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 E: [EM] HBEHR A, WA A, ZIA R 1281A 4 Bk KRBARE R EZREMWRWEE S, RS0 F R
MR RN, [AE] RA6X6NC T#tfEiil, FIH6 MNARFR (S) M6 MKRER (R) ZLHL4 36 1
WA, WRLHEN SR EMRSFTE A T HXEIERES. [HER1 (1) 8 MREMRERT Rk
SR W (] 1 — R G & ) J7 2 3k B 3 A 8 KO, BR R AN AL 7 AR PRI R BRI A ) 7 2 A B R
U KT, UL 2Bk 2R 32 B RO AR RO e R . (2) B . B . TR E A R ETE
BE AP SR RS, REZ PRGN, Hrhbke . B TR E R SGRIERBRE (>70%),
SHE EEZBIERMERON B S, G50 SRR AR EIORT SRR P R Bk SR AR AR (<50% ), FHHX
PR 37 B3 R AR eSO AR B R R . (3) MG T A SRR, TRIE | B . AR RO EOM &5 SR
bR R B TR OGRS R R, TR | SRR RO SRk i B AR B AR
IEASE, RZMARZ EE A BAR S W 2R S FE e sk e . (58] 4 NHEAREF R, R A, WAL
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Agronomic Trait Combining Abilities and Correlation with Yield of
New Male Sterile Rice Lines
WU Xianghong, ZHANG Jie, JIANG Qingshan, LIAO Zongyong, BAO Lingfeng,
CHEN lJiabin, JIANG Fanghong, HAN Dong, LI Hengjin, ZHAO Deming '
(Yibin Academy of Agricultural Sciences of Sichuan Province, Yibin, Sichuan 644600, China)
Abstract: [Objective] Agronomic trait combining abilities and correlation with crop yield of 4 newly bred male sterile rice
lines were studied. [ Method] Based on the 6 X6 NC II design, 36 hybrids were generated from 6 sterile and 6 restorer rice
lines.Combining abilities and correlation with crop yield of 8 agronomic traits of the hybrids were analyzed. [Result] (1) The
variance of general combining ability (GCA) on the traits of the sterile and restorer lines or between the two lines were
significantly or extremely significantly different.Aside from plant height, the variance of special combining ability (SCA) on
the traits also reached a significant or extremely significant level.It indicated that most of the agronomic traits were affected by
both additive and non-additive factors.(2) The generalized heritability on plant height, panicle length, 1000-grain weight, and
spikelet count per panicle were high.The narrow heritability on plant height, panicle length, and 1000-grain weight were also
high (>70%) and largely controlled by the additive effect of the genes; whereas those on seed setting rate, effective panicle per
plant, and yield per plant relatively low (<< 50%) and basically shaped by the non-additive effects of the genes and

environment.(3) The 1000-grain weight, panicle length, effective panicle per plant, and seed-setting rate significantly or
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extremely significantly correlated with the yield per plant.A path analysis indicated that it was the 1000-grain weight and

effective panicle number per plant that directly governed the yield, whereas the intertwined promotional and restrictive actions

of the various agronomic traits exerted their effect. [ Conclusion] Among the 4 newly bred sterile rice lines, Wuliang A and

Jiudu A had higher GCA and SCA on most agronomic traits and were preferable for breeding applications.The 1000-grain

weight and effective panicle number per plant were the key agronomic traits that related to the rice crop production.

