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ABSTRACT

Rice is the most important staple food in Taiwan. In recent years, about 260,000
hectares of paddy field was cultivated to rice annually with an output of about 1.2
million tons of brown rice. In order to enhance the quality of high quality rice, the
Agriculture and Food Agency handled “counseling high quality rice production and
sales plans” since 1986 and planned suitable planting area of high quality rice by the
respective District Agricultural Research and Extension Station planning suitable
planting area of high quality rice. The Agency has executed various measures to support
the sustainable development of the rice industry, which include planned production,
breeding new varieties, improving cultivation techniques, advocating appropriate
chemical use for pests control, establishing specialized rice production and marketing
zones, encouraging self-quality control system, and promoting the CAS rice
certification system.

Innovative technology is the motive power for the continuous progress and
competitiveness of high quality rice industry. Based on the needs for industrial
development, the Agency entrusts universities and private research institutions to
conduct research projects of study on innovational management and marketing Strategy
for high quality rice industry, research and development of rice quality inspection
technology, research of functional component of rice, and development of diversified
rice products. The outcomes of the research projects are important in promoting the
modernization and improve the quality of high quality rice industry in many aspects.

In the marketing and promotion of high quality rice, the Agency through the
activities of Taiwan top ten classic rice selection, Taiwan rice festival, counseling
design exquisite good rice gift, top 100 restaurant providing high quality rice voted, etc.

to propaganda image of high quality Taiwan rice, establishment of a regional brand



awareness, encourage consumers to buy high quality rice, expand the new market of

high quality rice, promote rice consumer trends.

Key word: planned production, specialized rice production and marketing zones,

marketing and promotion of high quality rice.
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It ERE SRS ERS AR LA S (RSN - TR F R I FE S TS - A
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BYEDK IR 8% Bl A5 R
ABSTRACT

The good-quality rice team, set up according to the policy of Council of agriculture
(COA), whose members was comprised the rice researchers of TARI and TDARES of
COA has been obtained quite a fruitful outcome so far. There were several
achievements of the team as follows: (1) Totally 23 new varieties such as good quality
of Tainan 13 and diversified rice of Tainung 76 were bred and released; (2)
Development using marker-aided selections on several important characteristics have
created some newly potential lines in the selection populations of the lower chalkiness,
the resistance to ear-sprouting and bacterial blight, etc.; (3) The results of the cultural
managements about the technology of reasonable applying fertilizer, stable production
on diagnosis and adjustment of cropping systems in paddy have the effects on the
fertilizer amounts reduction, production cost saving and improvement of rice quality,
etc.; (4) To develop the technologies for cosmetics manufacturing, rice wine and
vinegar brewing, and the rice bread, etc. has increased the valuable usage of rice; (5) To
implement the technologies of team research and development in production and
marketing area has enhanced the competitiveness of domestic rice market and increased

the farmers’ income.

Key words: Good-quality rice team, Breeding, Marker-aided selection (MAS), Cultural

management, Production and marketing area.
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fl* GELRMASIZ S £H - PHRA T
S Al I
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TreEpE gt Exet prat EmFAY

¥

IAEE T AT DL ¥R EE L AL £ 4 Sk
*i{ 3IFE 1§ 0 menchi@ntu.edu.tw
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RyORFFRETEAISE - B0 - AT EER » IRABIERDR 2 55 ) & s
BT AN ~ AR AR LR TR 4D - DI EIDNAZY 50 £ 2 DNA
FESUETTRER i e ﬁE%F’:EHU%ﬁHZ TR oAb 7T = H i B E M
F(SSR) 77 + AR 56 K i 25 7 0 2 B A A R oK o el B — A% B 2% AU 1% (Single
nucleotide polymorphisms, SNPs) &R - S fffT e i K2 % L BE— 1% H R 2 T 1
2H o S [EIELA E A (multiplex SNP genotyping) el 22 28 51| 278 5 . BB
7K R [N EE 1B oK AL » 155 DL324H SSRIE sE#E 7 T 36 ([ B Y 4 ek i fE 2 AU 2
DNAFE&L I T &5 32(E AL N HAFF[306 [ A [F] 2 T ir AN o 28 HT F R
principle component analysis (PCA) &z S£8£ 53 #(clustering analysis) » #8357 5K 5 A [E]
R ZEREAE ] 73 2B » 555MEL12-plex 2 26 B BE— A% I ASER E B (multiplex SNP
genotypmg)%ﬁ%ﬁﬁg’ A2 B e R AR < BB R RN - AR T

R EoRanfE  DNATS SUERE SORSKRIRE o FERM/REMERIRED ~ Y MKRE
TEDNAERIE Z FL - i EREpR A A IR R A Zy e AR DR AR IR B 2 fp - A
A [E] A E PR B REDROB AR LR o R AT 2 IR R L DI Re i BE E s oo ifr 2 B
g AIRPR L S & 70E 0 FH G B 5 20-plexiymultiplex PCREEYIAHE > A
BR T TUE S e R 33 B S Ml o FLERflr A Bl E— P HEE S ~ Y
R Z Ml (R EERDREE SR 2 (e -
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FARER) B EEMEFY] - DEEZERANEE - ekl e -

MFEARABAR B RBEIMESE 55 ~ BN BT 2 E1L - & e kR
KRS BARETE S (oK Al 2 4EF57) T /R oK Rk an i g R ile 2 Br ¢ R e e
FFRFAIE S - BoRTGE T E e Rl R B E R A P - JCH AR E
SMNEIFEDR A 1 T DS A E S B ARk i85 R A Rl B A s B4 M
oK DNAFESUERHEE K AR S0 TE < A R it - He el iR 5] ek il 2 47
W3 1A SR BoR TS (EAE R 5 2 B a4 (Blight 2000) o HHJR T RES N J 8%
R 52 BIR 22 - MDNAS TR I B AMRENREN - BUEFARIEK
Feaim 2§ E e NBZIER] - EEEEEMEFPS(simple sequence repeats, SSR)
S FE %R 2 (microsatellite) FH Moore % 22 3% A 1991 245 & PCREL i BT Al 7. (Moore et
al. 1991) » SSRIFAT> B A NAHAY A [FEIir &G - IREE BEALHY AR/ INHIFRHIA [E] K B
WECREC ML & 6L REME o SSRIETREL HE FIAE 4 i H A K & ok L fE
(Hashimoto et al. 2004) ~ ZEEI/KFEfE(Lu et al. 2005) ~ FAfRIE/KFG > B LM
(Giarrocco et al. 2007) LA 5z E[1 & 7K A8 i 7 E (Jain et al. 2004) 55 - EB—iZ k27!
M:(single nucleotide polymorphism, SNP) /> TEz0 NE & 2 & ~ R E A B EMEE
ILEAME - DS ER M IEDNAR B 2 RS SN & F 18R JEFEEZIT
(Alves et al. 2008; Ayres et al. 1997; Gupta et al. 2001; Twyman and Primrose, 2003) °
SNPZRE F A 434 H Al ok i waxy F5 R 85 L (Yamanaka et al. 2004) DLk
DRE M SNPZE A it & B i) & & HARGHE ~ /Kig B fE (Fitzgerald et al. 2011) -

IV R K g E TR
FSMEOK iR E BN KRR - MBI LR EY B B MR A RE N

H] BB AL TR R d B LA o LR AMRFER Rl o3 A oL (Scientec Lab  center,
http://sclab.co.kr/ko/menu2/rl_2.htm) LA K SolGent 2 =] (http://solgent.com/pro2_4) {
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FHRE RN 17 2 7 ) i B B e e 28 2 SNPERRHEE Ry ZLHiE ([811) - 43 Al B & i E A
13plex SNP PCR g E s F5I4H » B] A A DARGHI36{E [ K fhfE (ScLab) - 5411
K o k661 5 K fnfd (Solgent) < AR HAME T T EUE AN EH P OMEE A S
(http://www.ncss.go.jp/main/DNA/DNAKatsuyou.htmI#RANGE!AL) » * H A LG9S
N EIFRHEREDR S S AR AR S > FidlSatake N BIFEHLELFREH 2K ~ ARk ~ &K ~ Gl
oK~ R I246 i TE 2 EARTS ¢ IIMRAAR A SIRERPK infl i baslmse - Hl
F& LabindiaZ\ 51714 $1 ¥ Basmati &K i 2 Basmati Verifiler™ Kitf(|fi8-plex SSR77
VAR DUl A basmati B oK dnfd - 208 H FiHE AT & fn LEH IR er BUERTH
KRBy RO SSRIITHE R K TAF -

H ﬂﬁ%ﬂw“mlﬂﬁ:ﬁtﬂ@l!ﬁ%ﬁﬂ 33 MH R 03 A B RO
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DRiL Ae [0 [ & % | ooooooott
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1. 2006 FFERE R 1 2 AE Y E B BT DL SNP Ry RktfERr 28 22 45 CAPS markers
$% 51 126 FeEr 112 & (%Y 90%) 1 sE B ik [ (http://iwww.nags.go.kr/)

M AMEESRSENEEHERE AL

FolEM ~ AEHNEPG IR Rk Z HEY - A SR = A I #2156 (SSR) AR 1l 278
LT EOR KBS NE L Bk bl (Chuang et al. 2011) o H{s A 2382 A K 13(
EISMEOR AR (1) b 324H il ifr B IS HE T /KA 2 B ME 2 DNATE ST -
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% LA FEE FRE R fnfE

Country of origin

Taiwan

Thailand

Japan

USA

Australia

Total
numbers
23 Japonica

Indica :
6 Indica :
3 Japonica :
3 Japonica :
Indica :
1 Japonica :

Cultivar name

:TaiKen 2 (TK 2), TaiKen 4 (TK 4), TaiKen 5 (TK 5), TaiKen 6 (TK 6),

TaiKen 8 (TK 8), TaiKen 9 (TK 9), TaiKen 11 (TK 11), TaiKen 12 (TK 12),
TaiKen 14 (TK 14), TaiKen 16 (TK 16), Tainung 67 (TNG 67), Tainung 71
(TNG 71), Kaohsiung 139 (KH 139), Kaohsiung 145 (KH 145), Tainan 11
(TN 11), Taichung 191 (TC 191), Taoyuan 3 (TY 3), Taitung 30 (TD 30),
Hualian 19 (HL 19)

Taichung Sen 2 (TS 2), Taichung Sen 10 (TCS 10), Tainung 1 (TN 1),
Tainung 22 (TN 22)

Jasmine 85 (J 85), Pathumithani (Path), Hom Mali (Hom), K 17032,
K 17050, KDML 105

Koshihikari (Koshi), Koshiibuki (Ibuki), Akitakomachi (Aki)

M 202, M 401

Southern Long Grain (SL)

SunWhite (Sun)

GE SRR 32 B R | L A5-F306{[E A [F] 2 L &N » HEERETA3E
2111 7 Bt > P R R F59.611E 7 BL o ZREMERHE = & Polymorphic information
value (PIC) > 71/20.205 (RM7023) %£0.926 (RM333) » -9 50.75(722) -

% 2. 32 {EfdE EASC AT ER Efe - PIC {H ~ BN BREYIAN

SSR Chr. SSR PIC Allele ﬁsl:’:‘_ SSR Chr. SSR. PIC Allele r::::c
marker location motifs wvalue number {hp;] muarker location maotifs wvalue mnumber (bps)
RM21 1 (GAN. 0809 10 123169 RM3412 1 (CTh, 0495 7 205242
RM22 3 (GA) 0.574 s 163~199 RM3501 2 (CT)e 0778 9 181-216
RMT2 ES (TATICATTY,:  0.762 3 157-209 RM3892 4 (TGha  0.901 19 184-359
RM101 12 (CThss 0.875 13 134-309 RM3912 a (GTh.  0.728 9 190-218
RM276 & (AGLANGA), 0.725 7 S8~137 RMSa28 £ (TC),.,  0.656 I3 396
RM333 10 (TAT)ACTT)., 0926 21 160-287 RMST04 1 (AAT)., 0.873 15 160-215
RMA4TS 4 (TATC), 0856 12 175-230 RMSTSS 3 (ACT),, 0.752 1 203261
RMA496 10 (TChs 0.724 & 268~297 RMSSE62 2 (ATA).  0.869 12 144237
RMSS0 1 (CTThe 0.77 3 205-266 RM651S 1 (GOG)  0.329 3 220-227

RM 1089 E (AC): 0.741 1 200-249 RMGST1 a (TTC),, 0775 6 193-232
RMI353 7 (AG)a. 0807 9 169276 RMT0O23 I3 (AAAG), 0205 a 208232
RMI1359 4 (ACHzs 0.847 10 114~151 RMT180 1 (ATAG), 0.662 4 175-219
RMI3ST 1 (AG). 0801 3 114~151 RM7T271 s (ATCT), 0716 6 197-222
RMI3SE 4 (AG i, 0.889 14 165-240 RMTS545 10 (TATG). 0.829 14 167-256
RM2835 3 (AT, 0.781 10 173-267 RMTS65 3 (TCGA)  0.526 3 203-212
RM3152 10 (C A 0.83 12 232-334 RMS006 7 (AT Yoy 0.9 14 131310
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HA"RM101~RM333~RM475~RM1387 - RM1388 ~ RM2835 - RM5428 5zRM5704
Tt AT ] S A B R oK - 4% E 3 FE A principle coordinate analysis (PCA)
S EERE M (clustering analysis) » 23 2K H A [F]E 28 2 oK i 7] 77 BB AAEK -
EISMER ~ BIRRIK K BISMULRAKEE(E2) -

3
3. _____..j.".ll rmdica
i Taiwan fapestica
1032
I
b I
T -
I T
PC 2 o= Jems I
o
(6.11%)
T
Th.\:.u:-.".."'.'qm
US japonica
e II(:\ v Akt
]
Yo
@
o
284 gm:
Japanjaponica
a
Aus faponica
s . i r 1 [
ak | £l an 1] 1] e

PC 1 (17.61%)
2. FIF] 32 4H SSR 7 HEaC ¥t 36 {E A [E 2B ~ PNAMLIEAETT T n T

A% R PEEEOR > AT A _EAE RIE T T A A [FI SSRGS BoR anfi
TR - DAAIE A e A (E]3) -
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TK2,TKA4,TKS,TK8,TK9,TK11,TK14,TK16,TNG71,KH139, KH145,TN11,7C191,M401 Koshi, Opus

RM1387
TK2,TK4,TKS,TK8, TK9,TK11,TK14,TK16,TNG71,KH139,KH145,TN11 TC191,M401,Koshi,0pus
| RM475 RM475
TK9 TK2,TKA4,TK5,TK8,TK11,TK14,TK16,TNG71,KH139,KH145,TN11 Koshi,TC191 M401,0pus
| RM5704 RM101 | | RM5704
TK2,TK4,TK5,TK8,TK16,TNG71,KH139,TN11 TK11 TK14,KH145 Koshi TC191 M401  Sun
| RM333 RM333
TK4,TN11 TK5,KH139 TK2,TK8,TK16,TNG71 TK14 KH145
| RM2855 | RM8216 | RM8216
TK4 TN11 TKS KH139 TNGT1 TK2,TK8,TK16
RM5428
TK2,TK8 TK16
RM4388
TK2 TK8

