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FEREKEZ RS E g 1-22 (2021)

YRR 2t s3E fE R

REH Y BB

LR SRS

‘e ERBATENBYAIRINTER - 68 &1 HEE -

Pl

&
GEEBATENEYHBERRS - B8 &l FEE -

mE

YT ERE 23 BEYIESHR - 11 BEYBERERY (Aphis gossypii Glover) ~ #ZKXEL
(Tetranychus kanzawaiKishida) ~ —®5EE% (7 urticae Koch) BIFIRMR - BEE— T E LERER
MM 2 EERRAN —EBEYA - 8 - RERESSR(DBIZ 94.1 - 51.9 B 5.1%)% 5
EWMPOUR - BRER N LCso TEEIRE 72 /NFDAI%R 2.23 ~ 2.59 & 3.66 mL/L - LCoo 25l
% 10.62 ~ 7.53 % 17.82 mL/L - BHULHERIZIERR DI SEEAEAANAE b BA A 2 E A RS - 7 m AR A
BEREN - S8 4 @A EmBERAR D RE1R T (Aphis gossypii Glover) IBFERR - BIFETHER
RmfER 318 (RFEERNHBERAS 2EEEAS RILEERNHBMRAST])E Sigma-Aldrich Co.
Z R&D & - ENEVEMEI 0.25 : 1 (V/V) BEREEES - MPMRE - HNEHEEAEE -
BRAHMBERBAARETHEAEN - BN EESEESH8 - RER R KRR SRILEA) -
0.25:1(V/V) BLEEE - ALAER - HETEYRES - BYRES JERARREER AR

WIRRTELA R - AR E - REMEER - BEYRES T RERE - EERAIZSHIEM - #H

BHAMRERBUR - IKEHBENER - RIBERRECENAPIER - AlEE
IR EYHESNEARE - RS - BPaRIBRNERE - WRSHRBGHERFRK -
BUSE  MEYHESOMEENRER  AREMAEMBNEN - eSS FE

HWRER
oJEERARE ©

FASEE  EYHES  REEE SEEERE -

Z
it

RARBEDHFSREHSEVNIR - X2
SATREEYE  FEEKRE ALY REBEEHN
REEM  EEIDEYARERNRERS S
(IPM - Integrated pests management) °

FAAEY R ZREREYIIAE - BEMRE

RSB A
e-mail: zyu@tari.gov.tw
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T EERLER

MBEEN—NF  BERLRT7REVIATEIERE
FIERERE - RENEAAL I BB ASERERS -
BERBARBRFYEERF  BEUNGZERE (B
ZEMBREZLESECFEIZECRESE -
http://toaf.org.tw/conservation) &4 & ERBE L 1T
AF - OIIREEYIHERIERIRR - BERCERER
AR EREEBEAMRZA - #MHoEEE s

YRR 2T EER 1



EEMLEIER - LA BRAEMELEYRBAES
HIBAEM BRI AOEEERL - AINHEER - k=
BEREMAEBRAKXNSNER (RERREERE
IR R4 - http://azaitari.gov.tw/) - #ETEYEE
B8R FARAENREEm  ARMUKRENZZ -

RARSBEPRHER - BV - EYRKE
MHESEERREAREEY LNOBREME (Miller
1983; Beattie 2002) - Ed ol & FHEY)H (edible
plant oil) & E##EH (essential oil) - BEWRSBE A

ig  RIBNEERE RS KZ (Adhvaryu et al 2004 ;

