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Heterosis Analysis of Photosynthetic Characteristics in Indica Hybrid Rice
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Abstract; To verify the heterosis of photosynthetic characteristics of flag leaves, thirty hybrid rice combinations
and their parents’ were tested. The result were as follows , there were significant differences (P <0.01) for the pho-
tosynthetic characteristics in both the hybrid rice combinations and their parents. Among those parameters, photosyn-
thetic rate had the biggest coefficient of variation in parents but stomatal conductance had the biggest in hybird rice
cornbinations. And the rate of chlorophyll content (a) and chlorophyll (b) had the smallest both in parent and hy-
bird rice combinations. The average of photosynthetic rate , stomatal conductance and transpiration rate of hybrid rice
combinations were bigger than that of the parents. It indicated that it is conducive to breed high photosynthetic rate
of hybrid rice combinations. Mid-parent heterosis were found in photosynthetic rate ,stomatal conductance and tran-
spiration rate ,over high-parent heterosis were found in photosynthetic rate and stomatal conductance ,below low-par-
ent heterosis was found in intercellular CO, concentration, positive competitive advantages were found in transpira-
tion rate and the rate of chlorophyll content(a) and chlorophyll (b). Transpiration rate of hybrid rice combinations
were positively correlated with that parameters of male parent and mid-parents (P <0.05).
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Tab.1 Difference of photosynthetic characters in hybrid rice parents
waEE AARE T gmer wag. ey O Kb 1
A ) e/ ) ath  WERE b
Parents (pmol/(m*ss)) /(em/s) (mol/mol) (ng/(em®s)) /(mg/g) /(mg/g) J(me/s)  Chl a/h /(mg/g)
Pn Gs . Tr Chl. a Chl b Carotenoids
Ci Chl.a+b
AR 7R 95A Shen 95A 26.756 0.847 285.204 12.318 3.652 1.319 4.971 2.768 0.638
Female 389A 13.238 0. 686 318.102 9.493 2.735 1.028 3.763 2.661 0.577
#13A Zhong 3A 14.869 0.548 302.480 9.765 2.670 0.945 3.616 2.825 0.573
T98A 14.076 0.719 318.796 12.407 3.152 1.237 4.388 2.547 0.588
HF A Wufeng A 19.221 0.516 2717.193 9.898 3.526 1.235 4.761 2.856 0.686
1/ 1A Bing 1A 17.195 0.611 304.487 10. 495 2.919 1.027 3.947 2.842 0.578
A RO31 20.345 0.827 287.129 11.217 4.581 1.643 6.224 2.791 0.814
Male ¥ 059 Xianghui 059 25.027 0. 850 270.949 12.792 3.110 1.037 4.147 3.000 0.596
K 076 Xiangnonghui 076 22.851 0.729 282.724 11.431 3.715 1.301 5.016 2.854 0.659
4% 036 Youhui 036 15.306 0.585 297.980 10.241 3.275 1.153 4.428 2.839 0.585
R342 18.435 0.707 294.908 10.935 3.394 1.216 4.610 2.792 0.596
FHIEL Average 18.847 0.693 294.541 10.999 3.339 1.195 4.534 2.798 0.626
FRfEE Std 4.524 0.118 15.674 1. 140 0.538 0.194 0.728 0.116 0.073
AR Range 13.518 0.334 47.847 3.299 1.911 0.697 2.608 0.453 0.241
BRRE % CV 24.003 17.054 5.321 10.367 16.127  16.230  16.059 4.140 11.579
SEAIEIZE SR F Difference in parents 215.640™  29.663 7 136.519™  98.796 ™  45.858 " 36.019™" 55.403" 23.822"" 43.874™
TR A BIERRTE 0.05 A10.01 KV FIERBEM, %2 ~4 [,
Note: ™ and ™ represent significantly different at 0. 05 and 0.01 probability levels,respectively. The same as Tab.2 —4.
xR2 AEEZBHARLAHENER
Tab.2 Difference of photosynthetic characters in hybrid rice combinations
Q WEARE AL T R R oEED KB 5
Hikey ) W/ R ath  MEX b
Cross (umol/ (m*-5)) -~ (emvs) ( pmol/mol) (hg/(en®ss)) /(mg/g) - /(me/e) /(mg/g)  Chla/b /(mg/g)
Pn Gs . Tr Chl. a Chl. b Carotenoids
Ci Chl.a+h
TR 95A xR031 Shen 95A x R031 24.365 1.102 296.519 13.339 3.297 1.161 4.458 2.840 0.638
389A x R031 21.316 0.590 264.431 11.119 3.136 1.116 4.251 2.811 0.605
#13A xR031 Zhong 3A x R031 19.619 0. 661 279.677 10.593 3.101 1.110 4.211 2.795 0.621
T98A x RO31 23.585 0.778 272.675 11.946 2.901 1.041 3.943 2.786 0.549
i3 A xR031 Wufeng A x R031 19.533 0.585 272.132 11.259 3.093 1.098 4.191 2.816 0.597
1/ 1A x R031 Bing 1A x R031 20.534 0.535 261.248 10.634 3.096 1.120 4.216 2.763 0.582
TR 95A x 1Pk 059 Shen 95A x Xianghui 059 27.642 1.192 276.269 13.879 3.280 1.152 4.432 2.847 0.581
389A x i1k 059 389 A x Xianghui 059 19.274 0.527 269.290 10.029 2.895 1.043 3.938 2.775 0.527
F13A x I 059 Zhong 3A x Xianghui 059 21.999 0.779 276.607 13.839 2.885 1. 106 3.991 2.607 0.500
T98A x %k 059 T 98A x Xianghui 059 22.086 0.760 277.446 12.435 3.085 1.093 4.179 2.821 0.570
FFE A xHIPK 059 Wufeng A x Xianghui 059 22.234 0.940 287.196 12.949 3.123 1.092 4.215 2.860 0.553
1 1A x i1 059 Bing 1A x Xianghui 059 19. 683 0.819 300. 481 10.899 3.449 1.215 4.663 2.839 0.614
R 95A x it 076
Shen 954 x Xiangzonghui 076 22.283 0.855 292.176 11.165 3.388 1.287 4.675 2.631 0.601
gzgixﬁxﬁzﬁ;hm 076 24.021 0.917 288.652 10.756 4.139 1.469 5.608 2.817 0.709
;103“2 :fgf)‘[:i:;:mghui 076 18.218 0.859 303. 841 10.550 3.261 1.201 4.462 2.715 0.584
?‘f;AxxﬁﬁézniZhui 06 19.907 0.655 280.558 10. 110 4.273 1.478 5.752 2.891 0.772
I A <A 076 25.150 1.045 285.310 11.215 3.985 1.426 5.411 2.795 0.692

