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Abstract: [Objective] This study aimed at detecting the genetic effects and heterosis level of yield-related traits of CMS-FA
sterile lines and restorers as well as the breeding potential of CMS-FA hybrid rice parents. [Method] By incomplete diallel cross
design, using five CMS-FA sterile lines as female parents and five corresponding restorers as male parents, twenty-five crosses were
made. The parents and F; generations were planted to obtain the data of yield-related traits. By using the additive-dominant model
and MINQUE(1) method, the genetic variance, heritability, parent additional effects and combination dominant effects, and heterosis
of ten yield-related traits were analyzed. [Result] Yield-related traits of CMA-FA hybrid rice were controlled by both additive and
dominant effects, among which panicle number per plant, total grain number per panicle, filled grains per panicle, seed-set percent,
1000-grain-weight, flag-leaf length and growth duration and so on were mainly controlled by additive effects. The dominant effects
prevailed in the traits of yield per plant, plant height, and panicle length and so on. As for narrow heritabilities, the dominant effects
of 1000-grain-weight were the highest, the growth duration was the next, and the yield per plant was the lowest. Sterile line Jinnong
2A and restorers Jinhui 3 and Jinhui 5 had the best additive effects. The four combinations with the strongest dominant effects were
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Jinnong 2AxJinhui 5, Jinnong 2AxJinhui 2, Jinnong 4AxJinhui 5 and Jinnong 5AxJinhui 5. Three yield-related trais yield per plant,
plant height and panicle length had stronger population mean heterosis of 7.351%-16.330% and population over-parent heterosis of
4.233%-10.507% in F; with the highest heterosis reaching 10.307-49.462%. [ Conclusion] Jinnong 2A was the best one of all the
sterile lines tested, Jinhui 3 and Jinhui 1 were the best ones of restorers tested, and Jinhui 5 was a good parent for the development of

high-yielding hybrid rice combination with short growth duration.

Key words: hybrid rice; new cytoplasmic resource(CMS-FA); heterosis; genetic effects; yield-related traits
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Table 1 Mean and variation coefficient of yield-related traits of parents and F; generations

