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Previous warm winter
ENSO

Severe drought

1994 1999 2004 2009 2014 2019
Year

5. 1994 ££. 2 2021 S5 -V B BRI R (= SR 2 L IE

AT INE R BN R AR E R > I RHE 22 RS R e 5 7
TR o 43 F{EY)#5% =, DeNitrification-DeComposition (DNDC) Ei CERES-Rice #7172 7K
MEZE 11 5828 BIEAERHYE 28 R 8B A s R B Ak 5513 TCCIP |
fEit> IPCC RCP8.5 T2 6 ffifsi= (bcec-csml-1 ~ CCSM4 ~ HadGEM2-AO ~ MIROC-
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ESM » MRI-CGCM3 £ NorESMI-M)[ K&~ Skm*Skm 4987 B &R - D22+ 1E
B R ARG HETT 2025-2060 47 FE 5 o DL LTER K HAMN 2R 2 EHA R ERHET T
2 SEIRIEBLAR ARG T 25 SEREKIEZE 11 SREER 2030 4 - 2040
EEL 2050 ML REREREEBRERD 2 (B 6) 0 MR KR
HAGE SR R E > BEREEBINE > A A HEVRBEIE - fREMIKETE R T4
DABUBEE -

- 2030%F  2040%F 2050

7

C¢INFOPEH PINSDD

INS3 DOHIN

KR BRI

DL 6 SRR &P T B ) ZaM S R P R f AR R S8 Y &KX
1980 AR FE sh B 2025 18R E 7R {8 Representative Concentration Pathways
(RCPs) » JA 28 fdm S ERE G T aE R BURiEm PR RCP8.S B3 RCP4.5 5 11
2050 FEH% ~ LA EEEE IR R T B #ARTEER (8 7) (Chang
et al., unpublished data) o FH7Y " EfEFEL | 7557 B nUR 7R K M Ay FAERY Sh A > 30 H Ry
WE A ENR IR > HItEAREEWREZE L EEERE » Bk ER L
fig ~ BB E AN - MR E RS 4 -

F=FEEz

FoIPEERHEE T BRARANBEENE K EE2E > EEE S - SR
SRS b TSI E TS T B R RIS RS R R A B IURE(EE - DLBtIHER R SRR
AN 275 - WA BRI R R E ARk SR - DU
A ERSR R A RR A -

PSR AL (FAOME BRI FRSEKERT 5 RBRAT - (1) IEIEERE ~ sEEAE
VI IE 2 e PRI INEE ~ (2) (REEIISE ARERISIIEE ~ (3) i dat R ie LR
A~ (4) TSR NE ~ A 1B R ERE RSN ~ (5) s A S PRV B 2 - BRa Bl 7K
Ea e HEHETE 2.4.1 pPAbsHR A EBUK ERSEHVHEER - IS 3E X 11 T
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1 rAlE ¢ SUREE — D AEE DT - e B BT - LR - KER
FIF ~ BERRS AR ~ RREEm bR A 2R © (L eME — S s - Reaeit
UAZY SR

Historical Historical
1991 - 2000 2011 - 2020

RCP4.5 RCP8.5
2046 - 2055 2046 - 2055

7. FESTE BTN T B AE REEFIfCEIS(R () K BEA 7 R B CELL 8 73 AR
P - BEFEEL " EBEE ) RoEESETHE

BRI S B A S HATEAE 2.4.1 T2 Qb B B USRS - 1P SRR
aBguh B AR E ST g - DIREE - BT R RN - e e R ERR
= ATRFTHETT DU KA © AR R LAY B B (R (K > RErAMI(EZ ¢ K
HRA S g B O P PIR E RS R - FIREER IR L - FIMEE A
RN F AR EORE TEER(E - DURRSEIR WA 2 &(EY) > DA (E iR
ARG > IR IREET R (E 8) -

2015 F AR Z I EEEREZ( B4 Z ALI(UNFCCO)ES 21 ezt (B2
FAE) - R EA OB TR ORHERT R 2 °CLLA - WEREHERAE 1.5°CLUT
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DARERSR (o Z B b A2 2 - 2021 A S EAS AL S 28 TH I S B SR IR B R G 5
26 R&HE)JTERR(COP26) (MHIHTEREALYY) » SEEEY (ERE) HIEILEHR
FSRABBMETIE - F5{E 2030 SR VEL 2010 FAREE 45%00 = RASFER - R
PERIAE 1.5°C > DHEA S P ERGFEFEEAE - fEIE 5 > FREHE 2022 £ 4 HR{TE
rerimiE CRIEZEEBAREE) BIESZE > 1K 2050 F5ZHH HEREACL - 118k
PE ARG RIEELAVAROTE - IR T T2 ESR « DR(eERRTeNR
f2, HE > BEARIKLENI 04%ERERHEESE - Ko iE 20 bRk
A 2 SRR PRI - AR RER R R R E P B TR TR s - BRAER R
RIAOT 7R M RIFE B R DUETTIE AU SE - DIEFAE A F A LR B R B R
B (' 9)

ZORS EMD5 ERDFR ainEs BEZEE
iR LL LU LL LU
- = - CA NE CA SA CA OA
CA SA RCA CA SA CA SA CA SA
1.1 o @ o o o o o o o ® ®
1.2 () ® @® ® ( o ® [ J @® @ &} ( J [ @
1.3 [} o o [ o o o o o o o
21 ® o ® o o [ o o o o o  J o o o
22 @ o ® ® ® @ [ o o o ® ® o
23 o o
24 o o [ J
25 ® o ® ® ® ® ® ® ] ® ® ® o ® o
3.1 - - - B
3.2 - - o - - - - - - - - = = @ ®
33 ® @ @

8. IR S B/ SIS REAT 2.4 BHS S FTE S5 RIE T
FEREERAA © (DEORTE ) ¢ 1.1 LHAERED) © L2 Ueas f 13 WM ¢ (BB © 2.1 LHR{EERs - 2.2
KEIFRIF ~ 2.3 HUEDTAES - 2.4 FREERREL - 2.5 EVIHHEME © Q)rbarmaife « 3.1 2RSS
32MREZE S 33 BHURE « SRER G - BG R THREZAY - SDEHANR R A

ChiKo Branch Farm, Chiko YuinLin Branch Station, Dounan

—LL-CA —LL-SA —LU-CA —LU-SA —LL-CA —LL-SA —LU-CA -~ LU-SA

SOC (%)
N w

SOC (%)
N w

0 10 20 30 40 50 0 10 20 30 40 50
Time (years) Time (years)

9. ZRG(E)EEMS G (ENEARFIR S T E TR A TR R R ARG R
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B BERR

FEELLE

EE#Z LTER #reni A ERAE R - &5REURE 2021-2022 FEREHERE ) - &
SRS R T o HE S BETEA RN S EEE AR SRR E R
FE AR TR E B RS ST ARE (p < 0.001; p < 0.001) (& 10) : 555ME 2021-
2022 FKFEE L EEE SR - EASEME - ER0 LG E BEOKRE B EIT M
FEBRE S AREN (p <0.05p<0.001; p < 0.001) (& 11) - 2N FRERAOKREE
Aok Z A E AR E R EGET L2 2R > SRR L RGHEE MG EMT S 25
Bt RAE > REELK RS A R R L Z Mt E 2= R AR -

350 35 35
300 3 30
] 250 25 25
= 200 2 20
=
I® 150 15 15
L
¥ 100 1 10
o8t
50 05 - 5
0 0 0
CF OF CF OF CF OF CF OF
EHEMH EEME BHERE R SHEIEF K
X8 HEE Ein

10. LTER g 2 bR FRE 2 R ERE R © BIAES © HITEH (CP) HEAEREM
(OF) » *Rot (AR EERI A 4RET RVBE 25 (p<0.05)
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7000

6000
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CF OF CF OF CF OF

B8 {7 [ 18 £ & (kg/ha)

0

i

EEmE R —3-pullat 3 cEEEXR
7KHG

1. LTER 2R FREOKERERER  BAEE © BITEH (CF) ST
FERF (OF) » *FHaf AR M AR A ST EAVBIE 25 (p<0.05)
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FeERTA L

AWFEE 2020 4 3 HZE 2021 4 5 A - 8 {Ellsienh - DUmdAI e R adr A
B 13EMLLE - 2020423 H 2 11 A ZBEARESER - ER0M EBTEEE BoKRELS -
(B4 B aa R R 0l H (BRI URE BB IR ~ RIER} ~ ZKEER} ~ TR EL A H
((BSARIREE R BB BURER R - B REUSIREA - EERCETT ~ RSB AHMERIEE
% DRGSR RRAFTE Z s BORNBITREE - FriTlES 6 (ERAHRNL - B3R

sdEEE Rl R H R o Sl E B S RLRIHRE R R ~ KM - R -

JEHER} > R H DR R (B > Rl H RaEE > BUARBEANNEITRE  H
i N LIRS © WrITHE ~ B AR PO = R G - FTERE Z s B LI T
FRIERNNEITRZE » SR F MBS MERRNN - REaBHILIET AN AR AGT
0 2022) - SFRRWEE AR - BUNARESE /KRR E B T e R e 5
ARSI > HEE AR EsaRl s - FaoREEd g2 EE » IR
PEITRIEIREE S - RV ERR RS H ZGRETI &R -

Dla ohh s RN B R 2 e AR B &2 > S ER0M REATEEE E BU/KREERDS - B
DLEE “HAME HERER & 2 B TR - 2RO EAnE > Blaad8 8 - LB BUAREIE D A
RBETREZ 1.6 81 1.4 % fods BRI BT RSN A EEAEREE - 77515
1.3 81 1.4 f% - 2 BRUG(BESATNaa M0 & LG &: (Micraspis discolor) &% » 7N FRTl&
(Cheilomenes sexmaculata)’X 2 » ¥/TTIESE 3 (E= &AL > FATEIHEL b AR
HIBBERS - FTITREWEAR R E RIGHEEZEE I - 3 (@t 2 Flaadi s
DIE#EEESNBITRE - BERaEE  £ETREZRENDZE TSBBERS

-

B AT TS © BT ~ 2R T L NI (Scymnus centralis)

SRS AT E5(Cryptogonus orbiculus) ~ 75NEE & (C. sexmaculata) B &5 2 ° 2 H I
U o TR A T i B A e TR T AV E A TR AT 11.3 58 7.8 £% - HIE
L lalERETREEZ 22 £ 2 BEREERAZESINEE HEF )78
(Sasajiscymnus tainanensis) > TE1BITEEE/EE » Z/ Y E(S. taiwanensis) 7 B & >
2021 4Fdg 2020 AEHEAD 6.1 £%  AEEIARBENN 1.5 % o SRR  AIREEAIRIE
& B E - RIEfTRAZ 167 % AEBEEAINETREERARE L2 258
% o AL TEEE R BIETEEY 5.8 (% 2 iR EE A (BRI B LIER
TER(S. taiwanensis) i Ebi = (RS » 2022) - 43 Dl R baa AR B FEY) < K E H
RS TSR AR S XEEESNETH > mEEEHREEARN SN
EITH » BUNAREZ B AR EENETH -

LR

AT 2021 £ 3 HE 10 A - PR S ERREONTERE 152 (EERL  SLERG
593 & ds] > W25 DIYMERTZRERk T 150 {ETisiAS - ZH e A NXIER - HUo T4
Vst 7 AR et i A - F P4 RS A 61 2R A LE T ZL[Rl(mitochondrial cytochrome
¢ oxidase subunit I ,COI) ~ 16S ribosomal RNA %t [K(16STRNA)EL KA1 18S ribosomal
RNA(18S rRNA)ELA A DU 131 {EfTisIEEA - 1550 12 & 18 FhAYHESTR - R
JE S B (Megascolecidae) » 75 11 (BB A H g E 28R > 555 8 (@ sl A
A DUE = ARG FIARENE ES R - MithFEEERT - ZFRAON LR ER
(Metaphire posthuma)tHFARZ M - [ H 2 m i A2 & 2 B — )i T e R i) -
PR CLA R Z FE I A58 702 IS - HeRpME Ay s RIles 51 - B R

~16~



112 FERFRERARPERM M E

2023 Long Term Ecological Research Conference

AHGYIRERE > 2 RdINRPIME - IR A TR i (8 1 5 PR PS8 SR 2 A DI
BRESI(M. formosae) - ELEETTEM » KEBRIANAEEN - B =7 U 5
KB R - K HEEE RS S B bR - IR LLEYERE
R ] IR AR BRKRZ 2 - S By I A T Sl b5l 4: 17 - NE i 5] ] (a2
(FR%E > 2022a) -

Wi ~ eEEL IR A

EERBEREEVSHEMMANERERNR Y — TFH - 5 THEEEREINL
TR SRR AR R R EEY S RIEFZEAE > RIS EZEER
TEBHT SRRV EEIITERM - 2RI > SEHAME FerER A RME - ERAEAEY
P22 AR E R BEREGMIERERZER - Mt > AP O e RRRITAERE
HlETE - B 2021 FHEH =B Uk BOWIACHT TS ~ 5280008 ~ 2R ~ Sl -
FRERPGLL ~ EERER ~ 2 B~ RACHEE B) DB AT B8 - Wi - 1T
BRI ITIE > SuiZHE S0 & 20— mBITRARANEL - EFTxE &
sCek 112 FEYIRE - 4,075 Fdoek > B I 103 1 2,825 F4Ckk ~ WIEH 23 18 962 40
%~ DURJTEITHA 273 1 286 SE4CH: » 5o AR FLIH 2 18 2 ECek - ErT A IRE AR &R
R ERE SN TETRANHE@ < 0.001) > BIEETHICEEAZ A
B S EHMEITHERQ < 0.001; p < 0.05) - {EVIELE AT 5T - SR /KIEH R &5
R B S E S A EY)(p < 0.001; p < 0.001) 5 FIBEERSKAEHAT
EERHAEYI(p < 0.001) © &I TR /KRGS K EIE SR BV AC IR B E = R HAAE
P(p < 0.001; p < 0.01) » ARAHERFEIEIIERIE - 5 LULER ARSI LA PR e
SIS E SYIEEIE - LR SERE A A BB (B (MRE > 2022b) -

REEEYIRE

BEEHRAZITEENVER  EatERLEE - AVEHETRE - IREGEE R E
GRS HEAE AL - EEFEERER > TP IirE
TEENEYZHEEER - 41 2013 FIES H ARG 2 IR E 2R 2L E ZE £.41(Globally
Important Agricultural Heritage Systems, GIAHS)#:241Y Chagusaba Z4% » EREAAYH A
ARSI S~ EERE- T R A 24 0 DR E SR S SRR BB |5 A 2R
HIEA B SEIRIE - s CIRRERIEDIEE @ 2 T TEREE > MR ERREE R E
IiERF - WP EORE T RERIM A G E YE i (Inagaki, et al. 2010) ; (T2 > #E
TRERELEUBEREBEEMAETFEZ ZHNH R ZER » BRSO Ir S EENEA
AEEIEEE LB LAEYRENERAH - HRICAZEDEHBRNREEY
TEMRLEIHER » Y1 Z T E HZE A H/KE(Hydrophasianus chirurgus) ~ ZILEFRRFE S5
2R (Zhangixalus prasinatus) ~ B HUT R REEERIEE(Z. arvalis) ~ B EAE OB 2
Y& f(Pararasbora moltrechti) > FEiBEFEAREIRRL » H ol E— DU AERRLGT > H
ATEAN A A RELE ST AV R B B G R (Prionailurus bengalensis) ~ 7KHE(H. chirurgus) ~
F58(Tyto longimembris)EAER /KM (Lutra lutra)F VOFEAEY) » HE2BYHEZEFES
TG EIIENY) ? AR R A RN AR IR A EAEEE - IR R
ENAERRRRIS AV EEIREEE -
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TKEBE/KE R

AWtFeiE A B Eh b e B SR ik 28 K R AR = A E TR 4
e B AR KE R ER - BFEKR ~ 7B S - Bii{E(H) ~ £/LEREL(ORP) ~ BT
A AR i s R AR IR G > Sy e g iab Tt e Sm R et - DA oK SR 3%
ERFETEW N - IR NBEETUSEEA HEINE - BRZHE - FFERER
R NIRRT E AT HIESN - HATAIREE 2 AV B R - R B
SEMEIIFRZ T B ATIA KBRS  AECRE NI - SRR
AT > AP ACRZRAR - RN GARRR 21K - ACRHBE(K » K%
BOALEES | ABMEOREY LNG /28K (HRHBUKEA K HEMRERE - 2 HIRORE
syfEgss > ORI B B E RS - S EONnAEEA H S (BEN > 5
B GHERFE 7.5-8 ZMH - SEHAYAGR MR E L ®  fAbBIFRBEA RN - B

R ENRERFES/KIRESERLSN S5 FEEE R/ 350-450 mv 4 2#
BN s SRR T - BREEE R BRI [ H B2 ) S S R s B R LS

FHELUKFEE BB EN > ARt s E 2 T S B R - 5 AT 3RK
EUR/KR G R EEEYRE - AR m e T > BB R R RE &R R

SR (AIRERT) ~ HEMETSCK AR R EREE (L - 0 BT B RELE IS 17 2%

XERG/KEENER TS A B IR KEARN - WEREM S S E RS
o HEEEEEL PRI FE S TREAESHERAR - f£RIH B RIEFAVEH T
AEER AR RFWEEKERE  THSEERRE  Iiend B RAESEETT
= RO E B IREDUE R F YR o B e Sk iy TR B Y MNE B B T A A
TER Z B - REIFERZ BREEL IR ol /E Ry R 2 FHE K K 218 Z RFEARIR (BT & S~
2022) -

e e BT RS (E

LA
FESE AR R 2 R AR ST B Ik i B2 e B i 9T BE AT ~ KB e BB P At i 5T
PR S ERE 2 R TR T TIERE R BIT(ER 1~ 38 2) > ARG AR MG A %as iR
EH e
SHFEE{EEE
L 2 &R = - BNIMETEETEAT (1) DAEFIFFHIE R RS DAY R (Bl nn EVy
EOETIR G 2 IR R ER LLE 5 (2) ERIFEAA A A DNDC {EY4: R =0
TrELAR (BRI © (3) EEIEE(Agricultural Research Service, ARSEYFE 7 i 17 il

-

-

RAEAEIE ¢ (4) HAIDEEREEPE RIHERRIIHE- SR (E#ILTER-N Initiative) ;

(5) EEBIERERZ B RAEIER ¢ (6) BUN R &£ REE2H5E(Long Term Socio-
Ecological Research Platforms, LTSER) > B s Z2REFE ] 5 (7) FREL R B IR TR 208
ZRAGEMN  8) BEEABFTEEREFEHALE ¢ (9) EH ClimDB FEREBUKER
45 (10) REREBEZEWEEEMREN © (1) R RE RS -
2. HITEFE RHAAREIFIT4E(ILTER) ~ A&V MBS ZERMA R 2 B &1 ¢
(1) 2B EERIAERBHREEZEHETE 22 REEY) 57 %55 (Global Litter
Decomposition Study) » B35k 50 {2251 459 & BH A= REs{ERuh [E 0 HEE AR
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B—BZRE > HEHEFEETHZE R ENHZE - DISHEEYE 2K
AEERE G oy R > ARG TR 7 A IR 2 2% - (Djukic et al,

