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Analysis on yield heterosis and combining ability of F, hybrids from
new type of japonica photo ( thermo ) -sensitive cytoplasmic male
sterile lines ( SA) in rice and its comparison with S and A sterile lines

DU Shi-yun, WANG Shou-hai“*, HUANG Zhong-xiang, LI Cheng-quan,
WANG De-zheng, LUO Yan-chang, WU Shuang

(Rice Research Institute, Anhui Academy of Agricultural Sciences, Hefei 230031, China)

Abstract: SA—a new type of japonica photo (thermo) -sensitive cytoplasmic male sterile (PCMS) line that consists of photo
(thermo) -sensitive genic male sterile (P (T) GMS) and cytoplasmic male sterile (CMS) genes, was bred. Respectively ana-
lyzed were the F, yield per plant heterosis, combining ability and the major economic traits of combinations, which were from the
japonica lines 2308SA, 2310SA and their parent lines (2308S, 2310S and 2277A) crossed with six japonica restorers, and plan-
ted in Lingshui of Hainan Province and Hefei of Anhui Province, in order to learn of the yield heterosis of combinations from SA and
the differences between SA line and its parents S or A line. The results indicated that the yield heterosis expression of F| hybrids for
SA was different with different restorers or different areas. Both in Lingshui and Hefei, there was a commonly positive super-male
parent yield heterosis in the combinations for SA and some combinations showed better over-comparison and super-male parent yield
heterosis compared to the combinations crossed with S or A lines. 2310SA showed better general combining ability (GCA) than its
parents (2310S and 2277A) and some of its combinations displayed strong specific combining ability (SCA). In addition, the
results also suggested that active panicles per plant of F, hybrids for SA lines had big variance coefficient in Lingshui while total
grains per panicle had big variance coefficient in Hefei, which were of great importance to yield per plant, respectively. The seed-
setting rate of combinations of SA lines increased significantly in comparison with combinations of both A line in Lingshui and S line

in Hefei. And in Hefei, the total grains per panicle increased significantly while the seed-setting rate decreased significantly
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compared to combinations of A line. There wasn’t noticeable difference in other economic traits of combinations between SA lines
and its parents S or A lines.
Key words: japonica rice; photo (thermo) -sensitive cytoplasmic male sterile line; yield; heterosis; combining ability; eco-

nomic trait
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AHRE, PIIREMLS, HARMRBARAENES T, XTRKE=ZAAETRAMBERATR S HHKE
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1 ##R5EFZE

1.1 ##

HIAAF RN, EEFNRFERDE () SR EIEANT R 2308SA F12310SA, XTHOEERLY (HR)
AT £ 2308S (2308SA MI4EHIZEA) | 2310S (2310SA WA EIZEA) 1 BT BB R E/EAT &
2277A (2308SA F12310SA 1Y) BT il FifitiA e A ) . = FREAURE R K9 5 (WH9) ., HPI2I,
M 422 (LH422) . 4183, BEiK 3402 (WH3402) FIBEMK 3404 (WH3404) . Ak Ry i 268 4l
Bl Bk R 5T BT it
1.2 A&

2003 4FE1EZTE LR A IR F LR A RER FIAS 58 4 008 238 7 s il 2258 416, 2003 4F4 5 2004
AEFRTEE A8 B K ELRI 2004 AR IE 2 R A IE A BT L i 22 Fo o R THSR I3 X 41, KEAL
HEF, BRANXBAAAR 2 4T, BT 11 KR, BRAKAIRRATEE N 13.3 em x26.7 em, /NX A} 26.7 cm, &AL
24 16.5 em x19. 8 em, /NX (AR 26.4 cm, HRIAEPEE R H , BB K S A/ NXH 2 BR3E 6 1,
AN /N5 Rt 15 bR, A EEATRIR,

1.3 HIELIE

B R A Excel F1 SAS B4 k47403, F Duncan’s 21 LR E VRS AT R TR G L5 IR A8
MRAE R 25 BENE, KRR AR S Bl S R R e R 2 5 BEN, BB%RIEX
MRS AT 2 AT M 2 T LR, S5 RLL « £ SD R,

