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Analysis ability of chlorophyll fluorescence parameters
in Indica hybrid rice
LIU Hong-mei®, ZHOU Xin-yue®, WANG Wei-feng?, CHEN Jie?, LI Xian-zhe® LIU Jian-feng?, XU Qing-guo®

(a.College of Agronomy, b.Library, Hunan Agricultural University, Changsha 410128, China)

Abstract: To provide theoretical reference for breeding high-yield and high light utilization efficiency of hybrid rice,
the combining ability and genetic characteristics of chlorophyll fluorescence of flag leaves were researched. Thirty
different hybrid rice combinations from incomplete diallel crosses (between six sterile lines and five restorer lines of
indcia hybrid rice cultivars) were tested. Result showed that there were significant genetic differences(P 0.01) for
chlorophyll fluorescence parameters among the hybrid rice combinations. Fn, ®pgy and @Pnpg in hybrid rice
combinations were affected by gene additive effects and non-additive effects but other chlorophyll fluorescence
parameters (F,, F\/Fm, ©@no, NPO, q1) mainly affected by non-additive effects. The proportion of female parent GCA
variance was much bigger than the proportion of male parent GCA variance of @pg;, and @ypq, indicating that the
chlorophyll fluorescence parameters of hybrid rice combinations were more affected by the sterile lines than restorer
lines. The broad-sense heritability was greater than the narrow-sense heritability in chlorophyll fluorescence parameters
of indica hybrid rice combinations. Four chlorophyll fluorescence parameters such as Fr,, @psi, Pnpo, and NPQ with
the narrow-sense heritability from 20% to 50% had moderate heritability. The others chlorophyll fluorescence
parameters (F,, FulFm, @nos g1) With narrow-sense heritability below 20% had weak heritability. The competitive
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advantage of hybrid rice combinations for &g, was positively correlated with female GCA (P<0.01) and with a higher
determination coefficient, indicating that the hybrid rice combinations from female parents with higher GCA have
higher competitive advantages. Selecting sterile lines with excellent combining ability and phenotypic value of &pg)
was the key step while selecting good restorer lines can not be ignored during breeding hybrid rice combinations of high

light utilization efficiency.

Key words: Indica hybrid rice; chlorophyll fluorescence; combining ability; heritability
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Table 1 Variance analysis of chlorophyll fluorescence parameters in tested hybrid rice combinations and their parents

Fn Fo FuFy Dpg)) Dnpg Do NPQ qL
29 18.034™ 3.624™ 31563 28.490™ 216117 36.357" 25.258™ 88.222™
GCA 5 3.006" 1.188 1.792 6.072" 3.394" 0.151 1.681 0.155
GCA 4 2.424 1.558 1.524 1.434 2.337 1.649 2.309 0.428
SCA 20 11.847" 3.229" 26.313" 14.729™ 13.531™ 38.550™ 19.460™ 113.7617
T 0.05 0.01 Fn Fo FulFn Desii
Dypq Do NPQ qL 2~6
22 RZEMHBFRTASBH—BRES H %K 95A  Fn KlFm  Pesi
@Eﬁj}ﬁ_&ﬁ_‘? T98A F, QNPQ NPQ

2
036 Fn Fo Dpsi

059 ¢NPQ NPQ qL
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Table 2 GCA effects of chlorophyll fluorescence parameters in hybrid rice parents

Fn Fy FlFy Dpsy ¢NPQ Do NPQ qL
95A 6.825 4 1.1242 2.000 4 3.7447 -14.486 4 1.0747 -16.703 1 —2.467 2
389A 6.020 4 2.553 6 1.2415 -0.6374 5.804 9 -1.8434 9.090 4 -1.0393
3A -5.1323 -1.0376 -1.343 0 -0.824 6 —0.598 2 1.649 6 -3.9170 -0.202 2
T98A -0.094 7 3.3332 -1.302 4 -5.887 6 22,7919 -1.7271 23.309 5 1.6949
A -3.8779 -2.963 1 -0.466 7 42166 -12.473 6 -0.654 1 -12.483 2 42323

1A -3.740 9 -3.0103 -0.129 8 -0.6117 -1.0385 1.500 2 0.7033 -2.2185
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Fr Fo FlFn Desii Dneq Pno NPQ qL

RO31 -4.940 2 -0.259 9 -1.561 2 -0.3157 09777 0.024 9 -0.7323 2.6937
059 -1.5399 -1.8300 0.238 8 —0.206 7 16.608 2 —7.889 5 26.899 9 4.907 6
076 19771 -0.638 9 1.047 3 0.2817 —2.7438 0.9329 -4.5518 -3.526 8
036 8.312 0 3.7811 1.4877 2.405 2 -11.158 3 1.6126 -12.739 6 0.024 2
R342 -3.8089 -1.0523 -1.2126 -2.1645 -3.6838 53190 -8.876 2 -4.098 7
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A
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Dpg) SCA 3
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Table 3 SCA effects of eight chlorophyll fluorescence parameters in thirty hybrid rice combinations
Fan Fy FlFp Dpsi ‘PNPQ Do NPQ qL

