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1. Developing of Hybrid Rice

Rice Production in the World

= Rice is one of the most important crops, staple of
more than 50% population in the world. 7k &2 it 57
IREZENREMEYZ—, 2HFR50%UEHAD
PUKEAER.

= The rice was cultivated in 122 countries, area
being 0.14 billion to 0.157 billion hectare every
year in the world. £ttFR G122 ERMEKTE, &
EEIREE21.0~23.552 .

(Huashe Cheng, Jian Li, chief edidtor, Mordern rice in China, 2007)

Rice Production in the World

= The total rice yields were about 0.6 billion tons in the
world every year, more than 100 thousand tons in more
than 50 countries every year.ttRIFRELDFTE6ZMAE
A, EHES0Z N EREFEAAEISBII0T M.

= The crop yields was 0.5 billion tons in China every year
and the rice yield was 0.1865 billion tons in China in
2007. FEFEFEIR R ASIZME (2007 F EF-BATITA
18650/ Mf) .

‘ Breeding Achievement of Rice in

China

= The yield was increased by 20%~30% because of
the dwarf gene utilization in indica rice from the
1950s to 1960s, thus brought the first break-through
of rice production in China. 201t4250~604E4X, &
BB MEFS AR R IEINT 20%~30%, 4RIKFEEF
WRT BRI R

(Huaan Xie et ac.,Molecular Plant breeding,2006)




Breeding Achievement of Rice in
China
= The rice yields was increased by 20% again
because of the three-line hybrid rice based
on the dwarf gene utilization in the 1970s in
China. 20tt4270E /X, =R FEAY E HH{F
FEANrFEEEVEMMERLEX ET—1E
W, (EFEABFPIET 20%,

Representative varieties of first generation
hybrid rice in China

= Shanyou2---Zhenshan97A X 1R24
= Nanyou2----ErjiunanA X 1R24

= Weiyou6----V20A X IR26

= Siyou2-----V41A X IR24

Representative varieties of second
generation hybrid rice in China

= Shanyou63----Zhenshan97A X Minghui63
= Weiyou64----V20A X Ce64

= Shanyou64----Zhenshan97A X Ce64

= Shanyougui33----Zhenshan97A X Gui33

The first Generation Restore Lines in China

= Successes was made for three-line hybrid rice under
academician Longping Yuan in China in 1973.

= But their restore lines IR26, IR26 and so on were
come from International Rice Research Institute
(IRRI). 1973 FHEREFRLTHRT, BEHRRZKE
ZRERERY, HRERZTZERNERKBHRHR
CIRRID 31#tHYIR24. IR26%.

Advantage and disadvantage of the first
generation restore lines in China

= There were some characteristics for these restore lines
from IRRI.

+ Advantages: restore genes, high vigor for F1, good plant
type, moderate of growth period and better rice quality.
e BEAMEERERE. FUAERE. HRHESEF. £EHE
FRANK R SF -

+ Disadvantages: not good for blast resistance, especially

Rice blast

Shanghang county, Fujian province




Symptoms of Rice Blast

Sanya, Hainan province

2. Breeding and Application of Restore

Lines of three-line Hybrid Rice

‘ General idea for breeding of Restore
lines

= Blast-resistant, higher vigor restore lines were
breeded by hybridization and not only being cited
the restore lines from abroad in order to improve
the blast resistance and hybrid vigor of F1. f#
FERIEENHT—SREXZKEHRMREE
EIRE, RABRRMAKREENGIH, BEFERTH
FiE, PlEmEE. AMRBERNIRER.

‘ General idea of breeding restore line
Minghui63
= The characteristics of blast resistance, strong
restore abilty and large grains were
emphasized for the restore line minghui63
breeding. BB fr: ERREREERE. BIK
g5, KRNEZBRERENES.
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Breeding of Restore Line Minghui63

= Scred fine parent and hybridization ft R¥EAR
EEFESHRTEE

+ IR30 from tropic in Asia and Gui630 from tropic in
Latin America were scred as the parent because
they had strong restore genes and other
characteristics supplementary respectively. % &
FERME N . Heh RIEKE AT M A 5 &
IR305 BI S iN His M AH E630 4 AR .
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Innovation of Restore Line Minghui63

Germplasm innovation &Rl i

Minghui63 was the first outstanding restore line by artificial cross in

China.

