —0.035 —0.171 0.376 —0.087 —0.324 0.193  —0.200 1.436  —0.037 —0.276
F, 0.182 0.129 0. 164 0. 860 0.174 —0.458 0.551 0.105 1.632 0.075 —0.088
P9 F, 0.277 0. 100 0.509 —0.374 —0.056 —0.062 —0.517 —0.125 —0.889 0.038 —0.045
F, 0.079 0.017 0.669 —0.682 —0.160 —0.158 —0.099 —0.329 —0.385 —0.041 —0.269
P10 F, —0.026 0.013 —0.346 0.668 0.305 —0.284 0.138 0. 000 0.069 —0.004 —0.061
F, 0.070 0.030 —0.546 1.251 —0.060 —0.250 0.683 0.196 0.774  —0.002 —0.091
P11 F, —0.116 —0.080 —0.131 —0.849 —0.387 0.088 0.086  —0.058 0.311 0.055 —0.114
F, —0.087 —0.116 —0.391 —0.949 —0.260 0.242 —0.442 0.288 —0.118 —0.058 —0.149

P2(05-5317) 1 P4 (C2RHT4E 12),
2.4.2 HskBA A5

B2 5 AL R 2 G RR IR TC A 0 78 AR A PR AR
A AH ) AR R AR R T R ER G S ) B Y
44 h PA/PT (SR HTAS 12/5H303) 3 F, 414k P4/
P1OCERHLAR 12/5H335) .\ P1/P11(611/5H336), FH

flaPiofR 45 Bk BC & ) Y. AKX 23 O P1/P10 (611/

5H335.F, FlF, 435314 0. 56 F10.73) ,P4/P6 (%4t
Fi 12/5H185,F, F1 F, 43 %% 0. 68 Hl 0. 23) LA &
P1/P5(611/5H181,F, F F, 43 %K 0. 38 #10.59);
A Fy FUE, FRBRBCA 1 20 KA A&, an P1/P8
(611/5H309,F, Ml F, 4% 0. 65 f1—0.17) P4/
POCERH AR 12/5H330, F, #1 F, 43 5k — 0. 37 A
0.48),
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Table 5 SCA of hybrids in different traits