SRARGH G LR RRRREEA BREVRIEC  ABESCRIE gk TRE M S 1L IS T = |
Parents and combinations YPP (g) PNPP TGNPP FGNPP SSP (%) 1GW (g) PH(cm) PL (cm) FLL (cm) GD (d)
A 21.7 17.6 93.3 59.4 63.5 22.6 96.6 20.5 26.1 108.7
A, 25.1 10.7 146.0 108.7 74.4 22.9 111.3 23.7 275 120.3
As 23.7 14.7 101.3 90.0 89.2 185 114.7 21.8 26.5 111.0
Ay 26.5 121 84.9 79.3 935 28.5 118.0 21.5 26.4 122.0
R, 28.9 13.7 84.2 75.4 89.4 28.6 109.2 21.5 28.0 122.0
R, 25.7 10.9 109.8 83.8 76.3 28.8 125.6 22.1 30.6 125.0
Rs 34.1 11.9 94.3 85.1 90.1 34.3 109.8 21.7 35.5 118.0
R, 275 8.8 126.7 107.6 84.7 31.0 1217 19.5 27.1 127.0
Rs 25.3 12.0 98.9 81.6 82.7 26.6 113.2 21.5 26.7 105.7
V3548 Mean 26.5 12,5 104.4 85.7 82.6 26.9 113.3 21.5 28.3 117.7
A 5 2K CV(%) 15.26 20.85 19.33 17.93 11.78 17.28 7.7 521 1.67 6.16
CK 325 12.7 109.1 92.4 85.3 30.0 117.2 23.7 33.6 119.0
AxR; 28.6 14.0 107.6 79.7 743 26.5 113.7 22.2 30.4 111.0
AxR; 28.8 14.1 104.1 75.2 724 27.3 122.4 21.7 27.9 115.3
ArxR; 28.5 12.4 104.4 79.2 76.1 27.7 109.9 22.1 29.8 109.0
AxR, 31.3 13.6 109.6 96.3 87.5 28.4 118.9 21.4 30.4 124.3
AxRs 29.5 121 109.0 84.3 774 25.0 117.7 22.0 27.1 110.7
AxR; 35.7 121 126.4 112.7 89.6 26.9 122.6 23.7 32.3 122.3
AXR, 33.3 11.9 137.0 107.2 78.4 26.5 128.4 23.7 30.6 123.3
A,xR3 30.7 111 125.7 98.2 78.1 30.0 119.2 23.7 322 119.3
AxR, 335 10.5 147.1 123.7 84.6 27.6 121.9 22.7 28.8 125.0
A,xRs 37.9 15.8 144.5 100.5 69.6 24.9 116.6 23.9 28.1 109.0
AgxRy 29.1 12.3 115.4 102.5 88.9 24.1 125.2 23.4 30.6 119.7
AsxR, 28.4 12.4 1285 97.1 75.6 23.9 133.6 23.3 30.7 117.7
AsxR; 311 11.2 116.5 109.3 94.0 26.4 125.7 23.3 314 115.3
AsxRy 29.9 11.7 114.3 105.7 924 24.3 121.3 215 27.3 122.0
AsxRs 28.7 12.0 114.7 104.9 917 22.9 127.2 23.1 28.4 114.0
AxR; 29.4 13.0 90.4 78.4 87.3 30.2 123.3 22.9 30.3 119.3
AxR; 25.7 11.9 99.0 75.4 76.4 30.2 129.8 23.1 29.8 120.3
AxR; 28.1 10.9 88.6 79.8 90.2 335 122.1 23.0 319 121.7
AR, 32.3 11.6 101.7 92.6 91.2 311 127.6 22.2 29.0 124.7
AxRs 32.7 13.2 109.7 94.2 85.6 26.8 126.6 235 27.9 109.0
AsxR; 30.1 13.0 107.9 83.1 76.8 29.1 112.7 22.5 29.5 107.0
AsxR; 27.9 121 126.7 85.3 67.3 28.3 119.5 23.4 27.9 105.7
AsxR3 32.6 12.7 1185 89.2 755 30.2 107.3 22.9 31.9 104.0
AsxR, 30.8 11.3 118.7 97.0 82.0 29.8 121.8 21.1 26.6 114.7
AsxRs 32.1 13.2 108.5 93.4 86.3 26.9 115.3 22.4 26.2 102.0
“FHI{H Mean 30.7 12.4 115.0 93.8 82.0 27.5 121.2 22.8 29.5 1155
A5 5 R K CV(%) 10.47 11.39 13.31 14.07 9.76 9.37 5.32 3.74 6.79 5.99
H no. >0 6 8 15 15 11 5 19 1 0 11

R B R 3 IR SLAF B, Hyo >0 Rom BA IEMZEP AN EGEL Arv Aev Asv Asv As. Riv Rov Rsv Ryv Rs il CK 23 JIRRER 1AL &
&K 2A. B 3AL AR AAL SR BAL k1T B2 5. &3 Y. k4T k5 SR 63. TIF

The data in the table are averages of three replications. Hyo, >0 stands for the combination number of positive competitive heterosis. Ay, Az, Az, As, As, Ry, Ry,
R3, R4, Rs and CK stand for Jinnong 1A, Jinnong 2A, Jinnong 3A, Jinnong 4A, Jinnong 5A, Jinhui 1, Jinhui 2, Jinhui 3, Jinhui 4, Jinhui 5 and Shanyou 63
respectively. The same as below

YPP- Yield per plant; PNPP-Panicle number per plant; TGNPP- Total grain number per plant; FGNPP- Filled grain number per panicle; SSP- Seed-set percent;
1GW- 1000-grain-weight; PH-Plant height; PL- Panicle length; FLL-Flag-leaf length; GD- Growth duration. The same as below
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Table 2 Genetic variance estimates of yield-related traits

