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E A B W) L IE R R s L ~ JEELE A Y 2 Defra (2005) 7£ " The Validity of
Food Miles as an Indicator of Sustainable Development: Final report ; — H{gH! - HE{H
HEYHEIFHESE RN b W RRAE R - HRMEEFEERERRG
HIF - FiEHNEY M R1) -

Hrp o R R EREY) - R B T A HE SR A E 5 R BiYED
UK HREVIAEMERY) KRV HEMEYEFER AT - FEREYE
TS » BERFEIEARUER ~ B R HAMERMEAKR - ARG RICUE R R
VB ER RS PR R DU AN Ok 0 R b R
ey - AR - KRS KoK &RERIFEREY) » HACRY 4 E AIVE IR

* 1 ERE RV

B (indigenous) FEEHLT (non-indigenous)
1 ¥ (Sugar)
2 Al (meat)
3 BYERENG (animal fats)
4 5% (vegetables) --
5 BEHRAFIZL (apples and pears) EHH > fHi%ZF (bananas, citrus etc)
6 PEEVEE - SRR FEAVESE - A AR R R
strawberries, apricots and other soft fruit)  (1/2 strawberries, apricots and other soft fruit)
7 N oK R SRR iRy - RS KoK mREE
(wheat, maize, oats, rapeseed oil etc) (palm oil, soya oil, rice, sorghum etc)

&SR « Defra, 2005, The Validity of Food Miles as an Indicator of Sustainable Development: Final
report.
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() s B (B R B T A

10 B R A S L AR R IR EE VTR RE A 22 B B BB AR - FER1
ERYREIN T % - MnEERA - SRR TR S ERETHGRNETE - K&
e il T i S A R B ARG SR 8 - BRISRER - ARBIK(ERS 1 fr 100 JT » {HH T
R - R AR Al R E Ry 200 JTTHYEDL - Kt —E SN ER HGRE
% o Ryt on I RG o B E R RS H I T AE - I InEE R - Hps s fEE B ]
I RV R 2 O (BB 22 B OK - K BE » S ERR IR HH T Y B R = 2 - 1T (EAR S
[t — FA R RE (RS B A AL YD TR B P R B DO (BB 22 52 S HR i B R AR )k
A fEE -

Defra fE AMEMRET ERR B H G - AKIBRG AR LEFE b A g b S ey 2 %
W& 43 B R RN TR RS & (Unprocessed commodities) ~ &% B i T Y &% & (Lightly
processed foods) K /=N T.RG M (Hightly processed foods) =%H » 4K i i i Rt 4 »
e b AH A HERY B AL X T~ (revaluation factor) » DIEE#TEHEGE H OBy R L (EIE - £/
AR TAYrE AL (Unprocessed commodities) ~ B85 N TR M (Lightly processed foods)
FEEE I TG s, (Hightly processed foods) 5t B K 5 B £k {8 K 7~ B8 4155 2 -

EE (FBREHEXR) WWETEEH

MR RITILE 25 - 76 LLERHE Defra B2 2004 F 2R R AHBE (K 3) DULENE
BIWEGR (X 4) FHEBERBRGHEHEG] - FFR - W24t 2004 5B H TR
B A EREE O R 28 -

* 2. BRGNS B B E A A T

HAGE

yg o iﬁi R
P A AEFE KT
AN LR ot B AE T AR IR 8 B o (5 St 8 17 1.00
(Unprocessed commodities; U) RHENS e R R R R - 4

EEBRAEAY R -
LY E gl NG fe¥ Rt A ETEEN T - & 0.27
(Lightly processed foods; LP) BN ~ UIBSSE -
[y MBS RN @R - BAKREEHER 0.10
(Hightly processed foods; HP) e B EIVRE M o BUET 5 IPRZ ~ IR

B -

&EHlAkcE « Defra, 2006, Food Security and the UK: An Evidence and Analysis Paper, p.83 -
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3 3. 2004 I EIRE f HAGRAVET SLE B
BAAT ¢ A

AL ENAHEHEY 1) 10,683
K& ~ FEFR RSO (2) 590
KE ~ FEER T B (3) 1,155
HRfE S ATFEL (3-2) 4 565

AREAE FERYIFF(1-4) (5) 10,118
HEgEyHE O (6) 1,424
JEHEHKEYH T (7 492
BYIREH(6+7) (8) 1,916
EAE YR (9) 4,373
JEEHEYRIHE (10) 2,818
BYIREHEI1(9+10) (11) 7,191

BN =(1)+(11)-(8) (12) 15,958

i B YIHaEE=(1)+(9)-(8) (13) 13,632

BERaHR
Fra&Y1=(5)/(12)X100 63.4%
EHEEY=(5)/(13)X100 74.2%

&Rk JE « Defra, 2006, Food Security and the UK: An Evidence and Analysis Paper, p.84 -

2 4. 2004 R R A RGRAVETE R GEH D RYIEENE)
L VARRET £

rdE G EE HEERT HE®REH
EE I TR 1,309 0.10 125
RSN T AR EYH O 1,913 0.27 524
RN TR 776 1.00 776
=N TIEFESR R 423 0.10 50
RN TIEESR R O 710 0.27 195
RN TIEEH R 257 1.00 257
Ry O 3,998 - 1,424
JEEHEYEH O 1,390 - 492
RN AR B 2,051 0.10 195
RN TER B 6,045 0.27 1,656
AN TR BV 2,522 1.00 2,522
=N TIEESR R 1,387 0.10 132
BRI TIE R 2,196 0.27 602
ARSI TR YIHEL 2,084 1.00 2,084
HiERYEED 10,618 - 4373
I EYREE 5,667 - 2,818

&R JE « Defra, 2006, Food Security and the UK: An Evidence and Analysis Paper, p.84 -
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EE (FBREHEX) Ve

SEEIE R HAGRIV R R B ALY 1980 A [FIRGZHT Mg (400 1) K Defra A 4f
FIERL - 2011 SFREIFTERVIVERBEHGRR 63% @ EEKEYER R
78% > H IR KB AR S B o

1980-90 41 T B HEA BOR AR R HAG R AR HYHE RFBCR SR HE R RSEBOR |
(Common Agricultural Policy - & CAP) - [7] iy 5l Fl 72 il . 12 il B A= 7 22 S Isefe e A
7 WAHER TSR RIYE - TEE AR H 2 BE AN DR -

RIZAE - EamEfrA RYNER B REE S HMEYIER BGER - HES
FAR EARE—2-

EERRBRRZAR

— T ERYIVERBERERE

& 5 KR iE'E J7 BRI A BY) R AR in S0 (EI RAERRRE AR - X
RN - A AR SRR T R - RER R AR 2R MgnviEss - HrhH
HEEURE & E AR E 2000 F£1Y 79.4% FFREZE 2009 4 69% ifi £ & & 43 th Hy 2000 4F 35.4%
TEEE 2009 4 32% © PRITEIFIA - ATREE T KB RE R R AR AN T Y Bk - BHEK
AU S TRARE R S A 1A /NS ~ LB EOK - R3] 2000 FEIIA WTO 2% - B2
e 2 AL - Bt B K P S B Al R

1. B 1962 FE% 2011 FERke R HAGHR
7% 5. GEHRILMERIIRETEIERHAR
A%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
HAEOGREK) 794 815 814 780 756 739 739 729 705 69.0
BEEORREE) 354 346 358 343 323 303 316 301 323 320

BRI - R -
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- EHREYREREER
A GOk AE BT o IHEEE YR - 51 A R A R R B AR MR Ry B
aE R LR - HERH#EE - 2RIEZK - ZWEFRIT R TEE
¥ IHE AR G4 E R NS - Bt R %5 EkosE
BE1S S AR ERRHGEFOR - FF 2 REIREE - IR & WA R/ NE IR
AR - KREEESMED - SR H TG E iR R R B3R - HE TR -
FERL M o R AN AR EE DU N P/ N2 2R A i R 2 AR AT -
WA B A = - EIRRE R - K - R 7SRRI AR E — 2 TR B R E
faR NEERIRIA - 252 N E A C A AR E M L L E A Frd sy - ek
IR A AR A AN R TS ERY - AR BRI, - HRERy 7Nk R4 &
TR - wURAZH R 75 EAEBI A A R - BT Ny R ASE A = W R © BT RL - RWT5E
Akl 304 i B B L P G SR DU T RAR B FE B 255 -

FH 7S B B B B SR e B S RN 22 3 - AT DU BB e R P 5 4G R Iy - S
FEUTHIER 1 BB B A B IR AR Ry o - R E SR B o SR E o B
B - ARSI RV 2 Ry il & TR A AR BRI - A A A A AR A EE o -
BRI KA - R e LB R i LA R AL - O B R Rt
b > AWFERE DL 73 B8RRI H RS SR 1E R (i B U Py o JHHE R - R
HfG=RiEt 500%Hf - AWT7EE R RHREEERRY) - KZARIFEFRRY) - £ 6 /A
RS A IR R I o - Horp Rk B B B fEA - HA > KB
A~ O R THEE - BNV BEEL TR IS S KRS R IREER R - R HAL
MRV RIEET R -

# 6. GEHERRYEIFER R0

fE#%% (indigenous) &%) FEEHRAY (non-indigenous) &4
1 oKk INEE S ok R
2 HE R BEeE
3 B ~ i K&~ Zhk
4 {E4E T ER
5 SRt Foth
6 A KEA
7 H
8 O R - R HNE
9 5|

BRI © AR -
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£ 7 BB B LU BB R R R U IR R 4K
S » MERACE » MR USSR B AL IR 2 EGSRIGHIRIAR R 0.94 - RIFs
HEASE B TTEMUEACE - 2009 4 LU £ E1#33K Ty 69% » (LRRE RV R K1 2K
i 95.5% » HA - JERMEACT - LI R RIUMR AL I KL I RTR RO B 0.94
RIS A LB MU » 2009 4FRR RIS LA 329 » (LA
FEYIIREE R R 8119 » ZETUEA -

ML LA R AT LA BB - H TS R A R (S AR BN 2
R R R TG BRI - LM A AR FTAS R TS, - R -
BOFATIAT M B R R 2 JF LA £ B ST £ TSR0 - SR A
BCREIF MO - TRER F 2 PR AR » LI 7 RE DR BN A A A 0 A
BIAFAS -

TEmAR R ER

AT > FERORA 0 S IR+ AR Y AR A B A B 2 -
E 2 ST i » AR B G 5 R 1400 2 P BB A AR A 22 5391
2 B B R OB K - 3t IR 22 - IR » BRSNS - A
FTREDRAA AR AT 2o © WTLITURALE - PR BIE T M R 7 L
BB MR EAK § Bl - — RIS - SRR £ R @t
P S £ 4 -

B TR R A ) (R R A A SR RS B
BRI - A RPN AT B ORI - 355 RULAE S
MR E BN SRR - RSN AR - B - $RF T IR R
L - TTREMAE RO BIN I fe2 AEE -

R » 722 AR ALV - PTREMA A 2 1K 20~ L IZEIRLA R,
HEIRE - HESAHETT T JF IR I R - AT RSB BRI R B R
PRSI AR -

BOMFAEIE N £ E1 SR BORIS - # DT RR A R B T B EBORAIE
I+ HIPNRRE ~ BRI SR b - HEROR 5 - TR 2
Y E SR BT B A -
£ 7. GE LSRR R TR AR

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

FEREEGER 354 346 358 343 323 303 316 301 323 320
RS 918 903 930 880 829 817 837 805 814 811

BRI © AR -
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M8 h MR R4 B L SRS E-102 A R B R B IR ) & i SUER

ESE )

R R GRS T © 101 B2F1-14.1.1-4t-h1(1) 8 101 F2F}-14.1.1-8f-h1(2)Hy
T SCFF -

ZENRK

S - 2001 - TG R L BF o ORI -
BT - 2012 -7 EER AT AILEHE LW ) BEAREE -
PRERHSE » 2012 - T AR £ 2 2 B 5 B Fh LA R S B R R I 2 B, - BB

RHEEE -

FREIBE » 2010 - " FETHER IR £ H AG /K HE 2 BRI ISR o - REGRIEGTE -

FFEEE - 2007 o T SRR CHEE 5 E L ) 0 REERTEEET] > 81 8] » H 93-119 -

FEIUR ~ BREHE - BT - 2001 - TR R R R THE AR R SE L BRI - 1B |
154-161 -

FhAekeEF - 2008 » G IKEIRE R EHAGRMEY EAE3R - T RIERE .0 55 11 > 22-24 -

TEFRELLREEIN » 2010 - TR L R WS B B A R R BOR FIERZ T o - REaR
BT -

REE bR H M FEUIE BN EEERBEKERES I 50%
http://cn.joins.com/big5/article.do?method=detail &art_id=63609

v M R T R AMOK S - 2011 - T ERMOKERR A E TR 4 o

Defra. 2005. The Validity of Food Miles as an Indicator of Sustainable Development.

Defra. 2006. UK Food and Drink Manufacturing: an economic.

Defra. 2006. Food Security and the UK: An Evidence and Analysis Paper.

Defra. 2008. Ensuring the UK’s Food Security in a Changing World.

Defra. 2011. Food Statics Pocketbook.
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An Analysis on Food Self-sufficiency Ratios of the
Developed Countries

Jen-Yao Lee!, Cheng-Hui Chang®*and Chi-Yuan Lin?

Abstract

This research compiled how different countries or international organizations, say
Japan, China, Korea, UK, or FAO, compute their food self-sufficiency ratios. This
compiling helped to analyze how Taiwan differs from others in the computation, and the
implication behind the calculation policy. In Taiwan, the current calculation of the all
food self-sufficiency ratio or the indigenous food self-sufficiency is measured by calorie. It
was found that the correlation coefficient of these two ratios approximates to 0.94. This
implied the consistency between these two. However, from the statistics, the food
self-sufficiency ratio is merely 32% in the year 2009, while its indigenous food
self-sufficiency is up to 81.1%. Due to the limitation of weather or technology etc.,
Taiwan does not possess comparative advantage in producing non-indigenous food. The
product differentiation results from the consumers’ demand to variety, rather than from the
survival demand. Therefore, the adoption of the indigenous food self-sufficiency ratio can
better reflect domestic food security degree in Taiwan. The government, when enacting the
food self-sufficiency ratio policy, generally takes domestic agricultural product
enhancement as the medium goal. But due to the restriction of weather or technology etc.,
the prevalence of non-indigenous food is not undemanding. Finally the government should
aim at the improvement of indigenous food.

Keywords: food self-sufficiency ratios, indigenous food, non-indigenous food.

1 Department of International Business, National Kaohsiung University of Applied Science.
2 Department of Applied Finance, Hsiuping University of Science and Technology.

3 Department of Applied Economics, National Chiayi University.

4 Corresponding Author, Email: chunghui@mail.hust.edu.tw ; Tel: 886-4-24961123#2401.
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BHIEBRIEEE B 2417
7RG L R A EBIEE WG | R
HE

RELEHREERMEENHEIEFE L — » M 0 EHBENRER - 7
HEERMEA NN - BRI R B G RE IRV E AT © 31 2 B RN e B 5
G RE A IR 7 BT BRI - DU E R 388 < A H AR - KRN i i 55
FERTA - I fAE 2 S 5 1 52 SR M B T R A R (o ol R BB 2 M BB TR Y B A
ABFELL IPCC SE 2R LI 55 FE A R KAt - W o0 2 85 ~ MURK Bl 35— th )~ 72024,
SRS - M DUSE 5 i b i R R R B st - T T R M B R R A Z SR VR BRI
e —FHo & AFP 127 - IR EARRR B iR SRS AR Y - JUIRE iR s B R e 55 T
HIBRSEINIZR » SR AR BUN BRI 7 E R & 255 -

RABERR © RUREHE - B - MESHRE - AR -

[l

Al

EERE B I G E BRI BT BRI P BT ROk S E R
A DU Ui SR e SR AR O 88 4 5 - IPCC BB PURRSR i BB R A i (IPCC, AR4, 2007) i
HAE BRI B IR T RSN RS A A T RR AR - 00 W el 38 A /K IR R
fIRE > FL B DR IR 5 32 B SR e L B i B » (e it Bimifg B AU S e - 3
TSR M BB AL P i ki 2 8 R EL I 55 - BIAmig V- BTN R Ao 8 - Rk
SRR BRI =R ERE LSRR BT RS R EE R RSE ~ HUi R A
FTINBIE H AR B RS - SREE S S L R EE - 22
S AEE BRI  — - BT T IR SR M S BN ST B, - BR TR HEYI R
BLEASE RIS - B IR IS & RS B DIRE R R B R AR - FE P (A
BN Y BRET ~ ik S B 5 TRE (Olesen and Bindi, 2002) » fE3ERRAYT 5t T > QAT
i EmnE B E N R - DU REBINTEER R EIGEETT - ERRy B 5 ek
e R

B G IR A H BN ERIE EE £

B EEREH O R A EA -

EiRvA=E WS I ==t T

WEEE BT(EF ¢ slchan@mail.ntpu.edu.tw ; FEEE © 02-86741111#67307 -

AW N O —



B SSRERT AL S Z BT 5E 17

T S5 S 1 A8 S 1l R 11 K1 B A - R v AE Wil T e KB JRCE (mitigation) B EH
i (adaptation) » HHREREES /3 HIFE R IR B A SR s BB il BRI 55 1 - I i SRS 7
HIERRHEE T K FER R K - P2 EREER R ERSE R E SR
FIH BIRR SR ~ FROSRIS IS o SR (e L M PR A R - SESes BIRE e » DUR
H B B2 $4 % (United Nations Development Programme, UNDP) il %= Bk B3 35 # 1%
(Global Environment Facility, GEF) 7 2004 EFrfEH 2 T F5 858 I8 BUOR A1 4E |
(Adaptation Policy Frameworks for Climate Change * APF) i F 55 12 Hb % JFE FH A 2% il SE 3,
FIHEPERR » SRy TSR 5 8 3 B AH B R 1 - B 2235 BB QIR T - APF i b
fil SR B AR B SRS Y FE T+ AN AT foh B 50 P 2 e e M 1 7 3 S8 5 1 28 M RB Y S I R T R
HUA Bl B YR A » o m] D) B 5 3 1K SR A8 388 B A e A A B T ~ 5 P B o 22 3%
JRRZF (Limetal., 2004 5 gfUAESE A - 2008) - APF S T@ 2 (s " AEE S #E
FUEBLERET 0~ T HRTMESSEEREAL L~ T RAREMEIRBEEEAL L~ TR A L
DIk "SRRI R ) SRR - Hop o T HEIMESS AL L B T RS
JEBSET AL o FRET B M H A B R 2k i it 55 B R\ B BAEE T THRET » S L 58 B RS
S S M A T 0 S TR LA B LS ER K R S B Je R A B o TR e 325 5t s 5
fiti » R AA S RS2 SR M BB AT B N R S » (S Ry I H A 3th o S SR 1y B 2 T4 -

W R SIS A I 5 B B R B A O R e o R R A A B A A B A A
HEEST (Berry % A (2006) ~ Hewitt % A (2008) ~ Gbetibouo and Ringler (2009) + Aschonitis
5 A(2012)) » H:A 72 R B £ B 2 o0 A R TR A e 55 B B JaB - 55— 5w 0
FA R L IR MR e - BB IRAVIIRE » bR TR A ETIRESN - e
WEBRIE AR B L MM IR BRI R A EENE (3R - & 2011
TS+ 2011) o KIFLARISEE IR G R DIREEHEEL IPCC AYELAZEE - IR
BN R FR AL 51 » W DUSE 5 e S 1 Ry B A W T T HR A+ TR A RSt A R
RIS INLURIE » DIz SRR - (ER Rl 2% -

MR ET A EH

g9 (Vulnerability) —aUR BISMARTBRESE KR S HHR - HERTEE
PR+ H AT R A F S R AR K 5 B A B AU T SR el - — Mok » Masg iy
EFH LR UNEP (2001) B IPCC (2001) fifaE #HIPIH - UNEP (2001) Z0k a5 by
EZBAERIENEAREE > B EERE e - KERBUAEE mRBENEFIEHE
T o HEFEASH L Z FB 5 IPCC (2001) HISE #EMa 55 5 Ryt & 5l H AR A HE 2 R K F
I MEFRF R ENESREE - KRR BURIEE AR E » Bk R ErIRE
JILUR S 7K 52 R P e AR W B THT s BT AN AHIA] » 5 8 R e ss BE Ry 2 22 AT iR
B R H AR E - UNEP BYET H2 B ALt 52 7 i S ERY B I - IPCC HIE %
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R ERt S R B H AR R M BB K PRV 2 - RS - a5y B Ry il B2 B 3 5
JIZ MG - Hrp R R RBUR S B AR R - PEIT R ESE BUR S BR B - F0K
PR R KT - [RIRFREAREE = A RE S I s -

RT3t 358 BH T 2R A= S s 5 P B A 5 B AN Rl T el ~ AN (R RUBE 22 [ DU [RI R 1B 8
JRBE o RIFEARIFFCE BB B A E G SRS - M T E R EEET » EHEsSER
SIATARDL o DUR 43 U35 BH = St e 5 B2 B A 200 ~ R St 5 BE FE AT Rt LA B & el 6 HH Bl
T o
(—) FrsEs

AR IPCC (2007) PRt L MasS e E 2 - KElasy B 7> Ry %88 (Exposure) ~
fURR (Sensitivity) B2 (Adaptation) ={@E A+ WERFA Rannow 25 A (2010) it
WA AR - B AR IS E R A (input data) ~ 434 (classification) ~ 54
518 (indicator) ~ #HHIFHA (assessment matrix) DL a5 SE 8 (index) AL EEFE -
AR Ry Bt » E @A FIRE B E TS - fE RV BIT | RFE R Se 5y
BRI BRIE Ry /3 T B TT - 3B B B A K s 2 7 UK S TR R A A e B R Hop o $R1F
IR b o AR R mi &R B A R B - FEmE R E R 56 - WARIE G
FEARESSIFET 1 2 3 5 - FEAFEmmAHEE T - REEEHRRAE A - KR
EIELf JR T [ ) BT R 5 VB A TR R AU ARG SR e % 1 VS A 1 2 s ) P RS K
FARE G - 18 B B B n i 55 BE AR Bt I
(D) B SSEIBIERM

MRS SRR B R AT DA R » R ZEAR IR IE 95 B FRAR BB AUAH S 2% - HRRN R 3E Bl
BEHGAA S HEE G BN E R AT - FRAR A & MR B R 2 D RE M R
TF S 22 52 e St i SR B B 5 P FEAR SR E FANER 2 o - FR R ] LUK I SE 4R AR S)
R =g K - fAHER R EARATE - H R ERE - B R e i - fEARm i 2
B BRI =7 R RS R AR T (EP) ~ KFEVEEY (EC) ~ WFmE L
(ES) ~ 44 (S01) ~ 7/k (S02) ~ WE&BR(S03) ~ MEkMEE (S04) ~ FF%eIE (A0L) ~ 23R
% (A02) ~ ik #FFME (A03) FHE-HEEE - Hrh B mny = (EFE R HIREAR R
B Ee -

TENESS R FEARAG 43 T 1H - IR R U E o R b Ay IR -
AiftgeEmEeF & - RE T TSRS - 7R ERZEEFR - FranvEk
o3 ft A TR AR E 5 m A [F] =2t A 40 B IR A R AL FEAR - Hirp o
THFRAEA E 55 B o U= - AR FRIERI RS BB - BIan » 280k 1 RRMES AR
S8Ry 3 FORMETSE ) o RefEERE R A — 30U - ARWFEERH Arcgis 43-#HIIHE (Quantile)
TR RFHERE S Ry =8 o = R FIRIFEAE - ANBSURK IS 2 S AL BURR M 1
HIREAT A BURR &@AS T 8 3 43 » AN 1 53« NEIFEAHITE /) 2 fe i A B R A AT Y



PSS R A K e R 2 W5 19
BETH » HRSEIBENHEE R SR - RRTERRIEI S T WE®
PP EH#E 5T
F 1 g R ARG o e B AR R
fEAEE FEATAHIE R K5 EpaR i
= RIETEH HEHEY @S, 5x5km’ EP  Zits BEW A K IARIRGAG
(E) Tor¥1-3 53
%%;z%‘% KETGE R EC *Efraj;} KEBBERE T2
EC 1-3
if)’ﬁiﬁ 1 Fim LT H2m) B ES EEXIEERKG T 8(1L3)
E
RROsk, 3 PIECHE AR P EEHESE  S01-1  fk#E TALIS S EGEITHEF 5
(S) (S01) IS T8 1-3
BRRE EHIEEE  S01-2 KB TALIS 78U THE PR
FHAGT41801-3
R (E EHIEEE  S01-3 k% TALIS /- BuEfTHE P25
T3
PhELFER k EEMIEERBE  S01-4 k¥ TALIS 2 BGEITHERF 5
FHAG T8 1-3
7K HEREH IR R EHEE S02-1  HEFERR - R =% WG T
(S02) 4381-3
VEBETAIRE L RE S02-2 %g?&s’ Gk =551 0 WA T
ya 1_
5 R EMEE S03-1  HEFEtk - R =% WG T
(S03) 8 1-3
B R W S03-2 %g?&’ﬁ}%z%—%é}’mé%
5381-3
FBURK ERERE HhlE EHEE  S04-1  2EMIRARBREERS TS
S04 #1/3 43
JE RPRE B E A01-1 HEfFtk » k=541 0 WAGT
A) (A01) 4381-3
B ETR ST RE A01-2 %gﬁé R =5 AT
4381-3
FEABEE RE A01-3 %g?&s’ Gk =551 0 WA T
4 1_
SR PR RE A01-4 i;;g?‘ﬁ’%kyzi%ﬁ’mé%
5381-3
B Bz HIE A02-1 HEFtR > R =55 0 kG T
(A02) (& EBENAE) 518 1-3
B2 | 43R A02-2 HEFptR » Ry =547 - kG T
(Eﬁ%ﬂf%&) S8 1-3
JL g 22 ||| HIH A02-1 HEFptg @ 3 R =547 - IikGT
(ﬁbnnﬁ(ﬁﬁ) N 5381-3
)
EH2EH IV YR A02-2 HEFptR » R =54 0 kG T
(=S L) 538 1-3
R A 2B SB8H A02-3 (%ﬁ%bu&%ﬁﬁéﬁé%%%&
1/3
ARRE  BREL R A03-1 HEFtk » k=541 WG T
(A03) 438 1-3
ZALIEE RE A03-2 HEFptR » R =554 0 kG T

738 1-3
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(Z)EHRAHEEREIEN

T S 5 R 2 T IR R e L T R R R B R A 2RO
H - (EERACE T - BE I ER RS TCCIP it SRR A (5km x 5km) -
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A Study on the Vulnerability Assessment and
Application of Agriculture Land

Chen-Jai Lee!, Shih-Liang Chan***, Guo-Cing Huang®, Jheng-Sin Dai' and Jhen-Yi Wu*

Abstract

Food security is one of the concerned issues of climate change. It is fundamental for a
country to maintain a certain amount of agriculture land and promote the efficiency of
agriculture land utilization. There have been many innovative strategies for the adaptation
of climate change in the developed countries. To achieve the goal of climate change
adaptation for agriculture land, vulnerability assessment of farmland is important. Based on
the framework of IPCC, the research applies the structure of exposure, sensitivity, and
adaptation to build the indicators and conducts the evaluation in terms of the designated area
in Yunlin, Chiayi, and Tainan County. Through the application, the key factors of the
vulnerability of farmland system are identified. It can be applied as a reference of guideline
for the government to formulate the feasible local adaptation actions in the future.
Keywords: Climate change, Agriculture land, Vulnerability assessment, Adaptation strategy.
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1. éﬁ%%ﬁi@ﬂd@ﬁ 25.8%
o RERERAFETRE(FAO)(gross) 18.8%

o JRHIER 16.6%
o EERALBE®R 15.9%
o BERFTfSEERR 13.0%
. Aiﬁ*ﬁﬁﬁ%ﬁ%&(?’fﬁ)mo 16.2%
Arable land (% of land area) 19.4%

2. %E%mﬂim@ﬁ 34.9%
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- REABER—LIEE 13.6%
o MEANCEEREN) 11.8%
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. %#i&ﬁﬂ*i’ 16.4%
REVRAKTFE 13.6%
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5. RfmEZ 2 HER 7.1%
o B RSER TR O R 36.8%
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o MRS PFC LR AN E A =R 31.3%
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2005 4 [} 6.3% o FHAFEAR IR AR A2 4F B 2 A B YR » KTk mT 6 i 47 RS By 1R 0
B —HERIEMIIN - —EE AR o fRETTHER - WA RE R E AR
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R IR AR EE - HIL LA MBS B 8 3R 2 53R TE R % - ARif5est i
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3

7% 3. fEPEEENR AT B AR

f T HRFEFEHE BENRE R
12K R 1 B - FRRAEAERY (FAO) 0.6
o AL (% of land area) 0.6
2. B 5 S MR B K R o fERAETRR (FRH) 0.4
AR HGR—LEEHE 0.6
o Mt A -0.3
3B % AT R MR ER AR E 1 KB EFE 0.3
425 SR BT B - ABHBEEE 0.8
o FRETHE R BE S LR 0.8
5. R SR o BRI R R AR G AR R 0.2
- fREZ 1AL (dietary diversity) 0.4
o fRR LG PFC LEaREAHAE H AR 0.8
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Developing a Contingency Plan to Upgrade Food
Security in Taiwan

Chang, Jing-Wen'3, Rhung-Jieh Woo? and Huang-Ping Yen*

Abstract

The main purpose of this study was deliberate major developed foreign countries’ food
security policies and contingency mechanism, interrogation domestic food security
countermeasures. On the basis of previous studies, we tried to figure out a set of early
warning system to measure food security situation and so the system put forward
corresponding countermeasures as a reference. Our study distinguish the food security index
into five levels as traffic light such as "blue", "blue-yellow", "yellow", "yellow-red" and
"red".

The empirical results show that from 1992 to 2004 the overall food security scores
were higher than average level, which were "blue light". But since 2005, higher and higher
cereal prices and oil prices, made food safety level from "blue" fall to"blue- yellow".
Furthermore, with 2008 global financial tsunami, and the same time that oil prices and
international food prices reached a record high, resulting in a further decline in the overall
food safety to "yellow light", induce government needs to imply short-term coping
strategies. Because the effective countermeasures, the overall light was "blue-yellow" in
2010, improve to "blue™ at 2011.

The results showed that season 1~3 of 2013, overall early warning of food security
indexs are above-average, are the "blue lights". But under various dimensions that indicate
food insecurity were mainly caused by fluctuations in international food prices and food
unsafety. The government needs to apply long-, mid- and short-run contingency
mechanisms to reduce the degree of influence by international food prices, and to strengthen
of reducing pesticide from the begining, so can make consumer eat more safety..

Keywords: Food Security Index, Traffic light, Early warning system, Coping strategies.

1 Department of Business Adminstration, Hsuan Chuang University.
2 Department of Agricultrual Economics, National Taiwan University.
3 Corresponding Author, Email: jingwen.chang@gmail.com; Tel: 886-3-5302255#5559.
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Folskig thERER LAY et - BH 2 TIE L — A R E R PECE © i AZEHRYHH
FRASTE TG ED » A AL A A A BOE BN 2 - E A AR I A T SR B R B RREE
plan - BB SRR EEATE A CO HEICE - HE ¥ LEAE A FEAE I B Y Rl oK
fSe AR B EREAE R R YRS - SUHENRD CO HEL - BN E
iSRRI o Toust BTN BB 2 W A s A A A A - DU = SR e I - AT 101
A RS RIHC & BR R BHBAR BRI L - SEATR A MBI A (PCR) (ZHEE ~ BREREE Al
T BRI ETSOK A AL RRAR AR - DUA BRI DGR EER » 1F Ry B Al AR s i Ry R Ay
B O R A IR R 1T T < 0 - RE MR B RS - AR s AR I R
P& B 2 FHRHRE B IR I A B - BTEIHEIGE » 101 FEDFEER K S L2 ATE%E
Bl COx fHEUE &Ry 4.5 T - BIFE RO RS JIRIREGEE - AiHEEY
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B EREU SR L E M2 B & (IPCC) Y 2013 4 9 A 27 HERMNH Aliaf
iy AR H - ABHIE B A 2 e e R B A n] RE 2 B BRIRAE £ X - (SRR
95% L1 I - ANRFHEFEUR E R G - BRI FEE AR T HE 4.8°C - 9P L7 82
NIy 53R 2007 FERYEHE E T 0.8°C e BT 22 1oy « ZERERALAY B E MEAN S Rl -
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FE - DUZ e ik (i i < HAE 5 HESEhik (0 T b e SR A VAR R 5 %

1 R RAELORE -
2 #:{E#H EET{E4 © HEChiang@tari.gov.tw ; EE&% : 04-23317652
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FEESSETRMT - RZEE IR 2010 4 6 H 15 HAPE " IKIHE SR M 8 LSRR BUR &
R STHRSECERBIAERE - EIER ~ BCRCK R ERE IR AR A A AT S ST
A o M AR AU G - R 00 BT SR TR R R R BB R A R T
B~ SR~ kRS ) BRSEEECOTEE 0 WHEELL TR R - (RERTE ~ Hreabk ) TR
BESERRE RN - ErhnR BT 7 THB S SRS - R KR A A R R A
EROR - BAPHEIETIERPUVEIREST » BRI « FHELEEE 4 2 A4 RE e it
Lhe ~ mfbEA B R RR - PIRMERERE ~ (RIRPEAVRR SRR, - DU AV S
BRI B B ORI - TP EE = IHBA SRS T HEED (AR ESE 0 HEENA R A
A E RS SEEMIN T - BRI B b - BN RSP E AR AR

Foiskik thERER LA et - BH 2 TIE L — @A iR = R PEICE - maikiR=
REEHERCE T > BT S T 13% (IPCC » 2007) » (Kt - BEZERR T & EHERE A JEEA
AFFHIThEESN - B ERNIRRESEN AT - M ARSI S - A0SR EE ALY
THETRK > WAAFE IS A = A B R B RS - B4 R 5 R R S
LRI CO, HEER - #8H LLAE M A EEAE MM B Y R ARG - ANRIH B H RES 8 A
KRR & - SUAEERA CO B - BN E IR SRR -

FRou e # 2 @ R A AR R A L - DU IR = SRS - AT E LR A 2
REMATIEES - HERE MRS - (F RN EREMNZS - LRSS
B A ORI SR RE - BRI R S R AV B B L v 1T - AGTER 101 SRR
Ao S BRI B IRAR R L - AT RE LB HIEA] (PCR) ZHE ~ MEAKFE fh ik 2 il
TRREMIIRARER - IR BT CE AN - (F R B A AL AR R R 0 Ry AT A 2 A
7

%

BREXRESFRRAES

SEE IR 11 (8 FE RIS S T R B B
PrsEk 25 ~ B~ AR - R R - SR ANIE 1 - B R B
SEEAIRIBGE - TR R B AR SR A - 2 i R R R A - W
T B (T S BMES T - 2000 4F 12 A 15 FIEREE A T A iems: | A
2o

By T BEIR] AT - DURE R BRI - TR MR B A A MR R B
HEVE DR (R A P BB - R AT T B SRR (product category rule - i
7% PCR) | A2 I B £ BT 1 -

BB H A L U A (http://cfp.epa.gov.tw) 23745 T BRI S AE 1
SIHIET 46T ) A0 3 > ARFTHIKEE HAET 13758 kAR AR AIRRT , -
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fR#% PCRETETES | » BAEEORAYE MR - DZEASE 4 KSR (1 4) - B
AT AL B R BVE MR B BRI A - JEIB R TR RUE - (RIE 2 g ra AR A &
FRHIE PCR » MEAZEHIE K 2 AR I AR E B2 S A B i USRS -

1. BRI ER

2. SEAR R R R
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PIIaPE B » Mg AR LA R BN B8 & ik E B &AW (LU e
IR FHNE) B ik DU B e T E B AR LAY PCR - SER (R B RE A o 221 HL 4 i [ 3
Ek o I61S MR TR/ NEBRAAGEEE PCR FEE » FER)AAME B JHSE KB i A iy S A
RS - WIEEYRITE - 855 BOXIHE - IHEAB T KBEETE 5 AR (E
5) -

[l 3. ke A R IR T EFES |

[ 4. BRI
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2L - LEGHE 14 RASIRSFEAREERE

T he e e Bt - 288 L g i L0 JECECER A B AT (L B - ISR P~ (I BRg e ~ MHIRI
rn BOE R R R ERG F AP R G > — e PCR EENEE R AH @ wHR RS
ME et A NG EERBET R 5 KB iR ISR PCR BENA
7 EFEIFNEMHRE R R R RIS REER - DHSRN R E S & AN AR (5
6) °

FE I — FE B BRBESEFI E AR B A T TR St - DGR AR A S S R~ B
DA A amE IR G A B SGEI T AR o IR E SR R B IE PCR BLZ - WY
PR 3 2 L S B (R B B SR i O B A -

5. REEMLA TR [E

6. A E IR A A TR RN S AR (S
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1. FBIETK 2kg WIS IR EBMiRER
Tablel. Inventory list for Wufeng rice 2kg packaging carbon footprint
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feik EPMEEREE (B 10) - FIEAERA BERS LIRAER (8 11) » ARAHRIRE 3 4F -

B EKEE iRk R S

AWM EERN . — » BERKE MWK EIMER - TAREHRH Z K E MK
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A 2 IRHEBCRAS i K - HE AP AE R e e R A 4 - HBRRCGR A T 2
FERY P SR HE TR A 7 1K

b — %5 SR B R S A 2 L T B A B S — B WA ~ FAF] ~ AR -
WIHZESE - BAARTC AT 2 HEF2E ME T AR SHEENEERRERE &
R 1 AR AR & A4 350 ANEE(LEEZU(NLO) » MHE A 10 S5 E CO, & & (FRk -
2008) « N AKIEWFFREL IPCC #ERHEL - 2006 4 2538 J 6 HR b & /o {1 M E /K FE AU HERL CO2
11.8 B /NNHEEL CH, 8,400 AW » 5147 R 31 B AN CO, H & (SR LI ~ R4 - 2010) -

RIBE » Ryl Rk > R AT AF 22 P BRI HE IR 2 Bk B L 22 i fet B R S 1 55
B NBUNHETTEUERY T SR ) R - SRR SRR A - B R ik n] LSS
JIR T T BT TR FS e -

B R T R il B o RS A T & B b I o FH R A B RS SRR - &
A e A A 12 ] DL e M = ~ A /KA 4 8 12 0t 05l A R T 9 S5 e R o 88 £ K
o HASOKFEHTEEE TS - RAVE — B RRRRE/KTEE R ~ IRTHE ~ R AR
A (B - B2 882 Jr A T.8) - AF BB AR IR R R & B A0 F AT - B s
T HEAH I FE 2504 B ek T 2 SR e o BRI (3 2) -

10. FRIER AR C PR E & 11, BRI FIER R 2kg RECAE i
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7 2. GEUMENE BRI

Table 2. Simulation for carbon reduction of rationalization fertilizing

KT SR 388 B M R 22 2 e SRR RIT 72102 47 EE Rl R RN RY Eram s AR

e 100 4 fHAHEEE . . o
T ettt A = R RS B A IR HE R R
[afsd ={ =
INFT /N T 0.035mtN,0*296) CO, e mt
( ) ) o £07290) CO;
PREE  HERE AT = 19,908 %% : 438 4,538
N : P,05: K,0=120:80: 80 WEET : 896
BIThEr & AL - 757
N : P05 : K,O=142 : 125 : 118 &t 2,001
R e %H3 1 556
N : P,0s : K,O=134: 60 : 106 : 62
MiEE 0 2o 10,301 %@? 5,760
T TN & AL ¢ 113
N : P,0s: K,0=188: 66 : 117 &3 1 731
R A = A 19,849
N :P,Os: K,O=130:55:55 : 2,736
ahE o 78,168 E’%M 102,036
BTN & EL# : 6,097
N : P,Os : K,0 =256 : 90 : 133 &3 18,682
HERE it A & A3 110,799
N : P,O: : K,O=160: 112 : 98 BT : 3,857
G 0 20 96,418 Bfﬁ 111,878
BTN & ST : 4,821
N : P,O5 : K,0 =272 : 152 : 148 &t 1 19,477
HERE He ZAF 641
N N : P,0s: K;O0=103:53: 70 : 248
EE 2 11,250 E‘EM 6,641
T TN & AqbEH : 338
N : P,Os : K,0=160 : 75 : 100 &GEt 1,227
HERE T = %% 1 517
N:P,O;: K,O=90:45:55 1414
fedm 25,863 E”é‘m 5,356
BTl & EfbsF : 233
N : P,Os : K,0 =110 : 61 : 64 &3 11,164
HERE it & %3 556
N : P,Os : K,O=121: 58 : 69 #ET : 86
aEE 0 2o 12,348 Bfﬁ 5,760
BT hEAN & ST ¢ 420
N : P,Os : K,0 =166 : 65 : 103 &t 1,062
B3 : 23,356
. REET : 8,299
e 254,256 241,968
it SEam < 12,779
&3t 1 44,434

BRI © 2R - 2010 ; AR RE R B B RO -
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LR BREENY (T - BESONFRE M S BRSBTS R T
3 A B T R RS B A O RESR AT BRI AR B A AR
S AR  FHUR BB R ARG SIS ST LIk (L e S
FGL » eI A S S B R T L+ BRLSYERES © /PSR o 3T DL ST 2
F AL -

BE—MHEEHRERRFENMEEZE

MR B 7 S R 2 SRS BN TR B TR » ATFZE 101 i ~ 102 453 RISEAE
1,087 {7 B¢ 259 {3 — i B B ATE RZORHETTAMHT - 101 47 FE F2E HUBE S M 198
BT - (3 B S A R B A BRI UL 102 4F HISHE PRI 75 R 93
BT (ST RN B ) TR A B R 2 T LA -

{EFRAIS LS TH » 101 AEFE R - S9%BI AR R B R AE (32 3) 0 —
SR U 14% » FURIEL 5t 13-14% » 7] e S T 1 B A
I A SR 2 - 102 SEFEZ 3 E NV SE6MIEIAEE (2 4) - (HEHELE B G LA
W - BB LR TR 25 U 30% -

2 3. 101 525 F IR SR EL i BRI Dl

Table 3. Poll for participant’s cognition of carbon footprint label and carbon footprint in 2012
BN (%)

aiti Fdbd i Al GBEm &R & &

HER (n=300) (n=200) (n=100) (n=194) (n=99) (n=194) (n=1087)
ZHEEAA 62 53 52 64 66 53 59
AR 12 22 19 14 8 11 14
SRR AR 11 18 11 14 12 13 13
SR 2 B 15 7 18 8 14 23 14
& & 100 100 100 100 100 100 100

BRI © A5 101 A -

% 4. 102 578 KR AR ATE DR
Table 4. Poll for Taiwan consumer’s cognition of carbon footprint label in 2013

H H X 44 H 4k
FLEARE 147 56
AHGERARE 112 43
HIEREEARNER

BRER 107 41
¥ A bR 131 50
& 22 8
NER 80 31
Bl LR AR 79 30

BRI © AHITSE 102 4 AR
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e SR 32 B IRAR SR B R B RE RN A2 - (EAS S PR - AT S8 A B < B 2%
1% » 101 £45 73%HY 325 F S AR IR B E M R BRI R R (R 5)
102 = EHY A28 T 64% R R R M bR ZEURIKTE IR (% 6) W] o — RN T
HHP R ER E AR B R

101 £ 323 H A1 A 2 BB R AT SRS AR BE A BRI T - B BERRAT R L O
HEBE (R7) AZEEZIE (44%) DUER RS E N 2SS BIRE - EEEH
[FIF - S oE i B ARAR B 5 34% - BURZ & BRGIRAR A i 2 R
B -

2% 5. 101 75 FRE R R iR R 2

Table 5. Poll for importance of labelling carbon emission in 2012

EHH X H 4 Ik
JEHFEE 316 29
i 476 44
ST 240 22
FEE 19 2
JEFAREE 2 0.2
AHLE 34 3

BRI © NS 101 A3 ARl
2 6. 102 525 F B R A R R H R L B2

Table 6. Poll for essentiality of labelling carbon emission of agricultural product in 2013

EH xB o o5 It
JERZ 168 64
R—E 62 24
FRE 24 o

BRI © ASE 102 4F- A He g
7. ZEGEE AR L B R
Table 7. Poll for participant’s buying willing of Carbon footprint labelled products

i R X B B 4 I
TR T oK E 221 20
DMERAE RS mAfE 297 27
EEE 180 17
B AR IR 1 S B AT R 369 34
R H e (e R A R P 20 2

BRI © A5 102 SRR
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EREEFIETRBEEIGHE - REBIHESFIZEETAR (K 8)  miE 41%L
- TRURy A5 RS 8 oy B0 R AT 79% 2 55 R 2 S AN B A E AT AR
FEF K (32 9) 5 FEMNEEELISEER 10 T2 (65%) - ] RS s H R E
IZA(SEEE

ftam B 5

AR RERRZ LG " EMERHAETERRT ) JHERER @ Sl E K E
e ATHRIET » IEASEF 2@ - RA(L01)4 11 H 12 HASERERIRE LG B ALk
EPFE AR MAKERIRE & T B IR i BRET AR T | ) B EE R A R A
HEIT BRI E BRI R BME A - DURy R A 15 1 RH B K i g 1 17 HOR E iR A ik
P TR EZE ] -

AR FEWET KR E PR ERTR - B 2 A7 RIRBEREFy 4.5 & - HrpDUROR
RSBk HE i R L= - 5T 70% - FrDUSYRHRE B RO R ik Rl T VR L o AIER
& E AL I B r A B A AE RO - DU R S B R B » H5 BEAR IR 25 s e /K A A
FERY & BRAL e N HE 7 e P IR - RIARHSEHE RS 5 18 1 5285 vl k) 24 A WEHY COge -
5 8. R BRI TR R
Table 8. Poll for participant’s buying willing of Carbon footprint labelled wufeng aroma rice
products

Hi B X ¥ [ERF
Nme S HIRIEEA S EBET K 74 32.2
KBRS E B EFEES K 95 41.3
A R R AR SO Rk BRI E 28 12.2
A—E 33 14.3

BRI © ARITSE 102 47 AR

9. ZAEHIE R FEE TR B ER
Table 9. Poll for participant’s willingness to pay for carbon footprint labelled wufeng aroma rice

products
T H X B H 7> Lk
PR 2SR 173 79
NEHEZ > 46 21
R SRR (H AT E(E 230 JT/fu/2kg)
240 JT/f9/2kg 112 65
250 T//2kg 36 21
260 JT/fu/2kg 13 8

BRI © AHITSE 102 4 AR
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B FEET A — I e T T L BRI SERAVRE AT & - B 25 B R i 2 B
BARAR B AR AR B2 - (Bl e 2D H b 5 R 2 B & R R AR R i i &
WEZME - (HEPRGIAR B E R L 2 ER S s ZE SRS &K
WIS RFIEEBE TS - HORFT 8 Rl BE 2 S ER - HRTBEXNEELEE 2 A
WIF(EZ 10 JTHEZ - v 7 — 5238 B iR 2 B s i AR SR AR RIS F TR HERS -

ARG EIEIT - B 5E A AL AR ERAY HH AT BB A - IR TRE A B
ZKKEBLAN PCR £t « SE R At L B ) 5 —H A58 - ARG RIRENEFEEEENK
MHEAFIEARE B b &k ~ WIERFEEERED 4 K BERE ZEMNIRC B ED 3
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Feasibility Study on Establishing a Carbon
Footprinting Labelling System for Taiwan's
Agricultural Product

Hsiu-E Chiang *?, Cheng-Yen Tsai?, Ying-Chen Lin®, and Tsai-Ping Chang*

Abstract

Reducing emission of greenhouse gas is one of important tasks to slow down risk of
global warming. Economic activities included producing and consuming can both affect
greenhouse gas emission. For example, carbon emission of long distant transported goods
will be higher than local products. According to above concept, buying local products can
be helpful for reducing greenhouse gas emission. Farther, it is also useful for local industry
development. In order to encourage consumers to buy local agricultural products, we
followed the Taiwan CFP system (Carbon footprint of product) to start to establish the
product categorization rules (PCR) of Taiwan rice. In 2012, we finished the carbon footprint
inventory of wufeng aroma rice. The PCR data of rice can be base of feasibility study of
promotion carbon footprint label of Taiwan agricultural product. The method of carbon
footprint accounting is included collecting input data of energy or resources in 5 stages of
product life. In 2012, we accounted 4.5 Kg carbon emission of producing 2Kg wufeng
aroma rice. Furthermore, 2Kg packaged wufeng aroma rice also got carbon footprint label
certification from Environmental Protection Administration Executive Yuan, ROC (Taiwan)
in 2012. Otherwise, in study of consumer perception and acceptance of product carbon
footprint label, we found the consumer’s cognition of carbon footprint label is still at a low
level. Although many consumers considered that emerging realistic counting number of
carbon emission is important to carbon footprint label, there is only 30% of survey
participants willing to buy carbon footprint label products which price is not raised.
Keywords: Carbon footprint ~ Carbon footprint label ~ Assessment of product life ~ Consumer

perception.

