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Abstract; Three har-iransgenic rices, Bengal Hu-10, Cypress PB-6, and Gulfmont as male parents, were
crussed with & male sterile lines: Zhenshan 97A. Bo A, Pei-ai 648, Nanxiang 958, Xi 2178 and GDI-S.
Eight restorers emasculated were crossed with the three herbicide-resistant sources. Forty-eight F, hybrids
were obtained totally. The results indicated that heterosis in these F, hybrids were not obvious. By
transferring herbicide (Liberty)-resistant har gene into conventional restorer tines,3 restorer lines
{Minghui 63-B, Ce 64-B. and Teging-B ) were devetoped via crossing, and 5 resistant combinations. i.e
Zhenshan 97A/Minghui 63-B(B.F,-B). Zhenshan 97A/Ce64-B(BF.-G). Zhenshan 97A/Ce 64-B(B;F-C),
Pei-ai 648/ Teqing-B(B,F--C}. and Pei-ai 648/ Teging-B (B.F,-B). had been bred,which retained the same
vielding level of their original combinations . The problems of heterosis application, and the prospect of
bar-transgenic rice parents in breeding for heterosis are discussed.
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Table | Heterosis ¢%e) for apranomic traits of F, hybrids crossed by herhicide-resistant varielies with CM5 lines

AREEHL HH By BRI sy ki
Combinatjons Plant Panicles Full grains  Seedset  Yield
height perplant  per panicle per plant

£l 974A/Bengal Hu-10 ¢ Zhenshan 97A¢ Bengal Flu-101
5 ({3 Competitive heterosis (o) ~3.9 13.2 99 6 0937 —98.9
F Y Average heterosis [ %a) 53 -2.8 —50.4 924 -98.4
¥4l 97 A/ Cypress PB-6 | Zhenshan 97A/Cypress PB-6 !
5% Competitise heterosis (2a? -3z 132 953 -50.5 -95.4
[EEE Average heferosts (™) 22 -2.8 -99 0 -88.4 927
t2hl 97 A/Gulfmont Zhenshan 97 A Gulfimont)
ST Competitive haterosis 1 %a) 15.8 421 ~34.2 -81.1 =776
EHHES Average helgrosis (o1 21.0 149 -BLs -76.2 -64.35
4 A/Bengal Hu-10 [ Bo A/ Bengal Bu-11H)
S Competitive heterosis (%4 =33 283 -99.2 ~-854 -94 4
SERME S Average heterosis 120 6.0 6.0 -98.9 —86.9 917
1% A/Cypress PB-6 | Bo Af Cypress PR-6)
=& Campetitrve heterosis 195} -4.1 13.2 0.1 ~91.4 052
{3 Average heterosis (%a) 3.3 -G 5 -3940 —90.4 919
8 A/Gulfmont { Bo AS Guifmont )
E {3 Competitive heterosis 1% -1y 329 -394 -g6.3 -0 4

LI Average helerosis (%) A6 12.2 -38.6 -84.0 -854
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Table 2 Competitive heterosis {%) for agronomic traits of F, hybrids crossed by three herbicide-resistant

varieties with photo{thermo)-sensitive male sterile lines

REAN e SHAN SELGE HEE  BRER
Combinations Flant Panjcles Full grains  Seed set Yicld
height per plant pet panicle per plant

GD]-S/ Bengal Hu-10 19.3 4.6 =270 —45.4 -15.8
GD1-8/ Cypress PB-6 240 40.4 -37.0 =513 -27.2
GDI -S/Guolfmont 36.1 -3.5 -17.6 -36.6 -39.2
M & 955/Bengal Hu-| 0 (Nanxiang 958/Benpal Hu-10) 162 53 ~43.5 -55.8 -50.4
B & 958/ ypress PB-6 (Nanxiang 955:Cypress PB-6) 26,7 ~79 -%.3 -3116 -43.2
& 958/Gulfmont (Nanxiang 958/Gulfmont) 15 -3.6 -111 -33.7 -38.5
7 2175%Bengal Ho-| 0 (Xi 2178/Bengal Hu- [0) 20.5 -36 -25.5 -20.0 -35.2
W 2178 /Cypress PB-6 (X1 21 78/Cypress PB-4) 20.5 53 -5.0 =126 -21.7
5 2178/Gulfmont (Xi 2| 78/Gulfmont) 355 =211 0.0 -8.4 -34 4
15%E 645/Bengal Ho- 10 (Peiai 645/Bengal Hu-10) G.0 5749 -49.1 -40.0 —-46.4
HE & 648/Cypress PB-6 (Pewal 548/Cypress PB-6) 18,1 53 -16.6 -32.6 —40.8
B ¥ 648/Gulfmont { Peiai $48/Guifmont) 220 =79 =311 44,2 -54.9