Key words: Male sterile rice line; agronomic traits; combining ability; path analysis
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W5 WIEE, @R FEUKREH G 2R EHERS
J7 R A DG B AR A B, R A MR B R 7 A ]
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1 #HH57*
1.1 R sR

Bk 6N ARFFR: HE 1A (1A, AR
H ). M 9A (9A, HEERW R A F#RETIH# ), 44
HEATRMEALR A (AL, WHS A (A2),
ZIA (A3) F11281A (A4); HEKM 6 MKE R : &
Pk 527 (R527, WO I el K 2= 5l k) w727
(R727, W L4 & B 2% Be 51 3F ). HE &
2115 (R2115, P9 Jil e ok K 2% 51 #F ). 48 K
6139 (R6139, Zi AT R M BB 513 ) . Hfp
Pk 2877 (R2877, "B FHERARA R FI#E ). &
P 3003 (R3003, ABANIEEF ).
1.2 R HE
12.1 Zxabs&5M4H 20204EE, FEHED
MV Bl B KA B HE s, % I8 NC 1T R 58 2 X051
FAZH LA 36 15 2021 4F 5 A 28 HXF 36 MMk
YA IFTRE . R AMEHLIX 1T, 3kEE, frtk
ff 333 emX16.7 em, & A7 4k 8 kK, &0 MR
34T, HBRAHRAE . P TA) A R B ) 2 O AR, i
HE KA
122 BRIAE  KFRAE, B /NXBELLE R
5 BRI AR (Plant height, PH), BEHLZEH S #RAT
A, JEAFK (Paniclelength, PL). T-KiE (1000-
grain weight, TGW ). % 1 52 4 %t (Filled Spikelets
per panicle, FSP). T F AL 8 (Spikelets per
panicle, SP). %%3C% (Seed setting rate, SSR).
¥k A % B % (Tillers per plant, TP) Al ¥k = &
( Grain weight per plant, GWP ) 4 210k .
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FIFH Excel 2013 %4 1 DPS %045 43 My ik 18 k47
AR EVRR B T 2 0 WAL A F1 00T . H e 2 #r
e apr

2 RS

21 EBRRZURMESNBESN

RV THENEROE S 72 (FE). A
FAH, A PRRAELL A ] B 07 25 3538 BRI 2 OK
o, Ul B A A POIR AR 2 45 (8] 77 AR U 00 35t 4% 22 5

AT LLEAT LG 07 2250 o ALB TR a5t 22 S5 ok TR
TABR. MERULAE RZMIKE FZ M EAERK
N ZIRANE RREBEFALIN, HR 7R —
WL A 1 5 22 3435 1) b 2 o KOs R R BR
HpR AN, HA 7 MR A T 2 5 F
3 B KT s BRBR R AN AR T PR A R
BC & 1 B8 3 0 2 sl 35 22 S K oF, DL R g5 R
FIFY R R T P 200 R 35 PRI A g =l o 8007 %o BF 5 1
8RNI B HEE I, HAKAT DL AT — i &
71 (GCA) FHFBRECE 1 (SCA) RN 34T

F1 FERZHKRNESHHFESH
Table 1 Analysis of variance on combining ability of main agronomic traits

AL 5K HEE b g THRE  EEGHY  SEEUEE ARE PR TR

Source ofvariatioin daf PH PL TGW FSP SP SSR TP GWP
#H4; Combination 35 18.1665" 224393 3983065 10.3568" 13.9383" 45617 5.4225" 3.8326"

WHEAR 5 185998 4.015" 82.6418" 9.7716 " 12.6394" 497017 3.01° 24425
REZS 5 584764  19.08027  31.5235" 27176 1.698 1 7.6693" 52619 3.9612"
WERXAE R RXS 25 1.5494 55908  23.3973" 414537 5.0455" 1.8103 2.86" 2.3526"

] ckr pRIFOR B E 2R (P<0.05) FIEEFZR (P<0.01). dt BHHE .
* and ** represent significant difference (P <<0.05) and extremely significant difference (P <<0.01), respectively. df: degrees of freedom.