1 Technical Service Division and Agricultural Economics Division, TARI, Taichung, Taiwan.
2 Corresponding Author, Email: HEChiang@tari.gov.tw; Tel: 04-23317652.
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LRI A O B B RL - 35 ([ 25 R B ZKEREE N 11 (8 SR B A

M SR - A2F e | IR BT TR IR PR R - REE R EITRE T
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IR ETERE S - ROKTERAVEIR R R /KRR R AR ES Y B ER R 2 — » 7K A A ]
TEFR— BT » HiEKIE SR FEN A —2 0 KL K SRS FEAE LA B An - BT %
an MR ZK 3 FIIFHZCE » TR A FAE B IHTR KR » AERE ER S B KGR - 32
FIEIRFEEHIEHRY -

TE/k et R BB - B R 2 R0 TR E B R BUKEHE A 2% -
PRI AERZ S EREE N VR AR R Y B BR8N A8 RN » (2 RV IR - (R {#E 8
HEEIESE BN R ME SR AN G o Ryl - B R R0 S E
RO HE S e m i G R GER ISR ~ ZERK & & i FEE) (F R
FEEHELE - TRk B REEERTGET SEA L - HEBI 25 TI/ERAE R
ET - FY R EABYIIAEN R 2R ERENEEEE L — (&% 0 1984
Iskender and David, 2001; Jeannette et al., 2002) » [X] bk B HHHT 52 85 0@ B0 F B SR BR HT -
FERRFE T Tl PR EE - TR B R (CR) SR RHET T R B DR A - A
EERIVEREE - WA HBE LR - BERRREE - @& INEE - MkEEER (4
ZF » 2005) o ARG EIFFHEM K7 FEBh BT R (BiK) KSR - HE
B HE G B E R E KRR ES < iR o DUZRIET A B K R R R E B TE A B
E‘Eﬁi =

o

i
I O

npE

A

BIAMSE

TR B YK 3 B Z BRI SZRE )T - Levitt (1980) HHHE PP E
BAEHK EAYRAEDL T - FHY AT LUEFERYARE ST © Turner (1997) HIER Rbi R EIEY
EAZEE K EE A EHE AR RS ENRE)  HIMEAERKENEER 2
GHE—HHRH - FEROUKIEIET - (EYIREER R S E BRE I RIS - JLE M ERE
EERE ~ i R AR RS - KT R = M E B A BN - (1) 2R T
TEVIfER m &k & 5 (2) 1EMERE/KRIGRIL MR FE A BINEE 5 3) M RRIEWE
K EMITIRENIIRIE (Blum, 1999) -

THYE BRI G AT 2 MR )T - DUEN ARV RAERERE - £EW4ERE
HHR - LR IR AR A - fEYI AL G ERDUEREHW - /S
JRHZ 5 S FE RS — At 1T S 43 Ry U (Fukai and Cooper, 1995) :

— + JkE21# (drought escape)

TEYIA: R A K R RN AT 3K 5 SR IAR S B AR TE B > DABRHERZ SERRE I - 47
L 3 A IR I R DR R e B IR SR+ E T R AL R S R AR IR R R
SR 3 B R ] AR AR R B R A R
— 24 (dehydration avoidance)
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1. P R IERE % /K 53 » ANFEY) A AR BB BB 2 AR R IR - 3R g 1 7Kk 45

2. PR RS B AR 1S F LKk 5y DUEAERIAE E 2 v iz /K5 - /KRR
(hard pan) BYEE4: » KFELLRETEEHA K 3 BRI FI A E Z BRG] » 58 HIHIRE AR R
AR R AC R BB E ] ~ Bl BRI 2 /K378 (EH (evaporation) 15
KIEZIK ST o TR 53R B #E EH AR R AR /K o3 I Oy S R 337K 53 38 K e
PO R YA B Fr /K o VB B ] s el st 0B RIRAE R AR K 3 7oK -

= - 814 (dehydration tolerance)

FE Y BV AR AR /K 43 Y 24 Tt rT MR AR R B IR Ry it 2208 - & BRI 2R i
(R) EZE RSB EREY T -

Arrandeau (1989) 58%y » /KAEFIML AW EGERS M B LA R - H 7k R sk
B AR B - i 51 W o R P e o AR 1k B OR R A I e i A A E R P 7
AREMLEY) - FML/E R4l EAE KRB AR (ripening period) #3808
TEBOTATREER o BE— BB Ry K REAE AR B R LAY REAE o A R R R
K. 3 B—E5 R AR FMEEY A E - MR HALBIAEY) - KEBR A EYME
HZ [EMLEYIRIETE (Weng et al., 1982) » [KI L AERG I 52 chii 54 Bk 2 IR B
[y o
M - §gZ 2B (drought recovery)

EHZEFAENEY LR » G2 R Ry — {8 B ZEAUBEH] - —2kRENE R %
GYBEZ FEIRIAY » 108 BE 4y BEAY B A AR AE MR 2 R0 e S RF i 4 & DS B R A8
BRI ] kAR R S P Ry R R -

SRR PR Bz S AR Rk I8 (R FFIURE T E R - w8t B A A (L A
TERAERF L E B R MR RAFSER ISR (R) FEIMTEIAR R AR - n A
%iEMLEY) (Lilley and Fukai, 1994) -

MBS E

FI R A LT o2 7R R S B RO RR i 52 1 38 R e - TR B R R i R ki
BiE - SEE M R AREHTR © (1) AR DA 5 =0 s R s AR 1 2 sk
AT R 20% PEG WAL T /K FES it S < i (B 1) - (2) DA /KIerd
Z B ML 15~-20 kPa & T3k 4 i o HETT /KRS EORRI 1% 2 g - (3) I
GHMRHAER B RHEARRE TR EITHER R AR 6E -

HIF 53 F AR SEIH B /K A 52 b A 88 A - (1) A RBEKRERR L o 7K il 4R
Rl QTL FHBAZ FHEL 3 il » e 2298 K B /MK A H 3R Mk 1% L Rl B L 30 fH
DA b » DUT e B R B RS B 43 AR 1E T » (2) B P d B R B s B AR 5 il
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ans% o MER BB RIIZERT (IRRI) GIERTEZMHEL - HER IRRI ZEREIRE - 2
TR 7> TSRS R B /KR 5 (Bi7K) IR £l -

L B B

IKFE B EARGRAYTEY) - BRUCER I LAY /K RIRETT AR - fERE L7k Ay
EREEJEH AU (Inthapan and Fukai, 1988) » [X[ILFF 2 B HLER 5 7 S F HI DL 5 P R 1
TER B A HAR - ORGSO 738 2 A RS BOEE T TRE AR ARETE - AE Fo i
AR CARE SRR foR G M A T T o= P R T RS A - PR R IR T =02 38 - DAL
HETT T (I A58 - $RT T SRR - FER 1 BRI AT > KAEHEAC F2 AR
TRBERRWE N R AEHERHARNEREARE - RGNS - EERAZH
KR T EABRENELZ R WA R — ik HEA R A T - 48 20% PEG
SRR AR - BUREERS it R PEBKAEEE © Sun et al, (2010) JRFE Hi e
TRBERYEE T B RBOKREE > AR IAMACLZ KR - mE 2 15501 M

[ 1. FERHET-HY 20% PEG-6000 iR o s (a) (b) ke S s 20% PEG-6000 5= 1 Hh i
©@) -
Fig. 1. The hydroponic culture system for drought tolerance screening with Kimura solution
containing 20% PEG at germination stage (a, b) and at seedling stage (c, d).
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[LIZEGRLAE) / B 2034 78.9%
Z1LI(7FHE) CNY951701 91.2%
Fe% 2034/ CNY951701 46%

B 2. HASRA R x L) RIR A R s 2 s kB

Fig. 2. Germination rate of Cross (Asamurasaki x Cha-Shan) in various generation.

HHE @15 < i) R RS 20% PEG fiiE 2 #4538y 64.3% » £&FIK 20% PEG fi
.2 MiFs A2 B85 REE T2 84% (0 % PEG = 100 %) £& =X 20 % PEG £ MaFs
T LER By 100% (0% PEG = 100%) » PoFs 3543k 89% (0 % PEG = 90%) - #& =X PEG
B 3EMY MoFs K PoFs 2 B85 HAT Ry 100% K& RIZX PEG BfisENY MiFs By 96% o ANER
BRI TEHE 3 A RSB DL 20% PEG BB MR M LIS HEZ PR - A5 R EEUR HLBIRK
FE » P E F R A ARE E  R R E R LT -
AW R K BERERE R A S - BB REEHAT R Fs AR HHEE RIS R
7 % PEG fi# A /K {EB B U N HRIT R RN - IFRER R ERZ R
AR (pedigree method) ¢ ik H Fo HAAFHAAEERE » B BT AR Z TR » (H
RIS R E A - B ARS8 - EFYREME IR KRBT B 2 B
FERIFTIRGE » — s RN » SEAE SRR AN M AR e A AR - TR e A
A RRHAE SRR R R - AGRER TP BB =K PEG i RS REURF RS R B KR
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BB R KRR A TR RS - AR AT RFRESRES DL PEG FA/KASTE 138 27 2 4
v B BEET TR A R AR - DG i Rt 5 7K Ry B A IREE TS R e K

TEfEMEs B AR H IR R E S KL IR ARR B (pedigree method) » 7EHH
am EOEIRE Fo ABAAGEN - A RCHI VIR B IR B - a] R R IR [R5
SR o AL R TR SRR L R TR AR B E - 0RO A IR RO 5 B
MR KNS - FRGREERE - FRUERIPRE S SN - &5 LK
Zrid i - /KA EE M RRA RS B 07 Z IR - DA/ N Bt S -
TR o ik G SSE TR B o BRLSIOR - R BCR MG W R T o 35 B H 28 L& (visual
selection) » HMUEHIREAR (5K » 1961) - LLIMEFHINGH - EEFHEMHIRLIEZE
SR B R BRI AR SE 1T L o E SR 1 AR XT3 B AN [ BR KT o2 AR AL AR AL AR 2
BRI BB E R - e R AGRIL (YR - 1980) - AEERLIER L B
(PEG-6000) B = 2 328 1A S A 4 - S 2 R 1 I R 208 20 S BRGEE T T RE S IR (OB - 2
F DU SRR SR BB R R T &R - PER A R B 5 5 SR R H AT 8
(e il 57 38 - DR R R SR TH i TR &K o

& &

S i SR A T A 7R RE AR 2 PR R RS T 2 - AE B H R A B IS HERY 3-6
DNOPHIZRER BT BB A REK DU TSI AR B 2RO /K HZR B HRL - FEEAHE RER
FIRERE /K & » AR 7K A B B (A P 7K TG SRS ) ELRR BRI PR » S IEH i
KRGS KRR E R R A R - GEE KBRS E SN - T KRS
IKARIE R L WIS - B S B T LG - R IR S RS AL 2 R /R BRI T T
B o BORAHE T RI/K RS Bt rIRERE — RIRHIAISR - Kl - KA 7R 3% o HER
JEAF SR KA HTZK (I 52) i B8 - E AT re W R S A R IR Tt — G =5 -
EATRIKAEIE T H8 EH B/ RRES KSR -

ZENRK

L& » 1981 - fEYI/K 53 RS HRT 2 b7 52 il W 2 3 A0 e T A ) /K 20 RTRE » YA B AR AL RF e e
3:114-119 -

JEEEE ~ T - BrTEA - R - fRATE ~ BRIEIL - 2005 - AR JIE A RE L LS
HEFRARAVISE - B ZERIEE - 38 1 2571-2576 -

BHRR ~ T B > 1980 o KFEHEAS B R A VAL B g i vk 2 b 2P s R SR R T s
3:7-14-

B BRI IR BB R > 1984 o AKTEEH VIR A BRI BERT - Th IR EREE > 17 ¢
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Development of New Draught - Resistant Line
for Rice

J.C. Lo*}, C.F. Lu%, R. K. Chent, Y. S. Chen? and C. D. Liu?

Abstract

Rice (Oryza sativa L.) is one of the most important staples in the world. Seventy five
percent of the world’s rice is grown under flooded, or submerged conditions, it is also one
of the biggest users of the world’s developed freshwater resources. Water for agriculture,
especially for irrigated rice production, is becoming increasingly scarce due to greater
urban, domestic and industrial demand. This research aims to obtain a proper method for the
development of rice varieties can maintain or increase rice production under the situation of
facing decline water availability. In 2013~2013, a total of 8 new combinations were crossed,
9 new F1 generation were developed, a total of 35 strains were selected out in F6 generation
for observation tests. A total of 11 strains that allow rice production to be maintained or
increased in the face of declining water availability.

Keywords: Rice, Saving water, Breeding.

1 Taiwan Tainan District Agricultural Research and Extension Station, COA.
2 Department of agronomy, National Chiayi university.
3 Corresponding Author, Email: jclo@mail.tndais.gov.tw ; Tel: 05-3751574 #11.
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Improvement Center, CIMMYT) 5|32 167 {2453 kA k] - #2551 10 5 7% -
i 20 [ AL BB - IR BN A T R EGIR D B AR - oG T3 R ER S
RE A E 2 5% BAIHAIDL 130~135 Rix% » EHE S EFE MR 12.5%~13.5% -
L@ - RB AR ERERI - T E 167 MR HEm 20 5% - fElhikiE
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—
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EEUNEMEAIES 2 8 1 TAE - 242 MR 21%8Y50E (FAO, 2010) ;
Tubiello et al. (2000) #EH! » EIFETT 2000 & 2025 4F » {5/ NE YR BAMR T /A 2.6
NWREETEEAAE 3.5 AW - A DR 2R/ INET K s BRVINERBTREY - fRE
B 5% I 2 BIANEN B - A1) (Indo-Gangetic Plain; IGPs) Ry R ni i /NE B
W - FEERAEHIE - CEIE - e ke inhz o H A R R AT H N A
oAl R REREE B JS » Ortiz et al. (2008) #E3H] - BEZE 2 BREG(LBIEY - Lt /]
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1 EPEEENRY -
2 #HEEEE EFE# ¢ linhsuns@tdais.gov.tw ; EEEf : 04-8523101#270 -
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INEEERYA ~ IR BRE S 0 KL - BV SR F B E S H AN R T
TAE - FELIRER R R e B - Wi {bApish - IREEREKE (P - 2013) -

INEETT ER BRI

/NERZAREIN A EIR BE Ry 11.7£1.61°C » =il Rl AR SRy 21.4+2.33°C ~ 1.8
+0.25°C » FASEHI A IR B Ry 23.0 £ 1.15°C » fv it i AR 43 1 Ry 32.0£1.74°C ~ 9.7
+0.43°C » Eehi Fe B IO B Ty 21.3£1.27°C » iy =i i AR 43 i1 Ry 34.3+2.66°C
9.6+0.75°C (Farooq et al., 2011) ; Z# Huij/ N4 BRI R 11 H LA EZE 3 H
) M ERRE IR R 8-9 H A Z e R R mR e BB 12 H R - VR
AREWAERAGESVNET R E TR - HIEWSE S E RN L85 REE
e E - REBEEPERENRSGREMETERBER - RS 101 4 10 H
IR Ry 24.1°C - 8K 11 H SR 21.6°C1& 2.5°C -« fh4h » 10 H RAj#kfE 2
2 2 gRHARASE I NS 11 H#%fE 1.5~2.0°C (& 1) - HMOA S 2 5 3R A4 - BICIE BIFE &
KB RGBSR R 2l Ak FIHE R/ (10 H) @ fErEE S &
£ RIAERN/NELR -

EEMEE

0 R By i R/ NS B A 2 AR B AR - SRR b BUEREEOR A~ —
FEORT B [RR (K 2 8 &= R % (Porter and Gawith, 1999; Saini and Aspinall, 1982; Warrington
et al.,, 1977) - Yin et al. (2009)Wff525H » E/NEABRERE RN 20°C » BAAEH
Btk » HiR SRR 5°C » Bk A E ARG 12 K - KL AGREE#E hHE &k E ~ #
FEHH ~ A R ERRAE R - SRS [ R BV - IR E B & &0 - FRE S
SN HBR B R
— %5

Phmdd AR - BIRSEEZTGE 2 58S 77.2cm - 167 @5 [ SR kEm AR
65~110cm » FE L 80~95cm % » 3 115 % (& 2) -
— -~ HhFEHA

FHAE R A R - B RS R R o8 2 Bk 50 K- 167 {5 [ R AR EH 3 A5 /Y 48~82
K+ Hrp 66 5B B T 65~70 KEyix% » H KRy 50~55 K 75~80 K » %15 28
Je 21 R 0 jEAN - 53 9 SR AR R A R 2 5% - B R AIEE T (B 3) -
= - BFAHA

IR A B » S A 2 R 2 BRI Ry 115 K- 2R R LU 130~135
K% 53t 5106 25 SR TR 2 HiE 2 5% I {E R R B AR (G
4) -
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1.2011 ££ 9 F & 2012 £F 4 F B2rh@EsEdt RS HIgiE FALRRARE) -
Fig. 1. Monthly mean temperature at Taichung District Agricultural Research and Extension Station
from September 2011 to April 2012.

2. /AR AR R E AT -

Fig. 2. Distribution of plant height of introduction lines of wheat.
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Fig. 3. Distribution of heading days of introduction lines of wheat.

4. /NESH [REAL RN A

Fig. 4. Distribution of days to maturity of introduction lines of wheat.
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Rl 238 LR R B A IR R E EER AR Ay - A IREIUR - 2o 2 BRE
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% » H KRy 60~759 Jz 30~45g » %45 45 K 30 fli % ([ 5) -
IL-EHEEE

AR BE DL 2 2Ry A LR VB 5 o A/ NSRRI ) FH B B G 96 L 0.210mm
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BEE MRER 298 2 IREHESER 128% 5N REAE SRS

11.5%~14.5% » 1l 12.5%~13.5%#% » i1 145 fH50% ¢ (55553 86.8% ([E 6) -

/NEHREREBHCHIR - Z2HSRBRIE D F R/ NEIRTE » B0 (Rust) ~ TR
(Powdery Mildew) ~ 7Rf% (Fusarium Head Blight) JzZEBEJR (Septoria tritici) ZF o /NZ§
HEm EEEEERN - AR TTREER - B - YIREF R 25 EY S E P
HESEE - mEREA SN2 - REREKOEREE - H EEE RO T8 -
/INER R A B RT3 A Y 1 B A R/ N R BAAEH » BRI R R R HBHIE N
T TERAEHE AR IR E IS S A/NETEES - SRR - e BE 4K
NG TR » Z M R F L E RS - RGBT o PR SRR AT 2 B
GEAMA O ZEBRY) - BER - BEERSE (B35 » 2013) - ARMEERERE T > 2
SN R E PR - BIESEm AR R ZTE 2 SRR - SREH - 2P 2
SRR T [Tl i 2 B AL R - 2B 2 SRR IERER - Bk Ao R B R piiE 0 5l
TEen 2R A RIE A7 (B 5 Z R EEBDRS ~ 50 i R B kR - 47 (B Z B R s
(B 7-8)-

fraa

/INRIBIRTTEY) - (Lka n BT Y A NS BR TR 1 A S IR S - AR
IRENERAEB G E - TLOh - AT AR RS, - AR A e A A o 9 T R A /[N 26
RSB - SR N AR I o I 2R IR R A B BE B Ry e n S E AN RN AR
2 2 BRREEIZ /NS L - RS AEE 10 H B ARERER T T A - R
AR B ERRET - RERE S bl i R T B — 2P i B R b
i ERE T R BV NS b AL - IR S RS E B - AR R R BN - EE
meRPhR - IR R EGREE -
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Fig. 5. Distribution of grain yield of introduction lines of wheat.

[l 6. /NES [REALREHE SR -

Fig. 6. Distribution of protein content of introduction lines of wheat.
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7. /R [REASRFERIRTL -
Fig. 7. Disease inflection of introduction lines of wheat.

8. /ST o A FIE © B 1 B -
Fig. 8. Symptoms of disease of introduction lines of wheat. A: Powdery Midew. B: Fusarium
Head Blight.

SENRK

MRENH: > 2013 - BRAGEI/NERIEE R ERZEE - TERREZEGETEEENRSRET -
116: 267-270 -



78 IKIFE SRR S b R 4 e L SR SR AIPRTIT 2102 4R R B AR R & i AR

FREE ~ MRFNEE ~ BEE ~ AT 2013 o /NERIREOR < IR 8 T S DTG SE T % - 1T B
REEGETEREERRGRT] - 117: 169-175 -

FAO. 2010. Statistical database. http://www.faostat.fao.org.

Farooq, M., H. Bramley, J. A. Palta and K. H. M. Siddique. 2011. Heat stress in wheat during
reproductive and grain-filling phases. Crit. Rev. Plant Sci. 30:1-17.

Ortiz, R., K. D. Sayre, B. Govaerts, R. Gupta, G. V. Subbarao, T. Ban, D. Hodson, J. M. Dixon, J. I.
O. Monasterio and M. Reynolds. 2008. Climate change: can wheat beat the heat? Agric.
Ecosyst. Environ. 126: 46-58.

Porter, J. R. and M. Gawith. 1999. Temperatures and the growth and development of wheat: a
review. Eur. J. Agron. 10: 23-36.

Saini, H. S. and D. Aspinall. 1982. Abnormal sporogenesis in wheat (Triticum aestivum L.) induced
by short periods of high temperature. Ann. Bot. 49:835-846.

Tubiello, F. N., C. Rosenzweig, R. A. Goldberg, S. Jagtap and J. W. Jones. 2000. U.S. national
assessment technical report effects of climate change on U. S. crop production part I: wheat,
potato, corn, and citrus. http://www.usgcro.gov/usgcrp/nacc/agriculture/tubielloetal2000.pdf.

Warrington, J. J., R. L. Dunstone and L. M. Green. 1977. Temperature effects at three development
stages on the yield of the wheat ear. Aust. J. Agric. Res.28: 11-27.

Yin, X.,, W. Guo and J. H. Spiertz. 2009.Aquantitative approach to characterize sink-source

relationships during grain filling in contrasting wheat genotypes. Field Crops Res. 114: 119-
126.



7N AR e A 79

Evaluation of Heat Tolerance Germplasm in Wheat
Hsun-Shih Lin*?

Abstract

Wheat is a temperate-zone crop; thus, the only appropriate season for planting wheat in
Taiwan is winter. With global warming and the influences of extreme climate changes, high
temperatures have posed a challenge for wheat agriculture in Taiwan. Therefore, novel
heat-tolerant wheat strains must be developed. The targets of this genetic evaluation
experiment for wheat heat tolerance were 167 heat-tolerant strains that were imported from
the International Maize and Wheat Improvement Center. The planting time was moved to
October to conduct the genetic heat-tolerance experiment. In addition, disease infection
conditions were investigated. According to the experimental results, the yields of 73 strains
were higher than that of wheat Taichung Sel. No. 2 and the most common maturation period
was 130-135 d. The primary protein content ranged between 12.5% and 13.5%. Most wheat
varieties contained medium gluten. Based on their gene expressions, 20 of the 167 strains
were selected as samples for conducting additional regional yield experiments. Subsequent
experiments will be conducted to verify the heat-tolerance performances of these wheat
strains.

Keywords: Wheat, Heat tolerance, Germplasm.

1 Associate Researcher, Taichung DARES, COA.
2 Corresponding Author, Email: linhsuns@tdais.gov.tw ; Tel: 04-8523101#270.
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EES

[ JE 5 A 58 B R 1 i 8t B A 3 AL B B A B 228 5 R B FE S 0 B B S R MM EL YU
i T YR ST o R S R A TR B R RS AR BRI » DA
RERRKEE - AGtEHA B (R H#E1T - WG K EM% TS99-38S £
FE RN 2,107-3,896 20T - B E5E 10 SRS AN 13.0-16.2% - HLif EIBYR o WEAETH:
FUgiE O R B A 15 Rl G R B S g [HE Stuart %F 6 flE 544 0 IITA (International
Institute of Tropical Agriculture) 77 64 {ELR 25 TS o & TREESE - HLGRES
il DARORR R ~ /K 2 eV F & DUFEE RS ~ 5 & DU RR R R B - FKPE
BT ATERE I TAREE 50 2243 *10 /A43*2 MRAEFE » DL 9 H iy Ryl (e A I  BIEIRTER
FREITIREE 50 2243*10 2043*2 MRFEE » DL 2 A in Rl e B fE I BOLMMEARE 3 H
ZRRENE o MHMEEE & B A B ETEET » KSR EEY 20 H0R &N - F&L
C102-10 (TN3-S) /N 2,231 E B -
BASEE - MHMEE ~ K&~ FRIGEST -

[l

Al

2012 FEA UK GRS AR Ry 10,662 [/ UH » A & 3E 25,313 B/ONE - HrhSEE] 8,205
BN % 32.4% - NP5 6,570 EANE 0 % 25.9% - [AAR4E 5,150 E/AMWE - %7 20.3% »
chig 1,280 AN 4 5.1% o LI b PUBIA T A: A A T A Bk 83.7% © 2012
ST 18 5 463 9,102 /AN + 256 1 3431 BN + 9 37.7% » ELPG T
3,208 /MM » K7 36.2% » SR L PERHEE 2 £ H Bt oA ot T 73.9% » e
S 1 Ry 5,245 AN > 0 57.6% > BE K LT 234 AN R L4 - B
55 A SAPEF 334 BEZAMAREE 100 BN (FAO, 2013) - (™ SERRA Tl - A hyBEi
SRR R B EY) T EESE L - HRERNE - 2R RE 4 ER KT KE
EMHAR - fiGEHEAEIEE IS - 0 Ea BB E R - HoRE 5 2 ERE AR
TEVIEIRERY 47% (7540 EALH) » BB G Hh B o Bl FE AL BB Ry 31 1 (ISAAA, 2013) -
R LZ S FREEERT - REEAZLZE - SENKEHE By - mk
TR RN AEE - i 30035 A 53 T BRI AR » A RERY IR R R - ST 42
EEN KT HAGER -

1 EFERFELRY -
2 EEEE ET(EH © chwu@mail.tndais.gov.tw ; EE&E : 06-5912901#505 -
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ANF) SRR BR K L E R S B AR R (HN/E,1979) » b By i
HESR P e M B R BT+ (B AN RS S RSy i g RS R
F o i ENR S ROEA A E R R - REFEMERN 2R — ;illfiébﬁﬁiillﬁﬁ
PEH - M2 2 BRNEREERE - e hBEER - flER - EHEESE - WllEE
BEMWIRZBEMIR - FRERMTEE - MTH@%W@EXﬁW%Q W
EERBHIEH] » B > pRE > IR BhE > EHEESE  HlEEE
> GRRETH - BIREREE > A8 ~ EXER %@3%§&2>Eﬁﬁ%%i§& FERRIE - gk
R RN REY 2RI TR (BEAEHA ~ Ekﬂﬂﬁﬂ PR~ EXEIS) BAERSEE
R BES - WHAEREREMER (EHESE  WliEaE  UEHR) ah - &
E%E%ﬁ%%%ﬁUE@[%Hﬁ (oA~ FHH #'Eﬁﬁﬁ) RN - T R R R R
R MR CERERRL B SRR B ) B R iR/ — iR 1T 5 » T H AR R R 3-58%
HA AR AR AER AL 50% - [0 {EY) il ¥ 2 B AV E R 5 30-40% » B HEEH
Fo bt TR E B §EMS0m%v%Pﬁ?&EF$EEM4ow% KT LA 5 e T T
JE Do ER AR A YRR RS AR L - RS AR B E B UEHR R » BERSE BAE A T
[T AR ¥ 2B - 7K J5 [aIHY 73 A By 135 \fijtﬁiﬁﬁ FEe A B R B AR A B
g IR - ETE I E R - FFER R - RIS NREAE e - Behii L
MERREME - BROUGHRECES - HdhERE - A REERAERENE - F—
ER ERARMEH - ﬂ%yﬁ%ﬁﬁmﬁm(fﬂflwa

BEAh » RGGEREH ~ #8E ~ FERDGER ~ MR ~ doptss L~ W~ IR ek F DG
BRI E T - A RRETE B B AR 2 R B = RIS - %%ﬂﬁﬁ%ﬁﬁﬁ%ﬁﬁﬁﬁj?‘t
AVERERES ~ SRR 1 - BURE L5 - PRI RS (RFE) FU5%k - BRI LI
Eﬁ?%j:i%ﬁéfz VMR RS B B+ AR AN (5] 8 i R A 5 =X Bl R B 1 i R 1 A B AR Ay o
7 ORI R - BRAGHE (1993) AR EEURE EF i 2R (R Es A A R
%%ﬁ*FETﬁMZ26W>W%Eiﬁ%?%ﬁﬁﬁﬁﬁ B PR Wby E B | 5%
W > B it E AR R SR EE W A PRI KA SR 548 - AN RE IR 7K B B Z T R 0
b~ RAEARR » EE{KT (Shafii et al. 2011, Pejic et al. 2011) »

KA EH HEETEER AT AEES - DisaE - @R - L2fF i
S RE - AT E B R ~ AR RIS R D s IR S M B - TG IR R & AR
MARE L ELEE - Bl G/ 3 R ECRHET - fmrjﬂ%4L$+$mVF B &R R -
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BE 50 343 BREE 7.5 53 0 BEX—FE - BEM G B/ D& - 36 DLHE R EE R
Tl Ry ¥ - F7 QST RAR T - R E ml it ARmSR - EITHIT R B
FBIE A - RE ~ KERENER - SFRIEFHEZ - DUE R 2085 s Ry B - R
BRI T R B MR RERENE - BRITRELRIF 2SR RAE » /- ET SR
Em i g - HERERSE R\ ERRET 4 HE - /NEREE R 5 ARx2 AR 1T
PREE 50 253 x15 243 x2 #f » A B IR AHR B R B IR K E & o R =2 A
FRBMES 2 £ 4 H0R - (FhEEREB2EME - HARER TS S EEET - 4
B DEEEER 5 ARxX2 AR fTHREE 50 2243 x15 253 %2 #k » 4B AR
ERBEMERRESR -

2. 5 |Fa T SR S Hr U R e g TG RG Y1 S [FE DL K HTA (International Institute of
Tropical Agriculture) FYFEJF B [FE -

—S%E - BREE ISR 2EL

1 AR A TR ESHT b2 « AABa Bl N ~ S R Pais - B RRiE /7 PRV E R RS

C RORRE T BB B SRR B RS (R RR) FREEE - A E R Ry
0.2 U - AR BCGRIHETT IR G & H A RS R U R R B MR B EERIGH
BIREITHERE - AR RBBES AT -

2. B R RS LB L R AR AN [RIRR R T TR - R AT IR
BE 50 2293 %10 253 %2 1R ~ 50 /243 %13 1353 %2 Mk ke 50 22343 x15 353 %2 1k 3 lE K -
A FHRAIRE RS2 IR R EE -

= THMEREEE REIMEEREES

T e it S e At » e U S U 8 i L U B i A 70 18] 5% e TH s A B

HEAZ LR 25 I - HEEF 100 RS - IREE (1 H BA)) KRk (11 H BA)) #1778k

T - BRIEFHES - DUE Rl 5 2R i R B IR o R I S T R B R e E i A

LUE HL i 57 B ik 15-20°C AR i bt HLRB R = ZERRS L A B 2 20-30% » 1R Re4fEae

B B R el B A -

LR

—  BEAMAEREHR

1 KB HADEE R R ET A TR ~ f et kass - 1 F7 ST
18RRI TN ~ MBI TIRITEIES B ~ oo R A - TL5ERk 6 A G
ANTHE - @IREEZ KT 5% TS99-38S W-Hg 7 &/ H 2,107-3,896 AN T » #475
HE32 10 5EIEAN 13.0-16.2% » HLit ¥ - T Ry KSR 10 57 - TS99-38S 2 i
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KB 2 SRRV E R R IR (3R 1 J 2) £ 101 SEFK{E V5T » TS99-38S
M4 HE0R 97 K - BB IR SRS HEEE 10 BEIG 6 K SN » TS99-38S MHHE Mk & K
42.1 RorBE HEE 10 5E 51.6 N3 kE - IRSEALEEE 11.9 ol G BRARIL - S B
Fy 0.6 B » LZEAIM 113 6 > BLERSEH 22.2 o BLBRKIEE 11.6 A3 SIECEIHEE 10 B
8.7 AT » EEIE 26 AT A EHEE 10 382 16.6 A% HAETEERR 2,270
AT B HEE 10 BRIGAL 1,953 AT 16.2% - A 102 FA(Fjif - TS99-38S
HE HECR 102 KX - B A = 2 10 BE 5 2 RN « ke R AB AT =/ Ky 60.8
NGy R 12.9 AR EAEMRIL - BEREIZEAZER - HRGESEEE 10 585K
R TLL A R RE EIIRBIS - ERER I - TS99-38S S B #ihy 1.9 £ -
LY 13.2 6 BRI 27.6 161 - FLEOKLT 15.3 AATERCRGHER 10 B 14.6 450
s FRLEE 26.7 TR AR EHEEE 10 i 19.2 A% BAETEERR 3,302 AT
T e 38 10 BRAG/AEE 2,918 20T 13% -

CGIHE - SRS O U g 15 Il R S BRSNS [ HE Stuart 5 6 {8l SR - JR1E)
IITA (International Institute of Tropical Agriculture) FY7E i JEE T T 50 {l& 5% K 14 1
ITA B R aRAET T (TSR A -

= BRE - BREEIRERNZEL

1 AR A TGRS B i e 2%

7% 1. TS99-38S ek B st 2 MIRF AL P H R -

Table 1. The average of agronomic characters of TS99-38S in regional trial

tEH PR GES . o B
s3E% BE A% M ;g’; ig; pr
(d) (cm) (cm) (9
TS99-38S FKIE 97 42.1 11.9 06 113 222 11.6
SIS 10 B 91 51.6 11.3 14 113 251 8.7
TS99-38S BIE 102 608 129 19 132 276 153
EnTHEEE 10 B2 104 71.1 12.2 23 134 335 14.6

2% 2. TS99-38S W bukat i 11 Wz B S by e R PR

Table 2. The average of hundred-seed weight and seed yield of TS99-38S in regional trial

2R P BRI E FrEER [z =Ci=t

(9) (kg/ha) (%)
TS99-38S FRAE 26.0 2,270 116.2
TSR 10 B 16.6 1,953 100
TS99-385 B 267 3302 1130
e 10 B 19.2 2,918 100
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101 AFRKAFE PRER IR R AT R 5 Bl R xUER P PRI AR 1R 72 -~ S 72 1B
PR E - LR B AR o ATANIFR 3 o 2R 7 A I o R PERE AR B A A B 55,120 JC » {HIF
B R RDUERER S RE A H 3,550 T e » IR R A B AT5E 104,540 JT - A& BA
TN 7.7% 02 PRI LE P IR A T A (AL LA TS 20 /K VRN - DAPERERRES Ry B AR B
R -

101 AERKAE T R L i 3 Rk AL bR (RIS ~ R 72 B e rh i
PRHEMETES (FRFE R - HROR RS AT AR 4 » BRI = Ry (RS A
49,920 JT - {ERY T 7 B U DA R R F 0B 1,930 28T sy > 1P A A BE ] 322 47,380
JL » EHAEBAE RN 66.4% M 2%+ [RIBL T SR A (AR AE HA A8 0 /K R - DU #%
HES R AR, -

101 SRR S R B AR 3 Bl i A SUER FH VMRS  1RR A -~ B 72 1P
TWERR T - HLRROAR R MR S AT AR 5 o 2B E ROAN I 2 R PR AR B FE 2B 42,000 JT - {ELFT
B RAIDURRE RS A 1,950 2T - FIERARFAEATE 60,250 JG » BIEHL
RSN 29,8052 » TA1IPL A il o7 5 1 LA T B o ) R S A T o SRR 1 TR Dol 08
A e

2% 3.101 FERKFRE T 2R 5 SRR R SR S s oA (PEER)
Table 3. The analysis of cost and benefit of Tainan No. 5 for different cultivation methods in
2012 autumn crop (Siluo)

AR HEHh HEWE  RZMEENE MR FE FE FR
= L (GRS &it R Wk

(NT$/ha) (NT$/ha) (NT$/ha) (NT$/ha) (kgtha) (NT$/ha) (NT $/ha)
(558 14,000 3,900 7,816 55,120 3,550 159,660 104,540
B 10,500 3,900 7,244 51,040 3,290 148,140 97,100
it 9,000 - 7,094 45,490 3,220 144,770 99,280

4. 101 FRRIER TR 3 SRR R A A S s AT (M&) -
Table 4. The analysis of cost and benefit of Tainan No. 3 for different cultivation methods in
2012 autumn crop (Shiaying)

Rk H HZ I IB%N FrE rE TR
=k et e &t FEE llgas

(NT$/ha) (NT$/ha) (NT$/ha) (kg/ha)  (NT$/ha)  (NT $/ha)
TR 15,000 3,520 49,920 1,760 87,950 38,030
MR B 10,500 2,930 44,830 1,470 73,300 28,470

(G353 14,000 3,870 49,270 1,930 96,650 47,380
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Ry o RSO S e DACRE B i~ 7 5 P i 1 EH i DUPEREE RS ~ 52 & DL
PRIk R R B -

2. I R AR R

TS A R R o A R R R TR TR - R S AT AR IR 50 223 x10 A5
X2 Bk ~ 50 A3x13 N rx2 PR fe 50 2253 x15 2353 %2 B 3 (E 5 - AL H IR A
BN ERE -

101 FERKPEAN [R5 BE B R A 013k - 2 R S5/ 3 3R e rd 5 5% - R Y]
FARKPE 9 H 12 H Ak AE 11 5 H - HASRANER 6 - TIER AR 5 SR #HE - 171k
B 50 273 *10 Do *2 MR E B 0 B 2,313 20T o B 3 SR {1 R A
BRI OEMER SR DUEHE A B - (RS AR - 9EE 11 H
AT -

7 5. 101 FRIF R AR 3 SRRET R A A S s T (i) -
Table 5. The analysis of cost and benefit of Tainan No. 3 for different cultivation methods in
2012 autumn crop (Matou)

- H HE HZ I f%EZK *j% FE T
izt bR (2E &t FEE ga
(NT$/ha) (NT$/ha) (NT$/ha) (NT$/ha) (kg/ha) (NT $/ha) (NT $/ha)

YEREE 14,000 2,600 3,900 42,000 1,770 88,400 46,400

RREEE 10,000 1,300 4,250 37,050 1,950 97,300 60,250

e 10,500 3,930 35,930 1,780 89,150 53,220

7% 6. 101 FFRKVEAN )88 B e e A H g

Table 6. Planting density and sowing date experiments in 2012 autumn crop

WL B PRiE HpRkE AR FEER

(cm*cm*no.) (cm) (9) (9 (kg/ha)

9/12 =id 5 5% 50*10*2 315 11.2 30.4 2,313%
50%13*2 34.1 8.1 33.2 2,015
50*15*2 32.9 9.2 31.8 1,766°

"""""" EE3%  50*102 0 459 69 106 1791%
50*13*2 45.9 8.3 11.6 1,734%
50%15*2 46.5 8.8 11.4 1,739%

11/5 =ig 558 50*10*2 21.3 1.7 23.2 503%
50%13*2 18.8 1.9 24.7 352°
50%15*2 20.6 2.0 24.4 371°

"""""" MEEi3% 50%0%2 243 22 130 5668
50*13*2 22.8 2.1 12.5 426%°
50%15%2 20.3 1.6 12.6 299"
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102 FEHEVER A S R 2H0E BT AR 398 G S RAEER
MEE 1057 BEMMN LA 6H 2H19H 3 H 15 1 » HeERMF7- HIELH 16
HiBHER G A 39 e b o8 = BT % S E R RARER » Ho S HEE 10 570
{TPREE 50 A 43*13 A3*2 MR EE Rixrs » FAEE 1,816 AT - iff 2 H WA fEiE = L fd
EILVERATARIE 50 /243*10 A 4r*2 MRz B m i » B 1 A A) ke 3 H hRjtdiE i B
HiE o 3 AR TG b 5 SR A R MR R - FE A EE 10 57
RIFTIREE 50 /24310 A53*2 MR EE R » FFAE 1433 A7 - BE G 3 97 REOE
MTEAE 3 BB - 3 HrhaEESE 7 H NI 3 RA N ke IR
FHAEEAHE -

7. 102 FREANFIH L e TR ITRAER -

Table 7. Planting density and sowing dater experiment in 2013 spring crop

‘ R PRiE BRI EAE FrEE R
BAEH A
(cm*cm*no.) (cm) 9 (9 (kg/ha)
1/16 25 5 5% 50*10*2 32.2 2.9 26.6 1,019°
50%13*2 33.6 3.1 28.9 836°
50*15*2 334 3.1 24.0 816°
O Em3E 50%10%2 360 23 108 1,011°
50*13*2 37.7 35 11.2 1,004%
50*15*2 40.8 3.0 10.2 1,000
 EShsE10%E 50%10%2 00 432 42 114 1,449
50*13*2 455 7.0 18.3 1,816
50*15*2 45.9 5.9 18.1 1,444
2/19 B 5 ¥ 50%10%*2 32.2 19.2 28.1 3,698°
50%13*2 48.3 20.6 27.8 2,962°
50*15*2 50.9 15.9 30.2 2,410
- Y 50102 608 121 139 3,107°
50%13*2 62.7 11.6 12.7 2,391°
50*15*2 66.9 13.6 15.0 2,347°
 SfSE10%E 50%10%2 654 119 153 2758
50*13*2 67.9 7.7 16.7 1,898°
50%15*2 76.6 9.7 16.7 2,011°
3/15 25 5 5% 50*10*2 36.1 3.0 25.6 1,197°
50%13*2 37.6 4.7 25.0 1,435°
50*15*2 34.6 4.0 24.1 1,067°
 EEE10%E 5071072 561 36 168 1,433
50%13*2 58.6 4.3 16.5 1,312®

50*15*2 61.3 4.1 17.7 1,088"
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e e+ R AT BRI TR ER 50 2243 *10 2453 *2 #RAEAE - DL 9 H 4 Ryl
B BRI BRI TIREE 50 2243%10 22432 MRFEME » DL 2 A {5 B iR e Rl -
= THERES EERMEERIEES

101 £ 1 H _LAyse s i 5 i i 100 fi&l shR s - i 1 H 13 HogistE - 4R
SRR P RMECIR BT TR AR R 0 DL A004 55 41 R R R BUR A - FER 4 AIE
HETTERIL > FB BOLTEARE 6 H A e o R M Ti v 8% allg - it 11 H
5 HfEfH - MEEHHARAR - RBBLCRERBEAR - RAETUIMRIKS FEEY
20 fEl iR e ARk 102 FE3kEE - 102 - RAAMme MEAEELL C102-10 (TN3-S) fF/AHH 2,231
NTRBEE (3 8) - HX Ry C102-00 /00 2,194 AT -

7 8. 102 R AFRBIRE 10 iR -
Table 8. 10 better lines in 2013 early spring crop

Mo o FEHE PRiE L Sh /S VAEES BRI HEER
R R

(d) (cm) (9) (9) (kg/ha)
C102-04 101 30.2 4.65 12.6 1,306
C102-08 111 38.0 5.86 15.3 1,824
C102-09 106 40.1 6.97 16.3 2,194
C102-10 106 38.6 8.98 15.4 2,231
C102-11 111 48.5 6.72 25.8 1,783
C102-12 106 40.2 6.84 33.2 1,777
C102-13 113 514 4.22 26.8 1,263
C102-17 106 45.7 6.02 354 1,744
C102-19 101 41.1 5.34 23.8 1,365
C102-20 106 36.0 4.36 24.0 1,299

Z2ERK

TR - &R - 1992 - REGEEEEE - B L - 1-407 -

[ % L 2 AR W R A E I HE S 177 &1 (ISAAA)  hittp://www.isaaa.org/resources/publications/briefs/43/
executivesummary/default.asp (& HEA 2013)

BRECEE ~ JHUKHE » 1993 o KRS EMAALIESE - G W EERE TG A » 52-57 -

B B - 1979 « AR 7S FTREME K BRI RIS 2 A BRUGIE BI5E - B2 - 28:217-248 -

Bh B R f 2% (FAO) #iatH-% http://faostat.fao.org (" &k H H 2013)

Pejic, B., L. Maksimovic, S. Cimpeanu, D. Bucur , S. Milic, and B. Cupina. 2011. Response of
soybean to water stress at specific growth stages. Journal of Food Agriculture &Environment.
9(1):280-284.

Shafii, F., A. Ebadi, K.S. Golloje, and A. Eshghi -Gharib. 2011.Soybean response to nitrogen
fertilizer under water deficit conditions. African Journal of Biotechnology. 10(16):3112-3120.
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Selective Breeding of Cold Tolerance Soybean and
the Improvement of Agricultural Practices for
Low-Input Facility
C. H. Wu*?and H. L. Huang®

Abstract

In order to adapt to the impacts of climate change, we collected the soybean varieties
and developed the varieties that are stress tolerant and disease resistant and require low
fertilizer cost. We also established labor-saving cultivation methods that can achieve high
planting density, decrease costs and maintain the benefit for farmers. In this project, we
cross bred and introduced soybean varieties at the same time. In the regional trial, the
average yield of soybean line TS99-38S was 2,107-3,896 kg/ha, which was 13.0-16.2%
more than Kaohsiung selection No.10. This line is tolerant of powdery mildew. We selected
15 varieties from AVGRIS (AVRDC Vegetable Genetic Resources Information System) and
introduced 64 varieties from IITA (International Institute of Tropical Agriculture) and 6
varieties from other countries. Based on the result of the labor-saving experiment, it is ideal
to cultivate by broadcasting and ploughing furrow in a more extensive cultivation system
field. The rice-upland rotation fields are better suited to using ridges for cultivation and it is
better to drill when the water supply is sufficient. Autumn and spring crops of black soybean
can both be cultivated by creating a spacing of 50cm*10cm*2. Their proper sowing dates
are September and February. Furthermore, it is not suitable to cultivate the photosensitivity
varieties after March. We selected 20 lines under cold temperatures for early spring crop or
autumn intercrop, and C102-10(TN3-S) had higher yields (2,231 kg/ha) in the early spring
crop.

Keywords: Chilling tolerance, Soybean, Cultivation technique.

1 Taiwan Tainan District Agricultural Research and Extension Station, COA.
2 Corresponding Author, Email: chwu@mail.tndais.gov.tw ; Tel: 06-5912901#505.