MR RS = (FMF, PR - mEA ) /REAT R x100%  (REASRIRE R)

SR = (ZeFP R, PR - X R /XTI R x 100% (X RRAEBR SA LIAMY 3 NAE R4
5YRE R F))

2 ZR545H

2.1 HERW

WTBCA A F, SRR EIE AT 2001, 25RRW, BKEMARTM&ZZA AR (BRAKSW F
MR 3.03, GHAESMN 3.65, FR) ., RERIBECHAME (7.05, 8.27) ., WE RITBLLL A 6
(4.64, 4.87) RATZMWE R EAER (2.13, 2.72) MRS 822 SRR B EKE, X4
] 2EFAEE (0.48, 0.72), nAEHE—L00 T,
2.2 SAFTEASF, EAERHEFELFHERK

MBS, TEAIEA, 46 2310SA/EMk 9 5 8 H 13 Hilifd, Bk EN25.47 ¢, G
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2310SA/HP121 FIHAMAE H WIAE, 2310SA/%510] 422 FLHGRAMBEZ) 15 d 247, —H MRS EH T E
TAHA 2310SA/ PR 9 5, FEBR K., SA FACI 6 NALAH, e ARk 7y 3 25 S5t ik B KR
AN, Fl—HAETEANF S X R, FrRBA R 2200R K, dlE 2308SA/5E 0] 422, B 7K .1 5
PR N 24.60 g, GAESIHR 35.23 g

6 MBI T SRR A 8 s 2R AT, B 7K SR A L 2310SA , 2308S, 2277A, 2308SA Fil
23108 NEFAREL I A SAESMUCH LA 2310SA . 2308SA . 2277A . 2308S H1 23108 Sy B:AS B i 19 41
B0 WA 23108A P A G PR E B2 T 23108 BLll A&, 5 2277A Bl 4G 2 5 A

®1 SAFERASF, REAFREARASR F, 2485 K
Table 1 Major agronomic characters of F, hybrids for SA and F, hybrids for different type male sterile lines