Moawad et a/ 2015)- LEHHR FE R/ ERE
2 - Y75’ (Mishra et a/ 2006; Kassimi et a/. 2012;
Attia et a/ 2016) ~ #r#2 (Butler et a/ 1988; Puri et
al. 1991; Fenigstein et al. 2001; Schuster et al.
2009) - #155 (Butler & Jr. Henneberry 1990; Picard
et al 2012) ~ £t (Miresmailli & Isman 2006;
Esmaeily et al. 2017)% - BB 2 ZRIMR - BYIEHMH
FHE - Aslan etal (2004) tER="FEFIERENE
HE®WS: (Satureja hortensis L) ~
basilicum L)YKRBE& (Thymus vulgaris L)RITER
IBEYER _MEW (Tetranychus urticae Koch)
MBIEUR Ep _HEMRENEHERKH0.782
1.563 & 3.125 pl/LRERNZER P 7 55255 66.6
87.6 5 96.6% - Choi et al. (2004) = {S1EEERE
8293 x 107 ul/mL- Ol fF _ BAEE A9 IR T RIE 99%-
EIE - AR E XS ' REY REEYIE R R E
ZRRSEREMI RS -
EREREMICISEHSS  IEEEER IPM 32
ZHERRMRABWNERG - WARNWHNERER - X
= BUREBRENUR - EVM AERBRKITTME A
ofREE - ARNREEMBEEARCESHRENZEY
FERW - FARFEAR B EN AR ERE -
U7 BN ERE N EEE - BMEMIME R
sl - DIRsaERVAERS - B DHRERRIGER
BE - BERUE - ASGRAEYIE 77 RO 3 R E B R RE

ZE8) (Ocimum

2 AT (E R R

i — &t -

EYmE TS 2B 88

YL ERE - B 2005 £ 2007 F Al 23 EEYH -
Hop 12 Bl EFUERE(RBE - MBRIEARA
g)) 2 BEIREBERE - 2B REIN (Cucurbita
tinctorius L) ~ @Bk (Helianthus annuus L) ~ ¥R
K (Moringa oleifera Lamk.) - #&1_f (Terminalia
catappaL.) ~ £I1E (Carthamus tinctoriusL) ~ FESR
(Anacardium ocidentale L) ~ #&%% 0940416 - jH3E
(Brassica campestris L. ) ~ 3L &  (Silybum
marianum ( Linne ) Gaertner) ~ Bt (Aleurites
fordii Hemsl)) ~ &%t (Thea sinensis Linn.) ~ tAfiR
Linn) & MH %
(Chrysanthemum sp.) ; 55 11 EEEMEHEM
DRIRTEE ~ KT ~ B -~ Bt - FUAARR 18+ -
SRR~ EEES - AR H TR

2005 FIE 10 BEYH - B/ [mHZE B
B 4196 - R RARSR 0940416 - 164 K=ZH »
18 - K3 BB BRKEE 500 BE18Y (Aphis
gossypii Glover) ~ 1 2 £ %
kanzawai Kishida) & _BhEWZMa%R - HARER
£ 0940416 WRKE - BEEL 1 -3 &7 BYAR
73 hliE 87.3-98.4 % ~ 99.3-100% K 100% (& 1) ;
1B 0940416 #t 3 BEMKEMBILERNGS - KHE
1000 ZFEBE/N+=28 (Harmonia dimidiata
(Fabricius)) #es=aEim =A% 36.7 B 3.3% -
HENHHE W
Athias-Henriot) ##: & W EH B 12 (Mallada
basalis (Walker)) Z##e 402 R Rl3E 100.0%E42
70.0% (REEFRER) - HAERA - 2006 £/ 7 & - H

indicum

(Sesamum

(Tetranychus

(Phytoseiulus  persimilis

3 FLED - IR mAR - R =3 B WRE
2= - 2007 FHIE 6 EEYH - R -~ B - FUBEAK
R RBFH - M - AR - B2 Tween 80 L 9:



1 (V/V) BE# - BLUKIEE 200 &8 - ¥18%7 6
BHMREE - BEPENH - HF REHELE
HbaRES - 725074 87.9 ~ 95.7% - ¥R WAl
PR mERs - & 100% (R 1) -