M52 853 e e SR LA 1 89

GEE R ARl SRINLA R i oy peE st Ly
fal s 2 S Bl ? R ? S B
HE

EE R & RZ A 85 (BT - FERAEEIAK 31 BN - SEFER
MEREAE 1% - 8 FORMATRE RS P i A R RS AR - F 7 SR A6 0 52 Bl S A o e 3
I - B FE S A AR A~ i B A P R R B B P AR AT S RIS
UL R A N - RIATERZ R - WKL AR & R SIS M E S BB A - KH
iz 5 B 7R A 1 o A AR ML R R B AR AR A A B A AR A R T A RRSE B B 5 1 » K%
ol U DU B B A A 5 [ Al NI 5% 2 {18 > e S DUV RV 28 R/ EE - AR
TEA A S e 2 SRR e e Rl NI B BB IR DU B R o RO R DS 2 A B 0 I et IR
G | Y ERRE QI AR - PR SR o BERRARRES B BT B Bl - BIH B A P
F AR CEDCE G R E 4 AU BRI {L IR 1.5 200 ~ T EAER - 102 8K T
P B K S e JEE It 3 B BT THR EE DU A - RS ARMEAC P 2 iR B 4 G05%
S5 2 R ERE 1R SR BAAETT - HEAGUMR Pg LA BTN T - 58 1 SIS
MEEUR - FRLASR AT 20% 17152 - 5[ B BR8] ROR B A RARE - (i
T FIHRAE L 3x3 m bk n] R 2x2 m AR A LA R & 53% L1 L - fi Pg
M H AR R PR - i A4 SRR SR A A -

RASEER | SAfbE ~ IEEASR ~ AMEFRGE - SRS -

[l

Al

B G R A A (2 R Z A 85 (BT - RN 31 BN o S LIRS
#7150 {8 » A EMGRARE 196 7] » 55 LuFURHARE 2 - sl AR B RS AR - R Se f s
SR SE AR R BRI N - S SRR R R AR~ 7 R AR e R B R YR AR R
M5 - RS R S AN - RIITEEZ T~ WK B AR 6 75 Rl Ry g bR e 3
SERER o AR~ YA BR A ARG K 15 18 B RS R - AR R AR YRR - AR
Ky 12 870 - — bk 5 FERTATE R ATERT 50% (Ho et al. 2010) - il ik (5 M A% £
EE o ML ARMEEE 2 B - NRIEREEZENEL (Wuet. al. 2012) - JFURE; &
FEEHR 600-900 m » 8t o e vy 2 /A S0 Wl « A Ty 15 A B PRI St o2 00 S HUARE o S A At

1 (TR T B gmEsERATE M4 -
2 TTBtRER B gtk B TG -
3 iEEEE BTSH 1 ckho@tfri.gov.tw ; EExE : 04-23039978 #2002 ©
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T FEETRRMIAEE 12.8 B » AIERAUR - BIb ~ BAZEARK) » ol IR HE Bl
et/ N £ S5 50 S8 7 o A A AF R B T #9612 (Tung and Salle 2010) - #8052 8% 8
T~ RIS SRR S [ S i A RS M TG SR B AR R 55 IR 2R 50%EH 20% » 5 ik
o Bl L E A AR AR 20%EE 80% - i ik 75 Bl JU 5 5 A4 R R G 500082 80% » SZE IR 1 5E
s S 1) P AR 2 B P R AR VS R S AR R 7 i 2 OB S5 o
MRS E
1. i PE A - AR+ 2 S MHGER I S B AR R - BT E IR
AR RS B A R A A R AL R
2. T 7 B30 B PGB A « e Kol 5 | w0 i Y A B 53 s o2 it 2 15 ¥ e R B 1 A
HEAS » DU IR S R A B+ BSRE A AR - A R MR SR A S B B R
3. ffi %< Al T 95 B b St Rk NI GERER ¢ S E R BEHURK /IR SR 0 DLRS R SCEENR
(Cryptosporiopsis eucalypti) R ARZEF » BiEPUR SR
4. it 35 R B S i T BB ¢ R R AR R T i 2 B A A B A A~ RS
FERSE » T i SR i R 9 A A YA K o
5. 06 B F SR B S AR AR BRI 0 R ¢ TETESE G R, 4 AR E - GBS
REETELRE ¢ FEASUM 4 SR~ FEASHARIE 5 AR~ FER AP IEEL 3 AR R 0 ARAEE
J& 2x2 ~ 2x2.5 ~ 2x3 ~ 3x3 m fpbEiitE ek E U RRE AR E - FEESTEE 4 X - K&
JBEL o TR STEKE - FRIFNFERZKAT 50 om & 0 AR R
h 2 R R R/ NI R YA BE S 2 97 ik T R 4 1 102 Sk 7 G L e K. 7 Jitg TR A 42 1
» i Jo\ BL ¥ R 7 7 S SR AL T S0 B R A T R R SR AN
TE P SRR K FHEENE AT ~ - AR B A 2 ~ YA T AR AR » #ehsE DL 2x4
m RRAE » 4 m TR A AR B A YA o K A REAR - NI Bk - 2 2R TR AL
2013 - FE ok I BE EAEHT VT HIYE - 58RI TS - BRAE R BE EUR TR {H 5 PR R
HRE7K - 72 o 18 B Al S {88 SR P v B SR L -
FEREET R
— TS EFEHEEE
FEAEHDLRE SR 11 B - 4% 3 SR m A R 80-127 em » A2 -1 I KI 93
PREFOEESZ 28255 - I RERE - 5 ADBBMIGEARES S 72 em (R 1) - HERF
PRAE 3 FR% A BEAY S 113-117 cm (3% 2) » BERS I R 7 B K S lile Jal Yy 10-12 iz [ J -
oy M /K EE 50 em - REIA-FE SR ARAE 5 1 A TE R R 100%LL E - HER R
JE A AT 3R Ry 96.241.0% o — A REpIIEMIE C3R g m » AUTE 20-30%fH »
YU B SRR AT 2007705 3 « 72 SEAREoR A - RIARE R K H » 559 2 il -
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N OKAZ - SR BRI - Pd R Rk - AR AR 6 i H B 25 om - B
A 20 em - iR BRAESE BV (3% 3)  HAR/KE B AR AR RSB RR I B B RUIAT
— - TEBREREE

5 FE AR AR - AR 1L H - LU Pg SR EE R AIEE 224 om > = EAE 4.7 cm
KRB G 4) - FOESE RS ERURETEC - s AR DGE - {3 2 Kig
G - SRENR o FEF SRR AR 6 18 H s 41 om (3R 3) » Az RBEHR I [K] il AP At
FHIA] -
= ~ It B E 424 B g E

FIE 2 TR BB SR R R SRR ERE 43 ~ RORR AR AE S AR L
W o 5 EGURG HEHEN Rt il g < R EL AR 2 I BLARGA P S S8 AR SR - RE
o 43 WK 2 R o BGEM 1L A A - DUREMARERE - BfF 461 cm > HR G5 (7l

L s R E P S R L bl - BAEERRE 2x2 m -

Table 1. Afforestation trial of Cinnamomum kanehirae with stress tolerance at Hualien county.

T2 _EFE,IT%—A (Cm) D1 %‘% (Cm) D3 ﬁﬁ% (Cm) %ﬁﬁi*ﬁﬁﬁ% (Cm)

.
.

N

;m\r

Ju

e ¥ifE 5H 1A wifH SH 11A #¥iE 5H 1A ¥ 5H 11A
1 71 102 106 57 81 108 38 54 82 3 40 83
2 60 91 122 38 58 84 32 54 92 39 38 55
3 77 101 118 44 57 93 35 43 73 33 39 61
4 63 84 121 7369 117 - - - 3 37 89
¥y 68 94 117 53 66 100 35 50 82 3 38 T2
SD 8 86 737 15 11 15 27 66 97 25 12 16

oF 101 4F 12 F 26 Hibh - 102425 7 27 H(5 /)8 11 A 11 H(1L H/E)#E
% 2. IR M9 RGP M 88 -

Table 2. Afforestation trial of Cinnamomum hybrids planting with different densities at
Hualien county.

AN [FIAAE I P R e (cm)

e 2x2m 2x2.5m 2x3 m

Wit S5H 11 H it 5H 1 H #itdE SHAE 11 H
1 37 51 126 39 52 120 43 51 94
2 43 56 118 44 55 109 42 55 125
3 45 51 104 34 49 125 42 57 131
4 43 55 118 44 57 114 46 53 101
Sy 42 53 116 40 53 117 43 54 113

SD 3 3 9 5 3 7 2 2.8 18
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3. SRR ST b e L -

Table 3. Growth performance of different tree species afforestation at fallow ground of Miaoli

county.
Ao HERZ - e kg M REE kR g BERM BB BEK
W SR K1 K10 K20 K21 K41 48 38 33 39
2 6 2 6 26 26 26 26 26 26 26 26 26 26
AA AA BB BHE AR B AR AR AA AR HABA
1 24 29 313 - - 2656 38119 38131 58 164 41106 23 79 27 55 - 69 36 73
2 23 16 36 19 35 - - - 29103 38 98 51112 35105 29 80 - - - 51 28 75
3 20 - 3425 31 - - - 3182 32103 51118 26105 23 88 - - - 30 73
4 20 - 2735 42 - - - - - 258 - - - - - - - - -
5 2324 2931 36 - - - - - - - - - - oo oo
6 24 28 35 28 37 70 17 86 - - 37 141 60 155 53 131 - - - 60 - -
7 18 30 23 - - - 2594 33128 37115 53137 32109 32111 - - - 85 26 96
8 22 22 2534 7 - 1896 41125 37 115 46131 22 89 30114 - - - 66 22 79
9 22 - 2526 35 13 23 84 26 87 36 92 45112 29 84 - - - 45 2351
¥ 22 25 29 29 32 41 22 83 33107 35110 52133 35107 28 93 27 55 - 63 28 75
SD 2 5 5 6 114 516 520 4 19 6 21 11 14 4 16 - - - 14 5 14
JEfEE 0 0 0 - 68 53 63 37 33 - - 13

Wi

3 102425 1317 FI3hk - 7 79 15 IS0 1L H 14 I - JMESER R RE A A BIRS -

4. MBI ES E5E P g b < e -

Table 4. Afforestation trial of Paulownia hybrids with hot tolerance at Hualien county.

Lkg Hi=i(cm) Pg EtirEi(cm) Gk1 FfirEi(cm) Gk2 FfirEi(cm)
YIfE 5H 1A ¥ 5H 1A ¥MESHAUNAH #ESH4A 1A

LS

1 14 68 200 16 88 377 22 23 118 15 34 104
2 13 33 83 17 56 226 24 19 65 16 38 39
3 14 11 20 22 53 135 20 1 19 15 27 -
4 13 22 43 22 56 158 26 32 102 12 29 56
= 13 33 86 19 63 224 23 21 76 14 32 66

= SD 04 25 80 30 16 109 24 85 44 15 48 34
FafE s 21 4.7
& SD 1.6 1.8

2t ¢ Pg MRS 4.4 m - [l9RR 10.3 cm o
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HIR EM R 4401-422 cm - SREZACRAEREE (3% 5) - #MEP/ NEERSEAE B4 -
MEAPTERI RII O MR, - RRE R 28 - e RS S A e VR e KB
AL 2 Al g LS R4 R R R s R - RAE B 2x2 ~ 2x2.5 > ¢ 2x3 m YR E#%Z 39 £
3K 33%-48%HY ELEIR - G JE 5 R TS R B SRE 69-89% (3R 6) - {H 3x3 m FiH
R TR AL R TRV T - AR KR VR SRAE 16% o [RRRJE Bl 53-73% - 1E
H SRR SR RIR - Rk E E RIB R ERE - JRKE KAl RefURly Mgl % - H
flR i iR AR S IR N > ERTZAE R MR - (BRI e BUA v i R R A ST
JEVEI3R3E 33-68% » BRI R EAZAEIRIEE 13% - Fikg K1 ARF A BAE - K& R AR
LR EM S - R LR E 5 b i 5 KA 7K st ] HEBE DL R b ok

2% 5. PURy MR S REAE A B3P i AR < Al - AR 3x3 m -
Table 5. Afforestation trial of Eucalyptus species with anti gall-forming wasps at Hualien
county.

JRER 43 7% K20 7Rk K10 FEE#% 33 FEEH 39

R M sH LA M SA LA W SA LA WS LA B s A 1A
1 57 189 435 44 152 381 42 146 350 45 168 424 45 178 382
2 49 174 490 36 133 319 35 132 293 46 164 471 47 163 455
3 51 193 458 36 140 307 28 131 342 40 159 372 42 154 366

= 52 185 461 38 142 336 35 136 328 44 164 422 45 165 401
= SD 4 10 28 5 10 40 7 8 31 3 5 49 2 12 47

Hafe S5 35 3.1 2.8 3.9 35
i SD 0.1 0.2 0.3 0.3 0.4

it R REER 7.3 m s fgfg 7.6 cm -

7 6. 2013 e AAEHOLHE W R B 39 RN RIFMEE R < JAEIK FZE -
Table 6. Effect of Typhoon attack in 2013 on different planting densities of Eucalyptus UG39
on lodging rates of trees.
2x2m 2x2.5m 2x3m 3x3m
JRBEIRE 57 KR #kJ] PN #kJ] KR Y| PN
¥ SD #{H SD 9 SD #{H SD #{H SD ¥ SD #{H SD ¥{H SD

2 212 8 19 17 17 14 30 13 22 12 29 5 4 1 4 1
S| 3 4 4 6 2 6 3 10 5 10 6 2 2 2 2
TRt 9 4 10 9 3 1 12 5 9 3 9 4 3 3 1 3
/Nt 36 9 33 8 26 18 48 8 41 24 48 10 9 3 7 3

Gt 69 74 89 16
aF ¢ 2 R R g B A T R IR o R S e SRRV R 40 2 ok T e SRRl IR B T E R FETR -
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1. SRR 2 T /R AR A R R - Al R R = i AR s P RN /e 7 - 102 4R
EBhsE MBS fm 5 EMAE IR VL AR iR - R T e fg A - 102
PR ARG UK B LM 0.2 ANUDE - RIS ERS AR AR 2 B - 1£
HEk 4 R -

2. B AERUSEAPURIERN Lt BGi - F] AR 7380 » R LR e A e AR
L 2R R TR R R O TRV - SR04 7 R i 1 PR R st i X SO S R A i v o2 P A R i

3. BN 3 B &k LR AEME R AR o MBI RE RSN - B SR B R T ol
PO B - A B SR AL R R GO R & 1.5 6 - DINBORERES
AEEM o b BB ERHTEM A 1 REEGAR -

4. P Ayin Bl R AE GRS ~ BERIRHEM « GRIFLES SRR - AR
EALRBHRBORRERS Y - 8 R RESEE SRR B HIKE -

{5 AL Z ErBIRET B ARSE ¢ 102 P2R)-14.1.2-75-G1 AUFSTEHY -
5| AR

Ho, C-K. 2013. Selection, growing seedling, and demonstration afforestation. Forestry Research
Newsletter. 20(4):29-35. (in Chinese)

Ho, C-K., Y-S. Cheng, U-R. Shiu, and S-H. Chang. 2011. Seedling growing and plantation of
Cinnamomum kanehirae. Agriculture of National Chung Shing University. 76:2-9.

Tung G-S., and J. L. Salle 2010. Pest Alert-a Newly Discovered Invasion of Gall-forming Wasps,
Leptocybe invasa (Fisher & La Salle), on Eucalyptus Trees in Taiwan. Formosan Entomologist.
30(3): 241-245.

Wu, M-L., L-M Jaung, C-K. Ho, C-Y. Lee, and T-H. Hung. 2012. PCR Technique applied to the
ecologicalstudy of Paulownia witches’-broo disease in Taiwan. Taiwan J For Sci. 27(4):
345-356.
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Selection and Utilization of
Stresss Tolerant Cinnamomum, Paulownia, and
Eucalyptus Hybrids

Cheng-Kuen Ho'*, Shu-Hwa Chang®, Yung-Hsu Chen?, Hsin-Hui Shih®,
Chia-Chen Wu' and Jung Chen*

Abstract

Annual value of production for mushroom and Androdia cinnamomea in Taiwan is
about 8.5 billion NT dollars. The wood powder for this mushroom industry was 310 kilotons
a year. With less 1% self-sufficiency ratio, the timber consumption is highly dependent on
imports. To support mushroom and timber industries, fast growing trees planted in farm and
plain land will become the major sources of logs in future. When industries invest
afforestation of Cinnamomum kanehirae for A. cinnamomea fruit, Eucalyptus for mushroom
and pulp, and Paulownia for timber, the climate adversity, such as long drought, flooding,
and pathogen and insect attacks, will make great threat on these tree species, especially for
some species that did not grow in plain. For selection of C. kanehirae with stress tolerance,
we propagated the hot tolerant trees growing in plains, and hybrids of C. kanehirae x C.
camphor as well. For selection of Eucalyptus, we micro-propagated 2 hybrids of E. urophylla
x grandis introduced from China and 5 clones of E. camadulensis that might resist
Cryptosporiopsis eucalypti and gall-forming wasps. For selection of Paulownia, we
propagated hybrids of P. taiwaniana cross to P. fortunei with witchs’broom tolerance
introduced from China. The mass-propagation including tissue cultures and cutting have
developed, and thousands of propagules of these clones were produced for afforestation in
Kuanfu, Hualien (a 4 ha farm belonging to Taiwan Sugar Corporation), and in Miali (a 1.5
ha fallow land). These two sites were under 3 typhoons (Soulik, Kongrey, Usagi) attack in
2013. Clones with climate adversity were selected, including 2 hybrids of C. kanehirae x C.
camphor, and 4 clones of C. kanehirae, 2 hybrids of E. urophylla x E. grandis and 1 clones
of E. camaldulensis, and 1 Paulownia hybrids. After one year plantation in stress field,
these tree species with stress tolerance were confirmed. C. kanehirae clones increased 20%
survival rate. Introduced Eucalyptus clones resist wasps and had the similar biomass as a
superior clone without resistance previously selected. Plantation densities at 3x3 m as
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replaced with 2x2 m used traditionally reduced wind damage up to 58%. Paulownia Pg
clone with hot tolerance grew fast compare to non of native Taiwan Paulownia trees

survived.
Keywords: Climate adversity, Races with tress tolerance, Self-sufficient rate of timber, Tree
species for mushroom and timber.

1 Taiwan Forestry Research Institute, Council of Agriculture.
2 Division of Silviculture, Taiwan Forestry Research Institute, Council of Agriculture.
3 Corresponding Author, Email: ckho@tfri.gov.tw ; Tel: 04-23039978#2002.
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R KRR 8 - SR EIRR R Y RHE A mik - 2RISR LR BRI 2
B ATEK I 2 SR N - R KESR I - AKHIFFE it F S 55k B R Bk B 5B - #E F %
NN T B E s gEk - S F BRI I TERET -

PEIREAERRT - Jo B E R FUR R T — AR 53 S AT S DL T R IR B B R - DUER
A R PR R AR A B BB NE A - AR FEET B HE R T ERat i - PRET RN A2 i 8y
BEMEAE B BB 2B gk LLA] (5-10%) - i%fiE5E (40-60rpm)
B fEGEE (50-90°C) -

B B EE R BLOR BRI AR LR - AR 0B o T 20 8 3 T I e e o
o FHLIE BRI REER E R R T RS/ ILBIRG K - £E 75 R
BE - BE - BiERMEAERE - REHEEORE -

1 P RS R 9 HE PR B DL 4045 TR BERS HERS 8-10 /NIFRE 7R - Mtz 5%
IRGT#I Ry 10-12% /545 » BARRIK AT BEE - (R R F B E T b M E A - B e E 2
A dle — e oy ~ (5 ~ MRS ~ WA ~ I )T ~ KIS TEERIE ~ By frEd
BB TREEEE o BT SIS LU B T AT -

2. WERHEN i

FHZ 1 vJA - WL & RE 2 A B B Rl - m G B nry s sy o di iR
B SRR BT RN - SRR B LU M BT Y T - iR
WS B A B Ry RE R RS A - BRI RIME - — M ERERIECKR T 20 SREZKAV ELB Ry 1:1
{H A i BRI A R NS » & R [RORH I L EE RV & » 20 Bem] DAk A B R P g 7k
B R R R o ARV RS B T A T - FE S i as R LL I 5% = 10%
AR RS - 1A R R R RS 2= 58 (BRI 25 Ry < AR L RIS = R
TR SURRINH A BN e IR - W refE b ER R R A E R B -

% 1 RESRRIEIE AR IS - BRI L e

e VAR [ b

EfE 9 5 2.54 6.63 14.63
0 8.97% 7.12° 35.98°

Tk ELA (%) 5 6.51° 8.05° 38.73°
10 1.08° 7.54° 40.85°%

40 3.89° 7.55° 24.17°

RIS (rpm) 50 3.96° 7.84° 37.44°
60 3.54° 7.99% 54.62°

50,70 4.33% 8.37% 35.31°

HIEREE(°C) 60,80 3.94° 7.83° 39.48"
70,90 3.11° 7.18° 44,58

b€ Means within the same experimental variable followed by thedifferent letters are significantly
different at 5% level by Duncan’s multiple range test.
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1. W55k
(DJFERRERE « BlEAK R AR (R R AIEK) ~ sk (R HE & & 9-11%)
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[ZETES
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3. EhavitelE
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P - DL 30% KRBk A CREEET TRl B e - AR A (RHERE ~ = 7-%8) AHLL - SIS
S RPHK 22.7~32% (ARG 22~25% 5 30%KELLAIFARERG 17%) o K &4
ﬁ‘ﬁ%iﬁﬂ?&@7k?—f]i& T3 - IRIIARE KD B /R BRI R AR T R i (o B
N PSR AREER ~ RHER RSB B AR E AR - DL 15% R B IR R il A R A
umﬁ%%%ﬂm’%%%ﬁ (F—REER T EL) B (18 7)  Bier83.46 0 E57F
BRI A
3. Bak

(1) HEHF FEEK 104 (5 - RERLLIT 53R 19845 - TG LIEEHE -

(2) Dla#EEE R R RE 10 B4 - BEME R 80 7d » 10% KBy IUCE
SRETH - fFAE TGN 8000 AWK & - MR HER -

(3) SEHCR I Rl R A —H -

fi] 4. H 5 5 [ 5. HIKFERASEER ths R

6. KRN =& 7. TR
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1. WF5E 5

(1) —#erlE Sy = ko ~ KAy~ iRAKMEEY ~ HEB EEN & -

(2) E SRy S SRRy © BNy ) S K AACC 61-03.01 J7iEHIE -

(3) ZKIE M AR KIS TEEE BRI 25°C T FEMEHUERHNE -

(4) (/KR 252 (2008) & J7iEmmHl» U5 g AR BEFR R - A 100 mI #47k (9545
C) » BREHE/KEE - IS FREE B KRR A S » BRmfEE (R) -
Rehydration ratio= [ R-(5 x D%) ] /(5 x D%)

D%=1-W%
D% Fs bk iz
W% Ry 7K 53§ E

(5) WEEME KB R - (E I AH MY MEHIE & (Stable Micro Systems TA-XT PLUS
Texture Analysis) » 2% R K (1996) F7iEs KM - w1 mE B R B EEE (H)
JJBEEME (-H) - AEFEREEEE 9 KoKER - SRA LB AL E St e - A Bl
TV THREHAEREE (probe) METTSMAT » BRIFAINE 9 A7 -

(6) dhatadla « BEEBOKEUER 1T Lo FIRE I M L B EHIER - EE A B Ry 20~30 A -
S IEH > B/ (appearance) ~ [T1Ji (mouthfeel) ~ 2388252 (overall) -

[E8. 3o R e B i B Bl
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9.
2. MR m
Zliﬁﬁ*ﬁﬁhunﬁb A~ B KR - DA RIS B - AEREUIK R ~ BN K
FZRRIR S SR - DIBRALEEHI/K 72 1000 5k iE M 0.5 o Bede - N —20 a7 AR
A AR, o BETPRREIEARORECEKE - HEE - BRI R aT e - HimA
b 2 -
FE BEAS IRAG A - R /R AR B B/ R B R E 2 5 b (18 10 ~ 11) - SRoRfEIk
A AU AR KRB T JRRERHR » FE1R /KR 20 J3 g LA i A Tyl » AHETROBEREME
ﬁxﬁi KERFE /KB FE o Kbk oL B i B 2 Lol adle (B 12) - BRBARR S A BiERS B
AR SN ~ TR S B RG EAr E i A R A e i - HLET VS (WHE )
%,\ TE -
AR R T b 2 Ay B A BUE - BB R B E K EII/K & ~ B
“RERERO R - BORATE
(1) IR BRI IR A - L R i S i K 70 KBRS il B PR AR I iz R 1R
LK AR K B 1 JEk A
(2) KEMARINY) (Bie) WAECHA K - Al EE R AR AR -
(3) FZRRIRFREFA LR B AR » DA B SRR P S e Tl (i o R RR R - » FK
KL B AN 7R 53 2BVl - 58 B FE AR e TR S S T T 2RSS AR - ] g AR KR
i/ JRRER {2 SRR AR
H R AL R EY 13 T fh TR AE (3% 2) T B A Ak A B R FE D5 K B (52
JCIT59) ~ BEIREERECK (22 JT/750) K AMEER (29 JT/759) » HELUARRIUH R ORER R 2
Bl AME (15 J8/759) PHEEZER] - FEfG A] 34> 15~30% -
3. 2k
(1) BV R R AR & i Sl AR B e e — P B B AL RZ AR - BT B AR B T
Fe o PREEEIA ML T S o B o SR R oK A A K S B FZ °
(2) RAAEAMBIFTARE L TR RE W > AR RFES - R R FI R R M E -
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10. SRECKEZ1RAKE

11, SHEOKERZ TR

12, SHEREUZ Sha o AT

(3) THMGHE A KA A RENUAAE A 100 BT s i 1-3% » AIEHY 3 ftL i
5181 BA S ] BN ERE BRI TSE - A E R R EE A
BP0~ i A - RAMEESEEE  ARERMEH B A%
B e e & 2 EIREMEAE - B T HEBE R RIR R i » BB S 5

FHEA IR 2 -

(4) BIEBEERK - 5% Bl B 288 HT A B P ok R tHR N 2835 - al f27F BRI oK R
T U e AT BEAE ~ S B 12 5 S R R B R e PR AR A 8 8L B BT

SMESEHERE MR - RRBR AR KN -
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- o HBE  BRARE < fER%
Fﬁ%éuu (ﬁ) (759 /f[}) I,E\ E W‘ﬁ‘ (759/@) ﬁ%mji
B P A K AR 207 52 JC JFRR  FEK (14%) 4870  [EHEKST%
RS RV R A K 105 22 G . IR B AR R B .
L fEEERE 3.52
SR 80 295t SIFERE e P2
(on ERTE AR B 57T & EIR
=i HEKER 13.32 50 HERA

M- WIBARENTBREFHIE -
REEHZIU GIEERFA - HEAEREE)
1. WHge A
AREFELDUCRRIEIRE ~ BIBRTET & ~ R ARG E = i o DR R RE
TN T 8T 45 il B SEAE o
(1) STRRIENEE « 35 E AR R AR R EUR - /ST R ER AN T EE - B
HRE ~ S~ ENRE ~ ZRE ~ REE] - HA ~ R - BAFRE ~ BON ~ FEINEFEE 5
& o HEITSCRR SR BT ST - A ERET SRR AR 10 £ -
(2) REER AN TR A TR B BRI a T € « BGEE K H HA » 8@« EEEr kR H
B HET T - WIS S RN DL = BT85BS R i B ST A7 AH B T e 22
GIFHRBE - e e se ik th - 1 BNEBISE AT TR0 - s 8 F 7R
BRI Y
(3) MRHEK AN TR AR B R e Bl A AR BRI S i S ik - B
RBFEZBINGHEZ SN » KRR MR A L 2 8 TR AR R
JEER
2. FE R i

REBFEEES 10 B RO > st HEREARHEN K EE D - HET T
S EEEINEARIEE) SR T RBGRAEEELISE o (ESCE) ~ T R BRR AR
WF9E 0 GESCE) ~ TR TAgE e 8% e o (BB ) ~ T RERIn LRIZE Sz FIA |
(BROBEAE) ~ TORAL 5 (BREFAR) ~ T ARERESr ) ((REH) ~ "HRERE S R E I TR 5 (&
) s TRACKERE RERANE TR AR ) (L) THlEk ) RE®E)
Fe T EEREKBLAL ) (R -

102 4 10 A 3 HERHHY "R AN THAMAS T BIRTa T & o FAI S S s ey it B
BT o P EE A Dr. Ken'ichi Ohtsubo(CKEERF— ~ H AR A H AR R H
%) ~ Dr. Malshick Shin (FHZR#E ~ ¥ 2B KBRS B R HIX) ~ Dr. Hiroharu
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HEES) o MBIl TR ERBIL ALK E I THEMBHEE , (KFEH—) ~ T DUKRERD
BUEERRETAE L 0 (FHORIR) ~ T HACSKIN T2 5L A 26 Je B 2 BRHE R ORIS , (L)
TEEOR B I LB FTIE o (SR5300) - Bk HAS ~ ] ~ S HR R E R Il L2t
GEELFESETANL o ARGRILETE 214 A2 H -

M2013 KRB NN TR A PR L ZE Ry o BR LOREEE S - GRS E K2R LR
BRPF ST AT VT S FE HP% Bl v e R A O T S Bl i 52 i it B A A R R A O - L R
JiG o BATHI 2B SE H BB S 3R o S ERE 2T FE RO ST BB R B - B e H
RE R B I T SE B Al B e A T 3T 40 A2 -

3. B2k

AR ZENEF 58 B B R R & E%F&@zwﬁ 7 B EE B SE R R ok RN T B

IS B AR SURRME BEBRET - RIS & VUG IR s B il (A% - T FFE et
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MR A L RAERTE ~ BE ~ 7 EZ BN - MR RSO $25 » JRa] EHRKRE R
BB KR » MERMHRR SRR B E -
I e RTFRHRERAZHE
(RFEERA ¢ P EICETAAIR)
1. A

(1) TR A A ML -BR ] ~ 3  RHESY ~ BRBER T BB LR A RIS 4T
T SEEEEIFAYLE CF) Rt T (R FL) 1T BERE R /3 ZEH ~ e ~ B0 R N T
B -

(2) TR T -SB&IERRR (W) Dok S hi R AU BEAL BT ~ Fr AN L i - iz
SERAHER S ~ BERER o3 S R AN BHER AL - SR 2K Tl E S RE(L ~ b~ fRERML
EBRZITLIM TR ~ RS -

(3) TR -FE R GMEE (T IERL) B0k Bl R PBUB B LBl ~ FrRd &AM AR BN
TS BLERT B » KA LB IR HE TS AIJJBEiE ) -

2. FER A IR
(1) TR B SBRRE R AT 25N ~ B EL i
FHERGE FER P o -amylase BIAFRA > - HATC RIS »
BT HACAN RS ~ W B R OAESE - BRI S 2 e
MIZEELR - HEHAZEEUR FTiS 1 BE 22 B BERE R 5T » TR AR il kB B i R R ARk
o3 8B 2 B AR LAl o
(2) TERAIEE TR R B Al 07 B S 40 A B T RERT AL
BT RE AL ~ M THZ RO LR B - SO LB RIS (1))
53Rk > 60 ~ 60~100 ~ 100~150 ~ 150~200 + 200mesh » &} EF R ERIRHIME » ¥E
B H B RER S B S M B REAL 2 R 1 B B M B LR M A R R 1
DIS iR 2 K S 7

(3) il & TER R IUB AL BT RN T L I %

I FE S R 23 03 BRI & 20 R S B A R - AR P R HUHR A s W 7
EREVEM SRR B G185 2 AW F Ry B W R BR Y R B R » AR AR
T L R R Ry B R AT - B BRI SN R BB R R B IR RIS 2 - SR T
FALR B DISCE R F DR EEE (B - TIREES) » IR e R EE R -
A AR AR IR B I TBTE -

(4) =il &SRB B R FEID T i 3%

T SRR BE 2303 BB EIR & Y BOSS U SBR - DARERR (o -amylase) ZE VIR /E
Ry RS BRI TN RRSEREENEL G L85 2 AW E A R B ER R S BRI BB AR -
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3. Wik
(1) $rEEEEFREa - BG4 R RE o B L R A« FER S IFHE R - B RE
B2 IEHERRAYE N - RERARAE - MRSEREE - HEI S R R PIAL I E R - IR
FLZ B o3 IR B SR S BTN » <2 B B S 1k s 28 ook & & R E 2 R R -
(2) REEF REHFITIAL ~ IEREHE - ARt amylase J% oligosaccharide 2
PERERAL 5 AR EBRE ~ B ZAL(5EK) - TR EBERE R L IRE B mE B
BOR 5 ARG E AR AT R F B E A EREL - R - BRI RER ST N
FIH ~ W8 B -
N BIUBERBABREHENRERREEZHARE
(GHEEFFA + BEREARBBRER)
1. BF5ET5% ¢

AREtEDL 102 FEE—IAFR(E/ 9 SR BB 71 57) HAEmY) - SRETHAKE R E
PRI R 2 BE R P R HE TR FE B - BRETHIRETE R A B AR(50°C ~ 4 hr) ~ BB
B 1 (4°C~ 24 hr) ~ B 8 11 (-18°C ~ 24 hr) ~ fg 74 8% | (4°C ~ 48 hr) ~ fg — % 8x 11 (-18°C ~
48 hr) » B IR R BT i ZORAR (2 37°C) -

BRTESHBEZGMEEINLUEE] - PEEE - sEREEREEREK - PEE R
BRI EZ, (B =R)) B (MAREZACKEERY /K & - 3230 2 7NRF) ~ Z8E (52
it 2 HIRIRER M IR ML) ~ RIZE (RIS ERIEAY 15 73 88) ~ 528 (DABRAIBNEN K AR -
FIRE 15 43§ AR IR 7K 473328 S AR RR) « LB S SR @ FPoRERG Al B =R
HEIT R R RI R - FREIRTLLEE SR INEL 10 4388 - N=WE TRAD -

WEAEEA « BARS 0 Okar ~ ERE ~ BN ~ K5 ~ K e &Y K&
SMNEERIHICE SR R o - ETT/KIEFE . (HI) ~ THRETEEL (GI) ~ PREHALI&EY (RDS)
&S LIy (SDS) ke¥ifidity (RS) HYEE -

2. WG R BT i

i SRS R B 2 Bl S K R (B (C ) )R BT e oK B - SRoRFR B B YR8 M e R 1
PR AT SR R B - B B P 7K i T B BE A R0 S R B L 7 M - G| 4°C J%-18°C &
17— R IR A KBRS SH A b 72 AN K » #%3H 4°C Fe-18°C {RTFE R ERI KA » — iS5k -
B A% 72 BB — REERL - (BB 9 SRS /K RE C_ fmrsr o PRl AH R
T R AR B2 k ER]N - FORGEER S 228 k E AR -
FREN IR 2O - BRFTEECRER(BT°C)AL » B2 T1 BRI k [HIgEE 9 71K - Rn
B 71 SRR R R RS oA MR MR RS G e J54% - [l R®#B A 0.97 -
FER B h A B B B AR R W A -

< 3 BilR 4 RyRR Ay R IH L2 B (IESR) K g FE B HE R T RS AR B E T BE - I
&+ HEETHFEFREER FIAYZE Goni 5 (1997) RYLEL o FAG RIS A - MIfEKEY GI B EESR
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F:3.120 3 © - B 9 BRAIG RS 71 SR /KIAENTIER « ST R B DOBESERH U /K i

AR AT

C.. (%) kx 100 (min™) AUCeyp R?
Taikeng 9
37°C (fresh) 98.96 +0.78° 4.21 +0.13% 9539.24 + 43.20° 1.00
50°C, 4 hr 86.01 + 0.38° 5.34 +0.13° 8712.29 + 28.15° 0.99
4°C, 24 hr 91.76 + 1.06° 6.14 + 0.09% 9517.97 + 89.72° 0.99
4°C, 48 hr 92.28 + 1.34° 4.35 + 0.06° 8962.40 + 151.78° 0.97
-18°C, 24 hr 92.69 + 0.98° 5.26 +0.11° 9363.27 + 87.73° 0.99
-18°C, 48 hr 98.17 + 0.98° 4.05 + 0.05 9376.21 + 74.05° 0.99
Tainung 71
37°C (fresh) 95.71 + 0.52° 5.07 + 0.05° 9601.75 + 55.20° 0.99
50°C, 4 hr 87.23+0.43° 4.92 +0.05° 8699.22 + 36.98" 0.98
4°C, 24 hr 92.54 +0.81° 4.74 +0.08 9157.01 + 50.37" 0.99
4°C, 48 hr 93.18 +0.72° 3.84 + 0.06° 8780.61 + 38.43¢ 0.99
-18°C, 24 hr 95.53 + 0.33° 482 +0.21° 9482.92 + 85.54° 0.99
-18°C, 48 hr 95.45 + 1.07° 3.81+0.07° 8975.92 + 66.71° 0.99

% 4.120 7348 & - G 9 BERIG R 71 B /KB BB HE R T HREFE

Hlhe eGline
Taikeng 9
37°C (fresh) 64.64 + 0.29° 75.20 £ 0.16°
50°C, 4 hr 59.04 + 0.19° 72.12 +0.10°
4°C, 24 hr 64.50 + 0.61° 75.12 + 0.33°
4°C, 48 hr 60.73 + 1.03" 73.05 + 0.56"
-18°C, 24 hr 63.45 + 0.59° 74.54 +0.33°
-18°C, 48 hr 63.53 + 0.50° 7459 +0.28°
Tainung 71
37°C (fresh) 65.06 + 0.37° 75.43 +0.21°
50°C, 4 hr 58.95 + 0.25° 72.07 +0.14°
4°C, 24 hr 62.05 + 0.34" 73.78 £0.19"
4°C, 48 hr 59.50 + 0.26° 72.37+0.14°
-18°C, 24 hr 64.26 + 0.58° 74.99 +0.32°
-18°C, 48 hr 60.82 + 0.45° 73.10 £ 0.25°

* Values represent Mean + SD (n = 3).

** Values in a column for each sample with different superscripts are significantly different (p < 0.05).
*%% 8Glyhite bread = 39.71 + 0.549 HI by Goni et al. (1997).

Hlexp and eGley, experimental value, Hly, and eGly, theoretical value obtained with the equation.
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3. Sk

(1) AWTFEfEfEBREERAGRE 9 SR8 SR 71 SR A RRARE AR B Rk ik
R BRIEGHUKEB 2 HON - WS AR TR SRR A B8R -

(2) AWTFERERBHR O 9 3RS R 71 SOREACT Ryt Gl 844 H GH AR G Y5
ik o B RE R A HE RS BB REVE S -

(3) AWTTEIER R IR A AR AR IR IR - BRI R K RN E A 2 5 B E ]

12 FFEEH
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2. 102 I REITAS & 155 - HEEEMIACTiERR S 15 - TR & T 1M - bFES
GHEISRE R BRI T R R EN R - RIBRAE - B PIE B -

3. FENIRHAR TS A — il & BERR IR (L) Bk B b PIB B BT ~ ISR & ARRE(TE TR
FLYTER B S B BT - 8 P R PR S BR B Bl - BERE SR LB BE £y

4. ELE ORI A YK LI T PR B AT ~ BSMKREI T R  (E B
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MR

— ~ ERER

1. SREEAN ~ AR~ BRANEE  UBERAE ~ BRAFRR (Nov. 29, 2013) {7 15 B FRf ] 3 [ 7
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ekt ~ ZFEAT ~ LR (Nov. 29, 2013) FEAFARRL — iy & WAL BERER T 8L 9T
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101 A EERHFRNT B A S > S 7 BARE R AIRA A IS RMARAF]
TR RAAIRA AL 102 IS EMIRE T/ NS BRI BRI E S -
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102 55 TR R Al B A 00T o Y 103 SRS i rh i R WRFEWRST R
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a.101 kR N LB 2 B PR AT & -1 = R B R A & T
b. 101 FEoK £ N T B/ 2 B B b A & - T K B B Bk il & T
c. 101 - [RIESR i 5808 ik R R L e R R i Fea T R R g R &
d. 102 fK RN TEAM A i B & -1 L R EZ otk
e & B
101 FEERREY & 5T 2 F — (102 4F FEE i E e 2 :
a. INLEAT AR R LM E %2 (Dr. NobuyaShirai(HH ) - H
A2 BB SR ZEMSE AT (NIVTS,NARO) )
%2 Fright — http://lwww.youtube.com/watch?v=mTuAPFac9yA
b. B KRN TR R @& =i s R ELNL (Dr. Shin Lu(E3l) « g
BRI LRSI TR )
52 Frifght — http://lwww.youtube.com/watch?v=70GqBcp6SOM
. KHVE B R ARGELIZ (Dr. Melissa Fitzgerald = BIFEREAK E
M(INQR) L ~ B LRI AERMEHER R TE)
52 Fr %44k — http://www.youtube.com/watch?v=PbhkIOFjW_0
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d. KBRS INE BERE ok R alE 2 22 (Dr. Ken*ichiOhtsubo(CK
PEWE—) © HAFTR KRR B AR R EUX - BT H AR SSF S SERT
#5 (NFRI,NARO) )
2 Friaatk — http://www.youtube.com/watch?7v=NT3-3t64xOk
3. HE
KEWFEEZ R « RE - KRB —SERIRIRBIEZE (HSCETHR  2013.04.10
H A —H ISBN : 978-986-03-5946-6 )
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2 iR Bty FOf BUR & Z I IR ST - R BT P REOK B0 Tt B 3% = 2 AR - B
% ELESRETE ~ FrRRME ~ BN~ WO BT EUR R BT - ] DIE A SO ] A B KR
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ARERENE - A REF IS I o BAbES & A AGE LR B AR R UEEY) - DL
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F 1. JbHERHLE i A A RS S PR KRR B R R A B R % -
Table 1. Effects of different amounts of pesticides on agronomic characters and yield
components of paddy rice in northern Taiwan.

e PRi= T (STEVITE FRER T-RiEE EE
R EE R . . .
cm no. plant no. panicle % g kg ha
E 93.4 a° 19.8a 77.7a 89.0a 28.7a 2,915a
FE 92.2a 189a 759a 89.8a 284 a 2,530 a
ANt 94.0a 20.0a 74.1a 88.1a 27.6a 2,703 a

N

* R TS RAHIA] B 2R AR Fisher HY /NG 72 SRR IIBSLE 5 %6 7K HE 72 BRI -

# 2. JtESHE AN EFE R R - E R R LA E R -
Table 2. Effects of different tillage on yield of sweet potato, corn and groundnut in northern
Taiwan.

£ W HEE T ok HACE

P Bkl 3 9% Bk 57 9% B 24 9% fELHi 688 EFEE 9 57
kg ha™

Hah 20,222 a" 15,895 a 5,868 a 5,125a 1,054 a

AN(EK) # st 19,800 a 15,020 a 5,700 a 5,010 a 1,040 a

*[EATHSC T RIAHIRIFE RS Fisher iR/ NI 72 SR HIBRAE 596 /K HE2E RABIH -
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ATk A B ZE I FH B - 5 FH RUER P AN () B st 1 0 e 20 532 21 B2 i M R e BR B
7K HHEm EAE AR
=~ hEpHE[E

FEABE A RN - — R ARRS - ARG B B KR A B B N - (HERIE
HE SRR RS - B RRESRNRIS 2 (R 3)  KERERE L
AL ME T - DUETTHRIGE L8 15-30 AR RRRR A (NHA ) SR » ki
Z (NO)EAFE LR (Hhurn 16 253 ~ 30 2293 Je 60 A7) B - DUET RS i
RS RN R B - (R AR (R 4) - Rl EREE H B - A FEREE
IR T {EBERRICH B M 22 B4 - S0y 18.9 2053 B 17.9 1041 » HER MR A B HE
(% 5) AL ERA AR TS iE B A P EI AR Ry 7.1 00 TR RS i B 7.9 7T (&

6) o FEAE/NEHEAE » FERBUR/NE G 2 BRI TR R E E R Ty 2,680 0T » BIRIE
BRI 2 2,630 20 T I A 1.9% o WFFeiivmd R IC eVt & - BEYAR

RIS e R F AR R 5 AN [FEW i (B mT [ (0 e I 5 2 A e B ER S

& 3. b KRR AR S S TH TR iR B A E AT

Table 3. The quality of different cropping system on rice in central Taiwan.

JFatiil FE KR % KR % SEHCKFHRY HEHBESEY
TBITERES 81.17 a* 71.33a 62.32 a 5.93a
BRI RS 80.77 a 7157 a 61.84 a 5.71b

*[EATHSC T RIAHIRIFE RS Fisher R/ NI 72 SR HIBRAE 596 /K HEAE RAIH -

4. HhEHER KAERATR RS S B TR R T LB M o -
Table 4. Effect of different cropping system on the concentration of element in soil after 1st crop
rice experiment in central Taiwan.

— ; :
pEER L 3 oM ) %%1 . - NG
ctm dSm g kg gkg™  ---- mg kg -----

BT RS 15 787" 057a 164a 1.24a 8.5a 12.3a
HRIR RS 15 7.84a 046a 163a 1.14a 7.0a 8.3a
TEITHRES 30 8.0la 045a 118a 1.03a 8.0a 8.0a
RIS 30 8.08 a 036a 124a 0.98a 6.0b 7.0a
1BITHEE 60 8.01a 0.17a 0.7a 0.43a 50a 40a
HRIR RS 60 7.96 a 017a 24a 0.32a 4.0a 2.6a

*ER T RIAHIAIE RO Fisher By N 72 FEARIERAT. 5% /KUEFZRAEHE -
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3 5. rhfRitleR B EH BRI R BT TR i P o e B [ 2R 1
Table 5. The effects of different cropping system on yield and fruit characteristics of cabbage at
summer in central Taiwan.

e RIE &K H%Zg BRRK  FEEK SRR B FEE
pakiid ER TR H =] cm . 1
cm cm cm cm g cm Brix kg 0.1ha

BiT#Es 29.8a° 641a 319a 324a 1009a 11.3a 189a 545a 3,330 a

HRERE: 298a 59.9a 31.2a 318a 895a 169a 179b 530a 2953a

*ERTESCFRIAHIRIE R Fisher (iR N 72 SR IIBRAE 596 /KHE7E A
% 6. i B (F H RN RS R B TR R B AR EE AR

Table 6. The production cost of different cropping system on cabbage at summer in central
Taiwan.

HH TBITRES HRIRR RS
NT$ ha

e 26,400 26,400

EDEHEE 29,440 28,234

A 51,114 51,114

PR 110,543 110,543

B T (R~ BRI 18,468 18,468

HEAE FERA 235,965 234,759

HEFE R 33,300 AT 29,630 AT

[SYNIREE 5%/ 7170 7970

= - FEEpHuE

S H VR B A B ER S 2 TS - AR R 35 - I FH 55 - A 2 2 BRI
506,830 JLix% » HA Ryl T K-#kIEHE-1Hi 2 441,850 JC - KL R-fkIUHE-f S
46,310 JT. » # EK-$FIE -2 209,030 JT ¢ kT -HE AT 2 -FH >k 109,820 T
F-#RE -5 oK 101,260 T (R 7) - FHER{EHE SFHMAEEHKE GEBK
BINRERNR) - fH B R-R B -5AM 10,319 17 AR 5 f ER-#%EHE -2 5 10,690
LSR5 HE T - IE R ok 16,897 WA AN - BU - INEHE - £k 16,904 17
FAR ; $LER-# I -# S 15,925 77 HAR 5 BI-HR AL -5 16,717 17 54
R (3% 8) o i EYIZE{E LARKTERANIT 338,550 T/ E R » il EA =X 2 Sy IO LU -
5k I FH 5 - AR 2 A RIS i % - InfFR X A EE KR EBK R IR &)
DUEH F K- AR -G i A o IR - fEmd St s e AR EE AR (BAORE ~ 350 Y
HEALARE RS - BUGECEY) - WS FIAKER - fEEEANREREEEE -
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g~ ERERHE[E

AlH 2t it 5 B A SR U R VB R SR S B E BRI W Ry 1,960 20 7 R AR B,
W L KGR EE & 2,038 23 T R ke (3% 9) s B8 T oK Rz A i BRI AU b Ty
3,235 AT BRI RS W B R RKFRL AU A = 3,292 8 Tl Rl (R 9) o —
K- R /R RS N BRI A W By 3,935 AT » SEHiR S W o LN R RL
FERR 4,581 N THE Rk (3% 10) 5 —JIREE TOK- /KRR AR RS A EEESORE A A Y
W5y 3,913 N7 WEHER L AN UKL FE & 4,953 20T IS Ry kA (3% 10) »

' AT it i 7 e A SO RN 2 e e P R e S TR R 3R I iR D A 2 K
{eEREesE BRI REUREE R - TERYR Ui L FEie R LIgIE 22 WfFE
L BRI BY W TR Ry B S5 2 AR NIE - 8 s T 56 K Bk 2096 - SRR TR R H & R AT -
A R N i PR LA R [ SR B 2 7 B o KT AEA B Ml o 7 7 I o A T SR
K S S R oK AR AT £ BRI B Ry R B 5 G BIVEYI AR EERY EH Y » T BB 3
W IR R A T TR R BN - DU B R BE 2T - AR R -
7. P S R R 2

Table 7. Average net income for different cropping systems in southern Taiwan.

