HERRMEKBRERERERZEK
HIEESRARBXERZINE
MmiE FEE

Searching for the Fertility Restorer and

to Increase the Outcrossing Rate of Hybrid Rice

Ra-Hsiung Buu & 'Chen—Seng Huang

wm @B

Bt —SREAENEEES » BERE2ERE—RERIDWER - KB
B ety MAKFIA F, HAES  %ARAREHERERTRRE (CMS line)
# 78 ( Maintainer ) » @ERMNERH ( Rf line ) » DR AHERREL
X o PFEKE R : | :

UREREEREER TR B 0. rufipogon MIE KR Reimei &
CBI MWEKFR 1GG ~ 16-3 HWREKELRTESSY > ASSRERTYE
» % WA B HUE B R % Chen- shan 97 E4%8) 25 858 ( R ) R LAHEK
BEE> RbAEF, BRAREZERES  TARREEREET o

©LIDPX-3778 1000 ~3000 ppmfEiE CMS -A R e E L E Chen-shan
907 Ay Reimei A 2 — RAGBIERM » 7 GA, & [AA BIEIAE ; HEM 2,4-D
B Saturn 74 (G CMS - A B B Rt 42 RLBIER: M2 (F A > BLEEA AU RIEME
FAEE  DBRRABLR L /8 BEE—5 2 TR -

(5) CMS -A #tH B R BT ROR AL IS A RHET 2 A ELES K2R -
BB THEREE FEEREE  BR/7A | BREBHETH®S | 1 E81 : 18860

) CMS - A R 5 HcAE B PR B Aok A5 S BB — FOREHRBS » 467 20 % 2 TE MR P53
» 5 CMS -A ~ BR#EH CMS -A BRf FHME N EH E R » 144 S5 CMS - A
FHELF, BF ZME o

OEAHARRATEHDAB SR (NAR- 2-1 -F - 300)) » HHEH -
QRBSBEBTEE ~ BAFHRR -



._\ﬁ'l‘j

i

BE—SREABWERES)  RREEREUFNR F, BEE%HE—HHH
2R AVEREERERGREENFDEER -5 HE B EEBEA
RSy 7 » B BREKBEEFTRE  EEEAREES Tk 2
— B AT E Y B o

KEREET 2 AL » LWEE AR T2 MIEETRRRH ( Cytoplasmic male
sterility line ; CMS line ) 4} » BAABR 2 BRI KER# ( Restoring
fertility line ; Rf line ) » LIREMBESRRAAZHEFHFH ( Maintainer ) o
Wi ERE AR Rl kEERERREERREER 7Y sErRRER
RERERHE SBERT  MBE - SHSHyEnzR 8 " peExg
HZETZAELRETET 2ER  Fby ABR S BRRKEZ MRE - DS 2
A RO M R TR Tk R R R AT R B EEER RIS
CMS B% () B TRBBFFRRHI) 0 RS AR RS AREEEERA
G WL EBERERE (Test cross ) R A HREKE XE ( Rf gene
Y ZRE (R) > RAENBERERE () WEE DR BESERZBE > Dtk
PR T AR o

BT HFEREETHEESSRERSE  BRABRCMSMRIEZRZ FIRS » B
B AR R R BT SHEERNET  REKEBEZ Yy —B%
LTRBIE » £ EFRKBECMS RFHFRE L RATBEBI0% " B REATE
B REAH > B0 TR s » DRI R 2 B8 T #2 n S bk -
I3 Sk e S AVAE M Z ] - JREDIE R /NPRTE BRRS R 5 SR RAE SENBAEPATR
®ABHE LR LEAR CMS R ; UERESKZTENE RIEH K BEE
% wAREETR " BT RREKA » TEHE N R 2 M H 6 TR
Ao BIEEARE T 004 ERRE o Bt » el CMS line BAMaintainer g CMS line
BERT line ZBIERBITEERS b LRI M REER M H i REEEAES
ERESR  BLBERRSHEE, — o

