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Analysis of Combining Ability of Photosynthetic
Characteristics in Indica Hybrid Rice
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Abstract: To verify the combining ability of photosynthetic characteristics of function leaves, thirty hybrid com-
binations were obtained from incomplete diallel cross between six sterile lines and five restorer lines of indica hybrid
rice cultivars. The photosynthetic characteristics in hybrid combinations and their parents were measured and statis-
tically analyzed. The results showed that there were significant genetic differences among hybrid rice combinations in
photosynthetic characteristics. The genetic variations of photosynthetic characteristics mainly came from additive
effect of genes. Intercellular CO, concentration , transpiration rate , chlorophyll content(a & b) ,and carotenoid con-
tent were influenced greater by sterile lines than the restorer lines but stomatal conductance, chlorophyll content
(a +b) were influenced greater by restorer lines than the sterile lines. The broad genetic heritability was greater than
narrow genetic heritability in photosynthetic characteristics of indica hybrid rice combinations. Each trait was mainly
affected by gene interactions as well as environmental factors. The nine phenotypic values of photosynthetic traits of
indica hybrid rice combinations were highly correlated ( P < 0. 01 ) with the sum of the general combining ability
(GCA) of parents. Thus,it would be possible to predict the phenotypic values of photosynthetic traits in indica hy-
brid rice combinations according to the GCA of parents,which is helpful for efficiently breed higher photosynthetic
efficiency indica hybrid rice combinations.
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Table 1 Variance analysis of photosynthetic characters in hybrid rice( F value)

75 S R . ) N e .
S ] AHE $bgdx SILSE MBI CO, ZEMEE nl4zta mgEDb HgFEa+b MEE b KHY FE
ource o
o df Pn Cond W Ci Trm Chl a Chl b Chla+b Chl a/b Carotenoids
variation
2418 Cross 29 401.608 **  89.842"* 1557.595"" 125.586"" 62.116"" 52.751"" 64.093 " 6.688 " 36.852 "
BEAR— A ,
5 0.896 3.081" 1.845 1.232 0.871 0.977 4.292" 0.913 0.777
GCA of female
AR — LA T , ‘s
4 0.198 1.097 2.297 2.417 3.852° 5.824* " 0.893 0.586 2.703

GCA of male
FRIRTICA 1 SCA 20 460.855 "%  65.470** 1176.006** 101.657** 45.305** 31.750"* 44.646°*  7.208**  30.806*"
*F AR RIFRARAE 0. 05 F10.01 ACE b2 5 B, T

* and ™" represent significantly difference at 0. 05 and 0. 01 probability levels, respectively. Pn ; Photosynthetic rate, Cond ; Stomatal conductance, Ci; Inter-

cellular CO, concentration, Trm; Transpiration rate ,Chl a; Chlorophyll (a) content, Chl b : Chlorophyll (b) content, GCA ; General combining ability, SCA ;

Special combining ability. The same as below

2.2 EXFEAAEHE—MESHIERESHRE  SUEFFERINTESON R NAHIE . AR E 5
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Table 2 GCA effects of the photosynthetic characters in hybrid rice parents

FA FOLG AR SILRE Hﬂ;z;()z AR mgFEa MEFED HgFa+b E b KT M E
Parents Pn Cond Cix Trm Chl a Chl b Chl a+b Chl a/b Carotenoids
BA BI5A 2.773 24.973 3.640 7.910 3.915 4.141 3.975 -0.052 4.213
389A -1.398 —11.109 -1.734 -1.879 3.562 2.756 3.349 0.687 1.977
F3A -10.046 -8.362 1.271 -1.782 -3.839 -1.996 -3.353 -1.903  -2.792
T98A 4,460 -9.665 -2.939 -2.854 -1.631 -2.074 -1.747 0.328  -0.249
HFEA 4.785 8.307 -0.140 2.463 3.646 2.649 3.383 1.082 2.934
1A -0.574 —4.144 -0.098 -3.858 -5.653 -5.476 -5.607 -0.143  -6.084
AR RO31 -2.982 -12.225 -3.161 1.492 ~5.880 -6.349 -6.069 0.465 0.206
K 059 0.001 3.592 -0.773 9.065 -4.686 -5.563 -5.518 0.098  -6.655
AR 076 1.502 8.603 1. 860 -3.151 10.362 12.968 12.354 -0.877 9.229
itk 036 3.023 0.291 -0.669 -1.836 5.790 3.854 4.598 0.952 3.136
R342 -1.543 -0.261 2.743 -5.570 -5.586 -4.910 -5.365 -0.638  -5.916