It was one of parent for most of combinations, longest time for

application and most notable economical efficiency in China.

It was the largest genetic distribution of parent for breeding the new

restore lines in China. & RIFA63, RHEATHMMARPE—
HARHBAMNERKER, REERMRZKBNEAGHRS . LAR

BRK. EFYHEREENRER, RENREREEPEETHEX

BN

Innovation of Restore Line Minghui63

= The blast-resistant breeding processes were created strictly and
efficiently. 832/ &H MMM BEF EWHEF

+ The low and modarate generations were identified and scred by being

induced in the areas of blast pathogenic.

+ The moderate and high generations were identified by induced in dried

blast field.

+ The high generations were identified by being injected with strong

pathogencies blast isolates and analyzed with blast resistant spectrum.

RARPHRSFERFLEERLE: PSHERER

BEREE; Sttt

ERBEFNES El’fﬁk?ﬂ*ﬁm%ﬂ}n{“ EDHTHIE %sz”

Innovation of Restore Line Minghui63

= The method was created to test the genotype of

strong restore ability efficiently. #3778 S8R
SEHERRKNTE

+ The genotype of strong restore ability was tested with

the male sterility line 688xuanA that was very difficult
to be restored. FIXEMRE AT B F"6881EA
BN B R EEEHE,

Innovation of Restore Line Minghui63

= The breeding efficiency was improved under

the pressure of ecosystem. RR%ERBEHE,

REEHHE

+ The high quality restore lines were bred based

on grain filling of F1 in the different ecosystem.

UREESFHTRM—K (FL MEIRAGK

RIEFH EEIET,

B EMERNIRER.

Innovation of Restore Line Minghui63

+ High temperature stress that the date of spikes of restore lines was

relayed to the season of high temperature with sowing of anti-
season was caught out so as to screening plant lines of high
temperature tolerant. Fi R ZEHEM A AR R ER R MBRATES
RET (HE®BE35~37C) HITHIREMIE, IMHERSEK

+ These characteristics of restore ability, blast resistance, compatibility,

grain quality, followering and so on were scred synchronously in
order to improve breeding efficiency. R %E% SxkEH. iE
B BEN. KR, FEIUEREERAITRSHIL, REEM




Main Index of Minghui63

Strong blast resistance: Minghui63 was identified
by injection with 51 blast isolates of 12 races of 5
groups indoors. The results indicated that isolates
resistant was 96.1% and races resistance was
83.3%. FERHIER: BEFMEEETNALE
OSBRI/ NHSIANBUREM) £E, MEKE
1%96. 1%, $u/)\FhER1%483. 3%,

The identified results of blast resistance between Minghui63 and Siyou30

Number of Minghui63 Siyou30(CK)
Name isolates s R s R
ZB1 1 1 1
ZB5 3 3 3
ZB9 6 1 5 5 1
ZB13 5 5 4 1
ZB15 1 1 1
ZB29 4 1 3 3 1
ZB31 2 2 2
ZC13 2 2 1 1
ZC15 2 2 2
ZE1 1 1 1
ZF1 9 9 9
ZG1 15 15 1 14
Total 51 2 49 23 28
Isolates resistant frequency(%) 96.08 45.09
races resistant frequency(%) 83.33 16.67

The yield of Shanyou63 in national trials

Increasing

Range of national Yields more than Increasing
Years frequency Control
trials (kg/ha) control (%)
(kg/ha) °
Late-season rice
1982 trials of south in 7235.25 1329.75 22.50 Shanyou2
China
Late-season rice
1983 trials of south in 6471.75 342.75 5.59 Shanyou2
China
Middle-season rice
1984 trials of south in 8809.05 1413.75 19.70 Weiyou6
China
Middle-season rice
1985 trials of south in 9108.75 1361.25 17.57 Weiyou6

China

Main Index of Minghui63

Strong restore ability and wide restore
spectrum: There were two restore
genes, Rf3 mapped in chr.3 and Rf(u)
mapped in chr.10 in restore line
Minghui63, indicated that minghui63
had more efficiency and strong restore
ability to hybrid F1.B31k63 852N E
EERISFRE (u) . ST HEIME s i