BEF T = Rails it
T TR T R
(JTI/ALE)
B R K-k -5 122,740 -10,940 330,050 441,850
B KRR E RS 118,320 -10,940 101,650 209,030
ok -k AR - B ROk -5,230 -10,940 125,990 109,820
T AR R R oK 23,000 -10,940 89,200 101,260
AL e SR-Ak N 5 - -1,150 -10,940 58,400 46,310
D - AR 133,960 -10,940 249,850 506,830

2% 8. Fegilohth b P I R P AR Ak &

Table 8. Average irrigation water volume for different cropping systems in southern Taiwan.

B 7F R REWE /K B FHRAIRERN = Rk E
m3

B R K-k -SH 1,120 9,199 10,319

B KRR E RS 1,120 9,570 10,690

ok -k AT - B ROk 1,300 15,597 16,897

T R R oK 1,300 15,604 16,904

AL = SR -FR AL & - 1,120 14,805 15,925

RN - 1,120 15,597 16,717
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U5 MR TIEEN RAREENIARETRE ) - B MEYREE S DL I R 2E - ¥R
BEMNE @ EERREFKERENEER - LHEPIRREBIE AV RN FH R A
FHE T HAGE B BRI AR R B H B - FRIEYIRRS Bl F AR B B — B R 1l - F5
G AT R BR AT S BRI A BBV R R 2 - R IER B AR BE R 3 A
TR IUE PG I T - DU &R ALRIE SR T IR R I 28R - IS ol i S B
SEHOETEE - R BUR R F It A HAR AT L FE kG T B S skl - JTREMERT SRR
PHERG R » SERRR I R BB H AR -
£ 0. WA AT R FRIRT RIS GRS 2 BRI 7 RS -
Table 9. The agronomic traits and yield of spring cropping soybean and corn with environment
friendly and traditional culture in eastern Taiwan.

((Z7/ -+ ol %ﬁkﬁk%g& EhE (58) FPRLEE S
(1253) (ZEIEE) (A1)
. BRI 49.4+1.9 71.9+4.7 19.6+1.7 1,960
A& EF R 54.242.6 73.17.4 20.4+0.6 2,038
S BRI 253+9.5 19.8+1.0 23.0+1.6 3,235
ZS RS 253+4.0 19.90.3 23.0+1.8 3,292

F< 10. ERERHMERKE/K BRI ARIAU NSRS & B MR R 2 B -
Table 10. The agronomic traits and yield of fall cropping rice with environment friendly and
traditional culture in eastern Taiwan.

R TS ES Az
=i Fatiis TFhifE (32)
- (&%) () CATFAE)
o RETEUIR 89.2£1.5  14.7#06  255+06 3,935
NERVIN 3
R 104+6.6 16.0+05  24.9+0.2 4,581
B K- REEHRIA 93.742.3  13.6+#1.1  24.9+05 3,913

7KAE R 106+3.2 155+1.2 248405 4,953
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Establishment of Environmental Friendly Crop
Rotation System in Taiwan

Zhi-Wei Yang *®, Chen-Yang Tai 2, Bi-Lien Chan *, and Der-Fa Yu *

Abstract

The purpose of this study was to use of environmental-friendly cropping rotation model
to achieve due to climate change and increasing food self-sufficiency. In the northern region
will be two cropping rice pattern planning into a rice, autumn crop dry farming (groundnut,
corn and sweet potatoes) farming model, the results showed rice cultivation can reduce
pesticide application rate, upland is adopted without (low) site preparation tillage practices
to achieve the sustainable use of agricultural land and water environment field rotation
affinity business model; explore different fertilizer effects on crop growth and soil
environment of the central region, showed that rice- vegetables-wheat rotation can reduce
the amount of fertilizer to achieve both production and the environment ; the southern
region to explore the economic benefits of different upland cropping patterns, the results are
displayed in Job's tears-green manure sesbania-sesame crop rotation patterns of hectares up
to a net gain; eastern region to explore the different inputs of fertilizers and pesticides
impact of floods, droughts and crop rotation, the results show can reduce fertilizer and
pesticide inputs, use repellent and non-crop pesticide prevention act to achieve
environmental affinity upland rotation model.

Keywords: Crop Rotation, Environmental Friendly Cropping System.
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Yuan.
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FEEIMEEE RS - RKRITE S EZ2 H - TSR - HEEFRERERE -
R ARG 2 H Y2 K E R BREAEAVESE - FIHESm SN EE SELE - #7ET
S R IRBDRA A iR AR 1 = - iR L RS A REER TG AE T - BRI AY B SR A an A0
oK~ SR - HAERFEINY - MUGEIERERE - DT 58 BT E e R ST
F7 o

R EYIRES R e e ~ T3 (2 - 1991 5 2% » 1992) ~ /5 ~ Hud ~ A&
RBEHLKRR (FFA > 1998) - B RIIAYMIMERIRF 228 821 - JERERGER S
K22 AE R ERE | - S @B RE R PR & AR E R B R . (SR SR -
2010 ; JRZFF A - 2011) - FTE8 " HafE L R ZEEEYLHE—ERNRFRRE (ERE
1992) - fmfEReEs LU H ok Him (' 5 B0 SRR IEERHRTE (& » 1991) 5 BUETEIR
PR - Fofie B ERY R VR - AT DURE R S (R PR RRE - TRAIZE (2001) HfF5EHE
AR R - MEE PRI G - DUKHEE R R D - KTERAERHEEY I RS
BRSO o IRIBE R R SRR fedim (e R P B KT E AR - 28 (2006) fF5Eth
HURAE/K R HEFRIEDL T - (FYR e FUHEERE - nRERR & F DGR - (E/KH
W TSR A YU AE IR BB - ISR S R R - BRI LR AR - o Bk EPY
i 72 M EYEME - K - ARV - BIREGAEMAEBT AR -

FERE (Allium cepa L.) Z2REFI "F4 MY (2 - 2005) » ARy aE ~ PHa8 st
I R RSB E KA » SR EE S REY o 58 MRS AR
1,100-1,200 AUEHAAG » FEERAY 6 BEAMA o 3 BEEE MU bR R RER TR A ~ B AL
—HRE - BEEAEAY 600 AUH - (HEAFE R FERER 67% ¢ fBNxEERER o (K
HHEPEREATE 40-50 FAREENIMEGERIEY L — » IFHiRSS JIRIE B A E AR
ferE o HAMEERIFIEE R EE o NIRRES AR - 6 B P o U 2 2 4yt
JEA I B 75 KAy 50-60% + EHIFEREAE 2-4 Hy - HNEH FEFERIREFERZR
(Fusarium yellowdraft) szHHEE 48k E%% (Bacterial softrot) fEEB MBI - K& &R A
e FARR o Rl 3 A K IR e it W e J R\ A= SRR ZE 0B /K EH ORI B B i - KD o0 R
A HEEE KR OEEHE - SR ALK R Hig ER YT L EE - ik i
WEEFNEE AN IMAEES - TR (A v B AR AR ERE 2 — - I HHEEE
SR & R IS KR B BT » BOR BRI S —TERTE » 5351 » TR b e RS
DUBITEE R - AR R - 0 EEsr v R & IR E » firE AR
ARTL R TR AR PR A BRAR - FREREE SRV RSN - BERE DR IFE B ER
ek M A o SO P R ek 5 e T I TRE - ERRBm (R B TR W E R BBt - RIS
Ak & MR ARINIEY) (B A 1995) » n[ G ER ] - ILREEYIEHEA S ~ #
BREEREEMEE - EER A(nput) K - 36 LER IR R - SRR E
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KeREREEZ HAR » GBI RIRe A A (Rl i 1 i B PR LR AR 28 - WA
A YERE - W DIRARR A A - G A R S AL RBHERT -

ERTFIRBRERSE

— s ERIIHERRIERMEGFESRIEL -

(—)ikBR ik - Tk 4 AR TEREN - A.9 A hAIEE —11 H FafEk -2 H
TNHEE -6 HA#; B.9 A EAEE - 11 H TaIHE L -2 H TaEE -6 Aik#
C. 9 HHEE —12 Ak#t—2 A bAET -5 AFEIEK: D. 9 HHHET 12 H
#t—2 A EAET -5 A#EE (CK) -

(D) HMEEE : B k5 Him{FEYHIE &2 S EYRIC T S Er iU e &
TERAEEIER - IEIE R IRE & TP RETIT ) AN RIERAH - Piek
mh R T o AR B G EAANEEH ~ ERE  ReET ~ ATPRER ~ BEREAKRTE - ST HERE
TIiEER - S HAEYIR RS R B I R 5 rh - SR AT I H AR R HA VRSB T
RAETT TR AT - (EVE T IEFEIIR R E & - WEIT MK E -~ fiASER
I ek 5 T A B R EE SRR AT
— s EEMEFRRIERMEGFESRIEL -

() i 1 I S e S A 7 o R 3+ TRt M 1 TR 1 0 5 1| DA 381 T oK B e I
AENE RPN L fEIEY) - Dlm B (E R B IREEE - 25 0.1 206 - i 3 flfm{F
TEVIRETE R RS TR » PRI /T sUR T PRER 12x15 27 » R 110 00 (&MEd)
WETHITL 85 3oy o AR 6 17 o MANUZH LT R R K AEI I T M2 S e I =
(N-P20s-K,0 = 180-150-200) > FEFERE LEIRHE ~ AFHE - R - E KRR
ik o

(Z)imfERuRR T e APy B R - Y 3 Rt (e BE R B U ERIT ~ 225071
T RO RS REILER - METLRIAERESE - WHEE SRR ET TR E(F
VIR Y E A R R A A A A

SER AT 3w

— - EENEEERERAMUGESERAEL -
()R EIRER B VR B 5 B A P S B A

4 FEA[E R E AR ER R E Y & R AR AR SR AP - A R A A RS Rk 1
Fii7k o A~ B~ C~ D REIINIKIEE SRV EESE 2 &5 7V R 8,860 24T ~ 8,826 AT »
8,650 NfT ~ 8,970 Afr  BAT MG LRERLL 16.5 Jufi - HAHEMES ARy
146,190 7T ~ 145,629 T ~ 142,725 It ~ 148,005 7T » KRN EAE FE R AR 99,350 T » #)
A~ B~ C- D MG AER K257k 46,840 IC ~ 46,279 IC. ~ 43,375 T, ~ 48,655 JT ©
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ZAE A RBERH EORAE R 16,320 A7 - BA T KA I LR ERLL 9 TTihHE - FAHEE
146,880 It * HIFREFAEA FERR 95,250 JC ¢ #i A FRERAYG AR IL2E 51,630 0T - B
BREIE{EAE & 13,500 A7 BT aSAE I L MG (EAE DA 11 JTAh 5 - B AU {E 148,500
TG HIBREAEA FERA 125,800 JT ¢ #1 B [EHEAVEAEH IS 22,700 7€ - C~ D &
BHIKI pRpHE 2 18 I HL A TR G B H R B R A 2 ] 3,500 JT » iU A AL 2 -3,500
JL°A~B~C-D RENEIFEEINIEIERD I 7,863 AT ~ 7,801 AfT ~ 8,141
N~ 8,070 7 FA T I LRGBS LL 16.5 TTfhHE - AEEME Ay 129,740
JC ~ 128,717 JC ~ 134,327 7T ~ 133,155 It * HIBRBFALHAEAERA 99,350 7T » # A ~ B »
C - D A ER I 43 51 Ry 30,390 JT ~ 29,367 JT ~ 34,977 JT. ~ 33,805 7T - EfEC
TR B B TOREERE & 19,800 AT - AT M LM ER L 1.2 TEE - BouEE
% L AT P R R A B e

Table 1. The benefit estimation of yield and production in different vegetable soybean rotation
models

T E & 7 fH AERA R HERL 2
(kglha) s (NT$/ha)

A. KIFETE 8,860 146,190 99,350 46,840 121,860
ZAER Rk 16,320 146,880 95,250 51,630 (169.3%)
BIFEE 7,863 129,740 99,350 30,390
EAFIRH 0 0 7,000 -7,000

B. MAIFES 8,826 145,629 99,350 46,279 91,346
ZAEHIER 13,500 148,500 125,800 22,700 (126.9%)
BIFES 7,801 128,717 99,350 29,367
BEAERH 0 0 7,000 -7,000

C. MAIFERE 8,650 142,725 99,350 43,375 77,762
ZAEIRF 0 0 3,500 -3,500 (108.1%)
BIFEL 8,141 134,327 99,350 34,977
BEFEEIEX 19,800 23,760 20,850 2,910

D. MAIFES 8,970 148,005 99,350 48,655 71,960
ZAERHE 0 0 3,500 -3,500 (100%)
BIFES 8,070 133,155 99,350 33,805
BEAERH 0 0 7,000 -7,000

it RS RO R B R B L 2 A L
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{H 23,760 7T » HIFRIFALEA FEE LA 20,850 JC » #4 C JRERAYRFA RIS 2,910 JC © A ~
B~ D E KRB (E - I HAE N EFRIEE HRFR A H 22 F 7,000 JC - #UREAEEE
H2:£-7,000 JC - 4 A A pRERAFHERL A rh - SRRyt DL A R A0 B 121,860 JT
B e CET R D R BRI N 69.3%; HZCFy B BRFERY 91,346 I - Hf IR D FRELLG AN 26.9%;
KA ks C BRI 77,762 JC - #XEHE D FREEHE N 8.1% -
() AR A R R IE T 8

SRR R ATy pH {H 6.73 HHEE(O.M.) & & 5y 18.6 g/kg» 3K 1 % (P20s)
ikl 68 mglkg i HHIEEN(K0) & By 104 molkg » I #5(Ca0) & By 2,201
ma/kg s FRMESE(MYO) &Ry 96 mg/kg - KSR AR AR - 13k 2 AR - 4 A
[Fl R B R R =, - HEHR pH (B9 N 0.44-0.35 R A5 2 &40 39-64 mg/kg

TERZ RN 47-53 mg/kg - {EL 3 flal i B 2= S AN ISR » A50SS5 e ARk & b A

(=) AR R 2 R e S A s 2

A [ 1 B B AR R =0 FH IR A - HLERARS SR ANZ 3 AR - HIREEIME
£ 2. PNEFMERE AR EY i % E R A s 2
Table 2. The effects of different rotation models on the soil nutrients after harvested of each
cropping

- - pH O.M. P,Os K,0 CaO MgO
R BHFERA (1:1) (g/kg) - (mg/kg)----------------
A MIEER 6.07 18.4 129 180 2,530 145
AERH oK 6.10 19.1 146 215 2,620 135
EHEER 5.96 19.6 155 190 2,246 110
HAERFH 5.99 19.4 137 175 1,746 105
B. MIEER 6.05 20.6 135 215 2,250 122
AEHIER 6.03 18.5 140 213 2,380 108
EHEER 5.88 20.3 146 196 1,850 116
HAERFH 6.16 20.6 152 185 1,671 95
C. MIEER 6.25 18.2 124 158 2,220 105
ZAERHE 6.36 19.5 119 189 2,350 100
EHIEER 6.10 20.6 135 211 2,050 110
EFEEIEK 6.36 18.5 148 176 1,819 90
D. MIEER 6.15 20.3 140 192 2,465 115
ZAERHE 6.35 20.5 136 225 2,350 111
EHEER 6.21 19.3 123 236 2,059 125

HAEARHH 6.30 19.6 135 212 2,001 105
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HE R R HEE - I RS RIA DSOS R SR & HE AR LU NEE IR
AR BT B - CRRESEN - THE/NERKECEEEYIEENE
£ 0 6K | 101 9 HZ 102 4 8 HERBIHHI REERRERNZE 4 Rtz -
— - EEMEFEIRER MG ELERNEL -
(— )i V1 55 S50 0 B AR o g 28 o A T S A

101/102 FEHAPE RN 101 42 11 H 14 HAEE » 102 423 H 25 H& 3 H 27 HI % -
A (101/102) 1A 3 Mim PR < PEEAER (3R 5) 437K 100/101 125 19.4%
FHEIEK) > 34.7% (FFIEAT) K 34.8% () - 101/102 1R B & DRI A TG
TFREEE 61.3 mt/ha i = + H R FHFRY 59.7 mt/ha o {H FHE i (F & A ARBR ELEI Ry 60.9%
A RIER SR - Hrp ~ KRERILBIFERI RS R IR Sl fERREERY 80.5% - kIR
102 HEZ FERECRERIF4E (15kg) 190 JT » HHEK 160 JT » /[NEK 100 JT » 554k 60 JLZ E1H
e DIHE G E R E A 2 (/90 E 675,969 ToiE (3% 6) » IR A AR 2 FHL IS
FRyfp/NUH 395,569 JT » Ky 3 FHpR I i = o FHRATE R SRS HE A RE H A [RISE Rk A 2=
BHEH » BB R HUIR  BEAGBR T R LA » BB/ NEEER My B 2 - B
Ry 5 BRI 2 W BB B[R] T -
7 3. NRIETHH R A A A 2

Table 3. The effects of different vegetable soybean rotation models on field weeds

[t (= FEFERE (IR RS TR
A KIFEE /NEEIRAE SRt A1 I
ESUETESZS AT /NEEIRAE SRt I
HEEE INEEIRFE SR SR W
S ERBE AR A1 HITE [
B. KIFEE /NEEIRAE AR AT W
REETER /NEEIRAE b1 SR R
BIFEE /NEEIRAE AT SR L
BB SR AT I [
C. KiFEE /NEEIRRE AR AT P
RAEARH /NEEIRE AT AR I
BIFEE /NEEIRE AT AR R
HIFEHITK RREL A1 [ R
D. MAFEE /NEEIRAE SR AT HITE
ZAERHF /NEEIRAE AT SR PSS
BEEE /NEEIRAE SRS SRt R

EERH Al SRR R [
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=REIRTEIEYZ 58 L IAMER 102 45 4 A 15 H#%HE - £ )i & LI & £ oK 51.8 tha
Bfm (R 7) » kMUK S S HE 73 Ak 26.0 mt/ha Jz 28.8 mt/ha - —Hlfm{E{EY) . LV
R 101 A Bl 2 AWy 3N - 568 2 Wldm{E et 8 H 7 HigfE - H8 H 21 H %
8 H 28 H 43l 15136 J o v i {1 i JRL s 228 » 3kt ol T 6 St o K o R R B B /K R » 3L
AHWERSE T - P 101 558 2 WIPEIR[EIARTY 8 H 1752 e | (K V- le Ji ) 1= 58 - S i E )
4. St RS R R GBHIE R R S AR
Table 4. The weather data of weather station in Kachsiung District Agricultural Research and

Extension Station

R fs ., P B HH AR BN REW

EL (C) elics ﬁg{é EE W & BB Hm

W owmEm R (%) (misec) (hr)  (MIm? (mm) (mm) (day)
101 4
9 H 281 36.2 215 64 N 1.0 198.2 346.2 102 167 11
10H 261 330 196 65 N 0.7 1973 3008 101 6
11 H 245 334 192 70 N 0.9 168.0 238.4 71 36
12H 208 315 103 71 NNW 09 170.6 2726 52 25 7
102 4
1H 193 289 104 68 NNW 1.0 1943 271.6 71 2 2
2H 225 323 148 66 NNE 1.0 2008 2975 96
3H 246 347 133 62 NNE 1.0 206.9 3438 111 3 2

4H 251 341 170 69 NW 1.0 1295 2732 81 134 12
5H 28.0 354 216 73 WSW 11 109.0 2822 78 256 13
6 H 29.0 36.7 231 65 NNE 1.1 1407 3925 106 156 11
7H 28.6 38.7 2238 65 NNW 12 1841 4001 115 113 13
8 H 277 359 219 73 NNE 1.4 1544 3123 76 819 23

5. A[Fl{E P L PR A R S EERR/ N

Table 5. The yield and bulb size ratio of different onion rotation treatments

100/101 101/102 LR (%)
iR FHEE FHEE i e b
(mt/ha) (mt/ha) ﬁﬁk EPI;F /J\f;k Tr%‘lill:l
L E N 44.8 53.5 30.5 45.0 225 1.6
FRAEK S 455 61.3 49.5 31.0 14.5 3.8
& 44.3 59.7 60.9 25.0 14.0 0.0

At LRI HIIR 10243 H 25 HE3 H 2T H »
2. BERAV/ N ERIE T B R AR YE - RER 8-10 1053 » HPER 7-8 30 » /NER 6-7 ) » HIEK
JA 10 2853 B/ INFY 6 2853 RS A G, -
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2% 6. 101/102 4= JIA R {F { EP 6 P SR B B A St A

Table 6. The benefit evaluation of onion yield and production on different onion rotation model

in 2012/2013
. B o= i E EEERAR FHLIK R
IR
(mt/ha) (NTD/ha) (NTD/ha) (NTD/ha) (%)
FHElEAK 53.5 547,168 284,950 262,218 66.3
FRAUK L 61.3 655,737 281,000 374,737 94.7
H = 59.7 675,969 280,400 395,569 100

i ¢ PEIHCATRAFE(LSKQ)I90 T » H7BR 160 7+ /NER 100 72 » 51 60 T 4 RIMNCHE £ LLII 25
it

2% 7.101-102 ¢ R EVI L P R ARG R

Table 7. The biomass investigations of onion rotation crops from 2012 to 2013

AIfEEEER PSR CPIERCE YR EYEER

At (mt/ha) (¢)) (¢)) (%) (mt/ha)
RS
101 4 1 #A 44.8 880 202 22.9 41.0
102 4 1 34 53.5 645 201 30.8 51.8
FRIER S
101 - 1 3 455 65 13 20.4 18.3
102 - 1 31 61.3 157 35 22.0 26.0
H &
101 4 1 8 44.3 77 19 24.6 13.3
102 - 1 3 59.7 121 29 23.2 28.8

it : 101 J% 102 £ 2 RS2 e U B R -

B B AR - 3 THEmEEY) - DU & SR WK S SRR S PR s - A48 B P13 B R R
TR R A BARDURR 5 & TR AR R S A - (KL 7F 103 2R 2 MR EIEIa
FyHFH -

FEA A R AR = FIR TR s 25T (3% 8) » Wi flil - B2 14 pH {EAE Ry R
BB TREE - KR lER 28 L HEGRE S st AHEEE - EHE
LR AR ~ AR SR S A S SRR A Ve R KRB 0 - 32 B SR IR HE
o PE RGBS AR i o2 A B B IR R AL B2 R S A 2 = i AR A i 1 VM IR R i
EATAER - RS R ErEYRIL - 16 3 FERIEIEYIRE B HIER 14347 - FRfS
B TURAHERAR - 102 52 5 = Fe i {F AR =0 E A 1 Il (F 2% 148 pH IS 65 _E 71 %2 6.8
712 GHESEIFREE 1.37-2.24 Z [ - 3 MEialER .2 - 5a R - 81 -
PRV 2 N IRIETE o AN 0.14-0.21mS/cm Z [ AKiERE % 0.05-0.06 mS/cm -
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Table 8. The effects of different onion rotation crops on soil nutrients from 2012 to 2013

AR oH BB AWM G AROE AAksE EEE
(%) (mg/kg)  (mg/kg)  (mg/kg)  (mg/kg)  (mS/cm)
HHElEA
101 SEFEE 6.41 1.98 42 99 1,705 255 0.21
101 5 1 HAwR(E 6.49 1.62 41 94 1,558 195 0.07
101 28 2 HdaTE 6.85 1.55 36 80 1,691 222 0.08
102 SEFEE 6.24 2.44 77 156 3,792 169 0.21
102 26 1 HAwR(E 6.75 2.24 40 85 1,533 199 0.06
FRAEA S
101 FEPEE 6.44 1.80 53 98 1,824 258 0.20
101 5 1 HAwR(E 6.43 1.43 42 98 1,591 200 0.09
101 28 2 HlsTE 6.90 1.65 39 105 1,855 240 0.09
102 FFPERE 6.50 2.35 119 173 3,747 169 0.19
102 26 1 HAw(E 7.09 2.13 41 75 1,437 184 0.06
FH#
101 FFPERE 6.61 2.05 46 97 1,652 245 0.21
101 &5 1 HAm{E 6.60 1.52 47 93 1,726 217 0.08
101 56 2 HkmlE 6.85 1.54 37 82 1,730 222 0.10
102 PR 6.90 1.98 127 132 5,478 350 0.14
102 26 1 HAwE 6.90 1.37 37 90 1,559 208 0.05

Al ¢ R R S E R R

7 9. 101 £F 11 H & 102 5 10 H oA 55 S8Rkt
Table 9. The weather data of Hengchun Area from Nov. 2012 to Oct. 2013

1A $EP i {liicH WE  HERRE RokHEC  HEREEE
() () () (mm) (%) (201mm)  (hn)
101/11 245 29.8 20.2 37 74 3 173.7
101/12 22.2 29.1 15.6 25 73 8 134.8
102/1 21.4 21.7 15.2 37 70 8 157.4
102/2 235 30.0 18.0 14 73 6 182.2
102/3 24.3 321 16.3 4 70 2 226.9
102/4 25.0 312 19.2 80 74 3 179.5
102/5 27.1 3238 19.9 288 81 15 179.8
102/6 29.1 343 23.9 184 78 1 220.9
102/7 28.6 335 235 239 77 17 2315
102/8 28.2 34.0 23.2 598 80 21 173.9
102/9 28.0 33.0 233 451 73 14 2105
102/10 26.2 327 20.2 28 68 9 235.7

it T BRI R TR SR B R
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= B o PR R AN I 2 e R AR S IR R AR W - 3R
faFERG s S%LUTN - Fa AmEFEMEEE > HEFR E@LREmE) 2ER
10% - FEFLUNEIR#E RS - DIRKIER B L E285%E 80%ixm @ 7 #l TR
RUI371Fs 60% k2 70% o HoAFER Ry CCRR BURIREG 5 -

fham HL AR

(—)EEIMNEEE HAT = FERES - e S M2 H - RHF AR - HAE
TERRRERE » IISAEAGHERRTE T - 7B G E RGN A R F R
s LB SE AL REER ST HMERY - DHE AT AVBR SEZE AL AR oK ~ HAERFIMNE - OB ERERE -
TETH G E R -

() T8 e il T Rl 52 v I e SR R e S B S R B e - 1T SR R G L R 4F 1
Bk - BAEFHE1E 2002 4 30,000-36,000 JTE 4 EEREE 48,000-52,000 JT ¢ HHEEEE
e REEIWH G TE - GEREMIIMNEEARE - BFE T IKSIEREA > Kok
MR R EE - BESMIRENEEEREE - SPRIMERE S T EE
AR A FE A - $2T BB T E L EBIE T 5w ) -

E)EAEMEBNE - TN ERS - HE 228 - fEEY) 2 E R
F o MR B RSV E BB S R IE(EY) - DU REHE - M2 2
SAPE R R DA & SRR ~ B B BV T fF - D2 RARKFRE - i&
FRERR Z AETETER ©

5| FA SLRA

ZESOHE - 1991 o BHERIE 2 - HEAE T S AR B2 TSR - R B - A ) R A s
A Em S g o R R S R ED 0 95-110 -
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Environment Friendly Model Establishment for
Vegetable Soybean Rotation in the Export
Professional Fields and Onion Rotation
In Hengchun Area

Hsiang-Yi Huang®?, Kuo-Lung Chou?, Jung-Mao Lai!, Cheng-Han Lee', and Ping-Fu Hou'

Abstract

The purposes of this program were to establish the environmental friendly rotation
models for vegetable soybeans in export professional fields and onions in Henchun area.
The experimental results of vegetable soybean rotations were summarized as follow during
the fall crop in 2011 to the summer crop in 2013. Rotation model A was the highest annual
profits by 121,860 NTD/ha, which was 69.3% higher than check treatment D. The rotation
treatments B and C had higher annual profits, which were 26.9% and 8.1% higher than
check treatment. On onion rotation trails, the onion yield of green manure soybean rotation
system was 61.3 mt/ha which was the highest. The onion yields were 59.7 mt/ha and 53.5
mt/ha by sesbania rotation and forage maize rotation respectively. The biomasses of forage
maize, green manure soybean and sesbania, were 51.8 mt/ha, 26.0 mt/ha and 28.8 mt/ha
respectively. The growths of 3 rotation crops were limited by rainfall within seedling stage.
The second rotation crop was affected by 2 typhoons that induced serious crop damage and
all crops were lost.

Keywords: Vegetable soybean, Onion, Rotation, Green manure, Environmental friendly.

1 Technician of Kaohsiung District Agricultural Research and Extension Station.
2 Corresponding Author, Email: hyhuang@mail.kdais.gov.tw ; Tel: 07-6622274#101.
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FiERBHRELD L B TR HRER

pREGE M EKIEE Y RRRY &R EER BT BREE
R AERED BRI BRI Ut dketkE
RETHE T AAE ' RRSCE YRR RS

S

KI5 HRO R R R B M R A R R W - HRALERER » EMSS
1988 -2 2013 4F 2 < B 52 - 1] 2000 42 2013 - W FEh 12 S I Al oR B 3R 5
B EE s BT SR AE 2010 4EPY A ~ 2011 4EPY A R 2011 4F 11 H 2N EGBHESR
EFZIBI - KIEERT Y EMGEIR RS K fE R BRI - ARER
Z R AHR - (H]E A =PV R B A AR BT NRERY#IEL s &5 15 @
AR B KR B SRS R G ~ AR R IR S B AR R o AT KRS A SR S
PRI B AR SRR BT R R - ROz B R BT BT DNDC /KA AR ZE R 5t
FEER  REEEBIERHFAE ZHEEREN AL Z R o KIS DG ERE R 25
A% fEEITESEKERPIRN S 2R ) HEERAEOER - mETESE
FH 28 A= BB v b4 TEDHRAE MR B M 3 A BT AHIE - (EE5RAE ET R AR
1K 5 ZE R BT R 2 AR S - FEFBAT R a7  FUIE B DLS T
i o (AR R S R B 25 B 1 T T UGB S 2 B 1 - TERESRCER - K RFRE
SRR - SE A B D M ERER A EEE SR EITEME  RiFEZF
PR A E & R R A B B m R o PR ERIE R
FASRE - RINAREITSE ~ EITER - AKEER - IEIEERE -

—

Ay

EEAEHREBRRZMFELIFFEZS S - AERIIHERIKBR A RRIT R 25 &
SR LIHERD T - Y 2006 4EBH AR SR A RER L R IR RRIT ST - 3l H B S A PH AR SN L
A2 Kellogg Biological Station (KBS) IS4 RENTFEubHERF SRR 1% - RIVEAEEZ
HAEER SRR & AL R L R RHR FRE A ) R BV & L B EY R LRI E 2 1%
A o RJEBR B — RSB (95-100 47 ) EIRAS A RIRHERIE I ALY Z

[l

1 fTEbEREEZ BT R -

2 (TEPtR(Z B EMERER RS EMNTS -

3 EIIEEREREA -

4 @EE |55 ¢ Chiling@tari.gov.tw ; 3% : 04-23317407 -
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BelE e e ~ AERERAE FE JIMERF OB R B BR R 2 T8 » M BOR I R B = 5 T
B REEE (101-106 AR ) 2 H A Ry 5 H I 58 1 588 8 S99 1) B 55 kR FE A B R 2
TEMEIRIE 8 RHHRIE (kMg ~ TEA R Ak s » WIEREH T
AL FERHEREZEE DTSR RS v FEEE -

B R EEA R ALE - (V)RR ES R AR EE (2.5ha) + F
EERBISE 5 Q)FEFH IR EY, (8.0ha) « EEHAME/K HEL /K R EFH A BERFSE 5 (3)
2 EMSTY5(7.0ha) « EEEATE/K HELK R g {EH A REI 5T - —(EIFFCuERI RS E R
B 2007 £E#E - JOA EER 4 REHFFERE. 2 ClimDB (RS E R » il LTER HffZEHd
Z—8 - REARRENEHARAERER » HE B (F S T AR A REMfF s nh A
%[ 26 fif = FA4: R FEuk - 7R 3E 5 HIJR A Kellogg Biological Station —fluk » 3%k
TR IR RS AR RERT SR, - B SRR T 5 — SE B R BT I B S A RE R - R
SRER T T A PR A 2 A B SR NG R A A R A - IR ] DL B 38 B sl At B HE AT b
o PeftE LA RERE A - DIRES A SIS B A RS i -

R LR EEREEYNEER  SRERLEME - fR4E IPCC 2P RS
& (IPCC, 2007) #5H! » 19062005 - DASKfFF IR BT 0.74°C « Redfad Efm B
HEEEBRZPE  AfE#ERGHERERESEMNS S (UM EREKSS)
B SE 2 AR o PR R (DU T R LR ) LTER 2007-2013 fERFFEEE 215
15 flEEAEEEL 2012 £ —HHEL " HAVE KA AR BRI SR (Tave) » IR (Tmax) ~ 5
R (Tmin) B4R R (GDDs) » #1T R IR S E K Bl g JL a0 A 7= S /KR 22
FEBAPEREAL « BB RIEEREIR » AF9EER TLL LTER W52 & RIFE L 2 F R
BB CEKEG R 11 9RE R 22 - ILAh » FIFH THHMESE R TSR R B8 N kg
7 S AR

Denitrification-Decomposition (DNDC) # X EERELERHKE T - &I (C)
ELZE (N 2R EREERE S (http://www.dndc.sr.unh.edu/) « 8343 B /A6
Gy 1 BBy EE ERE - AR - S EE AR 3 H TR AR
7k~ pHAHE ~ BFEENA(Eh) FISYIBERIIRE 2 5 85 3805 - WEbrEN ~ &K
LER ~ SEE/E AR - 37 H 7 - SR B MY & kiR (COy) ~ Hi%E (CHa) ~ &
(NH3) » —2fb%& (NO)» —& (L& (N20)~ &R (N)RYBEIE - AT Z Ry -
LB E R EE TAURRER 712 20 A 0F I 2 80 R IRy st B L2 s A VL B U - T
Bl ERAES AR (CEE (N LEIEERE AL BT TP 2 iEEA S
HEEAYENERETIEEEEN AT HegESEE 8D Ry EY 20
BALERAYRAE o /£ DNDC X HF#EH/EMI 28 a0 : s KER ~ a5 E -~ IkRE
B~ KFEFE SRR ~ KRR SR ~ BA S & B N EYEEHEOESER ~ [RRIER
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k73l ~ ZRER RIS - #5 Lk Bas H BB E 2 S AAT -

TEVEVIEEREFE G - AR AR RES T - BORSGRERHERERRSE
oG LR AR A R $H A KRS R R4 B 5 3 TEY) fEAN RIFERIRE (K
H, LL ~» /K BRigfEH, LU) ~ REHIE Rk fEgE (& A, CA ~ K% A, SA) RHEHT - B#
ARAE ~ 30T B SR ek T R R IR AR BIRE 0 ARIFSRRR TR IR R A R R A RE R R
i T SR i B AR BIRE - W AT ERETAE A RIFHERI S N A RE R 2 E 2K 12 52
BAER » DI K EME R AR RRR AR FE 1 2 BT Je LB BRI 2 1 2 -

EERE e il - i B (RFRFYF & Bl K REEARRPERENKEZ
— HiRFE R R E B SR » MR AR R B R E R E Z4E51E (Naeem &
Li 1997; Altieri 1999) o Hr » F&d KU A Y26 M B 5 3 B i R 36 B I RES K
TERE M RISEIK T (Schmitz 2007; Obrist & Duelli 2010) - 5~ » Fa KHE H RB
85 W] DL AR 25 dd R R D RE » S I A (UK & B 28 ) I Y E W & BRI 138 T )
AE » B SAIEY) A4z B =0 A E MRl ny e rh o 2RI A BT sR HAE [ml i =
DU 3 B S - I HARE— (S R - vT DO e AR A TR oK JRE B
RS LUKER S « AR5 LEZEERINTKE W. K. Kellogg Biological Station
(KBS) RKIAARBIEERIEIE Eatdi & o 888 - KR (DG HRZENTEHE
BE 5 () ASHE R B & Ry 3l i 26 L F Bk i E B R RO H B RiFay i =8Y)
(prey) (GEREEET) 3 Q)TEWIC A BREJIFT K B & BRAEE: N EEITIE TAF - o e Mlak
FetEiE st (indicator insect) » 70235 i ER FTIZ 1 235 ) 5 Fe W IR SE R R B3 B4 53R
W B R T REITEE o BT R ER (baseline data) (Iperti & Paoletti 1999;
Zahoor et al. 2003) » 1} " fif = 3 A8 7 e SR IEDRH B2 BERY 52 A LUK S M S K] 1 39 75 ek K
TRREISZE - BRI & R A ER B E Y E B -

TERERCAH BB ARy - o2 EH A B0 i 55 {50 f EH PR A 5 A 208 AR S8 L S8 - S il
IRIFH & HURERE T 2 5% - IRIEEAEAS Rl R RS R Bl B P RS B i - NMEHEB RS
TEVIRISIE » IR BRI S E R RS AR 228 o BIARAS B B & R B R KT K
AN AR R RE R R - G2 E R R s AR SO IR E YRR 9 R B I il > T
PREEH Bk B B[RS [ (Kent et al., 2001) ; SAMnm i L6 sth & 5 DUE #% 7 Ui E
BF - Ak F AR (Echinochloa colona) » T4+ (Leptochloa chinensis)Z—4F
ARABIHRE R HESARME - NABHEBHKE HBIRER  (Monochoria
vaginalis) ~ fl#E/K TF (Ludwigia hyssopifolia)Z£FE#EEE (Ho & Itoh, 1991) - [K[jtt » #f
AR A R R R BAHERAE - FEE RINAE RS - DT & #r g
R e 0 O AR RRERIG R L o ERFHY SRR MR RS K B R AR B R S R R
Firb B TR 43 2 ST EIAE R BRI 5 WTRE E s s B
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RA e A EE R JEe - T R AR i B e i - PR ZE 0 (E P B ME R AT O 3t 7 B 1 -
HE T SO R B2 A B AR TERUAERE - AR IL - AWTIERr St RS R A R R A
BEFaR L 2 RERHA G R B AR E TR AEREY - KB B AE R st S (/K FH 2
PHERER R —HTE/KRS ~ IRV e A7k Fim (E R B A ROR I M AR b R HE 22 -

RAGREFFEEHEN R SRR (BRF) MHEFARRIEE  WREte (G2 T A
EFERER MR 2 - B R PR A RE RS S R -

MBS E

— - RERIIWHARIL
1. REREEAEH

AWFFELL 2006 L =R S R A REIF SRR, - IS GRS EMS Y -
AR L ES KEAT R RS T il E - R ERERIER 1R -
2. | AR R AT

18178t (Conventional Agroecosystem ; CA) LAFR{T . HEREA T 5 kT THEE -
AECkHF BAN5% 2 FioR 5 KAEESHE (Sustainable Agroecosystem ; SA) 2 ket B4 ko HE
1. BEENAREITSeuEAZ R -

Table 1. Information of three LTER stations on agriculture system

EH B RO BEAT
TR TR -
5 4ot
PO EE R L BEE L O
TR pH 4.0-6.5 6.0-7.5 4.0-5.0
Bty P g L RE

L - Y ERGE

LL-CA 164 H5E5(96-97 4F) S .
e UUCA KEEkFE(08-100 1) /A #HE
= LL-SA TEAE-H 34 (96-97 ) S -
;EZITE UU-SA FKFE-7KFF(98-100 4F) R I
2RI
7KAG-H3E(96-97 4F) -
okl _ = -
N2 o LU-CA KRBT (98-100 ) 715
7K Fe-H38(96-97 4F) .
HU-SA FKFE-1E4 (98100 4E) AHEE
HER 2 2008 200 2007-2009
i E:XIHF'EJ o 75 7 o
HHE ST E 8¢ 6 6 %

it ¢ LL B REESE,/UU Rk HEEIE, /LU Rk FimlE 5 CA RfHI TR/ SA Tkl -
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PSR 80% - 25 M BT BHSC i B KRR R BB - 5 f8 R A B AR R ik » AN SKHY
B BRI By HAR -
3. HARHE REM B AR 3 Fx -
4 REEHRZIWEE

R REYT e (RERATRE R AT BRI IR O RS REMEEMTS) 7
Bl e F AR A 1~ (B 2~ [ 3~ 8 4 k3R 4 R s REBRERMRS IR ARG
Wtk - BRGSO - MHENRE » HE - HIREFE > [N B A EGE SR ROAIZs HE -
RRUGFRDIF 25 RIS — K - (HEREC sk 2 G 8RB/ NRF 25 S8 SR R 25 B 2 S8
ERACIEE EX Gl S

2. BMSTGERR RS R R & -
Table 2. Quantity of fertility on Yuin-Lin branch station and Chi-Ko branch farm

o uu LU
TR CA SA CA SA
- HAEE 45:45:50 20:15:15
96-97 4f S izt 160:72:84 100:30:30
B HE 80:45:180 60:30:120 80:45:180
LL LU
CA SA CA SA
B KR 160:72:84 100:30:30 160:72:84 100:30:30
98-100 4 ... IKAG 160:72:84  100:30:30
w5 &AEE 45:45:80 20:15:40
o o LL LU
RS CA SA CA SA
B KR 180:175:130  100:89:68 180:175:130 100:89:68
96-97 4F e i 120:60:60 80:30:30
a1 R L .
HiE 80:45:180 60:30:120
B KA 140:70:85  100:30:30 140:70:85 100:30:30
98-100 4 ... 7Kk AE 120:60:60 80:30:30
w5 HAEE 45:45:40 20:15:15

it BBEELRy ¢ LL—/KHESE - LU — /K Rl - UU— RHGEE - CA—ETERE  SA— KRR
TEVILRE S ARy« KRS —GFF 11 5% - T —5R 57 9% - ¥&(L4E — 5 14 5% 5 etk
@Uﬁb N: P,Os: K50 -

3. BRIARRBLZ BRI A

Table 3. Different treatments between conventional (CA) and sustainable agroecosystem (SA)

7KkH FH
THITEZ(CA) TEM B A IR B A R % {o R T B X

KRS (SA) AN FHEEpR T e 75 LR A P
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1. EERESER IR FEun A B -
Fig. 1. The location of three LTER stations on agriculture system in Taiwan

2. EM e TR BRI (CA - BITHHEREZ  SA @ JKEFHER) -
Fig. 2. The location of different treatments on Yuin-Lin branch station (CA: conventional
agroecosystem; SA: sustainable agroecosystem)
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3. R S5BAa HILTIB (CA  ETHHPRES 5 SA « RIBHEBIY) -
Fig. 3. The location of different treatments on Chi-Ko branch farm (CA: conventional agroecosystem;
SA: sustainable agroecosystem)

[l 4. EEAFTRE D A A E A A O L (CA - EITRHEREC 5 SA @ KR ERZ) -
Fig. 4. The location of different treatments on Chia-Yi branch of Agricultural Research Institute (CA:
conventional agroecosystem; SA: sustainable agroecosystem)
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“ o mafkiEEE L REECEE
1. REAE R R KA R RIRE L E R RS 1T

Ty Mt 1 15 8 2 S UG & RV SR IR B L B DU B 2 R S IR B L B K E B 2
B AKHFFEZ WFZE 3 52 T B B R M i A i B /K A B 9 e 11 5% MR AR 578 LTER
WFFEh SR > 5 R L 28555 N B SE SR RN R AR (2007 £ 28 2013 £F) SR E R S IR 1H
TTRhAC RS B T AR B R o AT B SR SR A R B2 IR 1 20 I 0 o 3 e it
B ER (E A 2RI - RIS DI RS R% H < SRIRERFPI{E (normal year) BT - 5341 -

4. G R EERA B T R R A E R 3 -
Table 4. Meteorological information of three LTER stations on agriculture system.
G2M35 R G2L02 5555 Ft 72K22 Efk53 55
RSy R 120°40°47” 120°47°01” 120°47°64”
R 23°58°18” 23°48°57” 23°63°30”
WHREE (A R) 16 50 35
J&% A7 RF R 1987 £ 6 H 192249 H 198744 H
Morpho 2006 FRALA 2000 F-FHtA 1990 4EBHiA
ClimDB 2000 4 FtA 2000 4 FtA 2000 4EBHIA
REEHEH
R R \% \Y
e B e \
i A (G \Y
4 Sl
e EHHEM)
H HE#E 85 (Hour)
SR (umol)
Qs
e A
JE
JE\ T
RIS
KREES)
THRE 524
10 253
20 ~5r
50 243
100 253

< <K <K<K<K<LK KL
< << KL
<K<K <K<K KKK LKCKKLKKLK KL < <K<K <K <LK KL

< <K<K <KL
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JESR PS8 SN 22 2 SR SR BIPATRI 72102 47 E Rl R R WA Eram U AR

AR RZEEREY - 5 HRE IR AR IR E - A28 S — R E R
RIEAWF A G H ARG 2 4 RAEIE Growing degree days » #f#f§ GDDs) » HFHE A
QTR
GDDs = (Tave— These)

Hrb o Tave B H PRI » 1 Toase ;e 2L 10°C ARRAKFEEFEIRE (Sarma, et al.,
2008) -
2. 2012 &2 FH 15 RABE/KEERREREER BT

Ry aPthi 2w ALl 2= B KR 2 s B ATt e 15 (EEEREs 2012 £ —
HAE T HAME K R A R DURCBERR R FH 20 22 B DI 2 AT Sk ik S 38 2 R Ik 7k Fg 2 R AR
SRR ~ e R~ SRR B A R AR A T A R B R AT 0 R E RN ER 4
HIAEEYE » AildklL 2001 4F % 2010 3% H Z RIREREII{E (normal year) B « A
T i A 25 A HH B SR R B 22 LT 5 -
3. % F DNDC #5875 18 e AL 1l 2 B KRR E | s

RedPfhE LR 22 B KGR B2 g2 » i H DNDC i site X » 5 Geps il
TEVIEARE R A - AR HAHERE - WY B0 - mARRE - s/NRE - HYE
WOTERE ~ Mg~ TR (B~ pH -~ HRB) DURRIERFTRSE ; BT8R site =
FHRHEVIER RS - DIKFEEEY RN M EE « & - WEEDEH REAZ
FEBEAG SR  o BeAh - b2 s R E RS E AR AR T A ey A e
(SOM) Hy& & ~ HHERERT R T A MRS o o fs b B S R AL A'E P % T e ol FU 6
s Al rp 38 IR A R A AHBR 908 (B4« SRR ME A BT (DOC), NH4', NOs, NO,
N2O) o ‘EiR/KEMFZEERF - DNDC X € #E s B A I RS ~ Sl (Mng") ~ 88
BET (Fes")FITABSEEE e T AR IR EAI AR D HEH] » HRR—ER BRI B » &
BEVE R i B T a T E R e A AR i -
= AEAMEFETEZEYRERE

BC & o751 38 2 Bt Et - ARIBHERIE KRBT - & 57 h 30 2 B Ss &
FE R ERE -
1. K%g

FEFEFAE - AEMRBREARE S EERE - SRR OBENEMKS S
Hop R EY)#4:% - BB E A RN E 2 MW= (Disease incidence) EifEiH
Z#l (Disease index) o FEER B HEEMR VR A N SRS HFEREHA 5 B FEECER
25 # (panicle) FEKk - T5 200K Bl (9 BEAL R & TEIR Sk f%  IRTP (International Rice
Testing Program, 1976) Z&HE /7= » DURBHISZERINE & F 50 Ry FIE RIS - FaElvi It
Sy 0-9 #f - RAWRHEHE Ry 0 A - BRI 1% DUTE 1 8%~ 2% DIT kR 3 #)»
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2-10% Fy 5 # > 11-25% F 6 % ~ 26-50% fy 7 #% - 51-75% Ju 8 # - @ 75%
R 9 M AEEMBHIDIZREE 1% DU 1 #%-1-5% K 3 #f6-25% ky 5 K~
26-50% Fy 7 #ft > 51-100% Ky 9 # o A L PAENRFEHEI 5 B - R A
25 HIER IR EAR - MR E IR SFHRER IRTP (1976) 3R /720 DURBEASZEH
PR LR otk i8 - 1-25% Fy 1 #) ~ 26-50% Fv 3 #) ~ 51-75% Ky 5 #f ~ 75% DL L
Ro 7 > FTEEERHIER IR E G 9 ) - B T IIAX B E R E
(Disease severity) - HEfRE=2 (F58 x BXFREURIRIREL). /(9 x HEFA& ) x 100% -

&l 5. 2012 F- 215 15 FrikBaBi A EhE -
Fig. 5. Fifteen study station around Taiwan in 2012.
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2L

PEfTRA 5 B FEEEE 25 HREEAEZHERRRE - A ARAT «© R
G AR LB 28 » 0 @ REBH ¢ 1 - AERFIRAREE AR 1-5% 5 2+ RERFHE A
i 11-25% ; 3 : AARBYRAEBE(E PR 25-50% ; 4 @ ARFHHEEG B REIE 50% LA
b AR T P A RS R o RS =S (PR B EX PR RO R MR ) (AxRE R A TE )
x100% -
3.3

& PR A S B R S BRGNP =R - B 5 #k - ItRFHAE 100 FEIR
B EEERE -
M- EXERPAEHBEREERS-MEZRE

PHZE RS R EM S G HE B/ NE R % T A4 (K 120
cm ~ 5 150 cm) » AE S ZEEAT AR ER FH R R BT ~ SRRNEFERETHE 20 m g - X
AR AR (33 x 28 em) (Zl1[E] 6 FT7R) o 4 — 2 i o R AR M [l i 8 b8
B WA EEBZERNZ2% Yao & Tao (1972) 5 Yu & Wang (1999) & #% =< Bil [ 8 ki W6 30
SRR b P s Tk RSB B -
I RREEHAREMEFE THEE 281t

HREREBNTEREZEGRENEMREE S MR ORGSR ERER R
BREETT (B 3) @ EmM R EHEENREE - (REE B RRNEE/ & E
BEIEE 4 25 A 1 m® > SeEt B S/ 4 BEIEE - HATE R BB EER

1

6. = OFIRHMEIE -
Fig. 6. The situation of yellow sticky traps around the field
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ZER/NEREEIE R RERE - FEFMERRRIHE » BRIERT S H E TR
S0 1 m? TR A SRR AR R R I AR SIS VR R SR R
Al PR BRI R R R EI I (pl m?) » AR SR 5 - SUIKE 80°C HkHZ 72-96
h % FBHEZ E - 3B RL a4 T ER B SAS BB (version 9.1, SAS Institute) » f& ik
B&EIER B Sigmaplot (version 8.0, SPSS ASC BV, The Netherlands) « [ T 4% B4 HE R Y
EfE - R EHEE S (SUREARMEER - standard error; SE) AR HIER 43 EE(%) BB 1R
B Rt R R PR RS Bl B e AKX
LR AR PR

HER IR 5 43 Ee(%) = 100%
FRALLER FT L) BRI AR SR R

B

—  RERERZNE
LRI REIF S U R4 & SRR B L B

FE= RS - DLEM 5 < REETIRF R] iR - H 1988 - HIE S < B
R (A0tE 7 FR) o MEE SR R ER B A AR T (1993 £E & 1996 £F) - {H{BRENE
25 - RINBIAE R E H SRR 2 0UR S BRER » (HA5E 04T 2000 £ 2013 450525,
LSRIEEE AT > HIREHME LIRS (B 8) - KBTI R EENT 7T (B 9 5 IE -
2011) f5i - EGE RIS R BUR ARG Wi B 5 - ES{LIRE @ ing -
{HAE 2000 ££2 2013 4 [EIEAF 2RI LA AR W B - BT AR A RE R ek < B SR
FHAT -

7. EMIT GRSV R R L] -

Fig. 7. Average temperature and rainfall on Yuin-Lin branch station over the years
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8. EAE ~ ST BE LB EAE(2000-2013 4F).2 H SV st (L] -
Fig. 8. Average temperature on Yuin-Lin branch station, Chi-Ko branch farm, and Chia-Yi branch of
Agricultural Research Institute from 2000 to 2013.