30 MK AE A G OB RHERRRIC G SCA 258K, RIS RDOG AR (% B 18] 18] AR
TR Hr AN 3 B, IR Z2 A G ARDE  HAZHEME, MZSSRASTR 95A x HIK 059 it
ERESOR R 28 SRR A T & DL SRR SEARAY SCA UM AR fe =1, D 22. 005 5 i 2% 52 A 21
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Table 3 SCA effects of photosynthetic characters in hybrid rice combinations

A BORAMR AR MR CONKE REMK  tREa  WEED WaEaeb | KB NE
Cross Pn Cond Ci Trm Chl a Chl b Chl a+b ChTr/b Carotenoids
954 x R031 10.195 23.774 4.148 8.511 1.925 0.356 1.511 1.413 2.441
389A x RO31 0.603 -3.542 -1.801 -1.327 -2.600 -2.096 ~2.467 -0.353 -0.865
# 3A x RO31 1.591 2.482 0.574 -6.077 3.763 2.164 3.341 1.653 6.478
T98A x RO31 4,989 18.232 2.314 6.956 -4.505 -3.539 -4.250 -0.883 -8.104
FE A xRO31 -13.627  -23.652 -0.677 -4.428 -3.983 -3.429 -3.837 -0.589 -3.250
15 1A x RO31 -3.752  -17.294 —4.559 -3.636 5.401 6. 544 5.702 -1.241 3.299
95 A x % 059 22.005 19.138 -5.385 5.710 0.960 -1.182 0.395 2.056 -0.231
389A x A% 059 -11.597  -27.194 —2.474 -18.538  —-10.360 -8.978 -9.996 -1.297 -7.084
1 3A x % 059 9.349 1.304 -2.897 15.049 -3.274 1.106 -2.118 -4.707 -6.870
TO8A x il 059 —4.764 0.222 1.609 3.707 0.593 0.079 0.457 0.744 2.350
TFE A x 3K 059 -4.418 4.564 2.251 2.937 -3.543 -4.774 -3.868 1.376 -3.621
T LA x K 059 -10.574 1.966 6.896 -8.866 15.623 13.749 15.129 1.828 15.456
TRO5A x WAk 076 -3.688 -27.661 -2.405 -6.068  -13.428 -8.260  -12.065 -4.715 -12.777
389A x ik 076 8.330 16. 102 1.725 0.105 9.680 8.470 9.360 1.187 7.553
1 3A x WAk 076 -9.220 6.138 4.080 -1.811 -9.519 -9.413 -9.491 0.117 -8.684
T9SA x M4 076  -16.100  —17.760 0.075 -4.629 18.947 14.092 17.667 4.195 20.203
FE A x ALK 076 7.245 12.619 -1.048 -0.179 4,931 4.933 4.931 -0.002 3.606
T 1A x AR 076 13.433 10.563 ~2.426 12.582  -10.611 -9.822  -10.403 -0.782 -9.902
TEOSA x 1% 036 -20.632  -14.095 3.388 -3.021 -5.024 -4.398 —4.859 -0.617 -3.716
389A x {1’ 036 18.057 9.137 -3.534 14.326 11.779 9.669 11.223 1.816 9.341
h13A x % 036 —-11.728  -26.343 -1.502 -12.031 8.289 5.502 7.553 2.848 8.669
T98A x {5 036 5.148 11.099 1.098 0.384 -9.015 -4.807 -7.904 -4.016 -9.286
FE A x % 036 2.598 16.191 2.238 0.586 2.898 2.483 2.788 0.310 1.831
T 1A x fl% 036 6.555 4.012 —1.688 -0.243 -8.927 -8.449 -8.801 -0.341 -6.840
T 95A x R342 ~7.880 -1.156 0.254 -5.131 15.568 13.484 15.018 1.864 14.283
389A x R342 -15.393 5.497 6.084 5.434 -8.500 -7.064 -8.121 -1.353 -8.946
s 3A x R342 10.008 16.419 -0.255 4.869 0.741 0.641 0.714 0.090 0.407
T98A x R342 10.727  -11.793 -5.096 -6.419 -6.021 -5.825 ~5.969 -0.041 -5.163
T A xR342 8.202 -9.721 -2.764 1.083 -0.303 0.787 -0.015 -1.096 1.433
1 1A x R342 -5.663 0.754 1.777 0.163 ~1.486 -2.023 -1.627 0.535 -2.013

LA RE AR N B R GCA RN 54 &
() SCA SV AE J& & B0, Wi & 2 (B AL 5 35 A A %
P, DOGERREEOGEHER R 6], FE SCA {H i 1
3 AT REA A A 95 A x K 059 389A x I
P 036 FIHT 1A x WA 076 15 21% 3 IS4

BEOCE R EAR GCA ROV B/ h A%/
L/ TG A R GCA 0N (8 e = 1Y 242 28
AT RHIE A FRE RZULPK 036 T4 364 BT i
(24 3CFELL A 1 SCA BUNAE A R h 4, I HL, 4458