BAESH FRRRE OB RRRRIE RESORE ghue TR B SIS S AE W
Genetic parameter YPP (g) PNPP TGNPP FGNPP SSP (%) 1GW (g) PH (cm) PL (cm) FLL (cm) GD (d)
ValVp 7.679% 43.627**  59.708**  60.376**  47.296**  89.818**  44.389**  36.418**  54.529%*  84.189**
Vp/Vp 58.574** 29.163* 27.446* 27.483**  39.634** 7.515%*  50.074**  51.066** 25406+  15.157**
Ve/Vp 33.748** 27.210% 12.846% 12.141%*  13.070** 2.667* 5.536+ 12.516* 20.065+ 0.654**
hy 7.679% 43.627**  59.708**  60.376**  47.296**  89.818**  44.389**  36.418**  54.529%*  84.189**
h’s 66.253** 72.790**  87.154**  87.859**  86.930**  97.333**  04.464**  87.484**  79.935%*  99.346**

+ R0 RN 7 ik E 10%-

N

596M1 1% 05K 0 Va- T 22, Vo- BT, Ve BIRTT2E, Ve-RBJ7 %, WMLk, hle-l ik,

+, *and** stand for 10%, 5% and 1% significant level respectively. Va: Additive variance, Vp: Dominant variance, Ve: Residual variance, Vp: Phenotypic
variance, hZN: Heritability in the narrow sense, hZB: Heritability in the broad sense. The same as below

F 3 FEARZFEHEX KA N E
Table 3 Predicted values of additive effects of yield-related traits of parents