9. i FEAFE (19012011 £F)N-Fai B8 R RN L - (7 - 2011)
Fig. 9. Average temperature and rainfall in Taiwan from 1901 to 2011 (Wang, 2011).
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& = T 7Esh iy H 2ERN R il 3R > SEhiltEE 22N TERN
RZBRSYIAIRE (A0fE 10 Z[E 12 fivR) ¢ {5 2011 2B 2012 R DY H A ERNE S » 1M
SR By S FE R 5 11 F AR (RS IR T i i R T B B A SR MR S 1
T RIS e () B 1R R A R R Y - 2012 2 /\H NRIMTERER - thiisE
R R SRR A - 858 7yafE A R - 3P 2 R RN CGE R 0F - idioiE
ZHARELE o RACEASH MR AERTGRIE L - QIR — LR ERES - 4175 f8 A B .2 B
TR EE - ERHHRS P AN B R AT T AE AR -

10. 2007-2012 35k AT HN R -
Fig. 10. Monthly accumulated rainfall on Chia-Yi branch of Agricultural Research Institute from
2007 to 2012.

11. 20072012 FFEMI G HN R -
Fig. 11. Monthly accumulated rainfall on Yuin-Lin branch station from 2007 to 2012.

12. 2007-2012 FR 53552 H R E[E] -
Fig. 12. Monthly accumulated rainfall on Chi-Ko branch farm from 2007 to 2012.
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LRMIAREWTFEN, 20072013 - 5a i 2L g 25
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PraniE (] 13) - MR T SRR TAR E L - (ERSBR AR R RIS o BB HRATS R
RAEIE AR  WORBURRIR A B EIRN 2 G - JR1M - IPCC #di firfia RIS R 55

JTEFELL B KRR BEBUAIRS R - BRSPS 2RI B B A R 3 34t - IPCC 519
REFAGH S IRHE Y » 1995 4E 28 2006 435 11 4FRE i RA F#l 25 B0 (1 1850 4F-LA%K)
Hh AR AR 12 £ AR RTEIR R R 35 ) 51¢E 2006 428 2013 47 » HEH] LI 1 18
SRR B T R RE I -

2. FIAE REIF ST, 2007-2013 /K AR AR R 0 SR 0 B i 2 o Sl s 0 A

DUEM S5 B 28535 A R SR R R A /K R G RS 11 57 AR R H S /i by
FLHE - SRIGEE A R 2 PR B AR RBGR T 28 - 15 DU R 22 Bl Bl kR s & o
TTAERR BT ER 2347 AT AT TH 2 BE BLER @ ER 53R 6 - IRIE ARG B SRR
B SR T AT - R IREEUR PRS- AR R IR B A s R AR AHRE - p (B
A%y 0.62 B 0.41 - ARifi sk MIBAINT S » TARS BH0 7 86 B P R0 B A RAIR B+
LTS (B 14(a) ~ [ 4(a)) © PUERREL ¥ 3k 0.17 B 0.28 - ARIEIR LR R
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EFEE R B R R (1 14(b) > PUEFREL kR 0.301 « R » ROBHHAR
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A HEER S - BlE RS RAEE Errm M (B 15(b) » r2 = 0.0376) © Etk 5L
VIR IR HGE Ry 22.5~26.6°C » (R EESS .2 PRI MR Ry 22.0~27.8 °C - MMifR#EATE
T AREEIR - AR5 B T 2351 2 S T B A Rl B 7 0T Pl 2 B S g g 3%
RIEEHEHI R 11 5% 28 R SEIIRIRAE 27 "C A e A RkEEERE - [BR 27 "C S
1A 27 °C HIEE SRR -

HA B SR R ERHE R 2 (—ESARIEREIE - L3 ) » REHEIT AT
BAYRD - R SEEA RS EAk o 5 BLR RGER & R T 08T - HoAS SRR
o) SR I B A R R B 7 R [ B AR - p {03 0.06 B 0.29 - gLEEEAI S » /K
Fei e RO B V- SRR B A IR Bt N (B 16) - PE (REL r* 43Ry 0.15 B2 0.05 -
RSB G ENR O RG T E G AR » GOFRSERETOMEIERZE LA —
B EA B » WTREE 52 Ih A B S5 AT I A5 D S TS SR o R ) (B AR B )R
RSt - BT Bl i E SR BRI - FRIKse KRR B R B - PR ~ B R
R E BRI AR - /NIRRT A ZE R i i 1 B R 3R (P R
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Table 5. Environmental data and yield of rice grown on Yuin-Lin branch station and Chi-Ko
branch farm from 2007 to 2012

151

T o1 Mizd® 4B FEE :Pi/j;ﬁ/ B RAER
(kg/ha)  H#%t  (kg/ha) (C) (BEH)

2007 K EdEE 1 160 116 9170 26.4 1902.9
2008  JKEidiEmfF 1 160 127 7063 23.1 1668.5
2009  /KEHEHTE 1 160 126 6736 23.7 1726.2
2009 K FHEE 1 160 126 6946 23.7 1726.2
2009  JKHHEEE 2 160 128 9222 25.0 1919.4
o 2010 KT 1 160 134 7783 22.5 1673.4
Bk 2010 ZKHHEAE 1 160 134 9334 22.5 1673.4
% 2010  ZKFHEE 2 160 119 8931 25.2 1808.2
2011 UK EdEE 1 160 141 7314 22.8 1799.6
2011  JkFHEE 1 160 141 9224 22.8 1799.6
2011  JKFHEE 2 160 120 7403 26.6 1991.4
2012 Ik EdEfE 1 160 141 9065 235 1904.6
2012 JKHHEEfE 1 160 141 8721 235 1904.6
2012 JkFHEE 2 160 124 8403 24.8 1829.5
2007 Ik E#aE 1 180 115 6533 27.0 1956.7
2007  JKFHEE 1 180 140 6832 25.1 2109.7
2007  JKHHEEE 2 120 107 4446 27.6 1879.6
2008  JKE#EHTE 1 180 120 7106 25.0 1798.5
2008  /KHHE#{E 1 180 120 6837 25.0 1798.5
2008  JKFHEE 2 120 117 4913 27.8 2085.6
2009 Kk EidnfE 1 140 122 7428 25.4 1874.4
%2009 JKHHEA{E 1 140 122 7429 25.4 1874.4
,;% 2010 K EdafE 1 140 141 8340 23.2 1863.4
% 2010  ZKHEA(E 1 140 142 8776 23.2 1873.9
2010  JKHHEEfE 2 120 120 6233 25.5 1860.6
2011 K E#aE 1 140 146 7823 22.0 1752.3
2011  JKFHEE 1 140 146 5514 22.0 1752.3
2011 JKHHEEfE 2 120 123 7370 26.5 2024.5
2012 JKEdEfE 1 140 140 9586 22.7 1780.2
2012 JKFHEE 1 140 140 8505 22.7 1780.2
2012 JKFHEE 2 120 134 7130 25.4 2063.3
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[ 13. 20072013 452053455 (B (0) BLiR 1 855 (R E0) V- e SR s L B B4 -
Fig. 13. Monthly average temperature between Yuin-Lin branch station (blue) and Chi-Ko branch
farm (red) from 2007 to 2012.

[ 14. ZKREAE RSP SR Bl B SRR TS IR - ()M 5 (DR -
Fig. 14. The regression relationship between yield of rice grown and average temperature: ()
Yuin-Lin branch station and (b) Chi-Ko branch farm.

[l 15. /KASAERARIR B B SR AT ARG R - QB 5 (0BRSS -
Fig. 15. The regression relationship between yield of rice grown and growing degree day (GDD): (a)
Yuin-Lin branch station and (b) Chi-Ko branch farm.
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16. SEARIMGENZ SRR R SRUR B B SEERATRS SR - (2) PE5 > (o)A RAEn -
Fig. 16. The regression relationship between yield of rice grown and (a) average temperature and
(b)growing degree day (GDD) on Yuin-Lin branch station and Chi-Ko branch farm

3.2012 & FH 15 RAEE —HHE —fE KA RAKIRMEER ZHE 2T

MR8 2012 215 15 Rl R i R B H AT R HMEHETT 00T - A5 SRR
A e R R ~ i SRR IR SRR B A R AR IR B A R SR AHRE  p {5 Ry 0.63
0.997 ~ 0.36 £l 0.43 - FLHEZEMT S » 72 EFE 52 SR Bl i AR Sl 7 R (B 17(a)
(d)) > PEFREL ¥ 53311k 0.02 Bl 0.05 - |72 - e RS A R 1 Bl ot v SR b i 7 (5
17(b) ~ (c) » YEFREL ¥ 4351y 8E-07 Ed 0.07 o MEF/MHTAUHE SR » HykiE (R R 1]
ISR EE BT AT AS SRARK » HEIERIKIES S F AR W A S R B R % - i g2
FERFEHRNRLZ AR - BAK T ARUFE AT g B R R A =R -

4.DNDC #1058 F R 2 kR E R 8

BT AEE SN - SIS E L K TEE R T HIE SR LI - AR DNDC #
FAGIEANLE (200E 18 FioR) @ 2 AR S R R P R AR R M F R AT -
= AEAMEFHETEEZEYRERE
1.7Kk%5

2013 55— BAEIR I R 55 B B MR 43 B /K AR A B BRSO 3 4 > TR BRI 3 H
VIBNBHIAZE B A - 4 ARSI K R BHIA S AE - FERR IS5 B Ef TEmIB 165 - BN L
RIS R A R INE @ IR EFRES TRZBEE (R 6 8)  SURMNMZIES KT 5
AHmERFEA (R 7)) xEWERES 6.3% (5 H 15 H, LU-CA) » Etk53 5 AE] 6/5
Wi — KHERFAHZERE - BWESH R LL-CA 0.0% » LL-SA 0.8% * LU-CA
0.2% FI LU-SA 0.1% - 25 " HAMFM B W3 3 A fa Bvis - (a8 RAN (RS ks
1.0) TN R = IR L1555 LL-SA 24.6% (10 H 23 H % 9) fIZ#k5385 LL-CA
24.0% (10 H 2 H» % 10)- SR A H MR SRR B EI TR AR T B2
FHorATEREE SAS-EG4): Al SREEUREREE —IFR CURGHI K EESE (LL) FIEM 50
KEBEGTE (LU) 2 CA Bl SA REFHHFE 2RI HEREERE R RS v
(P>0.05) -
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i > (C)ixErRd  ()RIERE -

Fig. 17. The regression relationship between yield of rice grown and (a) average temperature ,(b)
growing degree day (GDD), (c) maximum temperature, and (d) minimum temperature on 15 study

stations around Taiwan.

18. DNDC #5UHH 5 1 R J i = S /K R i g 8 -
Fig. 18. The DNDC modeling applying to predict the effect of the yield of rice grown via
temperature difference between north and south Taiwan.
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3 6. 2013 - — MR L R85 /K R EERG B o T =R BRI [ -
Table 6. The disease incidence and disease severity of rice leaf blast in Chi-Ko Branch Farm in
the first crop 2013

Disease incidence, % (disease severity, %)

Treatment

3/07 3/20 4/03 4/17 5/02 5/15 5/29
LL-CA! 0.8(0.1) 0.8(0.1) 76.2(17.9) 7.8(0.9) 8.4(1.4) 0.4(0.0) 0.0(0.0)
LL-SA 1.0(0.2) 1.8(0.2) 56.8(10.0) 2.9(0.3) 7.0(1.0) 1.0(0.1) 3.2(0.4)
LU-CA 0.9(0.1) 1.1(0.2) 89.2(20.5) 10.5(1.2) 8.2(1.5) 0.3(0.0) 1.8(0.2)
LU-SA 0.8(0.1) 2.3(0.3) 95.5(20.5) 9.4(1.0) 8.4(1.6) 0.5(0.1) 1.3(0.1)

L LL-CA: high input in succession Lowland cropping; LL-SA: low input in succession Lowland cropping;
LU-CA: high input in rotation Lowland-Uping cropping; LU-SA: low input in rotation Lowland-Uping
cropping.

2 7. 2013 - —HAMEIR 5 KRS U iR < P 2 LA . -

Table 7. The disease incidence and disease severity of rice sheath blight in Chi-Ko Branch Farm

in the first crop 2013

Disease incidence, % (disease severity, %)

Treatment

3/07 3/20 4/03 417 5/02 5/15 5/29
LL-CA! 0.0 0.0 0.0 0.0 0.0 1.6(0.2) 1.2(0.1)
LL-SA 0.0 0.0 0.0 0.0 0.0 1.2(0.1) 1.4(0.2)
LU-CA 0.0 0.0 0.0 0.0 0.0 6.3(1.3) 1.4(0.2)
LU-SA 0.0 0.0 0.0 0.0 0.0 3.0(0.5) 0.3(0.0)

L LL-CA: high input in succession Lowland cropping; LL-SA: low input in succession Lowland cropping;
LU-CA: high input in rotation Lowland-Uping cropping; LU-SA: low input in rotation Lowland-Uping
cropping.

2 8. 2013 5 —HWFEM I 5K RS BERT 2 < S SR B . -
Table 8. The disease incidence and disease severity of rice leaf blast in Yuin-Lin Branch Station
in the first crop 2013

Disease incidence, % (disease severity, %)

Treatment

3/14 327 4/10 4/24 5/08 5/22 6/05
LL-CA! 1.2(0.1) 0.6(0.1) 90.0(21.2) 100.0(59.7) 7.6(2.1) 2.8(0.3) 0.6(0.1)
LL-SA 1.6(0.2) 1.0(0.1) 80.4(18.5) 100.0(37.5) 11.0(3.2) 0.2(0.0) 0.0(0.0)
LU-CA 1.8(0.2) 1.5(0.2) 95.1(26.1) 100.0(47.0) 9.8(2.7) 2.5(0.3) 0.0(0.0)
LU-SA 0.9(0.1) 1.2(0.1) 98.8(29.3) 100.0(42.5) 11.8(3.5) 1.4(0.2) 2.0(0.4)

LLL-CA: high input in succession Lowland cropping; LL-SA: low input in succession Lowland cropping;
LU-CA: high input in rotation Lowland-Uping cropping; LU-SA: low input in rotation Lowland-Uping
cropping.
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3% 9. 2013 58 T HVRE T R85 /K R EERG B o T =R BELRE IR | -
Table 9. The disease incidence and disease severity of rice leaf blast in Chi-Ko Branch Farm in
the second crop 2013

Disease incidence, % (disease severity, %)

Treatment

8/28 9/11 9/25 10/09 10/23
LL-CA* 1.2(0.1) 6.6(2.3) 7.1(2.3) 7.3(9.1) 12.4(1.4)
LL-SA 4.6(0.5) 2.6(0.3) 5.6(0.8) 11.7(4.2) 24.6(2.8)

L LL-CA: high input in succession Lowland cropping; LL-SA: low input in succession Lowland cropping.

7 10. 2013 55 I FEM G /KB SEREEIAN L FER SR ELFE IR L -
Table 10. The disease incidence and disease severity of rice leaf blast in Yuin-Lin Branch
Station in the second crop 2013

Disease incidence, % (disease severity, %)

Treatment

9/04 9/18 10/02 10/16
LL-CA® 5.0(0.6) 8.2(2.2) 24.0(13.3) 0.0(0.0)
LL-SA 5.4(0.7) 6.8(1.7) 21.4(11.2) 0.0(0.0)

L LL-CA: high input in succession Lowland cropping; LL-SA: low input in succession Lowland cropping.

M- EXERPAECHBEREERS-MEZRE
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19. 20082012 R[55I CA ERE#HEL -
Fig.19. The change of the amounts of ladybugs in lowland-lowland conventional agroecosystem on
Chi-Ko branch farm from 2008 to 2012.
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20. 2008-2012 JZ 1 E2 L HE SA LS L -
Fig. 20. The change of the amounts of ladybugs in lowland-lowland sustainable agroecosystem on
Chi-Ko branch farm from 2008 to 2012
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21. 2008-2012 R ESHmF CA ERlas b - (2012 = "I EIIHIKEERRR - fE4RlE
WO - SREERRAN)

Fig. 21. The change of the amounts of ladybugs in lowland-upland conventional agroecosystem on
Chi-Ko branch farm from 2008 to 2012
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[ 22. 20082012 32 [ 250m1F SA B FlEE1 L - (2012 4 JH{EIFHIEAEIE R - 164l Fik
SECEE - AR AN)

Fig. 22. The change of the amounts of ladybugs in lowland-upland sustainable agroecosystem on
Chi-Ko branch farm from 2008 to 2012
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23. IROIESME RIETHHF B S L -
Fig. 23. The change of the amounts of ladybugs in the conventional field out of Chi-Ko branch farm
from 2008 to 2012
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K AEREURERIFEITHHER (Lowland-Upland/CA) ~Pala i EE R 1.02 (&% 3
T B O 1) A1 R E L B0k 1,36 mF /KA RHFlE (Lowland-Upland/SA)
S ER ISR 0.96 (% 3 1 > x4 0 18) » S Fr it Il a8y 1.44 - 55
IMRREITHHEER — ~ ZIMEREE A 12 K WS REURE Il e A EORy 0.63 (B
% AT - iy 0 1) - SRR AR Tl e 20k 0.86 « FR S R al @ ARG R - Nk
TR - U~ 21~ R0 BORE M R AR LB - USRIl s E RS
7 25 il Il i A B2 36.92-68.12% » H R Ry iH Ml ak 17.24-38.46% - A ~ AL ~ 8
B~ ARE o~ R NEEER AR —I0E - R EE R R B E R R
TFl% s SR REITHHER R IR R SR A4 N iU Tk - HBR G T 48 28
AHEIEFEAD - HR—IAEIAR Z e 28 A8t 2 B R & B 1 TR E AR L - (H 348
AR 5 Bl v e Bl /K AR BA R 2 K fioe AU RE DR 25 3k & 5 FA R SR ff o2
Vet R R B -
SRS (GEUE 24 EHE 27 BiR)

7Nl &% Cheilomenes sexmaculata (Fabricius)

S & leis koebelei Timberlake (f 534 5 9 &)

SACE &% Lemnia biplagiata (Swartz)

-+ 2 5[ Coccinella septempunctata Linnaeus

MEACEN &% Propylea japonica (Thunberg)

JRE D& Lemnia saucia Mulsant

TR &% Micraspis discolor (Fabricius)

J\EE &% Harmonia octomaculata (Fabricius)

7~ 9 &% Oenopia formosana (Miyatake)

K+=E5[& Synonycha grandis (Thunberg)

EFEAEGHRE 12 X fEREUEFEITHHER (Upland/CA) V- E & FEEEEL
By 099 (k% 4 M - x4 0 1) - P i IO 1.69 ¢ I KERHEE
(Upland/SA) -l s dH 8Ok 0.81 (5% 3 1 » fx4 0 Fl) » P97 Fr RO JE 0 2 B
Ry 1.68 - fm il HIEHIR RREEEN - RGERHE - BN — IR E 7 K &
REURER{EEITHHEE (Lowland-Upland/CA) ~Faflas i siE Ry 1.09 (&% 3 M - &
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24. 20082012 K5 H33(E CA WAL -
Fig. 24. The change of the amounts of ladybugs in lowland-lowland conventional agroecosystem on
Yuin-Lin branch station from 2008 to 2012
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25. 2008-2012 MRS EEIE SA WEIEEL -
Fig. 25. The change of the amounts of ladybugs in lowland-lowland sustainable agroecosystem on
Yuin-Lin branch station from 2008 to 2012
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26. 20082012 EHkS 1 E CA TSR L, -
Fig. 26. The change of the amounts of ladybugs in lowland-upland conventional agroecosystem on
Yuin-Lin branch station from 2008 to 2012
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27.2008-2012 =3 HlmlF SA @ Fla L. -
Fig. 27. The change of the amounts of ladybugs in lowland-upland sustainable agroecosystem on
Yuin-Lin branch station from 2008 to 2012
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EE e B R R B LR T - MES AR RRCRAE BT S 15 A] DU 273 E IR
& HEW B BRI T DU - eI A aE i EA R - FIRHRERRFENE
SR8 - A REF TS HOOE - 0 R AR B R C A E A R B AR S DU I A
BARRTHEEEE T -

Fig. 28. Differences in numbers of weed family and weed species in vary cropping systems in the
first and second cropping seasons of 2010 to 2013(only first cropping season). PP: paddy-paddy
cropping system; PU: paddy-upland rotation cropping system; CA: conventional agro-ecosystem;
SA: sustainable agro-ecosystem.
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Long Term Monitoring on the Effect of Climate
Change on Agricultural Ecosystem

Chi-Ling Chen*, Jenn-Kuo Tsai*, Ming-Huang Wu', Chih-Feng Chiang®, Jyh-Nong Tsai*,
Chun-Wei Chen*, Chien-Chung Chen?, Jih-Zu Yu?, Hsien-Tzung Shih*, Shu-Pei Chen’,
Chiao-Ling Hsiao', Chewn-Ming Yang', Chia-Hsun Ho*, Ming-Hwi Yao®, Jer-Way
Chang*, Hong-Shu Wu?, Win-Chang Sun?, Rei-Chang Wang?, and Wen-Jer Wu?

Abstract

The major aims of this study are to investigate the effect of climate change on
agriculture system. For these aims, firstly, meteorological data are analyzed from three
study stations of long term ecological research (LTER); include Yuin-Lin branch station,
Chi-Ko branch farm, and Chia-Yi branch of Agricultural Research Institute. Air temperature
keeps increasing from 1988 to 2013 in Yuin-Lin branch station; however, there are no
significant differences from 2000 to 2013 in three LTER stations. Besides, rainfall in April
2010, April 2011, and November 2012 is higher than previous years. Secondly, there are no
significant linear relationships between yields of rice grown and not only average air
temperature, but also growing degree day (GDD) in Yuin-Lin and Chi-Ko, but the yield
show a reducing trend if the average air temperature and GGD increase. Also, there are no
significant linear relations between yields and not only average air temperature, but also
GDD in 15 study stations around Taiwan, The yield in 15 study stations show a reducing
trend if the average and minimum air temperature increase, but increasing if the maximum
air temperature increases. Moreover, DNDC simulated model shows an inconsistent result
with realistic situation which the yield in south area is higher than in north in Taiwan.
Thirdly, the major rice diseases are rice blast and sheath blight, and the disease incidences
have no significant differences between conventional (CA) and sustainable agroecosystem
(SA). The major sweet potato disease is southern blight, and the disease incidence shows a
slight serious condition in CA area. The major peanut diseases are leaf spot and rust. There
are no significant differences in disease incidences of leaf spot between CA and SA, but the
disease incidences of rust disease are lower in CA. Fourthly, the dominant indicator insect,
ladybug, is Cheilomenes sexmaculata (Fabricius). But the biodiversity of ladybug has no
differences in different years. Finally, average weed density, average weed fresh mass and
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single weed fresh mass are higher in SA than CA. Average weed fresh mass and single weed
fresh mass are higher in paddy-upland cropping (PP) than paddy-paddy cropping (PP), but
average weed density is just the reverse.

Keywords: Long term ecological research (LTER), Conventional agroecosystem, Sustainable.

1 Taiwan Agricultural Research Institute, Council of Agriculture, Executive Yuan.

2 Tainan District Agricultural Research and Extention Station, Council of Agriculture, Executive Yuan.
3 Department and Graduate Institute of Entomology, National Taiwan University.

4 Corresponding Author, Email: Chiling@tari.gov.tw; Tel: 04-23317407.
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B AAFAEE & S5 ET
FERAS * SRR Y R AR T EREIR T
HE

ITERIRAGERE » BRSNS RS RE TR EES
BATE - HNEEAGRREATREL - AHZH S R BRIE E25 5 1R R A
TR Gk (WTO) Bk T » BRI RZAIREH » SR IS EIHERN 1
M MM A SRR SRR S B B IR IR S 2 2 A R Al
A R R v B S R Ry KT HE 1 B P B ROk oK - BB HIT 28 Bt F R i e -
HEE ARG KR EREE - X HA RHREIETT TR - B E S ES
B AR R AR - FEEDRHEOR R IR 2 Te Al B T AT DUE Rl AL AR B FE A SRS 38 452 -
IR BE /K A - BRSSO R B 15 ~ A 1800 - S5k kg s T~ /Ky &
TAEREE R - HINMESRR BRI NGRS -
RASRER - KT - BREGE - BEEHE - G -

BIS

IERRRERY » ERKBLATEEREERE - BEENEREER
AR - HMEREERFRENERE - DEZEHEEEREEEES BRI S
FETE B R - SRR B S ERRIA - BIRIVERE B EH Z Tl » ERImIULpln R~ -
BN EmA S E S (WTO) BEIMIEKTS » BRMWFERT REZXFRS - H
o Y A A BRI 0 BN T BORMERYRHRGIBOR - BB R T HEB RS FH AR R
TERTEE « 42K » BER IV IR A KB B EE - RHEHRE BRI T - (BT
TR ZERRE - DUREY 98 - Rufill - R /A TEImER 26 BAHE » G122 &
ONUER B R HE - S PR - ARG 6.3 B AE 2 3 5 BRI R IR G HHE - #i )]
MEZE SR WREF A - R el A e BB HEIRIR - BEERE R ERE
BB 5 KRB TR /K IR BEME - KRR S M7 R B T B » ERUERRLEBEA
KEA -~ V18 KRR KR REERE - ERIBCR 8 ; EREFHBIR
FFIUASE SiE 110 (800 - ERE 89 £ E S » BUNIIIF B E Bk B[ HE -

GNP A BRI RIE L - VEEE - ATBEE - 2 - DG RAERNIER
GREEEGRIA 32.0% » BHEHHSFEREHG 25.8% (RE 98 4F) & [T KERBEK

1 TR g RSB P BV -
2 WEREHE B F{E5 © dhwu@tari.gov.tw 5 EEEE © 04-23317106
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FIEH] 100%4h - /NEEIHER AT 126 HAWE (FTRAK Y 93 EANE) - HEHE 236.5
AR > 2P RRENE L 5 FORHEIH 462.5-500 [HNE - 98 (IFERR S - BRI A AR A
9.0 ENE - BEHE{ A - BINABRIEYETEA 1,000 SN » HB R4 ER 145.3
BN (Fk 131 B MR ROk 14.3 BEANR) - (5FEERY 14.5% - 85.5%HER(IFEET -
B AR o 5 E AR RS R E B R - 18X B RMATETEF 70 R
fi i B BE R A EE AR - REALEED S SHE W 3 R RV 18 BRKRE G S - A8 R
HMhH®E (8 2013); MIHCAREZEERNIIRRE R - AR ESEE R KGR R &
FAAE - 2T RIAEZ B IREE S » RERFERIRIRZ TeAb - RHRSZHE D BRHE
M EE R R ARHE - SEE R R EAAE s W] DUE RIS LR H Y SRS 242 - B vk H
TS > B AL U S B IR L ~ SRR - /K R T KRB RBE -

TR B F R BRI R R R AT K - R R E B —EE AR - FiE
K¥Z i tEsE » BEAREWRBRANES » K& RIS E SRR B A AL E T
AP BE - EBSMS I ARE MR (GR) Kl LB A EESERN TR » (EEIEE AR
W5ERT CIRRL) 5 ARBTRELEE RSB » BUrh BRARE & H 3 A E s A R fe bkt
B HAWE R ELTE - 02 B A S ELSRIEM ; AR |mENRIE LA ER
FERR B B T A REELS BN BHAEE 150-160 K - mnfill & K ik s BB E
MEA - BoE BA RO KGR - 5 AREERE AN NTEL » s ENE:
BEMR T R AR - MEEE I B S E TR E S FE » A A S %
PRAE M R

MABEAMDAGEE S HEENIERRGE - IS BB ERS SNEAES
HiE  EREERE - RRLE ~ SPUEIRME Bk o B S R R BE JT B s i 5 R 1 5
SRR G EERNS R T RRBN RS & PROE T A BRI LT HE e R
MARR R » A EELE (R) WEERMEELPE BB ITIVA « KRG
A BN RS HEE R AN (GR) - EIT{E BTRE N - (iEERE
BARRERIHTLR » VE R B AR R B S R sl 5 6 DARE 67 -8 i ay fA HE S
B0 T A = Rl 17 5% RyliililEl - 58 b BT BER R B R T - ME R AR KRS R
JiE P A Bt ORI Y HE R Al - SCRF R A AR 2 e L L FER B R L A

MR T A
FRERABERRERRTE TR
B R ATE T 2 16 Al - FEAUEE MR - EUEEIAERRIME - SRS

RSB ATEABR T - Dla il 17 Sl B i - ET TR ERrAh - B - ZAHE - EA
TFE IR 2000 82 - BB EEA— 20 BBOVEI TR B B AR R - FRAG R
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FEBRBREHE KIRES  TF R IR R HER AT R+ BUE R B EDRH R oK
R R -
BRI ERAME (B9Hl 17 57) FHUR

EHAL 17 SRR E RS - EEN R - B ESMEER SRS - NEGER
{HE R INRA T Bl — i B P A B - M5~ I ZENR St R PitERE I A~ 2
FHE - EEEA xab > xal3 Bl Xa2l F=E§THEERK AR IRBB59 (Chu et al.
2006, lyer-Pascuzzi et al. 2008, Song et al. 1995) - &z BG4 fafa R i my iR s A
A DLa il 17 SR E VPl i 5 e iia s B HAR IR (X)) zinfd (GR) @
TTHER - R AR R i it < DIREEAREE (function marker) » YETTIEHE H AR AL K]
R R Y b - ERE Fo AEURR AR R D RS E AR AR o I ZEAps L3 BlE A R AR A AR B
B B A REIT A Tt R RN BB = - DR E Ry 4 B/ N LT
TR R o FI R LA AR E W B ER AL R T AN R A AR A - WS R Y B AP R AU —
o o WEILERAEITEIARS - BS BCiF T - & BCiF HUFEAR M TR AR - %
FEEH 100-200 #k » DATHREMEAR RS R AP R ARG & HES T HAR R KB HE - NG FEB0 T 52k
Pl B PR R B 1R 2R - [R] RS2 52 2 200 SR A Bl iy B B AR U AR AR » T B SR [R]58
AREEE - iU BCoF: FEASTE ¥ - 2NILERF B EIHUG BCsF, fl 1 R HREETH A
JE1S BCaF, 153 Bt A 1~ » F5AE 7 HH [ 0 1 HP o2 52 R B AP R AU Bl 5 v R 17 5% S e AH
PAItERR - MRS TRERS - BUS IR R G RREASRE T -

EEES

IFRRASEMREERTE MG

7% 1-8 /2 2012 J¢ 2013 - Z W55 — MRV EE & A S ER ke B R EEIR
LT o # 1 BURTERE BAE LR AR A2 SRR - B A R ] B MM
ARRATAE 3 2% 2 B B A fnfo e ] e ot A B ] L R B SQ R AE 5 3% 3 B
ANRERAL SR EM B 22 3 - TR AR AR ] A M B 22 AP AE. (3R 4) > bk
B PEARAE SRR B A ] L AR ARV A2 AP AE - R SRR B R
R e TR AL An A ] A MM B A R AE (% 5 7 8) > AR BEFA] 2 AR AR
HERAE s —FERCBHE IR A B 2 AP A - i B 4 JEE ] B A R A IR AT
f£ (5% 6) -

# 9 B2\ R EMEIRTE S — IAMFRY I E - RREER LG HRD 17 57 Ry B I
il - (ERER S RV L - 9 (8 25 A AL R AR R B UG - DS 278 951005
Bt & 6,738Kg/ha ey 7 fE S ARIRE AR FEEAIE 992106 57992137 47992142
S eE TRl 709 BRAVAER A R B R ER G 2 R - HrpLIahAlE 700 9%
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Bt - MR ELGERAT 992106 572 590.79/L fx& @ #EERGHAl 17 572
5699/L - {Hi& A #H3% 72 BRATAE s 2R RN R E R B IR - ZEAE 992106
BAETRIE 955 BREE RN ERSE 2l RcEESRHRSENS R HE5E
ERIE 992106 K 992142 5% » (HIR G #FE ZRAAE » EEBEIRF » IrE 250 R
A o 5 R B 0 A A S B S R o — UK SRR T B I L R B A AR R R Ry
CW0986-122-1-1 ~ i 75 1001038 5% 5 HHlE 709 5% » R E R & EH IR MAERY 230
%A 8 il - IR EHEZEAE > ThEXRIEBNHERSEN SR AR - 250k
TR962124 5% ke 5% kRl E 992142 5% -

1 B e R 20T

Table 1. Analysis of variance for grain yield in first crop season.

Source DF MS F value
Crop season 1 1266507.35 0.54
Black(Crop) 2 2338289.09 9.38***
Variety 16 3225328.19 2.24*
Crop*Variety 16 1442956.83 5.79%**
Error 31 249287.35

* 2. B ERERE T

Table 2. Analysis of variance for volume weight in first crop season.

Source DF MS F value
Crop season 1 206.51 1.05
Black(Crop) 2 195.76 0.88
Variety 16 2591.35 3.79**
Crop*Variety 16 682.84 3.06**
Error 31 223.37

& 3. B IWERER 5 A

Table 3. Analysis of variance for panicle length in first crop season.

Source DF MS F value
Crop season 1 29.64 13.86
Black(Crop) 2 2.14 0.89
Variety 16 17.86 4.58**
Crop*Variety 16 3.90 1.62

Error 31 2.40
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Table 4. Analysis of variance for panicle weight in first crop season.

Source DF MS F value
Crop season 1 0.02 0.10
Black(Crop) 2 0.21 3.22
Variety 16 0.75 6.17***
Crop*Variety 16 0.12 1.86
Error 31 0.07

2% 5. B IIWEREBLZ B 5 A

Table 5. Analysis of variance for panicle number in first crop season.

Source DF MS F value
Crop season 1 28.76 1.70
Black(Crop) 2 16.96 2.38
Variety 16 24.05 5.08***
Crop*Variety 16 4.73 0.66
Error 31 7.12

7 6. S E— TR B T AT

Table 6. Analysis of variance for spikelets per panicle in first crop season.

Source DF MS F value
Crop season 1 448.28 6.91
Black(Crop) 2 64.84 0.87
Variety 16 660.74 2.89*
Crop*Variety 16 228.94 3.07**
Error 31 74.69

x® 1. BIERER 0T

Table 7. Analysis of variance for seed-set in first crop season.

Source DF MS F value
Crop season 1 454.03 6.45
Black(Crop) 2 70.38 3.35*
Variety 16 104.72 5.68***
Crop*Variety 16 18.43 0.88

Error 31 21.00
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Table 8. Analysis of variance for 1000-grain weight in first crop season.

Source DF MS F value
Crop season 1 0.34 0.03
Black(Crop) 2 12.52 7.48**
Variety 16 46.50 17.62%**
Crop*Variety 16 2.64 1.58
Error 31 1.67

* 9. B IFEE KRR FIE

Table 9. Mean of yield component and agronomic characters in first crop season.

) Volume Panicle Panicle . . Seed- 1000-grain
Yield . . Panicle Spikelets .
Name weight  length  weight . set weight
(kg/ha) number  /panicle
(9) (cm) (9) (%) (9)

Tainung Yu 941007 6220.9  558.7 20.7 2.0 16.4 102.9 77.1 234
Tainung Yu 941009 5819.0 536.6 19.0 1.9 20.5 79.7 83.5 27.8
Tainung Yu 951005 6738.2  540.7 20.4 2.3 20.6 93.7 85.8 27.3
TR962124 6173.3 535.8 20.3 2.7 14.4 88.8 90.8 32.8
6141.4  511.9 23.4 29 16.8 123.2 88.5 25.3
CW986-122-1-1
Kaohsung Yu 4953 5530.0 5384 20.2 1.7 21.3 83.8 80.0 23.8
Kaohsung Yu 4962 5504.7  495.7 20.4 1.9 20.8 99.5 78.7 22.0
Nankeng Yu 991008  6307.6  558.3 19.8 2.1 22.3 96.6 82.9 24.5
Nankeng Yu 1001038 6350.2  525.3 22.4 24 211 125.0 69.0 24.8

Chynung Sen Yu 76419  590.7 28.8 3.0 17.4 106.6 85.4 31.2
992106
Chynung Sen Yu 7953.0 565.4 23.0 2.9 19.9 111.2 82.9 294
992137
Chynung Sen Yu 79226 578.6 204 3.1 18.9 107.0 88.6 32.1
992142

Taichung SenYu 112  7064.3  561.0 22.9 2.0 20.5 100.7 73.0 25.3
Taichung Sen Yu 709 8193.0 564.9 235 2.9 20.1 125.9 87.3 25.0
Taichung Sen Yu 901 6465.2  527.3 235 2.4 20.5 112.0 81.9 24.7
Taichung Sen Yu 955 6403.0 518.7 25.3 1.9 24.3 96.6 73.8 24.1
Taichung Sen 8243.3  569.3 20.4 2.9 24.5 103.8 82.2 31.6
No0.17(CK)

LSD(0.05) 1018.3 305 3.2 0.5 5.4 17.6 9.3 2.6
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EREAERARE (B 175 ) HHAR
FER S I BEAG BLE TR TR EL A | - SRIUFID 8 B D SRS A SR 2L ORI - 1

REMIRFR A 3 Ml I ZER N PR BL (A B 1 (B e TR e LI B A rh 17 St o et
ansRiEH L o [K] IRBBS9 Bl 5 Al 17 5% [R] @Al LA 2 S 154 2 i i s B KT REL
RUVERREE - M3k DAy TAREEHET T 2 [ P T SR 22 - (PfE FH P AU RE R A T 79 S e
BT LR B R T RE ME AR AL m] ET T Rl st P B B B IA 5 s tP Al 17 Bkéd O.
nivara F3ELAR (852T034) 35l Rl ~ RERS R RERE - AERZMEACHH & rH EAE L 109 %
FLIRHHAY InDel 2 BUPEATEE B fd FE K B A HUBEHATEE - (0 7l B B2 (M X 1R 7 1Ry - ot
TTRISCERIN ~ EH B BTy RSN SR A -

£ 2011 455 JHIFELL 852T034 Ty ACAEARIAE G Al 17 SRR REAHET THERS - PR
FHWFEIEMEE 15 #k Fo RS HLUEERIZREE » 58 PG T 48 #k
BC1F: [BIZ % - Jefl il s@ i AR il FARE K E IV 12 [MiERE - IRBEE
iR Pk ) H AR AR A B BCoFy [MIACHE T~ » Mior#fr 109 =R RFHAY Z RN - UK
18 12 BRAVTS AR R Ty 25-54% ; 2013 25— JUI/ERSH 48 Pk BCoF. [RIZHR % » JRIEHE
ERTSER R PR 10 thifA HAREKA - BHE 54 > FARSEHE TR R IR 1T
[EI 2R W]5E 76-85% - P& HAFAEARA FE BCoF [BIZCHE T~ - B _JIEETT 24 fr
BCsF: B » MEISEATFERERS 10 FREEMLR - EEGELE REIENRE
85-92% L1 b ZIT AR - 17 H R EE d-RiE I & - W RSGHEEA -

£ 2011 255 JHIPELL IRBBSO Fy ACAKBIRIFE S Al 17 SRR REAHET THER - [REE
FH—HFEIEMETE 30 #k FoRE I LUEERIZERE 5 2012 £55 J{FR s & 55 A
124 ¥k BCiF1 [MIA %% - REHH Ll 3 PR AR EhReME R REm il - 15 11 PR
W 3 EYURRR - BEIEE R R 8.8%0% LLIF S E 12.5%R4 1K - 485 fh i
PR HAAE IR EE BCoF 1 [MI5IHE 1 5 2013 A58 — HAERS T 96 Pk BCoF1 [MIZCHR % » IR
JeAGEATRER R PR 10 PREA HARRA - P HARE R & BCoF [mI5CHE T -
2013 FEE HIMEESE 138 Pk BCoF: 15t - JRLIGHEATRIENR TR 18 frHEM,
S EBkE B SR 17 SRR Al B MBI RE & sy TEARIRI A Ao - RF E AT E %
EEE S T A EMR DU R - W T RS B

SE

Gl 17 SR RIS R A TR AR Y - /£ 1978 B At E
AU TALRE (Ph 1984) - HHIC (2013) fRHIGHAN 17 SR AMHRERS » EIRGEEN
AR AR EE RO 7 N - REOKSR 82% - FEEAE R - FORCHEHE S E 10%8 2 {H
ERFERO - RN E ERAESRFT  ERBURHEARS BN 2N E - 3
FE VA B I IERR B U - RS F RGN B G IENE (GEREIFLE

(N3
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s 1987) » {HFRETE(LE I EEAR K e REI TN - BN KIERR (L BRE Ui & 58
= HEAA TREEENGRE -

DURE AR IS 73 FKRAEEDRHEC 7 Ay ST » BIARY RS S E &R 2% » DI
B & fEREREUR BRI TR e EmI Tk » TlHdE 2 K& 4 HERAFEEE »
G 8 B E K EIeE (Mt 1971ab) s HUEEH G R T« TR EEEE
o HHEAER - GIRMASEE EEREEEER RS ORAREE (2B
1973) ; FEEEEIUCI KRG B A RIEEFENT - & i 254 S 1Y 5 B EpR A 3R
LA 20 ~ 40 ~ 60 ~ 80 71 1009 K& KAV T K » BIRIAHERRE » B ERREEE  H
EEIREKEE 50 K% - #EETIECEGROES  BABERNEE - HA
W R S iR E AE AR - SN B P (ml R PRV B IK - A B - DUBERER K
PRy AN oy 2 B B AT T R - R A2 2 R R TR R R b 2 Y
K+ B 1981 1T T mEKELEETS , Fn o EIRAGREEALEES - ok
BB PREAHRANTSE o FEH A - GRS < BEK 2 BRI @ R K&t 10-30% » /AtH
] A EEHY 7.13-8.23 A MAKEK o SRR H S E A AL - AR RN EARYE R - e
iy T2 HER - AEES - RIEBRINZE - 5HESREE -

Sy BRI A B RE A BOE A HARR R B ARG L EURSMEHE B 2 M IRAI Bs
B EAR I H AR KR 6 8 ERRIE ~ S AT Al B AR AR S (R R
HEEE > 2RSS EEEK Y] = (Huang et al.1996,Thomson et al. 2010 ) : H:
LW (stepwise transfer) E] B HL DT HEME 5 RE HUis 51 » RN 4 faHE £
ABE—MPUEREA - EE R A B E A E 2 BC2F2 14X » EE G 1 EitE AR
ISR AR 1% (improved recurrent parent 1,IRP1) - FFEL S 2 R fOEEITHESS - MALE
2 PR » L IRPL Bt B fts R A Ryt sl - SHEAE 0158 2 fE AR E 2 BCoFo AT -
{3 A 58 BGOSR HU R BE R HE B A R — B S = - B2 EREREE S - A
HY R S N T4 - (E R R AR L - H T LRI ERE SR (simultaneous
transfer) » HIJE &1 ¥ &0 AR K FIRF A R AH G UL EA AR RERBHER FL &5
MEHEA » TFRBEG AR RER T KR LR 53 B2 T R A 2 AR KR
RRFTAREAEEMEZRT - POEN A 28 H AR K A9 R P Bl g B8 0 58 - i
[B158 3 JORHE B S B R il 8 - 50 B 26 Tl EL TR Al 5 B2 SR [R5 Bl
BhERS LR B R SRR G FL R &R - 15 2 B A K H AR R
TR EA B RS M A T B EESR - 575 B F R0 B R i A 2 R AT -
6 B 6] 20 R B A AL TREG  (simultaneous and stepwise transfer) RIJJ& 28 =l SR0E - 1
2 BIEL R 53 BN B 30T B A3 A B g s - S HARERIIIAERT 3 AT TRI S
I ERDER AT SOEIT - S HEERE AfREE T - 78 BCF HHAREITRS
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FEAC - W R NHEB AR —EEE R T - MR A EE HETUR R  FEF A
B[ EGEALREHIRERHEE A EaEEIR - WS RERAE REEER - 55
TEACHETT 2R AL R S A » S 2 AL R S PSRRI BOOK - (HBRER A
o A N Ay Soa v - fERRIF B E B ERIE ERy T -

W& 25 15 18 R 55 o Ao A IRy P 1k B M W 1 BB R EF A BN (race,
pathotypes) B A= VU IRBE < 15 £ » KL HR e b b R Y A= ) MR8 3 01 - DARRRAE AR 7 Ja
o~ B A B R R IR E - R 7 T B (R0 58 B R R R HE B 2 TP UM AR R R 1R
VIEH B H L — - ARG E R HZERA xab ~ xal3 f Xa2l #ijiE AR (Cao et al. 2007,
Chen et al. 2011,Chu et al. 2006, lyer-Pascuzzi et al. 2008, Song et al. 1995) & 57 s
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Development of High Yield Forage Fice

Ming-Hsing Lai*, Dong-Hong Wu*?, Charng-Pei Li*,
Woei-Shyuan Jwo', and Ching-Shan Tseng*

Abstract

In recent years, global climate anomalies, an unusual frequency of major catastrophe
occurred, resulting in regional food production showed instability, low rate of food
self-sufficiency for our country, we must have food stocks readiness of strategic thinking; in
response to the World Trade Organization (WTO ) open the rice market, the domestic large
number of fallow paddy fields, these long-term there is no farming land, fertility not only
did not get raised interest rates, but is a hotbed of wintering pests and media, have an impact
on the ecological balance and overall agricultural production; Japan and South Korea and
China other countries in response to their demand for raw materials to feed, all varieties of
rice developed feed. Taiwan has a unique geographical environment planted rice, long and
systematic basis for rice research and development conditions for the feed rice varieties, so
to diversify sources of feed ingredients, in addition to the activation of fallow fields as a
strategic choice, but also increase the paddy field area, reduce the heat island effect and
prevent flood damage, reduce runoff, groundwater conservation of paddy fields play an
important ecological significance for improving food self-sufficiency can also play a
positive benefit.