KNV NEEY L AE W e o

NMAZEE—RHBZAMERTETESHETSER R RE

2B Bz DA 25 L 2 B N AMER G SNP & R EE (52 R BT B A1 3 A R
3659255%) * S 1 THHZE Tetra primer ARMS PCR il (1 #E EC B B F| S BH 551 3491045F) -
AGHEEATA H LL15EC 10 B —SNPAiz B 5 [ ¥ i B — [ i i T 2 (EPCRED)
HybgiE - FL RS BIKEEIKB R o MEYIARN » DIHERZ EeSNPAL R 2 2 3
2 15-plex SNP PCR K24 B i 10-plex SNP PCR & /577

e E P R B A 7K R FE DN AR IRHEE 2 B 17 ~ T B R AR AR b B A i
TR B At DURSHIR [EIFS B R RORFELL 2R (R, 2012) < AR E &2k
FG R ST » AR ACKERCRAL B R @ M (R BIEK 5 (E4) -
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o HEEMNRM

ANABIE,
® AL E) Tk

o B F AT K $ 4T
B kAHREE
o L HEREMBRE

4 R\ a(EZ SR\ A AR R L & 0 Ar

AT T SO(E AL 225 bk % - Hoh21(E Ml B —EMEAYDNATE AR
B~ 19{ElhnfRA — R ERIFA - 10(E MM ERI B A 2-3f EERFA > BURAKE A
e\ BRI B A (B — e A [El ik 2 2= 22 (E5)

RFE1 A 196/96

[0 T (T

G2 A : 91/96; B : 2/96; C : 2/96; D : 1/96

firey 1] A : 58/96;: B : 21/96; C : 16/96;: D - 1/96

5.5 DNA fE48 5
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R EE AR AR R ORI B i {58 PR £ B 5 ALY B S BREESK I © ALNE]
Sadanfl BT FEUE 2 2RI R A —m R RUTE Z Z2T7155E  BIEKERZ 5
fufeE Ry E 2 TSR EAIERE 2 S fEL14555% - S HTEEFR(ERI) G - AN EHEAELL
R A — 2L 6155 13.04% » HERRAERERE/NR10% » A4

FEH0% » BIBKREHEASHL + HERHEACE AR [7210% -

% 3A NE] K B BRI B H R AUEE 2 DNA F5EU T4 R
o

&

BIRAEE BT18 S
# 20110415

Bk s BT13E 4
#_20110430

BiRAIES RT1RS
#_20110509

BikiES RT18 &
3k_20110529

BURATE i 514558
&3 20110429

A E & BAT1RER
_—wEHE

ALE & RT1RER
_#bo07

Ad & RT18 G X
_ & 2#b007

A = BT HTI0 %

LR

48

48

48

48

24

48

48
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A

o COOODPr OO OOODX

(o1 SR = o )

48/48

- 44147
2 1/47
L1147
P47

* 43746
- 1/46
P 1/46
L1146

- 44148
- 2148
1448
P 1/48

L 21122
L 1/22

. 44047
L 2047
D 1447
: 44145
1145

- 4647
2147

AR

0%

6.38%

6.52%

8.33%

4.55%
6.38%

2.22%
2.13%

i

&

ARE & RETISRG#
_&4%bo07

AL 3 &Rk &k
_20110719

Az s &BiosR & #
_20110730

A%F) &BoR &4
_20110803

AZE SPioR & 4
_20110812

A4 7 &HoRk & %
_20110817

AZF SBiosk & &
_20110824

AnF GHl9Nt & ok
_20110901

=4
afl

L

24

24

24

24

24

24

24

R

W OmE

mr OOm@F

* 45/48
2148
©1/48

s 21722
- 1422

- 20023
L1423
123
123

C 21123
L2123

L 24024

L 20020

L 22/22

L 20020

Aot
®
6.25%

4.55%

13.04%

8.70%

0%

0%

0%
0%

= MK L DNAFS ST RHE - B A
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ABSTRACT

In order to maintain genetic purity of rice seeds, detect and trace admixture rice
that sold in market, and increase the competitiveness and marketing segment of
Taiwan’s domestic rice, the DNA fingerprinting technique based on DNA molecular
markers for rice varieties identification has become a commonly used platform. In this
study, we took advantage of SSRs and a core SNP marker set from previously
established rice SNP database to develop different genotyping analysis platforms for
domestic and foreign rice varieties characterization. First, a panel of 32 SSR DNA
markers and 36 rice varieties from different countries were used for comparative
polymorphism analysis. A total of 306 alleles were observed in 32 loci. The number of
alleles per locus ranged from 3 to 21, with an average of 9.6. Polymorphic information
content (PIC) values varied from 0.205 (RM7023) to 0.926 (RM333), with an average
of 0.75. Principle component analysis (PCA) score plot and clustering analysis were
sufficient to discriminate between two different groups of rice varieties based on
geographic origins. In addition, using 12 sets of allelic-specific SNP primer pairs in the
same PCR reaction and analysis PCR amplicons by capillary or regular gel
electrophoresis, we were able to distinguish specific SNP loci among various rice
cultivars. The DNA fingerprinting generated by multiplex-SNP genotyping analysis
from rice grain sample can be further compared with available database to confirm
specific rice identity. The multiplex SNP genotyping technique can further increase the
sensitivity and accuracy of rice varieties identification. This genotyping platform has
also been applied to establish an up-dated DNA fingerprinting database of domestic and
foreign rice, to access the admixture ratio along production processes and set up a
standard for tolerance of mixed-rice ratio in rice market. Finally, a mass array-based

rice cultivars identification platform was also built up. With 20-plex suitable

12
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combination of primer designs, totally 71 domestic Taiwan and 33 foreign rice samples
can be effectively separated. These techniques can be practically and routinely used in
identification of rice authenticity and benefit the development of progress of rice

industry.

Keywords: Simple sequence repeat (SSR), multiplex single nucleotide polymorphism

(SNP) PCR, rice varieties identification.
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ABSTRACT

The good-quality rice breeding, was selected good-quality parents for crossing and
good rice appearance during breeding process, was started in the late 1970 decade.
Taichung 189, Tainung 70 and Tainan 9 were breeding in this way at that time. The
good-quality rice breeding was organized by The Rice Breeding Team, set up according
to the policy of Taiwan Province Government, during 1985-1998, was crossed in the
Taiwan Research Institute and Taichung District Agricultural Improvement Station and
selected in different station during breeding descendants. The yield and rice appearance
were the goals of good-quality rice and total 17 japonica, 1 indica, 4 glutinous rice
varieties had been released during that time. 9 varieties had been selected by each
station before 1985 and 9 varieties had been recommended good-quality rice by
government. After 1998, the crossing and selecting of rice breeding are returned to each
institutes and stations. Beside rice appearance, the eating quality, detected by AN-800
and MA-30A machines, were the goals of good-quality rice and total 22 rice varieties
had been released during that time. 8 varieties had been selected by Taiwan Rice
Breeding Team before 1998 and 5 varieties had been recommended good-quality rice by
government. The rice appearance and eating quality of new varieties is brtter than that
of olds’. After 2006, rice releasing system has been followed The Seeds and Seedlings
of Plant Variety Law. The good-quality rice goal is extending to nutrition and alterative
utilization. From that time, 19 varieties have been applied in this system. The
good-quality rice breeding goals of research institute and stations have been
investigated recently. The rank of good-quality rice breeding goals is follow by eating
quality > rice appearance > yield or plant type > biological stress tolerance >

physiological stress tolerance > storage tolerance.

Key words: Good-quality rice, Breeding, Eating quality, Stress tolerance.
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ABSTRACT

The rice cultivation and utilization has been encountered impact and changes
because of domestic economic development, different consumers’ tastes and preference,
and the import of rice after joining WTO (World Trade Organization) in Taiwan. To
increase diversified breeding and multipurpose utilizations in rice are becoming the
most important objectives in current rice breeding and process.

Rice varieties exhibit diversely in starch properties, proteins, fatty acids, pigments,
amino acids, minerals, vitamins, the size of white core, embryo, endosperm morphology
and structure. How to develop and use new forms are important to increase
multipurpose utilization of rice in the future. Taiwan Agriculture Research Institute
(TARI) has been employing mutation breeding and cross breeding for developing
multipurpose utilization of rice varieties since 1990. After great efforts of several
years, we obtain several new rice varieties with multipurpose utilization, including those
for nutrition supplements or rice brewing, i.e. golden rice, giant-embryo rice, brewers
rice, aromatic rice, low-protein rice, glutinous rice, dull rice, black-aromatic rice, red
glutinous rice, and so on. We accomplished the development of rice varieties with
special nutrients as raw materials for industrial processing in initial.

The nutrition of rice is quite complete and balanced, and rice can be served as
excellent raw materials for processing. Rice can be used as raw materials for brewing
extensively. TARI is ongoing the development of rice liquor and rice vinegar, and has
established several techniques of making premium rice liquor, herbal liquor, tea liquor,
and rice vinegar. Because of the high-quality and good tastes of those rice processed
products, the techniques provide the important foundation for R&D of rice brewing in
the future. Besides of food, rice extracts have other function, such as anti-wrinkle,

moisturizing, nourishing, hydrating, antioxidant, deep cleaning, repair, and oil control.
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It is worthwhile to try and develop rice as the raw materials for cosmetics and skincare.
As the result, we develop several premium cosmetic and skincare products from rice,
such as rice-embryo-fragrance beauty soap, sake-kasu beauty soap, exfoliator, toner,

essence, lotion, sake-kasu mask, powders and eyeshadow.

Keywords: Multipurpose, Mutation breeding, Process, Rice.
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TIHEEHERE - 20104 —HAVEHITEH 5547.3K » 20114 —HAEHIFEHA B 74.0K - 2
6755 R 2 E B Ak (B B SLE - HPAFEMERdL ~ ehd 1 HEA B5URRAY R PR B A
PEHA6 Y AR BURIEA - 1420105 —HAVE TR £569.7°K > 201 14E—HA(EHh Y]
F589.0K -
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FIIF 53R B R S S22 6757 = (B PR AL AL ~ Hd6Hlehd 12 Ao
L HBCsF o B T4 - ER%hd1hdl hd6hd6 ehdlehdL{E S > fifElA i =
(Chien et al., 2011) = if5T4E 77 R [EHHBERAL R AT A ETE £ - 4 Sallh R i E
MER R BCaFsisth 1 A fH 510010445 - Ff# 5 1001044957555 2 L6 75EFE Mhd1 ~
ehd 18 H R RN IR BT O BRI hd6 e AR RS A > o R 2 —
THAE > T TEIAR R o T H AR A SRR 20105 —HIE 5677
K> 2011E—HATE 873K » LLBOCHFEAEEL3.3~20.4K » #XELFE67HTHE F il
1.7~2.0% -

1. L 2010 SR R 2011 S—HfE > /KRS EERR 67 9% » BOE K Fa A 1001044
SR I AL N AL ~ HhfE H B BB ERE

. Heading . Yield

Sgar:(?n Accession Genotype o;‘nheesadlng date date Yield index
’ (days)  (kgha) (%)

Second TNG 67 Hd6Hd6-hd1hd1-ehdlehdl 69.7%  4530.6% 100.0

crop of Koshihikari hd6hd6-Hd1Hd1-Ehd1Ehdl  47.3° 1502.7°  33.2
2010  NKY1001044 hd6hd6-hdlhdl-ehdlehdl 67.7° 4211.4% 930
First TNG 67 Hd6Hd6-hd1hd1-ehdlehdl 89.0° 6825.5% 100.0
crop of Koshihikari hd6hd6-Hd1Hd1-Ehd1Ehdl  74.0°¢ 5657.0° 829

2011 NKY1001044 hd6hd6-hdlhdl-ehdlehdl 87.3° 73485% 107.7
% Values of same column followed by the same letter are not significantly different at 5 % level
of least square difference test.

S LR B R E B AR AT
DI E6THR B3I S - TR 5 100104455 K0 > A B EEEsREs - s
SRR (FRL) - BT A 100104457 Rz e B 1220104 — BA{FR = 2679 A%
O A 180.3% » 20114 —HATE A7y BB 2 RE6 7 5% S ko Y FE 7. 7%E129.5% 5 7
M 5100104455 B 26758 2 Mt rE B — ~ _IIFZA SRR EE - Eot 2 i
FEESZEEEZR > LHATIE > EREEML28FL E - BUREE 51001044
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SERERIEIREE N EE E > BAUBER RO H B S B an AR AT Y
(B B -

FefiE 55100104457 ~ HO't fe S R2675E 2 REEMLIR O ITEE R AR PR - A
100104455 Z PR figamfe— ~ ZHIMES Rlem - SR6THIZ > BOLRRE » BT
SE20104F I E LA R RE 55 10010445 i % - 2011 —HAPEAIMERAE 252 © R
PR~ —TREB TR ELIZR675aE - B A 10010445507 > BOLEAR |
FAfE 100104455 2 Fe B3R 201 14— I ElS & > 20105 I ERIMERTE 2 2 - B
PARATE 5 10010445 R S RO & T A AR > Sl HAE BEARTE R - TR - T
H - R TR E SR SRR RO E R -

2. [t 2010 FFHME K 2011 FE PR AKREEZ R 67 5 ~ O K pfE A 1001044
S AR AT

. i .. Spikelet 1000
Cro Plant Panicle Panicle Panicle ple?e Fertilit ain
P Cultivar height number length weight p_ y @ )
season panicle weight
(cm) (o) (m) (@ (o) (%) (9)
Second TNG 67 929% 90" 196% 285°% 114.1% 875% 252°

crop of  Koshihikari 758° 92" 175° 147° 675° 90.8% 234°
2010 NKY1001044 97.0% 11.3% 1892% 220° 974" 8832 23.7°
TNG 67 106.9° 114 197% 3387 123.1°% 957° 26.5°
Koshihikari 97.8° 1062 169° 2.18° 80.4° 96.3% 242"

NKY1001044 114.2% 12.2° 18.1° 291" 108.1° 97.4°® 257°
% Values of same column followed by the same letter are not significantly different at 5 % level
of least square difference test.

First crop
of 2011

WRIMNR R ERE
Dl & beiestn 2 Fea R B TRE SR AN & o o I &G SR AIER3AR -
Fe 4 55 10010445 BEOR AMNBIAE AL R ~ lEE R RO RFMHEEL - 77
3.9-5.2 % - BLEOLIEIE AR - WIBBNEZR67IE > £ ZIFEA - M
T E 100104457 2 Krj F3R » HfEOK R 2010F I FEEOEAHE > 20114 —1H
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TERIBR AT EOE - 267G R RAT ¢ A 10010445% 2 ORI /MR 22
675RELIOE 2 [H] - AT 2011 — I F 7 FORBAE ¢ R & 100104455 5K [ REAE
20104 I ERIRRSH - (K ZR6THREMOE - AME2011E—H{F Z iR [E
ELHOEAHIE o BEESTTS » FEi 5100104457 7 Hs R/ NE B BLEOAHAT MBS - =
R 2 A R EER IR s B B O i A 2 2 -

7 3.~ 2010 SR R 2011 AR > KRS EERR 67 9% ~ BOE K Faff A 1001044

SR RE RSN MEIR i
Milky Base White

Cro Length  Width Thickness
Seasfn Cultivar  white  white  belly g
(%) (%) (%) (mm)  (mm)  (mm)

Second  TNG 67 123%  82% 145°% 479° 289% 1872
cropof  Koshihikari 5.2° 2.1° 21° 488* 260° 1.88°
2010 NKY1001044 5.0° 1.3° 1.9  488% 271° 1.83°
First oro TNG 67 11.4%  18.9°2 21%  461° 2857 183"
of 2011 P Koshihikari 3.8° 0.9° 1.2 498% 280% 1.90°%

NKY1001044 39" 26° 09° 481° 284* 1.90°
% Values of same column followed by the same letter are not significantly different at 5 % level
of least square difference test.