ARBZFREN > B TRBELASHRETR » BRAATEEBLK 2 BHK
EER (B) 4> LML RERILEBE KL CMS R HsaMaintainer % CMS
BRT REEHEATEERY » P HBAERS L BMKARLR » FREETHEE
B AP o

k)
8



" NMHEEEE
MF D KB R E R ( CMS ) Chen-shan 97 A (WA ) , Reimei A (
O. rufipogon ) , IGG A ( Boro )‘& 16-3A ( Boro ) F4 R @E(R) o
Rtttk (Rf ) AKX A 144 2E(R) > B IR 5032 - REEEMZ
F, % F, %#i~ IRBME (%)% - DPX-3778 ~ GA, ( Gibberellic
acid ) ¥ IAA ( Indole acetic acid ) 34 EEH?2,4-D , Stam
F-34 , Saturn ;Basagran& A @@REH o
Ttk EHE S HEERTRAARE » 1§ 4B CMS -ARME 14404 5 1% » 1%
JEF, > BEREREENRERAARUEKEEREE o ¥ DR BHRT B
REMECMS -ARB X > BRABARMEIKEEREETAEER - FFAEEE
S RHRR AT B LR FIBREE 2 4 R A /6 CMS - A ~ B % » R %
KBRS R BRER M RE S -
=~ R
M EME oM ( CMS ) RatEkE ( Rf ) R BARE R InE— » ¥ Reimei
A (0. rufipogon )z ARULERIGR (B) HE > HEALARR (8) £
#H IR 5032 AMAZHARH > IR 5032 BEMARE £R > &% 7 R
TRAHERI R 58 ; B 0. rufipogon BFEZFHARUWE Rf R WE > 7T
teRltE mELRS 2RI R - (R RE BPEEET > Reimei A ( 0. rufipogon )
RIMME2KH O. rufipogon » AU ERIFARBS R ERFEHKE » H
IGGA (Boro) X 16-3 A ( Boro ) AR » F—BHL» HF & BRE2H
S (F1) > MEMBEAREEKE Chinsurah Boro [ ¢ £ Chen-shan
97 A (WA)EHEBBZER » CIH 25/ 5% (5% ) A4 Chen-shan 97 A
(WA) REKEER » HhHEF RERBZERE)  BAREERETET -
BInRRESHLEHAR - '



F— -~ CMS Rk ERM B F, EERZ 5
¥ Oz B X F, fa EX (%
¢

1
) 5 15 25 35 45 55 65 75 85 95

A 0. rufipogon
B F LR 17

Reimei A IR 5032
(0., ruf.) | ERRZR# 22 11 2
H fitt 5
IGG A IR 5032

(Boro) | B2

16-3A IR 5032
2 5 4 6 13 5 1

BRZRH

(Boro)
B: 8 fit 1
H O. r';ufipogon 4

Chen—sh B IR

€n=Shan | 1p 5032

974 (WA) | BRZF/H# 4 8 8 8 8 10 3 11 2 1
H ﬂﬁl/ 1 1 3 1
1971-11— 27 11 3 3 6 2 5 12 4 8

1 1971 B HF ABRER » TERHB IRRIGIHEE » HERHE 1971

FEHERBRER -

LITRRIA ~ BR#E2 BETEERARAFAZERR  BROERZR
Chen-shan 97 A (WA ) 2 RRELTRE22.026.4% RBESHBRES > H
FHE10~ 20 %K BIERTBERHRAE » MIEHE Chen-shan 97 B 2 A HLRE
o LTHR A v B R#K B 1t A EIREE 0 URIEMEEHSS » Reimeil A (

0. rufipogon ) % 16-3 A ( Boro ) (I RARFARAIE(K o CMS - A REERKRM
BH1~2 B2iEER TEARESERS BRARKBERESTWERB ZMK - —&S
2o BMBRBZTH > LELEEREARMM CEER B Z8RAH A RFEBR
FEBTEE4  1& DTPEERE - ’



R~ CMS-A , B RECEM BT R K RA KRR B 2R

fEM ] Chen-shan 97A(WA) Reimei A(O. ruf.) 16-3 A (Boro)
A:B  E4y FRELH EH KRESH ER FREH
1:1 0.49 22.0 0.15 7.0 2.3
2:1 0.51 24.4 0.57 4.7 1.5
4:1 1.80 26.4 0 5.3 1.6 7.9