4 & AR R E ERCE RRE KRS KIE R REETPHRE BFTERE WA RE KR BEE
P1/P5 F, 0.07 0. 04 0. 14 0.38 —0.16 0.02 —0.48 —0.27 0.02 0.03 —0.11
P1/P5 F, 0.18 0.08 0.18 0.59 —0.11 —0.47 —0.33 —0.21 0.01 —0.06 —0.21
P2/P5 F, —0.07 —0.04 —0.24 —0.42 0.54 —0.20 0.53 0.09 0.49 —0.01 —0.12
P2/P5 F, 0.04 0.01 —0.29 —0.21 0.15 0.26 —0.61 0. 64 —0.55 —0.02 0.22
P3/P5 F 0.09 0. 04 0.10 0.17 0.02 0.17 —0.16 0.27 —0.52 0.00 0.17
P3/P5 F, 0.05 0.05 0.31 —0.15 0. 20 0.10 0.72 —0.06 0.69 0.04 —0.04
P4/P5 F, —0.09 —0.04 0.00 —0.13 —0.40 0.01 0.11 —0.09 0.02 —0.03 0.06
P4/P5 F, —0.28 —0.14 —0.20 —0.23 —0.24 0.11 0.22 —0.37 —0.15 0.03 0. 04
P1/P6 F, 0.15 0.04 —0.02 —0.51 —0.04 —0.02 —0.22 —0.17 —0.98 0.06 0.08
P1/P6 F, —0.03 —0.05 —0.21 —0.75 —0.15 0.59 0.58 0. 64 0.62 0.03 —0.18
P2/P6 F —0.07 —0.03 0.20 —0.05 —0.11 —0.23 0.09 0. 20 0.22 —0.02 —0.07
P2/P6 F, 0. 05 0.06 0. 04 0.11 0.11 0.08 —0.07 —0.32 —0.71 —0.03 0. 20
P3/P6 F, 0.08 0.03 —0.14 —0.12 0.17 0.16 0.14 0.58 0. 28 —0.04 0.13
P3/P6 F, 0.23 0.10 —0.08 0.40 —0.23 —0.38 —0.24 —0.28 0.46 —0.01 —0.01
P4/P6 F, —0.17 —0.04 —0.04 0.68 —0.02 0.10 —0.01 —0.62 0.48 0.00 —0.14
P4/P6 F, —0.25 —0.10 0.25 0.23 0.26 —0.30 —0.27 —0.03 —0.37 0.02 —0.01
P1/P7 F, —0.39 —0.19 —0.46 —0.82 —0.05 0. 54 —0.19 0.02 1.10 —0.02 —0.21
P1/P7 F, 0. 00 0.09 0.70 0.33 0.24 —0.26 —0.20 0. 40 —0.09 0. 04 0.09
P2/P7 F, 0.03 0.01 0.12 0.14 —0.35 —0.06 —0.21 0.02 —0.44 0.01 —0.04
P2/P7 F, —0.11 —0.08 0.09 0.52 —0.30 —0.30 —0.04 0.08 0.25 0.02 —0.04
P3/P7 F, —0.02 0.00 0. 27 0.21 0.33 —0.15 —0.75 —0.77 —0.01 —0.01 —0.03
P3/P7 F, 0.22 0.07 —0.76 —0.39 —0.25 0. 00 0.04 0. 35 —0.18 —0.02 0.01
P4/P7 F 0. 38 0.17 0.07 0.47 0.07 —0.34 1. 15 0.73 —0.64 0.02 0. 28
P4/P7 F, —0.11 —0.08 —0.03 —0.46 0.31 0.55 0.19 —0.83 0.02 —0.03 —0.06
P1/P8 F, 0. 14 0.08 —0.16 0.65 0.07 —0.35 —0.34 0.21 —0.42 0.07 0. 04
P1/P8 F, —0.07 —0.07 —0.13 —0.17 —0.21 —0.33 0.22 —0.71 0. 27 —0.01 0. 04
P2/P8 F, —0.13 —0.04 0.01 0.25 0.06 —0.02 —0.16 —0.76 —0.39 0.06 0.02
P2/P8 F, —0.25 —0.07 —0.08 0.02 —0.22 —0.17 0.08 0. 20 0.74 0.03 —0.09
P3/P8 F 0.13 0.05 —0.04 —0.22 —0.16 0.25 0.18 0.46 0.67 —0.03 —0.03
P3/P8 F, 0.21 0.11 0.39 0.01 0. 30 0. 20 —0.39 0. 20 0. 24 —0.04 0.04
P4/P8 F, —0.14 —0.08 0.19 —0.69 0.02 0.13 0.33 0.09 0. 14 —0.09 —0.03
P4/P8 F, 0.11 0.03 —0.18 0.14 0.13 0.31 0.09 0.32 —1.26 0.02 0.01
P1/P9 F, —0.02 —0.02 0.01 —0.03 —0.01 —0.13 0.61 0.23 —0.63 —0.04 0.05
P1/P9 F, —0.18 —0.03 —0.41 —0.37 0.19 0.00 —0.45 —0.18 —0.92 —0.06 0.10
P2/P9 F, 0. 20 0.09 0. 28 0.17 —0.13 0. 05 —0.52 0.17 —0.10 0.01 0.10
P2/P9 F, 0.22 0.07 0.36 —0.17 0.11 0.09 0.44 —0.27 0.39 0.02 —0.11
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P3/P9 F, —0.13 —0.04 —0.03 0.23 0.11 —0.05 0.24 —0.38 0. 39 —0.04 0.02
P3/P9 F, —0.09 —0.06 —0.06 0.05 —0.16 —0.30 0.18 —0.33 —0.07 0.04 —0.02
P4/P9 I, —0.05 —0.03 —0.26 —0.37 0.03 0.12 —0.33 —0.02 0.33 0.07 —0.17
P4/P9 F, 0.05 0.01 0.11 0.48 —0.14 0.21 —0.17 0.79 0.59 0.00 0.02
P1/P10 F, 0.10 0.07 0.08 0.56 0.01 —0.14 0.37 —0.52 0.55 —0.03 0.08
P1/P10 F, —0.23 —0.13 —0.28 0.73 0.22 0.33 —0.13 0.16 —0.07 —0.01 0.08
P2/P10 F, 0.07 0.02 —0.29 —0.41 —0.10 0.26 0.22 0.78 0.15 —0.01 0.03
P2/P10 F, —0.01 —0.04 0.19 —0.64 0.08 0.08 0. 04 —1.06 —0. 40 0.02 —0.08
P3/P10 F, —0.29 —0.14 0.20 —0.14 —0.21 —0.12 —0.05 —0.18 —0.23 0.07 —0.22
P3/P10 F, —0.14 —0.04 —0.06 0.15 0.14 —0.05 —0.20 0.97 —0.33 —0.01 0.01
P4/P10  F, 0.12 0.05 0.01 —0.01 0. 30 0. 00 —0.54 —0.08 —0. 46 —0.03 0.12
P4/P10  F, 0.37 0.21 0.15 —0.25 —0.44 —0.36 0.28 —0.07 0. 80 —0.01 —0.01
P1/P11 F —0.04 —0.02 0.41 —0.22 0.17 0.07 0.25 0.50 0.37 —0.06 0.07
P1/P11 F, 0.33 0.11 0.15 —0.37 —0.18 0.13 0.31 —0.10 0.18 0.06 0.08
P2/P11 F, —0.04 0.00 —0.08 0.31 0.10 0.20 0.06 —0.50 0.07 —0.04 0.08
P2/P11 F, 0.06 0.05 —0.30 0.36 0.08 —0.04 0.15 0.75 0. 26 —0.03 —0.09
P3/P11  F, 0.14 0.05 —0.36 —0.13 —0.26 —0.25 0. 39 0.02 —0.57 0.05 —0.04
P3/P11 F, —0.49 —0.23 0.24 —0.08 0.00 0.43 —0.11 —0.85 —0.81 —0.01 0.01
P4/P11 F, —0.05 —0.02 0.03 0.04 —0.01 —0.02 —0.70 —0.02 0.13 0.05 —0.11
P4/P11 F, 0.10 0.07 —0.09 0.08 0.10 —0.52 —0.35 0.20 0.36 —0.02 0.01
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