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Abstract: In order to make use of the heterosis in hybridization breeding, it is of great significance to
explore excellent germplasm resources and analyze the combining ability. By deployment of 8 restorer lines and
21 sterile lines, which served as male and female parent, respectively, this study generated 168 hybrids following
the incomplete diallel hybridization 8 x 21 ( NCII ). These materials were analyzed for the combining ability and
the genetic parameters of 8 agronomic traits. The results showed that the effective panicle number, panicle length
and 1000-grain weight were mainly affected by the additive effect, and the plant height, filled grain number and
the seed setting rate were mainly affected by the interaction of non-additive effect. The plant height, effective
panicle number, spike length, 1000-grain weight and yield per plant of hybrid combination were largely female-
dependent, while the total grain number was largely male-dependent. The grain number and seed setting rate were
genetically contributed by both parents. The effective panicle number and yield per plant were depending on the
interaction between genetic components and environment conditions. The parents with combining ability were

Wi B H: 2019-01-22  {&E EHP: 2019-02-08 ML H AR EHA: 2019-03-19
URL : http://doi.org/10.13430/j.cnki.jpgr.20190122003
F—VEE T )5 ) KR L B A, E-mail : 1s963992374@163.com
TAFVEH /M BIESE T 10 R /KR A% 7 P AIESE , E-mail ; pxs63@163.com
Bk AT T 10 KRS B FITSY, E-mail : hhhua64@163.com
ESWH: EERE SV LT (2016YFD0101104 ); YLPE A BHE T H K L5 ( S2016NYZPF0256 )
Foundation project: National Key Research and Development Program of China ( 2016YFD0101104 ), Major Project of Jiangxi Provincial Department of
Science and Technology ( S2016NYZPF0256 )



54 7RG 8 DRI A RA EAIRIBL G 1700 1179

843A, Yixiang 1A, Huhan7A, Changhui 871, Changhui T025 and Yazhan. Out of these genotypes, Yixiang 1A
and Changhui T025 exhibited the best General Combining Ability ( GCA ) effect value. The hybrid combination
Yixiang 1A/ Changxianghui 1 exhibited the excellence on Special Combining Ability ( SCA ) , and the hybrids
including Yixiang 1A/ Changxianghui 1, Qianxiang 059A/ Changhui 121, Guang8 A/Changhui 881 were qualified.
Thus, by investigating the combining ability of main agronomic characters in restorer lines, this study provided

some scientific basis for the breeding of hybrid rice restorer lines.
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Table 1 Variance analysis of 8 agronomic traits
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Source of variation PH PL EPN FGN TGN SS TGW YP

H}7% Female 247.39" 58.11" 83.36" 13194.08™ 16000.05™ 0.080™ 90.94” 1737.69"

L7 Male 49.46™ 55.68" 34.08™ 29239.05" 51770.22" 0.139” 151.00” 1213.50™
* 52.36 6.97 16.20 6296.35 5613.00 0.031 8.59 476.89

Female x Male

192 Error 11.94 2.37 10.81 1363.58 1635.35 0.006 2.37 266.55

" FRTE 0.0L KB, I

“indicates significant at the level of 0.01, PH: Plant height, PL: Panicle length, EPN: Effective panicle number, FGN: Filled grain number, TGN
Total grain number, SS: Seed setting rate, TGW : 1000-grain weight, YP: Yield per plant, the same as below
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Table 2 GCA effect values of agronomic traits of each parent