EREERTE

Dl Ethiatin o Mg ikl ol RHERE SR UREKRRIZ &
RAF R EBR AR - SR EE R AERATR - EfRHENE &R  ADREZ ERE
BRI ATREAZ - BIfH 510010445% 2 WERHE O E & 815 Rl - EREE &
2R67HE - 1 B iR e — ~ 0 - REUIHETRRE - [4h - M E1001044555K
BRESE T {E » CLRRAE SR - ORERANEIE ~ CUECEM S A th o 2=
675F(E 5 BRI E 20104 —HAE K 2011 —HHE S 7l £ 72.053 f 74.357 » {BIR#OE
[1966.357 2 69.357 » B SN EZR6THRIVEKEME - &7a U LERE R MES
10010445% 7 Bk in/E NMEAFSEOEAVE BEFE - I A FEERNEOLH mE R -

10



T EBEEED — =6 16 5t

2nd crop of 2010

= TNG 67 (58.2%)
essosee Koshihikari (66.3)
ear=e NKY1001044 (72.0)

Protein content

Hardness

Appearance

1st crop of 2011

= TNG 67 (54.5) .
«sscess Koshihikari (69.3) Protein content
===+ NKY1001044 (74.3)

Hardness

Appearante

3. % 2010 FEHATE K 2011 SE—JH(F - /KREEAE 67 9% ~ Ot K B A 1001044
L BIR OB AT

* Palatability score
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KRS AR 2 F 1655 K H AHOT il AT (U EDR % - S22 8% — (@A
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AEEREN > fITARACKEEERCE - HRER R ERSREA  BiA+
REORab i S IR R F T A ABha: - SRR (bR R T -
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ABSTRACT

A new rice variety “Tainan 16 originated from NKY1001044 was developed by
marker-assisted backcrossing. Tainan 16 which inherits the excellent eating quality
from japonica rice variety, Koshihikari, but without photoperiod sensitivity, is expected
to be cultivated in Taiwan broadly. Koshihikari as the female parent was crossed to
Tainung 67 (TNG 67) as the male parent in the second crop season of 2007, and then
the F1 was backcrossed to the recurrent parent, Koshihikari, for four times. The progeny
of each generation, BC,F;, BC,F;, BC3F1, and BC4F1, were selected for backcross by
implementation of marker-assisted selection, for which three heading date alleles of
TNG 67 were used as foreground selection, and homozygous Koshihikari genotypes of
markers covered rice genomes were used as background selection. Nine selected BC4F;
individuals were planted in first crop season of 2010 and were assessed for agronomic
traits, yield components, and grain quality in the second crop season of 2010 and first
season crop of 2011. As the consequence, NKY 1001044 was selected for further field
trials. NKY1001044 is middle-late mature and headed later than Koshihikari did for
13.3-20.4 days. The grain appearance of NKY1001044 is translucent and little chalky,
the eating quality of NKY1001044 was better than Koshihikari’s. In addition,
NKY1001044 produced 30% of grain yield more than Koshihikari did. We expect that
the implementation of marker-assisted selection can enhance rice breeding efficiency,
increase the revenue of farmers, and strengthen the competence of rice industry in

Taiwan.

Key words: Rice, grain quality, breeding, marker-assisted selection.
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% 3. Sl EAFEMEN S EFIH A5 B AR ERE B SR

o - . BiE~  OEERHA~ 4hfESEHI~ L.
HAfE ol HE REE SESIH  L (L R e
FEL IR K8 21.6 63.5 89.2
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4. Gt B R Y R

EHG WRE (B7) R GUE) BESESHE EREYE (%)

BT 76.5+5.4 25.9+0.5 37.8+3.1 23.2+2.3
(RS 71.2+3.4 28.2+2.4 37.5+1.2 12.243.1
S B TE 70.3+6.7 22.3+1.7 37.1+2.1 9.2+0.8
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FUED KR R
ABSTRACT

Crop healthy management (CHM) is based on integrated management of
environment-friendly method to product safe and good quality foods. Rice is a major
staple food in the world as well as in Taiwan. At transplanting, plant density was
adjusted to 30 x 24 cm from the conventional density of 30 x 16 cm. Total amount of
fertilizers was decreased 15% from the control field. The results showed that infection
of blast was reduced by 12% and the eating quality of rice was increased by 3%,
although the yield was decreased by 19.7%. In conclusion, the developed health
management may create a better ventilation environment through using the healthy
seedlings, wider planting space, and appropriate amount of fertilizer. The management
system had less pesticide and fertilizer application, then the net input was reduced by
32.1%. The present results suggested that the developed system has potential to be

beneficial for both environment and farmers income.

Keyword: Rice (Oryza sativa L.), health management, growth index, seedling, plant

density.
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ABSTRACT

Investigate the relationship between growth days and temperature for rice growth
stages: tillering, panicle intiation, heading and physiological maturity by TK9 and
TNG71 variety. Calculate the growth days and cumulative temperature accumulated
temperature index, rice growth and development base temperature by 10 “C. Regression
analysis on the accumulated temperature index and growth stages. Modeling fits of third
order polynomial regression, nonlinear regression and polynomial nonlinear regression
model for two crops, assessment of two varieties based on accumulated temperature
residuals in each period for the estimated efficiency. The result showed that the
polynomial nonlinear model for TK9 and TNG71 varieties of two crops for prediction
capabilities, can accurately estimate the accumulated temperature of four growth stages.
Apply the results of the rice cultivation, we further cooperated with the researchers of
all Agricultural Research and Extension Stations of the Council of Agriculture for the
joint establishment of the Integrated Information System for High-quality Crop
Production. The creation process started from the establishment of the relationship
model between plant growth and weather factors. First, we gathered meteorological data
from the agricultural weather stations of the Central Weather Bureau and our
improvised weather stations. Next, we applied a built-in model to compute and attain
the correct growth period in order to create a dynamic cultivation management schedule.
Up to now, we have applied the estimation of the accumulated temperature
measurements during the growth period to predict the growth period of TK9 and
TNG71 varieties. In this way, we can adjust the management work, such as irrigation,
drainage, weeding, fertilization, and disease and pest control, at anytime pursuant to

different growth periods.

Keywords: rice, cumulative temperature, regression model, information system,

cultivation management schedule.
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mm/dayiz/V » [L/CL 1.54 mm/dayZX 2 » M (L/L)/2HR48.48 mm/dayie K »
i LUK RE e AR D A KBRS 2K > AR AR -

MEERTTE

IR R R & BT (R » 201 1R 2 T i A AR B AT
HfE e - AW E A IFE IR MRS - EAS 2 (TSe)(ZH ~ Mk T A
it 0 1976) 5 s I By B (0 1981) > skERET 2 HIEAD M E MR 2RTR -
sUBR PR B T 2 ST AR HEEHE > 5120/ N&E » /NEEFE3 m x 10 m = 30
m’ » FEIE 2 KRGS A G R T15E - (LRSS T4 > 273150 ~ 90 ~ 150 ~ 210
Fe270 kg N ha™ o B ~ $9 F S (R TR b R 1 B -S9O Gt SR TS > WA FH & 7330 kg
P,0s ha' ~ $TAEFHE #3530 kg K20 ha™' o AEHHE A A (R E I HE AR 2005 ) P A1 T
Z o BHELAIR BE S 77 A A 25% ~ fifL (% 15 K 55— JGEAE20% ~ fEfE30K
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Wi 2 B FRAE DUBBRBE ST HE ] - $PACLAE(EFT I3 BIHYEE —IEAE40% ~ 55 —E

AE60% T LA
= LolbRm

Table 1. Fertilization treatments

Treatment Application rate

NO 0 kg N ha-1

N 90 90 kg N ha-1

N 150 150 kg N ha-1

N 210 210 kg N ha-1

N 270 270 kg N ha-1
% 2allE— e HIEEE
Table 2. Soil properties of experimental plot

pH EC oM Bray-1 Exchangeable cation
Soil series 1:1 1:1 P K Ca Mg
Soil : H,O dSm'  gkg' ——  mgkg

TSg' 5.42 0.51 29 64 98 618 113

' TSg: ShangfengShu Series.

REAENTEMERE

PEF AR BB EE R T 2 A - iR AR (RS % - TR
FE(ECIE) i E S 1 510.19~0.34 dS m™ (F23) 5 Jifi A% 1 3#pHIE R %0.06~0.14
BAL FIEAWE A EINEV0.1~0.7 gkg! s TIEMESEF(K13~26 mgkg!' 5 11E
HE B E2~14 mg kg ¢ M TSRS & BRI I44~77 mg kg » (HERIER]
TEAREREEZR - AT EREZE88% » BRIEHKEEFHRE 2SS L
BT S E S PR o A A » (o RS (pHAE) 2 T R#Es - (H I SRR
FIKAE o JREERIMR(1985)IF5THE A R IE I 188 » NN HeAEAE g KRR » 1
TAERE T - Rl S REE i & 2 /D T g K
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Table 3. Effect of nitrogen levels on the fertility of soil after harvesivy of rice plants

Treatment' pH EC OM Bray-1 Exchangeable Cation
Nitrogen 1:1 1:1 P K Ca Mg
(kgNha') Soil:H,0 dSm’ gkg mg kg™
NO 4.61a>  1.34b 33a 118a 177a 910a 109a
N90 4.54a 1.68a 33a 112a 164a 955a 107a
N150 4.55a 1.53ab 32a I11a 151a 987a 109a
N210 4.49a 1.57ab 33a 117a 161a 973a 107a
N270 4.47a 1.54ab 33a 123a 155a 954a 95a

" The same as table 1.
? Within columns, data followed by the same letter are not significantly different, using
Duncan’s Multiple Range Test (P =0.05).

REAEHKEEEIHR

KAEA B HA Y BE B R EER TAE IR RO BT » B —HAMEIERR40K 2 £ B
AR > DAN270 K N2 10N i FRER S IR R T > Sy BERUW s 25 » HA Rl FIN150 )%
N0 ¥ » HpRHR 72 5L - e HA(110°K) BRI 2 40 K I 2 73 Be 8 (FRED 70
A MHE#ES - $55R(1980).2 W4T - FEACEIGN » o] B KAE iR a —fhir s - bk
(1998) 7 BFEER - T AL E 120 kg ha' 2 —HATE/KFE /> B8 L EN &60 kg ha'!
E210% > o] Rigm S E A RS KE S B BUR -

RARUT » KRG 2 AR BB (AR AET% 40K 2 53 B8 - T S AR 2
Z B (T2%) B HEAH (84%)(BEE 2 » ATREEAA G T3 7 iR - RIS
T EMRAEE > EISKIOREE » N E 2 5 S R IR A KRS o (40K 2 5y
BEROR = 202 DA I o HINE AR E 2SR IMER KSR sy BE 5 2
7.5~11.637 < ZEFIMR(1985) 2 BF5EHEH » TE/KIERI AL R SR e B~ 1%
JE/ DT EHE AR ST BE - M IRFHEE 780 A RBIPG THEBRNEH -
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Table 4. Effect of nitrogen levels on rice plant height and tiller number
Treatment' NO N90 NI150  N210  N270
Plant height (cm)  65¢° 70b 72ab  74a 75a
e Tiller (number)  25c  30bc  34ab  33b  38a
Plant height (cm) 98c 98c 110b 109b 114a
Panicle number 2lc 22b 23b 25ab 27a

Effective tiller (%) 84 75 69 76 70

" The same as table 1.
? Within rows, data followed by the same letter are not significantly different, using Duncan’s
Multiple Range Test (P = 0.05).

REA SRS LSRR (FA) » Hil240KE 5 P E LUAIN270 &ZN2 105
RS S - HIUBN150 5 N0 H H B ar BB (INO) S o B > #k= LAN270
PRI s HREN210FINTS0FERE » 1 ANOOFINORY K =i i FH A 2
R FEIRR (108 en) B IR IR 54910 em ;5 BERHY i EAE (e 2 7K R 3 4
WS EkEg s o HECRE AT SZ Rl s 2R S N2 10 KEN270 7 R A 7K RS %
EIREE BRI - A EFEE /KR ’meEBmﬁHEmeo kg N ha'[t] > BIE#4H
FITe o FHILFTHD » JiA [E 25 AEE KRS 2 0 - R EE T R AR 7]
ﬁwﬁﬁﬁﬁﬁEuﬁéﬁﬁﬂwﬁﬁﬁm‘é’%@%wﬁ%E‘D’EE’JW%E °
REAEHKEEECRE

FSHET 0 BRI RERAE R 0 DAN9O ~ N150FIN2 10 F > & B = A e
FAEZ HIR4E - (H =R 2 KEE B REE =R - M AN270EH 2 KIEE S
TR » T B IR ARAT o FHIEHREAT  Aalbetth fEfE 2 R 719Ky s e A &

PR90~150 kg BT Ei S EE -

FSBURNE A N LAN210 FeN270 (BE %) Jen PR 2 AP o S s 3 A 4 A 2 0
29% > N9O ({33~ fes e 8 R B IR AH I ALY 16% » B AR Sy
FER S EATERAH L
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Table 5. Effect of nitrogen level on rice yield

Treatment] NO N90 N150 N210 N270
Grain yield (kg ha™) 6,599b°  7,333a 7,200a 7,308a 6,566b
Index (%) o ..ur. 109 123 S 100
Straw yield (kg ha'l) 5,494d 6,351bc 5,740cd 7,259a 6,881ab
Index (%) 100 e 165 132 125
Grain straw ratio’ 1.20 1.15 1.25 1.01 0.95

' The same as Table 1.

? Grain straw ratio = (yield of each treatment/yield of No) x 100.

* Within rows, data followed by the same letter are not significantly different, using Duncan’s
Multiple Range Test (P = 0.05).

ZitlEy a2 HHEEREE - FAEEA0~150 kg HE & Al
PR T | 9 KR BT 2 &5 © 90~150 kg N ha FHEBI AT A 17,267 kg ha' 2
Tk HERNOBR IR 72 10% 5 HAGESEH7E £(6,045 kg ha ) AIEINOpE FIE A 10% -
PRI KAEEREHEA - B RS « KISHERE RATFRAE R R G
& -

[ 1 2 5 A0 F B /KA B 2 — ORI SR B~ & 2 ] 2
FERE o DRSS (7,364 kg ha') 2 EHEHGFH & Rk » DU E Uk S RmE
B1Y90% 2 EIEFE » 5125~139 kg N ha' » $8555(1976) 2 955, » —HESEHY
2 KRG — BV S I 49 55 120~140 kg N ha™ = FHHEHE> » 130 kg N ha'l?fnﬁlﬂ
lt B E R SRR - MRS E200 kg N ha'DLE - JEES

RIEHEMEKEHBN S EZRAR

HOR Z BT a BAIROFTR - REHRE &R Z E & & LU IN210 N2705%
HI(EEE®)BIERTS - FHRICUENIS0 ~ NOOFINO » H i fE A BIE 252 - /KR
A EWIHE > HEAEE IR R RICE - FEEEAR(1998)Ie4E R —2 © RlfaEE &
g iCHEE Mg > B—HEEtt ZIEES - 550 BiRI=(1970). 20158
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BUR > M FOGE R EAE - S KR SR E I I - AR R 2 EER

a

HEERPRLE -
8,000

~ 7,000
<
=
on
)
=
©
= 6,000 f Y = 6,604+10.9%-0.039x2
r=0.62%*
5,000 . . !
0 60 120 180 240

Nitrogen (kg N ha'!)