22 AEREFERZHR—RES DB

M 2 AL, ANFEAE AR R — MR s B A &7
AEAFTERAE GCA BN EAAEW] R 255, £ 64
ANE REAMER BRI PESOY RN, AE &R0
8 [5] — R ) — PR AE A [R) AN B &R TR A A I B
e xR, SN MAT R, Km . HK,
THLE , HMICRIR, BRI, iR, B
MRATRE . k™ B GCA RUMAE MR EN/IN il A3

(44103 ). 1A (4.2823).1A (7.457).9A (4.0523),
A3 (2.6181), 9A (24747). Al (7.6541). 1A
(4.9982); 4 MHIAFERT, AlBR TR ER GCA
SIS, HARMIRA GCA ¥ 2 8 1IE R0 ;
A2 TEMRE . B . TR . UBRA SCEEEL. pk
MR GCA BN IERL N ; ASFERRE .
K. BESORE. EEEEEBCEMIR D GCA 2Hh
BN A4 FEZ DR MR 1Y GCA BRI G00

®2 FTERARZHR—REESHHNE

Table 2 GCA of agronomic traits in male sterile rice

ENEES PR R ThiE HERESTRIEL HERERIAE R SR B AR B R
S PH PL TGW FSP Sp SSR TP GWP
1A 3.4508 4.2823 7457 -2.0734 -1.6291 —0.4184 -0.3976 4.9982
9A -3.0294 ~8.9093 ~3.4697 4.0523 1.5552 24747 -5.169 ~4.6277
Al 0.6664 3.1679 ~4.9266 1.7651 1.2399 0.5676 7.6541 4.5002
A2 0.4749 1.1578 5.425 ~4.2365 ~3.7746 ~0.5896 24354 3.3596
A3 4.4103 1.8677 ~1.8978 2.41 2.6181 ~0.1243 ~3.5288 -2.7706
A4 ~5.9731 ~1.5664 ~2.5879 -19176 ~0.0096 ~1.9099 -0.994 ~5.4598

23 RXEESHHREE DY D
&3 AHL, 36 M E&H, B SCA RN E N
TEBAHERH 174, AN A 2 A3X

R3003 fl A2XR727, W AEH A 17T ; K
SCA BUSE R IEMERIA 194, BE ) A2XR6139.,
9AXR727 Ml A1 XR727, ®ONAEITE 3.7 VL s TFHi
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# SCA N AE FIEE A 184, My ALX FEFAEHL SCA SN AE N IEE A 204, ek
R2115, 9AXR2877, RN (HINTE 3.8 LL I HARfHSL 9A X R3003 Al 1AXR2877, %L fH¥I7E 5.19 DL I+ 5
K # SCAZL R fH M IEE M A 234, K& 2 45 9% SCA B H N IEE A 1814, KM iy J&
A2XR2877, 9AXR3003, &M {HIITE 6.3 LU E; A2XR2877. A3XRS527, SN AAEHITE 1.5 DL I Hkk