AR R SN ARHE ORI SR 459 THRE kTR
Parents PH PL EPN FGN TGN Ss TGW YP
5 Yazhan 0.10 -0.29 -0.02 -0.11 -4.40 0.01 -0.07 -1.90
#£ 5 Huazhan -1.19 -0.64 0.66 2.26 -5.05 0.02 -1.64 -0.27
K 15 Zhanhui 15 0.28 -0.03 0.29 -16.42 -16.70 -0.02 -0.73 -0.33
ELK T025 Changhui T025 -0.06 1.00 -0.37 31.88 4153 0.00 -1.73 2.05
Eif 121 Changhui 121 1.08 -0.64 -0.68 -30.75 -10.78 -0.01 0.13 -10.29
£k 881 Changhui 881 -1.43 -0.42 0.84 -0.14 -18.82 0.06 0.33 1.85
EiK 871 Changhui 871 0.79 1.19 -1.28 28.18 46.83 -0.02 0.50 2.69
E 7K 15 Changxianghui 1 0.41 -0.17 0.57 -14.90 -32.61 0.04 3.19 6.16
#£-F 59A Huafeng 59A 0.64 0.31 2.29 -23.66 25.56 -0.15 -0.29 3.80
¥k 1S Zhu 18 7.43 0.04 3.81 -13.88 -7.40 -0.04 0.02 15.94
%5 9311A Quan 9311A -0.80 -0.35 -0.19 12.32 10.02 0.02 0.73 2.15
" 8A Guanghe A -2.28 -0.46 2.85 56.62 50.47 0.06 -3.70 7.36
¥ 68A Rui 68A -0.95 3.04 -0.88 2.27 9.53 -0.02 0.34 0.94
% %% A Xiangtai A 4,05 -0.07 2.00 33.37 57.90 -0.03 -3.04 8.71
FiZE A Zhongtai A 1.80 -0.47 -0.52 15.30 2.14 0.05 2.49 8.18
% A Xintai A -6.53 -3.66 3.14 -20.81 -36.03 0.02 0.35 3.06
#13% A Honglian A -4.77 -3.41 -0.31 21.43 1.48 0.07 -1.17 7.42
£} 5% 843A Changsheng 843A -1.63 -0.92 -2.23 -38.83 -19.91 -0.07 -0.81 -15.40
P15 7TA Huhan 7A -3.88 -1.32 —2.44 -22.18 -47.43 0.04 2.84 -11.30
HAF 1A Yixiang 1A 1.10 6.49 0.69 5.14 -20.36 0.07 391 12.99
843A 1.99 9.02 0.91 -39.25 -18.99 -0.11 0.56 -7.17
% 654A Xiang 654A 1.57 0.85 -0.81 24.05 37.62 -0.01 1.90 1.46
75 A Yexiang A 3.52 -0.46 -0.11 -8.49 8.03 -0.05 -4.02 -5.73
#F ATaifeng A 0.70 -0.31 1.27 11.37 16.12 -0.01 -1.05 2.33
T% 059A Qianxiang 059A 2.22 0.92 -0.77 29.16 41.39 -0.01 0.69 5.50
" F1 A Guanghe A -0.11 -2.15 -2.02 -3.48 -8.30 0.01 1.35 -3.97
BB A Zhenye A 4.43 -1.12 -2.40 -6.05 -16.00 0.02 -1.87 -10.86
# % 1209A Taixiang 1209A -3.32 -2.18 -2.27 -18.84 -34.46 0.03 -1.53 -13.68
% AWuxiang A -1.33 -2.49 0.44 6.64 -3.97 0.04 -0.54 6.73
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Table 3 The correlation coefficient of yield components

HFIAE K15 (-9.42,63.92),843A/ 16 5
(-0.62,15.49). % 654A/ Wt 1% 15(-3.35,7.72) .
B & A/ 5 (-0.35,13.66), ZF F A E K 121
(-6.60,14.17 ). T-2 059A/ & 1% 121(1.88,31.74 ).
IR AE K 881(1.72,13.01) . 2 B A/ B FH K 1
5 (-2.66,15.02), % % 1209A/ & #k 881(1.59,
12.26). 1.2 Al BK 871(-5.72,12.77 ),
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Wit A BT REAG . PRI, TR 5 Rk B 5 ™ i
() BN A R T A OB S TR Y G R R R
FE KRR e 7 () E R T R

LERN AL SR SR TR bR
Traits EPN TGN Ss TGW YP
A% EPN 1.00 -0.255" 0.005 -0.119 0.082"
SR TGN -0.241" 1.00 0.07 -0.255" 0.316"
459:% SS 0.108" 0.06 1.00 0.01 0.164"
TR H TGW -0.119" -0.241" 0.02 1.00 0.08
PRk YP 0.035" 0.304" 0.276™ 0.04 1.00

* R 0.05 KB EME . L= 80 MG IAHICHE R B, T =1k 168 MG IYAR G R KL

*represent the significant level of 0.05. The correlation coefficient of 80 combinations were in the upper triangle and 168 combinations were in the