LS HE A ERK R & ZARRE -

300

Fig. 1. Multiple correlation between nitrogen fertilizer amounts and rice yield.

T OFHHEMREy 2

Table 6. Effect of nitrogen level on the nutrient contents of brown rice

Treatment' N P K Ca Mg Cu Mn Zn Fe
Nitrogen (Kg Nha') ———gkg’ mg kg™’

NO 954> 2.8a 27a 2.6a 13a 3.0c 18a 3la lé6a
N9O0 11.0c 2.6a 25ab 29a 13a 3.8ab 17a 30a 16a
N150 123b  2.7a 2.5ab 2.8a 13a 3.5b 16a 29a 15a
N210 12.6ab 2.5a 2.4b 3.0a 13a 40a 16a 30a 16a
N270 13.5a 2.5a 24b 22a 1.2a 40a 16a 3la 16a

'The same as Table 1.

* Within columns, data followed by the same letter are not significantly different, using

Duncan’s Multiple Range Test (P = 0.05).
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Wk > a2 DUSIEAH S > HEZURNOOKN150E B » [fiIN210 K N270j B (E
FE) 2R ERE - HEMMEZEFEEER - Ik f a2 EE AL HEN
m¥ghn - AR e eI Y - GEE SIS Im AR 2 82 -

A e P E AL F B AR ER AL RS 7140 ~ 90 ~ 150 ~ 21052270 kg N ha™) - EACA
BHCRE 2 A BB AR RI(E2)  ROTREMBR S BB ELHEN
WEANmIRE D > Rt SR EE B AR KIEE B MRS -

14 g
<
_ s
S 12
8 <
on
£
Z L0 Y =0.94+ 0.001x
) r=0.85%*
b ¢
0'8 » » »
0 60 120 180 240 300

Nitrogen added (kg N ha'!)

2FEHEHIE R S B AR -

Fig. 2. Correlation regression between different nitrogen fertilizer amounts and nitrogen

content in brown rice.

£
KIFOASFYERER T IRADRT e = R TR R - SEEEE -
e
1 ¥ 1981 SEKTEEEEOITE  p27-29 (EVIRHERZER T =845
FEIESBR TR TS5 1355 -
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FEEA - MREREE - BB - PRISES ~ BURZE 2003 HERHZEHE R AR A S 7K A
B E 2Tt sl 105: 105-120 -

KEh 1980 Nl AERE/KFERLE 25t ZFEEFEN RS E R
3:20-24 ©

TEVIHERE M 2005 7KFE p.16-20 hEADRHZE = -

R 1998 SAEHEH— “HFKHEEREFHERTE ZhEEE
W ESHTTEHR 61: 13-23 -

PREDGHE ~ A% - 2EETE 1962 WEEH/KIEERE ZAE  FEREME 11
45-47 -

AR ~ =OCR 1970 ZKIEEMERERER T ie( 1 ) SAEaG it FH ¥ K hgE &
Feg TR s REERSESE 19:26-41 -

FErEsy 1988 HERERPRImE 22 RkmESasE EFEEE
o EESRRH] 13:242-248 -

SRR R wENE - BIEE 1989 RECKEIERECKAEH g =
B EEE BT EME R SR p1-7 -

PREEE 1981 AHBATHBMETE p9-26 (EYFRIEZERT =84
BT RIEE135% -

wLUA ~ BFEE - F8RE 1983 BRMEREH AW B E 2 S R H R
7t Z2PEEEXRGHTTEER 7 53-65 -

=N BB - JFEE 1976 MEHAENEZHE =Z8BESRT 12:
38-52

=LA ~ BIESS ~ 8RR ~ SHEME - =HEME 1980 /KAgd & pintE 2 SRR
e p.58-70 EEHEME B ERERS

=AM 1982 HEKMEEZ LEYEMEEE HEREMRKE 3L
347-352 <

wAFE ~ E8RE - =L 1984 FALRRA[E T IRAE TRy S ER (LA FH 2 A
ERE  ZhEEEN RISt EH 8: 41-58 -
ik G IER RS 1976 B ELREEEI FIEE L Z o
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HETT wmIUAN 1976 KEEZRAIERSERNGERR 2B ADUNEMEE 1
AkkElEas  p.22-26 ¢

HEFmAL ~ MRHRTE 1985 MEIREMEHIEZ SACE'E U Z 5
p.1-18 =B EMEE TEEACR R -

Su, N. R. 1972. The Fertility status of Taiwan soils ASPAC/FFTC technical
bulletin No. 8 8: 16-95.
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ABSTRACT

According to the soil fertility analysis and reasonable fertilizer management, rice
nitrogen fertilizer recommendation rate should take into consideration of the following
factors, such as rice variety, cropping number, weather, soil texture and soil productivity.
The factors of that in considering rice phosphorus and potassium fertilizer should be soil
phosphorus and potassium contents. In acid soils (pH<S5.0), it is suggested to apply
150-300 silica slag for 0.1 hectare to raise soil pH, available silicate acid, exchangeable
calcium and magnesium, 6.8-9.7% of rice grain production and to reduce toxic effect of
aluminium and ferric ion. Silicate slag is effective in 3 years of concessive application,
and 2 years of non-applying (rice grain production increased for 4.9-6.7%). It is
suggested to plant rice in loam to sandy loam soil. The rice production is higher in fine
soils than in coarse soils. Nitrogen fertilizer is more effective in fine soils because of
lower leaking. Nitrogen can be used in all rice growth stages, but only at the tillering
and panicle formation period, the utilization of nitrogen was highest. Therefore, during
rice growth stages, we should provide sufficient nitrogen in ground fertilizing and
topdressing (tillering and panicle formation period). The rice grain production can be
raised for 9.1-11.1%. The result showed that 130 kg N ha™ of nitrogen fertilizer applied
was sufficient in supporting all the rice growth stages to reach 90% of highest
production. The content of nitrogen in brown rice was increased with the applying of
nitrogen fertilizer, while that of potassium was decreased, showing nitrogen fertilizer

can influence on the quality of rice.

Key words: Rice, Yield, Nitrogen.
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@i*%gﬁwﬁiwwﬂiﬁ%%%

gl mEHZ, ¥ gl Br 3% g2 ul

"M EAAFRES ) TG R L ERAH LA S
*id 17 5 44 wihuang@mail.ncyu.edu.tw
wWmo =

BT EEHL 1201 /K5 (Oryza sativa L.)FER > DUKEER B 4 RS Bl
AR 2 st EEEURE MR - P AR R AKHER A 1200 PEGHE&EHZF
Fail > {RIRRIEEAERIZLEE | P h A2 8 HIBr i R R 2 M2 1 - sBadt RERY)
HHIZ MRS ~ IR - REEE - fREZE - M A Bl B S R B MR A R [E] /K
SRR S S =R - (RIEPEGERHE T > [ JE » 5] BHEEE 73 Hi R [EIfE [H 4h i
SRR > M2 MR BER [6] DU SRR 3 T 2 5 6 AR FE S 7E AT 7R K¥(Days
to IRRI7; DIR7) - {E R 4eei A2 it 44T - BURDIRTEAL o 2 fREG ~ FREFEE - iREZ
B Rt A7 B S IR B IEAHRE o Ll &E SR AT (E Ry KRG 2 SRR B S48 2

SEIE - AR ATE R i R EQTLE L Z FEFT -

B aa] © /KR ~ B2 ~ MHRAME AT ~ ANRIUFERE - 4t -

|

Bl
K%@meWMJEA%%I%%ﬁﬁﬁ%Zf”%ﬁﬁ@ﬁW%uL%m
VEA EEHN SRR N2 S 25 2 (Hanson et al. 1990; Fukai et al. 1999) - 2 &,
& Ep 22U - ERME RO - R KiS oK B RrE » JCHbE
EEERRIEEE - Mlmez TR R IR A R B IEE s E R E
B B ish - §2 R M2 M Ry B A A Y B AR P R 0 8 o i Ry R R
MEF(Hanson et al. 1990; Mackill et al. 1996; Mitchell et al. 1998; Jongdee et al. 2002;
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Cairns et al. 2009) - Fs— & &2 Mk s 2200 5 HHRE < BE MR E A (quantitative trait
loci; QTL)E = % - A T2 2 AHRH 2 QT Ls# i i ti(Steele et al. 2006; Qu et
al. 2008; Lang and Buu 2008; Zhang et al. 2008; Cairns et al. 2009) » ‘M= [E] [ ol &
HE LG T REET R R AN [E 2 QTLs » {(Ef5/KignT B imfEny s TIFEREREE -

A IR o ARG R s - F R A R E R i 8 A AL R B
G55 BB B R BV IR AE B 2 DNAS TEsE DU B B infd 5 5 - LR T 2 e e
FAEETE T - WA BB D ER USRI A SR A S - BZE
B TR E B AT (marker assisted selection; MAS)HYEE Z BRI { T4 - B4
FIDNAZT-HE5EHH BN SRR 1 2 2L PRIASeRE R RS - Ro S P 2 2
AEREEEE R - LR EENIRC EERN T - —RE 2 KISy B A i
A R BRI A Ry BURY - B IR RIS G B i E A BRE A R B
Ko EER(Mitchell et al. 1998; Jongdee et al. 2002; Gowda et al. 2011) - /KGR~ [E4EH
Vet Pt Y iz S b S B <2 e I AN [E] - i S AHRA S e fa R - X DU N
F P& 2 AN REFEIE i By 4@ (Standard Evaluation System: IRRI 1996; Mitchell et
al. 1998) - H 4 AR mo/Kig #2752 S R I N (5 1615 H &2 WV R R /K Ag i
BETEAEE 24 (Mitchell et al. 1998 ; Pantuwan et al. 2004) ©

A2 R F Bals M 2 fiz (association mapping) < iff 7 5% (Tuberosa and Salvi
2006) =17 1% 4 EAHRAQT LsEmZE - Sl S Su T Lt FAHBEEATEIE - LIEZr &
I RSP AR 120 A [EIASE R Ry ek - DUKEE R i =0 & & 1 3-4 T e
gl Z REMEAR - G DIUKFR A IS £ B (polyethylene glycol; PEG);2 7 g
iRz - BZ 1 (Michel and Kaufmann 1973; Hardegree and Emmerich 1990) » [Li#g;
EAE R AN AP E 2 M M - BB DAIRRIZEE | $6Hh 5 R L (f T ZRAYDIR7(Days to
IRRI 7) Fyiii 5 2 FIETHEAE - 2 —20 I FIAHRE M4 7347 (correlation analysis) &% 41t H
PES B R B MR Bl iz B2 N <2 P AH A 1



YL KRS e AT SARRE S MR IR E R
MEHER A

(—)a Bt

AER DL E & R BB R (L > 1201E /K Rg B e R el I 1 By Bad Rl (40
1) - TR A ISR N BIERERG - fIRE - RN ~ Rl ~ (isshhlamfise 2 e
ML &~ MFEFEEFUEEIRRI ~ HARIE « 56 R P EIARE 2 FEIRS -
(D) ERFRIS

A B A FHARK (/KR R 5 T /KR4 e 2 B - Sl RET735C /K
JATENIZIEA8 h > SEFHGEEFE TR E A4 L BN27C ~ SEE
(20000 lux) ~ FH¥EEE65% 2 fE4E R AE T /KRS » =8 - TiR3 R
TKHER » 414KRA% - LhEdmEE3~ATER - TR EMIREE -
S)EEMRRAE

HFF120([E K ~ Ffat Bntd il DUK RS 23~ 485 8RR - 73 Al sl A 4 e ot b 0B
IREREE > EfEH FEeEE - f28E > IRE 2R ~ RE - IREFE - MREZE -
FrEE 2/ DI ESEML » SEREE =X
(WO)PEG2 B R R IR B/ MERBRER

i AR £ 2 3~ATENS /KR4 8 £ 520% PEG 6000 F /KR H#ETT
e IR - 2B EIIE KRN ZEATE T E 2 /KA 27 4R i%E4E (Standard Evaluation
System: IRRI 1996) - & HEHEL I {OKIEER FElhf2E /0~ 1~ 3~ 5~ TRIFEA
6] S 4RfE T B R A (A0Fig. 1) » 408k in 2K Ia4m I R 2 $6HZE (leaf rolling
score) » AghERLATE R FE AR S B LTI AT S K8 (Days to IRRI7; DIRY) » {F Fs4fiti
HAZ it SR FE A -
(R)FRET R

LISAS (Statistical Analysis System) 9.2ffi A~ E 4L A #ETTDIR7I S5 58 [
AL HHIR A 2 & B MR AHRA T AT -
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Table 1. 120 Rice lines used in this study.

fi(%)

No. Variety Origin Type No. Variety Origin Type
1 H91-38-1 Japan Japonica 31 Nato USA Japonica
2 H91-38-3 Japan Japonica 32 KFAW Taiwan Native
germplasm
3 Ochikara Japan Japonica 33 NHAW Taiwan Native
germplasm
4 H87-43 Japan Japonica 34 TNAW Taiwan Native
germplasm
5 D6 Taiwan Native 35 Ku 2986 Taiwan Native
germplasm germplasm
. Native . I -
6 D8 Taiwan 36 Kabasico Philippines indica
germplasm
7 Milyang 23 China Indica 37 Azucena Philippines  Japonica
8 KHS 139 Taiwan Japonica 38 Khao-lo-1 Taiwan Native
germplasm
9 TYW2 Taiwan Glutinous 39 Ku79-2 Taiwan Native
germplasm
10 TCW 70 Taiwan Glutinous 40 Hseng-Ma-Tsam Taiwan Native
germplasm
11 TNGS14 Taiwan Indica 41 Hung-Mi-Hsiang-Ma- ;o Native
Tsam germplasm
12 TNGSY2414 Taiwan Indica 42 Basmati 370 India Indica
13 IR72 Philippines  Indica 43 Jasmine 85 Thai Indica
14 IR65598-112-2 Philippines  Indica 44 DYAJ Taiwan Native
germplasm
15 IR66159-189-5-5-3  Philippines  Japonica 45 Aromatic Lemont USA Indica
16 IR68003-45-2-2 Philippines  Japonica 46 NBW Taiwan Native
germplasm
17 !?61608'38'20'2'2'1 Philippines  Indica 47 JPAW Japan Glutinous
18 B6490 Philippines - 48 CYPAW Taiwan Native
germplasm
A . . Native
19 BSI324 Philippines  Japonica 49 CKRW Taiwan
germplasm
20 BSI325 Philippines  Japonica 50 CPRW Taiwan Native
germplasm
21 BSI328 Philippines  Japonica 51 TDGW Taiwan Native
germplasm
A . . . Native
22 H3340 Philippines  Japonica 52 Pankaj Taiwan
germplasm
23 H3308 Philippines  Japonica 53 Ching Chueh Chinyu Taiwan Native
germplasm
24 IR71694-39-2-5-2 Philippines  Indica 54 [R76-83-3-1 Philippines  Indica
25 IR76904-7-19 Philippines  Indica 55 TL3 Taiwan Native
germplasm
26 IR75286-AC5 Philippines  Indica 56 FKR 19 Philippines  Indica
27 !561608'38'20'2'2'1 Philippines  Indica 57 Guizhao China Indica
28 R95-899 Philippines  Indica 58 NER 10AKEAN2  Africa NERICA
29 Annada Japan Japonica 59 RASI Africa NERICA
30 Lemont USA Japonica 60 WAB 56-50 Africa NERICA
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Table 1. (Cont.)