2018; Kwon, et al., 2021)

(2) 2B R G ARV FE(LTSER) Z B Em AR IEA] - fE TSR 25 (Hbf 5Tl - R
Gth S BT TT e ST R G AR RR R TE T SRR e I R AR R
AR G 8 - A ETE ST TAENT S RIERRIFEDIEL D HriHTT - [FiF
SR ST ST RAVRF €~ B/ ZER R ~ BB (R E /Y =5 o (Dick ef al,

2018)

% 1B RSEERG/M RS EYIER

AT B AT FRA ST
P B SRS ELAE 2007.08.01-2010.07.31
B RS Pk e 243
TR AR R A PEAE 2011.08.01-2013.07.31
Fo SR R PR SEES HPkE 2%
P s 4 R A R e (LS ;igiﬁ 2015.08.01-2017.07.31
DUEREAR B R A T K REAE  2017.08.01-2018.07.31
R K S0 B
DUERELRBEEE AR T K REAE  2018.08.01-2019.07.31
TR R B
IREE TR ARGOAE  EAE  2019.08.01-2020.0731
505 B
KRG RSP BKE  PEASE 2020.08.01-2021.07.31
s RSB
KA ERE S AR ARG PEAS  2021.08.01-2022.07.31
A B2
EEN S E 2 e~ IREEELA AR r B A 2021.05.01-2023.04.30
S A

GBI RIAERRYTIFTE R AL 0 A HRFE 22 K2 Otso Ovaskainen
P2 ¥ LifePlan 5128 » BEHEZCEBE 100 40E T SIS EN G TH E A M

MR 58 WA REE - (DIMREWIEEMN -

Fe i i A B S M R

W9ess - WA KAV SR MEAVEGIR > WERAIEI N Z LY ittt

EAVTEMD > AEFEHE O A 2B  (Chen er al., 2022)
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(4) LSRR e R 7 e f AR B S B S P K22 Zutao Ouyang {8+ 25
Z BREHRERIETHGTS - BRI ENRA R R H 2R = RAS IO =K
(EEHE > RRSERL T > AP E A A SRR RN & TR /KA R 2 R As e 2 B =, - I
FEILIF R EIRBIEREERIE 2 MRE - DUZEDR = RHS LA R 7588 2 fefi
{E By » (Ouyang et al., 2023)

BRI &

SEYAE R R R & - EEER TSR -

1. 72017 = F ¥t " International Workshop on N>O Emissions in Various Ecosystems: Site-
Based Research and Global Synthesis | ERfEBTETEr » 55 10 ] 19 (1B REFREE
A ~ DR RS S IR R B E ) - BN EARA AL AT - BERFTNVE 30 8
2% ~ Hx o HEtiE#E 100 IIVE ~ 2 - sHUREG 20 NEmEETIEE T
TE/INGH - LT SRR (Bl BREE R » S5 /E DL ILTER B EREE B2 AE R N20 FEREDH] -
G BRI O & T SO TAR A TR

2. % 2018 FREZ R R BAAEREH 524 (ILTER) BRI qn AP R I&I54E (ILTER-EAP) Z 7
FE > fE=EE '2018 ILTER & 12th ILTER-EAP Joint Conference | - &% 18 5

"HAE A AR TNIVAERRARE T, o EEE 25 [ERRNEE > Ble ABELE
222 N iR 125 RREm s By o AR ILTER & ZA0M » SR R ai K
FAREREGYE » BTk ERENY &S R SE -

RAMTFETT 7

EE 2 REH &4 RRIT 5T (LTSER)

TEHEERART RGN E I REBRETFEFERENEEESL » Hn
BB NS EE 3 (EPSES ~ 8 {ElE & (Armstein, 1969; Church ef al., 2019) : (1) A2 :
#2/E(manipulation) ~ ;&% (therapy) ; (2) FTEZEL © 541 (informing) ~ 5428 (consulting)
B fi# (placation) 5 DA fz (3) A ERRMETT © B FERA%R (partnership) ~ 2= 5% % # (delegated
power) ~ AR T2 (citizen control) - fEMRABRIEAERRARIING - FRAURHREEHLEA
J& B A 7 5 (B R 1T B A RF U R B B AR R R AL R LAF - HERZ BN AR S BEER
HISHL - A BUFUEIEAR B & A S R B G 8 - BE HARYRER B gt 2l
B METEREEARS BN G AR Y ERE R A SR SRR ECRE
SRk R ERR i RAFHYE2 % (Gaba & Bretagnolle, 2020) -
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2. BRSHRESE SR

\
o]

R E/EHEE =a(EES afEiiE
International Long- Term Ecological £ ILTER 2006 152
Research Network
Z[E KNB
Information Management FEHES e R 2006 liz%
=S TR N
DNDC JE I 28 /KA EE R B N.H.U. 2013-2015
SR (B A LR R R .
RIS (FR PSSR o oo 0151
bt fit
Global Litter Decomposition Study BEHOF 2016-2021
Implementatlon plan of ILTER-Nitrogen A AL i A 2017154
Initiative
4 per 1000 Initiative E 2017 7%
Long-Term Socio-Ecological Research % UKCEH 2018
Platforms
Eco-Bank FA R B TT AT 201975
Establish of Methane Emission Model LR @A A ER 2020 li74
Lifeplan: A Planetary Inventory of Life AN T AN 2021 1%

Bretagnolle er al. (2019) $&ZEAT R E A RE A RIATFTTAVZRE T 1t & 4 /8 £ (Social
Ecological System, SES)¥}E23£4- 56 2 REHAZE (LTER) 4848 2/ D752k 5 fEs(k « (1) &}
BRI G AERBR(LTSER)ERE LTER /I i N R T 5 (2) IIAMEE
TLER AR RGEHEE RERETT » ) tH R ERBL A R AAREAT R (5 A 4 vl Y
s TR - (4) RIER AR & 4860198 (LTSER) HHAY A sy - s
2R AERE A TP B BN RE 2R B AT 205 5 (5) {E LTSER » EHTEIREH
EUR B He Y g e -

B AR 2 WEIERY R (8 AR A IR B AR > IR RTAER A B A e a0
BUe a1t A S - Bretagnolle et al. (2019) s8Rt FAERE R EIEAERB AR
B EENE - EEHS AR A BB SBEEN S FEERIEEYE » IE61F
178 ~ Izl - BIREIRFI B AERE AE T L E IR R - ARG BN A
R A4 REIHZE Fral a0y B AR 2R - FIIA L R B R L RE SR (R A 2B > 4l
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R R G ERE AT (LTSER) (aRESHEE B ERRAGEH -

FAHAEE

oA R BRI S > 55 4 BIHERCE R T ERENREE AL &R REH)
11> EEREERARG - #HBERILNE ) - PERRERERLRREYZ MR
BRIBRT AL U704 » A3 F AT 1L FE AR N I TH e s FEUM HL S i3 3 > IR A Rl
TR R AR R SOl NS B SIREIE -

&hnh

REEFAZITEENEE > EREReLE - EVMSEMERE - KSR E
HRBGERIERBOE - WEA A ERHIRL - BSEER ME R L ARV - [FRF
ST 2 B AR SE Yy M > O N E A AR A AR & BEAREAR A
TRV AERE R IR - 2R > MEE BRI > NHIERIR IR 25 - R Rl
KAMBEMER KN FEE - BRI RRIE 2 ps S E TR & e F iy - HHRE &
SRR ERVEEAE A T R B T LRI (UAY SR B E - SR R BRI R i
Rl DIER SR - RN R AR A I A S iR R S (HE -

SHEIRK

1. (TR T a8 - 2022 - EEG BRI EHEE S » https://agrstat.coa.gov.tw/ sdweb/
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Abstract

Taiwan has been conducting long-term ecological research (LTER) on natural ecosystems
since 1992. In 2006, Taiwan Agricultural Research Institute (TARI), together with Tainan
District Agricultural Research and Extension Station (TNDAIS), Miaoli District Agricultural
Research and Extension Station (MDAIS) and Tea Research and Extension Station (TRES),
began the research on agroecosystems and established six research sites successively in central
Taiwan. LTER collects long-term interdisciplinary data across spaces to understand the
structure, composition, and interactions of ecosystems. The overall goal of the project is to
understand the impact of environmental changes on ecosystem service functions through long-
term observations and to investigate whether eco-friendly agricultural practices can reduce the
use of agrochemicals in subtropical cropping systems. To showcase the results of the project, a
short-term goal is set every six years. The first phase (2006-2011) studies the impact of different
agricultural practices on the productivity maintenance and biodiversity of ecological systems
under different cultivation systems, as well as their risk to the environment, to explore better
agricultural management models. The second phase (2012-2017) focuses on observing the
long-term impact of climate change on crop production, pest and predator populations, disease
incidence and weed changes, so as to devise possible adaptation strategies. The third phase
(2018-2023) aims to enumerate and evaluate the multifunctional values of agroecosystems from
market and non-market perspectives such as supply, support, regulation, and culture, to provide
a reference for developing agricultural environmental payment measures. To enable data reuse,
prolong data available-time and enhance data value, the data obtained from this research are
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documented using the Ecological Metadata Language (EML) file by Morpho software and
stored in the Metacat ecological database to facilitate information exchange, thus participating
in multiple international cooperation projects to improve research capacity and quality and
connects Taiwan to the international community. Since 2020, TARI has expanded ten
monitoring sites throughout Taiwan in collaboration with Fisheries Research Institute and
Agricultural Research and Extension Stations in various districts, including two aquaculture
sites and eight agricultural sites, to conduct ecological monitoring of water quality and rural
farming areas and observe the impact of different agricultural practices and climate change on
the ecosystem, with the goal of achieving precise management of pest control and fertilization.
Additionally, participatory research involving agricultural and fishing communities is
attempted aiming to increase producers' awareness and practice of ecology and the environment,
reducing the impact of agricultural production on ecosystem service functions. Currently,
Taiwan's agricultural LTER still leans towards natural sciences, but social sciences research
will be increasingly incorporated. The fourth phase (2024-2019) aims to induce information
technology for socioeconomic driver to restore agro-ecosystems and promote nature positive.
Long-Term Social Ecological Research (LTSER) will be conducted to explore the interaction
between natural ecological environments and communities.

Keywords: Agricultural Ecosystem, Long-Term Ecological Research, Subtropical, Service
function
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BB AR R ES R > EURTFECER R —FRHE —ROVEEAE ARE
SR Y R EA A BB ST (LTER) 2 B & A M BB A FE R4S ES TR - 88N EER
HEZEME - MERFES - 2REN S ERE RIARKEAHCEER - B8 15k
{EFGRAEHIRTRE » e HIEAWRE R - SaFIIRES A9 > EEUEYHRENEE
i EHE S RS - (EEEMEIER M E B L e BB L RHEE -

FH FORBUK /K ign{F e a8y & E S ba k& 7 =(Timsina et al., 2010) - #gfE
LAY E AL E(Witt e al., 1998) ~ IR EEES4ERE ru6 B35 £ (Xuan ef al., 2012) -
FHARHZERA - (BT RSB Am{Eik > SEBCRREGEIER S (Weller et al., 2015 ;
Fuhrmann et al., 2018) DL Jz {42 #7) 5% 3% 4H B 1Y 82 (L (Breidenbach and Conrad, 2015 ;
Breidenbach et al., 2016,2017) - ZA[f > £ ER-7KiglalE 2484 o KR EE 2B
W% AR ) 4 1 R T Y LR MR R L 25 e A 7 2R A S FE T AR S EIHR &R - HATI R
HAMTSE E1E T RRE LT o NGHEE oo By T8 b FOR-/K gl B3 0] FrE R4 bR
(A& o ANSORy T HE i oo BV - BV Y 58 7k 48 2 35 (sustainable agriculture) iy 42 ZE
EHE T EEHAREBCKENE R - BERIASBHITIE A ETEAE( R A
B IR EHEY) & R IR EHE AR AR T (Hameed et al., 2023) -

MR TS A
R EIHERE 2 7K S dmfE KR R SR A RE 2 & - £ 1995 4 8 HBiIREILES »
BERES S SR IS PTG TR 2 e BT 2 - 3% ~ (R ~ HERE R HMERGTT

e e

HEEEEEE N & T RSN TE R R G R 2 35 9l - B8R
WHEEIEIRMERI AL - THRE & > BEE 1 > 1995 F 8 Asllabial: - MEZ
TEEMEE R pH (1:1)5 5.3 » [GBEF SR By 74 cmol kg » SCHAMESR - £5 £ - §5 -
FE 8% SA RSB 74 ~ 625~ 149 - 0.23 ~ 4.3 ~ 62 ~ 4.6 1 891 mg kg » Bray No. 1
JERI ALy 14.8 mg kg o

2. KB HEZE AR ZKE R TR ImE
7K¥& (Oryza sativa L., cv. TN No.67) © GE/N-TFEIKNE - WSS —EIFE -
FoK (Zea mays L., cv. TN No.1) : GE—FRaaR oKk - INEFESE _HiFE -

3. IERHER K EACEE &

(D)7KReE]EH =R ADRLZ N-P20s-KoO &Ry 120-60-60 /30 » AT Z (S
AL Bl BBt o ~ iBbsie S5 R S5 - AHEM R © (1) FEZHERE - (2) 4RAE—
HPKMEER AR R =5~ ZHIORRRAHE (A EXRER > BIEKEAER
PR = 3R fe (3) IR
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SR =R R A G R ER ©
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Tl & & (Chaol) 1 Shannon HyZA5M: (H') HIFAJEE (1) o FRETHILRA B 22 AR 1ERY
{ii(Bray-Curtis VR FIFEE &2 4 RS (NMDS))&{# H VEGAN (Dixon 2003) £
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(2) FI| A #ERE F-(amplicon sequencing) {773 1 L3R F R VR -

RIEEXMHEH DNA 98Bl & (UltraClean™ Power Soil MO BIO
Laboratories, Inc., USA)$£Hl MFS #1 RFS DNA - S-D-Bact-0341-b-S-
17(5'-CCTACGGGNGGCWGCAG-3") )54 S-D-Bact-0785-a-A-21(5'-
GACTACHVGGGTATCTAATCC-3") FifE PCR AU BERF 2B 1) - BEEEES|
YrimaEiEry 16S rRNA EREY V3-V4 &I > FIIH 168 7R KA S/ B F el
& (Illumina > San Diego » CA » USA) » (£ _F#fi 2 A 5' lllumina FEHEAERNS (P4
i HENS T © %8 Nextera XT 225 [0 & (Mlumina » 3o Ef - JOAFEE eI - S5E)
RS 28 S ERIG T - 83 4200 TapeStation Z4R(ZHEMAEHYAH] - B
SR IRt an N - SEER) &R R IR BV RN ERESS o R mEd MiSeq
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Heshnn B - JOAEEREIN - SEER) T TEE LI (2%300 bp)

{85/ Bowtie 2(Langmead and Salzberg, 2012)## & ¥ K i [H 46 FASTQ F&# A
£ Mlumina PhiX ¥fH8 o {8 Trimmomatic (Bolger et al., 2014) ¥ 98 &(E
<20 WP A DAZE A HZ A8 - (EH FLASH & fHZ75 095 Iy 38 B (Mago and
Salzberg, 2011) - {K'E EAVEEFIG %78 mothur {EEIH1%E5E (Schloss ef al., 2009) °
USEARCH H At el 2= Fk PCR ira s VAERA IR IR EH 97% |7
51— BRI (OTU) (Edgar, 2013) - OTU 5348553 AL mothur
£ SILVA #{i5E v132(Quast et al., 2013 ; Yilmaz ef al., 2014)i5#ErT - @S
QIIME 73t 7 JEEE I E 4 2 & (Caporaso ef al. 2010) - {5 mothur 5157 Alpha %

-
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TEMTE 8 EFEEIZFYYfE (Sobs) ~ Chao [Y¥)fE % = & (Chaol) {1 Shannon (2%
BEME (H) A3EAE () o MEidham B 2Rk (Bray-Curtis ZHEEMIIFEE
%4 KL FE (NMDS)) & F§ VEGAN (Dixon 2003) #IEf o
(©) sy

FIAHBERZE G Z5HT (ANOVA) HEEEYIE 8 &k TR ZNGE T #E M Tukey
{5/ GraphPad Prism [Y2% 55 LEBORIE o LY Pearson A8 BEAR &Y T 5 53 707
(PCA) EF{H R E BAs & (T2 AWCD 508 ~ S8 MEFE 8 - ARRIPI4R o E R,
S FE IR % o BIEH E A A& I AE(2017-2019) © {H >0.5 BYH EFHEE AT
TR AR P R0 R e Y (Manly, 1994) - d@®l R [R4a% & g8 Ry E1Y
EERE > DL R4S BN (E B il > R YA R 14 (Nair and Ngouajio, 2012) -

GER KA Em

TEVIEEREL

B ER M B AT R AL RHA(1996-2019) i AL pE 3 T Y FoRFIKAEZE Z (B 1) - AHEE
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FEES o TR FH AR S T 2R b o > HL e P+ F 2 LAE(CPND) 2 R B EE = &
RERE » e E(LE2HERIEH(CF) fHE -

B > £ >K(Buhinicek ef al., 2021 ; Nel et al., 1996) k& 7KfF(Abdullah Al Mamun et
al., 202 FE B AFAE 22 A/ B L - TEVIERE R/ B R S E Rt g & ok
& (Rizzo et al., 2022 ; Tollenaar, 1989 ; Nel ef al., 1996 ; Buhini“cek ef al., 2021)F17KF
ZE S (Peng et al., 1999) « ARWHFEHEE T {Eai BV ToR-/KRgmlE 24t FORZE BEHVEE R
AR » R/KIEE RS R E -