L0FRBHL, IAKHFAHE3TRHMFL e e i w ow w oW

BBREA, WE R s
The hybrids F1 had better grain filling
and strong vigor between different —x— BERE o KERE

sterility and minghui63. 5%~ EEE

RIS A, R, ENKEEREHE - A
MRS ZRE, WENSEREM F2 grain filling distribution of
BRMME . Shanyou63

HREZE, 1986; RAEZ, 2003

Main Index of Minghui63

High quality grainkEff: The milling quality, appearance quality
and eating quality were good, especially the amylose content being
16.2%, gel consistency being 91mm.#EKRR. SMURE. BRMAR
¥, AEREBEEMEEN16.2%, KHEIIMmM.

Large 1000-grain weight: The 1000-grain weight was 29 gram in
general, 5 gram more than that of IR24. —f&#29g, tkIR24X5g97%
A.

High Yield of Hybrid F1: There were a great amount of pollen for
minghui63 and the yield of hybrid F1 was 2250~4500 kg/ha in
general. RAR63TEME X, —REHIFH=2 4 150~300 kg/H .

The rice quality of Minghui 63

Shanyo

Milled Head
Rate of e eal Chalk Gel Alkali - Amylos
iotie  husked rice rice percent Length consist spreadi e
varietie rice (%) rate(%) rate (%) | (o) towidth ency ng  content
N 9 ratio (mm) value (%)
M"é%h“' 7977 7179 4906 1215 304 910 367  16.20

u63 80.69 72.31 28.27 38.13 77.4 233 23.43




Application of Minghui63

= There were 33 combinations of Minghui63 being provincial
trialed, and the accumulated areas were 0.83 billion ha in
China from 1984 to 2005. 1984~20054F, LARA{k63HE 4
By KRR E R ERERILIIN, RitiHE12.448312
H.

= There were 195 new restorer lines which bred by main parents
Minghui63, 477 combinations being provincial trialed, and
accumulated areas were 0.57 billion ha, increasing paddy
12.433 billion kg in China from 1990 to 2005.1990~2005%,
VABRR63 4 MR AL B B HT R & R1%2954, BLLARYZIZ K
BT AR EEREEIRAT7TA, RitiEr8.542312FE, HAAEA
124.331Zkg.

Application of Minghui63

= In total: Accumulated areas 1.399 billion ha in
China. IS it: Bit#r mF120.990612&F -

The areas of partial combinations directly from minghui63 from 1984 to

2005

L accumulated accumulated

e T
Shanyou 63 6254.2 Jinyou63 69.1
D you 63 635.2 D Y°¢’oﬁ%§§’297 51.7
Teyou 63 344.6 S You63 16.2
Xieyou 63 346.4 Maxieyou 63 13.7
1lyou 63 214.3 Henliang youl 6.8
Ga"gygﬂéggea‘"gy 172.0 Gang(ai)yous3 6.7
Weiyou 63 76.1 Liangyou2163 7.1

You [ 63 55.6

(EERIEMEZRMIET HREIT)

The cultivated areas of main combinations in China in 1998

Extensive areas in Extensive areas in
Combinations total Combinations total
(X10%hectare) ( X10%hectare )
Shanyou63 230.6 Xieyou63 40.6
Gangyou22 161.3 Shanyou46 37.2
1I you838 49.3 Teyou63 32.7
1I you501 43.7 Weiyou77 30.5
Shanyouduoxil 42.9 Shanyouwan3 29.2

(EERIEMEZRMET HREIT)

The areas of partial combinations produced by minghui 63 derived
restore lines from1999 to 2005

accumulated accumulated

Varieties areas( X 104 hectare) varieties arlfeacst(a >r<e1)o4
Gangyou22 900.6 Gangyou725 330.1
Shanyou559 70.7 1lyou725 141.1
Shanyou77 256.6 1lyou162 75.5
Weiyou77 252.8 Shanyouduoxi 2713
Jinyou77 138.9 Dyou68 96.5
1Tyous501 241.8 Shanyouwan3 181.3
Teyou559 111.0 1T youduoxil 55.2
1lyou838 548.1

(EEREMEZDMETHRLEIT)

Minghui63 and its combination
Shanyou63




Application of Shanyou63

Shanyou 63 has the characteristics of stable high yield, strong blast
resistance, fine grain quality and wide adaptability. 3lIft638 %5 £~
MRRE. RN, KR, BRI AES.