Keywords: Rice, Self-sufficiency rate of food, Convergent breeding, Forage rice.

1 Former Associate Research Fellow, Crop Science Division, TARI, Taichung, Taiwan, ROC.
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HEETTIAE R EREEENWEY) - (HHFEF &0 trypsin inhibitor 7K H
FHE OB AR - ARSI H M R EEDR I E R 1 - BRI IEHs R EE
trypsin inhibitor 75 MEEAKHY H S5 A S B R F - AW FEER A 5 18 R et i H 3
(1 trypsin inhibitor &4 » #5REURIEEIRHEEME GR) W B/ 18 5% ~ B2 17 Bl
31 BEH Y trypsin inhibitor {EEXIER 70% - 552 10 9852 Bl e @R H 2560 &
@ LA - B trypsin inhibitor 35 14 Ry 52.6% o ARFSEHE 2 PRET 3 MINAERL (R
FEOKE ~ DR S HEE) - BIHEE trypsin inhibitor YR PERVSZE - RS REUR /KR IR E A
A H 3RS trypsin inhibitor 5% - (B4 S H FE LR & (R0 trypsin inhibitor
M - TR HEET - SR CYY99-68 EffiE RS (66.12 + 0.85 ton/ha)H. trypsin
inhibitor {E 1K (32.4%) BYEES - WI{EREIRIHHEEZ HZ -

FARER - BRI HEE - BEON - BURE -

—t

Al

HEE (Ipomoea batatas (L) Lam) B T &G KR - thE&G s B2 D120
vitamins FI carotenes 55 + it LAH 352 —fERFAYIHBIRY) (Rumbaoa, et al., 2009) - 1£
nENE HE A RAREE I - SENRERERIEEESHEEAR  EaEHE
e — M EEAHRIEY) - BT DUE R E 2RI 205 - MEF] DR R st
AT LA B RHEY) » FR R R B » D KE N TG 2 by H 3R & i -
IR H 38 S i E KR KT TEY) - R ZBIBREAR SR YE N 22 - 254G R
LR BRI E O RRERY - KtGE HENEEZRE TR 5—Jm
IR B RSB AR G /K R = 2 2% - /N BRI B i 2 B0 IRI LS H 3R
KPR R - (B ¥ 2R BBy - HEE v DU # S8 2 19k 26 7F
Fo— IR ERRE R ZKIR -

T BRI Ry SR AR - BIRE oK K R ERHEAS R » L ECR A AR 3 K
1 BB EER T -

2 RERECREER 2 -
3 #IEE ET(EHE  davidlai@dns.caes.gov.tw ; EEEf © 05-2771341 -
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AKIE BT B— i mHE R A E Rk T ERZR - af DA AR 3 KX
BT a R H FEE R R EYIRI AT RE M - RIH SRS AR KERE @ Aliefta &
ERMBENES - BB HEFENAGRHERESENEY) - BE RS R
R RS DU AR AR FERRA « (B H BB TS trypsin inhibitor g7 HEEE (E
H AR =R+ T BRI H 35 F R BRIV E A 1 - IRIBEIIMR Z W52 2 - trypsin
inhibitor & [HE proteinases WY 1E A E B B E 1A 1E B & K J7 » Sohonnie and
Bhandarker (1954) #xFf2HH 3 trypsin inhibitor FRFFEERe - 8 T ARBATHRAEIHT
Je s g piEE ) (Bradbury, et. al., 1984; Bradbury, et. al., 1985; Ravindran, et. al.,
1995; Zhang, et. al., 1998) » Zhang and Corke (2001)% ¥} 7 fE 4 H 85 fLfEHETT trypsin
inhibitor activity FTfHHE FVE & 8007 » K RAERERE trypsin inhibitor & PEEARATHE
HESERENHEEAE KRN - BR@EEZAESHEHZEF trypsin inhibitor 1%
TEEIAHRBATTZ2 2 (Hou, et. al., 2001; Lin, et. al., 1987; Lin, et. al., 1980) » H: =5 —3 i
HEE/Y trypsin inhibitor - FE A HIHIHIEAE K (Huang, et. al., 2007) » {HAFZEA RHR A
RAHEE - P15 57 5RELG 66 585 - HATMRE S G RAYek i H W
M AfEGR 18 57 ke 10 98 ~ BR 17 385 R 31 57 » M52 %81y trypsin inhibitor
T AR T -

Zhang et al. (2002) #$FH #EEFEMEOGETEH » trypsin inhibitor 3514 3% 232 5 X KHY
o8 - HEERY trypsin inhibitor {54 KK Ry 3.90-21.83 U/mg - [K] LA TRt as o A &4
BB DIREAR H3E1Y trypsin inhibitor 354 o iR EETRHH H 38R & 2 AR & A
IEGER - e TR E ~ B RS - B EINEGEGE A FERRE - K%
HE& trypsin inhibitor {E A2 E & A [FE o —#% TS ZKEBREAE 100 °C LU - (it
FE 8 EEHIIZE 190 %] 200 °C /°45(Chan, et. al., 2012; Lai, et. al., 2011) » % A EAAT I R
g KnET mA A E - R EER S E BN - TR REF trypsin AYTETE -
P AFG S REAS BV B - FRAECH 5 R trypsin inhibitor FTE 1 -

AHFFERy HRVAEZEH trypsin inhibitor {5 PEEARAYH E AR - [RIRG#H A E -
BRI trypsin inhibitor (& PEANAE ~ BHEAVIERE - KL EHRTERREARHE
mnfEAK trypsin inhibitor JEEAVEAR » 3 E G TF R R HEEmiE - 55—t
ANERIRINEGE R - PR ST INBE B A EHH EE trypsin inhibitor 3 MEAY S22 -

ML TR
— ~ B R

HEER 101 48 10 HHEE - B4 3 HERIL - SRRV H IR 15 °C &k - P
R HFESECECTRREE AR A S GE 18 9% ~ 7 10 ~ 17 A1 31 5% »
SYAMEFAN_E CY'Y99-08 K CY'Y99-68 RiflEl B il iR °
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Trypsin % benzoyl-DL-arginine-p-nitroanalide hydrochloride (BAPA) & H
Sigma-Aldrich® (St. Louis, MO, USA) » Tris-HCI [ 5 J. T. Baker® (Avantor Performance
Materials Inc., Center Valley, PA, USA) » dimethyl sulfoxide (DMSO)#i# i Acros Organics”
(Fair Lawn, NJ, USA) -

—#AEAE

VR REH BB SLEY - BEREHURE 5 ARR E AR T 28 - 2RIV 0.5%0.5%0.5 cm’ i1y
HEE/INT - BHEDN T RMBEGREN - BUFHEEEDORR BRI 25 g HEE T »
A 500 ml EBEF/kF (EEEL R 1 9/20 ml) > DU BB HE 45 sec & LIS B IE A I
TE B ) » BLVE 2 VA IRIRFHY 4 mg BAPA A 100 ul DMSO» IR E R 10 ml € & -
AA 0.05 M Tris-HCI AZEVA# (pH 8.2) Ml R LR

INE R BE AR /KA ~ B bR KR BRI STKE 500 mi K7 /K InEAE i
(100°C) » fmA 25 g HEE T I0EN 10 min » FFINENE % A2 B 77K 4l 78 AT 2 2 2 1
Kay o R HFERDUKIRIER AN 25°C » DUIBE BB 45 sec & LIS E I8 A I
JEWETT trypsin inhibitor T HT o BABZERBERFHY 25 9 HEE T BN - OGN
P FNEL 2 min - SRIRANA 500 ml £ 57k (25°C) » DT E B FEAEHY 45 sec £ LU
R RV IEARAETT trypsin inhibitor yE PRI HT - HERE R IRF R 25 g T 38 1 LASaTEAR
HERBABN » BRI 190°C - HUBIFRTE 10 min - RFELE 58 %k H 38 T
HUE AR - SR DL 500 ml ZEET7k (25°C) DU TSR PEASHY 45 sec » FELUISR
PR MERIEETT trypsin inhibitor {52 AT

Trypsin inhibitor & 43 #74R#8 Hamerstrand et al. (1981) BYJ7iEML &R » BY 3 %
BRI 5 1 SIE S 0.4 ml Tk B 0.4 ml Ky 200 pg/ml trypsin VAW »
TRy AN S IR AR HE LR AR - 5 2 SCEVE & 0.1 ml I H 3EZEHU B 0.3 ml K17k »
R 22 IR+ 56 3 SEVE SRR S 0.1 ml iy H S5 ZEHUR K 0.3 ml 17K » #5011 0.4 m
[ 200 pg/ml trypsin JAH » HLR AR AR - il IR G & 37°C N4 10 min - 28
BINAR 37°C FEEW 1 ml 19 0.4 mg/ml BAPA I8V - IR &2 4 37°C fnzk 10 min »
FHRAHE TR IA 0.2 ml B 30% acetic acid YA RIT 2RSS » HEs 2 S FHIMA 0.4
ml f 200 pg/ml trypsin 5% » DL UV (V-630 UV/VIS, Jasco International Co. Ltd., Tokyo,
Japan) I &2 EVE ERAL IR 410 nm BYROGAE - FHK NI A G E HEEE R trypsin
inhibitor I MY IR (%):

AStandard - (Aﬁample - Ablank)
A%tandard

Hrfr TIA (%)% trypsin inhibitor {&PERY 5 73 EEHIHIZE 5 Asancars = FRHE LB B R

TIA(%) = x100% )
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410 nm FYIREAE 5 Asample = HEEZEHURAE R 410 nm BYUREAE 5 Ablank = 22 IS IRAE
I 410 nm Ay OGAE -

AR gE R B T 3 A - EEREIR ST OE AT AR R STATISTICAR
(version 7.0, StatSoft Inc., Tulsa, OK, USA) - #8537 H 0.05 1Y{E.[a7KHE » & p < 0.05
REAFRERE G 2R -

TE SR ELRT AR
e HEEMTE () MER - WWERIMREOGRRMBURIE | - {EH L%
PRI DAL 31 R M L EHeRE A R A - A A A R Ry 24.02 AW T CY'Y98-08

K CYY99-68 .\l L EBEFE BWAR - /3 Al BEAUE 12.91 Jz 14.36 23N 5 {23 N ELSE
REs i 6 HETR HFEMSE (R) BAERRERE 35 ALl - HA LI CYY99-68
Kt 10 i o BR800 51y 66.12 2 61.29 /NI -

6 fe Gt H HE#ERY trypsin inhibitor 3E S ATEURINE 10 6 FEETRIHEERY trypsin
inhibitor 545 IS RS 18 57~ 5 2 17 Bl 31 3% H 2E1Y trypsin inhibitor 15 M55/ 70%:
AR #T iR CYY99-68 H trypsin inhibitor 75145y 32.4% ; H5 R 10 SR HATG
8 AR H EE I i @AY An R - K trypsin inhibitor {5 Pt Y 50% - ARPEE 1 AYASR -
B HEEH trypsin inhibitor {EMERE » KIELAE BRI G i E & 41
B SRS 2SS A E A R ZER e RN B R DURE H 3519 trypsin
inhibitor 7514 -

Kiran and Padmaja (2003) ¥} 4 78 E[1 R H 3 M AE 08 trypsin inhibitor 15 5347
[B]FRF£E ST oven drying ~ cooking ~ Fl1 microwave baking ZENZEAEEHIVE - $HZEH trypsin
inhibitor {EMERYZEE - K RZERARE 70°C ~ 2 hr YNGR .2 % > H 3B AK) 80~90%
# 1 gkl H L (R) WUER ~ WY)E RIMEEET

Table 1. The color, dry matter and yield of seven animal feed sweet potato varieties (lines).

FREGR) ffff ﬁfﬁf R REEE W
EFd 18 48 20.12+0.14 46.51+2.39 35.33 £ 1.49 L =
CYY98-08 12.91+0.14 37.22+2.92 29.09 + 0.89 | =
CYY99-68 14.36+1.52 66.12+0.85 21.68 +0.52 = =i
G 17 58 20.83+2.50 42.05+1.80 36.60 + 1.59 L B
EE 31 58 24.02+0.14 51.39+5.91 32.22 +0.33 4T =
B 10 58 19.58+2.91 61.29+0.31 28.15+0.14 B B
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Fig.1.The analysis of trypsin inhibitor activity for seven animal feed sweet potato varieties(lines).

i trypsin inhibitor 7& & # (R84 - (HANSINEAZ 100°C » trypsin inhibitor & R 2%
1 - #5458 24 hr ~ 100°C §zM R 3 - HEErRAY trypsin inhibitor 58 2K 53E M - &
1 D EABE BB H 35 trypsin inhibitor {E AV EE - FRIGLER RN EERANEZS - B
HA Gt R ARy H 3 LAY trypsin inhibitor {5 P8GR 34 » Lin and Tsu (1987) 4%
TR IR LAY E AR - AT trypsin inhibitor 351 - [RIRF PRSI E s B H
&b trypsin inhibitor FYLREE=E » FE AL SMIAE SR AL - & INELE 100°C ~ 15 min F
A 3 FH R trypsin inhibitor €52 &K 216 M - (HE 2 65 BREr fR A KK 51%09TE
P o ARBFFESELER 3 FEINENGEEE (RUHE/KZ ~ B S its®) - HERH S trypsin
inhibitor 15 T4V 2 2 HURIAE 2 - /KB BRI v] UG Soth % H 3% trypsin inhibitor 1514
DIEE 10 58 Rl - RGE/K AR B - 8RN HEE trypsin inhibitor BTG MEH 52.6%[ 2]
6.1% > B e (R A S I M s BE BRI AR - KK EHEE D RE P W
E 2 52 2 B ai R H b trypsin inhibitor BYIE T o 57 0 e B AR H 2Ry s
FK LA E AR » ATREE K R B H 2Rk 3 & B REK - #ERTS
Uz i BEAD AT R BADRHH 3 trypsin inhibitor JF 1 - {EAHE S FoAh DT ZABE B S R B
HIRCR R ZE » 53— 7 T DR B BR A st fid AR Ky » PR B /)N » [RI LS FH A ]
FHHERHB R BE - EERE A LR I B 1 H 5% trypsin inhibitor 15 MRV RZ2EE - 4t
15 PR - BIRHEEE trypsin inhibitor I 14 € DR i) L B T KB A, » BESR BEIE B
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il B (> 190 °C) &I HFE R trypsin inhibitor - {H 252 FI40 Ik = B TR 75 2214
FERZWRER - S8 TR EEROR - KLk R B A 8 & 0 A S H 3Rk -

MRPEE 2 FURSSRER % CY'Y99-68 11 trypsin inhibitor i 14 & H & ElHH FE (K -
IR R B % trypsin inhibitor {51 B R R RKAY/KHE (<1.5%) » CY'Y99-68 1Y B 7
wRUEF(66.12 £ 0.85 ton/ha) - (HEZYE LLRBK 2 HEREE (21.68%) » #HHELL
CYY99-68 {E Ry BERYM K} » HERERE B AR & ~ SZWHE S LUK trypsin inhibitor 3514
{ECHY B H 3 LA

]

KRy H3&H trypsin inhibitor & 52 85 FUE IR » i DUE Rk H 38752
trypsin inhibitor J& PEEARHY H 35 i - (LR AL HEEE - B RS E trypsin inhibitor
TETE - MR R H 3EETR R FIRY S 52 10 SR trypsin inhibitor {5 ME5FHE & - H AT 6
Fi s 32 BB H 55 1Y trypsin inhibitor 3614 » 45 SR EUR/KE R H ] A SOt R H 3
{4 trypsin inhibitor &1 » LIS 10 58541 » trypsin inhibitor B35 ME AT 6.1% » (HAR
KB IR e H e A S 4y trypsin inhibitor B93EM: » KK & B EE R E—
B o IEMEFIEARSE » B R CYY99-68 E 7 & H. trypsin inhibitor 1& EAK
HERE » IR Ry R AR Ea et P H 25 dn A s ]
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Fig.2. Effects of heat treatments on trypsin inhibitor activity of seven animal feed sweet potato
varieties (lines).
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A Compared of the Root Yield and Trypsin Inhibitor
Activity of Sweet Potato Lines for Animal Feeds
Yung-Chang Lai*?, Wayne C. Liao?and Che-Lun Huang *

Abstract

Sweet potatoes have been used to feed animals. However, the trypsin inhibitor of sweet
potatoes prevents animals from metabolizing proteins, and that reduces the practical
application of using sweet potatoes as animals’ food. Thus, previous studies recommended
selecting sweet potatoes with lower trypsin inhibitor activity for food applications. The
trypsin inhibitor activity of Taiwanese sweet potato varieties (lines) was analyzed in this
study. For animal feed sweet potatoes, the trypsin inhibitor activity of TN18, TNG17, and
TNG31 was higher than 70%. On the other hand, the trypsin inhibitor activity of TNG10,
the most popular animal feed sweet potato variety in Taiwan, was approximately 52.6%.
The influence of thermal processing including boiling, microwaving, and baking on the
trypsin inhibitor activity of sweet potatoes was also analyzed in this study. The boiling
treatment successfully reduced the trypsin inhibitor activity of sweet potatoes. However,
some sweet potatoes retained partial trypsin inhibitor activity after boiling treatment. An
experimental line named CYY99-68 had high yield (66.12 + 0.85 ton/ha) and low trypsin
inhibitor activity (approximately 32.4%). Therefore, CYY99-68 was a good sweet potato

variety for the purpose of animal feed.
Keywords: Animal feed sweet potatoes, Trypsin inhibitor activity, Thermal processing.

1 Agricultural Research Institute, Chia-Yi Agricultural Experiment Station, 2, Min-Cheng Rd., Chia-Yi,
Taiwan.

2 Department of Nursing, Chang Gung University of Science and Technology, Chia-Yi, Taiwan.

3 Corresponding Author, Email: davidlai@dns.caes.gov.tw; Tel: 05-2771341.
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P AT SRR AR 4T 2R (1)
FES MR BRC FHWC R BOCE T EIE
e

AR FEAERF ARG RO & B AR EE R ISR v 171 - DU R L% - 35
PRET AR LRI Z ARl 17 SREREUR R KRS F P EE - LD #3254 ) DK 5 B8R
RMERE R BHG IR L 522 - 0 - 5 e A REE B A5 SR EUR » Bk R DI ARl 17 5RkEK
SERIUREK - A S BN R R &R R MR - HEDRHERIU 75% 5 100% K
IRF e S A T EERY R (P < 0.05) 5 DAEHRAL 17 SRS KA CER R R oK ] & HY 50%8%
i LD FEaCA%E - A RIIEDRHECRE - TR ECH - miVLEEY & &850t
=+ AE DK R BFEJT1H - 2Rl 17 SRR KIVA R RS A R kE (P HNE - &R
R R ERHERSCR ) S w2 - (B2 ERERNET - Rt LlZHR 17
FRRE K AU 5001y EoK &+ DAHERFAHIRI Y P ot 15 -

RASEER - HAHE - oK - DKEEACHESE - LDINAE ~ EFHRRILTHREEK -
]

RIEEEOE R BRI R G RS R GRHITR
TRk » {50 2 AR K RS 88 THI R B IR PR BER - ASET 58 DABH 28 B 22 B R B R = B ) E
BRI A R B B AR R B+ HHDUBTR A 7E 3t 24 FEAE MR A 2 1=K B et B 4G
R RRARERDRHFORE AT R R B (E o SR - AR EEE H iR PRET Bk th DL p Al 17 R
KREUVA R K ERER A EE ~ ASE SR FE < Tl e DTk -

MEIERTTE

(—) BARHEEEGE © fF 300 £ 1 HiRfta AREER > 2 5 IR - FRE 3 Hi
RRE A 26 £ - BUEEIIE 5 H AL E Y (0-3 ME) MAERN (4-5HE) - &
R I DU OR-A S AL R AR Ty & - B PR 2 21 4 > 23 B DABRHRE K B I
M T K& &Y 50% ~ 75%5% 100% ; B 5 Fof 4 fHEBRETE L T EI B-
H#E]3 (B-carotene) 50 mg - FABRII BRI ELPUKIIIRIT R - BRI S
MLk R - W E AR ERRIERMIR R E R 5 SRR - R BT

1 TR EEZ EgEEART -

2 (THPiE¥Z B g T ERRT S fEE S ES -

3 TTBbt T B g R -

4 FEEE ETEF ¢ cflee@mail.tlri.gov.tw ; EEzE @ 06-5911211#321 °



194

=
pll

JESR PS8 SN 22 2 SR SR BIPATRI 72102 47 E Rl R R WA Eram U AR

8 ENERYE - AR HIEH SR LB - WL OIS A K %
RERYZE R B - EABE G R — B 2 i Mk AOAC (1990) J5iks3HT -

(=) AFEEE S DU B E) 30 kg 5 fE LD 22 %S 50 E - (R A% B /3 i VYA
W SH—H - BARE S fe AR RIS B I - B Ry ROKR- KR S A G - A= R IE
RERC AT EHE FE 16.9% 5 A HTHE 3,488 keal » i LLUAAEHE K 43 BIEUR K
50% ~ 75%38, 100% Fy i BEAH » 100%EU GAH A I B B B 43 R U I 0.2 %G R 5%
SCRURITFAAE » beibd i R s S Nt FE o 2 R -

(=) s - S 00 HRRSEK 25 kg A RWMR BB (& 15%FH& 78
J 25% 5% ARFEIMAE) 60 8H » ARFEE o RPERERS /30 2 F SR pR B - ¥
TR Ry EoR- KR E R - AB M DAZ ARl 17 SR RE K43 B S i A
FkZ 50% » 75%8% 100% » HHHA 100%4HAT - AR E % 5153 k70 0.2 %4
BTN INRGA - BRI AR UK ERIE R » B E — R - FEEE=R
EHEE 110 kg F53K » WEALRMERERIRE R o R RHEAEI 6 SHI T EE T
Y] - JIE R EIR B TEIR

(P9) BTG HEE X EMEREE R - DL SAS EHE#EE (SAS, 2002) — fifkfif 14 #52 =X
(General linear model procedure, GLM) HE{fT43H7 » 5 R BREAZE SURERF - B LU/
N-J7391H (least squares means, LSM) MEfTHHRI A S LLHR » ARGAEELL P < 0.05 Fo 7
FLEHE K HE -

L e B

— - BR#FAEHEE
1. EEMER

DUBRHRE R EUA F 2K 50%E] 100% » # A S ZANH 4 R IE6E » HEE 0-3 3R
4-5 RS IAR TR R R ~ W - GIRHAAER KB RERREGEEL (R 1) - BURETRHE
KA PASE B TR - HAG R BBty (1971) Al DUREKIU IR B BB G
%8 R ENE S -
2. Bt

2L 17 SEREREUAR TR S 5 HER AR BRI kAt 2 - 13K 2 FR -
SRERAE REET » 1 PYEEATRR TR R I 50%F] 100%F £ oK » # A 2 H B E R K IE
fe3& 5 (HEER A B AN SE T - (HRERREKRIUA F K ELFIRSEn - B ARIAL (G
BB £ (1R BE & R > T H B R 75%8EE 100%HF (P < 0.05) ; i 55 5 #HAS SREUR
Wi p-HIEE R AR RO O OENES . ETEEHERERATCE - 28
R B e s R AR - MR — PR -
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Z - AREEERE
1. EEMAR

kR TR A F A A 17 SREER IV IOREREI A RIUE F# ZAER - FI40k 3 - fR4E
R - BEORHLAC 50% ke 100% T KAH A% £ & BRI RHIE R R BEE 3 1 R S IRE (P < 0.05) >
e HGE Rk EHEFER R E - SHEEEENZER DR UE > RENNERE
H 8RB R i DUR B iR - % B RH ) R 72 52+ Vicente et al. (2006) Fhi
FUFHEAR IORNOR R AR - 383 22 HERE 53 HiiRfr 54 - BREIKFE - HETHHR

1 @R DLEE AR 17 SREERURIOKE 0 - 558l HAHEA RIEREC 2%

SR 17 SREEKE AT K ELB

H H 50% 75% 100% 100%+ B-carotene
0 -3 8%
EHHEE (9) 53.3 53.0 53.3 50.4 50.0
EHME () 41.0 42.0 42.3 40.7 40.3
BRHA PR (BRI ) 1.30 1.26 1.26 1.24 1.22
BHR#E (%) 98.7 98.7 98.3 98.0 98.3
4 - 5 5Hig
EHHREE (9) 128.2 123.3 126.9 128.5 124.9
EHME () 79.6 77.6 79.8 79.0 79.1
BARHA PR (BRI ) 1.61 1.59 1.59 1.61 1.58
BEE (%) 96.7 96.7 97.0 97.0 95.3
0 -5 581
EHHREE (9) 89.5 87.7 90.1 89.4 87.5
EHIME (g) 60.3 59.8 61.0 59.8 59.6
BRHA PSR (B R ) 1.48 1.43 1.43 1.43 1.41
B (%) 97.7 97.7 97.7 975 96.8

F 2. BPRlL7 SEAEREVR RS 5 SElk H AEEE G IR R bR i 2

LRI 17 SRR R LS

H H 0% 50% 75% 100%  100%- B-carotene  SEM
L*  (52HEF) 45.8 46.6 45.1 44.9 45.4 0.88
a* (ko) 8.16° 7410 7.27° 6.28° 6.41° 0.83
b* (EEfh) 9.33° 7650 573 5.19° 5.67" 0.37
JESESR (%) 81.9 82.7 81.5 82.0 82.4 0.63
fEHE= (% )CW! 1.35 1.57 1.66 1.49 1.56 0.23

ab.¢ Means in the same row with different superscripts differ significantly (P < 0.05).

L CW = carcass weight.
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RER% - GRHEHEREE - ¥ 25 HERE 39 HER 275 » RIEREIR#H < ks
gt o fLAh - Cheetal. (2012) JRFEHY @ (FFEEEAL R RN /S BB RERIHE - ARET
KB R ERE TR - W R RE R AR - FRGREAAGEE D K EH 4
FFEAT I B oK e BoKZ Pl - A5 R S — 30 » BURDUEKINA TR IEHFE E 2R B
m R HAERMRE - R4 BRI HEF G R R -
2. BfARE

gk rh A A ORI TR ERE A RIEE %S - HBRBT Z2 8 JI1R 4 BUR
HUAR 100% R oK AH S5 v e Bl s i 4 €2 » 5 g UM 2 1 B8 3R TR IRURH A VAR 2K 50%
#H o L (P<0.05) #&5 @ MREAKS RN & & SMHEEEER -

gk th A [ ORI TR ERE AR RIEE % - BRI E - 5115k 5 DIk
KEARE K= 50%AH » HEREE IR R il - MR 75% R oKHEE - 3%
e - HERA A S 2 o BRIGRAI IR 75% F KB (P<0.05) mRHR%A
FH o RAHRFE CIEIR AN - R EEFECER - HERENNAMEIRZ 22 514015 6 -
METREICAT - BEE - {[HEMREEENZS - MIUT 50%#H .25 k&I
MIRERG LB - FOE IR A LLE: - Bl 82 - (H2 B (P<0.05) mtHEeR
7% 3. 2Rl 17 SRR KU I R B AR AR e

Corn substitution, %

Control 50 75 100 100+ Fe SEM
©)

Grower
Average daily gain (kg/d) 0.79 0.87 0.88 0.89 0.83 0.02
Average feed intake (kg/d) 1.98 1.93 2.10 1.96 1.91 0.04
Feed conversion rate, Gain/Feed  0.40°  0.45°  0.42%® 0.45° 0.43%® 0.02

Finisher
Average daily gain (kg/d) 1.14 1.13 1.15 1.19 1.14 0.02
Average feed intake (kg/d) 3.59 3.76 3.90 3.86 4.69 0.19
Feed conversion rate, Gain/Feed  0.33 0.32 0.31 0.32 0.26 0.02

b Means in the same row with different superscripts differ (P < 0.05).

4. BrPRILT SERERAVARIOKE LD NFERE A < 5%

Corn substitution, %

SEM

Control (0) 50 75 100 100 + Fe
Moisture (%) 74.14 73.35 73.80 73.64 73.84 0.15
Crude protein (%)  21.66" 21.62° 22.09% 22.18% 22.83° 0.16
Crude fat (%) 2.73 3.44 2.52 2.41 2.22 0.24

b Means in the same row with different superscripts differ (P < 0.05).
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FH - AR WLEREG LR - AIFIE BN EREWIET &2 (AR 4) B (6F
%, 2004) o

RTHEHR  BREINZ LERDHE  REHEMREEEZZE > DRI EX
1009%#H 2 5 i R ALK AN DG Ee e st - HALER R S < BE Mg ilt
{8 > R 50%fH - S (P <0.05) AR R AU 75% K% 100%:HH Ky » il
TR BTSSR - MRS 2 2 5 DURER 2 B I EOK - IR 2 AL B RE LLEY
R 75%HH o o TR BRIV BRI IIE E S SR - HAFAR 2 AL (B ELEUR 75%#H 58,
ZRIVRERM - FFEH (P<0.05) K5 -
= ERAEAE
1. EEMER

BRER R R 17 BRRER & RETR I E A RERE - 4158 8 TR - SRR
I~ A RIIRIIEE A R H % ~ B9 RGBSR S A E H B RHR & & (ADFI) »
EHE (ADG) ~ FRERE (G/F) » REEHMM - MEFEZR » BURERIERZ E
CIEE » A K -

2% 5. BEOPURI 17 SRS RHURIOKE LD NSRS IR 2%

Corn substitution (%)

SEM
Control (0) 50 75 100 100 + Fe
Carcass weight (kg) 88.73 90.45 91.13 93.12 93.53 1.07
Carcass length (cm) 88.37 90.52 88.7 89.48 89.13 0.41
Backfat thickness (cm) 2.41% 2.07° 2.44° 2.33% 242" 073
Loin eye area (cn) 58.36 53.10 51.05 55.89 52.28 2.29
Lean percentage (%)  61.94° 63.07° 59.35" 62.19° 61.61° 0.35
Fat percentage (%)  14.34° 13.72° 17.24° 14.82° 14.91° 0.38
Bone percentage (%)  17.27% 17.98° 16.75" 17.01% 17.84% 017
25 Means in the same row with different superscripts differ (P < 0.05).
7 6. ZHAl 17 JREEREVR FKE LD WFEE RN 2%
Corn substitution (%)
SEM
Control (0) 50 75 100 100 + Fe

Color score” 2.60 2.67 2.68 2.68 2.82 0.05
Firmness score 2.42 2.55 2.65 2.47 2.90 0.09
Marbling score 2.40% 2.78° 2.27° 2.17° 2.27° 0.08

*® Means in the same row with different superscripts differ (P < 0.05).
* {fig NPPC (1991) Z Iz RHETRFSY -
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2. EfRE

gk PN FE R 2R 17 5REEKR U TR R G4 RIEE B 5 HERE AR K B
PR S22 - FIANER 9 » FSREUR - DURECREA TR E EREMEIR (BiEE - TEEE
BEAE - BIER K L > a b HEABEHEHAR IS HEE 2R -

7. BPRILT SERERAVAR KRS LD WS RENU S RE 2

Corn substitution (%)

Control (0) 50 75 100 00+Fe oM
Loin meat
L value 49.64 49.36 49.61 48.32 48.72 0.28
a value 6.68% 6.74% 6.25" 747 7.01% 0.13
b value 4.80 4.58 4.69 4.74 4.94 0.09
Backfat
L value 7476 72.88° 75.86° 74.82° 73.71° 0.15
a value 455" 5.68" 3.00° 4.30° 5.20® 0.11
b value 489" 5.35" 4.13° 5.23" 6.78° 0.13
2b.¢4: Means in the same row with different superscripts differ (P < 0.05).
L value: Brightness; a value: redness; b value: yellowness.
3 8. =Rl 17 SREECR B SR R R B A R RE
Corn substitution (%)
Control (0) 50 75 100 100+Fe  SEM
Grower
Average daily gain (kg/d) 0.74 0.73 0.76 0.77 0.77 0.01
Average feed intake (kg/d) 2.00 1.95 2.03 2.00 1.98 0.04
Feed conversion rate (G/F) 2.70 2.67 2.71 2.59 2.57 0.04
Finisher
Average daily gain (kg/d) 0.85 0.86 0.82 0.85 0.87 0.01
Average feed intake (kg/d) 3.06 3.10 2.94 2.66 3.02 0.07
Feed conversion rate (G/F) 3.58 3.61 3.68 3.20 3.48 0.09
9. 2Rl 17 SRRV E K DK BFE R IR S LM IR 5228
Corn substitution (%)
Control (0) 50 75 100 100+Fe SEM
Carcass weight (kg) 87.5 87.1 87.2 87.8 87.4 0.20
Backfat thickness (cm) 2.53 2.28 2.55 2.58 2.70 0.07
Lean percentage (%) 46.0 45.0 45.1 45.2 447 0.50
Fat percentage (%) 159 15.7 16.0 16.7 17.1 0.50
Loin eye area (cn) 40.3 37.3 38.2 39.2 394 0.95
L* value 52.3 52.2 51.8 53.7 54.7 0.40
a* value 4.32® 3.86% 3.48" 4.04® 454 014

b* value 6.76 6.63 6.37 6.83 7.06 0.15
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Bt A R B BRI AR ERE AL RIE T RS - S HERRINZEE W
o ANER 10 FEREUR - [ B R NIAYEIEIR (RtEEs -~ JlAtE - BEE)
PR R - (A IOR-RE MG CEIIRRE) LR RRE Sl o o JEVR e e e £

DAZErRAD 17 kiR e IV IR B A EE LD FECAFE 8l DK MEsC R FERY L
RUEgeB e ik - (HLLZDRD 17 52k R B UK » SR bR e - Kt - 2
et R DLEE R 17 SREERER 50% oK - DIHERFFHIRLZ A AL L -

2% 10. Bl 17 SREERIVATKES DK BAE ZRKE it L s 2
Corn substitution (%)

H OH Control (0)

50 75 100 100+Fe SEM
R 3.19 3.38 3.50 3.50 3.38 0.06
J\ R 3.69° 3.36° 3.30° 3.45% 3.34° 0.04
Zi: 3.63 3.35 3.43 3.53 3.45 0.04
fikg s 3.75° 3.03° 3.29° 3.35% 3.43% 0.06
Rzt 3.81 3.26 3.56 3.50 3.63 0.08

5| FA SRR

FFE ~ BARTT 0 1971 - KRV FOREREINEER 2T - BRIFII SR B RS IR B T
B Y » 7(3): 59-67 ©

FRRBA ~ BIEER ~ 25840~ B0 0 2004 - R B —RAK AR MEREE A A SR E L ER
ARG - drEEad - 33 (3) & 165-174 -

AOAC. 1990. Official Methods of Analysis (14th Ed.) Association of Official Analytical Chemists,
Washington, D. C.

Che, T. M., V.G. Perez, M. Song, J. E. Pettigrew. 2012 Effect of rice and other cereal grains on
growth performance, pig removal, and antibiotic treatment of weaned pigs under commercial
conditions. J. Anim. Sci. 90: 4916-4924. SAS. 2002. SAS User’s Guide. Statistical Institute,
Inc., Cary. N.C.

Vicente, B, D. G, Valencia, M, Perez-Serrano, R. Lazaro, and G. C. Mateos. 2008. The effects of
feeding rice in substitution of corn and the degree of starch gelatinization of rice on the
digestibility of dietary components and productive performance of young pigs. J. Anim. Sci. 86:
119-126.
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Application of Taichung Sen No. 17 Brown Rice in
Livestock Diets (1)

C.F. Lee'* B. L.shih!, C. W. Liao®, H. L. Lee?, G. J. Fan!, Y. C. Chen?, and M. H. Lai®

Abstract

The purpose of these serial studies is to evaluate the feasibility of substitution the
imported energy feed corn in livestock diets by locally-produced rice so as to promote our
feed safety. Taichung Sen No. 17 brown rice was chosen to replace the dietary corn and feed
to broilers, LD hybrid pigs and DK hybrid black pigs. In the 5-wk raising period of broilers,
feed intake and growth performance of broilers was not influenced even the brown rice
100% replacing the dietary corn. But the higher replacing ratio, 75% and 100%, would
decrease the breast color (P < 0.05). In LD pigs feeding trial, 50% replacing ratio group
resulted in the better feed conversion efficiency and intramuscular fat percentage but lower
backfat thickness during the growing period. In the DK pigs feeding trial, the averaged daily
gain, feed intake and feed conversion rate also were not affected by the replacing
treatments, but higher replacing ratio did lower their pork color. It is thus suggested, to
maintain the same meat color for broilers and pigs 50% of the dietary corn could be
substituted by Taichung Sen No. 17 brown rice.

Keywords: Broilers, Corn, DK hybrid pig, LD hybrid pig, Taichung Sen No. 17 brown rice.

1 Livestock Research Institute, Council of Agriculture, Executive Yuan.

2 Kaohsiung Animal Propagation Station, LRI, COA, Executive Yuan.

3 Agricultural Research Institute, COA, Executive Yuan.

4 Corresponding Author, Email: cflee@mail.tlri.gov.tw ; Tel: 06-5911211#321.
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HMEFALL:rREAN T LAY
A EET . TR
THE

ARHIFSE T BT 4 5 % BRSO P L DR AR e 7
BRI 7080 1 7 M1 K M S B R IR - DU BB B 146 El 1
B P A TR« AT SR SR 1 B M R T R
ST B L+ LA T E SRR B - TR (B - NIRRT 3 ER
BRAAIT H SRR 1 /PRS2 B - 10 4~ 6 J 13 BHA 1T — R (3B -
ST M B R FR A RIEF FE AT L R BRI A + TR A
BTRMEZ R » SRR o o SR A - HLR 2Py DU AR » B0 «
FEEHE :2.89%  FHAEHG : 1.08% ~ FHARAE : 1.24% ~ Jk4 @ 4.7% - EEHFH © 90.1% -
PR BB TR B S 1 (A B ELAREHAE Ry 3628keallkg » 55 2 » ARFTSEHI Tk
TEE O IR - TR R R B R A R A T R R AR LB R i
PR3 TR K 2 BRHEORY -
BISRE © I3 - AL - (OBIAE - 5 -

[l

Al

EFENEREM BN EERERAERINER . —  EFEEREAEEENEY
WERSERYIZ 2 EFE - HESETRHMER R 7T - Bl & & G 2 ARy hg i
LU Rk i ERY EEPUERIFER » KL » BB B SR DU A T R oKD E 5
ik o HI#E (Cassava) XHAAKRE » BEVHIEY) » [RERSE » Kh—HaEEEREE - &
S H R RV E R - R RE] 70 DA% » IKIEREZ DL K Ry RE S B RHEOR » (L&
ERNXBEEQHEHERSIEE - CRE - DB E - BE @R Emn
REEME - EBHN - BEREER 10°C » RSk Fm - Geit 2 AEMF © A2
Al SRR - MERRERIEIR » Hik BRI 3 4 bR LR BT Rl R — 4 - B4
W Z A c REBIREA » RIS Z kPSR E » WfEE ~ KE - 5iiR
HHIRIEFEE (HCN) iR Z AN EER /K IE S - BB A S maiis £ (Linamarin) »
F—HobERE - RUIBE ~ IBREERCS Linamarinase Z fEATERK HCN FEfK -

1 PRSI FERT -
2 BFERHZE R AR TR BSR4 -
3 HEEEHE ETEF © sywang@faculty.pccu.edu.tw ; EEEE  02-2861-0511#31801 -
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H RIBE AR B IR KR BRI BI R R 2 B SR i B 5+ oS M58 5 R AE A 22
1M AFA AT E R RRE B R R+ [KIE n] DU fe i 8 Ty BRDR RO B B e B 5
Feig e BIR et G HEE - B ERTIEA 1/5 B R AR - R AR &
K et - IEIANE 20 EAEEMHE (Ff > 2011) - BLELAEAIBRFfER IR RIS 1+ 58
R - ERERHRRHR RN CUR] AR AR S B - A ERERE R B FOR A e Z R - 1 Al
EEAC Bt T = R R - BP B E R & & L BRI B R EAT < H 4
Akinfala et al. (2002) EFFAEHEAH MRS (IR : =251 1) MAFERERZTARIERAH
A RERLZ RERRT » 2 3 AR O it B fE A 52552 B (E AR R R e BB SR Al  »
BRI R R 5 R F I IR R B FEREFE HRE LFE - FTDUR I 2
Hy B RRRE B H e sE FVE R R - R - BB R E XN RRIE R EFY - HE
LR BRI E R AT I MERR S AR mEE R IR 40% (Le
and Nguyen, 2002) - EFffy EL AR FERER G F 20 96 16 208 B A Q5 & S Bl vy ok m]
DUk BAFEREH 60% K2 35.8% » L HIFTAL LR ERY - rl = ENRRE AR
7 LUBHIR R B U AR BE R RE - SAREZE 2K 50% (Buitrago, et al., 2002) - ZE[E 711
T BIRETAT HH A 58 2 £ BB 5 - RIKITT S8 L Ry HHE 85 R B BRI - BRI
M ERREH MRS - SABEERE TS SREmEISR (Kanto and
Juttupornpong, 2002) « 3T 2K i A AR SRR 52 ) L Bl O -HZ MR B AT (DCP) FIAE
WEETRL - SEHLHE G 8% < DCP SRR 2 AR IEREEHIER - Ha b2 E
BIINMIRAERD 5 BEFA I 8% MIMERIF 2% (Khempaka et al.,2009) - £ ff
SRR R 63 i EIE - JRIIPSHTER - BE5MHER A E] 100 A6 - K2
PR B AL - E RIS E T CHEEF - o HEREE - WREHERRE &L
HHIREE - DRI ET R b Z BRI -

MEET A

ot TR BRI ~ 15 e B v A P PR R B o F o e B v M R SR PR AT 5
PR R PRI 2R < BB Py o R AT S R BRI 8% N2 R0 BT 7K 43 B4 8% iz e i 1 JEL At
53 AT

= EFH A S HTER Association of Official Agricultural Chemists (AOAC, 2006) Z T2
{H AT - & 7Kk45r (water) ~ JK43 Ash) ~ #HHEHG (Ether extract, EE) ~ 13 H’E (Crude
Protein, CP) ~ ¥H###ft (Crude Fider, CF) & fEZ fhHi%) (Nitrogen Free Extract, NFE) 47
Hr -

R 2 3 ER 752% Sibbald (1978) Ei Wehner and Horald (1982) 77330k
Farrell (0978) Z JIiEBURMETT - BABENEEN BHERFHIGRT — BRI ZAIBE - RAeE
% —/ NIE PG BRI 52 (Farrell, 1978) - — H g2 1N EE (Arbor Acre) [ 1 BT
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SRV ZESS - B LIRa SRR (B —) DUMER TG /KEAG K] - B8 2 K 55 - 3%
SRR EAMARZ OB (TR —/ N RS E) CHE 12 & B 24 /LR
73> RVUiH - BEAH 3 A - Horh—fH R PR - MEREEE R 24 /)RF - HiR 3 fHER DLRL ity
IR (1509, 259, 359) @ HAGKIFALE/T BILISEEELE (Alcare, 140mm*200mm) %E
24 /NFFZ HEE (FEIR) -

2 R BB A HE 6 IR DU R BVERT (PARR 1261, 6BK) IS HELAE
B FHK YA G R EZ 2 & BB AUHARE  (Ukachukwu, 2005) - i 75 =0HI1S &
e B E TfCEEE (True Metabolizable Energy, TME) e

(GEf* X) - (Yef' Yec)
X
GE+ = Gross energy of the cassava (kcal/g)

TME (Kcal/g) =

Y= Energy voided as excreta by fed birds
Yec = Energy voided as excreta by unfed birds
X = Weight of cassava fed (g)

WEt ot

HEs 2 SR IEERHE AT 08T 28 (Statistical Analysis System; SAS, 1988)
IELEHEEE » 4K GLM (General Linear Model) 271758 /75047 » 6 DU/ N5
fH (Least Squares Means) Ebiic2% jim B pH ] 2 fE A9 72 SR 1 -

e B

ARWrgeitmEE (K) > Bk (T) kGamEIF (Y) thlE=s 3 PRI EEERSE -
PRARIR AT HARH BRI SY » KBRS A e 58 Ry e S0 AT 7k 7050l K 70.6%E 80.4% -
KR T WO 2 B T LRI R B > SRR 27k o - KL AT o e
WIPPRAZFLGT R > BNk 1 s - &5 [ Khajararern and Khajararern (1991) Ffy
DAL PAEEE - BUE 3 8 ARl L8 < Rl 2 A A - HOHIEN & &
ERASORME 5 BR T UL > KLY ZHEHE IR E SR OORE 5 HAEERT A K
TR A SCRREL » A1 Koz S Ui AR S B STRRAEL/ > - 631 K2 R SR RS L 5t
A 1 DR - SRR Z KRS MK AL & W) & BE - B Ik A - AH B R 2 0
(Apea-Bah et al., 2009) - AR 7E45 BRAENTFEATR » 212 T HEHEEERAL Y Mg =
TER RZECEHRERIE Z MR » B3 8 Y (B8 oy BLSORREAEST - M5B B B R o 1
1R R B AR TR S s o TR A AR SR E (e R B SRR (B AR T s B & &
JEmE



204 IKIFE SRR S b R 4 e L SR SR AIPRTIT 2102 4R R B AR R & i AR

Y R E OIS EREMIR (B 1) R (2007) fHTEc 21 (ks EiE
Jir e P HBER R FEMRBA A S ek 0 > PIRERy 21 MR M E 2 9 FE (BB
1~56~7 9% WHEE 1 5% - FHARZ - Bitter, Chirgwi 2 Medan) » E Y] 5 fE & 788
— & Doy RS TR I A AT

Y BIEEREEER TR - LK REZ T - REEEEE BT - BEEE KA
HEEHIE S DY R Bz - R TELANHENE 2 A RE R EAUEEE (TME, True
IF - T EAGHRE IR AR ~ & TAI&E8 (L - 1981) - AGERFR22% Sibbald (1978) B
Metabolizable Energy) - i 25 F1] FE R E BUR R M AACHEE (AME) 158 TE

% 1. ARG BB 2 o - FTEMRE DI ERoR - K« ElE 5 Y : AR E
F . T : $kE s REFERENCE: Khajararern and Khajararern (1991)

Table 1. Chemical compositions of cassava from different area in Taiwan. All compositions are
shown as dry matter basis. K: Kaoshung; Y: Yuchin, Tainan; T: Taoyuan; REFERENCE:
Khajararern and Khajararern (1991)

HEE (%0) K Y T REFERENCE
¥ RERA 1.28 1.08 0.68 0.30
HERE 431 2.89 ND 2.50
K53 4.65 4.70 3.77 3.80
FEARAE 5.29 1.24 1.84 3.50
it akiitlant )] 84.46 90.10 94.63 89.90

1. S B L SE IR ERNEA (D -

Fig. 1. The leaf and vein color of cassava collected from Tainan.
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Wehner and Horald (1982) AT EE - X4k Farrell (0978) FHiEEEfN.Z » Farrell
HY 7 i R 2 A B T TR — BB AR R S REfE Ao R 1 /NI B R e 2 ER
R5GE o AT DUE AR TR SR - D E R R IR FEIR 5 K - AR
BadLR e 4 - 6 B 13 AERST 3 GHETT - AEIRAIER 2 fivR o Hrp 4 SEERIF{#ETT 159
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B2 NEE TME B2 AME Ji* 4 JEEREL 6 JHERARE A K » KIFLAZK DS B TR HE A
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BIRE(EEL NRC (1994) F¥lZ Fk TME: 3470 kcal/kg 5z AME:3350 kcal/kg #R{E$%
AT BRI B I R OK Ry RE = B RHFURE Ry iT AT ARNE ELERAH B T E o T
Khajararern and Khajararern (1991) Fror#t k2% 2B £k Z AME 435k 3145
kcal/kg K 3524 kcal/kg» H gt 55 AME 7 ARG Bl 1516 B BB (K - B 4h > Hoai et al., (2011)
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kcal/kg » B AIFE(E - HZMEEREAFREE - HAGHAR - 75 AfsEvH
FHIGBIA 3 i A R T RS 4 A o AR AR IS S R
Z I EAHRE E R M AHEE - rT LRI R ER &4 R K EE R L R -

% 2. EY)z At EAEREEERmGHREE - BUERVIIE: SR -
Table 2. True Metabolizable Energy (TME) and Apparent Metabolizable Energy (AME) of
cassava from Yuchin, Tainan. Values are shown as mean * standard error.