23 MBRBEFSHERERFETASTETIENREHRPIAIAEERR
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BT ST B AR RIAYE S S AT 3. OTLAE N 24 S E SN EE AR E
Wt + 2208 T 16 - ML S F0IE ) 35T L3 580 . W S AR AT S e A e R I A
£roamii, SO ES AR SRR AER LS. SHH SRR BT K
PR E AR R REMEEFERA T E5MS T RS HEHAaE T HHAS,

M 24 AR EH A TR NS SR T HEREFNES . FITFFE 4. 223/Gulfimont R122/Cypress
PB-6 .223/Bengal Hu- 10 1 R122/Bengal Hu-10 #7875 T s 85 = T X BB 250U 1K, 63 (B AT
3 MASHMEBRIRES. H & R122/Bengal Hu-10 )8R SR HEENTXT ], (B R85 S0 3R R L.
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Tahle 3 Freyuency distribution of the numbers of crosses with different heterosis from 24 combinations *

RO BT e S ST MRER Bgrg
Heterosis Plam Panicles Full grains Seed set Yield
height per plant per panicle per plant
IR ML 4 (R4 2 0 [z 0 2
Postivite average heteras)s & posibve compebiuve heterosis
P LS HE o I 0 9 0 a 0
Negative average heterosis & positive campetitise heterosis
AL F R g S (l n 5 f 12
Posilive average heterasis & nepative compentive heterusis
T PR S de i3 2 15 ? 13 1o

MNegative average heterosis & negabive compelttive heteresis

* Figures in the table are the numbers of F, hyhrids with varicus trait heterasis

F4 EeatReUltETEaEERETEENER
Table 4 Agronomic traits of hethicide-resistant F, hybrids with better traits

REAE i SR LR EE QEERF™ hi
Cambinations Flant Panicles Full grains Seed set Yield per
hetght {cm) per plant per panicle {%e) plant (g)
Bl 97A/ B 63 110 BS.S 7.6 [19.6 as 25.67
Zhenshan 37A/Minghui 63 (Control)
223/Gulfmont [110 68 [80.3 T2 16 0%
R122/Cypress PB-6 100 7 8.9 [25.9 68 16.23
223/Bengal Hu -10 288 30 116.9 T 15 56
RI22/Bengal Hu -[D PN §3 137.3 58 15.064

97A/ | 64 M BBETERCT B A-104%4 5 M= FRE S FEBERZHAEB L s b % (E:
He 3 TR S esEIe TR 0 T H g B E A 91.3%, F LRI 63 KAt IR BB l97A/
A $% 63-B(B.F-B) il 97A7 @l 64-B (BF-G) B iill 97A7 M 64-B (BF-C) IE8E 648/ §57 -B
(B.F-CYHUEEE 645/ F577 (B.F-B)3 MM S ATHE SRR SRR A H UM LI
WAERIAE. 7 MRS T RENEF ML NG RS FRES3H 97A ] 64-B(BF-G )5, &
FEAT BB R B4 IE ) R 5 B B S R RS AT AR S B Tk R R M B3R 5). i
LA R R R ARG 4 SCEH S MR iR B LR B R R A3t S5 H .

3 he
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ORI £ B i A TR A kR, B TR A HRE R U324 4 1A FUE
DA GG TR AT TR < L R T T BN R A 1T A B A S, T A
OB B U« P AR A M R 25 R e I R A ) AT, IR T
F 5O B RS R TAR (5 WL T , AR 5 FI TSR 0 ] 20 FR AL 30 R th P8 7= s s = 0 ) L1
FA 78 5 IR 45 o ST B I T o R0l B BT LURIE . o Rk TR T8
. A, R R R AL F T W FE R — A ST A, BRI e T
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Table 5 Heterosis| %) for agronomic traits in several herbicide-resistant hybrids F,

R HE SHEYN SETEy @gnE ThE aEgrs
Cumbinations Plant  Panicles  Full grains Seed 1000-grain ~ Yield
height perplant per panicle set weight  per plant

i1l 97A/ BEYE 62 ( 2180 } [Zhenshan $7A/Minghui 63 (Control)]
FHg{EI Average heterosis -02 1.8 585 9.3 10.3 75,8
Bl 97AS BEYE 61-B (B,F -B) Zhenshan 97 A/Minghui 63-BIB.F,-B1]
T Competitive heterosis 34 16 7.2 09 -2.1 58
FHYLE T Average heterosis i3 5.5 09.9 10.3 8.1 9.3
#0974 @ 64 ¢ % 3[Zhenshan 97 A/Ce 64 | Control)]
=R Competitive heterosis 0.0 -1.2 04 4.1 -14.4 -15.1
SE LR # Average heterosis 5.5 -10.4 489 156 72 4].3
Feal 9740 0] 64-B (ByF:-G{Zhenshan 974/ Ce 64-B{B.F -G)]
YT Competitive heterosis —-6.3 10.8 -3.0 138 —13.4 -5.9
| EHE S Average heterosis -1z 0.5 43 8 13.0 ) 55.0
Exall 97A7 #§ 64-B (B,F,-C) [Zhenshan 97A/Ce 64-B(B,F,-C)]
w35 Competitive heterosis -537 27.7 2.8 0.3 -14.1 12.8
Bt Average heterosis -0.5 15.8 525 11.4 7.4 78
5% 645/ #5E ( 2P AA) [Peiai 045 Teqing {Control 1]
WH L Competitive heterosis 9.2 -20.5 375 -5.5 -15.5 -1.6
14 6% 645/ #5% -B(B FC) [Peiai 645/ Teqing-B(B Fr-O)]
ALY Competitive heterosis 2.3 -9.6 558 —10.5 -16.5 17.6
JE%E 645/ 1575 -B(B,F -B) [Peiai 645/ Teqing-B{B,F,-B)]
F 4L Competitive heterosis 1.1 6.4 726 -14.5 -14.8 382