The extension area of Shanyou 63 span 21.3 longitude, 20.2 latitude
from east longitude 100° 36’ (Yunnan province) to east longitude
121° 56'(Shanhai city), from 17° 36’ (Hainan province) to north
latitude 37° 49’ (Shandong Shengli oil field farm).iliff633 SEE MG
££100° 36' (ZREG) EFHRZ121° 56 (L) , M17° 36 GERE) Edus
37° 49" (LHRMFME R Fil21. 3NEE, 20. 205,

The application of hybrid combination Shanyou63

O st A
4T N = W

Application of Shanyou63

Shanyou63 has always been the most planted area in china from
1986 to 2001, the average annual area is 378.853 million ha. 1986
~2001%, lfi63—ERPEMERME A KERM, FHEE
FHE5682.95 H .

The planted area annual and accumulated cultivated area created a
record of rice history in china, which the planted area was 0.0681
billion ha in China in 1990. &N R FEER ) h EFEE
BIiER, HAP1990FEHE MIEmIRA1.02212/E.

Application of Shanyou63

In 1996, the planted area of Shanyou63 was 4.076
million ha, about 5 folds than the second main cultivars
of Shanyou64 in China. 19964 By#hi&E mF15A£6114. 07
H, YAFZKEHMEMILKAFIEEIAISE.

To 2005, Shanyou63 had been cultivated 0.0625 billion ha,
increasing paddy 69.54 billion kg. £|2005%E 41k, lLft638 Rit
FhiE9. 3812/, HEF=FEL695. 401Zke.

The area of shanyou63 and national hybrid rice in China
every year (1984 ~2003)

National Shanyou National Shanyou
hybrid rice Y hybrid rice 63 area
Year 63 area Year illion h
area (million hay area (million ha)
(million ha) (million ha)
1984 7.92 0.077 1994 12.852 4. 455
1985 7.30 0.393 1995 14. 636 3.564
1986 7.87 2.565 1996 13. 456 4.076
1987 9.52 3.793 1997 15.316 2.94
1988 11.996 4.707 1998 14. 969 2. 306
1989 1.7 5.311 1999 13.923 1.439
1990 15. 51 6.813 2000 13.727 1.159
1991 13.549 571 2001 14.384 0.761
1992 14. 63 6.088 2002 14.311 0.825
1993 12. 80 4. 868 2003 13. 223 0.731

(EEREMEZDMETHRLEIT)

Breeding and application of early maturity restore line of

three-line hybrid rice of Minghui77

Breeding of the early-mature combinations Weiyou77 and Shayou
77 have promoted the hybrid rice planted in large scale in the early
cropping season.Bt #ll B R A E B TTALMETT, RFFHEFIK
BERTHRERME .

The combinations of weiyou77 and shanyoy77 were the most
planted areas for all hybrid rice during the “Ninth Five-year” in China,
accumulated areas being 509.1 million ha, increasing paddy 23
billion kg. E£77. MMKTTREE AR REZFHEHHE AREAE
&, BitMiET641 7 E, EEHEB2312ke.




‘ Breeding of Restore Line Minghui86

= The super hybrid rice strong restore line Minghui86 was bred with
the characteristics of thick stalk. big spike and large grain by P18
(IR54/minghui63//IR60/gui630) X GK148(gen187//IR30), taking
the composite crossing between indica and japonica subspecies. 5
BUHIERE T #h B & & 3 MR B 2, BUBHF RIE KR BAR S
i, i 3T P18(IR54/ BR 1% 63//IR60/ % 630) X GK148( 1 187/IR30) Z%
X, EEHBRAZERRE RARSE.
= The biomass yield and storage capacity of Il youming 86 were
25.8%, 16.7% higher than that of Shanyou63.5;W63tELL, 114RR
86 F - BIRE25.8%, EAREEMN16.7%.

Restore Line Minghui86

Breeding and application of restore line
Minghui86

= In 2001, the yield of Ilyouming86 was 17947.5 kg/ha, creating the highest
rice single-yielding in Taoyuan town of Yougsheng county in Yunnan
Province. To 2006, the accumulated areas of Ilyouming86 were 0.7753
million ha. Il :#A86, 20014 =& KAEEFIFRSME, $771%1196.5kg/
., RFttRKBEEREER, £20065F, Rit# WiE1163.00H.