FEEE TME (keal/kg)

e 159 259 359 iaE

4 3572 + 89 - 3660 + 105 3616 + 44

6 3630 + 286 3663 + 110 3628 + 56 3640 + 11

13 3694 +3 3426 + 41 3585 + 93 3568 + 78

AME (kcal/kg)

4 2791 + 89 - 3326 + 105 3059 + 267

6 2899 + 286 3225+ 110 3315 + 56 3146 + 126

13 3094 +3 3066 + 41 3328 + 93 3162 + 83
R

AT FC R TR 2 2 B O Bt 101 S2RY-14.1.3-F0-UL J 102 #47}-14.1.4-
UL - G G A SR B R R R SE B ADHR 5 HT BE Ba T -
5| FA SZRK
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Study of Cassava as Corn Replacement for
Poultry Feed
Sheng Ru Lee?, Chen Yuan Liao? and Shu Yin Wang*?

Abstract

This study was designed to develop local grown cassava as replacement feedstuff for
corn in poultry feed to reduce the impact of global climate change to the livestock industry
and to increase the self-sufficiency of the feedstuff. Cassava from Kaohsiung (K), Yuchin
(YY) and Taoyuan (T) were collected and analyzed for their chemical compositions. Cassava
from Yuchin was selected for cultivation and for metabolic analysis for poultry. Day one
chicks were fed ad libitum until 3 weeks of age then were trained to consume given feed in
one hour after feed is given. The metabolic analysis were done at 3, 6 and 13 weeks of age.
Results showed that the chemical compositions for K, Y, and T were not different
significantly, then the Y cassava was chosen for the growth trial. The chemical
compositions of crude protein, crude fat, crude fiber, ash and nitrogen free extract were
2.89%, 1.08%, 1.24%, 4.7% and 90.1%, respectively. True metabolizable energy for
broiler chickens was 3628 kcal/kg. In summary, three locations in Taiwan have been
found to cultivate cassava, and the analyzed chemical compositions provide some
information for the use of cassava as a replacement for corn feedstuff.

Keywords: Cassava, Chemical composition, Metabolizable energy, Poultry.

1 Graduate Institute of Biotechnology, Chinese Culture University.
2 Animal Technology Laboratories, Agricultural Technology Research Institute.
3 Corresponding Author, Email: sywang@faculty.pccu.edu.tw; Tel: 02-2861-0511#31801.
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£ 0.9% - EEEABERET C R RITIHR R =E 15.7% - HARBOIEE. CEIRM)
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2 1. 2012 R A7HE R\A A [RIe BY R SURE I SRS 5 7 -

Table 1. The injured on atemoya different tree system trail after Saola typhoon in 2012.

’

Injury types”
Treatments Plant lodging The sub shoot  Branch  Flower bud Leaf broken Fruit
rate broken rate  broken rate injured rate rate bruising rate
(%) (%) (%) (%) (%) (%)
Vertical trellis 0.0 0.2 1578 10.6b 1842 64.0a
training system
Horizontal trellis
training 0.0 0.0 0.9¢c 4.6b 17.5a 62.3a
system
Open-center
training system 0.0 0.0 3.2b 4.3b 9.4a 62.4a
(CK)

% Investigation date in August 3, 2012.
Y Means the same letter of a column are not significantly at 5% level by LSD test.
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Table 2. The injured on atemoya different tree system after Tembim typhoon in 2012.

Injury types *
Treatments P_Iant The sub shoot  Branch !:I_ower bud Leaf broken _F_rmt
lodging rate broken rate broken rate injured rate rate bruising rate
(%) (%) (%) (%) (%) (%)
Vertical trellis
Ica’ e 0.0 0.0 1.72" 4.2a 6.2a 64.3a
training system
Horizontal trelli
ortzomtal fretlis 0.0 0.0 152 3.3a 7.7a 62.3a
training system
Open-center
training system 0.0 0.0 2.3a 5.1a 4.7a 52.4a

(CK)

? Investigation date in August 28, 2012.
Y Means the same letter of a column are not significantly at 5% level by LSD test.

7 3. 2013 - K Huile A A [ B pR B o AL e 5 & i A -
Table 3. The injured on atemoya different tree system trail after Usagi typhoon in 2013.

Injury types *
Plant lodging The sub shoot Branch broken Leaf broken Fruit bruising
Treatments
rate broken rate rate rate rate
(%) (%) (%) (%) (%)
Vertical trellis trainin
' 1S training 0.0 0.2 0.7 3.23 29.2a
system
Horizontal trelli
orlz_or_1a retiis 0.0 0.0 0.0 3.4a 14.0b
training system
Open-center training
0.0 0.0 0.3 4.1a 20.3ab

system (CK)

? Investigation date in September 26, 2013.
Y Means the same letter of a column are not significantly at 5% level by LSD test.
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Table 4. The injured on atemoya orchard windproof net trail after Usagi typhoon in 2013.

Windproof net treatments Branch broken rate * (%)
Network of 4 times the distance range 0.25
Network of 5 times the distance range 0.71
Network of 6 times the distance range 0.95
Network of 7 times the distance range 0.91
Uncover orchard (CK) 3.10

? The datas were investigation the shoots diameter more than 1 cm.

5. BAUEBIR EIRERR RS K e i 1% < REZFHHIE -
Table 5. The injured on atemoya fruit protection trail after Usagi typhoon in 2013.

Fruit bruising rate * (%)

Fruit drop rate

Treatments _Mini-fruit Medium fruit (%)
(Fruit length<3cm) (Fruit length>3cm)

Set polylong nets — 1.1+0.5 0.0

Remove fruit surrounding leaves 5.5+3.2 3.5+1.2 0.0

R 46.3+10.3 4.2+1.4 0.1

Z Investigation date in September 24, 2013.

7 6. EBYEBIA RN HME BT S R HApR BE % < HA 5 ~ BT -
Table 6. Investigation of sprout and blossom on atemoya different pruning time and lighting
treated.

Treatment date Sprout rate (%) Blossom rate (%) Flower number./ shoot
September 22nd 100 82.9a" 6.8a
CK 100 42.8b 1.1b
October 11th 100 72.7a 7.0a
CK 88.7 24.0b 1.1b

? Means the same letter of a column are not significantly at 5% level by LSD test.

7. RSB [F] R FME BY Rk iR B IR B A -
Table 7. Investigation of fruit quality on atemoya different pruning time and lighting treated.

Fruit Fruit color Fruit  Fruit  Fruit Total soluble Ripe days
Treatment date weight length width height solids after

(9) L a b (mm) mm) (mm) (%) harvest
September 22nd 717.2a 81.7 -17.7 39.2 136.2 121.8 158.1 28.1a 7.8a
October. 11th  618.5ab  81.8 -17.1 39.8 105.9 1051 1241 27.2a 6.5a
CK 547.8b 823 -17.0 381 1025 99.6 116.7 23.8a 6.8a

? Means the same letter of a column are not significantly at 5% level by LSD test.
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Research of Aatemoya Orchard Windproof
Cultivation and Post Disaster Restoration Technology
Po-Song Lu?, Shu-Wen Chiang?, and Yi-Chun Chen?

Abstract

Display atemoya fruit wind experiment, plants with windbreak effect horizontal trellis
training mode is the best, had the lowest branches broken rate; orchard setting windbreak
net can reduce the branches broken rate, the scope of protection of windproof net height of 7
times the distance. The injury of fruit bruises victimization rate was the highest in the storm,
in the strong wind coming prior to removal of surrounding foliage and fruit jacketed set fruit
net treatment had a protective effect of fruit, can significantly reduce the fruit injured rate.
Atemoya post disaster restoration results show the treatments of pruned, night lighting in
late September and early October, that blossom rate can reach 82.9% and 72.7%
respectively (control group 42.8% and 24%); treatment group fruits were harvested in April,
average fruit weight 717.2g (control group, produced in March, fruit weight 547.8 g). The
above results indicate, by pruning and night light treatment after the wind disaster, can
promote atemoya blossom and fruiting in November, to achieve rapid restoration goals.

Keywords: Atemoya, Windproof culture, Post-disaster repopulation, Typhoon, Vertical trellis
training system.

1 Taitung District Agricultural Research Extension Station, Taitung, Taiwan.
2 Corresponding Author, Email: pslu@mail.ttdares.gov.tw ; Tel: 089-570699.
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Fig. 1. Diagram of master plan.
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# 1. BRIEZ SR E SR
Table 1. List of environmental spatial database.
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AT E BRI R EERAE (Web GIS) RyJERt + A% — (2201 A3

BUTRRAE + Fakat DU R BB - 16T EHR I B T - R

DHREMCE R B Fv - HAUE RIS o R e 3 - FEsthifE /i b - tn] DU 212
AREyshfE &R - REEEIR - FEAbEt - SROLEE A AR M 22 R A S o EEEAYThAE

2. W RAE
Fig. 2. Flowchart of research method
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MRS T PR R PR B E AR~ R E AR R A S HE A
REGTEAH(E 5) -

3. ORYZA 2000 &z ife
Fig. 3. Validation process for ORYZA 2000 model

4. CLIMEX i ={Ea3gite
Fig. 4. Validation process for CLIMEX model.

5. Riffes i
Fig. 5. System Interface
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Fig. 7. Map overlay. Fig. 8. Transparency Adjustment.
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Fig. 9. Map Positioning Modules.
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Fig. 10. Soil statistics. Fig. 11. Climate statistics.
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12. 7K R AR REEOE - 13. JKFEAE AR
Fig. 12. The growth simulation of Paddy- setting. Fig. 13. The growth simulation of Paddy.

14. g E R EE-EOE 15. EiE AR -
Fig. 14. Pest distributed simulation-setting. Fig. 15. Pest distributed simulation.
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Kropff, M. J., H. H. van Laar, R. B. Matthews 1994a. ORYZAL: an ecophysiological model for
irrigated rice production. SARP Research Proceedings. Wageningen (The Netherlands): DLO. p
110.
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Developing a Decision Supporting System on
Agricultural Production for Coping with Climate
Change
Tsang-Sen Liu*® Yu-Bin Huang! Po-Jen Hsu?

Abstract

In recent years, due to climate change and climate anomalies gradually increased so
that the frequency of occurrence of extreme weather, which causes the loss of agricultural
production, leading to a serious threat to national food security. In order to get more
information of this problem, build "adaptation decision support system for agricultural
production™, the integration of soil data, weather data, and other information related
environmental spatial information database, combined with rice and pests under climate
change estimation model.

This system use ORYZA2000 (rice) and CLIMEX (pest) as estimation model with the
simulation of different types of extreme weather occurs , the yield of paddy production in
Taiwan as well as the risk of pests and diseases spatial distribution and, through decision
support system the GIS spatial query display function, interface to visualize the image,
showing the evaluation results.

Internet Geographic Information Systems (Web GIS) is the engine of “Adaptation
decision support system”, based build system for the display of spatial data query, data and
soil , climate and environmental spatial information data and other information , can be used
in agriculture to build a spatial database operations of production and food adapted. This
system can inquired through the map to present environmental spatial data and information ,
such as climate, water information and other information on a variety of spatial data
statistics.

Keywords: Climate Change, Internet Geographic Information Systems, ORYZA2000,
CLIMEX.

1 Agricultural Chemistry Division, TARI, Taichung, Taiwan, ROC.
2 Environmental Management Consultants Technologies Inc.
3 Corresponding Author, Email: tsliu@tari.gov.tw; Tel: 04-23317426.
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(60%) » H X Ry Ziate il (37%) - KRIEFEAR I REASEE i RS R BB/ NGY bt i e 1 22
WA - BRI E (LG 3%  HALB R R SRR P E AN B AR R
B ERYZREL o ISR BRSSPI - HETPSrE e i RER - fE R SR - RUOLEM
BHEY i 3 B eS8 44 lizardfishes RYTEDEIE 8K 8L 2% g i 4 - HBHERDITEDE 6 &5 Ry
F o ARSI 1 s e

T AR 48 2 0 R A ) e e B 2 1 R I H A BRI K IR SRR B L3 3 )& 10
M - ARWFSEE 2011 A 1 H 28 2013 4 10 H H PG re g f i 35 B it B F SE BR SR KR
B RER - HLEHERIGRIRGARL (Priacanthidae) N 1 J& (genus) k4 & (species) %
7 3156 & LUKHEHE (Priacanthus): 344 Red bigeye fish #AEAIREE (Priacanthus
macracanthus) Et#ilfzr (99.8%) - HERADEURE— BNy H A KBRS (Pristigenys
niphonia)(4 &) ~ &5 AHRME (Priacanthus sagittarius)(1 B) & & 1 AHRMH (Priacanthus
hamrur)(1 &) » H R BSOS S mT &0 » ATV RS 1Rk A 12 A8 A R AR R £ R A S LUK R
KRS Ry o s Akl 2 fros -

— RIGELRES

APE e 1 AR A U S R R P 51 i PR v & ~ )RR fR R KR M e B AR e

CPUE [ A GIS B ARG 34T » HH 1997~2012 4[] DUAE By BT SRR 4 S



230

A
oY
pll

M8 h MR R4 B L SRS E-102 A R B R B IR ) & i SUER

L. PHREHHSS RO DL -

Fig. 1. Distribution overview of Lizardfishes off Southwestern Taiwan Waters.
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Fig. 2. Distribution overview of Red bigeye fishes off Southwestern Taiwan Waters.
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PR - - 72 2 - 3 HRIEES R Pa R IR - 9 H Bl R AR, b
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KPR v 300N A — 25 - 2000 42 DART - KHRESH# 5y 4-6 H » 2000-2003 4 i AR [A] 2

10-12 H 8B ZHRE - 2004-2009 -2k 18 4-5 H Ryl - {2 2010 A2 3 4EfH -
A PSR R Ry 10-12 H

3. 1997-2011 HF-EZ {8 VY Ry S REFL S
&~ #&E-H B CPUE Z3ArilEl (e K/
CPUE % %) -

Fig. 3. The longitude and latitude dynamic
distribution diagram of the average lizardfish
CPUE during the period of 1997~2011. [ e size
represents CPUE(kg/h) amount )

4. 1997-2012 S B Py R AR A4S
JEE ~ f15E- H 1] CPUE 43Tl (o K/ MUk CPUE
%5E) o

Fig. 4. The longitude and latitude dynamic
distribution diagram of the average Red bigeye
fish CPUE during the period of 1997~2012. (e
size represents CPUE(kg/h) amount )
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Fig. 5. Relationship between climate change Fig. 6. Relationship between climate change
indices and lizardfishes CPUE changes. indices and Red bigeye fish CPUE changes.
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Fig. 7. CCA analysis by important economic species’ CPUE and environmental factors.
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Impact of Climate Change on the Economical Fish
Resources and Fishing Ground off the Southwestern
Talwan Waters

Chi-Chang Lai'?, Jian-Zhi Huang', Ching-Min Yang®, Jia-Sin He®, Long-Jing Wu",
Hsing-Han Hung" and Ming-Kune Huang®

Abstract

A lot of studies have been done on the fishing grounds shift and resources of surface
and mid-layer migratory fishes near Taiwan, but less were done on the bottom dwelling fish
species. In this research, the important bottom dwelling Red bigeye fish were studied to
understand the shift of its resources during the 17 year period between 1997 and 2013, under
the climate change index and environment factors of its habitat.

Results show Saurida undosquamis was the main species of the Lizardfishes, and
Priacanthus macracanthus was the main species of the Red bigeye fishes caught in the
south-western waters of Taiwan. The CPUE in fishing grounds was significantly higher at
the depth of 100-200 m. Judging from the variation of these climate change factors, the
occurrence of La Nifa raises the CPUE of Lizardfishes and Red bigeye fishes, with a
positive correlation with temperature change, and a negative correlation with salinity at the
depth of 100 m. This suggests that the strong northeast monsoon that La Nifia brings was
conducive to the vertical mixing of different water layers. Further more, water from the
south China sea, more nutrient than the Kuroshio, comes through the Penghu Channel influx
also contributes to the increase in lizardfishes and Red bigeye fishes resources.

This research will help predict changes in the lizardfish resources under the influence
of hydrological environment changes and will be critical information for making coping
strategies.

Keywords: Climate Change, Hydrological Environment, Bottom Trawlnet , Lizardfishes , Red
Bigeye Fish.

1 Coastal and Offshore Resources Research Center, Fisheries Research Institute, Council of Agriculture,
Kaohsiung, Taiwan 80672, ROC.
2 Corresponding Author, Email: cclai@mail.tfrin.gov.tw; Tel: 07-8218103#212.
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RIEZERE L F 5 BB RIMRER LT 12 R - T REME R I PR IR 4 — By

[ » 2012 FE C ERHBURTEAN IR RETEIE T - 221 1-3 A& mEL AR - THERF 15°C

DUR AR E - 4-5 HEERGETTE 22°C » (B @R RIES TS - 22iiE

BA PR BB /N 85 5 1-5 /AN Emna iR CPafE) 54

1 22 B s EER TR R oK 8 A H 42 L A E L -

A A = b SR =P SE = P (S EPS Fk o BK Fk HTIERE
BV 2 % EHE ko HMEMEERR BE EUE EHE (15-58)

fEEe 2B 755 6.0 15.1 17.9 477 345 134 4.82
% 755 6.0 15.1 18.0 486 352 139 4.94
Bek 22 76.0 5.9 14.9 17.9 480 341 136 4.34
B 740 6.2 14.9 18.0 459 331 125 4.68
HA  Z2E 745 6.3 13.5 18.0 472 347 132 4.00

Bk 73.0 6.0 13.6 17.9 47.7 3.47 134 3.99
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C ; H@EEHIE 10°C - 6-9 H R E T - 2012 SEH B A 22RIRR A& ZE 257
Dl - 10 Hz A a1k - 2013 4 2218 He & J50F B n S5 il Bh R i R i R
B MIRARGIEFI R 1-5 H s M HE 5 A 31 Ht @ik 24t f£6-9 HE
iR AR 15-18°CRREnVK IR - TERF RIS 5 i H 2 B i At ~ BEk ~ |
Ko BEE - BEE 8 M H R IR RS o AR DA T E B & 22 I e e
TEVIFS 7 R 22 ERE T -

3% 2. BRI R & WIRS R B i P

Frig Bk B Rk TORBOEIR WTER ok MR aERIER

HE FEXH (%) (%) (%) (%) (%) (%) (%)
3 221 6.0 87.3 0.4 89.7 2.5 41.8 375
=T 2.8 83.7 0.0 94.0 9.0 39.9 375
4 227 12.4 785 4.1 81.2 20.7 36.6 29.7
T 6.4 86.8 3.4 88.4 21.2 37.6 33.2
5 227 16.3 84.4 2.8 82.1 25.1 33.6 27.6
B 8.7 85.7 10.9 85.7 29.2 30.8 26.4

'R BT R ERE 10 Bk - 49k 25 KIrhER o 4k 250 BRAHEMEIZ SR -

ErE)
AWK FE A (S 18 1 1 B B e s PO R oK i BB A AT WERAH T ©
5| BBk

BRANES ~ $2HFE - 1993 - EMEEFRIETT - Rl TEMSEATHRE] - 131 -
Booth, R. H. and R. L. Shaw. 1981. Principles of potato storage. International Potato Center, Lima,
Peru. 105 pp.

Hardenburg, R.E.,A.E.Watada and C.Y.Wang. 1986. The commercial storage of fruits, vegetables,
and florist and nursery stocks. U.S.Dept. of Agric,. Agriculture Handbook No.66. P.59.

Hasegawa, Y., 1988. Energy-saving storage of citrus fruit in Japan. p.92—103. in : Postharvest
Handling of Tropical and Subtropical Fruit Crops. (Bay-Petersen , J., eds.) FFTC Book Series
No. 37. 135 pp.

Kader, A. A., 2002. Post harvest technology of horticultural crops. University of California
Agricalture and Natural Resources Publication 3311.

Kobata T, N Uemuki, T Inamura, H Kagata., 2004. Shortage of assimilate supply to grain increases
the proportion of milky white rice kernels under high temperatures. (in Japanese) Jpn. J. Crop
Sci. 73: 315-322.

Liu, FW., 2010. Development and Application of citrus storage technologies with concurrent
consideration of fruit quality preservation, energy use, and costs. AARDO Workshop on
Technology on Reducing Post-harvest Losses and Maintaining Quality of Fruits and Vegetables.
p26-47.
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Research and Development on Long-Term Storage of
Staple Crops, Fruits and Vegetables in
Naturally-Cooled Storage Systems
Yee-Ting Wang* and Fu-Wen Liu?

Abstract

This study is aimed at developing a cave storage method for storing Taiwan
agricultural products with or without minimal consumption of electricity. Major work of this
year includes (1) improvement in the utilization of cool ambient air in the winter months by
proper manual control of cave ventilation, (2) maintaining desirable storage temperature in
the summer months by using shading and rain shield to reduce heat input and employing a
supplementary mechanical cooler, and (3) trial storage of several products in the cave. The
results seemed promising. Mean cave temperature remained < 15°C during January
through March without using electricity. Cave temperature increased slowly in April and
reached 22°C at the end of May. Daily temperature fluctuation in the cave was negligible.
With the aid of supplementary cooler, the cave temperature was maintained at 15°~18°C
during the period of June to September. Average electricity use was less than 1 kw-h per day
per 1 m® storage space. ‘Liucheng’ orange was stored for 5 months; and rice, with or
without husks, polished or un-polished, and Coix lacryma-jobi L. were stored for 8 months.
The storage losses and product quality after storage in the cave were comparable to those
stored in a conventional cold storage at 15°C.

Keywords: Cave Storage, Common Storage, Cold Storage.

1 Assistant Researcher of Crop Science Division, TARI, Wufeng, Taichung, Taiwan, ROC.
2 Department of Horticulture and Landscape Architecture, National Taiwan University, Taipei, Taiwan.
3 Corresponding Author, Email: etwang@tari.gov.tw ; Tel: 04-23317131.
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BEAFRREFTERE R EIIMA L2
ERAY
FRAERE TS ARIHE) L RS 2 BEREE Y FRIEE) ¢ AN Y AR T BPEER Y A

TEES

AFHER RS S BB - BEEHHE SRR RS R TR - R
B L A AR TR RE - R (RSB M) DU E IR - 102 H AR
LI R RO IR A A T (B i FE TR o H BT FAYRE BE T A2 DL HOR Y R K
o (HIAE A s R B BRI - SEEEPA SI A  HEHE A B B ARG - (A1 Bh i
SE B IR SR B Z A T30 - RS PRae i St ST B A B A 38 2 i s < 21
W RAREE RS E R L B - T I SRR T AR A RS IR A
75 WFFEBEER  Wisth i B EE R B SE RO LA B R A I T - HRRE EBUR SR W) AaHE
PSR SRR T (A - T OB E iR B ZHhlG - 5940 - AERURHIbG T B RFRAERRA <
FYSERT B TR - B SE S IR0 G 15 DUE R UG B SR NS 7 B AR R
DR & © B > ABFFe/R LB A A F R R B Tl B R E L & -
EFEARM R AHEE TR ~ HEEHENT SR HE < S FE R 2 7 U AT LLIR - AR
BURSHRIHE Y HE U PR fe s - P BV IRE S e b S D - (BRI A L
rh s PRS2 AR B A LR Ry =R iR iR % o RIS IR - AR ]
DAgk A == Sa e e B -

BRSRE  fEUEAAT - BRI G - S -

Ik
[l

W2 BRI ED A TR - NS EEIRRY TR KB H HBY - {EERAA
7R - FEE ARG - (G B SRR A 2Py - RAH bR L RE R
FEFAE - HERIAIEERER R L & ME - EREIRZ BN K 2 BRI (L F#

1BETIEERE: SRR £ » R A -

2 FESALRE YIRS -

3 SRS RIEEREE A -

4 h B TARRARIR A AR AE] -

5ENEE -S4 ¢ jjsu@ntu.edu.tw ; FEEE © 02-33664142 °
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RE FAEATEEAS - FELL T MRS AR RE IR A B B BIRA R T o AT X R R
A - BB HE IR R R SOE R IR - KA S A AR - IR
i HF o T b e 08 2 o P T P 5 =X B A BRS

H 15 & A R 2 X2 DL R R KSR (HIRI S SR @ I e T Al
P+ DB B T Y - st B AT FH 25 2 B AR R+ 35 T A e - 3t e B3 R o - 3
TG DUB T /KB 7K IR T R S5 R - 2 R i OGS Z i - (HIE s S R RE
B TAE R RS R FORHIUER R ESE R P TR A -

SR B EAIAT A AR T - BARRR ~ BRERER ~ BRI - EMRLIK
FEE - Hrh RGPS 2B 26.14% - FREREMEERHIE S 16.47% « 5
TG HE BRI Ry 12.82%  EMIREH R HIE By 11.01%07 5% F B G A B IRy 9.21% (3%
1) o ARG RIS E R R DUS 22 MR e {18 3t [t SR ME RE SR B S R AL 3 - [(RIR L3tk &
EHE -~ RIS BC LB s 70.2%H 29.8% » A AIEA LR DU HE by X B A 0 1M
ERH T EE - AHESBCLLBIRIRT R 4.2%E0 95.8% - AT AIZE MRS DIAHE R, £ 2 a2
ROR - #EE BE R R A 22 S KR 3 BUE e MR B B P MR E LT H
HIARIE » LR AR A REA S B Ihry = R R R (R 28 3) -

e SEAR AR B R B BRI A H BITHIRTRE » FRAIL - R SEUE 53 AT 3 1
S RIS RAGERE 534+ FEORMEEAS ~ ESIGES ~ IREEE - 540 ASChiTie T HEE
A 30 2 SR B e A -

H R E BN 2= g8 200 Ry N Bl R - H BTN #EEA R AT AE - A
HESSG PR AR L JH R DU B AT B B AR S HE I Ry B B, (B » 1990) - ZE#ES < #E
& m e E S EmR S - HEREMR —EER - FHALTLIER
SR ASHIG PR - iR T E AN RS DI S B - HEEHENE R
HERE o 5 ShHEEVEER A SRS 10-14 RETRRERE T » h— R EHS LT R
HIHEZ R 720 - BREG S HE BRI » R R P T HE I e 55— SRR B 5
= o BEFEFEITHEND SA] 3 OHE B HE D B DB M HE S I (R 7 - BRI ME L) W
T o HEEHENA E B M AER E R A TR M 22 DL 1.2 22 2.0m S HEE R - 5
AR DAHE BT TRSE - S IR R Ry 18 38 BRI HE vA R FOR R EE I A G R A
BEA Im SHURERERETRER - BRI E B LTI - BRI R
1238 -

k& R R A AR 2013 SRR AV TS fa Y B EREHEESE (livestock supply
chains)ff & 4= HIR = R BSHEIGRT 7.1 (508 » 5 BRI = R AR HE Y 14.5% - Hrp gkt 4
EEFIINL S 45% ~ FLAHLBRERHER S 39% ~ FAE 3 109% - HERATS 6% o B
Ay B R A A B AR AR PR SR B Y A B R B (R B el - 6 B A/ AR R S
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1. =Rt EHEREEER

LE| =2 Al e B4 H(%)
ZH 91,597,585 100.00
1 AL 23,947,241 26.14
2 i1 15,083,391 16.47
3 AT 11,744,312 12.82
4 R 10,081,647 11.01
5 FEFRAR 8,438,218 9.21
6 =T 5,731,537 6.26
7 [EaEta A 4,543,160 4.96
8 2 2,636,571 2.88
9 [ 2,270,470 2.48
10 PR 2,267,503 2.48
11 H R 1,762,186 1.92
12 HTTER 1,591,610 1.74
13 =R 705,632 0.77
14 {ESHE R 419,473 0.46
15 e 146,393 0.16
16 <SP 116,327 0.13
17 e ] 40,974 0.04
18 EIXUnH 36,709 0.04
19 AL 27,457 0.03
20 ST R 3,200 0.00
21 FeET 1,951 0.00
22 == ] 1,623 0.00

BRI - RZERET R - B R TR A AR
* 2. R 101 FEHEARS B AR EY

eyl BRSSP o5 B 47 L) P 3 (G TR e
AL 802 (47.09%) 16,809,929 (45.47%)
EFRER 36 (2.11%) 427,300 (1.16%)

g QU = Ry W da TR ZN i 32
3. K 101 FNFEE RSB AL R EH

NNl BB (P = H 23 kL) e EH (P =B E 77 k)
AL 444 (10.8%) 7,137,312 (13.06%)
KR 667 (16.22%) 9,654,347 (17.67%)

BRI ¢« R T S R AT e B
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MIERICE A IR B IR ~ AP REIRINE - Mk RRHEGE 30% (FAO, 2013) -
ok o [ PR A REL P 2 3 P 5 SR T 208 B w0 ik A iR R A L5 280 = SR A 9k
o HATTEE ~ 5S> (Bl > B ~ HA R PBIFAREME IR A DUS & AU RE TR AV 5L
fii (% - 2008ab) - P EH i~ DL w8 S MHCRy BE IR S AH R S Il iR e 2 OB B - 3F 21
AR - NS SR B T AT A BRI A ME - FEEE S PREE
TR KRB RZEM o ARWF5eE o SRS HRE R ARV B S It - L
—HEE RAEHEE M R G E LR E AR EN R > DS SRR E L

B - SMEEFEERER (7% - 2013)

— BENHEGEEE

fKH% 2009 FEH AT SRR - HEE (FH - KFEH - ALA L) RelglEs
AR HEFE < Bk R - HEIMIE & & FIFE 3.30-5.92% ; 3 B 2.24-3.3% ; A &=
Dl e = 3Tk 7.62% » IRFP AL A 1% 4.77% » 2RFEHE Sy 4.34% » W5E+R
MARE A S EHREREEASE - EHE AR EEREY) S KRG - &/KREEK
TR K ER (74.29%) R FF RAL A - sl L5 et ESE S =
FIAE 0.12-3.25 ppm » $BFIFE 0.11-1.13 ppm > £&#I7F 0.49-9.91 ppm o

SRR AT EUR - R~ 8~ SR FIRYITR & AR R ETRIEY) T
FELZ 2-5 152% » R EGETEY TR EEEEIR RS - KPR AL HEL
e R A Ry 77.81 ppm - (HHEMY) A R 2,420 ppm - fFSEHERR FTREGRIKIE
BB LB T R TG R - MHBABER PR » N AT A4 (] e 8 78 0 o i 2y (K]
R RIMARER (K 4) -

FHFA P 2 35 B 28 ) PRV O EREDTA B - SO o g At (R B A2 K 2 (o R R
TER R - FHARE A IREE ~ WK - IRFFHZIEMEFRFAEIREIFIIN) » BURKE
HORH AL - 5 B RER B /KR 45-61% ; R AR R IR > & B 15-18%.2 [
TEZ ~ MEAREIIHET - ASHEC KRR EIT.C 6 M IFIEREA T - AR
FEFR AR ©

LEAh - SEETEI N BRI T HE R R N BVE R S HRS IR LR 4
Firs o HrpSH A EHEE T - (REIUR AL/ NUE RSB A HoE N R - (KR
R HERR N AL B T o W i H O [R] 3 BUEREE 7347 » HH3R b (L PRSRG SR AT 20 » 7R
WA R lig KR K - HHERER /MR 1 AR - HIRIS e 2 E HEFEHERE G L Rilfe
™ EHEFEFEREE H B A KR ERE - 2VEIRRE 2 -
—CBIMEEEEEER
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4 BINHERRA IR ER R

BERKIE 1 (2009 4F) ERPKRIR 2 (2011 4F)
- g HRLhE AALE fwE we
St 2
Moisture * % 7429 4380 5168  57.85  46.62 58.34 53.96
Ash®Y > o4 By 10 fE3 10 fHE 10 fE3k 10 fay 8.72 7.71
Comb®™? » 05 1571 4619 3832 3215 43.38 32.94 38.33
RZEE N% 4.34 8.17 7.07 4.99 4.54 3.72 1.77
M N % wet™ Y 112 459 342 210 242 1.55 0.81
BZHL P% » as P,Os 4.41 3.3 4.42 561  5.92 161 0.76
B K% » as Ko0 224  3.06 3.3 2.6 2.82 4.04 0.76
W5E Cu ppm 51.02 57.35 91.06  66.94 69.58 59.17 36.00
W7 H Zn ppm 409 347 499 604 644 245 160.67
WS HE Feppm s as Fe,Os 201 205 204 24209 329
HZEE Mn ppm 310 338 464 374 400
7 HE: Pb ppm 045 012 017 092  3.25
§ZE Cd ppm 0.22 0.11 1.13 0.16 0.23
W5E: Crppm 201 049  0.49 215 901

BRI 1 - HEHRIY R R s B B ETE - ERERSE 42(4) : 291~298 , 2009 -
ERRIR 2« eSS EHRI R < WTE - AT 44(2) © 163-174, 2011 -

At 1 RASIK Ry ARG TR B HE L B -

ik 2 1 BRI 2(2011 4F).ZERmibR A iR -

ik 3¢ EE R - TREREE IR LS TS LSS TE R -

2% 5. EFEGITEHE N & HEETHE I ZME AT

HEFHERTH B Koy BILEME (callg) RZEFME (callg)
1 67.2% 811 2,475
6 44.0% 1,412 2,522
10 26.7% 1,774 2,420

38 HATUN e IR 5% e B B EE AR ik L BB » BE D R R — R IS L I3
PIE IR A F] - RS A E AT - IR R L B~ BETI AR - AR
FEA- BN SUNR ~ REFETEL R TEMG ~ SR /K R T S IE R T - S TR U T 01
BRFEAIA - DUER AR GR -

Hh ZEFAE B R ARG 2002 5811 - R FEFLn] DIRIBHERVRERL 00 T IR FHEHE
3 EHEHER A - GRS ER 6 R o BURAHEHE R AR 2 2
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# (1,930kcallkg) RN EHEHER (1,215kcallkg) » AHEHETE 2 AT #R7) (51.58%) Rt
HEHEFL (40.84%) » F/KATEERT 39% ~ HHEHETIK ST (19.93%) R AHERERE (8.61%)
HE#E 7 YA C 18-25% ~ H 2-4% ~ O 18-22% ~ N #J 2% -

BEAh - HAHA 2003 AFAE H AP B LM = IR B s AR ) TR T 3 B H AN KRV REZE 5%

BB - 2005 £F 5 H LGS - B F BTN R AHEFEZE LHV 1,900 keal/kg @ ¥
7K453 43% (25-60%) ~ JK53#7 10% » §ZEE C 39-41% ~ H 5-6% ~ O 34-36% ~ N 3-4% - P
1%~2% ~ K 2% » S 6 iR o

SO L FEF AL B IS ST - IR 2-3 WAER C NHEREE R, - TS
BT N #J 2-3% ~ S #J 0.3-0.4% ~ ClI #J 0.6-0.8% - Wf7CHg i HEFEMREENF - Hih 2 N &
R I SR (NS FE BRI SRR - 2P A ERIRIK D o T3E T (=43 53 T) 2 7K 53
#1 27% ~ AJRRSTHT 57-60% ~ JK 34 14-16% - NFEHEFE KA B EEIES » £9 2,000
kcal/kg °

FEHRBEK R AR 3 W8 AE IR B BR BT S SRR B 3 R 5 S5 PV C N REREZE K
53 BRBERF MG - BRI FERE 3 2 R A7 38 B S E9{E Fy 2,498 keal/kg 745 » HRAICEHR
SRR TS5 HTREZR 6 -

FRETRTI - TAIREEE RS B R 2 A e AR T R RRRER » DR 4 K&K 6
Pt B B e o PR Ry B PN REREZE 2 VRS SR B AL AR (LHV, Lower Heating
Value) EHERyrsr - FER KRy NRE B HES RS — M DU MR (FE3%) TER Bt -
EHE MBS o RIS G BHRRERCH NS - NS
MEE L - FEE LD o SR HEREEE 2 VTR B R B A B PR (LH V) I AR iR
o AR B EE K Ky 2,000 iR keal/kg » B8 B P4 4= 3% B S MR ISR 0B AH ¥ (2,000~2,400
kcal/kg) ~ H#7h— My B R ZE (6,000 keal/kg) & —>F » A b AIRE W] LUER (kg B9 58
BEEME - FR BRI -
= - BREHSZEARENS R

TR HEFERER A it B B SR » R AT RESE T HE 3 A Y DU R S B ] (2 AR
Wk & o TR R AR B N R L o AT BB - DURIREAL VB AE & s B gk
MG - B R AHRHEEAL S A L I ERAK
1. ZEEBRGEZ O MAFAREE

KIBRZEM R T EPCEHREREMEAERQ01 F) ) - Rii 5% 101 4
R BRI ILE 5,777 i - #EEAIEME 9,160 BE (X 1) - AIELHE L
gy W R EHE (WAL EME R ENERE) KA (RASAREHE - SR L HE
WAL REHE - BEREE - FIHE - ReEE) WofE - H R BESIGET 1,703 7 -
HEfA SRRy 3,700 B - N2 EHISILET 4,113 5 - NHEATERBER) 5,460 B -

\\
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6. BISNHERRI IR R R

BERRIE L BERRIE 2 ERIR 3 BRI 4
(0) (H) (FBIKEE) P (broiler)
R — e i E QS Tyson Farm Perdue Farm Mountaire
W EH PAIFE PAIEE Ave. Ave. Farm Ave.
e t/d (broiler) (hen)  (broiler) (broiler) (8 fHEEAN) (B HHBEAN) (8 MBEM
Moisturer % 39.81 39.23 43 26.90~35.00 26.2 27.3 27.4
.. Ash % 8.61 19.93 10.00 11.75~13.90 14.2 14.6 15.7
2;?;: Comb % 51.58  40.84 47.00 49.21~77.62 59.6 58.2 57.1
\olatile Matter % 36.21~67.30 494 48.3 47.3
Fixed Carbon % 13.00~10.32 10.2 9.9 9.8
C % 24.51 17.87 24.31 26.59~30.40 27.93 28.16 27.22
. % 3.35 2.09 3.65 3.53~3.62 3.79 3.8 3.72
;;; O(oy i) % 2171 18.00 2127 20.79~23.00 2423 22.04 22.43
(L) N % 1.59 2.36 1.82 1.81~1.85 2.65 3.03 2.69
S % 0.08 0.09 0.43~0.45 0.33 0.37 0.33
Cl % 0.34 0.43 0.67 0.8 0.71
.. HHV(y keallkg 3,599 3,683 3,556
§ HHV e keal/kg 2,653 2,664 2,576
E LHV e kcallkg 1,930 1,215 1,900 2,498 2,291 2,295 2,211
by calc.

BRI 1 BHRRIREREE R A 2B 7 ° 7> A - ¥ 7 <k Vol.10, No.2, 2002 -

BRI 2 - FEBANC LD A A AKEEEFEER - AL I &S AR ) A 7 VR -

ZRIARIE 3« FIFI RS MBI BRAE ALY - P EIREERE IR BB FIY) -

ZEFIFKIE 4 © Economic and Technical Feasibility of Energy Production from Poultry Litter and Nutrient Filter Biomass on
the Lower Delmarva Peninsula -Appendix B Fertilizer Nutrient Value of Broiler Litter Ash o

WAL B HELSEHT - AR E3E L pE S AR E
10%FE K FF By + BEALRR(KY 2,395 & - 26.14%) ~ [EAFR(KY 1,508 B - 16.47%) ~ 75
BT 1,174 EE > 12.82%) ~ EHR(FT 1,008 HE » 11.01%) @ HRATKHEFEEHF (L%
T 3% POl R T R R 1 S A R -

2. FERBBTHZRHEB I M LABREE

g T SIS EEA R EE IR E BRI S R
Z BN E BRI ZE AR EE - FEERER LA e BMLIE) R EREEATE 300 WE/H DL
F o IARF AR - ARSI AR - DI AEE 0.1 AT/ - HEHE - Ak
HREIR Lt (EALNE) 2 e 65 o [ g 22 ) B 2% 300 B AR ¥ -

IR ~ BRI ~ BT - EMIRE 4 EEEEHRT BSOS
EEEE AR BREAIRZ 79050k —MEH BB E 300 B - HERFERER -
BT~ EMRERZEEE A - 35T 0 EE v i B 2 e B 300 EE -



HERE S I SR B R R 251

3. HEHEEIRLEE (FYLMl) EfEREMERRETTH

WHRZY " REH AR AR BN RSN ) B AA - ARG E RS
AR HECBEALRE) - AR EZALRR rI =5 B TT S4B sk MR EEER 1 IR SHE e  MEANRFRR
R~ BT > EMBRCEEE - ISR E R AERE T - SHE N E TR - 48
A RF R RE IR L as it (B LIRS E M E P i JE 3 i

[ P [ 150 14 % e TR A L B e iz 55 AR B BT ik 0 A (5757 - 2013)

— - HERREEERERARIFTLRES

IR A G T 25 A 7 B P e e e 1 S v R B R L A A - AR M REER N S
BRALEE - ABILENA - ZEEAIR R ESE =M R 7) B - Wi
BIFEHTERBHANT -

1. Ex—  2EEHE B

1 E B e fR# 1 Fibrominn 28 Mg fRER MR HE P BB HEFE (10 £0/WH) - W HAT
BEESSE R EEE (3.3 Eou/E-1) X - BHA LR 2,100 M (K HEFAMG
50~75% » HERZ R R HERE) ORI BEFEY) - HAEEFE & 62MW - HIBR N B RGEERTT:
FEBER 55MW - 4 ERIFEE R 450,000MWh » EEEK 89 EIT/MWh » 1
KIFrEs 2.67 JUIE - BARER SNCR+FEEMAT +H8 08 2 BE 25 S 22 RT3 Yebhih ik
fifg » AL RE R R B BT & 22 R0 R HE U R AR 1S HR IR - HESERRIRAR B 2 % ]
R IR & (70 SETT/ME) -

AR R 2 E R K E R EGIEL - £ EEHERTME - W S g
R FEFERE IS LA - REISLE IR A 5% BAIol I 3 B Bk e S AH 5 LB iR st e
RALHEFR AR 2 HME I RE ) - ROFRREE TEELHF - RACRIKIE R
EHEEREFIA -

ARG STk 0T A 7508 5 0 2 7 A b T 5% T 3 M B P HE SRR R LR T - S D HE RIS
AT 5 BRI LR 2 B RGRAR R E LA R R ERE - IR A E
ANEIPHERREIEE TEEAE 5 HEFE ARS8 5 1R 50 R kR (R B
W) > SER IR BRI - SO e BLASTRRS SO & T AT - HEEHR R A2
SRR TR o
2. B AVEAF AR

AR H AN LN = e SR i B Bl A AR ik 2 B - AR — iR AR B
TYEREIAFE kR E R - Bt E HL RN - SV aTRR - & AR -
FELF R TR B  HERESAL RN © FE 3B IR BN S I TR - S TR B IR A A
R » DUER KRS -
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7. BIERE ISR T HE SRR IR LRk rT T TR SR AT

. T— =
— 2R L A BEE AL A AT A (e (i
M5 SHEEERESIEE - £ 2% HARREDIEE - SRR P EL R M
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LRI BRI AE AR T R B (8 1) - #ERA LSRR (300 WH/H) EEfZ BEEGRIN
(41 WE//INEF) > KIHFIT 70% (27.3 WE//INF) R TG A 32 B ke it oz i L G At B TP
(S = IR AR R) B - RIERZRIR (13.5 WHI/NKF) 4IRS EAIA -

AR LR H R H AR E RSB - F S B a5 W bl R AR P BB YA
axfii o REPR LA IR AR ~ BN NI FR R e S FHRR TS Yebin et - 28 Lz
J BRI R AL BRI R S iZ IR B - BRIy - O R E T 5%
HE] > SACKRIRAE R IR BRI A -

K]t S e o B SE 8 v B S 22 R Ty R R B E - SO sk P SR RS RE IR 1L
i B LB - TEINS NSO E R - MEANBIOR S L3 3.2 e B R IR R b e
TBE T 2B W b 2 Th HE S RE IR LA R T i B L B - S A R R 5
PRIy s B G R - NIRRT T SRS SR B R O R AR B A A L
HuIRZERTHER I - MATF SRS -

T FH A B A S i e 2 8 22 ik 22 it ] (e R S S RE IR LR - LA B AR
/NARRTRARR(1.5-6.5 WH//INKF) - ZNDAFIERERE 1 KR 300 W 2 58 L S LB 5 -
HZQRFREE L BEEPIRE 15% » DIBGER L BUBBGRIRIEHRR B )T - R OFB
SR ETEEAF - B R o HUSEH R AR U AR R T -

3. = ZEEHIR LR L B AR

A A SRR R SR T s s B A B IR LML 389 - A B 17 Bl A e S o B
ErhHEFEREIRA LA -

KT SR A& AL B8 R BE S Ve PRA T3 > H RO b e BEFE AR DL T B ) il >
PR ERGEHEIS - KK bR C BRI ET BRI - il Ry g
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Ll » AL E 2 BRI EGE %  THINE SRS B RE - SCHER I
R - HH%E L ha B s A 3 & R B S s A Z — 8053 IR A 3
GR(E e

B AR A A s - SOV A TIRAT - S R 3 255 IR AT A
IR o I okt BE R 5
— - #HEmeREE (RERERN) FHMAE

FH AT B N B HES IR DU f] A ANgR il — (R EBEEAEN) RE ST
MR AL (300 W/ H) HEFEREW LA (BELME) H 1 ZEsestittm - NI EAE IR e
Tt (BEAL ) & M5 R [ 1 22 20 B 2% 300 B EEHE » i LR ml R 75 SE B Bk AR SRR 1 PR
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HHEFE N IR = SR B A L BTG 255

1. HEERGHAEE KR R B E E
(1) #EBGHEERE

14 FH AT P 7 P RN T B s o e e LB 2 T U R KB %R - G DA #E B
EHEZ BB - AHEC B HES S — i U () MR R 3k - B ER - %
LB — IS - SO RIS - W R RS R o R
e - T () AR R EARAI 2 E (LHV) IR -

WMUABEC SRR TS 1 R IG5 2 I THERAE IR ikl (S BB HEA ) ZRERIAE Bl
U6 BIVRE S sl 22 i el A [F) Bl 85 o ] E R TR (B i) S 7 LLOE » R 106
TR BRAR RS E ~ B P b B D REAE L IR AR R -

TERTA BB TS SU D e EM G w0 ~ IR il EEHE S A HEAR FR B
HANER 8 Frzs » R A RIEEE 1 — REALRI5 58488 - 3B b S rh 3 A8 (LR i
AR+ JFL e o A B P o e R B PR S B B R LR IR T 87% = 13% 5 1R85 2 — R EEAR
R mma il ~ R ~ mr i — AP - B E — AP S W R AR R LR
RS+ e 25 et o R ) o o S L A S ) 2R R LRI R 5% = 95% o MUKIR 1R/ HE L
HA A RBERLILE] - BRCEAGTERBE 1 (EHRE) KEHE 2 (R#RE) Z#
FEGTIEE - FRaNR 9 -

(2) #HEFZ TRNATHE bt % & AT B

ARG RS < HEFIEAL T TR MR HE ST - Hpa B R B - AR B
el A HESE B R HEFE - AR EYIIEAUR - KA E R B 22 5 A N2
LR B R (A BRI - SRR EER " SOBARRE | Z0Z > DU R AL
x5 SR OB ARRTIE | - IE R SRR L KIR - HEAGTENE MR R
BHl (AHEREEHER) - AN REREERE R IENERME WEFREYE) B
A IRRIE W H A BRI - B ARTE T SRR

8. THHE 1 KB 2 R He B A Bl Ee B LE )
TEuEn ks i e A MEEERHEE R AR TR WHEE R HE R

e I 8,767,000 7,643,500 1,123,500
1B 1 LRSS

0 0 0

(100%) (87%) (13%)

il 1,844,500 0 1,844,500

FREE$H 912,700 106,000 806,700

THE 2 EMER T 666,400 56,600 609,800

3,423,600 162,600 3,261,000

bt (100%) (5%) (95%)
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9. 185 1 R IB5E 2 HEFGEGTIE RS 1%

o B B8 1CEHE R T) _ TE5E 2(REER ) _
HEEE A EEE EHE  RWHE 53 EHHE O O &8
t/d 261 39 300 15 285 300

. 7k 43 (Moisture) % 40 35 3935 40 35 35.25
;i’; JK453(Ash) % 15 9 14.22 15 9 9.30
Tk 43(Combustibles) % 45 56  46.43 45 56 55.45

fi%(C) % 18 25 1891 18 25 24.65

S(H) % 3 4 3.13 3 4 3.95

T £(0) % 21.02 2512 2155 21.02 2512 24.92
G3HT Z(N) % 2 1 1.87 2 1 1.05
Hi(S) % 0.08 0.08 0.08 008 0.08 0.8

£(Cl) % 0.3 04  0.39 0.4 0.3 0.31
BRIEAT B EE (LHV ey kcallkg 1,500 2,200 1,591 1,500 2,200 2,165

HR - N E TR - NRMCR R EEERNR LSRR (BERA
) MEAGE  RE#HEIEGKRRASGEIRAHEIL TS - BORETECKR SR
W RS B SR LLBI AR - o BIWTETEEE 1 (REEEE R 1) ) 185 2 (WFERTy
T) ZHEMGHEIERGT R - IR DGETT IR B ERCE R P R T B (R T
RERRGE @ WU ARTEER " RMRAE -

ERHEIVEE S IO B ERIRE L8 - EAE H R R GE 2 i i B FE T
RN ETLERMFE R CHRME (BAR KGR E) KBy R iR - #hE i
% PR AR SRR D - B R i R DA 4 3 B S S e G T B S LB - T R P R B
HETT DARF B EZ /R 0 RIS HITEGRFE T2 - SR 2RI b RS -

(3) DR BHIAE A A Bl 7 #

#8223 HARHEFE IS L 2 PR M B MR S B R BROAR, » AR B AT F R S S g 2 A B &
RERERBETE (B 3 HE 4) - HICERRAS LR ARYUE T - Bl m U - 1K
HERHERE AMRGERE ISR BE - ALK il o S ST A i A LK it i [ (KU BARE - DRI 7K
QAN (A BERF RO R 3 B 2 1 e SR R - SEfTIRBRE AR L RLIRP) 1% -
reaz NP (AR RIS TERR) RFR AL S ~ ALY SRR S e e i KPR
BRI R FHEARY - AR RSB REER - TS PRBARE 2 B
BRI TR -

SR BRI A < FAE ALY (Thermal NOXx) - #E%H SNCR [RZEHHH
Bl FARRIGERE e R MR PR FE /KRR DIETTHEIEIRAY - 07 e i B SR A S i B
R H @ BGRIR - AR AT it b 32 PR SARE IR T - IS OFBREE TR

BT A AT -



HEX
39 T/D
2,200 keallkg

ERX
261 TD
1,500 keal/kg

[ 3.