FH1:1~2:1~3:18%5:12ZA : BRHEEHETBIERKRAECMS
mBZETEE ) GRTHE= A . BRIAEHTERALREHEA M ETF 24
ECTPERSAER  RERFEREENEE > 85 1 1 2A ;| BRHERETBL
RUBESHE  ABEERIEH 55 BEEBHE  SEER AET ZRKE » KM
N8 KT » BATESEE » Bk IGG A ( Boro ) ZRETAE B 5HE 1000 Kg/ ha
Bk Kbt (R) BFEHED-

=~ CMS WA , BRIEFARTHEMEN 2 ETEER ( g/ 10m")

A:B Chen-shan 16-3 A 34-60 A IGG A
EHETEL 97 A (WA) (Boro) (Boro) (Boro)
1:1 94 100 29 1128
2:1 135 150 29 857
3:1 67 203 20 943
5:1 91 115 25 1355




BT ERHERRRN > BEBREALEERDPX-3778~GA, F [AA TRBE
B TR R/ R TRRFEM o DPX-3778 L1 1000 ~ 3000 ppmPEiils » LB
E & Chen-shan 97 As{Reimei A ZPIENM ENEERE7 ~8 /B » &
HEARMEBRHEFHA  IDPX ZHEER FORXARBLTRBE » Hb#H
ZEBGA, RIAASHBEREE - 54 ALBEREAER CMS -A & B2#
Z2RER UEREREBMERMZER (£H) » ALl Saturn % 2,4-D #A %t
FREZ HUERCERERAFE—PHEE -

£~ £R REHCMS RfiBE-FE (RENERAE)

A, Chen-shan 97 A (WA)

mi—8 Hh # i PhiEE—;
kR ma o | TMN—EEE | R W R R — B
A Tt BB & A 6 BB A | A Tt B =8|
HE B E ‘
: B (am.) | NG |88 (am.) | TGN | 18 (am.) | B/
"O(ppm)| 9:50 3.5 8:30 4.1 8:30 4.2
200 8:50 5.4 8:30 3.7 8:30 4.0
500 8:50 4.4 8:30 3.8 8:30 4.4
DPX
1000 8:50 6.1 8:30 3.5 8:30 3.1
2000 9:00 5.6 | 8:30 6.2 8:30 5.1
3000 9:20 71 8:30 8.8 8:30 8.2
0 (M) 8:30 5.5 8:30 3.4 8:30 5.6
-7
10 8:30 5.7 8:30 3.2 8:30 | 5.1
1078 8:30 5.4 8:30 4.7 8:30 4.2
GAg .
1070 8:30 5.3 8:30 2.8 10:30 3.7
1074 8:30 5.1 8:30 3.2 11:30 3.1
1073 8:30 5.1 8:30 3.5 8:30 6.3




B. Reimei A (O.ruf.)

MM —EMEN | M MO OH A | MER-ERE

& E AR
At B A Ot B & E O H A

B | R Bl a.m) |08 15 (aom) |Z99088 | 1B (a.m) | /N
O(ppm) 8:30 2.7 10¢30 1.8 8:30 2.9
200 8:30 2.3 9:30 1.8 8:30 2.5
500 8:30 2.1 8:30 2.2 10:30 2.5
DPX {1000 8:30 5.8 8:30 6.5 8:30 7.9
2000 9:30 9.2 8:30 7¢3 8:30 6.8
3000 8:30 10.5 8:30 8.9 8:30 8.1
9 (M) 9:30 2.2 9:30 1.8 9:30 3.9
10_6 9:30 2.0 9:30 2.5 8:30 4.2
10_5 10:30 1.9 8:30 2.1 8:30 3.3
GA3 10_4 9:30 2.1 8:30 3.4 8:30 2.2
10__3 8:30 1.9 8:30 4,2 9:30 5.3
10 10:30 2.1 8:30 2.7 8:30 2.8