TEERFHIE(L

s IR VS EDUE B RIAIRME IEAVEIE - tHoR4E R BUR FoR-MRS Y 3%
pH FEEAHERAD (CP) HYEHEES MY 5.2-6.1 Z [ » FEAEEEAERHCE) R &EAE-GMNI BRI T fig
{BAMIY 4.5-5.4 Z 1] - 7KAE-RES (0.3)MHEEELEOR-MFS (0.9) #Y1-3% pH {HiFEZE s © &
S HIERTIF - {F PCA #EfEE F#i22%1 CP-CPN1-CPN2 ~ PN1 1 CF-CK-GMNI1 £y
ANESTE(E 2) o BUKFE-RFS (40.23%) HEL - PC1 fRRERVEELEHIE £OR-MFS g
(44.13%) - TEAMHY PC2 EiFRIR I BIREE52(17.47 ¥ 17.56%) - TR EEETERGEEN
BRI ) B KK -MFS F17KAE-RES (Y CP-CPN1-CPN2 #E4HEEE (p<0.05) IEAHRE
HEARAERUME Zn BLEK-MFS /Y CP-CPN1-CPN2 #% 2 [FAH[E (»<0.05) » pH ~ AWCD K
EC B1/K#5-RFS #Y CP-CPN1-CPN2 % £ 1EAHRER (<0.05) o EEZALIEAE (SOM)FIH
UM Ca Al Mg B PN1 BRIEAY EoKR-MRS 2 I1EFHRE (p<0.05) » BE{EEEATRL (CF) #HEE - B
{1E CP- ~ CPNI1- 1 CPN2 B £ 5K-MRS HHy & & th#gs o fAEEZ T - A%k Fe fl
Cu #1 £OK-MRS 1y CF-GMNI1-CK #%4H 2 IEMHREE (p<0.05) o 2RI » )@ HEEIZEE| LRE
JR S AR Mn 2 8 B2 i A R B Y 2 R RA T -

REAWTFEEEER - RZHONEHY TIERZE (B G 5E pH {B)E RS 7 H{r 8
E 25 o (ELEHERNCE) JiiH T 24y 2580 (b o] B R 18 A B R Y& F-(Wolcott
et al., 1965 ; Bolan ef al., 1991 ; Guo et al., 2010) - FHEL 2T » T RMEWHYE EAFE H
(Nyatsanga and Pierre, 1973 ; Bolan et al., 1991)F1#5{EAE FH—#E 0] gE(E 5% T Jith FH 4R HE-
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GMNI1 VBt - FE& TR0 - RE/ME S EITREPRIDATAE R TR
(Truog, 1947) - B{LEZHDRL(CF) AHEL - BLFCHERE(CP)RYE B i 2K E T N K
BT R N $2AHVECD - Bt pH AFI7A Fe YA R (Truog, 1947)  {LAE (CF) K 4kHE
-GMNI B oY Fe 2 L4388 o ZAIMIAE (BAE(CE)AI &RAE-GMNI Ji Al M el E s A 5
Cu > [REFEVEE R Cu YA RE(Truog, 1947) -

AR A R BB I3 o Ry A A o B AR R /K e E E (Bi et al.,
2009) - B2 BLEOR-MRS FIEAE(CE)EIEAAED - RIBHERL(CP)RHE L EC
SOM 354 - B 17 pH {HZS1 » EC ZEE LB = TP AR B S Ay B2 T RN
#(Kim et al., 2016) - AWCD Jz EC HY[EIHRFEER TR E Y EB) 1] AE ¥ T OK-MRS iy
BYIERER - TEAEARME Ca W AER R R IURYIHI1T A% (Arkhipov and
Bernatonis, 2006) > [fijf= A TRE (SOM) mJREMUFRIE E-PNL i N A MY E AYEE 1 -

BEETER-MRS R - B EYEE K SEEE 731 (CLPP)

FEE /KA A7 (CLPP) B> A B 1388 A % 2B M (Koner et
al., 2022 ; Shen and Lin, 2021, ; Chen et al., 2021) A7 2T EK-MRS FAYFAY)
1y CLPP /2% A Biolog EcoPlate JHIERY 5347 © #E4E Insam (1997) ¥f EcoPlate 1] Y4 £
BB T Y RLETEIR 91T o EcoPlate BiEHIENEI TR » BI/KRS-RFS MHEL - &
JR-MFS Ay A S E S (& 3a) o e EEY) & RIS ER (53 BE K BA{0)IM
1L - PCA G 715 —Hi([8 3b-c) - FoK-MFS FIKIE-RFS #y3 BEREAME—FBUR T
AUEEIN R BE o 28I 0 J A I E B AR AR TR QA BB L - B
MR e 2 IR YRS IV E Z A ZZ(Shen and Lin, 2021 5 Chen et al., 2021 ;
Anna et al., 2017) o Rt HVEIE R A RIS RIEE B R R OK/ BB E L E T K-
MRS HIEFHAEYHATHE -

TEEREYESEA RN EL

ARFFEFIF 16S IRNA FLRIESE - RIFPATT T HI8 F A A V% R el REREE) > DA
TR Ryl EAE EOR-MRS T3 th iy E Y E S S L CLPP 24528 < DL OUT (operational
taxonomic units)EE{E S FHEL 3 HTHVERE « AERME » 56 {E AR PEZE R 1Y)
1#/0TU mkGFLE - EHEEAZR/DFE 52,674 {EF5 (B4R ER x fiElE) - BUril FOoRMH
bt ZKFEHHY OUTGEME /B S - B1FoR-MRS thy AR AHEE » B
AE(CP)HYJiEA(CP ~ CPN1 1 CPN2)EEFE 21 OTU - F|H PCA WFeARit R - 2%
BEMEFE B R UKL B 2 RV B (% (8 4) - PC1 A PC2 g fE iy 8 BLEE {51 53 7l Ky
60.12%F1 25.07% - AHEAMCFEELEK-MFS 2 1FEAHRE (p<0.05) » [E]H% 457 FIB1 CP-CPNI-
CPN2 7 CF-GMNI1 #& @ 17 #E—THYIEAHRE K B AHRE (p<0.05) < #H52HY » Sobs ~ Chaol ~
H'~ J' ~ Archaea FIARKI57EELEL/KIE-RFS 21EARE (p<0.05) » H e FirU(Es#5EL CF-
GMNI1 7% £ & (ns)MHRE o RIL - BEZATR IR ANE B ER S - HKE L IE R ATE
I A e = e K M A/REAEE - CF/GMNI FiepEpe B 45 BIHIE] T TR R /K st
TE AT R YA B RO 4 -

Bray-Curtis B2V 3 PSR T £oR-MFS FI7KAE-RFS AYRA{E £ 20EE - B2
B~ FoK-MRS HHEESIITEYIR 7 22 52(18 Sa) - NMDS [E# R £ K-MFS K/KRE-RFS A
CF-GMNI ~ CK-PN1 f{I CP-CPN1-CPN2 [JHAEEE S » Bn Fok-MRS HH R 3 5 i fy4H
A2 FE (8] 5b) o FAIFEESR-MRS FhgfIE] o3 RS 4 s Al 4l E Y 43 (&R 6 {EFT
73 Form 25 (5-30% » n=8) ~ 15 (1-4% » n=8) KRB [E (<1 %, n=27) 73 BRF(F S6) - £oK
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-MFS F7KRE-RFS BRindE PCL LR IEEZ o - ARHER o PO 7KAE-RFS (532 HY SR (&
6) - CF-GMN1 ~ CK-PN1 f{I CP-CPN1-CPN2 7£E>K-MFS K /KF5-RFS AR [E 5 5E
W PC2 Eifi 7 [ o PCl J¢ PC2 fifp ke ry 8 SLE B 73 5 K 40.59% Ko 18.72% -
Thaumarchaeota + Actinobacteria ~ Firmicutes * Planctomycetes ~ WPS-2 ~ Chlamydiae F1
Dependentiae B >K-MFS = [EAHEE (p<0.05) © Proteobacteria ~ Gemmatimonadetes
Chlamydiae ~ Dependentiae - Entotheonellaeota ~ Tenericutes 5z Halanaerobiaeota Ei CF-
GMNI1 #E &R (p<0.05) - 1 H2A WPS-2 Bi CP-CPN1-CPN2 #% £ & 4HE (p<0.05) -
fH K HJ - Acidobacteria - Bacteroidetes - Patescibacteria - Nitrospirae
Bacteria unclassified ~ Cyanobacteria ~ Armatimonadetes ~ Spirochaetes » Elusimicrobia -
Epsilonbacteraeota ~ BRC1 - Hydrogenedentes - FCPU426 ~ Zixibacteria ~ Fibrobacteres -
WS4 ~ Omnitrophicaeota * Kiritimatiellacota ~ WS2 ~ Nitrospinae -~ WORstonebacteriaer -
Lentisphaeriae - Fusobacteria ~ Crenarchaeota ~ Nanoarchacaeota Fz Archaea unclassified
B RFS £ 1FFH[EE (p<0.05) = Rokubacteria ~ Latescibacteria ~ Dadabacteria 1 Deinococcus-
Thermus i CF-GMNI1 % £ & fHE (»<0.05) > 1fij Chloroflexi #1 GAL15 B CP-CPN1-CPN2
1% 2. EAERE (p<0.05) -

Y FE R R EAE T IT R EAE FOK-MRS HRART 40 {E4HEFEFEEEY B /K S
HEAE B /K IS T AR R A FE AR (B S s AL S AR i /K B
FIRURHAER - A V3-V4 @Iy T DR FoK- MFS fiy e S 4HE A RFS o
s FERYE S B EENE - KT » RS - SRR S
WE R EAIR BAREAC TR Eh(Ahn ef al., 2012) - $2ECEL - ZKEKRENITEKE TR TEEKR
E=ANE » FEEE L4 E (Breidenbach and Conrad, 2015 ; Breidenbach et al., 2016, 2017) -
BB — RN FORMHLEL - BARFZKREAVREEAI A LB R S R B 1S 5 2R
> VEY s (E AR B E A [F] (Maarastawi et al., 2018) o FRAMSEFR AL B R A Enik
HAf] - BEEAETOK-MRS FHYAHEATE AR 5 A 30 Rl 434k TEEE L -
— S - RFS SR PRRN RS MR A AR IO B R 24 0 3 [&) - 1o
FoR-FS #ege i n] LA e SRR I = S AHIER T - B L TR AR P TR KR RE A
/B A g% AR B - i H e R E LRFRE - B s S dWErT Al
e/ EoK-MFS 4= ¥7%f EcoPlate JERAJAET /& MUV EREN /) -

Beta Z M TR FOK-MRS R A YR E B T H S AFYI T RIAVAHRGE R » 58
BT 2 FIRA R T k-7 K AG £ 4 i35 3H (Breidenbach et al., 2016, 2017 ; Maarastawi et al.,
2018 ; Frindte et al., 2020). /£ NMDS [&FHEE|HY CF-GMNI1 k. CP-CPN1-CPN2 HYA[E] 53
AT TIEE K. AWCD By PCA #EEE T E ] » S T AR EYIR R Z[E
FAHEAME - +888 pH [HAVEM Ll P B E RS - SRR MR R A RATFRNZ%E
pH {E#u[E(Rousk et al., 2010) - +1% pH {H{ER AJgEF¥HiE4E CF fz GMNI1 Ei CP ~ CPN1
1 CPN2 B MEZEINAFE A AEYIRES TR T EEEH - £K-MFS S
&S E5 5 E (Thaumarchaeota) B2 Fijfy# f5—%2¢(Breidenbach et al., 2016) - 7K
R R ARSR ey £ A=) (Liesack et al., 2000) - ARRF5E S PR AL iE e £ 3 v i (i o
ZE R GEHIEERIFT (Euryachaeota) (GBI & ey - FRBllE— AT ERse Ak
EHENCP) BEHEEAVE T4 Thaumarchaeota Kz Euryachaeota FYPREE] » R A2 557
FEREA I TG EoK-MRS 1y N HBEAHGEHR -
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Abstract

In order to practice the sustainable intensification of agriculture, this study evaluated the
effects of 23-year long-term (1996-2019) application of organic fertilizers and chemical
fertilizers on grain yield and soil factors in wetland and upland rotation rice and corn systems
in the subtropical region of Taichung, Taiwan. Field treatments including pig manure
composting (CP), chemical fertilizers (CF), no fertilizer (CK, control) and composting with
addition of 1/3 and 2/3 nitrogen (CP, CPN1 and CPN2), peat addition of 1/3 nitrogen (PN1)
and green manure addition 1/3 nitrogen (GMN1), a total of 7 treatments. Soil properties tested
in this study included pH, electrical conductivity (EC), organic matter (OM), nutrients,
microbial metabolism, and prokaryotic (bacterial and archaeal) composition using amplicon
sequencing. The results showed that under the treatments of CF, GMN1 and three CPs (CP,
CPN1 and CPN2), maize showed a significant yield increase trend (slope 132.2-156.1 kgh-1
yr-1 *** p <0.01), while rice yield showed no significant marginal improvement (slope 26.7-
46.7 kgh-1 yr-1) or negative outcome (slope —16.52 kgh—1yr—1). Principal component analysis
of soil factors showed that there were three distinct clusters in CP-CPN1-CPN2, CF-GMNI1-
CK and PN1 during the corn-rice rotation process. CP-based treatments especially improved
OM, EC, microbial metabolism, and nutrient availability during crop rotation. Significant soil
microbial activity and bacterial abundance during maize cultivation. In contrast, rice cultivation
was found to have low aerobic metabolism and high bacterial and archaeal species richness,
diversity, and evenness. The cluster groups of CP-CPN1-CPNI1 and CF-GMN treatments
obtained during the B-diversity analysis were consistent with those of soil factors, while the
cluster groups of CK-PNI showed a surprising prokaryotic composition despite different
trophic availability similarity. In conclusion, the trend of maize yield increase observed under
long-term CP-based application was comparable to CF and GMN1 amendments that acidified
soils simultaneously. Numerously dominant aerobic bacteria appear to drive nutrient cycling
and promote maize yield, while recruitment of diverse prokaryotes with slow metabolism limits
nutrient turnover, thereby stagnating the rice yield.

Keywords: long-term ecological research; wetland and upland field crop rotation; organic

fertilizer; chemical fertilizer; microorganism; compost; peat; green manure; soil
prokaryote; plant productivity; sustainable agriculture
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RIS

2022 4 12 H 7-19 HNIIEREREET 2 B e B AV 2R AL 15 BE&TT
K& (COP15) - " DLIEAREARfE R TZE | (Nature-based Solutions * NbS) EL ki A e EEBE=
E(E 1) - BlFEE AR HEAUCN) REE R Ly - vl ARG BB O B Gk - 7E Rk
EEH MBS HAERBR A IRETE » TJEFRAE ) EEFIEY 2R - NbS
DfrE Rt etk s HIE > BSR4 SE - AIEEE - KEe - ABEE - $FE
b ~ tE ISR R - MR LAY S RER AT - 2021 F 6 H - BiAE] IPBES
(Intergovernmental Science Policy Platform on Biodiversity and Ecosystem Services) #1 IPCC
(Intergovernmental Panel on Climate Change) &#E3# &5 (Portner ef al. 2021) f5H » JHEIR
KRG ekl - [t 28 RAEYSFEEEGE - HIbREERIR - ENERREEY)
R B DE ~ B R SRS - EPTEEY NbS - KrEE (BaBEYZEEAL) (UN
Convention on Biological Diversity » f5§ff CBD)” EEIH- S5 EE = (2020 FB2EKEY)
2R MEHEZE ) (Post 2020 GBF(Global Biodiversity Framework) A€ 20 LB E F 5t -

1.2022 12 H 7-19 HtIZEREZRERT 2 BiG
YRR AE 15 [@4r4Y )7 K& (COP 15)

BTV K B R IR A RE A

BTEHERABEEMHRN 1984 4 1 H 1 HEIL - BEIANS —ERIZAYER A E
Bl - BTHRABUNGEAERERNVEEFE  =HERE  RELF
A AR ERPE - FMiEE B o T E R I (E 2) RS A g A
B EEEILEMERH  HEEBFER -QOENZEE > 5T 1489116 A IH
(https://www ktnp.gov.tw/cp.aspx?n=E611B38FE00C641B&s=299D0B2601024174) - 3R T
B~ B I A T S SR E N ARV R o AR LS BN RIEEER
B N e AR S (Chiu et al. 2017) - MR 2ERAEY) SRR SV ER RS Z
— R TR SRR LRI BT - IR REGIRE - B - RIMEEYIZK
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T EEERNARBIREEE o REEER M A R RS R BREAIE S (Wu e
al. 2018)  JE/KEE (b & B H LR EE $5(CaCOs) {E S it S8 B R R R IRAE - T 1%
IR K I R R T RE B E AR A (LS -

K COr BEE/KAEEYCEER EENIR TERIFE 2 —  HILEKIBREAF]
RBEAFRES L & (Liu et al. 2020) - JER(E 3)HER B EZENEFEE
fE % (Lin and Shao 1998) » {E#VHT/EHE I BARHIREAE AT 4 R A —iE - B8 KB R KIS
FIREFE AR T B AEI A CE R E - HESEY 0.56 K& 0.25 A (Fk3z8h
2019) - JHEEEFRHRCEY) - 2RISR 4 B 12 & 66 1 > B2 iR
BF T RO Y MY o TBE PR ER L TRF S E M AR AR - flaaFEASS
KENE - BRREMNABRES  #El AR A EENERRFZ— - HE
PRI A3 m R K i e w BN 524 » 50D BB (LR (Lin et al. 1996) - /&
IR B AR BRI SCR T E E SN A - e - RE - RIS
B2 BRI S 22 [ (Lee et al. 2014) < JEFIE R &EfE 72 M HEE/KOR B IREEH2
ft—(E e g B /KSR E IR - (BRI CFERIG F T - $EF5R0K
Bl o SGELPR B R B Y K ZRIRE ST (Chiu er al. 2013, Huang et al. 2015) » BAAT 5k
(mangroves, Li er al. 2018) ~ & A (salt marshes) ZE )N 2 & & " BET% | (Blue
Carbon) ° {REELT IS L BERR 42 RE 2 AR BAR R B B SR 1 i H AR T 28 -

HEE R EAEBAGN TIZAN - RN AEMEA SCEH KRR A L2 R
SIHVEE T o TBERAEEE R E DAEFHE/KE - (EsE B s BRI AR - R
AR YRS EEE o MEEIGPEEAE A R o REBH A RIRE - BRI —
T ORI B I TR R R 25 G b ke B SRR I 2 /5 PR & H & (Lee and Lin 2015,
Lee e al. 2015) « JEEAE A RKiEBEIEETERE » BERIE/KF COHE S & EE/KHY pH
1B - R EPRHAE By RSB EEER AT - R B e nI e K bR -

BT HRHEGHIFERR

2000 FHAEERL &% E A 2R | R HA A RERF ST AT & (Kenting Long-Term Ecological
Research » f§f#3R T LTER) > AR EIE — R B EN RIEBITRETE - EH U
B DL UUBETIE ) o BIBEAEYSEERAEME R+ TEENEENS 0 T E
B o SRTUERAT 1992 FLIFT DAHAES > {H 1995 Figiasa(E 4) 308258 5)EE st