AEE
285 TID
2,200 kcalkkg

B
15TD
1,500 keal/kg

4. B8 2— EMIRm Al - RS -
A 2

HERE S i SR R R L R

257

RE 47,563 Nm3hdry (w=21.50%)

PM 30 mg/Nm3
ELT 002 9.26%
SR 5260 KW 502 40 ppm
X ﬁﬁﬁﬂm_‘ NO 177 ppm
713 kgh et HCL 20 ppm
R 1Tkh | sNcr ‘ ’7 wwn [| T P 0.0 ng/Nu3
K wigh | BH Wik | BAER 258, 2,600 N3 Cd 0.02 mghm3
BE | | 25767 ket K BER B6kh  EEZE  Hg 0.05mgNmd
] 149kgh  EER 4keh 68 Nm3h  DXN 0.10 ng-TEQMNE3
wiRsE ™ ] ] ]
TR 05Tm3 | | RS || REE 4000C ; SEERE ; ) B2 e &H
BRE:60% | | 125Th || 125Th 40 kglem A 1‘ L MEN s [ s om0
7000 m3 : ‘ ‘ |
EX Rk b1 ‘
1183 kel 197 kghh 736 kefh
B8 1— bR st 2 L3 FE /R i (300 TPD) iR B iAZ RS - ELLIRE 2
RE 62,515 Nm3h dry (w=24.30%)
PM 30 mg/Nm3
488 €02 9.15%
AR 7258 KW 502 40 ppm
x  REREE | | NO 119 ppm
1067 kg/h #5 HCI 20 ppm
R&E12keh | sNer ’ ’_ wem [| 75 Pb 0.20 mgMNm3
A 108k | BH wnkm|  BREA BH2S 2,097 Nndh Cd 0.2 mg/Nm3
il 35,554 kg/h X HEK 204 kgh #EZER  Hg 0.05 mgNm}
’ 1765kgh EHE® Skeh  84Nm3h  DXN 0.10 meNm3
R 0 | | | |
TX 05Tm3| | #HeE || e 400 oC \gﬁgﬁﬁj &3 | s R
o0 || 05Th|| 125Th | | 0igema || FEE | Sl N I A I )
7,000 m3

Thtie

2

SRS

839 kgh

90 kg/h

A £

I PAS
YH 1

530kgh

HEFAE L3R

5N HM(300TPD) R B
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2. BREPHR R ke X AR IIRE R E
LR 3.2 MR EZTRE 1 KIEHE 2 DIk 9 ZHEHEGTEE MERa%aT 5 A (design
input) - B & 3 B 4 LT e P A T HE LSS B A N B i E RSP RA S UK

SERE RRE TR IIRE - BEES 10 Bl 11 2B B R R R A BRI R -

A LEAR L MR AR AL -

(1) EREEFERGEHEE - FHRA LR Bl R B BNAZE R E - IR L=
JFUAE o SRARH R S R T

(2) ALK IR = YV B BV P 5 RIS AR B SR TS » BRIP4
ZE LIRSS S

(3) HAABE = A —F (LA (NOYIR L S ik A HR A BRELARAE (180 ppm) » FF SR ABE = FRATIR
A (SNCR)S TR o PRBVS TR E I & -

(4) Bl & 8% 1€ L S (BL) A Rt 1 B SRV RS ~ A o 1 e K B i 1 1 T TR S
BRERT] » SR B RS AR I 2 B AR (TO) AT A e I i R & -

(5) HE%E Z M 7k 12 AllEE (QC) A I B H IR - GBS 2 ml 1R o SR BRI IRF T /e M
TR AVKTE R E > DURASIE /KRR 1R L M 7K o Bl H 1 R SR RN S R

(6) FHME 7k ¥ A1 B H TR S8 {E 70 (SO2) Je @ AL S (HC) IR S A AR HR IR EAR HE (40 ppm
ke 20 ppm) - GHEREZ A BRERE N (DS) R T HRE BAT R & B i iks Z TH 47 1K (Ca(OH)z)
& -

(7) HMEE 7k v 1 8t 1 22 <5 Ja (Pb/Cd/Hg) Je 58k B = (PCDD/F) i B2 B 35 K HJR i R (B A
(0.20/0.02/0.05 mg/Nm® } 0.10 ng/Nm?®) » FH5LAARZ 2RI A5t (D S )37 1 ke
KERE B SRR R PAC TS PERR A & -

(8) ¥z A BRI fti (D S) Hi 1 S ML S R > DARGERE Z SRATEL(A/C) » BT RLRE AR
BES (BF) Hi 1 S R ol bz o FEE B AT TR A T A - USRI U AR BE SR AR5 B
K&

3. EEERE M KRR E A E R R AR T

TE2ARAHEE e VM3 BRGR - I TR 1 5 2 B E g R T HE s (E g

PN AR T R A PR VP A R PSR > A A R A W A8 B BT (3% 10

Ed 11) > SrilERHAn s -

(1) A BB R AT R

HIEEE 1 RIBEE 2 JEERE F S AR R EAERE B IS - (RN A T ZBE L 3RS

TEFEAREREITAL R

a. ExEtAE(LpE T B M aE T BV
2R 9 MEFEGTEE YR - FEkET R bpa B & 300 Wi/ H - 43 BlIEH SR B
1 RAHEE 2 AN RN RESE S SR FE S LU (5352 1 — 39 WA/H < 261 W/ H - 552 2—285
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JEH PAIFEHE EHE A4 EY) &al i
(W H) 39 261 300
2,200 1,500 1,591
iAW ekt
SR REIAR 24h/d | 12,500 kgh |
. PR3 19.73 kg/h 9 7t/kg
SNCR It 7k & 29.60 kg/h| 11 56/m?
B
i 400C
B EER 1A} 40 kg/em? FRIE R 3% e kit 773kg/h| 11 5E/m?
FER ] 25,767 kg/h
B RS % 5,260 kwh/h FRIREIA E FAZRYR A » 2 i 3 0 (W) P e A 20% » 101 478 JIHERSER S
1t e 0.532 kgCO,/KWH)
. WK AR 2 e A R RS FZK B 1,429 kgh 11 J5/m®
:g - Ca(OH), fi & #7256 kg/h 6.0 Jt/kg
% Heaps PAC fi%: %) 4.1 kg/h 15 5t/kg
3t SRR IEAT TR #1 1,140 m?
A PERIS G HEfU3 SR (dry, 11%05) TR CTHE U S (wet)
& PM 30 mg/Nm? PCDD/F 0.1 ngTEQ/Nm?® 44348 Nm¥h | 52,994 kg/h [ 4.5%0,
o SOx 40 ppm Pb 0.20 mg/Nm® CO, & B (wet)
NOx 177 ppm Cd 0.02 mg/Nm® 9.95% [ 0.6934 kg-CO,/kg
HCI 20 ppm Hg 0.05 mg/Nm*
FEHRIZE 2 R S o JES TR it 1,283 kg/h P,0s #J 20% As #7 85 mg/kg [
ELS A 2 I IK B 137 kg/h K0 7 15% Cu#y255mgkg |
WRIX E%i@ﬂi?ﬁ%ﬁéﬁé%ﬁ(ﬁm@%&* 736 kgh K0 &) 24% Mn ) 2,548 mglkg (T3 147 75 3B FH o B e
/it 2,156kg/h Zn %9 1,699 mg/kg |
HEAES 10 A # 45,000 Jo/HIA
= A PERERATHEEA S 40 A 35,000 J&/HIA
/hat 50 A
B fif 540,000,000 7. 5 80% .
» T 135,000,000 It i 20% 225 BU/TPD
w7 s +-4th 15,000,000 7¢, )15\ %7 1,500 55/m?
& /NEE 690,000,000 7&.
§ BRI 37,994,981 TL/AE $4E S (%8 0.07036 I HTEHK 3.5%
% . TR 6,321,683 TL/4F: Eﬁfrﬁﬂ;ﬁgy 0.04683 HTHHK 3.5%)
s e e 44,316,665 TC/4E
i 448 TT/ Vs
= 16,200,000 JT/4F- ‘
Ky 675,000 T/4E Y 050%
16,875,000 JE/4E
6,525,000 JTC/4E  [14.5 @ H/E
AL 4 PERERATHEE A S 18,200,000 Je/4F:  [13.0 f H/4
NG 24,725,000 JT/4E
CO(NH,), 1,406,403 TC/4E
Ca(OH), 12,159,567 JL/4E
(@ 5 PAC 491,262 T4
i oAl 3,000,000 JE/4E
7 JNEF 17,057,232 JL/4E
#E AN 194,415 JT/4E
i ; DA 181,500 JL/4E 5O m*/d
% Jkee AR 40,150 JC/4E____ P00V AJR
N 416,065 TT/4T:
JHEL (B IIRT SN I EE ) 300,000 JT/4E
G oas 59,373,296 JL/AE
PLE&ET 600 7/
{RBgEE 29,687 JL/4: DL AR CRELRER ~ B PEE#).2 0.05%
Eeiiisy 5,937,330 Je/AFE L AR CREfRER - )2 10%
FilfR 2,968,665 JC/AFE A AR (RERER - EEE).Z 5%
quzp 68,308,978 JL/4F-
R 690 7T/
ok . 1L B Ay el o [ S 2 5% (AR Rt
" HptE (B 8R) 59,400,000 JT./4F- 600/ [ A ) - AR P
ok B ks i} 5,940,000 JE/4E 3.0 JE/Mii/km HIfZ 10 km
g ikEas ditl 8,910,000 JC/4E 3 SC/M/ SEHIEETE 30 H
- o 74,250,000 JC/4F-
Hn 750 JE/li
— 56.665753:311l JUAE | BRI R 20% | R 2 T/
T/
— — ST EUID RSO B LR I BRE I H i i
N RO 42,694,140 T/ % 2.500 7L I&i&m%‘sa
431 JE/
P 109,349,511 JE/4E
S 1,105 JT/Nif




= X = i 2
260 MESRPAEE SRR B4 i R ZERITIIFE-102 4 BE AR B B WA S S B
#* 11, 155 2 2 a e R IR R S IR R
JEH AR EE | HhAEY =¥ EH
e 285 15 300
LHV #e(keallkg) | 2,200 1,500 2,165
Bk R RN SE
AR EE [ 24hid 12,500 kg/h |
PR FRZE R 7.23 kglh| 9 51/kg
SNCR fi FK £ 10.85 kg/h| 11 5t/m®
SiE JENIAY
SR 400°C
HCBEGES, S 40 kg/em? R 3% HHFE/KE 1,066kg/h| 11 5¢/m?
FEE % 35,554 kg/h
8 [ZoRm i 77,258 kwhvh BRNEREAS  2RRT
1t ] (B FH B 4 20% - B8 JJHEI 5.8 0.532 kgCO»/KWH)
& WK S Al 2 AR R 2 Tk 24 1,765 kg/h 11 5/m®
& —— Ca(OH), Fiiit #1204 kg 6.05t/kg
T o PAC I 2952 kg/h 15 t/kg
S X TEARTHIfE 491,140 m?
& | ZEREAD B HERURE TR (dry, 11%0,) P LI R (wet)
& PM 30 mg/Nm® | PCDD/F 0.1 ngTEQ/Nm® 54,375 Nm¥%h | 66,155 kg/h [ 4.4%0,
it SOx 40 ppm Pb 0.20 mg/Nm® CO, & & (wet)
NOXx 119 ppm Cd 0.02 mg/Nm* 10.58% | 0.9038 kg-CO,/kg
HCI 20 ppm Hg 0.05 mg/Nm®
RSB 5 R B > S PR 4 839 kg/h P,0 %7 19% As %] 82 mglkg
1 4% 90 kg/h K,0 % 15% Cu 4 246 mg/k( I
i Flifi%éj;:ﬂ‘éﬁié y . },J , 2 i R
) 530 kg/h K0 % 25% Mn %y2,463mglkg [
JNET4Y 1,458kglh Zn £ 1,642 mg/kg
ERAS 10 A [ 45,000 7T/ H/IA
A e N 0\ J#24 35.000 /A /A
JNEf 50 A
R 600,000,000 7T 7 80%
P S 150,000,000 IT. 5 20% 250 EIL/TPD
) = L 15,000,000 7t Wi/ 21500 J/m’
4 /Nt 765,000,000 ¢
fg T 42,216,646 JT/4E R4 4> (24 0.07036 I % 3.5%
& i B 7,024,092 TT/4E fEHEAE 451487 0.04683 FEEK 3.5%
s 49,240,738 JT/4E E
497 T/ B [ 330 I/4E
18,000,000 JT/4F: e 3.00%
il 750,000 TT/4E. > 0.50%
18,750,000 Ji/4E
6,525,000 TT/4E 4.5 [@AME
AEH 18,200,000 JT/4E 3.0 @ /4E
24,725,000 JC/4E
515,574 JT/4E
9,716,879 TT/AE
(LEREET 2 616,180 JT/4F
2 3,000,000 JT/4E.
1E 13,848,632 TT/4E
i3 BEEHK 247,650 JT/4F
S Foke SESERK 181,500 J/4F 50 m*/d
i HEERTK 40,150 714 R00 VUK
et 469,300 JL/4E
FHEE Z (A E IR SN EE J7) 300,000 JE/4E
. 58,092,931 /4
MEs 587 /i
IRbmE: 29,046 JT/I4E ’\‘1'(4\ rORbE - EEEEE) 0.05%
B 5,809,293 Ji/4F GEt (R afibs - )~ 10%
FfR 2,904,647 TE/4E Lﬁﬁﬂ*é‘fﬁ%ﬂi‘i - EHE).” 5%
e 66,835,918 JT/4E
675 /I
B I ) 59,400,000 TE/4: 600 S/ /ﬁ%ﬁfti ?H{fg 4\/%?;%%%‘*@%?“‘“%
i S 5,940,000 T/ 3.0 JeEkm 42 10 km
" Gafr e 8,910,000 E/°F 3 T/ T30 0
- . 74,250,000 TT/4E
s 750 S/
= 91,974,327 JT/H Y E FHEE ) 20% | &®m#H 2w
EEIA 929 I
— ) A5 BRI R B - Bk sk e
% RGO 28875618 7L/ 2500 | s it
292 JL/E
st 120,849,944 JT/4E
t 1,221 S/




HERE S I SR B R R 261

WE/H 15 WE/H )R - HEgEt LHV BVE (1SS 12 1,591 R/ - 165 2 © 2,165
FRIAT) -
b. BRIZENE - SRIE R 2R R B

PREENE R 51 38 P AN HE 3L ~ 1578 F19'E (homogenious) B W) SE (LR Bl SR =
TRENRNE S - DL 24 /NRf/ H EE AR JREERE ST Ry 12,500 23 fT/7[NRf < [KIERFH SNCR
PRGN - BB RE S sl B T AR A BRI e PREE R (155 10 19.73
NN (55 20 7.23 NI/ R 7K & (153 12 29.60 28T/ » (515 2 -
10.85 T 17NEE) ©

SR S R P LT S A DA BT A P SR TRIRE SN2 3 T SR L 1 BRIV
400°C Bz 40kglem® » FHEREPHTERE T - ABTREERE LHV 3 2VERE T - 38
B (O R AR & (B8R 1 25,767 8T/ » 1555 2.+ 35,554 AT I7INKE) » S
WK E CIEREREE 3%:5E 1558 1 773 ST /N - 1555 2 : 1,066 287/
7INFRE) o

SN E L BR YR ARSI BRI A R B (LA 20%ET ) - HaRIgRZRIR iR 2%
R - QIZ IR B L 14311 Ry 5,260 kwh/h(1&%E 1) f¢ 7,258 kwh/h (1§
1% 2) -

C. ZERTT Y Pl 3%

AR AR - HEEA LR BRI 22 R0 FeBhHI R TR AR AH & Fy © SNCR
PRGNS (EFR NO)+245 fig JR\ B2 B2 25 (3 it KR KLIRY)) +IE 7K 12 Al (B TR B SR
L) + 2 S PR AR (B SOL/HC) -+ 3 P B e Ff 143 g X SR B 23 (B b AR
SRBIEEE)  BERR VAR R A - RS T BRI RIE R HE
JIREHE(95.12.25 B IEATE) ) K BHEERIGRVHINRET @ H5E 1 KEH 2 2
7% R BB HIE e R VE P 3R 2 7K & ~ 14K (Ca(OH) ) & ~ PAC G MRk H &

B ARE A SR B P R IR AT A AE AN % 10 B 11 -

FhfE 3 Bl 4 2 BRET R FAR AT A - SEFEIALIR A A S HRIK - SR B R RR BRI S
SR i IS ERAS Z JERTK » LURZ I 257 e Ja B B 2 e 7 v Al [z e e o 14 iR =8
BEZR FIRMUER L TRIK - VB RE Pl S B T R IR A & 70 B Ky 2,156 28 T 1/]NRF
(B8 1) 5z 1,458 2T I/ N (1652 2) -

e. AS

SEE NI T YT B i B T E TR - Boe HOEFRE

ANE 10 A - BEHERE A B 40 A (43 4 PERERTE) -
(2) WIERIRE
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pll

4
WSS 1 RIS S 2 MY R EYE 1 300 WE/H & MR BB R IR (H R
BHIFRGEE & LHV BVEARE - SUREES% < MR AR & KB R E 2R A HHIA
(IG5 2> 1658 1) » W B8 ERISENE T 22 175 Y 3 il 33t fff S5 B S A SR » If7
1o B LA e st g B R 1 o PR AEAfERE LS -

W2H BN R B Y AL T BB F a0 DA B A R A i/
H i AT EE T B R Fr e i 225 BT (155 1) K& 250 Eon(iEsE 2) 5 » HIEE 1
JEE 300 Wi/ H i HEF AL 38 B R R A T #r = ¥ 6.75 (ROUT (155 1) ) 7.5 Rt (5%
2) {5 H% B B i e A Bt o0 A 80% Jz 20% LLBIIETHE » IR Z#FEHT 5 5.4
BTk 1.35 fRUn(EHE 1) » ARFT ¥ 6.0 f8IT k 1.5 BIn(fEH 2) -

BB AT - S EMHEEREOIREE » D1 AEETE ) K] REm
Hh AT B DU HE 1,500 Jo/m? G JI IS R AKHT S 1,500 ET

a. 3

%“;

. R ITEE

A AR B A R E (LB R A EM » NEEINE) - DIBRE R
)S’aiL st it S (n) 53 A1 Ry 20 A 40 4 DURHTER =R (i)Y 3.5%0F » 51 HH

25 fiff B - 7 B fte £ AF B AR B (p » p=[ix(1+D)"V[(1+i)"-11) 43 B ks 0.07036 J¢
0.04683 » Al 53 HISKIGBE B A fid )k TR M ITEEE - B GETITEE S IR
44,316,665 TC/AE (T55S 1)K 49,240,738 TCIAE(IEEE 2) » AL %45 5E H # 330 K/
Fo B R REMECITEE M B0k 448 JTME (155 1) K 497 Ju/E (1§
5% 2)

() BfFHfErER

a. HEFEE

8 2275 B o B A B - 5 P 8 P v e T AR i o AR 2 O | DU R
3.0% K% 0.5%z 5 » HIl & aHiea€s 53 Ak 16,875,000 JL/AE (155% 1) K 18,750,000
JUIF (1652 2) -

. NFE#E

MPARGEE A 5 10 KR BRIEHEEA S 40 A (0 4 BIRERTE) A HT&E >
73Ry 45,000 JT/H/A K 35,000 ST/ HIA » BAk 14.5 flfl H /14 fe 13 {8 H /45868 - QI
ANFE Ry 24,725,000 JT/4F (65 1) K 24,725,000 JU/4F (15 2) -

s

2RI YR R MEARBE IR SR (CO(NH2)2) ~ #H 1)K (Ca(OH)2) K PAC
E R - B EEER SR 9 J/kg ~ 6 JT/kg K¢ 15 Ji/kg 5 - SREVERE
KRiGZBEHE > ATREERSERIE 735 Ry 17,057,232 JU/4F (T6H5E 1) K 13,848,632
JUE (B8R 2) -
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d. FHK#EKHESE
HEHE AL R R R HIMR o P /K B G SR FK ~ YE U /K B AR I R /K =557 - B
FE 7k $E SNCR FREZ S FL T FaSE /K ~ SRlERH A /K R /KIS A K » HA
JREEERLFR 10 B 11 5 JEBRFI/KLL 50 mY R EE 5 4235 F/KAILL 200 L/A/R L
B (50 A)EHE o ANBAAIARMELL 11 To/m® 35 - HIF KB & 3143 3R 416,065
T/ (155 1) & 469,300 To/4E (1552 2) -
DY IRI R #8128 PR VR i M T S R (R EAG R E R L 20%)
ATER N B BB S E - ZERE RS BRI X TR EAE - BUEREFE
#ﬁ%f&ﬂ&ﬁﬂﬁaﬁﬁ%% 57 HAEEBALH 30 EIT/FE (EH1-2) -
e. BRIEHMEEEIRET
Hu;ﬁllfllﬁﬁkfflzfﬁuxh HET4r ATk 59,373,296 JT/AFE(1EEE 1) 58,092,931 JT/
E(EEE 2) » aNFEF AREEE (DL 0.05%:1) ~ EHE (DL 10%:t) KFIF(EL 5%
a1) BREAEE R AT 3 Bk 68,308,978 JL/4:(154% 1) ) 66,835,918 JL/4E(fEEE 2)
R Ty BRA R B PR A E ) - RS2 Ry 690 JT/ME(TEEE 1) 5 675 JT/Nf(H
1% 2) -
(4) Wkl E
MR P )28 S A 0 R Rt (2 OB ~ Sy S Rl A =40 B ) - L v et BT
DL 600 JT/MEfHE - FIEH SR 2 F By 59,400,000 JC/AE(TEEE 1~ 2) o MEME R AR EIR
PRAL[E R E A R T RS SRR ARG SR R F BRI C HE3E - BiGAat
KA -
EIME S - BIEEE 1 RIEE 2 283 BLAEMEERE 10 AR RBFEEY
& TG A 3 JT/ME/A - RIEHRGEREE A Ky 5,940,000 JT/AE(ESL 1~ 2) -
%B’é%ﬁ%)ﬂﬁﬁﬁ + [RIBC & 3t 6 i B e Ui =X - RERENT FE T H TS B R e
DUZE e Ry o1 %JE%F 1~2 i HAGE B S PR T 722 3 5 R RIPRINEX
?Ltﬁ%ﬁﬁ?%)ﬂzﬁ(zﬂﬁﬁ 6 3 ~ THEAY 12 )% - Bl G BN — G S - HHHE(E
FHORhFIER I o MEALIE Ry 24 /NI EAE IRV - UG TR 0E Gl s (1) Bt AT DR ot
Fo SE B A (L RN BB R+ BRBRIA AL 3 B TR b PN B B B FE (R 2 [ (REBL)
Gh » IRRE KRR HESS Rl A R TR EE T RERS Nz B N R A7 B B 4 S R B 1)
X BT DL 3 JU/E/H i 7 B R OF9 30 H iz fEFIRER - B4R i 72 F Fy 8,910,000
TLIFE(EEE 1~ 2) »
W =F 5t 74,250,000 JO/4F - B L A RHE R BRI R - Bl 750 T/ (1
##1-2)-
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JESR PS8 SN 22 2 SR SR BIPATRI 72102 47 E Rl R R WA Eram U AR

(5) WA
AL R A HREE IR Z A - AREEEA R E IR (IR A - Hr
EBKASH » HERE VR BEE - KRN H FAEROL 20%:E1) @ WIS EE
¥ 2 TCIEEETED 43 BRI EBIR Ak 66,655,371 TC/AF(155S 1) 91,974,327 To/AF ([ 2)
R R BN R R EEIOA - IS AR 673 JUME(TESE 1) K 929 JO/MA(IEEE 2) »
EIR(EEHBA AT - KHEEFERE RS (X 3~4 1K) » IRHFEANE
W iEm - HHEMAREMEE R A GRS AR - R R RIK
BRE B R S R A1 - HAR IR Y TSR 2 R+ OB S M B SRR et
TREERZ BRI HTEREA) - FEFS DUVE R (L2 AR b M B BC RO R A « B B RSP
REZRIKEAE - WLIBEAEE 2,500 JT/MAZHE > 2 30REEK (JEE) KAR
42,694,140 JL/AF (155% 1) I 28,875,618 JL/4F (IHHE 2) A BRI E 2 BIK (T
K WA - Aoy 431 JU/WE (1535 1) ke 292 ST/ (T55% 2) -
WA Gt ik 109,349,511 JU/4E (14 1) J 120,849,944 Ju/H (IHH#E 2) » &
BRI RBEE A - B350k 1,105 TC/ME (1585 1) K 1,221 JT/ME (55 2) -
4. ZIRFHR A REE RS RIS AL
(1) ZR¥SFEHI A B B AR A
a. HEFM BB EHMA LY - 25 ER A A &5
S 3.1 B2 A HTan Bl - AR TR — BVEE L AR R R R AR
b B RAS A A E 2E i el 2R VRS TN R A - RIBRZRIS RN BB 2 HE
o KRZIRR SN ZZEF Km(LER) =R - HAREXEHR N ERE D
TENRESE I » LUK 2R VR i 08 A i 38 B A0 2% P S i st P M IS TR S 5 2 TR
il MEER AT RS TR AN M RCER S BRI R — — 28
B HEMLBRGRRE S SRR - BRAE S BN B (%108
PRZERIARGE » AUl 20%)5h - HAR BB IR R B E A A
W Ry FIAT
b. HEFALFEHE 2 B BT FT A
AL EE SR IESR 10 B 11 B R o T ¢
51 .
5,260kw-h/hx24h/dx330d/yx(1-20%)=33,327,360 kw-h/y
552 2 :
7,258kw-h/hx24h/dx330d/yx(1-20%)=45,986,688 kw-h/y
IREIAEES 1 K55 2 B+ RHIBRAT 20% 2 A E &40 » B be BEE -
S RIA 33,327,360 J& k% 45,986,688 FEE 0] HETEEAH -
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HEFLIEA LB v < B TR ] & B R e B A A PR

ERERER T - 2R T AR RS, HENE - MR
R JERIRER T AR, £ TAERE ) - MIHEARFRBERME L ZE
AE * DURE LS DU FIAS B R s (5 B R B A RE R S v i i < B R (R R 12)
2.8240 JU/FE (FAERETREE Ry BEZED) -

MEASEE T FRAEREIRSIRIRG ) SR REB UM ERE IR B AR e 2 T 1Rk
FENR K TT e LRG3 < B A o » HAES R R BERAREE - FF &K
VYRR = IHFT ERAME < B RN - ) RS IRERRMLSE - HAEmERH
AN BR RIS R A

S T A A RE IR R A B E B ) SRR R R AE - EAE RIS
BEkfih g T AERER AR 0 > (/I8 T A AEMEY) - R EGS R B < TR
EVIERRHE > SR ERE L BE R - 1 L EREMRBUREABME ELETRE
LR - SRR E R o BN T R R o HIfREE T A
B SV — i SRS - S B B L R MR BE mI A A 15 e e F T T
PAEZIARHE R R R > EIR LB HBERREG L LU B FER
B o o BERELIRANFER T REEEY) SRR - (HAIRUE R BRI LA b
B (BUan%dpl RDF 55) DT BRRCR - AI# R E R LB Ei i/~ A -

W AT FEAT A - FEFEE T w Ry T AEEY) ) o #EANR LB EIRREE
Fo T HAEREIR ) thi TAERE ) o ARAOAGE S A g A L AR RE TR R
A L BRI E R - HEEA IR AR AR F < BE TR - KB ERIMIEEH
R ERETRB R i g T A ERER RN o - AR HIZER S BRI B HE4n
B4k RDF(Refuse Derived Fuel » B IR AT AR T2 L BTpE M - HEEHE R 4015
R AL REIR S R A i h 2 " BRI AR o - T EE A TS H BB
N A R A A R =R 2.8240 JL/¥E -

12, A 102 A REIR CREEGERR N 2 R At i T RE M 2R

FAERETREER Sr3E EER SRR EEROUE)
Bt 1 REDA EA R 10 7.3562
J& 7 - 10 KELL > 2.6258
i3S el 43 5.5626
JR=A T el 43 el 43 2.4652
HiZARE el 4y e 43 4.8039
ey FERRSATH LA i P 2.4652
R e 28014
R el 43 el 43 2.8240
HAh el 4y el 5y 2.4652

* RINSARFERFFEEEREJ(LVRT) % - ENZR Ty 2.5924 JU/E -
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JESR PS8 SN 22 2 SR SR BIPATRI 72102 47 E Rl R R WA Eram U AR

MERIFE A G 2 HEAC 2R HIRE - B LHV BEES  REB LEEER
TREI RS NE B AL+ 3 fEZE AN AR IR % R B ZE Y (BIan4 s
RiIRER) » RSB RDF DR S 3L REIR 2 B i A 22 B DAL F FI RE RS
R NHIM TR ST o A E A AR A RER RS AR A L AR .
S22 W) 101 R A E 24 FEEE R AR L RS R i B e
fas » DHEGEHEEMGHEEE R A (4,550,039,017 JT./2,346,993,385 & =
1.9387 JL/E) » MEHNFEFE B E 2 EEERE 2.0 JU/E > 20 KREERE 1 kEE 2
Z BBy 66,655,371 JL/AFEf 91,974,327 JU/AF: - AIHAR Ry LA R M B2 R
WA » AIMEEE 1 RAE5E 2 23 75k 673 JL/WE Jz 929 JT/WH -
(2) BRI R FEAS
ZRHTFTIR - AIEEEE R TAEEY) ) o DU AR LR E TR Ry T FAERETR 4
Z THERE ) RitE T RIEEEIM L HHKIEB R T ierh e ) JREIESHKEES T E
ERRFEEI R EE D T E S ) (BHIRRAE N EEE) 5

BEA R FEEE - FETR " A P - IRBBREIRE IR A S 101 R
B EE I HEBARE (1 kWh=0.532 kg COge) » 73 HlIETERESE 1 K IE5 2 I - fFESITR
BEAFFECHRENT
TEE 1.
33,327,360 kWh/yr x 0.532 kg CO,e/kWh=17,730,155 kg COe
15 2 :

45,986,688 kWh/yr x 0.532 kg CO,e/kWh=24,464,918 kg COze
IRBIATESE 1 R fE8s 2 I - BEREIMLREE L 2 FmE ) - FFE0 0 rike
5\ 25 Z HEK &y 17,730,155 J% 24,464,918 kg COelyr »
- BRI E (BAEHEFAER) RE
ZARTES 3.1 fiEHH - (T (BVEILAEFIRE) BERSEH LR B — (BT
{eEEERR) 2 ARG R RT - MRS BRI - AT AR =T T20
AR - DUl B F R — (B EE LR =0 -
REAIHEE 1 R E B & 300 M/ H i« #EFE AL BV LA i B AR B2 L D RE2 AN
5 fR e iR ENFEEGZRERFT R TRA - DU HEERE LR AR BRI S
Wi 7 AR o EiR 2RV RE L L FERL R B - RN R R e N B R T Sy 201 -
HERaA TR RER B 3.2 fif=— (ZEIMEEEEA) - RIRERE 1l Sl A%
o ATER R - BAIER 13 iR -
Fsrpa] g A (BRI AR R) TRIER 73 2K E R Fh B 2y SR 5
R > A B FE TR T 2 3R 11 B — (R LB ER ) L1585 2 (R

[ &%
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Fo ) AHECER - HHEZ 2 A /R < H AR - A O BRI A IR IR FE I
A5 MEIRIR IR AP 28T SRRy 2 2B B IR ARV S

ARG RTINS Z 25 > B (BRI AFIAIEEL) ZUOAIE (1,182 JT/) Mt
IR (BEIMEFERN) L1652 (1,221 Ju/) - SHIE (507 JL/+694 Tt/
I§+870 JL/=2,071 JL/ME) RS KA — (BEMLRELNA) 5 2 (497 T/
+675 JL/Nifi+750 JC/if=1,922 JT/H) - BURATELASH AR S @ Bl — (BRI ER
) g -
MM~ #HEEFIEEME (RENKREBILBREEN) RE

AR RR AR ¥ B B B R R 7 4 B HREY

SPEFE R TS (IR LR R R S) EITHAH RS 5
5 Ry et i H Al BN RS L 2 BR e B - %8 101 4 2 BN L i B Y iR B 1S
ARt - IR B G TR (L BR # ha BEL R A 2,090 H@E/El ’ &D@i‘)’%ﬁh@éﬁﬁ’l‘ﬁﬁz ’
HIIFRZR 14 n] 2830+ EER M BRI ILTR R p i i - SatEnE U - Thil R R
LR R AR -

EREBHREEE R HAAMEE - AR 1 SR ERHEERE - kRIS
#EdtwE (DLol /% HETR) K5 I&*&ZZ[@% 14 fvR - R Al A = B S
7 9,146 Wf/H > EEEEFH TR A E I - GETEGETURL - GEE R AR A
HIR -

FE AT S 85098 W R A BB R AL BR AR B (2,090 WE/H) HiE/NREBIHEE
(9,146 W/ H ) » SANEKIRATIR A — Ja BEHE S - JREFRN LR R B AR HER B 2 il
BR () - FIER 14 FME LA e B R A L BR 4 B R HEFE & -

AREXR FB 52,242 Nm3hh dry (v=125.30%)
100 T/D PM 30 mgNm3
Tkglem2 HIRIRY: 1,908 kefh BEE €02 10.11%
R | 5,200 KW $02 40ppm
X HERIR | NO 178 ppm
960 kgh A S8 HCl 20ppm
RE s4ih | SNCR | L Pb 02mghm)
K 6skh | BB WRAK BEER A% 2304 Nodh Cd 0.2 mg/Nm}
WEE BEE| 32,000 kgl K HER 25kh  BAZR  Hp 0.05 meNod
200TID | 170kh B Skgh  7SNomdh  DXN 0. g-TEQNG3
2200 keallkg || BARFE E ‘ ‘ ‘ ‘
TR 0.5Tm3|| RS | | Wi 00oC || sepm | oup | BR [{emt]] e
R B 60% ||12.5Th| | 125Th Wkglem2 A || BmE | Pt 285 | | 1500

100TD 7,000 m3 ! | | |
1,500 keallkg | |
93 M i3
992 kg/h 106 kg/h 547 kel

[ 5. FEFEDELRNEE ILAE g (300 TPD) R i % - I TRES B
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F 13 HEFIEALEY

KT SR Ml 88 B M e 2 2 & R SRR TR 92—

FE AR R T T R ER A R T I R

102 FFEE R RS R TR Eram U

JHH PAIFESE EHE HAth 4B ot SR
R 200 100 300
LHV %i{# (kcal/kg) | 2,200 1,500 1,967
EFBUER SR E S|
FoBEUREIEE, 12,500 kg/h, 24h/d
fEAEEIE [ZZ & 9.42 kgl | 9 jilky
SNCR Fit i KR 6.46 kgh [ 1o
SRl JERVARY
EE 400 7 3% 7 ki 960 kg/h
HCB RS [Ei9A) 40 kg/em? T ORMCHFEZE R 1,900 kg/h 11 F/m?
B % 32,000 kg/h 2,860 kg/h
o3 S , ‘mzﬁli%(loom T/D) » EUDHFE(O IT) - FAIEE (9,200 kealll) » G
| sy ) 5,200 kwh/h £ (T kol - BESRIECK SOACHEP 4 20% » 101 2276 RSB
F 0.532 kg CO,/KWH)
= A8 e R SRR B FEKELY 1,700 kg/h 11 5t/m*
e "~ Ca(OH), & %) 225 kglh 6.0 Ji/kg
5 % AR PAC & %3 5 kgh 15 jt/kg
EN sl AIEREES VAT T 4 1,300 m?
= P4 FERTR foB 0y, 1790
4 & PM__[30mg/Nm® | PCDD/F_| 0.1ng TEQ/Nm® S I R
# SOX 40 ppm Pb 0.2 mg/Nm® 451,000 Nm3/h =% 62,000 kg/h, wet, 4.4%02
NOx 180 ppm Cd 0.02 mg/Nm3 CO2 &% 10.39%zX, 0.8311 kgCO2/kg
HCI 20 ppm Hg 0.05 mg/Nm®
El%ié%i&frﬁhﬁ7f“7—ngj 992 kg/h P,0s %) 15% As %] 90 mg/kg |
2 JE 4] 106 kg/h Ko0 % 21% Cu %7 260 mg/kg (o 7 i P 2 A
x E%%;Iﬁit;%ﬁ%%iﬂ%f%%(é)iﬁ%#@)ﬁ%)iﬂ%%)é’ﬂ 547 kg/h|  CaO £ 26% Mn £ 2,600 mg/kg P
/NEF4 1,645 kg/h Zn % 1,700 mg/kg |
EHAR 10 A %ﬁé‘ 45,000 Je/HIA
NE A PTERIFLEE N B 40 A & 35,000 Jo/HIA
S| 50 A
WM% 612,000,000 T |5 80% o fEfe e 20 A
f 153,000,000 ¢ |5 20% 255 AILTPD b e 40 A
. e iﬂﬁ 05 1| wasw o [ KRG -
%;% /Nef| 765,000,000 ¢
s T 43,060,979 JT/4E %ﬁﬁifz{%ﬁﬁz 0.07036 | IER 3.5%
- T 7,164,574 U1 A 4480 0.04683 | HTEHR 3.5%
IEITES | 50225553 i/
. 507 JUME | s % 330 HIE
AT 18,360,000 Jr/AF [ 3.00%
iy e ] 765,000 JU/AE  [EERE > 0.50%
/et 19,125,000 Ji/4E
EH R 6,525,000 ST/ 145 {8/
PN 4 BITUR(ELEE NS 18,200,000 JT/4E [13.0 A/
/et 24,725,000 /A
CO(NH,), 671,312 JT/4E
Ca(OH), 10,692,000 JT/4E
(e PAC 594,000 TT/4E
i ot 3,000,000 JL/4F
® /et 14,957,312 TE/EE
% BREFK 397,830 JC/4E
[ SEIREIK 181,500 Jr/4E 60 m3/d
Q FiARE BRI 40150 0% RO0 V)R
et 619,480 o/AE
FHE R (IE A (S ARV NS ) 300,000 JE/4F
- 59,726,792 Ji/E
DAt 503 - /if
Prbsge 29,863 JU/fE A EEEH(CR &R - EHE)> 0.05%
B 5972,679 Ju/fE P EEEICRE iR - B 10%
FifR 2,986,340 Ju/E L EEEH(RE(RE - EHIE).” 5%
Jawi|_68.715,674 JU/AE
el 694 /i
" N . 18RRI R G5 B 2 R JL (O EI RS IR &
iG] 59,400,000 S/ | 600 /T E 20) © s 2
o o 17,820,000 L/ | 3.0 Je/T/km 572 30km
i Ee 8910000 ¢/ | 3 56/mH | Ttz 30 O
..|_86,130,000 Jr/4E
ol 870 T/
J— 65,894,400 JL/4 N E &) 20% [EEz 2 Uy
= 666 /i
— — EHHBHHW\&EMEML AR B 2 AR
Tt 32,571,000 JE/4E 2,500 T/ %
1z 329 TT/ME
A 18,513,000 JT/4
ERSERRE A “Te7 o PEIKRE R (L00T/D x 330 DI X 30 UT)SZH(22 7e/).2 85 st
..| 116,978,400 jT/4E
=l 1,182 T/
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RELEIRAT R A — (R EFEEN) EA T (BEHREFNHAKNA)
A HEITHRA S (FREHIR LR LR AR (% 15) - % 15 /R
B — B 2 A - DL 300 Wi/ H EFE R > HNFEEB R HE /K2 1 -

14, AHE S LRER A R B R R 2 LEiR

R PALRER B E(A) HeF T (B) FZ=HLE(A-B)
(WE/H) (WE/H)EE 1) (WE/H)
kS & (B EELLAE) 1,116 53.4% 632 6.9% 484
R (S P ~5E 2 205 9.8% 4,969 54.3% -4,764
FEES I (B R LLRS) 765 36.6% 3,256 35.6% -2,491
FESHE (B ~ER) 4 0.2% 289 3.2% -285
&3 2,090 100% 9,146 100% -7,056
AF 1 MR AE AR 0.1 A T/H & -
7% 15, FEETEERLRRA LR B N AR 3 AT
THH AR EHHE &et EHEA
HA HE M H) 200 100 300
#okt LHV ## (kcal/kg) 2,200 1,500 1,967
o D BEEE Y T A AL (R
o Py — GFAHEREA » SEBR
HE e (2 E) 600 JT/T L gk IR
ST THREE 2 U A (B gk A)
- EERE 36,000 18,000 54,000 3.0 7C/T/km BEFZ4Y 30km
Ge/A) e 18,000 9,000 27,000 3 50/T/H P67 30 H
A LR R .
2 (tipping fee) 400,000 200,000 600,000 2,000 5¢/T
. 454,000 227,000 681,000
/NG
2270 5C/T | 2,270 50/T | 2,270 50T
EEEEL 142,350 71,175 213,525 365 /T 2 JUIfE
VLT P
= RS i A &2 M ek » R EAEHE
A S o EgERA
(GT/H)
G 2) ek 142,350 71,175 213,525
712 50T 712 50T 712 0T

31 AR BB H TR LR SRR TR (% 2000kcal/kg) » i B B 8 1 oy B3 B 1
HEE2 101 G 24 FEARUIG L R P& R -

it 2 HPRS LR IR B T3 - R B B S e S HAVETS

i

TTREVRIAING - RIBEERL

BRI M MRS ~ B BARIEEE - A BEEEA > S GEEINEEE
BRI (EZ D TASIKIRAE tipping fee [A)) - —HDUERR KR ZGHE 5 (Kt - HH L TH
A= WAEREBEWA - RNBAEHRSE -
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JESR PS8 SN 22 2 SR SR BIPATRI 72102 47 E Rl R R WA Eram U AR

RIS AR AL g &8 iR B SRV R BRA T2 - S B 1y e e V)2 5 B BViE 1S T T RE IR =]
W » RIBEAL s B M S A s HE 1B~ 0~ BRRIEEE - A EEEE
B A FEINEE R EER LS (3% ORI HAERZE KRB B A) - f— LU
Wi R R B R HE - BB AR ABERA - R EERA R EEZE -

BEAb - KRR B R TEYNR & SRR B R A R IK » IR RREFE R R AL 2R iR
b EHE B REBEREEFEFEVERD - DAKBHRRRESHER D - CREEAAE
TR AIA -

WACATI e S T SRR i 2 W i P e P N E T i S R AP B T - BRSPS H A
R 2,270 JUME - RIZ MRS - SRS Ry & HA & R0 A A 7 U ek g o 2t
HLACRIER; - ESREP % -

T #HERFRCRREMAES

e FE R RE IR L i (L B BRI BB Bl AT EREREZGEE L
THEE R M ERNRSEMNE D P T B EERMERIZRK
(http://talis.coa.gov.tw/talis/MainPagelMS.asp) » 23 AlEEEZALER TS 9640 (1532 1) DU E
FRew il ~ i R REH (B 2) » #1TR LRGN B mERA&# - W
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Poultry Litter-to-Energy: an Analysis of
Economic Benefit and Greenhouse Gas
Production Scenario

Jung-Jeng Su®®, Shih-Hsun Hsu?, Shu-Yin Wang?, Da-Ji Huang?, Shih-King Sun®,
Ming-Tsun Liao*, Wei-Tse Hsiao', Sheng-Ming Hsu', and Che-Jen Hsiao®

Abstract

The objectives of this project are focused on re-utilization technology of livestock animal
manure for planning centralized poultry manure power plants and biogas plants as well as proposes
optimal strategies for low carbon emission localized livestock resource re-utilization. Both power
plant and biogas plant can make animal manure to electricity, renewable energy (e.g. biogas or
bio-methane), and organic fertilizers. Poultry litters are mostly used in farms which centralize at
some regions nowadays, therefore, developing regional re-utilization models with low carbon
emission is well needed. This research integrates the results of the economic benefit scenario
analysis of power generation from poultry litters combust of laying hens or broilers in Taiwan.
Investment is worth only if the government subsidizes related equipment or the purchased price for
electricity. Moreover, government also needs to revise the regulations about raw material
supplication, to make it possible to obtain poultry litters in lower price or for free. This study also
compares the greenhouse gases (GHG) emission of different manure management methods: simple
fermentation (A), compost turned with bucket loader (B), and compost with automatic turner (C).
Results showed that the manure form method C was well-fermented with lowest GHG emission.
Although method C produces some GHG from automatic turner, method C is the prior manure
management method applied if the mechanical electricity cost could be reduced.

Keywords: Scenario analysis, Investment feasibility, Subsidy, Greenhouse gas (GHG).
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