*F ~ &% 8 B Chen-shan 97 (WA)A , BREBANEHZLE (
7./X1 RE®E > 8/ X1 KBEEA)

% = B | Chen-shan 97 A Z  Chen-shan 97 B &
% ml e B| 7/xn 8/XI 7/XI 8 /XTI
Basagran |1/200 3.8Y 7.4 7.7 8.0
Basagran |1/100 2.9 7.8 7.8 7.5
Saturn  |1/200 3.4 5.3 7.7 8.8
Saturn 1/100 4.9 6.1 7.9 7.2
Stam F-34|1/200 2.5 5.0 7.7 7.1
Stam F-34|1/100 4.8 6.8 7.4 7.3
2,4 - D |1/300 2.2 3.5 7.0 7.5
2,4 - D |1/100 3.5 5.8 7.0 -
C K 0 5.3 7.6 8.3 7.4

1) b Ll7:00 a.m, 50 - BAL/IWEo
2) TIFHEES o
3 ) REHHE » BhiE o



Mg

Kﬂ%%%@%ﬁﬁfaﬁ&25ﬁ$%%ﬁﬁ’&Euﬁﬁﬁﬁﬁ&(mmd
Generation Advance )Z@ﬁﬁﬁﬁﬁzﬁﬁﬁﬁﬁngZﬁmﬁ%ﬁ o [FlRSANET
Eﬁﬁﬁ%ﬁ%(ﬁ)¢u&&#2gﬂmmhmi@%*ﬁﬁﬁﬁ%ﬁ’ﬂ%%ﬁ
FIRRREET 2L E o BBEFMR] B £ » BT — sl s
Chen-shan 97 A BEARRHERE (R) » (B3 PR FSRE R R0 » &R R F|mm 48
Z REFR#E o Bk » BT EREAKE M R B > MBRBR RftH > B L
BHRE gene BAB R FRERZRE R RENBLEEER2EE 1
LRGBS BE YT REEMEL 2B 56 -

RBERELZIEY » RIRBLREAE » FIA MR R K TR R E T AN
ERE MEERSET ZRAWEHRE  SnMRER AR RUL @i+ B
BRUBTRAET > SREETEERE B - BEABCETEABE 55
B IFIR BR R LTR D B~ ST o ARRE BHE TR M 1 R e 2 il
BIRE B0 —BARS (TR ) BBRI (MHR) BN 2~ 3% > gpm s
HRARRETRADL  RITEERY RBERE R URY B ETRES >
BRGAMMMT 2 - AR —SHEMATEEREBBE LBRER » w5 A
R B AR5 KRG I 4BAE - IFERTEH R » 327 CMS 2 KRB LR o

RETRMEA ~ BRI SRMERMAERS LA RERRAELRS RE> —
° ABBLL Chen-shan 97 B4 > ARBH R LT 8~ 11 BBATE » T B ReH M A
REBAFH 3 B/ (R E) o REERFABE FHERNSSE CMS 58 (
kDI ZA~ BREBRWEERMEELE » LUFREMS A B Rk B b —5
° Wi DPX 5t A 5 BIARFS I » MoA ME AR R TS 1E S - (58 L qp i g
CHRARERGHEBRLBWES » REFE—% 2 &t o

HARBE 2 - B SHRE— S BB AR KR T BRI EA - B RER
BRZHE R OF R RRABL R R - BEFA ~ BREZARRS it
BATER Ak » JNFT 4RIHBY B85 » RARRATHSBUZERIRR » LURA B 2P » B LA BB
TG - RBETERI » HRK R 2 ~ 3% » LUBITER 2 1548 -

RE TR UE L I B — Mok A8 B RIS » BB A 0% EX AT
BI5R Bt BERIEHZ5R LABA > B RHRARR {7V SE
B HERFIEBTRRHEF, #ERARETZME o



10.

11,

12.

13.

A~ BEXR

. R # ,1981 , KEEMRE —ERERREZPR B ABABELRI -
CWEAE 1971, BEARELETIAENERR > BFUEFR (RTAF

) P,179 ~ 181 °

. Carnahan, H.L., J.R. Erickson, S.T. Tseng and J.N. Rutger. 1972.