Hh A MG PR ROEAL e RS LEIH/ % THE/ g R/ g
Location Combination Effective panicles per plant Total grains per panicle Seed setting rate 1 000-grain weight Yield per plant
Bk 2308SA/WH9 12. 67 £0. 58 109. 77 +10. 00" 85.63 £2.26%°  22.43 £1.22%° 26.40 +1. 50"
Lingshui 2308SA/HP121 16.83 £3.55° 124.09 +10.01™ 73.34 £2.80% 22,78 £0.29° 34.65 £6.54™
2308SA/LH422 10.17 +3.06¢ 128.32 £2.22% 81.36 +4.04>1 23,00 £0.92%° 24.60 +6.75%
2308SA/4183 12.50 1. 32 110. 41 +8. 69" 89.90 £1.19%  23.62 £2.81% 28.95 +4. 09
2308SA/WH3402 10.00 +2. 78¢ 134.81 +9. 08° 75.25 £3.77%  23.40 +1.18% 23.48 +7.06¢
2308SA/WH3404 11.67 +2. 89" 112.83 £9. 84" 88.83 £1.70*  23.03 £2.03*° 26.85 +6. 50"
2310SA/WH9 17.00 £ 1. 00° 115.34 =15. 16" 86.41 +6. 11 22.10 £0.51"  37.27 +6. 03"
2310SA/HP121 15.33 +2.84% 109. 65 +8. 38" 68.20 £11.51°  22.60 =0.46% 25.65 3. 82"
2310SA/LH422 14.83 +2.84% 128.26 +1.39% 77.65 +£5.72¢  23.41 0. 62 34.43 £4.92%
2310SA/4183 13.50 £2. 187 115.62 +5.33" 85.77 +2.78"  24.83 £0.15*  33.60 +5.25"
2310SA/WH3402 12. 17 £2. 25" 123.39 £10. 98 78.44 5,95 22,73 +0.69% 26.63 £4. 71"
2310SA/ WH3404 13.83 £ 1. 89 113.08 +15. 85" 87.67 £3.52%  21.13 £0.68°  29.20 +5.43%
1 2308SA/R 12.31 +2. 49" 120. 04 +10. 52 82.39 £6.96%  23.04 £0.42°  27.49 +3. 98"
Mean 2310SA/R 14.44 £1.67° 117.56 +6. 92" 80.69 +7.45"  22.80 £1.25°" 31.13 +4. 66"
2308S/R 13.61 £1.35% 120. 82 +7. 49 84.64 +6.27°  22.10£1.36"  30.63 +3.71%
2310S/R 12.44 +1.50" 114.84 £11.85"¢  82.34 £6.96%  22.64 £1.23°% 26.42 +4. 11
2277A/R 13.53 +2.43 121.41 £8.03® 77.63 £4.71°¢  22.39 +1.65% 28.49 +6.39%
R 9.39 +1.374 125. 41 £10. 95° 81.51 +4.88>  22.23 +1.50°"  20.99 +3. 96!
2308SA . 2310SA/R 13.38 £2.31% 118.80 8. 59 81.54 +6.93"  22.92£0.90°!  29.31 +4.55%°
2308S, 2310S/R 13.03 £1.49% 117.83 +9. 95 83.49 +6.43%  22.37 £1.27%"  28.53 +4.33%°
ahe 2308SA/WH9 10.20 +1. 80™ 148. 67 £5.75 76.83 +£0.23%4 23,70 0. 87 27.40 4. 17
Hefei 2308SA/HP121 9.33 +0. 12" 199. 10 +8. 06" 66.33 £4.07°  23.47 0. 724 28,73 £2. 79"
2308SA/LH422 9.47 £1. 45" 213.03 £5.99 76.07 £3.17°1  22.97 +0. 32" 3523 £5.67°
2308SA/4183 11.33 +1.33° 155.57 3. 394" 81.43 +1.46%  24.47 +0.84*  34.70 4. 18%
2308SA/WH3402 8.67 £0.70™ 216.30 £6.27° 77.13 £4.02"1 22,28 £0.46°  32.00 £3.94%°
2308SA/WH3404 9.60 1. 44" 162. 80 +7. 384 75.30 £4.76%  22.83 +0.76%¢ 26.47 £3.19%
2310SA/WH9 9.50 +1.25% 142.97 +14. 60° 79.00 £2. 62" 23.90 +1.06% 25.47 £4.21¢
2310SA/HPI121 10.27 1. 75 180. 40 +7. 65° 74.57 £3.85%  24.03 +£0.86"> 32.73 £3.31%
2310SA/LH422 8.33 £0.23° 206.97 £8.76% 87.53 +1.54%  23.47 £0.21™ 35.60 +0. 87"
2310SA/4183 9.47 +0. 50" 165.70 +11. 82<! 81.73 £3.23"  23.77 £0.81% 30.13 +3. 64
2310SA/WH3402 9.10 +0. 56" 205.63 £13.93% 81.57 +2.11°  22.43 £0.40%  34.37 +5.25%
2310SA/WH3404 9.47 £0. 42" 157.53 £5.26%f 78.53 £1.71 22,93 +0.95% 26.87 +1.97"
Ty 2308SA/R 9.77 +0.91° 182. 58 +30. 36" 75.52 £4.98°  23.29+0.76"  30.76 £3.77"
Mean 2310SA/R 9.36 0. 63" 176. 53 +26. 05" 80.49 +4.32°  23.42£0.62"  30.86 +4.09"
2308S/R 9.51 +0. 66 183.44 +27.77" 72.72 £6.217  22.83 +0.66°  28.58 4. 19"
2310S/R 8.95 +0. 98" 175.77 £21. 69" 71.84 +8. 33! 23.71 0. 81>  26.41 +5.16°
2277A/R 9.85 +0. 75" 156.51 +20. 149 84.84 +4.11*°  23.72£0.50"  30.63 +1.41"
R 8.75 =0. 86° 195.93 +44. 10° 75.90 £7.81%  22.70 £0.66°  28.20 +4.73°
2308SA ., 2310SA/R 9.56 £0.78% 179. 56 £27. 15" 78.00 £5.15¢  23.35+0.67"  30.81 +£3.75"
2308S, 2310S/R 9.23 +0. 84 179. 61 +24. 09" 72.28 £7.02"  23.27 £0.84"  27.49 £4.62°