1% 63-B(B,F-BYETH bor EHIARK 63 1§55 M BF, /i B 2 3 F— 1 G0 EEMAXE R T HEREEE RS prt
{45 %h, i B 3 Bengal Hu-10, C % Cypress PB-6. G & Gulfimont 2245 HE . Minghui 63-B(B,F,-B) represents har-transgenic Minghui
63; B.F -B in brackets means F, hybrid of second backeross generations for herbicide-resistant donor Bengal Hu -10_ If the donor is Bengal

tHu-10, Cyvpress FB-6 e Gulfmont , it will be written as B, C or G. respectively. The others are analogized by this rule.

L JBR AT (009 80%—90%Z T, HATRMME AN, AR EERBH S A —
¥, RAMELERERSEN RBEMTENCHIE R I IE R AR, R E R F SR A0 B 2P TR 2
AEESE . BT HRIOKFE S R . [ RS R AT AR O RS KR e
DRI AT R Fr R

FE % ber BEFEKIBHUIE R FE IR L R0 AL AT OT BB g T (R RE 35— ik iR 22
Fh T =Ry, Ol RS R e RS, B o HEKBERE R 5F 5 RABASCHE SR
w7 B E, TR AT NS T B Do Aefh  SRIUE R AR P B AR 100%. 55—, WALk R 4% 20 1 2lBE 1)
Sk Aol BB thE FhFELk CER . VIR FE S ERE R, THE £ 04 vk
(ERREEHEEVTRE . FHIMERRAFIKERE RESNARF . AR RN TR 7
Wi 2 AE X I L BAeFh, B = AR FRARMARME LA HE B E ™ b e
. MrfaAE FEOR I M R LU RS HE 28R eSS NFH SR Rt KEAE
ACD-32A M8 1A 175 2A 55) BRI TA S0 B b EACFER = 443K RS Y = & U, BERA
WL E MY A, ER BN R A SR B R PSSR TR R A R
AIRIL AR KB E AR AZENEFERNILERER, SEARERAERHEEE .
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SRR RS AR BUICR B 3R  55 10 40 H S b5 37 356 B o R A B 9 L Tl AT A e e,
KA 555097, H AR T3 (SO BUNAY AT, S E I T KRR RS IR 6 5 g
&, LIRS B e 2 5T £ERMZZTfh, THESTER R £ 08104 04 B8 3KE
KEIEHF R A2CH S AT 2fh R . 5T S0 TR B e +4 YE

32 FRBRERSHEKREAMREY - ARIkSES

3 A~ 22 EHLRR B R & Bengal Hu-10 . Cypress PB-6 #1 Gulfimont LS Ik HE ., 5 =& F
BRARMASERIBNTRERT  FRAMKARMN LS. CNSHERTZRHK
LT A P R AR RSB S U, AR ERN A HAMELEC SERERKE , #—
B R AT AR . B 3 AR AR RS 4 P R AR IR T R LAY
24 TR A A BT b R TR R IE [ 4 N A 0 B S R B B B AR R )
M 63. Z4 AT A AR P E ATRIR M, (LR BIE R X 3 NSRS
P b UhE R TE — R, AR BALE G REAAOE EINE 1 B b BERBRIR
FAOHE R B R 5 R FREET TR R R B okt Ze et & B BT, RS R T 45
i 3 A4S BRI G 2 T R A, iR A 4 A BRI IR APtk
I, B S T A 2 L BN b 2EEE RUFE A S I R B R B R UMY o IR A
R AF S SR SRR TRBRE ANERS ., T ES AR ERNAS,
LB 9TA/ BT 63-B(B,F-B)0, %, BATAT AR FIF B RIS 9 64-B Bk
63-B FHEE -B fE A HHEAE R R AR T o B S A S AL R IRE R AR T HRH
B 2 K B K .t AT LS MRS A 02428 ST S RIER BT N LA Sk 3 R M H
SRR AR A B AR [ AR ST A A 3R

i RWEENTERERARE SRER LS R B4 NI R ZH 4 H Bengal Hu-10,
Cypress PB-6, Gulfmont,
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