Wufeng A x Xiangnonghui 076
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it gt e g/ 2 a+h  WHHZEab
Cross (pml/ (ms)) - {em/s) (pmol/mol) (b/(cm™s)) 7 (me/) /(me/g) /(mg/g)  Chla/b /(me/g)
Pn Gs . Tr Chl. a Chl. b Carotenoids
Ci Chl.a+b
ﬁle xﬂﬁi§%R076 ' 25.334 0.928  281.522 11.943 3.165 1155 430 2739 0.557
Bing 1A x Xiangnonghui 076
T 95A x {1 036 Shen 95A x Youhui 036 18. 866 0.897  301.425 11.658 3.45 1225 4650 2.797  0.619
389A x 4K 036 389A x Youhui 036 26.513 0.794  266.582 12.513 3.968  1.375  5.343  2.885 (.68
"1 3A x 4K 036 Zhong 3A x Youhui 036 17.999 0.59  280.8%3 9.542 3.608 1270 4.878  2.82  0.651
T98A x {4 036 T 98A x Youhui 036 24,951 0.821  276.291 10.826 3110 1147 4257 2713 0.559
T A x K 036 Wufeng A x Youhui 036 24.458 1.007  287.454 11.450 3.678  1.289 4967  2.85%4  0.645
15 1A x fE4% 036 Bing 1A x Youhui 036 24.148 0.808  276.447 10.641 2,980 1.064  4.044 2802 0.5
K 95A x R342 Shen 95A x R342 20. 680 0.997  302.215 10.997 3762 1333 5.095 2.822  0.672
389A x R342 18.091 0.760  303.510 11.085 2,95 1074 4.029 272 0.520
1134 x R342 Zhong 3A x R342 21.803 0.870  294.060 11.032 3.016 1109 4125 2720 0.548
T98A x R342 25.175 0.632  268.410 9.634 2.866  1.031  3.897 2779 0.530
TiF: A xR342 Wufeng A x R342 24.688 0.794  282.949 11.084 3.229 1165 4394 2771 0.588
1 1A x R342 Bing 1A x R342 20.429 0.778  295.940 10.265 2883 1036 3.919 2782 0.514
TAH Average 2.153 0.807  283.405 11.313 3301 1183 4.484  2.789  0.597
R Sid 2.709 0.170 12.370 1.124 0.394 0129  0.52  0.065  0.064
SR Range 9.643 0.665 42.593 4.337 1407 0.447  1.8%4  0.283 0.2712
BRFR/ % CV 12.227 21.066 4.365 9.93 11947 10.914 11635  2.341  10.7%9
1451125 F Difference in combinations 401,955 89.869 " 1557.409 " 125.360"  62.119™ 527237 64.093  6.692" 36.834 ™
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Tab.3 Performance of heterosis for photosynthetic characters in hybrid rice