R3 ATESTERZHRITHRE S NHEE
Table 3 SCA of agronomic traits in hybrids

ikey B (S S THLE AR AL FERERERL R R RO FPR
Combination PH PL TGW FSP SP SSR TP GWP
1IAXR527 —0.4269 1.4426 —0.0192 1.9138 3.2788 —1.383 1.8887 3.9176
1AXR727 1.6077 —2.4621 1.3994 —4.9336 —5.6306 0.7786 3.3797 —0.3813
1AXR2115 0.918 1.2032 —1.5144 5.4748 4.6071 0.8519 2.9324 7.4165
1AXR6139 —0.5877 —0.8812 1.0543 0.023 -1.0591 1.1414 —1.839 —0.7411
1A XR2877 —1.5482 -1.0711 —3.3547 4.568 5.1956 —0.512 —3.9264 —2.3636
1A XR3003 0.0372 1.7687 24345 —7.046 —6.3918 —0.8768 —2.4354 —7.8481
9A XR527 0.4865 0.468 5 1.016 0.0192 —0.9609 1.0925 -4.9702 —4.2303
9AXR727 —0.5546 3.7457 -1.4761 1.3816 2.5558 —1.2264 —7.0577 —7.4304
9AXR2115 0.3885 -1.133 -1.6294 2.3229 3.4048 —1.1412 —5.7157 —5.6665
9AXR6139 —0.6333 -1.1124 —0.901 —1.4146 —1.0669 -0.3164 4.7217 2.5039
9A XR2877 0.2292 —2.0452 3.8914 —8.6839 —9.2064 0.2585 4.4235 0.3224
9A XR3003 0.0838 0.0764 —0.901 6.3747 52736 1.333 8.5984 14.501
A1XR527 —1.4814 -4.1791 —2.8179 43785 3.2229 1.0409 1.8887 3.9722
A1XR727 —0.2186 3.7045 —-1.8594 0.7344 0.1362 0.5618 6.9583 5.8807
A1XR2115 0.1486 2.8872 5.3483 —6.0131 —6.1936 0.2506 —1.5408 —2.0713
A1XR6139 —0.5853 —2.2433 —2.2045 2.0803 1.4112 0.5598 2.6342 1.8774
A1XR2877 0.4673 -0.3777 1.2077 —3.5822 —1.8479 —1.7042 -3.0318 =5.9717
A1XR3003 1.669 6 0.2084 0.3259 2.4022 32713 —0.709 —6.908 5 -3.6874
A2XR527 0.3401 0.357 1.3227 —3.5353 -1.9702 —1.5489 0.8449 —1.8464
A2XR727 —1.755 —4.241 —2.0895 1.0801 1.6282 —0.442 5.0199 4.6309
A2XR2115 1.2069 1.9503 1.2077 —1.5377 -1.9771 0.69 2.7833 23272
A2XR6139 —0.2038 3.9026 0.786 4.5353 4.1638 0.4997 —5.5666 —0.0086
A2XR2877 0.0857 0.5923 —2.0128 7.2398 4.4098 2.6686 —0.497 5.2124
A2XR3003 0.3261 —2.5611 0.786 —7.7822 —6.2545 -1.8674 —2.5845 —10.3156
A3XR527 —0.2345 0.1424 —0.0958 —1.5232 —-3.0896 1.5742 0.5467 —1.0367
A3XR727 —0.6996 —0.5675 1.7828 0.0502 0.3402 —0.368 0.2485 2.0091
A3XR2115 —1.0984 —0.8647 —1.131 2.7596 2.7697 —0.1519 1.5905 3.0212
A3 XR6139 1.6206 —2.9739 0.2875 —6.0238 —5.315 —0.806 1 1.2922 —4.2689
A3 XR2877 2.1981 1.5912 —0.2109 0.1322 1.8264 —1.496 —1.6899 —2.4022
A3 XR3003 -1.7862 2.6726 —0.6326 4.6049 3.4683 1.2478 —1.9881 2.6774
A4XR527 1.3163 1.7687 0.5943 —1.253 —0.481 —0.7757 —0.1988 —0.776 5
A4XR727 1.6202 —0.1795 2.2428 1.6873 0.9702 0.696 —8.5487 —4.7091
A4XR2115 -1.5635 —4.0429 —2.2812 —3.0066 -2.6109 —0.4995 —0.0497 —5.0271
A4XR6139 0.3895 3.3082 0.9776 0.7998 1.8661 -1.0784 —1.2425 0.6372
A4 XR2877 —1.432 1.3105 0.4792 0.3259 —0.3776 0.7852 4.7217 5.2028

A4XR3003 —0.3305 —2.1649 —2.0128 1.4464 0.6332 0.8724 5.3181 4.6727
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R Ve BIRTF 50%, Horbtks . TR.EMW Vg ik#
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MR £ FEH . fE— MG Ty 3 N A 4% Jr 2%
o, RNE RAWKE RIS HE PR, AR R
WK PARRAE AR . 45 R MR A 5 A
MR EATR G LE R, WIHAT &4 F1 AR IR
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B3 AR ERE R R, BRI E R XA
PR = FEH
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Table 4 Contributions of genotypic variance of agronomic traits, parents, and gene interactions to trait variance and heritability of F1