W 1) WH9: BElKk 9 5 Wanhui 9; LH422: %200 422 Lunhui 422; WH3402. ¢k 3402 Wanhui 3402; WH3404 . [EPK 3404 Wanhui
3404; R: 6 T™MKE & Six restorers
2) RNEFR2277A, 2308S 123108 5 6 MKE RECH 1Y F, 7= MR A K5, The data of agronomic characters of Fy hybrids for
2277A, 2308S and 23108 with six restores are not listed.
3) BRI EERE G AN F LA/ NS R TE 0. 05 /K- 122553 W3 . Data with the different superscripts within a column and in the

same group are of significant difference at 0. 05 level. The same as follows.
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3% 2308SA Ul ZH A 5 3E A 2308S F1 2277 A Bl & 2Z A BE,

SA FITECLHA BAMRAE ROHER . RERRI R, 4SS R TR AR (BR AR, B SS N 10,00 ~
17.00 (17.26%) . 109.65 ~ 134.81 (7.23% ). 68.20% ~ 89.90% (8.50% ) #1 21.13 ~ 24.83 ¢
(3.93% ), SS9k 8.33 ~11.33 (8.16% ). 142.97 ~216.30 (15.12% ) . 66.33% ~ 87.53%
(6.60% ) H122.28 ~24.47 ¢ (2.87% )., W/Kri., SA FrBLAL & 5HEA S Frlcdl &Y 4 A T8 8 &5
PRRZE S AR, H5EA 2277A PTG ML, 459N 5.04% (P <0.05), HAMERZE R AR
E; AR, S50EAS TR AL, 550 R B ERN 7.91% , 53EA 2277A FrEcd &AM, Bk
B RN 14, 73% , ARZ5S0R B E AL, HAMRZER AR,

M AT, SA FFECAL A = i 24 AR B R & RN TR, Haz A S5 m, 5EAMLI,
HPTBCH & P sk A B BT — 2 I, PR AR b, SA FrBC4l G, Bk s SRR SO AR
K, AAESFE SRR R
2.3 SAFTEASEF, B ENBESHEMLE

32 AIA, SAE RECHIWAE F, SRS EW P E R, BT 23108 Frficdl & &M A N
E, HABS IR, Hordr, BRKSHR A W2 sl 2 K7, 2 ASF AR E & 2310SA F12308SA 5 6 4
WE RIS A BRI, Bkl PRI IEmmEm i, A, 3 M A R
HAE, 1A BEIE S, 2310SA FTECAA F, SRR 30 T 240088 i 2R A0 3 e 1 S 1 T 0%
7K 23108 F12277A FilcdH 4,

#2 F BGABEMNBERAR

Table 2 F, hetorosis over-male parent on the yield per plant %
NS Hi K% % Restorer line
Sterile line Location WHO HPI121 LH422 4183 Wiz widos |9 Mean
2308SA B2 7K Lingshui 4. 14 128.28 " * 1.23 48.72% ¢ 28.42 15. 45 37.71% "
AHE Hefei 9. 60 -6.21 27.08 62.15" 8. 84 -24.50 12. 83
2310SA %7K Lingshui 46. 85 69.08 " * 41.56 " 72.31"° 45.36 ¢ 25.32 50.08 " *
EE Hefei 2.00 6. 86 28.52 40. 65 17.01 -23.36 11.95
23088 B2 7K Lingshui 10. 24 90.79 " 34.98 88.21" " 43.17 31.33° 49.79 "
A Hefei -0.80 -6.21 15. 88 45.33" 9. 86 -36.47* 4. 60
23108 Bz 7K Lingshui -9.45 45.39 10. 70 67.69 " * 36.61 " 25.75 29.45*
A B Hefei 45.20% -15.36 -5.05 17.29 -21.77 -37.89" -2.93
2277A B2 7K Lingshui 53.94 44,74 -8.64 41.03* 72.68 " 22.75 37.75%*
A Hefei 15.20 -0.65 16. 97 36. 45 7.82 -11. 11 10. 78