No. Variety Origin Type No. Variety Origin Type

61 WAB365-B-1-1-H1-HB  Africa  NERICA 91 SM1 Taiwan Native germplasm
62 WAB450-1-B-P-163-4-1 Africa  NERICA 92 SM2  Taiwan Native germplasm
63 WAB450-11-1-1P31-HB Africa  NERICA 93 SM3  Taiwan Native germplasm
64 TS1 Taiwan Indica 94 TS1 Taiwan Native germplasm
65 GY1 Taiwan Native germplasm | 95 CD-13 Taiwan Native germplasm
66 KHS 143 Taiwan Japonica 96 CD-2  Taiwan Native germplasm
67 TC191 Taiwan  Japonica 97 CD-3  Taiwan Native germplasm
68 STW Taiwan Indica 98 CD-1  Taiwan Native germplasm
69 G9 Taiwan Indica 99 CD-20 Taiwan Native germplasm
70 A23 Taiwan Native germplasm | 100 SM5  Taiwan Native germplasm
71 TK2 Taiwan Japonica 101 SM6  Taiwan Native germplasm
72 TK4 Taiwan Japonica 102 SM7  Taiwan Native germplasm
73 TK8 Taiwan Japonica 103 SM8  Taiwan Native germplasm
74 TK9 Taiwan Japonica 104 SM9  Taiwan Native germplasm
75 TK11 Taiwan  Japonica 105 SM 10 Taiwan Native germplasm
76 TK14 Taiwan  Japonica 106 SM 11 Taiwan Native germplasm
77 TK16 Taiwan  Japonica 107 SM 12 Taiwan Native germplasm
78 TNG 71 Taiwan Japonica 108 TS 2 Taiwan Native germplasm
79 TY1 Taiwan Japonica 109 TS3 Taiwan Native germplasm
80 TN 11 Taiwan Japonica 110 TS4 Taiwan Native germplasm
81 TT30 Taiwan Japonica 111 TS5 Taiwan Native germplasm
82 TKW3 Taiwan  Glutinous 112 TS6 Taiwan Native germplasm
83 TNW 10 Taiwan  Glutinous 113 TS7 Taiwan Native germplasm
84 TNG 67 Taiwan Japonica 114 TS8 Taiwan Native germplasm
85 TNGW 73 Taiwan  Glutinous 115 TS9 Taiwan Native germplasm
86 TCS 10 Taiwan Indica 116 TS10 Taiwan Native germplasm
87 Mudgo India Indica 117 TS11  Taiwan Native germplasm
88 SM4 Taiwan Native germplasm | 118 TS 12  Taiwan Native germplasm
89 Kasalath India Indica 119 TS13  Taiwan Native germplasm
90 YM Taiwan  Native germplasm | 120 IR64 Philippines Indica

1. g2 KR e T R e AR AR
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A AR F 2 W IRRI L 1996 7F F 5T &€ < 7K Fi £ 2 5 {ii Z1 4% (Standard
Evaluation System for Rice, SES) °

=~ MEREAET R

() FRIKIEEFEDE I REMEAR

eF 7Kk 1201 3~4 Tl 2 A s HUL - HEFT S IH AN e P RE I = B {RGER
& ERNFR2 - sBRGEREUIA FE SRR R ~ ARE - IREFE - IRFZE -~ #th B30
PR bR I S IR BIE RS > o )DAsth b 0 BEAR B0 B A 5 A R ] 2 B S
A BN B 2 AREGEE AR 10(E (Fig. 2 A, B) ~ #i5 HIEA5~6{ER(Fig. 2 C,
D) - BRI BN RS R AR - (B 25 o LB A e B
BRESTZHEAM: -

2. KigsalE R L P ER A R A MR 2 B
Table 2. Agronomic characters of shoot and root in different rice germplasms seedling

Root length Root Root fresh  Rootdry  Shoot fresh  Shoot dry

(cm) number  weight (mg) weight (mg) weight (g) weight (mg)
Mean 10.26 9.00 33.70 5.00 226.14 52.68
SE 2.83 2.52 16.10 1.60 92.18 17.95
CVv 27.6% 28.0% 47.8% 32% 40.8% 34.1%

Range 2.95~18.71 3.0~16.0 3.50~72.70 0.40~9.40 65.2~451.2 7.23~79.60

(Z)KFETEFEFE MR LI PECIE i HZ R BRI 2 Lh8

TATRAS B /KR 747 1120% PEG -6000#5 8¢z Tz # » EEIR A [F] /KA 3-4
By m I8 > SRENEHEB KRR - A5 mEER fEihf2EEindex 7> 4K
& A 10{E M iEEE / HEHl CL 2 index 9 (Fig. 3) » R HEFF Moz EHEME - K2 -
AL RS PEG/KBIR TR B 14K 1% » 7 fe HIFE B4R fEindex 5 © &£
SR M2 RU(AIFig. 3) » BN Fanfd(Z) o - DB Z FERE 2 © A 5
ZimfdE(F)F o AIPURERE Ry L2 -
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2. ANEIZKAEE R KRGS N Z g MR bR
Fig. 2. Phenotype of rice seedling with hydroponic culture. A and B, CD-20; C and D,
DYAJ. Bar=2 cm

(Z)kFashE AR B HRERDIR T 2158 2 FHRA M

A5 BFHER 1207K A 2 2 4 e BATR R ~ AR 8 3t b 306 EE ~ 3 R ERRZE
TREN A B AR BNz EE - W DAZ R R PR IR T 7 #6 i 2 FIRRIFERETHY K #(Days to
IRRI 7; DIRT){E Bt S 5ALIE1E « $1EIPEGEE IS IE R Paill > I IE » #E—48EHY |-
iz S RN R B <2 B K R Re i 2 4y R B AR B DIR T R S O TR ME BT
CERANFR2FTR © ST GE SR EURDIRTI R FEREBIR S - fREFE - RRZE Rt ETRZ
B 2R B RERE B T I E R KRELl S BT R B RS o
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Fig. 3. Changes of leaf rolling index in rice seedling under 20% PEG treatment

R 2. KREA I R IR i P FE B AR B P A

Table 2. Correlation coefficient among seedling characters and drought tolerance index

RL RN REW SFW  RDW  SDW RREW/RSFW RRDW/RSDW RRFW/TFW RRDW/TDW

DIRT 010526 0.41581% 0.49846* 0.17887 0.51246** 0.41206* 0.51459**  0.35568* 0.53275%  0.36232*
05473 B0.013*  0.003% 03039 0.0016* 00139*  0.0016* 0.036* 0.001%* 0.0324*

DIR 7: Days to [RRI mdex 7.
RL: root length; RN: root number; REW: root fresh weight: SFW: shoot fresh weight; RDW: root dry weight; SDW: shoot dry weight;
RRFW/RSFW: root fresh weight/shoot fresh weight; RRDW/RSDW: root dry weight/shoot dry weight ; RRFW/TFW: root fresh weight / total
fresh weight; RRDW/TDW: root dry weight / total dry weight.
L Significant at P < 0.05.

** Siguificant at P < 0.01
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TKFEA [ A B I B 52 S 05 S W B 52 g€ JJ K [E] (Boonjung and Fukai
1996) - fit FAHRASE EFERT - OIS N R feilhl 2 NP R R i i %
W AR R KR 1 <2 52 5 i R 0 (5 S 1 B R 2 BV /K AE DL 2 B A 3R
245 (Mitchell et al. 1998 ; Pantuwan et al. 2004) - AsEs & T EE A [E A RIGEHT
AN EKFE R R 8E R & —8 0 #E— DR R e iliE BT B EAEIRRI
index 7> FEJFHREZ LI EBILIEETE - FrErsEE T 2B RIEE
AR - AHE R ETR - EH2F R Bl A R /KA e BB 0 B R H i W {2
A[EIRFHARS > KRR R B Y S R AN AHIE] - 2 e A R RE I m &R - 1R
FC A i 7 B I R —E HA PRI £ 5E 7 (Shih et al. 2012) -

AEER LUK R 2 1B SR EATR S 240 » B /KAa 4 e FAR 2 Bt b 37
PEAR » &S REUR A BIFR 2 MIReY 4 R EEARER /M3 2 ELAE 7 /KASa i 5 68
THEARREIZE - &7a BlEER » KRR EEZE L4 - A EESIEEET
it 321 2 tEFT AT gE AN [E - RELAET T 5 B A B - L S el IH LA 2 2
SEEETEETEIT o AT EERL20{E /KRS TS (R) » N4 AL Ty Be B A 7 R HE TR
Pl o i SRR KA A B P B R SR M <2 M ARRA M - DSOS 5 75 el i 22
FEIEZAMREZ » HEAN » FHEL20(E/KAE M Z 4 e HH R 2 M IR B S 4 2 AR A - 45 5%
REIREL ~ FREFEE ~ FREZEE Bt b 507 B S5 M IR SR 4 (DIRT) A B IR AR - B
(FHE—DPRET » BE&E IR AT E Ry 7 KRN 5204 5 T AT 28 24 2 (K4 -

EEE
ReABR ST R R SRR A g RR B E M - Fradatt -

ZE R

1. Boonjung, H. and S. Fukai. 1996. Effects of soil water deficit at different growth
stages on rice growth and yield under upland conditions. 1. Growth during drought.
Field Crops Res. 48: 37-45.
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ABSTRACT

The main objectives of this study were to establish the screening system for
drought stress at seedling stage in rice with hydroponic culture. Total of 120 rice (Oryza
sativa L.) lines provided from Tainan District Agricultural Research and Extension
Station were used in this study. The agronomic characters of rice seedling including
shoot fresh weight, shoot dry weight, root number, root length, root fresh weight and
root dry weight, were determined. Besides, the DIR7 (Days to IRRI index 7) which
based on the leaf rolling score was used as the assessment standard of drought tolerance.
The 20% of polyethylene glycol was supplemented into Kimura solution to mimic the
drought stress. The results showed all the seedling characters were highly variants
among rice germplasms. Besides, the root number, root fresh weight, root dry weight,
and shoot dry weight were highly correlated to drought tolerance index, DIR7. They are
possible as the phenotypic indicators for drought tolerance screening. Our preliminary
results are very useful for further study on drought tolerance QTL mapping with

association mapping strategy.

Key words: Oryza sativa L., Drought stress, Correlation analysis, Phenotypic indicator,

Seedling stage.
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Ak R PR T AR

BEF T LB MHE AR 3m3t k%4

AR EELR LY R Er s
PErr R LR 6 B kT
L ELR VAR R Ly
HCERR R

W =
7KHE H EE G {4 Hi Xanthomans oryzae pv. oryzaeft5 [#EHY— A R PR 4 O

= Hp R R4S R H A BT R A [HZE LIRS - VIR EACOZIR » &
IR 48 R PH ZE R B K RN T A 28 - ORI T T Ry R R A B 2
Bt o MR TE R B DK MOCEERIRE )T - MR ERPREE a8 - HAT
KA EERR A 2 B AR 28 N EE S A TR E ﬁﬁmiaﬁzi—l?_nﬁﬂiﬁ/m
M g2 HE - ARSI EEIAE 19684 » R kKiEEHIH5T

YRS ET 0 o3 AR S B R AR R PR R EEAGE Tﬂﬁ%@&ﬁﬁ
RN - 2 Higki% o FHELEIYMERISC LI R - BARREE DO E M S 1E
WFTEE LR -

BAREY : 208 KRS~ gD ~ U

ill[

Hi

7K A% 1 EE A 4 HH Xanthomans oryzae pv.oryzaeFi 5 [EEAY—FR4H B MR 4 o
= H [ A B AR 4 PR 2B AR B K 7 A= FH ZE 24 IS (Kumar et al. 2003; Shen and
Ronald 2002; Sutton and Williams 1970; Watabe et al. 1993) - #FJHIREE/KZAR > 18
TR 48 R H 2R A e B /Ky R T A sy - AR R T R R R A 2 2
Bt - tEEIER AHER KR EEEE T » MREERPREE i - &4
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HATT ER RG22 22 o BERGIIIE B EE R AR BIR - PTIE R 20 22 80% /2 & 85 (Ou
1985; Singh et al. 1977) - H Fi7K & H IERHIE 2 SR T 28 A ARG 28 4 L0
& HEUKREEEENLEN - JENEHE 2 HE - TR EZE R E 1968
o SR EEAIIE - B UR3EMD - i R RS IR R AR - PUpiTE
JRAE G E - U BE R At - )2 Gigkie - FELESMERIbT T LRI -
HARE BT H TER BRI TT IR T RS -

R SEIE R AR

JKFE E BEFL R (4 H1 Xanthomans oryzae pv.oryzaefit5 [FEAY—FE4H B M4 om
> FIFREI R Y 195045 E1 2 %42 (Hashioka 1951) » 2/ ELHA LR I R B > 121968
FRAAZEREHEG > 1971) - HIERFEFHN 1968 F 2 ER HE —RHs - WAl
AR IR AR RS A [F i R & 2w R E B & o BUEYRE A R A 7
HIE S BRI ZE FrB B i 1 ~ TRUEIEGS - FRFEM L - REH SR
EHEYR > HN 1971 R -4RiE 2 R FREE T 3RS K H SRR
sl > BHMEIRHY204E S REEA BB » 1980F R S 1 A A ERRHTZE -
T A RE IR INE T BN FHRH BRI AT - W1E 2 E A hintE 5 1990 F REE ML
AR L TAE - SRS/ NE R - W AR R R B R/ KAE S R 2 A
JE [ R 2 AR - 2005) > 2200552 1% A REAS/ NMEYES —HE 2£20104F - H
Pl FH PR &l e/ NOH B R (BRURCET > 2009) o ZKFE E BEfbp 11 220 B g AR A 2 8 A B RS
SRS HAUKREEERDN - IR S 2 HE -