= During the continuous three year from 1999 to 2001, the yield of
Shanyouming86 planted in the 6.67ha in Youxi county in Fujian province
was over 12,000 kg/ha. It was the first hybrid rice combination whose yield
was over 12,000 kg/ha. WHLAAB6, 199920014 E4E3EAREL LEE
HITHMEBTER, B GENBE800kg, REREEIMEEREATFHE
P BT 800kg KX L FE AT,

Super-hybridization Rice
Combination II Youming86

The yield of II Youming86 was
17947.5 kg/ha creating the new
world record at Taoyuan town of
Yongsheng county in Yunnan
province in China in September in
2001. 20014E9 A, IIBAB6E =
MEKMEIRS kiEA A
1196. Ske/E MYt FRFTLE R -

11 Youming86 was authorized for
the first super rice varieties by the
Ministry of Agriculture of the
people’s repulic of China in 2005.
20054F, 11 4 AR 86HK K Al &R Ef A H

F—tEgEet.

Restore Line Hang 1 and its combinations

= The yield of main rice of II
Youhangl was 13924.5 kg/ha
in 53.3ha planted areas in
Youxi county in  Fujian
province in 2004, in the
meanwhile, the yield of ratoon
rice of 1l Youhangl was
7821.0 kg/ha. 20044 H & 11 1
IS ER, tIEEERKSE
FE21%928. 3kg/ HHILL R, B
HFFERIA521. 4kg/H -

II'Youhang 1




Teyou Hang 1

= The yield of Teyouhangl was
10935.0 kg/ha in the farm of
national “863”" in Hainan
province in 2003, the fourth
higher yield of 126
demonstrated combinations.

= 2003EMBFMRMIS S MER
86373 9 £ 112002 ~ 20034 = T
EFEERRKBAE, &~
729.0 kg, E1260BitAEH
SEAfiL.

Restore Line Hang2 and its Combinations

= The yield of IlYouhang2 was
7900.5 kg/ha taking part in the trial
of middle rice in Anhui province,
more  4.85% than that of
Shanyou63 in 2003, more 7.5%
than that of Shanyou63.

= The combination of II'Youhang2
was taken part in producing trial in
Anhui province, yield increasing
more 8% than that of Shanyou63.
2003FSMEHEPRH/XIK, @~
526. Tkg, LLXTBRIL{L631E7=4. 85%;
2004 FF XS MR HAE PRI, tt
X BRI 63 1877, 5%, EIRBE K
i 2005FE SMBHEERE,
FoF BRI 6318 8% .

The super rice varieties authorized by Ministry of
Agriculture of the people’s repulic of China

3. Ratoon Rice in
Fujian province

Ratoon Rice

= The demonstration fields of super-high yield ratoon rice were
established to make use of the yield potential of ratoon rice at Youxi
county by Fujian Academy of Agricultural Sciences cooperating with
Agricultural Bureau of Youxi country in Fujian province since 1999.
HERBERBNEEES, M999ER, BEARIMERSEES
REERUEEE EARERIBRBEBERRBNBE~TE
A

= The super-hybrid rice varieties, which were suitable for ratoon rice
cultivated were Identified and screeding so as to study on the super
high-yield cultivating Techniques.4 & i BB B £ K IEHBER
fami, HRESEHIERA.




Screening of Ratoon Rice from Super
hybridization Rice

= The five new varieties Shanyouming8, Ilyouming86,
Ilyouhangl, Ilyouhang148 and Ilyouhang2, which could
adapt to the ecosystem of Youxi country in Fujian province, suit
for ratoon rice cultivated, show high yield in the main rice and
strong ratoon function were scred. 3% il RA86. 11 i BA
86. I{EAT1S. IlfitAi148F 1l A2 SHEEMENREEALRE
5. BEEBEBRENAEF LT sMBERNBENTE
HIFTa

Achievement of Ratoon Rice

= The average yield was 12,000 kg/ha in main rice and
6,000kg/ha in ratoon rice respectively.