Outlook for hybrid rice in the U.S.A. Rice Breeding. IRRI. p. 603-607.

. Cheng, Y.K. and C.S. Huang. 1979. Some properties -of cytoplasmic male

sterile rice. J. Agri. Res. (Taiwan). 27:267-290,

. Duvick, D.N. 1965. Cytoplasmic pollen sterility in corn. Adv. Genet.13:

2.58.

. Erickson, J.R. 1969. Cytoplasmic male sterility in rice (Oryza sativa L.).

Agro. Abst. p.6.

. Gabelman, W.H. 1974. Fj hybrids in vegetable production. Proc. 19th

Intern. Hort. Congr. Warraw. 3:419-428,

. Huang, C.S. 1977. An appraisal of rice breeding technique. J. Agr.

Assoc. China (Taiwan). N.S. 100:5-21,

. ‘Meyer, V.G. and J.R. Meyer. 1965. Cytoplasmically controlled male

sterility in cotton. Crop Sci. 5:444-448.

Sage, G.C.M. and M.J. De Insturiz. 1974. The inheritance of anther
ixtrusions in two spring wheat varieties. Theor. Apple. Genet.
45:126-133.

Shinjyo, €. and T. Omura. 1966. Cytoplasmic-genetic male sterility in-
cultivated rice, Oryza sativa L. I. Fertilities of F 1° F2 and off-springs
obtained from their mutual reciprocal back crosses and segregation of
completely male sterile plants. Jap. J. Breed. 16(Suppl. 1):179-180.

de Vries, A.Ph. 1973. Some aspects of cross pollination in wheat
( Triticum aestivum TL.). 2. Anther extrusion and ear and flowering
pattern duration. Euphytica. 22:445-456.

Watanabe, Y., S. Sakaguchi and M. Kudo. 1968. On the male-sterile rice
plant possessing the cytoplasm of Burmese Variety "Lead Rice". Jap. J.
Breed. 18(Suppl. 2):77-78.



Searching for the Fertility Restorer and to Increase the Oﬁtcrossing‘
Rate of Hybrid Rice

by
Ra-Hshiung Buu & Chen-Seng Huang

Summary

To explore the commercial production of hybrid rice, it is necessary to
search for the cytoplasmic male sterile (CMS) line and fertility restoring (Rf)
line by a series of backerossings and selection to establish the effect of
interaction between cytoplasms and the restorer genes, The further study is
needed to increase the outcrossing rate in order to obtain large quantities of
CMS line seeds and the F1 hybrid seeds.

The 'main purposes of this study were to maintain the CMS line
established previously and to continuously search for Rf genes. Moreover,
attempts were made to use some growth substances such as DPX-3778,
Gibberellin (GA3) and Indole acetic acid (IAA) and some herbicides such as
2,4-D, Stam F-34, Basagran and Saturn to change the flower habit of the
CMS line, the maintainer, and the Rf line. The results obtained were
summarried as follows,

(1) In the test-crosses for fertility restorer, we obtain 25 varieties
(strains) that had Rf gene to restore the sterility of CMS variety Chen-Shan
97 (WA) among 144 entries tested, including the F4, F5 lines of the cross
related with IR 5032,

(2) The application of DPX-3778 to CMS Chen-shan 97 A and Reimei A
lines at a range of 1000 - 3000 ppm effectively extended the duration of
spikelet opening in a day. Some herbicides such as 2,4-D and Saturn seemed
to promote the time of spikelet opening of the CMS- A and B lines,

(3) There were no significant difference in the seedset percentage of
CMS-A line planted at various row ratios with B line in the field. Therefore,
it is considered more economical to plant CMS-A and B line at a row ratio of
5:1 than 1:1 ratio.

(4) About 20% of off-type plants were found in the progenies of
open-pollinated CMS lines in the ordinary rice field without any provision of
avoiding pollen contamination. Therefore, it is necessary to setup an isolation
field plot for the seed multiplication of CMS- -A and B lines and the F hybrid
seed to avoid such a serious pollen contamination.