IR R TR A RE R i B A IR - FERIR G R T B A EEE m K E
o fE 2002~2011 FEHEB, TR T ABEMERIHAERRITE ) DUk TN R BB RR
Frigp s BB ) SRS > FAHAERRZTEVAR  BEE T e E2e4
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Liu et al. (20092)%¢ & " 28 T HiHARE RIAEREISE ) DA T A RSB AEISA REFT
R ETERYTSE | TRt E TR T R EE AR ER - AR EYEER - DURE
YT A AR T r R S 4 R Y R RE RS BT RE - B LIHEAY) 2 R AC
BEH - B &R &S R 5 KEElidE - Rfblafaitasn2sidE
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T SRR S i A B AR > S B AR YRR E R R > A
& o PR AR A RE 2B © Liu er al. (2009a)383R 3R T e VHS BRI [T
FEAEYE > FEAEVENESILUR RIS LR P S5 0 R HATHE - 8
IR T R ERIEA B RIVEE D > SEVESEITN o ZAIT R E RS AR AR AR E R
Al s Ho A AR - R e I R I B A RS (BRI R - 2R Liu et al.
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(2009a) 353 LEIR T IEIEE] Ry frag i A HVAHEE AR RE & > N R E RIS - RUAKE
& NIt Y FRE 2B EENEVE D KRV AE Y E EEes
PR AR Z RS DR Z — R R N R R - SRR B S T R R E I T
TENERE S48 (R S HPHRE L RE 2V IRE -

I E e ple Z MR AR RE 2Bt - [BIFERE R 20 4ERT(1985 F2) N REEh+
P VIR HY AR | RENHHEE RV - SR S R SRS R A 2 Ry s SR B 2 1%
il > &5 R IR AT RERY S BN T LRI FITEIARY B St 5 | 1 U B SR e JE T
RFEAH S Roode BUB S IR BE — NPT 2L - R AR A Ry LU R B R (B E N
THINMBSRAERTEEEN (Liu ef al. 2009a) - [NIL3R | /BB IR BB S TIEFRA 2
T 7R -

AER T CREZEWAE

B TERR BT R A B R R o TR AT AR S P 2
(8 6) » (LRI TSR T K A B AR BIIE - B TBNER TSR

S B R B B S5 /KR » Lin er al. (2007) JEEOMIT 17 (BALAREELELT
KOG KR BB R » GBI T R R K R R B A S 7
5.5 ZEECH, (mmole) - 41KV EEIITH AR (H B R R AR - B A R
S AR MRS SRR 10 SR A SR TR, - IR
17 T 2 A R A R A R I R LY 34 AU S S Ll
(C/N) DA 815N EIRIZM » SFEHSyb R Ak F B 2\ B S B A TR 4
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B~ O/N ELfFIAT 515N [6)ir 22 i B L (R AL SR A TSR L - ZAT e R T
KK O ARSI 515N IR 2ES R ZT KRBT FE 5 515N
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STOKE S AIRIAS B A S R R M A B 2+ (I B K Y R R
B (R 10% 5465 > Liu et al. 2009b) » VBRI LTSRS - HHTgeaE R
BT S A TR A S AR S S A ST 2 BT B B TR
B ARSI TSR B S B M £ R S B D B A R D
IR KAVEE{% (Lin et al. 2007) °

FH St e B A AR B B B e

Ry 7 BpaG 2R T MR AR AR AR R E G IR Ry U s i A DL S 28 e Py 3 [5] 2
£ > Liu et al. (2009b)#E—0 3 T HEER | HifsARE AR RR 2 2 FRE AR BB (mesocosm) 247
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Y 6 EZAE4Y S MH 2 E/KAREM Gm & x 2m & X 1m 5) » AR A E & m S
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REHHFLH (Acropora muricata) MIME-3EAF o {HZ Liu et al. (2009b) ST A EHRNL T
s et A Bl s B E R D% - HEER T HEREEE M AZE (Lin e
al. 2007) BSOS S SEREENFA S ST FE R - B3 T A 25 K2R T R S i
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HEAHSE Ry RSB R - Liu e al. (2009b) 1V EBRSEREUR TR AUS BT B2 S
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BT I R IRRETZT

Chiu et al. (2013) DIZR T RO HYRACE R Rt et - BLBFER AEE
(leaf production) S S G E /)i B i (grazing) » % IE(blade fall){&ATHEE i & (export
off) K orfifE (detritus) - f{&FEE M E IR Z BRI (carbon budget) (& 11) » #4524
HEER T MRS SRV E - I 78 SRR 2 B EH] - e R sls
RERSESNEARE  DUEER WE B R T T E)RF AT 23R
= EREFERHERLR - ERETEUIAERR - R R arIER
G EPEEREE - 28N ERAERTEEIR - JBIERTHAERE R L8 mHHE
& BURHIEHEE GOSN R (e e e IR g SRR & (Lee et al. 2014) © Jfg
BIER PR EREERIFRG 8 - EAT 9 RINAER R - 2T 212 RI&IAFHEE - Eitt
RF > PR SR LR 8.7% - B Z R HYER T I R A E RGBT
20%H A E B A ROBIE S S R EYIRRE - HER 80% RS - BRURFEAGE
ER BB M ERBVEREZ RVIAOR - IWECBEIEER - AHER 4%k 32%
FYIEAL EE By A Bl ) 22 S R AP BT AR RE & - T 4% IV EE S ER
BEGVITAR 22 g WREEFHERF IR EEIRT - E7essi 2R T mi i s 2R
b BB MRZRRESIPYE - (1) BREEAVAE » )5k WikeHiBHE SR asig - 3) &2
REH HH i F IR A T B S R A IR B R AR RE A E R HRE B R B YIAR -

Leaf production
66.41 £ 4.03 g C nmrémonth?

20.81% 79.19%

Grazing

13.73+0.72 g C m?month*

Blade: fall

52.68 £ 4.75 g C mmonth

59.12°f/ 40.88% 32_V 67.97%

Fish

8.10£0.13 g C mmonth!

Invertebrate

5.63 £ 0.59 g C m*month!

Detritus

17.38 £7.15 g C m?month?

Export off

35.20+£2.41 g C m’month?

11 3B T A& HUZR A PRI AR

~48~




112 FERFRERARPERM M E

2023 Long Term Ecological Research Conference

[ERERHIN R T BRI E

TR T RIMARREIE ) Y TR TIBREIRRIIARRIZE ) STERE 2001 G 0 &
—EHFFEBUIER 1O REEIRAVAERSEIE - FFEES - 422001 F2 2017 FHYBTFEH
[ PR e S 3R T 5 8RR (El Niflo, /KRE M) » 4 KB (La
Nifia, J/KZRIAIR) » BEBRRF R | Hhls B R /K /D - (B EEBRIFPR/K A8 % > Lin et
al. (2018) HIWZEiERHR BRI /B SR 2 BRSOk (8 12) > 33 E RR/KSHE
B TERERARATE - ERMKRSHINER  gRHES RSB ARITKI A
B oREE  BEOCREREE - A SR EETKGRERERICES CO2
EHER REERER - £VENHES  HHE e 285Kt gFG REFEER
ERPRAIf AR AR - RSP EBEOLGIFN > BEUBETC » BREEES
& - TR -

BERPFEAY R S R R BB B A Ryl 5 SRR - Az BEEER TR
WAL Z [FRE > Lin et al. (2007) 43 E 2 2V B ARy 57K th & 82 2851 5 e S ik -
FRE (AR Sy DUARTSIA (Liv ef al. 2009b) S0R2% (Liu et al. 2015) fy{B55 2 4275
%0 AIRERAERT 25 FEARER T HiEAnE S LAVEREN ) o (HIE R SR B A a5
FUSRERRI MG ES &I - Lin et al. (2018) #0330 - FEIHHIRAIN R GEE
B H B R 5 /KRR T/ AR - Ieme B Zals - 5 E AR —
A HEFEM > BEES  SAJREESUTFERR - & 2HHELAE - & 204
RAR - ERARFERE G M - ILIZEieRE TildE 25 4206 B TIHFBER
EANHEE R RE S Y 5B RE > &SRO AEL -

RER

K B
\ JE X riREE 4

T B LA AE

KB
l i
v
MEEALAEE RAEHBE 4
BEERRE 4 !
BEAME y
. BEAER
BT bLmsl 4 P LTy

[l 12. fCEERRR EEAR | REACE S PR B



112 FEREERARPELRMAME

2023 Long Term Ecological Research Conference
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BT BIUBRE S AT IR MRS AT R o MR AR R ¢ Liu ef al.
(2019) #E—F| FiHEARE PR RR(E 7) - BEEEK CO: FE(/KEE L) KB KR L
BRI RIEEEEER  WHEZKE A Z MBI RE A CEE4E) (B 13) MfEE 4
7 iR AR Re S (U EAE) (B 14) B2 2EE - ISR R AR R R IEE B EEUE KL
FOBKFRE 31°CHE » F A KA fERE DR (dissolved inorganic carbon, DIC) JEFE
EEFEAE - RAEEE BB AGE COx EEFENRITEATE - NI AREE
GFHERA R - B NSFRIYE /KB L H 8 A RRot N BV 4Rz BE A3 (Pocillopora
damicornis) ﬂ\ﬁ/ﬁﬁ?z%& ° T%§/7J<E§ﬂ:?§ ’ ﬁ/%f#iZi%/&Wﬁﬂiﬁiﬁﬁi%
4 LEEEBREREZABRIREGES > BEIEE 2 EREM 2 FER LG EES (net
ecosystem production, NEP) ig~ 7} » ARELAE A B EEIIA -

HERA R KR Ll - S8 FE A 2 B sS R A NN R 2
HiH o $EHIR R S R E R UK iRk SRR IS ieE - HE B RA BT
EEEMAGERASER Y AR [HBERCD T RAG S B HE 5 - R DAdERY
HiHH 2 $5 0 2R  JgFEt B R D AR [ AR 0 VB RE LR (R R -

KB bR RZE 31°C 1% » SIHBHEA RE A0V B B - LI e
E FH B RS E R BE (Fv/Fm) BEAE5{ B 2R AR DL K BRSEIHRY A4F R R T - (B85
PREE ~ Fv/Fm FIER & RERAIEEE L S S s St AN ER AR
NEP & 2B N - (HREig R4 N ENIE S RN A SR AEE AR - BIBEARM
Z BTRF R ARG S BT KBR AR EAVER N ER 1) » SRR EAE 2 R
=E 0 R AR G AR E R (LRI (LEY - TR PR A 4E RS ErE R ~ T
(DRI A ARG E PR RE A 2 VB RE - MR L REEM RN -

13. HisE i AR ARt 2 1% 0 > EBZRAKE (Thalassia
hemprichii)ft i F R
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Adaption to Climate Change in based on Long-Term
Ecological Research, an example of Kenting LTER

Hsing-Juh Lin
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Abstract

In facing climate change, ecosystem management should respond early on and adopt
mitigation and adaptation measures. Kenting National Park is Taiwan's first national park,
possessing two major tropical coastal ecosystems, coral reefs, and seagrass beds. The
coastal region was dominated by corals before 1992, but after 1995 there were large
outbreaks of the green alga Codium and the sea anemone Condylactis. At that time the
understanding of these coastal ecosystems was very limited. Since 2000, Kenting Long-
Term Ecological Research (LTER) was implemented to gain a holistic view of the marine
ecosystem. Data of the major biotic communities were integrated, the trophic model of
the marine ecosystem was constructed, and the mechanisms for the degradation of the
marine ecosystem were examined by conducting a series of mesocosm experiments under
the scenarios of ocean warming and acidification. Coastal eutrophication caused by an
excessive loading of anthropogenic nutrients and land-based sediments after heavy
rainfalls pose a major threat to the marine ecosystem. Therefore, the primary task of
conserving the marine ecosystem is to prevent an excessive loading of nutrients and
sediments from land. Fish and invertebrates can prevent overgrown macroalgae and sea
anemones competing over corals and seagrasses, which should be considered as
resistance of the marine ecosystem to eutrophication and as enhancement of ecosystem
resilience. The conservation of seagrass beds is also critical for coral reefs, as seagrasses
play the role of blue carbon sinks and provide “neighboring benefits” to help coral reefs
mitigate the impacts of climate change. These results show that the conservation
strategies of the marine ecosystem are also applicable to other marine ecosystems around
Taiwan.

Keywords: coral, eutrophication, La Nifa, seagrass, sedimentation
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Fig 1. Experimental design on Yuin-Lin branch station - (CA: Conventional Agroecosystem,
SA: Sustainable driven Agroecosystem.I-IV : Replicates)
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7 1. 2009-2021 /K AER S HfE S BT AR e B 51 TP
Table 1. Harvested area and yield of rice in 2009-2021

Vo FE A (g ) FomBEEFHEE(AST)

F &8 0 7% —HA1F —HAE BT EE —H#A1E — 34k
2009 254,590 151,338 103,252 6,199 6,945 5,106
2010 243,862 139,941 103,922 5,950 6,842 4,750
2011 254,255 153,405 100,849 6,554 7,241 5,508
2012 260,762 156,662 104,101 6,520 6,864 6,003
2013 270,165 162,869 107,296 5,884 6,366 5,151
2014 271,051 166,602 104,449 6,391 6,705 5,889
2015 251,861 146,597 105,264 6,280 7,231 4,956
2016 273,837 168,872 104,965 5,798 6,851 4,105
2017 274,677 169,819 104,859 6,386 7,035 5395
2018 271,506 169,789 101,716 7,181 7,821 6,114
2019 270,066 169,740 100,326 6,632 6,893 6,191
2020 261,784 159,891 101,893 6,688 7,029 6,152
2021 224,022 127,375 96,647 6,967 7,604 6,129
F 34 260,188 157,146 103,041 6,418 7,033 5,491
ggﬁ% 42,175 28 704 13 471 7 861 8 442 6 623
;?E;% 47 113 270 36 20078 7 455 8 125 6553

7 2. BRI A (R R B it HE 5. (2009(1)~2022(11))
Table 2. Fertilizer application of different treatments from 1st crop,
2009 to 2nd crop, 2022.

Treatment 1st crop 2nd crop
N-P,0s5-K>0 N-P,05-K>0
2009(1)~2014(1I)
a.SA plot 100 * 30 - 30 100 - 30 - 30
b.CA plot 160 = 72 : 84 160 - 72 - 84
2015(1)~2022(11)
a.SA plot 100 : 30 - 30 100 - 30 - 30
b.CA plot 200 - 72 - 84 200 - 72 - 84
CK plot No. No.

CA: Conventional Agroecosystem; SA: Sustainable driven Agroecosystem

SEREAET AR

1~ S KHEEEEEE L

2009 £ 2022 F/KHEIE A& - —HHF/KHE - KRB ARRE P E R R 5,642
INTIAEHZE 8,600 N/ > CVERBRE) ZPIER 4.9%% 15.1% © S ARE T
HEER 5,093 AT/AEZE 9,856 AN T/AE - CV Z3IEHEF 5.2% 2 18.2 % - ¥R
PHEE Ry 5307 A FT/AEZE 6901 AT/ - “HAME KRR AR E R £ 5,370
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WFIAHEZE 8,696 AfT/AHE » CV ZFEER 5.1% £ 12.6% S AR P EE K
4,650 NT/AEHE 9,145 NFT/AE - CV ZFEEE S.0%E 14% - HRE FHEEE N
4,954 NTIAEEZE 8,007 AFT/AHE - A EER R 14 FAEREUR(E 2 - B 3) > LUK
RS A Z B TR CA)BMER A Z K BRI SA) IR E [ EERR T 2015 ~ 2018 55—
SHfE/KREERE L CA BIE ST SA > 2019 S5 HIfE/KREERLL CA BiE S SA - &
BRI E AR IR ED ER 2BEER > eV P EE S (E

2) e
I I

CA-l SA-I CK-l Tai-l CA-lIl SA-Il CK-ll Tai-ll
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Fig 2. The yield of rice yield under paddy-paddy(LL) system during 2009 to 2022.
CA: Conventional Agroecosystem; SA: Sustainable driven Agroecosystem;
CK: No-fertilizer; Tai: mean yield in Taiwan.
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RFE A(SA)ELHARAE 3 > 4) » JCH: 2016 FERA(CA) FHEBRLAEFER & 6,683 &
FrinBi > (BRI ASA) Ry 6,741 NT/AH - il EFERB IR EAKREER SRR
2 A3k 16.9°C > 3 A3y 18.3°C » fRIRE 2 H IR 4.6°C ~ 3 A 8°C > REFFHE
2 Hfsp 160 mm > 3 H{7 213.5 mm > R HIBRFE 2 H{77 130.4 hr > 3 H{53 131.6 hr > 7K
R e EHEORAR DRSS - A REEFURE 10°CLUFRYRIR - EHIRER =16
A R R oy BE R D IR G (1) AL (DR ~ (R H BB R - KRR REER - Ot S
RRPYE R - RSV B ER)  FEHTERI T RIERN G B E R (12) - IOk
BHBINGER > RIS A(CARMAFKREER - BEREAEHESA)RTH - jff 2013 £
2014 £ ~ 2019 F e AR B E TR 4 A BRI AR B EEE E - BB S AR
HEEREREIEREEREARH - —HEEE0IER - Sk > AR5 - 2
SHTE 8 A EJZ2 9 A MA] » FHES - ZHiEpAEREIR ~ T8 E385F « 225 R EaE R
N TR KREE R RN ZIME - LSRR IN A 2 IF 52 e E 52 S R 5
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Yieldkg/ha

3.2009-2022 FfE A FE R R — I EKigE & 2 o2 -
Fig 3. The effect of fertilizer on rice yield under paddy-paddy(LL)
system in 1st crop during 2009 to 2022.
CA: Conventional Agroecosystem; SA: sustainable driven
Agroecosystem; CK: No-fertilizer.
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Fig 4. The effect of fertilizer on rice yield under paddy-paddy(LL)
system in 2nd crop during 2009 to 2022.
CA: Conventional Agroecosystem; SA: sustainable driven
Agroecosystem; CK: No-fertilizer.
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7 3.2009-2021 SRR GIE B 3 850 6 88 b - B (RO
Table 3. The change of temperature in Yunlin sub-site of agricultural meteorological station
from 2009 to 202 1-minimum temperature.