95A xR031 1.4848 4.093 2 -0.8147 -1.9888 8.402 6 -0.9277 9.9729 -0.460 2
389AxR031 -0.280 6 48197 -1.6955 -0.344 8 8.8891 -3.8520 11.495 4 7.9012
3AxR031 -1.5412 -8.5112 23751 1.9392 -9.7207 1.6832 —9.4776 -5.898 3
T98AxR031 5.603 6 29178 1.1556 35397 -10.4881 -0.4400 —9.756 9 -1.4493
AxR031 0.1519 2.362 6 —-0.800 2 -3.9356 1.6515 5.4709 —2.254 8 -4.1723
1AxR031 -5.4184 -5.682 0 -0.220 3 0.790 2 1.2657 -1.9343 0.0211 4.0789
95Ax 059 0.3394 0.4361 -0.076 2 -2.3543 -3.2232 54405 -11.8642 -10.9443
389Ax 059 —7.944 4 —-2.588 0 -1.896 5 -0.620 5 18.355 4 -8.0791 31.462 2 14.300 8
3Ax 059 3.400 8 —2.599 8 2.088 3 35166 -11.3876 -0.0533 -13.5079 -2.418 6
T98AX 059 -4.9230 2.1549 -2.604 7 -0.224 2 -5.3618 2.9810 —9.809 6 4.905 3
Ax 059 0.668 8 -1.8261 11714 -0.2422 245461 125551 -39.7914 -15.8266
1A% 059 8.458 5 44229 13177 -0.0754 26.1633 -12.8443 435108 9.9834
95Ax 076 -12.943 6 —6.691 0 -2.0320 -2.1823 -1.000 8 40170 -3.0398 -4.3834
389Ax 076 3.4839 3.2495 -0.076 2 -20771 -10.4525 84917 -20.4304 3.7136
3Ax 076 3.162 2 5.039 2 -0.712 2 2.0921 -1.8059 -2.4729 1.3750 5.987 6
T98AX 076 43120 1.2295 1.2120 -2.2323 -12.5533 9.7868 -22.2427 -18.8412
Ax 076 9.565 1 2.1805 2.598 7 -1.0704 30.6795 -134521 47.2407 1.3337
1A% 076 -7.5796 -5.007 7 —-0.990 4 5.4700 -4.867 0 —6.370 6 -2.902 8 12.1897
95Ax 036 7.7184 5.3975 0.3145 28117 -12.2318 14279 -11.7895 16.505 1
389Ax 036 -3.2743 —7.0474 12134 -0.0519 -21.1174 105101 -31.0241 -22.4934
3Ax 036 —6.689 7 2.066 3 -3.004 5 -2.102 5 13.443 7 -3.2979 15.674 0 7.6520
T98AX 036 5.957 6 -2.0387 28178 0.799 6 20.6016 -11.4710 35.3353 10.553 9
Ax 036 0.1750 -3.4208 1.607 3 0.1340 -1.790 5 0.780 4 -3.2865 -12.4003
1A% 036 -3.886 9 5.0431 -2.948 5 -1.5909 1.094 4 2.050 6 —-4.909 2 0.1828
95AxR342 3.4010 -3.2357 2.608 4 3.7137 8.053 2 -9.9577 16.720 7 -0.7171
389AxR342 8.0154 1.566 2 2.454 8 3.0943 43254 -7.0707 8.496 9 -3.4221
3AxR342 1.6679 4.0056 -0.746 8 -5.4454 9.4705 41409 5.936 5 -5.3226
T98AxR342 -10.950 1 —-4.263 5 —2.580 6 -1.8828 7.8016 —0.856 8 6.473 8 48313
AxR342 -10.560 7 0.703 9 -4.5771 51141 -5.994 3 -5.3543 -1.908 0 31.065 4
1AxR342 8.426 4 1.2236 2.8414 -4.5939 -23.656 4 19.098 7 -35.7199 -26.4348
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Table 4 Correlation coefficients between combining ability and competitive advantage of chlorophyll fluorescence parameters in

hybrid rice
GCA GcA SCA GCA GCA SCA
Fn 0.524™ 0.522™ 0.673" 0.275 0.272 0.453
F, 0.489"™ 0.382" 0.784™ 0.239 0.146 0.615
FJFn 0.468™ 0.454" 0.758" 0.219 0.206 0.575
Do) 0.736™ 0.320 0.597" 0.542 0.102 0.356
Drpg 0.605™ 0.449" 0.657" 0.366 0.202 0.432
Do 0.166 0.491™ 0.855™ 0.028 0.241 0.731
NPQO 0.472" 0.495™ 0.729™ 0.223 0.245 0.531
q 0.186 0.276 0.943" 0.035 0.076 0.889
0.01 0.05
24 ZXEHERRXRASHHERB FEMIEE I
SHHE
5 Fy
Dps
Dps
50%
Dy
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Table 5 Genotypical variance of chlorophyll fluorescence parameters and the contribution ratio of the male, female and their

interaction to the total variance of the characters in F; hybrid rice

1%

P,GCA P,.GCA P1,GCA Vs Ver Vea Vs
Fan 0.000 3 0.000 4 0.0010 40.34 17.65 2353 59.66
Fo 0.000 0 0.000 0 0.000 0 17.17 0.00 0.00 82.86
FlFn 0.000 0 0.000 0 0.000 3 19.75 0.00 0.00 80.25
Desiy 0.000 3 0.000 0 0.000 3 53.83 50.00 0.00 46.17
Prrg 0.000 3 0.000 2 0.000 6 43.10 27.27 18.18 56.90
Dro 0.000 0 0.000 1 0.0009 9.99 0.00 10.00 90.01
NPQ 0.0001 0.000 2 0.0010 27.20 7.69 15.38 72.80
L 0.000 0 0.000 0 0.007 4 0.00 0.00 0.00 100.00
P.GCA P,GCA  Py,GCA Ve Voo Ver Vs
6 Fn 20%~50%
@psu QDNPQ NPQ 20% 6
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Table 6 Heritability of chlorophyll fluorescence parameters in hybrid rice

%
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