lower triangle
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Table 4 Results of genetic parameters
Jj 22 TTRRAE (% )
LRy 2% SRR (o R (% )
I Genetype variance Variance Heritability
PR contributing rate
Traits -
A QK BARx K gz coA  sca P WS
Female Male Female x Male Error Broad heritability Narrow heritability
mr PH 8.13 -0.05 13.48 11.94 37.49 62.52 64.36 24.13
AR EPN 2.80 0.28 1.80 10.81 63.16 36.84 31.11 19.65
K PL 213 0.77 153 2.37 65.47 3453 65.16 42.66
SRS FGN 287.41 364.17 1644.26 1363.58 28.38 71.62 62.74 17.81
BAHRIE TGN 432.79 732.66 1325.88 1635.35 46.78 53.22 60.37 28.24
2E5 3 SS 0.20 0.17 0.83 0.60 31.07 68.93 66.83 20.76
THRiE TGW 3.43 2.26 2.07 2.37 7329  26.71 76.61 56.15
PARRFE R YP 52.53 11.69 70.11 266.55 4781  52.19 33.51 16.02
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(AR = I NS R S R e o -8 i
RIS RZ MR, TRCE R A O T B2 S
PSS

4 ZEig

AIREE Ty 22 0B R W, Wk R A Y
M) ) S5 PR IR g K o PR A (R ER, o 43
BT 29 /N SEAS 6] (9 L A 77 8500 R s A% R A, T A5
PITRE5E: IE R, Bk 881 FEkk & LAY GCA &%
MAERAS, R -1.43, oA (-1.19 ), Bk T025
(-0.06 ). A 5 (0.10 ) 5 BBk ™ AN (E HEFERT — 1Y
T B 1S B K 871, B K T025, %50 1H 43 7
7 6.16.2.69.2.05; NE R, H & A LLEA P
5 TA B KR = GCA BNV AE AR T HABA T R, 751
# -6.53,-4.77.-3.88; K IS\ H&F 1A 2 HA N
PARR P ROV AELE T A AN E R8T, 403k
$]15.94.12.99 .8.71, #= 9311A/ B HW 1 5 HEF
1A/ B 121 B 1% 843A/ B 1k 871 Y #k = SCA &k
NAEPL T HAB A 5, 439y -12.77,-10.16 . -9.32;



1184 7/

O

20 &

A HRR P B HEE R LA A LA BRI 15
T 2 059A/ & ¥k 121, 48 = 59A/ B ik T025 ., £1
A/ Bk 121.) 8A/ Bk 881, BN 51 A 63.92
31.74,24.68,23.08.,20.25, A3RCFEEL FHK TR E
T T2 FE DNV 5, B i SR B SR
B FE AR IO AR, A IS T e G
(AR 27 A RO R TR SRR R B
LA THREAS , R E o L2 ACATE N, SR B
SRR A VSRR R, MR K SRR R
LT Q1 M o T R e S B e (A ER AT e
RREEL R A S AR Th R e R S, I %
B FNIE R AR IR N . 41 A 1) SCA BAH
R RE F N BN AR L RIE S5 5.

2 )18 W 713 B A E OB ik = W VA D Bvivt 4 (1 i
EISEASH 3, R 22 S R b M B FREG TR B A
TR PR BEAR ) RO BURS 3  ACAR | 25 503 SR Bk v
FRUERSEAN B, FEIERR = A AOREEL bk i Y
AL T B e 2 SCHEIT , B Fy SRR A 1 RO
BRRsE s m ik i R4l Ao Bk, AR e mT
YRR P A R AT RN EF 1A, BIK
T GCA RUNAERLT , 70k 9.02.,3.91, K& &
A EK T025, SR GCA RE IV E N 41.53, - FFk
15 GCA BB E 43 519 1.10, -0.06, 45 55 %8 GCA &%
NAE 43512k 0.07.,0.00, 52K L GCA RN AE 73 31k
5.14.31.88, HA & IMA G HER LA BF
PR 15, BRR ™ it SO BB A A e, 3 ik
#63.92.,8.93, HAk =& N (H - -9.42, 4k, T2
059A/ Bk 121 7E ¥k i A S B L Pk = L%
PAALAT

Sk

[1] Goff SA,Ricke D, Lan T H, Presting G, Wang R, Dunn M,
Glazebrook J, Sessions A, Oeller P, Varma H, Hadley D,
Hutchison D, Martin C, Katagiri F, Lange B M, Moughamer
T, Xia Y, Budworth P, Zhong J P, Miguel T, Paszkowski U,
Zhang S P, Colbert M, Sun W L, Chen L L, Cooper B, Park S,
Wood T C, Mao L, Quail P, Wing R, Dean R, Yu Y, Zharkikh
A, Shen R, Sahasrabudhe S, Thomas A, Cannings R, Gutin A,
Pruss D, Reid J, Tavtigian S, Mitchell J, Eldredge G, Scholl
T, Miller R M, Bhatnagar S, Adey N, Rubano T, Tusneem
N, Robinson R, Feldhaus J, Macalma T, Oliphant A, Briggs
S. A draft sequence of the rice genome ( Oryza sativa L. ssp.
japonica ). Science, 2002, 296 ( 5565 ): 92-100