STBmERE YT ERTE—D 2 -
UM A E G BB W R R R iga 2 -

EANME N i 2 2RSS REYR O 5E £ 20930
MEREGE (Hall & Harman 1991) - A UL S B E
(2009) EFLEEER MR #E = B = ER AN =TE1EY)
MmOl RERERSEMNR - 2812 94.1%
(Mohamed et a/ 2002) -~ 51.9% (Ravasio et a/
2002; Aguila et al 2005) k% 5.1% (Rashid et al.
2008) - B _BEWMHUR - TEEUHIRARRRA
Span 80 &2 Tween 80 (HZ Wako Pure Chemical
Industries LTD.) - M7k Griffin (1949) 7574 A3 1
AEYDREE T EDE M B HLB BEETEYHELE -
=1 A HLB B A% 5.3 (Acharya et al. 2002)~
10.8 (Ahmad et al 1996) & 6.7 (Szelag &
Zwierzykowski 1999) < BT EEMEILL 1:1 (V/V)
BE - HEW 25°C + 1°C METRE - SR
158 ~ AR E R TR E B RWEE ) - kR
BRON (3R 2) - W=TEEYMA LCso EEIEE 72 /N
2 RI% 2.23-2.59 K 3.66 ml/l- LCoo 73 A% 10.62 »
7.53 & 17.82 ml/l (3 3) - BHULOIHRIZ IR R 0l BE
HEMEI RN 2 E AR - NEEMENREIRE
H HLB ERAR/NFERS - kR 10 mL/L REERE
% 24 N\ 20 ml/l REERIER 72 /MR Z9 - &R
EEBEER (R4 ABEYHIESEK - NEHEY
FIROLCAl st Syt - BHEEE LCso RERIER 72
NRBRAER - =TEHENTEE S 2 5l o] DR AR
0.5 1K 0.125fF (& 5) - i HEREBRZEE
5 -

BRHP KA HEE ROATHMR - AATIEE
BREBESEE - R (2009) LM EHRAmERN 3
B (R#MEERNBRAT - aEREEAT ~ ZWE

ERMBRAS)KEHE Sigma-Aldrich Co.z
R&D #RRIAZ HE BT ICaEE  SREKR
Sigma-Aldrich Co. JHE T EEME [[[E R HE KR
2009 - BERX= M~z HLB E#HA 8 (Chang 2007;
Yaghmura et a/ 1999)] M 111 ESEBMWUREE
(3 6) » LCs0 2 LCoo 72 Al % 1.09-1.28 mL/L B2 3.96—
578 mL/L (3R 7) - TEDEMEIMERTMR (& 8) -
ML 0.25:1 MEEAIE ARG HES - ERE 2.1 F=E
FEARBE (R9) - U0.251 BRRHES - MUM
RMEBEEAEZE (% 10) - ALLBHAZHER
BRWBUPPAREAE N - DURBENEEMEIWERE
Bl -

54 - BIEARRHB T EETEUR - RERE
THEYER -5 11 B - 2 hRl%B T & (Eugenia
caryophylla) ~ B4 (Cinnamomum cassia) ~ B1&
(Foeniculum vulgre) ~ X% (Artemisiae argyilLevl.
et Vant) - &% (Cymbopogon citratus (DC. ex
Nees)) - & & (Mentha piperita L) -~ 1& #i
(Cinnamomum camphora Nees et Eberm) & 4 i&
TR [(Eucalyptus citriodora (Hook) - E radiata
(Sieber) + £ dives Schauer - £ globulus Labill.)] -
EMBBEZE FPI Sales Ltd. -

Bl 4 BIEHE R - WENEm N _RMERAL
RUREEAE (R 11)  HEEREE - EREH
EIEE_MEWE LOsEARRERE - EtHE 3
HZBaxER A 75.9%H 63.8% - MBS - & -
1B K E. citriodora ILIAZ 4 &15H - HIt 3 1&=
=RIEREEARRERITMR - BUERBTHNIR
85 1ml/LRERERE 7 HRBERRZE 7 AIZE 93.7
85.6 ~ 77.8 5 98.1% (& 2) ; BILEREIEE 1 HE
BIEBUR - 7hI%H 702885947 K 81.2% ; &
ch X RUZCINAIE 0.5 mL/L BEZEIEE 82.1-
83.3%f (B 3) dJsemBET -