Note: “P <0.05," “P <0.01. The same as in Table 3.

2.4 SAFTEASF, ERBEN=ZEME

Jyit— B SA 5HOEARMBHTECA G- 8 LIS, AT RENKL (6 MKER) HHE,
HIANE 2R SA (2308SA f12310SA) . S (SA BYZEAL 23088 M12310S) . A (SA BYZEA 2277A) H K 3 25,
THE T SA ) F, XHADL 2 AT R F, FRRRASENZALE, mE3 0, WERME, f£2 1
WA, SAMF, XS HA M F, PR EA G EA 7/12 PWPLRRICN E R TEA L, 5712 LR
RIA A TP, 4 MHEIERTEFRER B EAKT, SRR B RIEE, 2R AEE,

%3 SAFERASF, BHABENSHLYE

Table 3 Over-comparison heterosis in grain weight per plant of F, hybrids for SA %
[y B K S SE G Over-comparison heterosis in Lingshui BB S TE 3 Over-comparison heterosis in Hefei
Rez}iﬁine FALL S Prifc gl & AL A Bl & AALE S Prifcdl & AL A BTRCZ &
Over hybrids for S Over hybrids for A Over hybrids for S Over hybrids for A
WH9 24.90 " -18.54 -13.42 -8.16
HP121 18.20 37.27 12.45" 0.99
LH422 -1.17 32.88" 21.23 9.26
4183 -9.80 13.81 15.30" 10. 96
WH3402 -2.15 -20.73 20.07 4.73
WH3404 -6.34 -1.92 21.09 -14.42
-4 Mean 2.63 2.81 12.18 0.82

. S 23108 F12308S; A b 2277A, S represents 23108 and 2308S; A represents 2277 A.
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2.5 BKBEMN—MEASD (GCA) FIFHKELS S (SCA) A
R4 nl L, MRS EN—BECS T, 2 MRS ST REIALL 2310SA B0 e, S AF &
— LA T R BN S I, B K SR R 2310SA . 2308S ., 2277A ., 2308SA . 23108, A AR S AR K
2310SA ., 2308SA . 2277A. 2310S, 2308S, MR EFIRIC G 11, B /KA 2308SA/HP121 , 2277A/
BEPK 9 5 Fll 2277 A/ME PR 3402, & HE &S 2310S/BEPk 9 5. 2277A/WE Pk 3404 . 2308S/f%E Pk 3402 |
2310SA/ Mgk 3402 Fl1 2308SA/4183 S5 #eim ., Al UL, SXTHEAT R S M A MHEL, SA BRSSP —B
Be A iy, AL A WA BSRINEREC S T,
x4 BEBSE—MREEH (GCA) M4FHKESSN (SCA) MEE
Table 4 Effects of general combining ability (GCA) and specific combining ability (SCA) of the yield per plant
s AER SCA (§))

GCA (&)
Location Sterile line WH9 HP121 LH422 4183 WH3402 WH3404

Bz 7K Lingshui 2308SA —4.477 9.538 -2.291 -0.362 -1.362 -1.048 -0.024
2308S -5.960 1.255 2.826 4.255 -1.745 -0.431 3.093

2310SA 2.811 -3.075 3.896 0. 625 -1.875 -2.361 3.593

23108 -6. 860 -2.045 1. 026 4.355 1. 155 2.369 -1.041

2277A 7.241 -4.145 -5.674 —-2.845 5.755 -0.331 0. 960

A HE Hefei 2308SA -3.169 -1.983 2.502 2. 802 0.988 -1.140 0.240
2308S -3.569 0.217 1. 602 1. 402 3.488 -3.140 -1.960