S pk TR 3
BB wRIERAECC)

/A 1 2 3 4 ] 6 7 8 9 10 11 12
2009 F:3 12.5 10.8 | 13.7 17 21, 23.3 | 23.9 | 23.7 16.9 15 7.1
2010 5 9.5 7.8 14 17.2 | 204 | 23.4 | 22.4 | 21.7 14.5 13.2 3.1

2011 6.1 7.5 11.2 | 13.5 17.5 9.4 23.2 24 21.2 18.3 15.9 8.4
2012 | 10.5 10.1 12 18.2 | 20.7 | 22.7 | 22.8 23 19.2 17.4 | 14.3 8.5
2013 8.2 11.6 10.6 | 14.8 18.8 | 23.2 | 22.3 | 22.7 | 20.4 | 14.7 7.8 6.9
2014 5.2 53 12.5 | 15.7 16.3 | 23.5 | 23.9 | 22.9 | 24.1 17.2 14.6 8.3

2015 5.4 TS5 13.7 | 10.1 | 22.1 | 23.5 | 22.7 - 22 19.1 11.4 9.1
2016 4.6 4.6 8 16.9 18.7 | 23.1 | 23.1 | 23.2 | 22.5 | 20.9 16.1 159
2017 | 10.7 9.7 11 8.7 17.6 | 22.8 | 23.2 | 23.6 | 23.2 15.9 16.6 9.6
2018 3.8 6.2 9.4 11.9 | 20.5 | 22.2 | 22.7 | 22.3 | 18.8 5 14.2 10.7

2019 8.2 12.9 12.2 | 16.6 18.9 | 22.5 | 23.4 | 22,5 | 204 | 17.9 14.6 935
2020 4.2 55 12.2 | 10.6 19.4 | 22.5 | 23.2 | 22.9 | 19.9 18.7 16.6 95
2021 4.8 8.7 11.9 | 15.6 19 22.4 23 23.2 | 23.5 18 11.5 8

2022 7.9 9.8 8.1 12.4 | 15.8 | 22.7 | 23,5 | 22,5 | 21.4 | 17.4 | 18.5 3.5

A - PSR

7% 4.2009-2021 FREERFIEEM SR B b- RET R
Table 4. 2009-2021 Rainfall change in Yunlin sub-site of agricultural meteorological station -

cumulative rainfall.
PR R S

BB : &2 (mm)

'é;/ 1. 2 3 4 5 6 7 8 9 10 11 12
2009 0 10.5 | 80 132.5 7 126 138 749 91.5 28 24.5 19
2010| 23 7.5 7 86 130 310 460.5 144 194 9 34 28.5
2011 |31.5| 15 |36.5 4 122.5 | 144.5 | 358.5 | 196.5 | 137.5 | 27.5 231 16.5
2012 | 33 68 | 14.5| 204.5 215 482 354 653.5 37 0.5 163 49.5
2013 | 21.5 2 21.5| 178.5 | 546.5 44 306 |1432.5| 236.5 75 12 65
2014 (0] 27.5|41.5 27 394.5 251 236 278.5 | 120.5 0] 2.5 34
2015| 7.5 |145 | 7.5 78 366 29.5 | 202.5 | 126.5 | 241.5 25 0.5 28.5
2016 | 165 | 32.5 | 160 | 2135 85 430.5 247 121 477 22.5 68 (0]
2017 1 1 26 46.5 49.5 851 394 142.5 5 15 8 5:5
2018| 86 |35.5|34.5| 21.5 275 289 5275 | 722:5 | 755 1.5 16.5 0
2019 3 6 |126.5 14 159.5 | 334.5 | 232.5 620 67.5 1.5 0] 133.5
2020| 13.5 | 0.5 76 34.5 335 102 78.5 356 23 0.5 10 40.5
2021 | 4.5 27 |11.5| 27.5 | 101.5 617 300.5 647 76.5 12.5 6.5 28.5
2022 | 29 |95.5|97.5 46 220 186.5 | 64.5 481 36 5 1.5 18.5

AR - h R ESE
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7 5.2009-2021 FREFERBUEEM I H H IR b- REt H IaFEL
Table 5. 2009-2021 Sunshine change in Yunlin sub-site of agricultural meteorological station
- cumulative sunshine hours.
EOETRE S
BB - R4y 8 Rer3chr)

F/ A8 1 2 3 4 5 6 7 8 9 10 i 21 K T

2009 (224.2|188.1| 157 162.9 | 218.3 | 183.5 | 198.7 | 174.5 | 217.5 | 227.4 | 174.8 | 169.8

2010 (163.6|139.5| 219.3 | 146.7 | 201.9 | 144.8 | 218.2 | 224.9 | 206.6 | 206.4 | 176.2 | 210.3

2011 | 139 168 135 198.1 | 152.7 | 216.3 203 222.8 | 199.6 | 193.3 | 133.2 | 127.5

2012 (133.2|115.1| 184.2 | 150.5 | 205.2 | 150.6 | 198.4 | 140.6 | 241.4 242 153.4 143

2013 (180.3|177.5| 190 103.6 | 158.4 | 179.2 | 202.1 | 180.4 | 210.6 | 252.1 147 147.3

2014 (241.2|135.6| 146.2 | 167.8 133 200.7 | 247.2 | 231.6 | 228.8 | 290.9 | 188.6 | 150.4

2015 (189.3|161.6| 155.5 | 236.3 | 180.8 | 272.7 | 189.7 63.6 176.7 | 210.3 | 216.1 | 161.1

2016 (110.3|130.4| 131.6 | 170.4 | 219.5 | 211.4 | 202.8 | 179.8 | 173.3 | 122.8 | 158.1 36.2

2017 (197.8|144.3| 169 134.3 | 158.1 77.5 171.8 | 210.9 | 219.8 | 224.1 | 119.1 | 156.2

2018 (195.5|185.5| 277.5 | 245.8 | 322.2 | 233.8 | 274.1 | 249.5 | 282.5 | 270.6 | 237.7 240

2019 (213.7|229.5| 231.8 | 233.5 | 277.3 | 272.2 | 294.3 | 244.8 | 257.3 | 279.8 | 258.6 | 210.7

2020 (257.6|251.4| 276.1 | 277.6 | 296.8 | 308.4 315 283.4 294 280.1 | 242.2 | 224.3

2021 (247.1|246.8| 272.4 | 262.3 | 325.2 | 280.1 | 319.7 | 265.3 | 295.7 | 279.7 247 241.7

2022 (228.8|205.1| 269.7 | 287.3 | 229.6 | 292.6 | 315.9 | 298.4 | 276.9 | 270.9 | 245.5 248

AR - h R ESE

2~ B KHEFRARE B2t

TEARE NMERIMEY K MAEY BN e LRI EE TR - FHELE
R 3% L AMEBEREREERZR > SRIEREY) i HIRERE -
EMDGRINARRER 2006 F32E > L HHEEENZERTRENEREEM 1
ABHEY) ~ ERE R E ST GERF 2SI R EIRIRE R 2 W5 - SRR EE S H
2 o PR R K R EHOKRE — HEE » Kig—1t4)  SHEMEGEE —HEE) > &l
TEKHCOKRE —KRE) » NEZREZE - S F iR EAT L& PR/KEEZ - 2009 SERLEEE Ly
HAE /K H BK Rim (F iR RE S92 - WAL TaT - 2012 SN A B IR IE (R AL
1&)(CK) - Alla 2 AIE AR R/KRd E R R YR B AR A b HAERES
ANIERER H Z AWEICE - (FYRRRE &SR - Be - IREE - o tEwaEsa
FENE 04~1.1% ~ B 0.02~0.17% ~ $f 1.1~3.7% - G 3.5~6.6% > fEE A B 81
W (EFEERATHO) - KREHERRKE R, A7) e, SoE i Ra(E ~ N+
P AIRBL RGN BELA 5~10 WE - Fi0 L 8.8 Wi~14 WERSAE(E 5)sth_b4(alks 135 -
TEAWE S B4R I A HEACE(CK)E R AT Z —JH{F 5,307~6,901
TR - ZHAPE 5,305~8,007 3/ EA © Pampolino 32 A(2008) b5ttt +
B 15 SOKHEE > slBRlE 2 REAE EIAERKFECEIEINAS) - EATEK
HE#(EEE 2 £ 1(0-15 em)STEHEEIKES AL 0.3-2.03%([& 6) - H. Mk H iR Bes-1
fir - POKERERTEIRR SRR R L FEERER - EREENEREE RE—
HYAEACR - ZRIMAE 12 SKHHEE N IR ATRE (R BIRE T -
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Fig 5. The effect of fertilizer on rice straw under paddy-paddy(LL)
system during 2012 to 2022.
CA: Conventional Agroecosystem; SA: Sustainable driven
Agroecosystem; CK: No-fertilizer.
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Fig 6. The trend of soil O.M. in 0-15 cm soil layer under paddy-

paddy(LL) system during 2013 to 2022.
CA: Conventional Agroecosystem; CK: No-fertilizer.
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Evaluation of Crop Productivity by Agricultural
Long-term paddy-paddy(LL) system in Yunlin
Region

Wang ,R. C., C.C . Pan and A. H. Yang*

Tainan District Agricultural Research and Extension, Council of Agriculture, Executive Yuan
*Correspondence:ahyang@mail.tndais.gov.tw

Abstract

Agricultural long term ecosystem has been set up to the 14th years at the Yunlin branch,
TNDARES. Effect of fertilization on soil and rice paddy-paddy systems in terms within the
crop yield, rice straw yield and soil quality. Results from 14-years study indicated that no yield
difference was observed between conventional agro-ecosystem(CA) and Sustainable driven
Agroecosystem (SA) cropping systems, except the difference in the rice yield of first cropping
season in 2015 and 2018 and second cropping season in 2019. It also showed that all the crops
yield were stable year after year, no matter what cropping system, even under the continuous
cropping system. Rice sativa is rich in potassium and silicon. The organic matter decomposes
slowly in paddy fields due to water immersion. Therefore, under the paddy-paddy system
cultivation, there are about 5-10 tons of roots, stem bases and rice straws left in the soil per
hectare, plus 8.8-14 tons. The culms return to the soil, and the content of soil organic matter
can be maintained unabated. Soil organic matter is maintained at the range 0.3-2.03 % in the 0-
15 cm soil depth. The irrigation water quality is also maintained at pH 8.0. It also showed that
all the crops yield were sustainably and gradually stable year after year.

Keywords: Long Term Ecological Research, Cropping System, Agricultural Ecosystem,
Productivity of Crop
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Agrometeorological Temperature Survey and
Variation Trends in the Tea Areas of Central and

Southern Taiwan
Yang Hsiao-Ying', Ji Yi-Ru'!, Lin Yu-Sheng', Shiu Chun-Chi' and Lin Ju-Hung'*

1 Tea Research and Extension Station.
*Correspondence: jhlin@ttes.gov.tw

Abstract

Research on long-term ecology of agricultural ecosystems Collect meteorological
observation information at ecological tea garden observation points. After sorting out the
meteorological information for the 10 years from 2012 to March 2023. It can be observed that
the 10-year average temperature gradually increases from March to the highest in July.. Then
gradually decreased from September, and the decline was even greater in October. The
temperature gradually becomes the trend of summer and winter. After analyzing the
meteorological observation stations in Taichung, Nantou, Yunlin, and Chiayi tea areas, it can
be found that the difference between the daily maximum and minimum temperature is different
from the monthly average value and the accumulated value. Some tea areas are even higher or
lower than the 10-year or 5-year average, which shows that the temperature changes in recent
years have affected the tea areas.

After analyzing the precipitation in the six months from January to April and October to
December is generally insufficient,Produce persistent drought from October 2020 to April 2021.
From January to March 2023, the lack of precipitation will also cause drought in the central and
southern tea regions, which will cause problems in cultivation. Heavy rainfall often falls in June
and August respectively, highlighting the uneven precipitation, and there will be a trend of rainy
season and non-rainy season.

Keywords: Tea; Microclimate; Agrometeorological
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KAERS DS - WEME TER  BEESEEARTERGI  RZRECER
= BEBORE - DL AIREREE S#iEE (Malaise 1937 ; Montgomery et al. 2021) °

KRR - B EE A RERIT R el E RS A NN T AL — » B
fif20 FH I B M P st R /K AR A S It B R MR R R AR T B » S A S (B BV Y B
TYEARE o JEER RR et it T —(EU B LA T PR BRI HEF SRR g &
KRR LV E AR - EfEF e A - 60 - —RPAUEER] - SRR ENF R
MIYEIRSE o MEZRIE AR a2 es 0] DIk S [ BB R Y gk > (e 30 SR DL EAYEERE
R gks| s o RO E B ERE G2 29 HIENEY) (Liu et al. 2007 ;
Macgregor et al. 2017 ; Montgomery et al. 2021)

R s - B =GR BR 2 ARSI TEEE - FZRUN S Bl ss - #E R es A IR
EHIRIT R a5 - B AR a&CEEE) ~ &N EEEE) - BEENHFAEREEH) -
AIEEWH) - —EHGEEUH) E2—SiEsEWEH) - GE B IEE IR E
MBI AR EIMARKESR » SOfEHEE W ER KR EENR SRR HENE
BAFERHS AT IEL B ER&S T BRI EE o B DU EE—E > &
fBEEEE R S mo ILATHMASHEEENR/NESE ( Moericke 1951 ; Vrdoljak &
Samways 2012 ; Montgomery et al. 2021) °

TG - R Fa e R EA AR AR PV A e - R fe i GR 4 ) Eas -
I E I R ER (A B ) B iR(BEH H ¢ SeRhAETTEREE » a2 E 25 m AYEEEE R]iE
PRSI (Skvarla ef al. 2014 ; Montgomery ef al. 2021) -

1¥TR - 10FT R BRI —IRERY) - HCE A R EE RS (PR T T -
NZ LR EIECEEST [ R P%AE o] AR EGELRR IV ERY) | - B T B DT AT
B Raséa o R o DA HUHR RS BT 7 B8 - HAT - 50 RAVsaT & MR IEE
PVC B —{E“X” » i —8E O sy (GIAIRE) o & (Qass 6 i Bt R R B
AEs B R4 - TR 8RS SRS AR RNDE AR T R s TR
(Hurlbert et al. 2019 ; Montgomery et al. 2021) °

R EREN - RREERRTHIESFRML T —REMEINY  JEREREIERY T A A IR 5k A1 L &
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R ER TR SR 288 (3 (o P s SR B Y R Y I & U704 - R R AR A P e 22
s s o IR0 E W H BUsEdER - RN e MEE AR EYREI R EIE - REE
T HRIEAIARR ~ PSS RE LR KRR » (ERERE Y Al iEEE
SRHVEERE S A ATNE o AR E Y S S AT ] E (L& (Penone et al. 2013 ; Gibb et
al. 2019 ; Montgomery et al. 2021) °

FEHGEHE - FEHERE AT AR Ea0 SN EN - FEMTHERXR
Y3577 - i B RE R a5 2 B 1T o 8RR EFA M ] DU Rt A A
s A BT BRIV R B B - WIS ~ AR SR DA R R Bl S R A b ] i AR A i A
TTHE R (Schmucki ef al. 2016 ; Wepprich et al. 2019 ; Montgomery et al. 2021) -

PRECER FHERDA LIRSS » TR RE RS st A DAL il E - #E% - W H
PIEF I EREZ MG B ETEAR - HIL - ERIVNL - HEREAR R ZEZ 0T -
£ 80-95% HYZEE T IRIFIEA LI 4 {7 DNA 8GR IR - MmO
Jiik o EVERAERREHIE B Z Al BUEEATF RN HatE o REBR T 0 EEAF
BIERIERA TS A RER - DS EAENMEE Heraty et al. 2020 ;
Montgomery et al. 2021) °

SGYHEEA 5 BIBERAKHENEREER » RIEEARARSRHEE T
IECSENE Se Tt 20 e 3w A 2 K ENAE RS e A RS A P Y e AN = YA
TR T IREA R TT AN o EATHYES IITast — Y R EREDHIAEZE - BEZR—(EH
AR AN K TR R P A R es Bl - BUEA—EL > fERIRE IR H RIS e EgE
HIETE| ERHE S - BB S TSIV R ES 7 - 2RI - BN R IR - 556
RIS TR TTZE ~ TRE RIS - iR A2 BEERBICEN A B2 AtE
EHE AL > DU R A s ET A M EE I 7736 (Michener 2015 5 Montgomery et al.
2021)

REBREBESBFAEETNIEM

EHIEEARARSFEB A o () Eaadd 4 Ko - QPEEER Q)=
FEEAEYIR (42 EYfELE AL (Montgomery ef al. 2021) -

EeEad ool - RIEIBEERLARSNEE Ko mrvE(t - EREBRIHEE
R~ RV FARRE LA B R s AR R R MEV B S5 AT - REAGLERAVIE L Koy
EDHIE R > TTRE i # o T EAH IV E R > Bl E N EE AR RS ARE LR
(LT B2 e i dEn B S EAYE L (Boyes et al. 2019 ; Outhwaite et al. 2019) -

s« RIAVIHEZEESER - o] IR RaiTE B st R B4 an B HARF R ZAVEAL
TERE R PR YN ERA - RSN YEEARE TSIV LT g e i
A FE T E SRR (TEE Y2 B 00 AR S8 AL WS HARY-R UCHD - G AT gEHE— 20 013 BuJE By
IR EREAE RN E - HRTARESYIES(LHVESRD - B HRESE(Le
2 SR (8 A AFTAE BB T AE H SENREE B & 0552 (Gimesi 2012 5 Visser & Gienapp
2019) -

SEBAYE | REfEEABRT  EENEVENEESEE - A2 AR
LA E L AR - WIN T R LAV o DA Rl R R A IR A
BRI IE R R - RHEREER AT EaSENEYE - W R R R
PNEERE - DUl R assr R E R 0V B8 - BRI EN LR/PR > H

~T75~



112 FERERERARPERMAMFS

2023 Long Term Ecological Research Conference

FE5 [REATHA P B2 0 ok b iy LR U 181 ) BE 2 A B B T (Hallmann et al. 2017
Wepprich et al. 2019) -

iRV EYIEAA R © BB RE &Y SR ERVEL - BTS2 B RIS R
AR EaRBTE MBS R o hET RSP - B FEERE LR R

o 2 {8 B &k o SRR AN R B0E - SRR SE P o SRRl m REPEAHIE] - BT

EYIERYIEREDAIAEEE - BN R & 2 MEAIAH B b TR AH ¥ 28 (Brooks et al. 2012 ;
Valtonen et al. 2017) -

BERALEARSBFHEER  TRIEELKBINARSEEN » EHZEUE
RIS LERN - BB ARG R EE & 3 - BREGEE NP EHE K - B EEYIE
& (Ziesche et al. 2020) o {F [ B} g2 40 BEAVA IR A TTRE 2R 1.9 (B8 - 2808
IR 252 R B £ 2 75 (Rothamsted Insect Survey, RIS)ER 7Y 1964 4 » 22— @75 75
B Ee s i e dd 4% - HATERE 80 {ERBIFRMkE Eahfzsfl 16 (i ASEHzs -
RIS #EHRIANIT 82 E T0F > 225 A8 7 B2 i s AL BT ] B 1ENY &
B SR REER - BERERERAERE © | B EESRETE S - i Difesis

FRAVIREE © 2. BUNSBE A ER i g - (A A pleAS e TR s S8 M Ay ml RE N

3. BB D B R SO BRI ATR LS, 4R A B SRR S SR
1 o DUR (BB BB TR BB BURFRA AR L I e
R B S SNSRI (5 7 5 5. RIS SR (A8 e B B S A B By A 5 2
FLEL SR S8 GBS AL ~ S5 2 5 R/ 9 S DR 5 BB 77 3 PRI E. (Tmsect

Survey aids decision-making for farmers and environment) ©

yExE

wapa

Fe g M RIR ENY) s Ry BV S 2 RV KE R - &I ATA CAYE

[ 66% > e S REREYIZAFENIT S 2 = DL > EAIER&LTA 100 #fE - (Kim 1993 5

Samways 1993 ; Samways 2005 ; Zhang 2011 ; Stork et al. 2015 ; Dicke 2017) - #fZAfH &
M i e T SR SE AR A ik 18% YL (Losey & Vaughan 2006) - {H A% 0.5%
EeEmiE o0 Sy e i o AN e T A ARG IR B R IKEE SR BEE 33 &
{®E7JT (Costanza et al. 1997) - B RIHARE A » FEE(CRSEFHEER  KEELE
ZORFELHT - AR LR R A R E SOBURN SR BRI EMCHE - BLAh - AT 42
R [F R R B IR T - BEFREE KRB (LEEMFRE2EER - SiHEEE
HRATREITE - BB IR SE AR R K E RS -

S

L iR - ERC - AFF > % - YR8 - BURIR - 2805 - F5% - #f 10
PEZEIT - BIEE - BB - BREIZK 2022 - B AE 2 R HA LSRG A - 2022 pREAE
FE A RHHAREU ST & 5] - P. 9-29.
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Abstract

About 80% of animals on the planet are insects, which provide us with ecological services
that we often do not noticed. They serve as plant pollinators, decomposers of organic matter
such as animal carcasses and plant residues, removers of animal manure, soil conditioners,
producers of natural fertilizers, and regulators of crop pests and diseases. Intensive agricultural
production, especially the application of chemical pesticides, is one of the main factors
contributing to the decline in insect diversity. The loss of ecosystem service functions provided
by insects directly has a serious impact on agricultural production, leading to a crisis in human
food supply. Long-term insect surveys in agro-ecosystems can help agricultural authorities
understand the long-term impacts of different farming practices, climate change, and
environmental changes on insect diversity and ecosystem services they provide, providing a
strong scientific basis for policy formulation. To achieve these goals, it is essential to
standardize the execution of survey work, preserve long-term formatted data, foster cross-
disciplinary sharing and analysis and application.