BREIS % RS % BIEIR % LA %
Over high-parent Over mid-parent Below low-parent Competitive
ik heterosis heterosis heterosis advantage
Trits EFg . ERg Yy " fimdl ¥y . ERg Fy "
e i N i e il ok il
L Range RH Range aB Range R Range
HPH>0 AH MPH>0 AH LPH<0 AH CA>0 AH
YOEAER/ (umol/ (w’s) )P0 16 5.560 -29.480~73.2239 24 19.239 -10.293~85.769 1  39.331 -2.487~100.275 12 -1.200 -19.725~23.281
BALE/ (en's) Gs 18 6.487 -37.985~72.182 21 16.820 -31.355~83.045 6  30.831 -23.137~102.781 12 -4.038 -37.341~41.738
JLE] CO, YRE/ (pmol/mol) G 7 -6.452 -16.872~3.609 § -3.4M4 -13.459-~4.789 14 -0.146 -10.537~10.900 9 -2.062 -9.719~5.000
HIBER (ug/(emss))Te 12 =3.060 -22.349~22.183 18 2.813 -17.454~26.816 5 9.749 -11.900~41.729 13 1457 -14.420~24.472
4% o/ (mg/g) Chl. a 8 -8.909 -36.663~21.170 9 -1.034 -24.954~32.05 9  9.391 -12.288~51.330 0 -32.619 -41.499~-12.775
4% b/ (mg/g) ChL. b 10 -7.898 -36.613~19.233 12 -0.568 -27.674~26.124 7  9.101 -15.799~42.891 0 -33.335 -41.874~ -16.679
W&Za+h/(my/g)Chl.a+h 8§ -8.581 -36.650~20.666 11 -0.923 -25.692~30.467 8  9.187 -11.964~49.024 0 -32.810 -41.599~-13.813
IH4EZ a/b/ChL. a/h 6 -2.627 -13.09~1.749 13 -0.426 -10.485~7.022 11  L971 -7.714~13.467 23 0.978  -5.597~4.660
KB MR/ (mg/g) Carotenoids 7 -9.151  -30.608~17.065 9 -4.590 -20.745~23.733 16  1.025 -12.979~31.207 0 -24.774 -37.048~ -2.820

 HPH. B3 MPH. HsE R8s LPH. (SEIEH; CAL SES L3 AH. Z4Fp R348,

Note : HPH. High-parent heterosis; MPH. Mid-parent heterosis ; LPH. Low-parent heterosis ; CA. Competitive advantage ; AH. Value of average heterosis.
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Tab.4 Correlation coefficients between hybrid rice combinations and their parents of photosynthetic characters

Wk oA R SASE MECO,KRE  EMERE MgEa.  MEEbL HRZa+d WHEE ENMY IR
Traits /(pmol/(m*+s))  /(em/s) /(pmol/mol) /(pg/(em®ss)) /(mg/g) /(mg/g) /(mg/g) a/b /(mg/g)
Pn Gs Ci Trm Chl. a Chl. b Chl.a+b  Chl.asb  Carotenoids
JRAEREA & S RARE HMC 0.155 0.271 -0.337 0.153 -0.072  -0.077  0.189 0.011 0.131
ZTRRALA 5 UAE HRC -0.042 -0.08! 0.089 0.415* 0.190 0.168 -0.074  -0.111 0.218
HAREALA 5 hE(E HMPC 0.100 0.153 -0.240 0.363" 0.052 0.030  0.047  -0.085 0.213

F:HMC \HRC \HMPC 4351 /R ARG A REAE ACAE PRI ADC R AL,

Note ; HMC represents correlation coefficients between hybrid rice combinations and sterile lines; HRC represents correlation coefficients between hybrid

rice combinations and restorer lines; HMPC represents correlation coefficients between hybrid rice combinations and value of mid-parent.
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