FRALA T4 A x RO31 IIHOLA AR SCA AL AE



4 LTS R ARG A R B 1 70 Hr 703

BAK EOEEHE R GCA BUVAE P EE 238 RS SR A T
TR 22 A8 R AL AR 95 A x K 059 B SCA R {H#)

B3 2 TP RRERIC & 177 28 B o5 B R B 5 25 19 LE
HIRT— MBS 177 20 SR, JF H— i

R B NI7ZERT G LEE /N T 50% , TRRERIC 7 1 07
2.3 ZAXBAAHEBERSNAENRESH ZEHENRT 50% , SRS RSEERE
Mt & gL T2k [{ T L AR ANTERLN A2 58 fi 45t

AR AR R AL AEA — BB & ) P Y
07 28 R HARR,  — EBC 5 7177 26 FARERIE & )
J7 22 RIS 5 3 R B T7 22 R E o He
K4 P, R4 ATHL R0 Rt AL

BRI — R BL G 175 22 R SR FIBEAS T 5 (9 U TR
PASAL SR SCAR ) — B C 7 0 7 28 BT o B4 e A 45
K MalE] CO, UL 28 HA 20 3% a b SRWTE b
RO — L& 177 220 i A L EOR

F4 FTEAEFENERRAFEEXEAREEESN F,SERFENTEHE
Table 4 Genotypical variance of photosynthetic characters and the contribution ratio of the male,female and their interac-

tion to the total variance of the photosynthetic characters in F, hybrid rice

lE3IN FLHRIT5 % Variance of genotype BTk (% ) Contribution ratio

Trait P, GCA P,GCA P, GCA Ve Ve Ve Vs
HOGA AR Pn 0 0 8.400 0 0 0 100. 00
SALFE  Cond 0 0.009 0.021 30.52 1.01 29.53 69. 48
MilE] CO ¥ Ci 24.965 19.520  115.436 27.82 15.61 12.21 72.18
FERBH AR Trm 0.241 0.047 1.012 22.20 18.56 3.64 77.80
M4k&E a Chla 0.054 0 0.111 32.71 32.71 0 67.29
M4 b  Chlb 0.008 0 0.010 45.36 45.51 0 54.64
M4¢2 a+b Chla+b 0 0.104 0.185 35.95 0.00 35.95 64.05
M4EE a/b  Chl a/b 0 0 0.004 0 0 0 100. 00
5% N & Carotenoids 0.001 0 0.003 22.68 23.26 0 77.32

P,GCA. PyGCA . Py GCA S lIFr bk LA F1 772 AR H197 2 BT 2, Vo (%) Vo (%) Vea (%) . V(%) 431
FIRSHEA B SR SRR T AT 28 5 BB B 7 22 9 1 43

P, GCA,P,GCA ,and P,, GCA represent GCA variance of female parent, GCA variance of male parent,and SCA variance of the among teraction in parents,
respectively. V(% ),V (% ),V (% ) ,and Vs( % ) represent the variance percentage of parents,female,male, the interaction among parents account-

ing for the total genotype variance ,respectively
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Table 5 Heritability of main photosynthetic characters in hybrid rice

1% 1 AobamR  SALSE O MECOo,  EBEAR MgEa  HgEb HgHEa+sb MK ab  KHIY MR
Heritability Pn Cond R Ci Trm Chl a Chl b Chl a+b Chl a/b Carotenoids
Be SUis A% 1 1Y, 0 29.87 27.78 21.86 31.74 43.81 34.92 0 21.56
ISR S Y 99.57 97.89 99.88 98.48 97.05 96.57 97.15 75.63 95.07

H3 , Narrow genetic ability, H} , Broad genetic ability
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Table 6 Correlation coefficients betweenthe phenotypic value of F, hybrid rice and combining ability effects in photosynthetic
characters
fic & S0, Mala] co Kl a
oo R RIS TomER 0@ %a  WEED WEKa+b HEKab
Effects of combining W S
Pn Cond Trm Chl a Chl b Chl a+b Chl a/b
ability Ci Carotenoids
FEAR— LA 0.457 " 0.705 ** 0.692 ** 0.665 0.705**  0.765**  0.721** 0.507**  0.651**
GCA of parents
BEAR—BEA T 0.421°* 0.622** 0.490 ** 0.415" 0.331 0.318 0.642 " 0.412* 0.335
GCA of female
AR — LA 0.177 0.332 0.489 ** 0.520*" 0.622** 0.695**  0.327 0.295 0.558**
GCA of male
FRREC A 0.890 ** 0.709 ** 0.722** 0.747 ** 0.709**  0.644"°  0.693** 0.862**  0.759**
SCA
3 it M4tz a/b WHSE . AR5 EERFRM, k42 28
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