1 FE A P 9 [ T FH {9 T SRR/ K R T R (RS 7 T R R 58
EIR T EER A 1% AT e FARE AT S EUR L - (R & /KRS 2 B A R 38 4k
HEEPRETET - &RE25~35CHE A iR - 17 CRR/ 4L > BVEHE R FE e
4 o B SRS R T AR A B EE I - R R A S PR K AR R
FAEHEEE o SR ERBREANKR O EMRRIR R - A B REMRRET AlHE
[ ] B PR R FROB R AL B R T TS BORIT R E - KBTS KBS 5
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FEAERFIHE AN - e L e R I SR E ARG - ARaE
il B A AE SRR S ~ FAER - Rola s s B - ZRENCRA
FEERK TR 3 Ry JOMMEAY S — ISR » A0 R A I8 R T P A A
Pt DA— RS Ry L 5 KA1 BRI A T E NG > 2004) -

miRiEREFERE

K FEHT B BE AL B A0 FR R L A 341 DL _E 41 Xa33(t)(Korinsak et al. 2009) K
Xa34(t)(Chen et al. 2011) > HH Xal (ch04; Yoshimura et al., 1998) ~ xa5 (ch05;
Iyer-Pascuzzi et al., 2008) ~ xal3 (ch08; Chu et al., 2006) ~ Xa21 (chll; Song et al.,
1995) ~ Xa26 (ch11; Cao et al., 2007) ~ Xa27 (ch06; Gu et al., 2005) ~ FEHUFHEEREE
it - HE RN B F it - IR ER IR E A B NMER ik
(collected from website Oryzabase, http://www.shigen.nig.ac.jp/rice/oryzabase/genes/
traitGeneClasses.jsp) ° & EVIRAMT AT ECAREL B FRIE AT - SEIER A EUBE
MEAREE N 2 8 T FEHI R - R TR EH B B i H AR IR - RS E S
FIFH 57 A PRl DR 2R 2 T v 288 LU AR AT MR AR BV (BG4 B R IR - (R
(1971) ~ FFFF(1976) ~ fEF(1989) KAARELSR(1993)F i #545 28 /KR o 52 Al
65 miE B A B EMFIRDUE » HETKMeHUR R AR - 5 K (1989) &
Hsieh(1991)¥528¥ Xad ~ xab K XarHiiEEAE 2 ERHTERIRE E o 19765152
Tt S BIEZE B Ut BRI © 1995 5RIK LI/KRG 4 B ACHRET
B () PUR MR SR E o B IR E (EH S A FAE (RS > 1996a) ©

A (1971) 8L K (1989) B w1970 (R E BRI E fnfel 2= R AR - RIALRS
AR BS U PE A (R > 1971) > ZE1980F-(X - AIISE IR BT hnfl B R I AIRS (S RIAILS
ot~ B2 ~ 18~ 19558 K52 ERLO5E » HEMA TG B 2 FE R0 (R kel > 1989) -
EEEEF1971) Fe 5 R (1989) s » MR AT SRE A AT ARY » B4R H[E
[ > 1% FH A R8T (1989) ¥ 3 178 & 22 HI| 1] 5 fdi(Table 1)
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Table 1. The reaction of 5 temporary differential varieties of rice to 20 isolates of

Xanthomans oryzae pv. oryzae in Taiwan (f§ 524 © 1989)

Temporary
. . o Group I GroupII  GroupIlII  Group IV~ Group V
differential varieties

Tainung 67
Tainung 70
Taichung Sen 10
Taichung 186
Tainung Sen 18

o wn ®n
T v v v w»
™ v »
AR R o »n
AR R A »n

197 1EHIE SR AT © BIURER(19752 T AR B REE T SR
F BRI E S & T B IR IR T BRI ERE - B antE - R
RE At 6 BTG E (GREH » 1999) © Fy B Pra B IE iE 1 BERR 2 g dn i
%o DA TRE A EERG TR AR AR 1 1 LB RS ol & HR3ESHAME 2 alBs - FEfdR LURE
107 °cells/mIfEETEEREfE o 45EHFEFELIXF 17 XM 1~ XH 2 ~ XM 10 XH 24-b
SEESMREIR 2 B0 JJ85E - FadihfE 2 DR 4442-46-3-3-3 ~ IR 22 ~ IR 22082-41-2
Malagkit songsong * JR 29 ~ IR 30 ~ IR 20" ~ IR 28 ~ IR 20 ~ ZEF195% ~ FEFL6
7% ~ IR 1514A ~ B 5354-5D-MR-1 ~ IR 1545-339 ~ IR 2655 1 S{EfSGmIE 2 2 Ui R
s AIEPUR B2 275 - H IR 20f1IR 26 A1992 HIRRIFS [#E7 fh % #%
LHURAR FyXad -

T TE 45 L B RE S R R BRI A R DJRA (% > 2009 2201 142 5 = 25
ST HE 2 XMA42 K XF89b R A 4T F BRI anfd 45 » 2/ 11572412010 8RR HY
PR MAE2009 k2201 14 Rafdad SRR R Ei4R (Table 2) » REFHEASRATRE IS B T
FHZNE - BRI B R o BREREERN - EARAKE T
{F L ERga BEUEIE 2 i -
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Table 2. The response of popular cultivars to different isolates of Xanthomonas oryzae
pv. oryzae from 2009 to 2011 in Taiwan

2009 2010 2011
Cultivar XM42 XF89b XM42 XM42 XF89b XM42
Ist 2nd 1st 2nd 1st 2nd 1Ist 2nd 1st 2nd 1Ist 2nd
Taikeng 9 MR S MR S MS S MS MS MS S MS S
Taoyuan 3 MR MS MR S MS S MS MS MS MS MS MS
Tainnan 11 HS S S S MS MR MS MR MS S MS MS

Kaohsiung 145 MR MS MR MS MS MS S MS MS S MS MS
Tainung 67 S S S MS MS MS MS MS MS MS MS MS
Tainung 71 MR S R S MS S MS HS MS S MS S
Taichung-sen 10 HS S HS S S S S S S S S S
Taichung-sen 17 HS S HS HS MS S MS S S S MS S

R B EREF AR

HIE#H (197 ) ERPL A EMHEERE - KiEEEEEEEESFTUREREA -
R I R RS oA A AR - FrDARF 2 B S E R B 208 T FE
BIREEAE - E RE BT (1989) dak 25 (B e g v —{lE HL [F] 2 ] ondd - AR =08
B E A id o 2 2B H S S E O HIR KRS 2 Rk - (BB E b 3%
e A ] e e LA R RS R R A - LB RS HE— PRV IR g e T B E A B4 - 2012
FEIERRATET R EREFRMEZ 5t EE TREEII A B RE TR
BALFISRET - FO7 AN B G IR E A i fE " [ - IRRIEEE HH5Dr. Vera
CruzBIBH B HH H ATEF 2 AR EHUREARYIRBBAT [F]5 % 55 2 BllA] - {HH
ANTRBBT [ £ 7775 Bl S A ~ REHURES RAUAE AR » FiAURAHE G 208 2 275
RARNENRE 2 5 1 HEEE - WA e B BRIMp S (£ R £5F » 2009) 5 20z HHE]
PR PUR ARG A ZE R TROR miE - IR LT[R A Bl e -

KBRS (1996b) K m Z B /KN 0 Bt R EEET R BE G AR
(multiplicative gene action) » HAIIMEIER ~ SMEIER ~ DUSID M BRI RS RE
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PEER o PR PUR AN 2 R T B /KA T U R AR B A VIR B 5
FEEEDUREEEEE L - ZERNGE e L R B S M 2 IR R VE
FERC B NE R PG SRS - B TR G i RS DL TR il (R & R > EH
Al s a3 SR U T > B USR8 7575 1 E o e 3 AR R
Rl - fESE R AR R et > PINEAE9SR 2. NWRE G LEA - EER
PRAERE  BORSTE R YRR - 3.8 005 R KOREZAITTER B3R 2tk
[ > HEAC S EE T/E T OTREAE 37T - 4 FEAE A A R R A= B AR RO 4
HE - DUEIIEE R 58 - MG 884 » 5 AR EPZER AT - BEF so il ~ sEDUER
R~ b= SBSRR R E SERE TTEI S -

& RE

HEMREEAENE > B EREERRER - 28R L HRES
AR > L EFEELI30% (PF > 1990) - AR = E B AR - Wi EEH
HARR ~ JUniEREE S E - PURBEAGRIEER R RS R - &
HiERZ i &SR - 2B O B E R AH R Tta T & > HAR
el EEPURIXaT K Xa2 1 FE R A s g 22 28 TR infd - 1= RE09R R B
1157 - 2% Lee et al. (2003)# e 70k » MEJLHE S AT A anfl (5 B 208 Bl AR B
/INEZ B - EELIERT A AR ER R E - PUREFS EERTHE
R IR Z PUEETTRE ~ S R oy T B AR - TAE 2B R
A R SR FAE O TR A - RS R E TG S BRI R SCERENE - BEaPT
SEIRARBIENTSE - B S REE AR - BIFTSERfaz(DuR MR
REERISZ — B (SR gl - a2 T HER SR E A
AMERSR - BT E8E H R —{Eif 7 i fE (Johnson, 1981) o PR R TR sl A IR HE
& S E O ERR R BRI - FrL B ST E R DUR SRR &Y
& FH R 7 T SRS RF N 14 25 ARt e = 00T 2 R o el B AL [ T
APt RS ESEAT R LR - R B SR B S AL HERE - T anfe
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oA R TR R B W A BB 2 B o 20074 R B E T L R
AR T T KA EMETIENEEREIE ) —F  SFoEHEYREE - &
EETEERS TR 28w it K A TE O AR UM R L I BT
Y —EE3E » AT HAZER i B T R B - ZNRETTH - B EE
A EEAGN AR S A R E S LR - BB ERRE HEARRE
AETHERS S b A SEAL R B R R - U — B E Wi 2B TS
Y73 o EL BT EIRR C A Xa B AT [E)R 1 3 S B S MR IR DL R E
Bl BRI R bR anfE 2 275 - S op s R R B A SE PR
FERYERTE - HE R g s O AR R E IS > S BRI TER S (PR K
¥ (B AEER) o A1 R R B L e [ A PR e ) DATECHIASE 77 =X > (BRI
[ T SR B R P L FE Y 097 S (Leach et al. 2000; Ver Cruz et al. 2001) » S2888hRE
BERIS I E S — KBS — U2 BEMT - EafEE M O RE ? RE ST AR
A1 BB DBl -

e

1. EFBH-F584E 2009 DUERAS B SIS B 8% /KA 0 ZERm S Rl 2 it A
Pitkonfd AR 58:11-24

2. MRt~ SRFEHE 1992 KEEHLE EERGE 29T T om0 ER R 2
& PlEEER RSN 35:25-31 ¢

3. FRFEEE 1990 AEMFEAKEERIDRE 2 ERPRLAZERK ZF
EREEN REIHIaEER 29: 29-38 -

4. SRSE{E - GHESE S R -~ SUEEEE 1968 2T /KRE I TEAL R IR B R L
HHE Z AR E PEEYIREEE ST 10:1-8 ¢

5. sREHE 1995 KEPiHEMEAEREE MR BEMIImSC 172pp
2 -

6. TREH -~ WEl - BRKE 1996 KIEHHERIRIREZ 29 F
HEREER 6: 111-122 ¢
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ABSTRACT

Bacterial blight (BB) is a serious disease caused by Xanthonomas oryzae pv.
oryzae (Xoo0) for rice production in Taiwan. Every year, around 20,000 ha or 10 percent
of total rice field suffered from the epidemics of this disease in Taiwan. Breeding for
varieties resistance to this disease has been utmost important in Taiwan. To cope with
this problem, an integrated scheme of screening the resistance of breeding lines and
varieties has been set up through cooperative efforts among different research units in
Taiwan since 1975. Rice bacterial blight disease caused by a bacterial vascular disease,
pathogenic bacteria propagated in the vascular bundles and produced many
polysaccharides to block the vascular. Early symptoms were flooding-shaped and leaf
vascular occlusion after high levels to inhibit the water and nutrient to be transported in
the plants. Bacterial blight of rice currently in Taiwan occurs every year nearly 20,000
hectares of paddy fields. Bacterial blight was occurred in Taiwan began in 1968,
reviews of past researches in this report, and departed in 3 parts, respectively for
pathogen detection and ecology, disease resistant resource and its detection testing, and
strategies of disease-resistant breeding and its control technology research and
development. The strategy of disease-resistant breeding would be concerned to

challenge the variation of the pathogen in the future.
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FABERE - KR - & E - Dls A - JUEEME - (B -

7K Rk AT 1 e T R B aR e & o AR [EIRE & B A [E /KR A B I B AE
BRI 7= 220 - 2801 Y F an L taTdk(Nilaparvata lugens Stdl) ~ H %7 bk
(Sogatella furcifera Horvath) J B¢ Laodelphax striatella Fallen) ~ i3 % 4 A AR )
&% F1FE —{EE(Chilo suppressalis Walker) ~ Ki&(Sesamia inferens Walker) & HU &
5 H R EFIE (Cnaphalocrocis medinalis Guene'e) 55 » ¥ A /KigEEA B LUERES
HIEOR IR - I - e e B BRI EFE - Faa stttk E )
JAEITRAVBEE BI TS - Rt st R Ry £ EEE B HIAERY -

Dlas BT e T E T AR - KSR E S ia: 5 T K 7T bia
PRHTAYASER - B i as 2 /KRS o Ry KR B i B 22 H AR 2 —(Khush, 1979;
Bonman et al., 1992; Jena and Mackill, 2008) > £F RISt mES - EE S
Hyumas s KigmmfE - B ERRE B2 24 A n 8edr Y (4 (Brar et al., 2009)
ey ~ H e R R PR s Ry 22 B s /KRy 2 E 5 > N e E S A -
BIERE - B~ Eal IR ENKEREU R AT - BHRRVIEENTENE - BE
BUKIE RS A ZEIR - (afs T dE o REUKRAEERE - H N PIER
it 7 Ry BEVERAR(ES > 1986 5 =55 » 2009) » A PG HEE - —HIWEKREE
MEFEEA~6 X » A m] DI R & 5 ATIE R 2 RIS (ED - 1980) » —ALIRER{E1960
FARY HEEKN TEER - B E RE AIER30~50%EFHEE (T RE] - 1970 ;
b5 > 1966a) - Hofj@a & AN HFIGHRMES: - HiE AREANLE - NP
ALy - ZAE A LA IE R R R AR (AT R 2 > 1970 5 B > 1966b) © H1j721970~1980
ARSI R R 2 BB T =008 - I EACER SRl BRI (] » (E RS
KME NRER R R E (] K2 > 1970 5 #5 > 1986 5 15 > 1991) « {HFE19845F5K
ZEE TIAHEE - A biSes 2 Ky AR ORI 2 M o 0 1999 5 B
Fews 0 2003 5 =% 0 2008) o FEAL o FREEFIEAT AR AR HITSFE A E e 0 e
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TFRKIEEER Qe e - BEETE S FRE REEREML - 18~ 24%EER
(E[5 5 2002 5 BH > 1981)

B2 EREREHKERNVERTE - EEMIEN S - 82 HAlkik
BECE AN T EKEE RN aSER I H607E - TRE A - FAFRE -
EibreRd ~ e h T BHEAT R ER M - 758 LRI E o DIt TRy HE 5 4
Fl# e % - HIOSRREIER - (LIRS EriE(E > 2011) - fERIAKNELHELE
R 2 1% it e S MR A Ay /KIS a3 B R B 2 RUR RIBRE B AU R B ¥
N EIZERIFEA S EA TN - B TA N E e DIas M ErTERE -