Keywords: Long-term agricultural ecology, insects, monitoring surveys, data analysis
applications
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Abstract

The purpose of long-term ecological research is to answer ecological questions that cannot
be answered by short-term, small-scale individual projects by collecting and integrating long-
term ecological data. One of the biggest issues to the success of this project is whether the long-
term accumulated data can be effectively preserved, accumulated, integrated, and analyzed to
produce information and knowledge sufficient to answer ecological problems. The rise of eco-
informatics, in addition to changing the traditional data collection and utilization model, will
also have a great impact on the current research project management and data preservation
strategies. Nowadays, the research process combined with information management has
received much attention. Data management is no longer separated from the research work, but
has become an important part of the research work. A data management plan is also required at
the beginning of the research. The seven best practices for preparing environmental data sets to
share are: 1. define the contents of your data files, 2. use consistent data organization, 3. use
consistent file structure and stable file formats for tabular and image data, 4. assign descriptive
file names, 5. perform basic quality assurance, 6. assign descriptive data set titles, 7. provide
data set documentation and metadata (Robert B. Cook et al., 2000). These can still be used as
guidelines for data preservation and management.

Keywords: metadata; eco-informatics; raw data; EML
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Rice Breeding for the Climate Changes

Chan Sen, Wang

Department of Agronomy, National Chung Hsing University
Correspondence: wangchansen@gmail.com

Abstract

Crop breeding is the foundation of crop cultivation and food production, so crop breeding
methods and results determine the success of crop cultivation and production. Global climate
changes have caused unexpected biotic (disease, insect, weed damage) and abiotic (light,
temperature, flooding, drought, salt, and carbon dioxide, etc.) adversities. In facing to these
adversities requires the improvement of fundamental crop varieties. After a whole crop genome
can be sequenced, the post-genome era has come, and the central dogma followed by genetics
has evolved to the new central dogma; our analysis efficiency and accuracy of the genome have
been greatly improved; because the development of genetics is closely related to the breeding
strategy; therefore, the observation level of genetics and the selection method of breeding must
keep up with the times. Here, using the rice mutation library established by sodium azide
mutagenesis as the materials, molecular breeding for bacterial blight, blast, and sheath blight
diseases, and drought-tolerant in rice are taken as examples. To the central dogma of plant
breeding including mutants screening, parental selection, crossing, genetic mapping, molecular
marker design, phenotype selection, purification, fixation, and variety release. We use the
breeding of new rice varieties as examples to discuss the progress of genetics, the evolution of
crop breeding methods, and the role of genomics in genotyping. The progress of phenotyping
and genotyping technologies and their applications in rice breeding. Based on the types and
number of traits and gene characteristics and their correlations, the principles and applications
of mutation breeding, traditional breeding, molecular-assisted breeding, and genomic breeding
are explained. "Breeding by design or design crop" refers to the strategy and trend of food crop
breeding in the post-genomic era.

Keywords: climate changes, new central dogma, traditional breeding, marker-assisted breeding
(MAS), genomic breeding (GB), genotyping by sequencing (GBS), genome-wide
genotyping (GWG), genomic selection (GS), quantitative trait loci (QTLs),
breeder’s chip, design breeding.
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Abstract

Litchi is an important economic fruit tree in central and southern Taiwan. However,
Flowering and production of litchi became hard and unstable due to the impact of climate
change in recent years. The average damage amount in the past five years has even soared to
the third place. Under such circumstances, the livelihood of litchi farmers has been seriously
affected, and it has also led to a significant and continuous decline in the cultivated area in
recent years. The flowering of litchi controls by a complex regulation mechanism, which is
affected by factors such as temperature, mature shoots and leaves, varieties, and water. The
flower bud differentiation of litchi needs sufficient cool temperature to induction. Furthermore,
drought and plants with sufficient number of mature leaves can also promote flower bud
differentiation. After flower initiation, development of flower panicle requires relatively high
temperature and moisture in order to promote cell division and growth. Abnormal climates can
easily lead to insufficient conditions for flower bud differentiation. Only by mastering the
growth and flowering characteristics of litchi, such as: using cultivation techniques to increase
the flower bud formation rate, developing flower forcing agents, utilizing environmental control
facilities, or adjusting varieties to suitable planting area, can meet the coming challenge of
climate change.

Keywords: cool temperature requirement; warm winter; flower initiation; shoot control
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pH {EEAFG AR A —2L -
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(Spodoptera litura)/ & SE I Gh fns * of Fr LIRS S I B SOREF & S S HIERN S H
Frh) > SR (S. exigua) MEIESE PG - ST MERR Sl OB A -
ARy 4 H a3 AE - B AR R = (il 2 SR 5 B RPN - DI
EEHE TNI8 Jfamfl 2 A 25. 7% RN EIRIE . 44.5% 5 3R EE (Sclerotium
rolfsit) DI EEHIE 2 TN18 S anTE 2 FEfi R 0% (K HIRE 2 6.4% - fERTEERE LI s=
OREAREE 52 A B B M R R e = I A S FURE R 3 - B R 38 AE 2 S R IE A
5

8. EFRIERAHILIEY) (5 ~ KB ~ AR T)T75 RIEEIFT - SRIEIEY)R IR
T~ EHEEEAERES RS -t EESEE - AREEE - IREE - RS i EERZE
#h EEREZEE ~ /NESFE - /N&FZE o HERES S E S E A Ry /b o SIS A
FH o SRIER HEURIG S TIRE - AE - 3 - §5 - S8 SRR EE G 2 HIgE
Ry rE] ©

OFKFAMEHE DGR 57 5% - B 66 5t Raliatlikl - 2018 471 2019 FFHIELE
EMAKME A RERE S8 2 Bt o FfESKREEYIER AR R 70 Ry SRHE R ~ RE5 0 ~
H#E - ¥ - SR B N TRRE— -~ TEAERMmBGE - MiE - RS
LT 2 FRkEa - SHEAITER BRI A R E MBS BN H S AR A
BRI E BN R - Slnds REUR AR IE IR i R R E 1 -
WS PR PR A ARV ER 7 > HEEME 20 KIS - A LRRE — XAV H NSRS
BB SR - MR ENE R R TR A H e 80 RER =g - fFHEEM
20 KF] 80 K Z[H - MBIV RS B Ry (X - [EHEEEE 140 RIFIEAERR
T S FE R S MIHZEE Sy (K - FHE AR DU NEEDCE ~ B+ ~ BEZ: - Wil
R o MEREMIRELE BYED ) - BUE AR RU H AR BEAR A N& E B A BE 2
FHHURUR » FiIfRERAE R A BRAR B NE 2 B A REAYRUR - FiI{ESRACER AR B A
SRHIMHNRREERICAEECE - G4 XE R - EEMKREEE A
o A HEEE AR SAD K TR A L > TR SR 57 9f - WEMHTEAE
AiniE - AEHEEERN -

10. 5 H BRI E TR - BHERIRVE Y - TR 165 RIGHIERIO A =iy
HTCZR 5 E(0.174 my/kg)FIFITE 2 8E.(2.648 my/ke) fHIER 135 ROFHIRIOAA i
FIFET R & 8(0.104 mg/ke) - HEEMMEREN Y » B2 66 SR EIVHITER 2 8(0.175
mg/kg) P TR 2 8 (2.305 mg/ke); 52 74 S ARSIV TR 2 8(0.113 mg/ke); 52 57
SEPRAR G R o0 2R RIS EAt Wil H 58 S » i ESRACENAH R B R EL 7 - HE A &S
HFTT R & 8(0.172 mgkg)MIFF TR &= E(0.115 mgke) L AT ARENEITR & &
(2.32 mg/kg); KI5 MBS B EAL I fE AT FARAEEN R ZTE - BEERIRAVER 7> - (EAER
ERA R EIYHTTER(0.17 myg/ke), R B E A REMHFITER 2 8(0.106 mg/kg) M1 T
R E(2.207 mg/kg); I E B AV (VR T R RIS AR EAth ) RS =K -
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= BFERED - &5 - EFGIEEFaSSIEmFRE AR THEYEE RaEZ

2

AW TR ARGEDL ~ ek BB 2 Sm(EHIE > AR IEAE DRGSR SE -
BILREAWED Sk T 2 EE - EIEAC S RIESHEMEE - Mi(E-F HREIPHR
K—1 > TR E ARG > 2 TSR C R W FE i B 2 2 -

LEFAREDR FRGE B E N R SV IR B BN

D) A FBCE RS E AR S e & ERmiE (B 15T 5 298
a3 5t e 45k a T 57 MEFE B E ERURLEIER 60 K 80 Kixs |
WA LR AE 5 EEE TS 40-100 RAHEEZRIR A ZAIFREFSCR - HX

R~ R P HIPR 2 R A B - PHIRENAES 20 RARAK RS ~ 825 -
FES R E QIR TR A SRR > R = flE AR AR > iRl (40 £ 100 K)

W oA R R D - FESREEI] (20 K) DIARARMEGE « REFRaEEE
B RHghs ~ DERIEN TR > T 40 KK 60 REERNZImK &R ~ HiftZ ikt
FRIGHIER © &I 80 &z 100 RAILUSEREN T ~ RARMIHE ~ KEFIHEEER -
RRLZMRE ~ IR SRS - RAREGE - CREEHH -

2) A FBCEEEEE AR R I E B B A IGE R E R ST 1 9L
TR ERERARE  AReETH  ErEf\aEETEERS > 69 298K 3
BABE R AR R R > 8 T E - SERW el rEERs > a1 4
SEET 5 G DU IBETC A e PRk R e (> 8 T EENEE
TERERE  AEBEEIEA 2 LR AR R - 8 T B \&fE
TEERS  HRBALRE WERESLRmE el 49888 5 A mRE 2/ NEf 1
R~ HIREeT 257 i 3gtsad 1 /N & & AR -

2ERGEHEBERERREEHHENRENNNEEZERRE T 298 6 398
G 45t G T 5 SRR ST EH B SEin T B EE T BB N fE T E R
e aT 45 e T SHEREGER - g 29 e T 3 G AR - a5k
AfEiRaE m e e EHEARe T8 BTrE e T ER -

3 A RIS E B S TR A2 3 > B rf 4 9REE S SR A RS 2
AT R B ] A\ T PR AR AR s -

AERED I E R RIUR LI pH - AIRE - AIREREETE > BUR
AWEFEE ~ R E AR IR T an B IR AR BCE TR pH EARE  AHE
75 i B e G S RS A

5B AMRIET A (b NG e B H R PN a E B H E JiE (LAE I B8R DPPH
HEEERPRTT ~ mEEGTT ~ BRGNS B SRETRE R E -

6. BIFA A A ERG EE U BB R Bl 8 2 2

). A [ E e B SR Tk TR TR RE R i 2 - SR 5/ 5 SR E
EiaZ B RN DA R 80 KRirs » BUEICAERN ~ Mgy - HEfipRE 2R
AR A EH 20 KEEsEYD > 5 40-80 RBGECA R IIHIME RSO R - HES
fEAEY) ~ il 40 KRz 60 REGPEREN T8 % > HIORARERGEE R « K H
BEEE R 80 REGPEMEM T8 « HRBARAR S - SRl -

2). A RIS B S e B S ok A AR R B IR B e B 2 52 © JRTETR 40 ~ 50
60 KARUEURIATERR 40 REL 50 RERUIES A [ Z Bra R BE ] B A fem Z SRR EL
SCRE ~ T T EAVNEE T ER > P IR R R 40 RERWE S
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/NGB TS T Ry SRRy 6.33ke/10m” Bl 5.16 kg/10m? o FEAE 70N I HH I LA AR
HIEAATETR 40 KEL 50 RULFE/NEFE T2 & 40 K535k 5.87 kg/10m* £ 5.67 kg/10m? »
50 K57 K 5.60 kg/10m* §1 5.77 kg/10m® - B R R EEE AFEA RO IR E > /NE
fETEEE 556 kg/10m® ; UFEHARTLLERDIAATEIR 40 RigfE > /NEEFERE 5.75
kg/10m? -

1A EEEE - JOERABIEE R (/1 FR - B2 Bk - B3 i) HEEM
N EE B B BUNA e E B HE ST 3 FRINMATER 40 KEL 50 RIGER s 2 /N&
fEFESE > 2 11.76kg/10m* 81 10.58 kg/10m* 5 AT 1 ke 2 ke ~ BERRAESE 8 -
BPRACRE ~ BPRE T BN T E o Mg EERE - AR EEH > B
PE U FEHA 7 S 28/ N fE - 7 E [ o

8. S FREHH I R 5 T B g i 5 S TR G E A RS B B IR R EE B0 8 5 B 2
RS G E B S SRR E  ErE - BT NEETEEEURSEH
& FRELE - WHEHALIIATE R 40 R fE -

9.3 5 o FH BRI B ok A RIS BB MR R 8 7 2 B BRI R B 4k T A 1%
R ESMREER PR | BURATEBEEER L RUNEETEZ T 8.0kg/10m?
~8.95 kg/10m?); BRI 3 R VNEFETFEE TR 6.92 kg/10m?~9.3 kg/10m?)ZEFE AR K »
PR 1 R & BAER U PR 5 2R e e B U NEFE T2 & /7Y 3.98 kg/10m*~4.52 kg/10m?) »
FRUL 2 O NEE T E 2 ERUEY B 80:20 5 FRUL 3 WD NEEFEE 2 HEVEL B
62:22:16 Zff] » BURERITI A S — RIS BRE ferm © BIEA TSR A [E SRR B
NECE AR R T » BURBIAE1R 40 KREL 50 RIUFER = FUNam 72 in » 22 90 & 2L
b MALRFEEEEEE R =t E 00 Bl 1 -

10. 5 H 4k T AR EER R By W R ER LB = BRI = P W 2s - A iR e S B
B R AR R BR UG H B A sk B B ARG AT » e A i e EE T S DA
—HEME 2 PR R 3 MRAE R s « BRICH BALMATETR 40 K Fe 50 RUTHE FUN £
15 o BRUSHAELA fitps s 8 T B F ARG SRRz i - fEsmia Eig 40 K ~ 50 K
60 K& DUE A e EEH A= 2 F s -

LA GE A SRR RS T pH ~ SRE - AikhRiARFEEFE » B
(R~ MR CA R R s EE IR RS pH [EAFHK  ARE - A
Bt (et S FIPE T -

12 514k GBI AR aE 2 BT LHER R FEXE 0B EE
Pl(Coixlacryma-jobi LYGH 1~ 2~ 3 ~ 4 f¢ 5 5f8A%E T (Vigna radiate (L.))5 R S 5 imid
AR RS EEAEN - HBEE Y HEASEHBHRIEE - R Dl = aRh
WF T F an s = I B RS Rl Ryt difl(Aleyrodidae) F & 57> 5 H K
) > 3 160.3 Bl 160.6 &/ ; &EFRNThripidae)E g5 7Y 5 5 MA] » 2 119.9 B 130.0 &
/F o BEER(Cicadellidae) F & B3> 5 H A » 2 41.3 81 53.0 &/F - {fEMaERIE @ DLe
ORI & K FAER B = I R 7R R BleafH(Coccinellidae)fi &
PEREORN 6 HpA] > 22 8.8 81 5.3 &/ 5 /Ngiigf(Braconidae) Zi AR B B 5 H 4] - 2
42 81 6.7 &/F 81 4.3 &/F ; #E6ERl(Ichneumonidae) 27 R EF A 5 H FA) » #93E 1.3 &/
F o FAERN(Tachinidae)piamy 4 AR AEJEL 5 H A > 2 1.3 81 1.8 &//7 - {E/iatbs
& - DARISUR i (Spodopteralitura) F i B S S anen » 5155 15 MM B a5 I A B
R - B 5 HNA] - 2 96.5 Bl 258.0 &/37 o ELIEEARAE e B/ NEHY 5 il
T PNEME S B BRI Z i EERE B 26.6 52 39.2%LLF » {HNRUGHIEE 6 AhA]
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HERE 572 67.4-85.1% K 42.2-71.8% -

I3 BRI (TR - K60 FaBitt - SREFYE BRI T - i
O PR M R EAETE - FREEE - R - AR - M EEOE - M R -
NBEEE O NEHE o MRS B E AR - T AR R R
LI - A 8 - 85 - SR R BRI AR > IR A -

14 K IF B AR = ST R A | R PR B B S RS f ey = 9 A -
T - TR T NERE TR 3k 2 BRI | 9t R Al kAR Ko F (8 708 e 1
B AR A RS 2 R - BT E - TRV NSETER o EIERAI e R
K~ KIS B (R R R B A -

&hnk
TR BRI E Y E A R I (F R R M A I EYE AL 3R
MAREYERIFE R MRaS TRt EAEER  —8R - EHEE Z R FYEiE e
K10 K BoEF ~ KIEAFERETEE - sl #ERaeE &8l - MEYHEREZN
Zit Vet B EYIR IR A S B 2 B — » INIIEAERIEY R (FRE & b BIFE
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Effects of organic rotation system on crop yield
and quality

Chin-Jin Hou' and Chi-Chung Huang?
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2. National Chiayi University, Department of Biological Resources ; chuang@mail.ncyu.edu.tw
Correspondence: houcj@mail.ncyu.edu.tw

Abstract

This study mainly explores the effects of organic red beans, peanuts, coix, mung beans, sweet
potatoes, potatoes, and sesame on crop yield, soil fertility, pests and diseases, and quality. Four crops
were planted in spring and three crops were rotated in autumn, and some of the summer crops were
planted with green manure land to explore the effects of the rotation system of 7 cereals grains on yield
and quality. The experimental results are as follows: Organic red bean cultivation in spring shows that
harvesting 40-60 days after the first flowering has the highest plot yield, and inter-furrow planting cover
crops can significantly reduce the density of weeds and promote the increase of red bean seed yield. The
second and first intertillage of organic red bean cultivation; mulching with straw; planting sun hemp and
green manure soybeans between the furrows has the highest seed yield in the plot. Appropriate organic
fertilizers such as pig manure or chicken manure can be used, and the secondary fertilization can
improve the yield. The organic red bean cultivation can increase the free radical scavenging rate and
anthocyanin content of the kernel no matter what management method is compared with the
conventional cultivation. The integrated management of organic red bean diseases and insect pests uses
yellow sticky insect paper to trap and trap important natural enemies to achieve the restrictive effect of
using insects to kill insects and using bacteria to control bacteria.