2310SA -5.186 1. 900 2.786 -1.914 3.271 -0.857 0.357

23108 10. 081 -0.433 -2.048 -2.448 -3.662 -1.490 -4.110

2277A -1.636 -0. 150 -0. 164 -2.564 0. 821 3.693 0. 107

3 i

FIAEERS BT BUA% T BEAEMEME AT R SHREIKE R 50T = RS R F R 207
Tz, A LANE R TR, SR 2k BT BT BAEEEA T REIEN AT E RN, FEIEH
BT, "E N Z AR T S A GE R, HE—EHE T, HIR00 v] BEBY B ff
A EEEA IR, R ] H SR 35 CUAL S FBUA LS, MMASFFIaiE, A=
AR

PR LB AR RR N S — & FERE, MREEMIRE (B 8BEAFTREAH
PERC A REE ) E— DGR AR E R T F SN E AT, i HILE S 2 A F U H)
KT 23 ~ 24 CARIEAYFEIAT F 224552, A r= W RE >, tesbh, b (GR) SEAE REmET
RIGABIRA RS <BA" T e, SEAr L 2 H LA REEAT RIEA R
EA

AL T FAOR AR R R QE , B B RS MR MR R, e Sh KRS A 7 SR T AR
R AR BT BB EAEARE RADE (IR) BAE RIATIRIET HAH 2 BT IS F R
ot (IR) SR EEARETR (SA) B—MBMAT®RE, HEERIET TS, FRHEEET,
disdt (GR) BEAFERN (S) BEHBEEAT, FEIRET, ERAEEERTERN (A) EHEER
H, KHERT, AMSImEEfgEERT S, it =ERiE, SA JCIR M Bk & F M H %
WY, BRALHAIEIEERH RS EBIGRASE T, IRAREWEEARNT, LI =3 BT
W EAEAE ZREEAH R () SEAE REMRAG T EEARE S BB A 384550
G A SA IR E MR, FLAEMKE BT MR HEAEAT RAKE REAEMRE SA, SA ATk &E 1
SRIERZA T A S FA AR M2 ]

AWFFLERRH], SA GBI 22— CAE ™ & L3l R B I 1) = R IR 8, SXTRCEARARF RS
AL, F—RE RAB A — e AR B LRI W A IE S i3, SA 2 S A B
A A RBEEMRAHHNAT R, Be Ll MO, T4, TR S fil A N T R — B
G BEMAEE, EF 8 WA A N E THERWAT R SA, AXKWpERM, kil 2310SA 76
BOK MG IEPIHL, 7 F, MRS E b, H— G 13RI TR A 23108 Fl 2277A,

BEAh, FERRRA SO REERIEL, 45RO TR A BB m APk 1, SA ITEAL G, BBk
SRR RO RAK, AR SR BRI SRR, IR SCHBE AR TR, X 4 DGR AT
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FRLEA IR ARG, MIZEARF R ESABE T, XS A AR, BRK SRS R ORI T
PRARHEE R R R 0.93, TR, HAMRK ISR L (0.47), 455% (0.46), TR =E
(0.33); GHEAA, FEoRFE THELEREL (1.06), HPRUON A RS (0.72) . 4553 (0.69) |
THRiE (0.31), XFPEFMIRHE EZONSMBERNE, FOVTECA AR A KSR, REA, FlF
SYEEMR AR [RIBIR BE H XON A H BRAES , RE BRI AR B AR, MR, R EORL RO
s R A IETA, RS, XTI T R kAR, i HOCIRK, AT B A, B
K, HEREIEZ , 2310SA T 2005 Fd it ZREE AR LEE , REEREF —B, AFEHRE100% , 1k
MATE99.99% , B4 249K 0, HATE M 2310SA B F H—t L SR E A S .
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