[2] RSEM . Z230KFEHIY 50 4 . Bl*#iii , 2016, 61( 35 ): 18-25
Zhu'Y G . Fifty years of hybrid rice research in China. Chinese
Science Bulletin, 2016, 61 ( 35 ): 18-25

[3] Shull G H. The composition of a field of maize. Journal of

Heredity, 1908, 0s-4 (1 ): 296-301

[4]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

HuaJP, XingY Z, WuW R, XuC G, Sun XL, YuS B, Zhang
Q F. Single-locus heterotic effects and dominance by dominance
interactions can adequately explain the genetic basis of heterosis
in an elite rice hybrid. Proceedings of the National Academy of
Sciences of the United States of America, 2003, 100 ( 5 ): 2574~
2579

Shen G J, Zhan W, Chen H X, Xing Y Z. Dominance and
epistasis are the main contributors to heterosis for plant height
in rice. Plant Science, 2014, 215-216: 11-18

Luo X J,FuY C,Zhang PJ,Wu S, Tian F, LiuJ Y, Zhu Z F,
Yang J S, Sun C Q. Additive and over-dominant effects resulting
from epistatic loci are the primary genetic basis of heterosis in
rice. Journal of Integrative Plant Biology, 2009, 51( 4 ) : 393-
408

Dan ZW, Hu J, Zhou W, Yao G X, Zhu R S, Huang W C, Zhu
Y G. Hierarchical additive effects on heterosis in rice ( Oryza
sativa L. ). Frontiers in Plant Science, 2015, 6: 738
SRATT BRI WIE T A AR O BRI R
S TAEIE R, 2017, 15 ( 11 ): 4734-4740

Zhang S Q, Han X S, Hu K N. Research progress on genetic
basis of heterosis in plants. Molecular Plant Breeding, 2017, 15
(11): 4734-4740

Nadali B, Babaeian J N. Heterosis and combining ability
analysis for yield and related-yield traits in hybrid rice.
International Journal of Biology, 2010, 2 ( 2 ): 222

B, XURAR . AR B Bl —— S S ) A5
LXHNARAE . wift, 1980, 2( 2 ): 45-48

Huang Y Z, Liu L F. Crop quantitative genetics—Six,
Combining ability : Incomplete diallel hybridization. Hereditas,
1980, 2(2): 45-48

TR, 2R TS, EAE2 W2, WY e . b kT
W 28 AR S Fid e i MR RO T & 3 3B . B J5 K #2005 (5)
3-6

Wang S L, Li ZY,Wallg Z X, Chen G H, Xia M, Zheng Y J.
The analysis of combining ability on yield characters of northern
two-lines cross-japonica-rice. Reclaim and Rice Cultivation,
2005(5): 3-6

RAGTC VT H VR PR TR R ORI (o R B
TEASSHRE P RYBC A 1534 . AE#)~#4e, 2008, 26 (8 ) : 1308-
1316

Yu C Y Jiang L, Xiao Y H, Zhai H Q, Wan J M. Combining
ability of yield-component traits for indica chromosome
substituted segments in japonica hybrids. Acta Gronomica
Sinica, 2008, 26 ( 8 ): 1308-1316

FEH, Bl o] . & T AR R ARG T3 . AT AR
AV BFSE, 2008, 4(1): 1-5

Wang H S, Chen J Y. Analysis of the combining ability of
several rice varieties. Subtropical Agriculture Research, 2008, 4
(1):15

BHEM, EHE . A B EARIC G J1 400 . AR 2 R
$,1994(2): 16-19

You N S, Lei J C. Analysis of combining ability of quantitative
characters in hybrid rice. Fujian Science and Technology of Rice
and Wheat, 1994 ( 2 ): 16-19

f R R, AR, 22 20, W, BUIS L RO 1577 fMl
AR S R B BC 5 40T . A 1% BE U4, 2006, 7
(2):231-233




5 1Y 7

KU - 8 I HITIWRE R A E R BL G T3 7007

1185

[16]

[17]

[18]