KA B PRRARA  RERURIE RHSORIEK g TR M [5:3S LIRS AE W
Parent YPP(g) PNPP TGNPP FGNPP SSP(%)  1GW(g)  PH(ecm)  PL(cm)  FLL(cm)  GD(d)
A -1.307+ 1.713* -6.311%  -11.606**  -6584%*  -1917* -6.169%*  -0.560**  -0.929+ -3.150%*
A, 0.755 -0.228 20.501%*  12511%*  -3072%%  -1720**  -0.654 0.851%* 0.033 2.572%*
A -1.047+ 0.450 1.239% 6.000%*  4.275* -4.319%* 2.453* 0.180 -0.556+ -0.619+
A -0.587* -0.011 -12.952%%  -6750%*  3.952* 1.273* 2.736* 0.138+ -0.524* 2.499%*
As 0.257 0.942* -1.348% BT717R 2.120% -0.647+ -4243%%  .0.486**  -1.265* -9.34g%*
Ry 0.538* 0.145 S7.001%%  -3.042%%  2.421%* 1.085%*  -1.019* 0.113 0.923+ 2.380%*
R, -0.442 -0.656* 3.431 -2.994 -5.064* 1.068** 5.851%* 0.281* 0.802* 3.370%*
Rs 1.093* -0.873* -4.281 -1.056 2.207%* 3571%%  -2193* 0.175 2.956%* 0.399*
Rq 0.676 -1.480%* 6.663+ 10.075* 3.573%* 2.103** 2867%*  -0.830%*  -0.445+ 6.928%*
Rs 0577+ -0.002 0.148 0.487 0.386 -0.498* 0371 0.139* -0.995% -5.030%*
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Table 4 Predicted values of dominant effects of yield-related traits of F; generations
ke FBRFAE RBRE BRI RMISThIE disok TR B R B AE W
Combinations YPP (g) PNPP TGNPP FGNPP SSP (%) 1GW (g) PH (cm) PL (cm) FLL (cm) GD (d)
AsxRy 0.300 -0.320 9.495 2.391 -4.455%* 0.008 2.371+ 0.398+ 1.462 -4.303*
A:xR, 2.289 0.619 -5.702 -2.745 1.732 0.834+ 4.492+ -0.416 -1.168 -0.486
A:xRy -0.723 -0.989+ 3.133 -0.417 -2.149 -1.108 -0.656 0.209+ -1.245 -4.533%*
A:xRy 3.203+ 0.998 -2.604 7.234%  9.401* 1.014**  3.901+ 0.514 3.000% 5.934%*
A:xRs 1.263 -2.324 3.615 3.818 1.329 -0.099 5.411%* 0.135 -0.189 2.783%*
AxRy 4.976 -0.454 2.738 14.288**  9.193+ 0.222 6.251** 0.374 2.695% 2.529*%
AxR, 3.890* 0.201 3.555 7.825 4.692* -0.128 5.027* 0.254 0.811* 2.643%*
AxRy -1.786* -0.464 -1.250 -4.229 -3.803* 1.143* 3.759%* 0.341* 0.307 1.189*
AxRy 2.146 -0.486 11.528* 12.708+ 2.173 0.060 0.929 0.418* 0.131 0.911
AxxRs 7.376% 3.909**  15.455* -3.321+  -11.462* -0.365+  -2.308 0.655 0.012 -4.828**
AgxRy 0.444 -0.825 10.323 9.467* 0.165 -0.273 5.635+ 0.863 1.288 2.776*
AsxR; 1.351 0.163 14.028 3.255 -6.738* -0.511 7.400% 0.552 1.521 -0.442
A3xRy 1.774+ -0.997+ 8.584 15.093**  6.160 -0.193 7.625% 0.716+ 0.150 -0.041
AsxRy 1.027 0.183 -5.293* -0.751 2.819 -1.031**  -3.356* -0.169 -0.928 0.793*
A3xRs -0.115 -0.996 2.091 8.507+ 5.679* -0.070 6.425* 0.449 0.798 3.940%*
AgxRy -0.049 0.412 -2.833 -4.220+  -1.290 0.872 3.163** 0.376* 0.958* -0.731
AgxRy -2.458%* -0.018 -4.449 -7.701*  -5.438** 0.902+ 2.658 0.410 0.522 -0.616
AxRy -2.505 -0.843 -8.082+ -4.769* 2.234 1.978* 3.103** 0.343 0.612 3.856*
AgxRy 3.108 0.536 -4.688 -2.021 1.933 0.871* 3.671+ 0.688* 0.938* 0.617+
A4xRs 3.648* 0.808* 11.311* 9.913*  -1.049 -1.212** 5335+ 1.037* 0.307* -4.754%*
AsxRy 0.251 -0.576 4613 -2.100 -6.515%* 1510 -1.027 0.617 0.853 -2.509%*
AsxR; -0.572 -0.814 14.871+ 0.317 -9.149** 0.718*  -1.080 1.454+ -0.800 -4.986**
AsxRy 2.198 0.099 13.925+ 2.548 -7.832+ 0.314 -5.830%* 1.002+ 1.501 -3.849%*
AsxRy 0.881 -0.805 2.465 -0.292 -1.868 1.259* 4.971% 0.082 -0.965* 1.429+
AsxRs 2.449% -0.274 -2.296 5.781* 6.600* 0.697 0.398 0.431+ -0.848 -0.606+
BRI ZE W 2 MAAAER 2AX &3 2.3.1 BERBKTH B MK S ITUFH,

SRIEA AAX G 2 5, BT R AR BN 2

BT ARAS TR & 2 B B ORYERHAR BAT W] IR 2%

MU 2 P IR A 1 S 28, SR PRI
Il S50 DA R BRI RERESORI R DA
SESERRBA TR, I8 51 2 s 2
B RO AR SRR SIORIE (B AAX G 2 5D B3
(b i N e BA_E AT U T AR SR A - R IR
ZRPE, ANFPRAZAZ T REA R R, tn] REAT IR
R, DL, PRIEARASTE A RN, PR AR A
P2 bH e o R 5 9 5 EE L
2.3 BHERRMAE S0