FRIGSEIVER - BE M /a0E 2 (Integrated control concept)fF-1F 19594F
#ZE2 2K (Stern et al., 1959) - W& BlfE & M 2 ZE4H 4% (Food and Agriculture
Organization) IV 5/ NHIN1974FAE NI ERENER - BOEEWEHEE —EEY
EH RS - NEIRG R EVIRIGEEIREA R - FERFTA 3 & iRl A 1T
HIJT72 » RGEFFEVIREHEN SISO IRAAYZKA(FAO, 1975) - A1 » SeEEAYEE
EMERYEYE HE RN Ry B IHAVEE RS TEEOTHVE A » BN 2B E KRR
BV NEINE » ARG %E BERIEANESEERAMT o 2801 » RIET AR KR
AERRERL - FEERBEAREA LRSS K REFEEERFK  IF
B EFEENA RS EERE - BERRAERE R s EFEH AR M E e 148
JPES -

i

KiEmER AR E R
e ad
ZE AT LR B ST AR 1968 BHIRETT - FEF R sy Ft B B
RORIAFEAT(IRRD S [ Abiaff i - 1975F s Ebiasfa e M - A Thiasfite TE - &
FE SR (F8kah F) Z B e € - KRBl (Eakan %) 2 e R lirme
TE © 1973 R 19824 B B 56 —(ETtE e Z AFE (52 BRI 157) KRR (22 2 6857)
ufE (5 > 1982 5 Chang and Cheng, 1974) - Z1% » SalBaci RGP HER Abiss
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B TAE > hEGEE s HE MR 2 ffE » £5F2012)CF kb 2 K
ruiEETAAS(E - EAPRD - - AR RAERRRE S A 16, 21, 4RAME(ERD) - T EDT
kiR PUMERRCR - ARG E > SURE R H 25 - i faRs A S sy e s -
HRTEE T 2RI 2 Ml - 8RS - K262K B Mudgo ” Bph1EE A X IR9-602
bph2&A ; Z 26957 K Z Faim 1098 itk B BFER50. rufipogon » {HE bR A
ERHEE 275556 EAMudgo Bph1EL R4 » AlEE i B A TMEUR(Z 6758
FULINTEE L ) - Z2FRI175% - ZRAFE29E - ZA015E - SRS ST R 2= Al
29RFEARE A EAERTO. nivaraZ PlasER(BREE > 2009) « HATEZERE 2 BREK
R AET - ZF165% - ZRF119% - ZPRI105% - (EE#215% R 19257 Hbiaats
(&2) -

® L 2EFR/KEEERE - B R R Z S anfd

Table 1. The rice varieties resistant to brown planthopper, white backed planthopper and

smaller brown planthopper released in Taiwan during 1973-2012

: Released Response
Variety Brown White backed  Smaller brown
year
planthopper planthopper planthopper
Chianung Sen 6 1973 S R R
Chianung Sen 8 1973 S MR R
Chianung Sen 11 1973 R R R
Taichung Sen 3 1976 S MR R
Taichung Sen 5 1977 S MR R
Kaohsiung Sen 7 1978 R S S
Taichung Sen 10 1979 MR S R
Tainung Sen 12 1979 R - R
Tainan Sen 15 1980 S S MR
Taichung Sen 16 1981 MR R R
Tainung Sen 14 1982 R MR R
Tainung 68 1982 MR S S
Taichung Sen 17 1984 R S MR
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T 1 E2EERU/KREEERE - 85 R PR Z P an e (%)
Table 1. The rice varieties resistant to brown planthopper, white backed planthopper and

smaller brown planthopper released in Taiwan during 1973-2008 (continued)

: Released Response
Variety Brown White backed  Smaller brown
year
planthopper planthopper planthopper
Tainung Sen 18 1984 R MR MR
Tainung Sen 19 1984 R MR R
Taichung Sen Glu. 1 1984 MR MR MR
Tainung Sen Glu. 2 1984 R S MR
Tainung 69 1984 R R MR
Tainung 70 1985 MR MR S
Tainung Sen 20 1986 R S R
Tainung 72 1987 R S R
Taikeng 1 1988 MR S S
Taisen 1 1988 MR S R
Taikeng 2 1989 MR MR S
Taikeng 5 1990 MR S S
Taisen Glu. 2 1994 S MR R
Taikeng 16 1996 R R R
Taisen 2 1998 MR S MR
Taitung 30 2002 R MR S
Tainan Glu.10 2003 R S S
Tainan 11 2004 MR MR R
Taoyuan 3 2004 S MR MR
Taitung Glu. 31 2004 MR MR MR
Tainung Sen 22 2004 MR S MR
Kaohsiung Sen Glu. 8 2004 MR MR MR
Tainan Glu.12 2005 S MR S
Tainung 75 2006 MR MR MR
Tainung Sen Glu.2 2006 MR MR R
Taichung 192 2007 MR S S
Hualien 21 2008 MR S S
Kaohsiung 146 2008 S MR S
Taichung 194 2009 S S MR
Taitung 32 2009 MR S MR
Tainan 13 2009 MR MR MR

Tainung 84 2010 MR S MR
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7 208 BoKRateE i R 2 FOE(101 4 1 HATF)
Table 2. Response of the good quality and recommend rice varieties to three rice

planthoppers (first rice crop, 2012)

Variety Brown planthopper White backed Smaller brown
Seedling stage Adult stage planthopper  planthopper
Taikeng 2 S S MR S
Taikeng 8 S S S S
Taikeng 9 S S S S
Taikeng 14 S S S MR
Taikeng 16 R MR S MR
Tainung 71 S S S S
Tainan 11 R MR S MR
Kaohsiung 139 S S S S
Kaohsiung 145 S S S MR
Taitung 30 S S S S
Hualien 21 MR MR S S
Taichung 192 MR MR S S
Taichung Sen 10 S MR S S

=8 H FIAE b rE RS KR L E (S A Bph1 S bph2i MR R 2 A S - 157K
TE4EFES HIFE 2 51% /£ 4 (Agriculture and Food Agency, Taiwan) ° {E A EZ &34
IR/ INE - BEIEIE R B Bphl Kebph2fiiE AN 2 FH¥T IESE A R 55 =Rl A=
Y/ INE > T3 2R ERT 2 80% LA F » FLIEI R & L AR it B R 2 7K A i e A ]
REEC A LA ZPUHERRN(ESE » 2009) « A jH O & s RPER G R BRIt 2 &
MEETEET - BUEAETHR IREERmR) M ERE - HE YRR -
HEFE—VHEE -
—AkiE

DL ARIE B ST 1970 FFaaAETT » M H T ZH F RS B 2R3 A R R I T
fRIChR > 19710 1972 1973 5 BB > 1971) > FL&SR 52 FIEEEE K N E &R ER
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TR - (RIS E BN 1989 BN maa R o EE 19954
e e S Y PR 3 I N T EaPRHEC 77 (B > 1995) » AT K& S eE Fas
WA A TR Bt & el RIS FTEf 2 2 S dfm 20K » s 2 Putkss
RAEZ i Zadn BHE RS 2 275 o MEEETHERTT 22003 4 » NfERFE MR TR
SERFMH AR 1 (BREE - 2009) ©

P20 e 7 45 SR AT AR 3 A RIE 2 STl A S - PEAS R mTRE R —(LIE{R
SRR 2 FUAS AR - M A IE R R iR Rk e E E 28R - H

FrE— DR - B 1989 LIZK » 2/ 5 Bl 2 /K hg il B B & (RS
2009) «
FEEETHE

ZENHUREEIERE G 19784F - HIE B RS A TER (B A £ > 1978) < B
Z(2006)$1 ¥ BEORHEE mif A TP MR E - (EA SRR ENDLE: - 2
Hr I 2 2R O R 25201047 5 S A 3 B B A SR B 72 Pt (IRRI) U5 TKM6 ~ Ptb33
IR5685-26-1 ~ Darukasail ~ Balam ~ Gora * Gorsa )z Choorapundy 2% 8{[E ¥ i .1
PRV KR mTE - ST E b R EE B G R s 9T AT (TARD HUFDVSS
GEB24 ~ IR74 ~ Ptb9 ~ Tetep9645 Kz Tetep100462% 6 a8 BriE ELp 14 il 5 FA994F
S—HFEENTTEREEZ B G 2 & BRI RSl TR e MR
{& > B DVS5 ~ IR74 ~ Pth9 ~ Tetep9645 ~ Tetepl0046 ~ IR-5685-26-1 % TKM6257
B SRR B B e fEl BRI © 201 1~201 28 Y 1T A HA2 AR Y 7K A Fl S eg BT
S GitkieE - CHERZEREAIUESE(TKMG ~ #& 74  HETRE) -

KIEESBMBEMEEIRNRT
Dlaf)gaid AKRg g ERVIE edH 51 0 199041 —ELFAEPN) ~ IfR
Hi(Carbofuran) B 5% £F(Cartap) i A A R /A 2 E M —(LIE  2006~2008F 1Y F5 &
Mo E 28R E MR & (bIEE S In Rk E A B — TRV EgEE - i
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P HE R A RIE T ATE 400 HUTTEEME(E) © S50 > sEFethlany — biEt 1t
7 A 46054 %M (Cheng et al., 2010) » {F 1A e RIS FR HH ] — A RIS SR 5T
ST RH SET EE A2 2~ 220 I ZE R (B 1) » Ho P ¥ &5 B (Monosultap) A P 2 14 5
15 =& FA(Triazophos) X2 » ¥R [E & A bR e g i aa A R 5~ 155 Hi g M (L
2011) o HTHERAFAE > PRIH TR AV AEEAE TR R A B PR (KT 1 228 v o 1 e oy i B /KA
i 0V E R AT RIE(L et al., 2011) - 35 —(BUEAYRG SRR i A 2L 3 i (B A i %
M o (IR B A KRBV IS 2 7% (Spinosad) Il ZE AE 491 TRE AU ELEE IR (E12) - [t
Ah o B T ARIEDT AR B SV S JE K A= HEXR (Fang et al., 2008; Li et al,
2011) «

(B) China

(A) Taiwan ITaoyuan Sgiglg —: 1::)5

= Hsinchu Endosulfan | 55
= Miaoli Trichlorphon s 24
™ Taichung Isocarbophos |
M Changhua Phoxim |
23 ® Chiayi Methamidophos s 33
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2= B B o B 2 3 e AR A FIRT G S8Ry i =i ge e LE - (EREEEE
Cheng et al., 2010; Dai, 2011)
Fig. 1. The highest insecticide resistance ratios of stripe stem borers collected from

Taiwan (A) and China (B). (Data adapted from Cheng et al., 2010; Dai, 2011)
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2. = PG & AR BN A RN S s PUEEELD - (BRIEEFEE Lietal,
2011)
Fig. 2. The highest insecticide resistance ratios of pink stem borers collected from west

coast of Taiwan. (Data adapted from Li et al., 2011)

@ﬁ/x\[@f C RO R IEEEERIIREGSE - FAE 1980 RIS R 2 8 i e R A
b ~ FA BRI 5 iR ah s e B S5 BT 28 E (2 09 P1EEM:(Chung et al.,
1982; Dai and Sun, 1984) > &= P84 R AE BT/~ ° Matsumura®e A f220064F- 514
S EH R A HEREEBPMC ~ 23 )E - f 2 R IR H TS AR B A SR e e
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MR RE 7 B 3-5, 2-9, 38-7 1 Bil6-S %A TTBENE([B]4) - B Fg o 25 H A1 T B
HBPMC ~ 75 e B NEIEE AN S - REAEL2~13f% 28 5 ER R IR
FE A - HAS - Kl - 2SI & A e R 4 %%ﬁ%JM%%
gt » Hd DT Long Dinh ~ Tien GiangH U8 Raaige M s » LR EHETHoa
Ninh ~ Tien GiangHJ#&fédz(Matsumura et al., 2008) - 554} > EEzf)\’M1996~2006£E
A R G TR B AT S RV BB B B - B PR T M & g TR
2005 FEAGZFFA 28 1HHTEENE 2 Fh » HAIE (@ TREE 22 2006 ¥R 23 H Y DL
SEMEP (KA 10 (Wang et al., 2008) ©
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FH#ELIH H Chung et al, 1982; Dai and Sun, 1984)
Fig. 3. The highest resistance ratio of the brown planthoppers against malathion,

carbamates and pyrethroids in Taiwan. (Data adapted from Chung et al, 1982;
Dai and Sun, 1984)
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Fig. 4. The resistance ratios of Asian brown plant hoppers against BPMC, fipronil,
imidacloprid and thiamethoxan. (Data adapted from Matsumura et al., 2008)

HA ~ K - 28 - SFFEIEEREHIEN 0 5 R B BPMCEL 5 2 frrn i 8214
g BB 2-1,693 (B AR ([8]5) - Hoh DUBR I Y 3 77 e 25
[EAPLEEME R > 319-1,693{%(Matsumura et al., 2008) © Tang et al. (2009)#E—5F|
M5 et SR EERE - FRPUE e 0 S REN 8
FAMPMCEEAEZ il - 55491 - HARME Y BE RGBS E REYE 1R PigE:
(Nakao et al., 2011) » KFEHEAIBEAREE FFHTIARIZTA 20045 89518414 (Wang et al.,
2010) «

BIAREEE > A IEESRA SN EREREETE - RILHB I E R
HAMR > H A A EIES o HE e IRk ) B 35 2 Cry 1AbEACry |Ac A #:
[9E7EEME(Han et al., 2008) - 20094 FE =T - EFREE - 2P FlE - 2HE
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Fig. 5. The resistance ratios of Asian Sogatella furcifera against BPMC, fipronil and
imidacloprid. (Data adapted from Matsumura et al., 2008)
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IRER R - (F)ERIRREENIE AT - FRILZN » SeEiE e ige ! E it
FERZER UM FERE - (—) M EE R A [F] 3 a A RS2y 2= BAE Rz

PE - Matsumura et al. (2008)AY5H & 45 SR ANEU R e R B H 25 TR e Y 2 T
EFA > FESUHEMZE3 645 (B3A) - DHVIE s i & G poKfeaht L 2
Ry RIEEE —(BIE(Li et al,, 2011) - EEEAHEEEREHAEZ L0658

IR E A A ERVRAZE - R EHE IR G EVRR A R 2 — i E &R
T AREEMARNAVEERE - Hiat A EGFERENA R FEFR 0%
CHERAE [ — 3l - AILOMREE R S Lo &t A ORIV EER - ()M aH e S
DR fife g I 2205 1 1 5 eI B B T T A (B PSR BE R AR 5 B e -

Ry T g n] AP A SRR /) - &R EwEE n] IV ER » B iE—
AR e e 10 & I [F] — SR EE T (D40 P e 4 st e B2 7)) A [RPER A B A MHIEF
R SE R (B0 A gl B 2 B R B I R e BE R EE AR A L L« (eI 1R —AbiE
o Bl 3 2B TR 1 0F & e PRaEr g BN H T SRR AR - H i [/ — S 4%
IR IR e A R BEE A B P (cross-resistance) > R By B /& B —FERY &7 > 45
A —ERERESR o WA EEEAE A EE AR EERRER - 53
A PR ERE LRI RE /N o EAFHIBITE B rik B a A TR hiEEtEny 1k
i > 5} [E] BB S L EEE iR FsREIH 75 (acetylcholinesterase inhibitor, AChEI) YR HAAL
HARP 102095 G511 (Cheng et al., 2010) o FHLIAVIER 88 4= 5 5 B =S5 R T
# 7 TARIE o Bhm A TARIE S = R AR DS MR BE 2R S 20065 o HE A5
(Methomyl)All A5 8. 4(EHYZC B HTIE(Qu et al., 2003)  LE S35 ft i 11 T E DT A
AV EBR I T BOE AT H aa PLEE M E T RIS BB FISE A T EENES -

Ah > HfERZ s B & G $iM(negative cross-resistance)ZE75] » DIFI[AE Fafi &%
MEH - HRTEHBYRASZ B YIS A xS R HICry LACEACTy IF - &l b B
dihydropyrazoles2{amides (33)Z(Pittendrigh et al., 2008) -
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T 3 HEER AN AV B SRR R S A TR B (5 [ B Pittendrigh et al.,

2008)

Table. 3. Examples of organisms where toxin pairs have been observed to cause

negatively correlated or negative cross-resistance (Cited from Pittendrigh et

al., 2008)

Organism

Toxin pair(s)

References

Insects
Drosophila melanogaster

Plodia interpunctella
Helicoverpa zea
Helicoverpa armigen
Pectinophora gossvpiella
Musca domestica

Heliothis virescens
Haemuatobia frritans

Nephotetfix cincticeps

Tetranvehus urticae

Plants

Cemyvza Canadensis and
Echinechloa crus-galli
Amaranthus hivbridus

Fungi

Ustilago mavdis
RBetrytis einerea,
Venturia nashicola and
Venturia inaegualis
Rotrviis cinerea

Myeosphaerella graminicola

DDT and deltamethrin®

DDT and phenylthiourea”
Bacillus thuringiensis (Bt) toxins
Bt toxins CrylAc and Cry 1F

Bt toxins

Bt toxin and gossypol

Pyrethronds and dibydropyrazoles®
Pyrethroids and amides?