Bao L F, Lin G, Zhao D M, Li Y W, Zeng J, He B.
Identification of indical-japonical character and analysis on the
yield combination ability for the new germplasm Yihuil577.
Journal of Plant Genetic Resources, 2006, 7( 5 ): 231-233
XEER VLSO , B REIZ , R A4, A A, BRI, BRI I,
WL BN A TR BASE R R AR AR SRS & T3 3 #T
HaEAEZ R, 2018, 36(1): 1-6

Liu L Q, Jiang W Q, Liang K J, Zhou S Q, Xie D R, Qiu H
M, Rao R H, Ma M M, Peng L Q. Combining ability analysis
of agronomic traits of several indica hybrid rice parents. Fujian
Science and Technology of Rice and Wheat, 2018, 36( 1 ): 1-6
KT AR B I, A AR R s AR =
FRABSKTE 4 MHARCHER M & J1 03 #  TLafl R
241, 2004, 26 (5): 719-725

Song Y,Zou X Y,He HH,FuJR,LiHB,XulL,Xin XY.
Analysis on combining ability of yield characters and related
characters in three-line indica hybrid rice. Acta Agriculturae
Universitis Jiangxiensis, 2004, 26 ( 5 ): 719-725

R BRI, MR RS U i e R T RO
PSR RE A AR MRS T3 2087 . R RFE,
2018, 46 (11): 24-26, 87

Li Y, Zhong J, Xiao L C, Xi J C, Xie J P, Lian Y, Zhou W Y,
Li W B. Combining ability analysis of yield-related traits on
parents of hybrid rice. Journal of Anhui Agricultural Sciences,
2018, 46 (11): 24-26, 87

Ui Py, B VUL, KB A W IT R, sk, AT, LR, T o
I, SR/, ZR A8, B AR, B A E S KRR

[20]

[21]

[22]

R PR IIEC A 1530 . A S R IR A, 2016,
17(5): 861-865

You S M, Cao Y J, Zheng J K, Jiang K F, Zhang T, Yang L,
Yang Q H, Wan X Q, Guo X J, Qin J, Luo J, Li Z X, Gao L.
Analysis on combining ability of yield traits between China
and South Asia in rice restorer lines. Journal of Plant Genetic
Resources, 2016, 17 (5 ): 861-865

WRBAARGR, PhIH, 2 AR 4R, AR TR, R 52, 2500, BT Ime s,
PO 2/ LB AR U B B RIPTRKSE RICA 15
Br ALPEARP R 244, 2018, 40 (4 ): 663-670

Ouyang L J, Sun Y, Peng D H, Wang C L, Zhou D H, Fu J
R, He X P, He H H, Peng X S. An analysis of the combining
ability of five new bred trans-Bt gene restorer lines with pest
resistance. Acta Agriculturae Universitis Jiangxiensis, 2018, 40
(4):663-670

Rl B X8R L T AN FAE R
ZHERMECE J1 04T . AEA4E, 2018( 3 ): 61-67

Li ZH,MuTT,Liu X, Li HX, Tian G. Combining ability
analysis of main agronomic characters of four millet sterile
lines. Crops, 2018 ( 3 ): 61-67

TEEEAR, DI, DR IE 2M, 4% , AT 1 4L ok,
WIED] . =R TNE R 18 66A T & AT IR IIBL
& h5HT T EREK , 2018, 24 (6 ): 118-121

Jiang Y D, Kuang H C, Luo J T, He X C, Yang Y, Fu J, Zheng
J, Chen G Z, Zeng Z M. Analysis on combining ability of main
economic characters of three-line sterile line De66A. China
Rice, 2018, 24 (6 ): 118-121

TlEAY) IR |

MABIT 1) 2020 £ R ERBMZEH )

i BE R 74T ) 2 v R A RO Db 348 P Rl 22 EIp e ax E 2 ih Tll e rp ool 222

AT IR . AL FALE  FAAT NS R R IR Tk VR

Tk AN T T2 AR EYIR A5 B B Sk BRiE SR R ERR

N ANAFE R AT —Z T, HIB & AR5« 80-720, [ NSt — i 2k 5 - CN 11-2864/TS, [ Frrifi s
ZEH AR5 : ISSN 1003-0174, H ), & H 25 H AR, Ak BRI, K 16 F 146 11, &R E i 69.00 JT , 24F &
H# 828.00 JT ( T Fhil lE 2% ).

Mkl s JETHTPE X A T R 11 SRR
ik % : 1000037

AT P AT SSE AR T A 0 ESAT
F4 s R

K5 : 110060774018010013416

i, 3f . 010-68357510, 68357810

P4k www. lyxuebao.net

E-mail : lyxb@ccoaonline.com