ROV T 25 NI A AR A4
PEFRE A DL H 10 AL W AP S T

RO, ARFRBEFN T 1) R RAS A A BRI 22 57 10
AR, B R AR DGR I DL A LA =
T (16.330%) , £ 44%[1 21 Ak B W25 1 1F
AR, LR G ik 49.462%. TEAE L
P RERESIRIE, PR R T I LA
TN 0 B 2 A R, 43 11.854%.
10.822%. 8.043%F#1 7.351%; LI I 4 R4
G IR A4 S840 3443 18 31 25.283% . 27.002%
13.034%F1 13.320% o 1| FH-T-Hor 550 (1) AF A4 Y- 3510 3
FHXTER /N, FRRBEEL . 25908 AE W0 fum 9535
5B 3 MR A O A2 A R AT 38 P A T A
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6.251%—39.417%, &I 17.947%, TR A
11.424%, FARRAEAC N 39.417%, 45iSE% Ky 8.663%.
2.3.2 BMRBAEERHZ2T MK 5 EWTLE
H, 25 NFRIEAAREA G Fy Pe EADC R A
SRR LR = R M, b 10.507%, Mz s
KB R E T, A 32% M 41 L2 53 1 1E 1 KF,
SRR A IA R 48.656%. Fhir. BUKE g, BEAR
AN A 4.233%R1 4.421%, FHIh 2 F0H
FIE WAL, s H A5 5 ik E] 12.419% Al
10.307%. BEAEERIEL FERESRA IR,

x5 FEERXMERAMAE RN

SRS S, 22 Ak B KT,
SR AL A 0 IE A9 BT 17.262%. 24.488%Fi1
16.846%. FRREHEL. g5SF. TRIE. AEF N
VAR, AR S 0 342 e 43 Sl ik 08 3 B S 2 /K °F
(L5 I S e TG N 7 o T Sl [ [/ T B
33.969%, %S nlik 5.353%, TR nlik 6.215%,
MAEF I 2.918%.

gE LTk, R R L AL G, e
AP SR A LA 6, o 7 it
FRAC B oo 1)1 7= 5 ) RAR L P 3 FH i 55%

Table 5 Heterosis performance of yield-related traits of F; generation

PER T34 Population mean heterosis THAMESEI % Population over-parent heterosis
Traits Ty e H>0 4141 4 Ty 1 H>0 414t
Mean (%) Range (%) No. of hybrid with H>0 Mean (%) Range (%) No. of hybrid with H>0

PR YPP 16.330* -8.704—49.462 23(11) 10.507*  -19.335—48.656 19(8)
PARRAEEL PNPP -3.639 -24.171—39.417 8(2) -17.858*  -48.031—33.969 3(2)

HE R TGNPP 11.854* -4.233—25.283 22(11) 2.220 -24.416—17.261 14(6)
FESRI %L FGNPP 10.822**  -7.627—27.002 22(7) 1.746 -17.546—24.488 13(6)
45505 SSP -1.300 -18.839—18.663 11(2) -7.709%*  -24.633—5.355 8(1)
TFHiE 1GW 3.809* -3.004—11.424 22(13) -9.923**  -32.199—6.215 5(1)

BRii PH 8.043**  -2.154—13.034 24(19) 4.233* -4.554—12.419 20(12)

MK PL 7.351%*  1.979—13.320 25(18) 4.421**  -3.415—10.307 22(10)
B FLL 5.645%*  -3.498—17.947 21(9) -0.232 -21.090—16.846 15(5)

A H#I GD -0.397 -6.088—6.251 12(6) -5.653**  -18.522—2.918 3(2)

H>0 FR BATIEMARBMAGE, £hF5 AT RRER BF KT (P<0.05) A%
H>0 indicates combination number of positive heterosis, the numbers in the brackets stand for the combination number of reaching significant level

(P<<0.05)
3 it
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REM, ERE LIRS E R, BRI AN
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