Organic peanut cultivation in spring shows the highest yield of fresh pods, dry pods and seeds when
harvested 70 days and 80 days after the first flowering; organic peanut cultivation is intertilled twice
and once; covered with peanut shells and straw; The yield of fresh pods, dry pods and seeds was the
highest in the interplanting of sun hemp and green manure soybean in the furrow. Organic peanut
cultivation can increase the total phenolic content and DPPH free radical scavenging rate compared with
the conventional cultivation regardless of the management method. The integrated management of
organic falling peanut diseases and pests uses yellow sticky insect paper to trap and trap important
natural enemies to achieve the control effect of using insects to defeat insects and using bacteria to
control bacteria. Planting green manure crops in summer crops (Sesbania, sun hemp, green manure
soybean) can help improve soil fertility, and planting organic sweet potatoes in autumn, no matter what
kind of organic cultivation management has the effect of improving the product and quality. After
planting rice and green manure crops in summer crops, the green manure crop area increases soil fertility,
the rice area reduces the damage of potato weeds in autumn crops, and the green manure crop area
increases soil fertility, which helps increase potato tuber yield. The organic coix, mung bean and sesame
crop rotation shows that organic coix and organic mung bean are planted in spring, and organic sesame
is grown in autumn crop rotation. Organic coix with different treatments has high seed yield, and has
higher antioxidant capacity and free radicals compared with conventional practice clearance rate.
Planting green manure in summer cropping can also effectively increase the seed yield of organic sesame
plots in autumn cropping compared with no green manure planting

Keywords: organic cultivation, crop rotation, peanut, red bean, mung bean, sweet potato, potato, coix,
sesame
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SR bA PR IR R P S

ZSEHR '* ~ Amanda Michleski® ~ Yichao Rui® ~ Andrew Smith*

LT R B g e R R B
2: Rodale Institute, USA. (Precision Testing Labs, USA)
3: Rodale Institute, USA (Department of Agronomy, Purdue University, USA)
4: Rodale Institute, USA
*IEEE A e-mail: befu@mail.kdais.gov.tw

LS

2B ER IFZEFT(Rodale Institute)=HAFHE 2483058 H (Farming system trial, FST) &1k
EHE RS KA A R H - R 5 T EETEENEENEYENEEA
{"(Healthy Soil = Healthy Food = Healthy People) | 8225252 A » M E A A HESE
(regenerative organic agriculture) 52 H FiHEEIHY F 2 H T - 45 G B ESFYI RIEERERY
HAMARESE » NMER (LB > HatHR STk - REFREIFEY S
FIRAEREE B o SepiiVia &R - JE Ay IR A M e AR K B TEF e R
R AR TRV 70 > AR YR - FAHAEKER
FEREPE T3 - S IE TR TR TEMEE S NS R AR - FRER
LZERAEENENZE - LAREPIRE 7.7 208 » NANREKETHERE
THEE A 15~80 mL 2 [ METTERT Ay 30~60 mL - i/ DEliE 26 i /K &9 R0 N
MR Z M50 - BAmEKEREE - AHEE B E TR LI E R S /N 3 2F
LA RAVIR R - EEVAE R TIE BT TR E AR AR - haERE R -
il Rz - BRI R R HEREL T - AT B R R RV IRAN T EY
ELFETE SIS AN BB -

BESEY : ZE(CHINTICRT - AR ASER - HAMEESE - HIRIEE - IRE
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TE A - E GRS E T30 Hm L el 18 TR RRIRRE - A RIEH
TIEEBIERENEL > BOKERERE > HrsEBRRIA - BRIRR P 2N
EEMAER - FEERE R RIFA#IIHE il 70 F)  WERIHAERE
EERERH L E ) - ERFEENRREREER > BESUFHEEAHRE
FERE > WRUN RSB ARE HIEETE L E > (bR EKEEE T2+
Y EHEYIIR 2 AN E . IS AR IR A RN S ERIESS -

SRl SR RS R AR ASE - bR EAL R T L E s
1 sBasE FEUR - R 2 EEE I LR T > e R IR FE 2K -
TS Ml (E W F (B2 A > o] DA D+ 3 A 1 > (/K R (F I Al faH 8 > P 2
WA B AR - RITE R E 240 T A RS A 1 hnss - shobh - RIFHENE A
BRIk BT DL B A 5 P A S oy AR B R LB AR (o e R Sy R E R R N - i
AHE IR BRI T s LR - ATl - A E
R EHEAE RS B AR - REIERIEHRIE OK R HERIERD & FEHERER2)) &
2 A YA R R EE - B RS RN BT SR E Bk A B AR
(Y38 (R2CF) - 8 4EVEHIIRS - WS EMAEY S F M R EMEYRER
PR - MR R R R s SR o AP I s
Jiti A { L 22 AR 1Y TR 7S B AR 22 - 1 i P 7 S R S I A SRR Ay 34 oA St
FUEHRNIRIE » ISR - R0 R A BB A o] g8 B PR (A E P R
(B ARH B2

SR ¥ LIV E S HEY A RV BT K DR RS - It #EHH A E%E
REAF AT RIAAE AR (B8 40 ) SR ERIFARIE 2555
(Farming system trial, FST) 188 E VB BHEYIN 4 RE2EE -

RHEAEHHHME 240008 - B 1981 F5iatLiBTEA MR 2= 2 » Hallih=
FAE TR 39 7 EEE AR (R REOUIEY - HIL - EE WL S RO RE YA
kB~ ZRSEHEMEIT(EE DR > (L) » SAELE AR Z R - Fallgikin
40 FENVEIZE R AREEEILE MEARE SRR 44% AR TENEARES
B R 4% o BITERIZY R 3.5% o FHE AR A FER I T /KR R DR - T
KIEEHERTE 15~20% > SiVEITE o [b4h > 78 2018 FEAVERE IR - BT
BREH] (BLfF - Atrazine) - IR T/KITULEEEREEIE 1~3 ppb AVEEAER - A
1A FI By A 383 -

RGBT R (R ERE T S LR s SRS TS 1
22 iR M (penetration resistance) A IR 7 (IE1TIEH /T HIELE(CNV-RT) A 228 5 %
&) 18 25y » TEFZE 300PSTHYERTT T - MAME AT ZRIERELT R 30.5 A7) » WIEEE
&R 0.5 15 (& 1) - MAE/KEZENE (water infiltration) » [E1 T H I/ NFLY A 525 118
15 A%y TAEEIE » /KB EE I 30~35 A% » MIEHZEEE 2 % - il 11
TEEFEME RKBEVENARE - IR EEKIRET » EHEYAE REEREIE
2 AL > FIF LR L TR EAA /K &R ke -
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MIRHR TS A

AR E A e QR FE AT IR AL & 14 » EEgFp & 2 AR E TR E R TIE -
SR NG F B A RV - AiRE TR LT HEE - HTIEEREEEN
5.24% - EIfIESEIRE M f 24.32 1 BIT@ARE S BRI R 3.39% - BfsEmiRE R
12.75(F 1) -

FH

I FHOIOR © BRI ISR T L5 (No. 432) 84T {4IE 14 (No.421) -

2. {EfE-/NER J\FE T (Cucumis sativus, NOKYA F1) » f#}> Johnny’s Seed Co.

Ltd. -
3.8+ T E B M4E (Slide Hammer) ~ + 352 HHE £5(Split Soil Core Samplers, 1 3/8” x
12”split scs w/core tip) ~ ZE{HFF(5/8” * 2° SST Extension) °

4. Bt 2 138 > DU IEEREE SN BRI ER EL R Ry NS B (S A -

O35 DVEMEE T AR L% - BLEZEREZRET - SAkeRI—XK - fre
TEG—2EKE 15ml > WERIESEHEEAIKS - sl NMESF - EfRETFER T
T 5 A% EEEE - WERARAN - BHEKRDE 23 NHEK—R - B
15~20ml - ZE H&/KEREIAFLEK

abmEscE T Bl TR PR 28 {# +- [ (cores) > FHEE 3 M/ NH/IE T 1 EER
HoF4LEL 14 2R TH  BEBHEKEDHRO,5, 15, 30, 45, 60, 80 mL »
2~4 KA F 12 RKFEEERSE - IRARE - 5 - ERSEHERZE 3 K
I EEZE o at T &HIH SAS-EG E458UG (v7.1) FT5ERK -

GEREAET 5

FEAREKTEHET(GrE] A Oml ~ 5ml ~ 15ml ~ 30ml ~ 45ml ~ 60ml ~ 80ml) » FEFEEL
A IETER ENE T TIEMEE NS S AR AE R R ER AR RA A EHY
S -

FEAREPKERHET » /NHE A T IE s oF s e S R8T B3 A > K
= 5 mL~45 mL jEH T @SS IR 100% » (Hi Aliim iy K EREE T - AL
W38 2PN BT - Forsr > BIOAE O mL g3 » A Y3 2R m] 2 60% > ZRETT I
SEFRAIIANE] 10%; 7£ 80 mL BRI T » AL AYSETFRE] 1 50% » 81T LAV F3H
o 41.6%([&] 2) - ftAh > [EIRFAE SmL BRES > S8R mHHERN[E - HETET HIERS
/IR K o iR ARENR

AR ES S ARNE] > ATREHV RN Z — Ry A 1 T B R K oy BV D REE - BT E
VI REAEE » JVA M RE AR IR RUEY RS E B S - MAEYEEYIN S E/EH
PTG Ak -

RAFHEER ] AR DR ET IR AR ARE » TEARRIVRRGE 3 -
5) o 280 7T {E/KEEHEF > (£ 30 mL YR E R EMREE 2R - Hil 6 (EFEHS
IR R o DL R > A28 5 (E/KEE i 7252 > {£ 0 mL & 30 mL
HIREE R o MAEERE RIS - KREHAREIHIREAE =S - iy LitaE R ol A
ERER e REENERATZENRENZEERTIGEN o HoEZE5 > EkN e RER
RATKE 0 mL~45 mL 3 T » fEZ/KEIIMIIE - 48 45 mL AlFHAH R 25
HUkEER > BTy HEHITT BEBL/K 538 26 i R A A R
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BEAh > ELEHAE PR RE G (6] 4) 3437 - SFEE{E(E 5 mL 81 30 mL HZH A
EER > HMREHEEREE AR - A EE ) A BRI - fERFE Y 2=
FRA - N5 mL IRRATE L EEIETT & > 1fi 30 mL AL EE] GER) BRMAERL ©
B AT > G T AR R R AR A EA E LR 2B A E CE R E 'R
IR FEIERAR R R ERAE - JZEE I EZ G IR EEAR) - S HIEE TSR -
HREAFEPKERRE T - AR (A AIRERER) - S0 b e sy
WEPZERREAX -

ELie [F/K B R B A T T IREBUE T L IRAVIR R LR - A DISE - BT 0 mL
B4 30 mL tHIRMIm{ES - HARE R R EERARLI T 1.41~1.65 - 55— 5 » fiKiE £
ARV E R AR > AR TR TE 8 HEALERA S 1.69 (30.5/18=1.69) -
DRIAR = EEFREAZE VELERATAT » NS AR Ay 22 B m R A IR N 2 — B Ry T IR EF I 1 -

S > FEEK 80 ml R | - A IR SRR AT IR AE o BAEKL
SBAREF AN E G - SRR G p RSB IUR > SUNE A FIER - fHird
RIEPEIHEAFE - (B ZGH AR o RAR IR T TR E AR 58 - iR
AREIIRE

HAIRIE R R S 3 G P DU PR & 7.7 Aoy RARAE - /IR A
KEAAH IR B ARREE - 75 15~80 mL ZfH - a1 T HIBAILL 30~45 mL 5
RG> B/ VB K EIIE R NA TR 24640 - B/ DA KB B ER 244
BEM > BEHPKERIRER RS REE MR - il 8 A EN -

Gioy bt > NEHJVETEA DK ERE T - AikE T RERE TR IR E S
INEHINEEEE > HA R K BB A 88 n] (/N LE (S R AV IR & - IRIEEm]
fiEam > AR SR FEALZFEI ARV T o A ] R SR T AR 5N
T FEEY B E mryEIM LU B A RIS -

onfE SR R R B E A BN T DR S R B PR
BAGE - A ENHHE T U RHAGES RAFOY HIRME - B T ietheg s - IR (e
MR AR ERILE > BURAVIR 2B A HUE S HUK P BEE TR - [FING A] R (RIR 5
KT BRI ARSI - AR EYEE R aE > EFKEEENEE -
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ml) » fERR B R() ~ EREQ)RFG)ELEL -

B R RAMBETEEABEE ER  *p<0.05, **p<0.01 - (The

asterisk (*) is used to represent a comparative statistically significant result

between ORG and CNV by an independent-samples t-test, *:p<0.05,
**:p<0.01.)
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Health Assessment of Enhanced Organic Soils
Ping-Fu Hou'*, Amanda Michleski?, Yichao Rui? and Andrew Smith*
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3 Department of Agronomy, Purdue University, USA. ruiy@purdue.edu
4 Rodale Institute, USA. andrew.smith@rodaleinstitute.org
*Correspondence: befu@mail.kdais.gov.tw

Abstract

The Rodale Institute's long-term organic farming system trial (Farming system trial, FST)
is the longest organic trial field in North America. The motto: healthy soil equals healthy food
equals healthy people (Healthy Soil = Healthy people Food = Healthy People) affects many
people, and regenerative organic agriculture is the main goal of current promotion.
Regenerative organic agriculture combined with cover crops and non-tillage operations can not
only enhance soil health, but is successfully used to cultivate corn, soybeans and other food
crops to achieve large-scale cultivation goals. Previous research found that soil penetration
(water infiltration) by the Rodale Institute's non-tillage experiment differed dramatically
between organic and conventional soils. In this experiment, the sampling method of
maintaining the soil structure was used to maintain the physical properties of the soil. The soil
was treated with different watering gradients where cucumber seeds embedded. It was found
that the soil from the organic area and the soil from the conventional area indeed affect the
germination and growth of cucumber. Especially, there were significantly different on root
extension. Based on the average root length extension of organic by 7.7 cm, the optimum
amount of watering for cucumber is from 15 to 80 mL in organic soil, and 30-60 mL in
conventional soil. Too little or too much water will cause the root shortened. Regardless of the
amount of water treatment, the soil from the organic area is more likely to germinate and have
deeper root length than the soil from the conventional area, which means that the organic soil
is more conducive to root extension than the conventional soil. This result implies that in the
face of extreme climate, especially in the case of uneven rainfall, organic soil can alleviate the
stress factors brought by climate, so that crops have higher resilience to survive in the adverse
environment.

Keywords: Rodale Institute, Farming Systems Trial, Regenerative Organic Agriculture, Soil
Properties, Root Extension
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Surveys of insect as the indicator in experiment fields of long-term ecological research for agriculture - Cheilomenes sexmaculata
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Sticholotidinae) > 8 *% (Aspidimerini ~ Coccinellini -~

Epilachnini ~ Noviini ~ Ortaliini ~ Platynaspidini ~ Scymnini
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G — e Amida tricolor formasa.na Kurisaki, 1920
OB BB HEML 3% Aspidimera e.s'skn Sasaji, 1968

SB8= 38 Amida tricolor formosana Kurisaki, 1920

SSHFEMEE Arinoscymnus ni; 's Kamiya, 1965
PN Cheilomenes sexmaculata (Fabricius, 1781)

AEBiE Cheilomenes sexmaculata (Fabricius, 1781)

PEUREBBAMN S Cryplogonus kurosawai Sasaji, 1968
SEPERR A Crypltogonus orbiculus (Gyllenhal, 1808)

B3N Micraspis discolor (Fabricius, 1798)

th ¥ AP Epilachna chis s (Weise, 1912)
Hti —+ /B PA# Hensepilachna vigintioctopunctata (Fabricius, 1775)
W e, Jileis kocbelei Timberlake, 1943

§i5130# Propylea japonica (Thunberg, 1781)

WP WSS Jauravia limbata Motschulsky, 1858
#E P& Micraspis discolor (Fabricius, 1798)

N3 Rodolia cardinalis (Mulsant, 1850)

VUBERE EMLEE  Platynaspidivs maculosus (Weise, 1910)
FBERE ML Platynaspidius quinquepunctatus Miyatake, 1961

HEH 3 Sasagiscymaus orbiculatus (Yang, 1971)

BUM Pk Rodolia cardinalis (Mulsant, 1850)
/NELBLEE Rodolia okinawensis Miyatake, 1959

B S Swsajicymaus quinguepunctatus (Weise, 1923)

PREBE F Wil Sasajiscymnus orbiculatus (Yang, 1971)
=400 S iscymnus tain is (Ohta, 1929)
hHNIRE Scymnus centralis Kamiya, 1965

AN Sasariscymnus tainanensis (Ohta, 1929)

wmﬁg\-‘mm—.—.--au\-a.-m:-n:g

SEPREI Scymnus hoffmanni Weise, 1879
PI¥E /NS Scymnus yangi Yu et Pang, 1993 74

WE /3l Scymaus yangs Yu et Pang, 1993

P CrEEPIEE Stechorus aptus Kapur, 1948 35
FES Wi Sticholotis fors Weise, 1923 22

BEAGAE Stechorus aptus Kapur, 1948

1T WL Sricholotis hirashimai Sasaji, 1967 1
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2.5 # % 7 5% & # (Coccidulinae ~ Coccinellinae -
Epilachninae ~ Ortaliinae ~ Scymninae) » 7% (Coccidulini -
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Bl 7 F 5P A iR W23k REAAEE
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Bt e r