hybrids
TiH 173=1 K TRE RESTRE EEEE AE PR stk E
Project PH PL  TGW FSP Sp SSR TP GWP
L 7 R lines 62001 02634 57272  85.9889 139.6384  0.778 0.0445 1.0054
FEIK A J5 % Genotypic variance ANE A S lines 20.248 1.5798 2.1412 16.8379 8.3752 1.3069 0.0943 2.0639
HAERXS 07495 04305 04029 44.6293 577158  0.5263 0.0863 2.4042
Vo/% 9724  81.07  95.13 69.73 71.95 79.85 61.65 56.07
Va/% 279 1159 69.24 5831 67.88 29.8 19.76 18.37
iRk Contribution
Vo/% 7445 6948  25.89 11.42 4.07 50.05 41.89 377
V% 276 1893 487 30.27 28.05 20.15 38.35 43.93
JUSEER (hg') % 8692 8899 99.35 77.6 82.78 57.27 61.78 50.65
19t4% 77 Heritability .
POGEAER (hyD /% 8452 72.14  94.51 54.11 59.56 4572 38.09 284

Vo NRR— MRl & IR R B 7 22 BT Z I, Vo MIRE R — IR & 2RI 2 S BT 2R, Vo AR R — I & 2 R T7 22 15 07 22

ML, VONRRBRAL & AR BT 2% & B 07 2 L .

Vg: Proportion of genotype variance of GCA in total variance; V: genotype variance of GCA of restorer lines in total variance; V: genotype variance of GCA of

male sterile lines in total variance; V: proportion of genotype variance of SCA in total variance.

WL )0 WOz R i AL AR S R R
Gyt IR ATTAL, e, B Tk A AR
TG 4 DRI T SGBHE T YR T 80%, B
Se ok 2 Bl A R, Hoh TR L AR
AR SO A, YR T 70%, B =
1A% B A7 B LR IR RO, g, FLMR B TR
SEBL TR . BESER PR AR BORN SRR e
()7 SLast A% R R st A% R AR AR AR, W)X 2t
Motk 5 sz R ss g, FE SR AR AL h iR e R 2
8 AMHER B B St AL R KNy s TR E > b e > il
e > TR A6 B0 > R OB B > 45 50 > BB AR
TR bk
25 HIAFABRMZEENEERZHREHRN

M 22240 A F1ARHY) B2 MR 1 R 92 i it
EAMF L EMEEE AR —. NESITH, i

RS A3 TA BN A, FEXME S A 120.85
cmlMMmu%Kﬁ%%Euﬁmuﬁm%ﬁ
&, FRIME SR A5k 28.07 em, 27.77 cm; TRLE 5
M2 TA T A2 HBCHY 205, IR 200l 5k 31.14 g,
30.55 g; A SR AR 2 9A R A3 4L Y 4
A, FE A Bk 167.72 60, 165.07 Ki; 45 FE 5 4E
B R R A3 QA LA &, T3 4 il ik
196.74 %Ki . 194.70 K7 ; 255055 )2 9A FI A1 41
B A, FIIME S B5A 86.15% ., 84.55%; PAKRA
AR RO v O AL A2 I ZH A, I Ik
8.02 . 7.63 15 HLER IR R 1A A A2 411
A, FHMED 5 3631 g, 36.14g. TEHAT
E Mfﬁm R RERRIORI R . BRI
B 2550 MR ROHEEL . bk SR BT
¥iRHm P, TR EM T8, A2 %
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Table 5 Average performance of agronomic traits in F1 hybrids of male sterile rice