= lts yield annual was more than 18,000 kg/ha and its
maximum yield annual was 21,750 kg/ha in the 6. 7ha
demonstration fields of super-high yield ratoon rice at
Youxi county of Fujian province since 2000. I\20004#2,
EREEAZEEENBEEEBERTEAXEFHEFBT
800ke/ B, BAEFTIHFTF400ke/ B, FF=RIIX1200ke/ B
t, BEEFERIA1450ke/H.

‘ Super rice cultivated as ratoon rice

= There were 0.75 million ha ratoon rice in China in 1997 and the average
yield was 2040.0 kg/ha in ratoon rice. 19974 £ E B4 fE L REI11257 &,
BEZFHEZT136kg.

= There are 3.33 million ha single cropping rice fields suitable for ratoon rice
cultivated in south China. Moreover, there are nearly 6.67 thousand ha
ratoon rice planted in Youxi county, Fujian province every year and its yield
was 9,000kg/ha in main rice, 4,500kg/ha in ratoon rice.

= We believe that the yield will be increased 20 million tons every year if the

yields of all ratoon rice can achieve this aim of Youxi county,Fujian province.

HEMAH0N EEFEHEEMERER (GEEALZEGFEHERE
FRIL1077/, KFEEF600kg, BEFE300kg) , MEEXBIARE=EK
F, BEEEIHEA200077 0,

The yields of ratoon rice at Youxi county in Fujian province
(2005-2007)

Avarge yield of demonstration
fields (kg/ha)

Years Varieties A(":;)S
Main rice Ra}oon In total
rice

2005 I 67.29 12186.0
Youhangl : :

2006 Il 7.29 12307.5 7148.25  19455.75
Youhang2

2007 Il 7.29 13185.0 7575.75  20760.75
Youhang2

‘ Super rice cultivated as ratoon rice

= Developing the ratoon rice is a very important
measure insuring the food security in China in the
future.

= The ratoon rice is thought as a key technical
reserving program for increasing crop yields in
China ARBEREEHRKERRREREN—NEES
1, WIANAREFREN—NEARAHENE .

Ratoon Rice

The vyield of Shanyouming86
created the new record of ratoon
rice in China with 21526.5 kg/ha
yield including main rice and
ratoon rice at Youxi county in
Fujian province in 2000.

The new record of ratoon rice was
created with the yield 8716.5
kg/ha at Youxi county in Fujian
province in 2001. 20004 il 4 BR
86 , & m — kK A
920.2+514.9=1435.1kg/ & , £l
MBEREERSER. 2001E0
HiAA86, R fEHEMIELO2E,

BEEF8581.1 kg/E, IBESE
BrEHRER.

(Youxi county in Fujian provinceigi Jti%
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\ Ratoon Rice

The growth of ratoon rice of I
Youhangl after harvesting 60 days of
main rice I i1 S kFWIKE0KRE
ETERER

RRUBHETDREFRE. DEEDRES SR RERBHIE. $E
l IR S AL

II'Youhang 1

= The yield of main rice and
ratoon rice of Il Youhangl was
11709.0 kg/ha, 7326.0 kg/ha
respectively at all
demonstration fields in 2005.
2005 £ R ER FHFAES
£ ZE H7806kg, BEZEH
488.4kg.

20034, RAUABAREHE T RAFRH KA ERE S
NEPUARATIE, S0 2Rk

EARER AT KRR R RSk

EHBLRE RS EA AR

4. Prospect on Hybrid
Rice
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Concept of Super-hybridization Rice

= New concept of super-hybridization ricefB & fEET A
i

+ The super-hybridization rice was an improved
variety with four characteristics of high yield, strong
disease resistance, fine grain quality and wide
adaptation. LREH“FE-MIF. MR, KRERIE
Bz M F —REY K FE R,

Breeding Strategies

= Based on traditional breeding methods, combining with genetic
engineering and molecular marker-assisted selection and so
on, to develop genetics and breeding theories and techniques
on super hybrid rice integrating four characteristics of high yield,
disease resistance, fine quality and wide adaptation.

The varieties with four characteristics of high yield, disease
resistance, fine quality and wide adaptation were bred on the
basis of developing excellent germplasms. LUES B #7735 B E
i, FEERIERS FIRCHMEFEERA, FR FFME.
Btk RERIERE R MRS MR B BRI AT R,
EEIF RS FRGERM L, BB W REERSKF L8k
R,
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