G Bl Amida tricolor fDrmO$dﬂ'a‘ Kurisaki, 1920 1 == = ; - B T B it
AEPLEE Cherlomenes sexmaculata (Fabricius, 1781) 169 /\ﬁm%ﬁ Cﬁmlnmeﬂesl.sexmam.zla[.:z I'_al?rlclus, 1781) 61
AU Coccinella transversalis Fabricius, 1781 5 JLEL Btk Coclophora inacqualis (Fabricius, 1775) 1
SERERESABIEE Cryplogonus orbiculus (Gyllenhal, 1808) 8 SEpE RS SAMa% Cryptogonus orbiculus (Gyllenhal, 1808) 4
i BB ML Cryptolacmus_montrouzieri Mulsand, 1853 1 J\WEPEE Harmonia octomaculata (Fabricius, 1781) 6
J\EBLii Harmonia octomaculata (Fabricius, 1781) 14 hii )\ Witk Henscpilachna vigintioctopunctata (Fabricius, 1775) b]
Jiti = A /SRR Henseprlachna vigintioctopunctata (Fabricius, 1775) 2 SiG Mtk Lemnia biplagiata (Swartz, 1808) 14
i’&é&l%ﬂiﬁ Lemaia biplsgiata (Swartz, 1808) 16 K8l Micraspis discolor (Fabricius, 1798) 569
ﬁbﬂ;‘ﬂﬁ I’c”""" ﬂffm’" (M'flsz","f ]_850) 4 o B 8% BEE Wik Nephus tagiapatus (Kamiya, 1961) 2
Kiﬂﬂe‘f @cfd'(’p” d"‘mk_”,”‘db"mus’ 1798) 5 209 PUBE 5 W ik Platynaspidius maculosus (Weise, 1910) 4
VUBE |55 5L a% Platynaspidins maculosus (Weise, 1910) 1 = 5 2

" e p - $ 50 Propylea japonica (Thunberg, 1781) 131
&M Propylea japonica (Thunberg, 1781) 167 L < - .
2 J1 9t Sasajiseymnus inanensis (Ohta, 1929 3 & 1 i ik Sasajiscymnus tainancnsis (Ohta, 1929) 3

@ jiscymmus s ~ w1 c R
P EMNE Scymaus hoffmanni Weise, 1879 128 |8 E Mtk Scymnus hoffmanni Weise, 1879 92
W ¥/t Scymaus yangi Yu et Pang, 1993 1 W G WiBla Stechorus aptus Kapur, 1948 2
PRI Stechorus aptus Kapur, 1948 1
MMM Sticholotis formosana Weise, 1923 1
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SoBL *E pH TER AT AR F  AIPLE S poz3 Eal 4 3% Y i it 4
(uS/em) (%) (mg/kg) (mg/kg)
1 7.6 150.5 29 5.1 6.2 681.4 408.5 3219.0 688.7 525.5 43.0 2.1 5.2 453
2 7.6 146.3 4.3 6.1 9.7 633.9 191.5 3741.6 834.5 5345 78.7 29 4.4 26.4
3 6.2 76.5 3.5 5.5 10.6 452.3 2448 1457.2 162.4 461.5 66.5 0.4 2.7 12.6
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160,000 HCA =SA 180,000 =CA mSA
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120,000 140,000
100,000 120,000 -
# 100000
£ 80,000 4
2 2 80000 -
60,000 =
x > 60000 -
40,000 J 40000 -
20,000 20,000 -
L | A e L | A L (A L | A " A it dey
AL v.p?f i uwp?f i wp;ﬁ i uwp?f A v-#?f
107-1 108-1 109-1 1111 107-2 108-2 109-2 110-2 1112
WCA| 135,667 | 125610 | 114,829 | 104,772 | 117.081 | 107,021 | 47.855 | 38.753 | 132476 | 123402 [mCA| 75471 | 68967 | 162,692 | 154979 | 74031 | 66318 | 72528 | 64.178 | 119959 | 110.921
®SA| 121,942 | 117,127 | 110413 | 105,599 | 106902 | 101,961 | 35340 | 30,944 | 137416 133,045 [WSAT 60,125 | 56796 | 130221 | 125997 | 92,682 | 88458 | 49.177 | 44,642 | 113,832 | 109,479
ER/F 1 TE ER/B2 T
Wllkc Rakfe¥ - Pivgs if_ﬁ_-ﬁ'éfﬁ.a‘r'ﬁ"*‘l? W2 RFkfes = f?lﬂ‘ﬁé.fﬁ.-%'é.tia‘r'ﬁ g ¢
160,000 HCA wSA 160,000 HCA mSA
140,000 140,000
120,000 120,000
5 100,000 5 100,000
& 80000 & 80000
i’: 60,000 % 60,000
I 40000 T 000
20,000 20,000
Y o REIF Zidcp ) o (REkg ] [Rukg] L [RiEdf
A e iB i i
BE ey A e L g A g T3 g
107-1 108-1 109-1 110-1 1111 107-2 108-2 109-2 1102 1112
[WCA| 144,158 | 135,774 | 119,674 | 111,289 | 83.746 | 75.917 | 148912 | 139.934 | 94.866 | 85.670 [RCA_ 117,361 | 108970 | 133.907 | 125515 | 88.231 | 79.253 | 140.294 | 131316 | 131,629 | 115904
[WSA| 120435 | 125,845 | 118270 | 114,679 | §9.228 | 85,667 | 136951 | 132911 | 105,094 | 100944 [WSAT 111,406 | 108377 | 122283 | 119.255 | 82474 | 78433 | 133252 | 129211 | 127,766 | 121,957
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Diversity of Ant (Hymenoptera: Formicidae) in Different

Farming Systems and Crops
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= = = miE EEH=E) =52t (%)
Eff ,FZHEB;% ra,jﬁa%%% TS 136 33.2%
= LuEl AP ZEERE 100 24.4%
WIEE Taxa 22 24 24 32 SES EL 38 9.3%
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mg kg
SREE 3109 2942.1 0.754 smgkgh) 31673 38441 0.006%  25000-45000
mg kg
B 3 ad 2% 3 -1 . -
iz Eﬁ, 4554 910 0719 8% (mg kg™ 3674 3930 0.149  2600-5000
*ETAREFEIEFLRL - p<0.05
¥ ik R A ERAS R/ LA 5%947"?55‘2

T2
By ﬁ./?y R ‘Pﬁ“#"
*E-mail: ccpan@tndais.gov.tw
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’F‘.ﬂ

LAY E R $u N e Y R
g~ 13Ew4 2 28R 35

PREEEYIBERFEFRE  -RPREZ > AFEYB A N EAR
La R HPEFFIRESAL DA BERE BV ARIRERE » ¥ i 7 B
% o

AR BEFFRGFETHEHE LR 75 FIRSE (20288 /A4 K2F) > &
FRPBENY EFEEIT B FFR Rk a? THP 0 B 5 IO 129.9-71.2
%%ﬁ&nﬁ’ﬂﬁ%%#ﬁ$°%ﬁ%ﬁ¢ﬁ&§&7kﬁ%ﬁi?#ﬂ’ﬁﬁ%ﬁ#

ZHBIREEFEFR PRAFENFBEFATLIAARB TR TER -

FEAFFE 0 FTCC3 IEFPTIEL B AWI% RRIFF BT L
B PBRTEEIEIKEPIE AR ERTRZS LT BRZL5F A2
EERHGHE TR BRI EES NG M

AEDBL 5  FWEZERAERFITRM2% > A KREEA AP THR > 28
HRLAT2Z FEA N .

ZLUNIEE L FL e M HPETREIZLP - AE2 EFTHAES

o T PR E Foekeiz € e gd @i d HpAE

Bz g (%) (mg/kg) (mg/kg) (g) (kg)
cC-1 3.6 7227 460.8 624 23.1°

» cC-2 3.6 109.5 235.7 630 220"

I CC-3 28 2153 521.4 635 203"
CC-4 3.2 543 .4 3823 634 22,8
0C-1 7.4 4173 473.4 529 12.7

) 0C-2 49 223.9 878 4 666 13.9

P 0C-3 10.9 464.7 217.1 456 4.1
0C-4 9.4 528.9 305.6 628 113

3L ¥ pvalue < 0.01

/F::w/\ﬁ EMY L F 2 ¥ \é#';%\%%—:ﬁ:'l’:
*E-mail:720a@mail. ttdares. 2OV.twW
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as.0m
ao.0%
35.0%
30.0%
g 25.0%
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o R iz ¥ =5 OB R 2 R

HIE R LM EFR25FRELD L RTRE 2P e 75 BEZ2F5FI1%OCO0D) -
ALEALZE%FIIREFECONE 7R 2% F3F(CCO01-03) > »27 (fFHiy | %
) ~67 (Fih) 2107 (2 &H) X3 IR =% LFHLEESREBERNE > #
PR E2FEFTRBAL- T - AXIA AT FEAPERART SR FHREAPEPROCFE TR
H06" (Flp) P45 AL FHRAPEFETSEFTAEL - £ 23305 RD
Hoo ¥V TRPLARTRREIPEFTEFEYE RFRARE > 55 -

20 6" 2107 ERIFIFP FFEFORBBERD AL FLTHL AP LF 2 BT
B em R PR H S > A W E S BE > A B3R FRRIA 0 PR - AR FHA
T RERAERL AR RRRAER BXLXEAE -

FLIERE4 R CREERBTT LT RIFIF? TFH 7CC 012 CC_02H%F %7
@iﬁ A R %i%\m%ﬁﬂﬁ%kﬁgk | 18.7%21 12.9% » @ & A b
46862 T #2400 2 7

BT A e I A G B n]

- A

I‘ ||| I II I I -

Fc_01 oc_01 cc o1 cc 02 cc_o3

CEERY BB LA W2 & TRl B2 ming o

0C 01 0C_01

[ T & | [Cmen hnmi4(»-)[»(nnn)lﬁs(m)\m<nu->ln(npn>|m(nnn)lﬁ(nn-:l»(nu-)\sn(um{ w4 |

| 22 [ o8 | [ 624 | 281 | 803 250 | 3077 | 200 498 | 12 | L1 | 14 | 30 0.0 |

FC_01 FC 01

ORI TONRETD) |ﬁ(ppnmx(ppn)m(wn\u(wn)ln(ppn)\w(ppn)wwnl [Csmr Bt (5] < Cppm) [ 37 (ppm)[ 55 (ppn) [ 8%.(ppn) [ 4% (ppu) [ 8 (ppm) [ 54 (ppm) | 3¢ (ppu) [ 38 (pp) | €% 2 |

137 | o016 | 1.02 [34876.47[ 2163.01] 45.64 | 58.15 | 14.21 | 32.22 | 186.07 [ 68 [ 272 | 1e6 | 195 | 346 | 28 400 62 | 3.6 5 | U 0.12 |

cc_01 ol

[ &G | & [ sr) [ #5Cpm) 5% (ppn) |4 (ppm) | 5% (ppm) [ #(ppm) | 5% Copm) [ 54 Copm) | [Cwier Do (5] % (ppm) | 57 (ppm) | #5(ppn) | 8k (ppn) | 35 (ppm) | 48 Cppm) | 34 (ppm) | 5% (ppm) [ 38 (ppn) | & % 5 |

L1017 | 0,19 | 1.03 [24949.94] 2087.34 | 240.95 | 56.91 | 35.76 | 45.36 | 301.87 | [ 624 | 43 | 71 | 237 | 2003 | 24 | 256 | 2 | 71 1M | 13 | 0.06 |

cC 02 oz

I [XE3) } H%) [ sr(h) Iﬁ(mm) 8% (ppm) [ 5 (ppm) [ 8% (ppm) [ 58 (pom) [ 5% Copm) [ 4 Copm) wae At i # 5 (%] 9 Cppm) [ 57 (ppm) | #5(ppm) | $5Cppm) | 45 Cppm) [ 35 Cppm) [ 48 (ppm) | £# (ppm) [ s (ppn) | % %A
1.24 0.

CC_03

I £0%) }

SRR RZEEE R EMAT e B4 FEPRY R 4%Qﬁ°

¥ (- A - S
B3y AR: I‘éi?;uE‘vEEJ_P?L‘ﬁ
E-mall. taiyuan@mail.kdais.gov.tw
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ARTE R 1008 B W EERG LK €L B R AF i AR LR 2
aﬁw‘ixgﬂﬁ@~@m£%»%ﬁk%,_

- AR AE T INEFIRFALE [P FEFERN(R - ) AFRLERFEEE S D 0 X
HiEAs? PRAHFT I > P E FRERS > TR O HREREY Y B (R
1\5' RfSZ B RREE) T M o R RS EREE S FERN ) Y REEL S '-Q’"}’* =

piEH B o HRFR2EDTF FR e T AZTRIBHIE . TREWZATHERIED
1] x%ta;%iﬁti&ﬁ%ﬂﬂ o
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B rmL F,&.

l\\k

(A) (B)
111 § 2ok fs- B 0E % Lk a0 T11E § 2ok fes— 8 17 520 4050

500 500
S0 540

gmo gm

20 2200

= bt 111 121

100 e 100 s, i

o 102 000 001 ooo 438 DB 12 FHA o L2283 200 101 000 53 002
BLEME RLEE A% AR A SRR fF B]S Al REMTLEN YA HYIE ALY ero 46§ 65 Adcid
L [ win @iy aid
©) (D)
T § 2ok g #0078 1R T11E § 2ok fss #0017 820 4050 a1

" w0 494 B
o a0 - 391

gsw jgm"

%m0 150 ™

o 120 1 Pt

10 ﬂ 10 .

RS ‘ 211 000 234 12831 400 ) L21s 321 000 66! 220 40 )
PEERCAT SAM AL eber 458 B repmsesa g L WF S Ak W= ~ #FRELY fg;}i &
[ e wxy oip ] .

W- ~ U1Ekfen M3 Afr fo &E - W)F 7 BF FRACY BR 5 e 4 § 2 58

A-PEE-F - B)-PEE - O=PrEF-F -O)=Hirs-a OTLEE D)#p F =& &i#ﬁ

S AR A ERKBAEZ REARA S AER LR -HPITF LB X (£ ) ¥ apH 64-69F > 2
EC 0.1-0.2 dS/mf¥ » £ 2 § W F et 2 5 > Pt 110& L FREANF LR > A 2R AR F IR
PR AL G FRF OB TEMY AT R R DT RBTEEFR Y% 4R
EFET: S M\ Pek Ao @ EAA FREH A (Z %A J, 05-1.1~45) 1M (% =)

Z AEDE - TABMURFRED B5873 kghas B c HX A Lw %o AF 55486 kgha o § 5w
B A F KT H 2 ¥ 5 4697kg/ha o = 4 rrywpéﬂ*‘ ff Ao £ A %) 56190 ~ 6098kg/ 2 F > F 0 F A E R
R2159kg/ 2 F(RZ) SV HBATHE A0 B ARTRGYFEE - s T BRE o 3 A FERT
% (Z %A Y 5220+242-194) uwc(%::)o

F- ~1lERfee = RFERBIEBOLT

iwi ieiesem  TRFIECH 2~ 1094# 3 11148 = % k4o £ (ke/ha)
BTN W 31 673 0.16 278 e 1 ¥ 2
B2 7.23 0.17 2.08 fi 7 CC ¥ FC j #0C
b EE: 6.43 0.20 3.70 109 - # i® 5705 £938.98 5770 £1072.53 4520 £ 663.18
Al 6.75 021 223 )
R ¥ 6.80 0.12 2.90 109 = #i®  5515+64532 4960 £ 1746.21 5605 + 985.74
A 7.10 0.1 243 .
I o oas o T 110 - i 8115£1091.24 8285+ 110533 7180 +981.93
A 695 0.10 1.90 e
Ly 2 6.60 0.10 313 110 = & i® 4525 +299.69 3800 + 380.38 3600 + 375.25
A 6.83 0.11 1.88 111 - & i% 5873 £315.38 5486 +254.35 4697 £ 520.78
7 44 6.48 0.11 3.60 ’
¥ 6.63 0.09 3.13 111 = # % 6190 + 885.86 6098 +476.67 2159 +541.88
oz~ 11E-Rfee = RFEMY £ A4
" : > ot FReyS ; . o . .
» e P em) PEE Gaapmy  RTOFE B ARt s SR B RRE - BE
TN I 10820 26.65 2655 0.10 o
iy 08,45 2080 07 010 *E-mail : llin@hdares.gov.tw
TR 99.15 26.00 2545 0.55
BRI e 107.70 22.00 2150 0.50
iy 103.20 2420 2315 1.05
;g 104.40 19.35 14.85 450
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M PRk fRd R R
fdp ~ 23w 2 2ERG
%ﬁ%%iﬂi@EW$£¢%iﬁ—ﬁﬁﬂﬁ*%’%ﬁ{ AREE L LE
BARAeT WESAE DA BT R B AR ERE > T 4RI TR LLR

ﬁﬁig%ﬁ@iﬂ&ﬁ*&%u@@MMﬁ,uﬁﬁﬁ&$,iéﬁii;%ﬁwﬁ
FASENTHRERRLET A U BERFEIAL LR T I PARN L2

R IER B2 ] B2 L R A AR H BT ES0002 T 0 @
P FBR30%) c ARBEFALAMTR > LF

ZLINEE LTS PR feE Rt Ao - AR 2 TR A%
i g

ST 3 ocis L R
B F%‘Ei%;i*ii‘“ ' 13‘;(;(?/&)6 (n]lvg/?g) jEn]:zg/{[ggz’) éﬂ;:r éﬁ;w
5 ; I ; - ; I (kg/ha) (kg/ha)
CC-1 2.86 2.62 10.2 7.7 98.6 91.0 6,337" 6,866
e CC-2 4.20 3.98 22.0 25.8 85.1 113.0 6,865" 6,924"
I CC-3 2.62 2.51 15.2 20.2 69.3 116.6 7,921 7,628
CC-4 2.71 2.27 25.8 21.6 107.4 59.8 5,750 6,278"
% & FC-1 5.05 4.75 15.7 12.3 129.2 113.6 5,868 5,623
OC-1 4.87 4.42 22.3 20.1 84.8 117.8 5,985 5,223
31 0C-2 4.02 3.54 17.8 17.0 146.2 136.0 4,518 4,108
0OC-3 3.56 3.72 34.5 31.9 171.4 138.4 5,457 5,105

D115 186 115 28 1% -

T RSB S8 5 B 21395 1 29 (T CC-1B 46 548 5
B 2214553 CC-4f84e 546 5 4 FH2EL » # i e 578 5 6 221395 -
3. %

: p value < 0.05 ; **: p value < 0.01
FrARESY ¥ F 2 nT A B
*E-mail:720a@mail. ttdares. gov.tw
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( Structural Equation Modeling ) 4 #7 -
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