RSy P K T-hiE AR AL FERETE AL GhIEE LR AR LR

Combination PH/cm PL/cm TGW/g FSP SP SSR/% TP GWP/g

1A/#%% 119.74 28.07 31.14 157.85 188.60 83.72 7.42 36.31

QA/¥¥* 112.24 24.52 27.98 167.72 194.70 86.15 7.07 32.98

Al/wex 116.52 27.77 27.55 164.03 194.10 84.55 8.02 36.14

AD/¥w% 116.30 2723 30.55 154.36 184.48 83.57 7.63 35.74

A3/Hxk 120.85 27.42 28.43 165.07 196.74 83.96 7.19 33.62

Ad/¥#x 108.83 26.50 28.23 158.10 191.70 82.46 7.38 32.69
¥J{E Average 115.75 26.92 28.98 161.19 191.72 84.07 7.45 34.58

#EfRROMNMKHE R

**% represents 6 restorer lines.

26 EBRZERBEXERBEIN

G ZR R S W A% A AR 7 [A] B 2 5C
AL AT 25 A MRS 7= 5 2 . A3 6 ]
WL, BBk S AL 7 AR IR B A AR T
R T > BE > BUBRA SRR > 2590 R > BR i > R
TR > BB R, R TORE . B kA

RORE B 45 52 3 5 B b ™ B B I 35 BB 2 3 O E A
I, kv R A R SR R LR T DR AR DG (A
%, BHEFERSE R R CEARE . ML
GERULW]TRIE . RIS OB RORE G S AR
PRy i A A R, TR B R AR 1R
BEF= AR

Fo HARZHKREEXREY

Table 6 Correlation coefficients between agronomic traits of hybrids

REHER 7 = FliK TR AR SR AL 53 T ghslAe BRSO BRRF
Traits PH PL TGW FSP SP SSR TP GWP
P PH 1
K PL 0.6243%* 1
Thi#E TGW 0.47%* 0.434 6%* 1
fARSIR 4L FSP —0.3671* -0.2986 —0.6192%* 1
FEREITE R SP —0.3988* —0.2438 —0.701 1** 0.963** 1
£55% SSR 0.0714 -0.2154 0.2148 02781 0.0094 1
FORAT SO TP 0.0955 0.2235 -0.1924 -0.2365 -0.1906 -0.2029 1
R & GWP 0.315 0.449 3% 0.4733%* 0.0179 -0.09 0.4007* 0.411 1% 1

iy RlRoR REEST (P<0.05) AREEZEST (P<0.01).

* and ** represent significant difference (P<<0.05) and extremely significant difference (P<<0.01), respectively.

Ny ik — 2L W AR T 7 A 2R Bk
AT M, XA OC R A AT Tl AR AT, 4h
UL T BBk R SN AR B ™ B Y B a2
RBONIEAE, KWK 6 A PPRO B bk )™ AR AT B
MR, FERFFHABSAFAZ T, dEad w64
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Table 7 Direct and indirect path coefficients on traits to yield per plant

[A]4#2% 2 %} Indirect coefficient

Factors Direct coefficient o =] K ThiE  ARSTRE BRI 4R RHRAE R
with yield PH PL TGW FSP SP SSR TP
P PH —0.0055 0.315 0.0112  0.5826  —0.2712 —0.095 0.008 0.0849
FiK PL 0.018 0.449 3%* -0.0034 0.5388  —0.2206 -0.0581  —0.024 0.1987
TR E TGW 1.2398%* 0.473 3%* -0.0026  0.0078 —0.4575 -0.1671 0.0239 -0.1711
SR EL FSP 0.7388 0.0179 0.002  -0.0054 —0.7677 0.2295 0.031 -0.2103
FEREBITE AL SP 0.2383 -0.09 0.0022  —0.0044 —0.8692 0.7115 0.001 -0.1694
4E55 SSR 0.1114 0.4007* -0.0004 —0.0039  0.2663 0.2054 0.0022 -0.1803
FRRA A TP 0.889%* 0.4111%* -0.0005  0.004  —0.2386  —0.1748 -0.0454  —0.0226

e RHR=0.994966, FAER R %L=0.070952.
Coefficient of determination, R*=0.994 966; residual path coefficient=0.070952.
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