AalT and pyrethroids”

Pyrethroids and diazinon'

N-propylcarbamate and
N-methylcarbamate®
Crrgano-phosphates and
synthetic pyrethroids

Atraane and tnasneg

Pyrithiobac and imazethapyr

Benzimidaroles and diethofencarb”
Bensimidazale and
N-phenvlanilines

Benzimidazoles and
phenylearbamates’
Trisenles and pyrimidine
derivatives/triflumizale!

Pedra e al, (2004)
Oygita (19614, b, c)

Yun Rie er al. (1990)
Marcus (2005)

Liang er al. (2000}
Carriére ef al, (2004)
Khambay et al. (2001)
Elliott e al. (1986)
MeCutchen e al. (1997
Sheppard and Marchiondo
(1987

Yaramoto ef al, (1993)

Chapman and Penman
(1979)

Cradamskr ef al. (20000)

Poston et af. (2002)

Fiogas and Girgis ( [993)
Josepovits eral. (1992)

Hollomon e al. ( 1995)

Lerowx ef al, (2000)

The following alleles, genes, or loci are associated with the respective toxin pairs given above: “para”
{voltage sensitive sodium channel); "R 2)DDT (dilTerential expression of one or more cylochrome

AA0s ) “yuper-kdr (super-knock-down resistance); ““kdr (knock-down resistance): ‘eytochrome P430;
‘AChE(acetylcholinesterases); "/ 3-tubulin (single amino acid changes); and /P450 sterol 14!-demethylase.
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oK E BH SRS W Y 8 ARG B B i B L 22 48 58 B S 7 R R P R Y A T
b > BPRAGEGIEA(ERE REVREE(ETEY - 5990 > BiE21024E5H » BURFHEEIRY " /)
it ERME ) BOR > KMEERPEFERIE 24258 - PPNt 28 2601 - 514
7,681, BARGAE /KA - 18 S fs i BERABRY AR M ERR THARKEZ SN - BIRIEE
LA AEERS] - TCEBH /KRR e E GRS E T80 - AR
It A ECETISR - EE R RAORE A SRR NI E R - EEEHIE
SRS - Wic &R - FaA R R ARG EAENRE - SatHENEE
{753 > IRLAME L AR B E AR S R S HE (A -
ARARENE AR &EE EH A& FI6EDER - R AIE6H TR -
(HERSREHR © /KIS — B R S AT E AR A F e A 2R AH A - 55— HIEE
B R D EE MR R ST e 52 - A FH AR R RodS i S DT 55— HATE
EERAERIVEHR ISR EE K8 E » AEARIPATEFEEE - (555 - 15
R ;e H R R
()REER + ZoThVE N A DU B R ERAF A ERYA SR - M E B fasiar B
ST I N E RS R S Sk G SR R B R T S8 AR a F 3 A B HAR S &Y
FURAERRTT Ry~ BRI — A E FIH I & IR B F H &Y 3 8 5 &
A E D WA AR HEEE IR A EER N TR IR E ARG
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HHISERE

(TEARSR « &OB AV E RN S bR E R R AL - RIS DUE I & B HH YR
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WEHET T EENE - AIZHETE I & R E B - I fEE IR E B 5 2 -

(LATE) - BETLENERE TR BAEREAiE SRl B R RGE -
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Fig. 6. Information orientation for decision-making on pest management.
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4 B FE eSO & FAEE R B ES - 2002)
Table 4. The economic threshold of important rice insect pests (Data adapted from
Cheng et al., 2002)

Kind of insects Survey period Economic threshold
Nilaparvata lugens Rice booting stage 5-10/hill
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Rice milkingstage ~ 1020/hill
Sogatella furcifera Rice booting to ripening stage  5-10/hill
Laodelphax striatella Rice middle booting stage 10-20 / sweep
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Afterrice headingdate  1-2/spike
Chilo suppressalis After rice transplanting 12-15% yellow stem

Rice maximum tillering stage ~ 5-10% dead heart
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Afterrice headingdate  2-3% whitehead

Cnaphalocrocis medinalis  Rice booting to heading stage 1 larvae / hill or
3 damaged leaves/hill

=
OH
n||||

mE e

Fres Dlan ool I FH F e A% ool B AT RBIE - e fEE e b r B
TEZEIRIBUAENE) » R Ea AN SN2 NE DS GUEN) - £2 2 ER
ﬁ@&@%ﬁz@ FHid L BERETI(ELNE) (Painter, 1951; Smith, 1989) * £/KFH

» R LaR L E A K SR DA SR EER 2 (& - FEtE RS BN - BHAME

JﬂmﬁﬁZM%zmﬁﬁﬁwl%Q FHFA A P s AN B AT & A 7
AEE > FEREA - FRIREANEGREN  Falia A o6 77 A6 F i &
EAHSEAVI %1 (Kogan, 1982; Panda and Khush, 1995) - 7£ 4 R Ve H 257 &
i BEREAELENSH - PlakiniErI5E % BLF| S E 2

IR > HEER Hbias TR IE R E SR an AR - FHEERSIE B A E
AFFE S T T AR - IR —BR AT 5% < 0 B A RATE R R 2 Al - X
FRERIAE 2 i st R RS 2B A0EA > — RN SE B A R A P A B A A
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R AR DUERL NS 2 RER - R TR Z B R Ry - HHGREA
ZEE KB Bl DUE B IR E Z Plaain M UR R A S A - DA
EH AT AR iddant® - 2 RlE —PlasiE N - A HEEY)/ MEES
ST S 70 e R TR T A B B 25110 LA 2 A 2 (PR > 2009 5 255 > 2009) e

R e R RIEBEES T4 > EREBPEERN - DM SERE 2 REFH
RS A (E R > 1990 : Huang et al., 2010) - &£ EE > @G EY)
/N > BRAZ b R i REAEL G RS - TR NE it E R ME 2 U]
BERZ 28 A& A Y) /N 2 8898 (== 5F > 2009 5 Medrano and Heinrichs, 1985;
Rombacher and Gallagher, 1994; Sogawa et al., 1987; Tanaka and Matsumura, 2000) °
28 HAlCAU R KE e 2 (biotype 2) K255 =# (biotype 3)4E)/MEH
Eamae S50 (biotype 4) K55 . (biotype 5)AEV)/IME A ELFIAZ T E 1 -
WA 7K ~ SRS R PUERERR EEREE 2 TR - REEREEH
A EGiERA T Z KRG E i - DAY RGE A =AY ME 2 AL - R RS
FReamad 4 KET 2 B TR (5 S B> 2008 5 553> 2009 ; Cheng, 1985; Heinrichs, 1994;
Panda and Khush, 1995) -

ZEHATH = B A REAEN Z R - S1&FRIEI7R 8 S KAE s R
Gh > L& o TERSCE BB ET Z FE ] > PRATERESC IR 2 R CRE T i
B P NTT ~ 1 R Z A Bt e B TSR B e e o ST ] P R
AEFUEENR B Bkt b (EZimfE A (e AR BRI > FrliiEass
RE - FEESL > HEIE A ER > T s BRI s H A S EpRaE R
anfe(Brar et al., 2009) > LTI Z SFEEBLEEER - AR E M Bl i

RV a R/ K EE sV B T7 74 » WA R R T2 — » b
EEIEHERY(E P e S8R - T 0 B SR F B TR MERY S8 4 BIRMTWERESS
TR ERE - EIRAEL B A EEREEHENERETETES
A e B ER Ao A ST B T e Bt R 03 AT B 5 AH B =5 et A [
SERINEE SR IREAETY - FralE il g R RIEEE R A & - B IRERIEEH

K
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BUEDR R
ABSTRACT

More than 10 insect pests attacked during rice cultivated period. Among those,
sucked planthopper, including brown planthopper (Nilaparvata lugens Stal), white
backed planthopper (Sogatella furcifera Horvath), smaller brown planthopper
(Laodelphax striatella Fallen), moth borer, including stem borer (Chilo suppressalis
Walker), purple stem borer (Sesamia inferens Walker), leaf feeder, rice leaf folder
(Cnaphalocrocis medinalis Guene'e), etc. could caused indeed economic injury to rice
yield. Therefore, the former pests have be became targets for insect-resistant variety
breeding, insects insecticide-resistant research and the outline and practice for different
control strategies. Since 1968, varietal resistance to brown planthopper has been
conducted in Taiwan, and about 40 varicties have been released for commercial
cultivation so far. Because most resistant varieties carried with Bphl or bph2 resistant
gene in Taiwan as well as other countries in Asia, as the result, inducing the virulent
biotype 2 and 3 became dominant in the population in most paddy fields in Taiwan.
Therefore, we need urgently to breed the resistant varieties with polygene in nature to
cope with the virulent biotypes for ensuring the rice safety production in the future.
Screening of rice varieties resistance to rice stem borer and leaf folder have also been
investigated in Taiwan. Chemical control is one of the most important management
strategies of rice insect pests, however, it is hard to avoid the development of insecticide
resistance after frequent application of insecticides. Some major rice insect pests, like C.
suppressalis and N. lugens have been developed more than 100-folds resistance to
certain insecticides. Therefore, it is important to delay the occurrence of insecticide
resistance and insect pest population by monitoring the dynamics of insecticide
resistance development, alternative use of insecticides with different mode of action and

crop rotation. Otherwise, the young and professional farmers increased gradually, they
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enhance their cultivation area and would like to decrease the cost for pesticide
application. And, the rice production and market areas have considered the risk of
management, the enhanced the decision-making quality for pest management is more
important than past. We offered the pest management training classes for farmers to
become an expert, has facilitated many monitoring techniques, active gather information
at regular intervals, then compatible with agricultural environment, insect ecology and
the knowledge of economic threshold, to analyze the related information to make a

better insect pest management strategy and reasonable application of pesticides.

Key words: Rice, insect pest, variety-resistance, pesticide-resistance, decision-making.
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ABSTRACT

The agricultural effects of climate change are weather warm, water resource
changing, increasing the concentration of CO, and extreme weather. Under the globe
climate change, , it’s increasing the extreme weather in Taiwan in the future. Therefore,
the good-quality rice production stratagem should be following: (1) insure the policy of
the food production and stable (2) increasing the productivity through the land
utilization (3) breeding the physiological and biological stress tolerance outstanding
varieties (4) extending the energy-saving and stress tolerance cultural practices (5)
adapting the reasonable practices and cropping system (6) improvement the weather

forecast.

Key words: Good-quality rice, Climate change, Stress tolerance, Cultural pratice.
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ABSTRACT

Since The Plant Variety and Plant Seed Act came to be effective at 2005 in Taiwan,
the development of new varieties were over-emphasize on novelty disregarding the
class of crops. Preliminary search results of available codes in English on the internet
indicated that a satisfactory value for cultivation and use (VCU) is also required for
agriculture crops to be enlisted on the national list. Members of European Union and
Southern African Development Community, as well as several other countries mandate
that all plant varieties must be on the national list in order to be lawfully marketed in the
country and union/community. While passing DUS test for ornamental and vegetable
crops is sufficient for them to be listed on the national list, agriculture crops need also
pass the VCU test in addition to the DUS test. VCU test generally takes two years to
complete, but may be conducted along with DUS test in order to save time for the
applicants. Varieties on the national list which complete an additional year of VCU test
with superior performance may be put on the recommended list with “Provisional
Recommendation” status. Two more years of VCU test are required for the variety to
obtain the “Full Recommendation” status. However, the recommendation may be
revoked during the process and should be revoked at any time when the seeds became
unavailable. It is recommended to the authority of food management agency in Taiwan
that a system analog to national list and recommended list should be adopted for rice,

the most important food crop in Taiwan.

Keywords: Value for Cultivation and Use (VCU), Crop Variety Evaluation (CVE),

National lists, Recommendation lists
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ABSTRACT

The specialized rice production and distribution zones, is combined the rice value
chain of culture, purchase, process and trademark selling, is the important part of rice
industry adjustment in Taiwan. Since it’s controlled from the upper stream of rice
production, rice quality can insure and trademark can sell easily. For the farmer of
specialized rice production and distribution zones, they can cultivate rice without
worried, because the contract had done before rice culture. For the company, it’s easy to
control the source of paddy and investigate the food safe items, as chemicals remains
etc. For the government, many agricultural policy, the policy of reasonable fertilizer
application and new varieties adaptation, had been extent through the specialized rice
production and distribution zones. Up to 2012, there are 37 specialized rice production

and distribution zones and total 16,000 ha of contract farming area had been done.

Keywords: Specialized rice production and distribution zone, Good-quality rice,

Trademark, Contract farming.
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ABSTRACT

The specialized rice production and distribution zones, which was organized by
farmer association and milling company and farmer and rice seedling nursing center,
were assisted by Agriculture and Food Agency, Council of Agriculture since 2005. The
distinction of Taiwan rice and import rice and the rising of good-quality rice producing
area and trademark is the goal of specialized rice production and distribution zones.
Base on the consumer service and good-quality Taiwan rice objective, our company join
in the specialized rice production and distribution zones in 2005. We had made a
Taikeng 9 excellent culture contract with farmer. For rise the good practice of farmer,
excellent culture training course and farming investigation and assistance were hold by
company. For rise the rice product quality, two quality control systems were done. In
upper stream of rice production, the rice quality and chemical remain in paddy are
investigated in purchase areas. For the outstanding farmer, who had cultured low protein
content of rice, were got the extra bunty. In the down streams of rice process of factory,
the variety purification and quality maintain were carried out. It’s “the three principle of
management”, means to selected remarkable varieties, good quality control, and made

the trademark.

Key words: Specialized rice production and distribution zone, Good-quality rice,

Taikeng 9, Contract farming.
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