BEZR (1,8-cinecle)ELMABHPEEZE B
UMBHBR = - WA D (Hori & Komatsu. 1997;

TEY R T Z B BER 3



Obeng-Ofori et al. 1997; Miresmailli et a/. 2006;
Mareggiani et a/. 2008; George et al. 2009) - B &
EREMNLCMABHERERNIELEANEZERBRK
(Dellacassa et al 1990; Assareh et a/. 2007; Bhatti
et al. 2007; Sefidkon et al/ 2007; George et al.
2009) - MR CIBERE - HUEN 4 BAERERS
SHNAMAER (& 12) - AEHEEM 3 EESRHN
YR - ERFBUREE BAREHEZEZEEA
BE . DIAMNEERZE (£ dves) WRBY - E
globulus B3 E. citriodora 15ME =1 8 B4 M (8
BEAEZMEE)  BURERZIESE (£ globulus)
MEREE R 13) - Bt - RV RERBBRSENT)
25 - AR DR O BEFE -

me HER  REEEREYH -  BHERER
BOEDEME - DUBEZCAIRRAEYIHE (Plant
Oils Mixture) - &R - 200 BKEERHEHBR
SREBERIERE  oJEEYXRMOEHEES - R
2011~ 2012 FORIRMEET =KEE -

BYHET Z EH

REMFPBEIERERE  BEEZEEEEN
RIEBEREENAZEREN - BREREAK
AENNENE RN - ERZEAERMNN - &BE
WEBREERA - AtERAEEREMBHFESMAR
BEMERARIMEARE - TeEREEERNUNRTEH®
BUHR - BEYHES AR BEEE XK TRTED
B - AR E - RIFMEER - EYRES o117
RERE  EEHERAZSEEN - EEBMHENSE
REAUR

EMRIE 2 REEIE

BTEENBESEXEHENE - EiE LEEE
BARBBRIRABHROZRES - BAEZERERRA

4 T EEK L (RS S

4. %

BEz— (%@E‘F 2017) - i It EEE I E R1E
wARH - EITREER - FHEEE—ERR
BEMNIER 2B E AU HRATERER - #Ut
oI EMREEERE AR/ E R
FF (2016) tRIEHZEMENE R - Wz E s

BEHEA 100%BEUR - EMRHEHER
RERIGMT - WEHT - OERER DEBENE
& - WNARYE - SREER &
& Perring) _#EmWAEZENEWSE (REF 2019 -
=)

- 2R

(Bemisia argentifolii Bellows

RERBGEREEIEER

1. RBERE . BYHET A 200-300 EKEER -

2. RERE . ERE JEREES
=R 1 MEIEMR  ERRERBEEEEM - A
ERE(EY) - BREAERE () BRXEAR - 6
WNRNZEGmER 1 WEIAEMEEE ST
BREHEBRENTE CUAEER EE5E8F
a2 RITlis2 5 KINGRE 2 5% 10 I9mES
[2& - SEARE R ERIERD - BITITEEM A -

3. BERIE : SSEVVEE - L 100-200 BEYHE
FKERER - RER 1-2 WiE - BHERFE 48 /)

CANEEES A
CIITEITEIR

KL BRERREERE  TIREERE -

/)

fit: (1) /R RERBHERMFIABSEHEI B -
=} ezl

OREEBERERBITRE -2 REEERE

_l

HIBEERINETT  EEE IR RERIT Nk EE
NigpERie SRBEFNEE AL EEM) BT REE -
RMmEEAGRER - (3) EERRERBAER
A ABHRRERT RESRERE LS - IA
RIERNEYREANTE - BEAEER - SRitH
BETREERBERLAKE LRI -
REREZEZMBRN - BESE - JARE
DREFBHENBELEE AERIRE - BBE
Al wEENUEH - BETERRSE -

g

arm



BER - REBEREMAOBRAKIMTERIEIT 5=
BEZME - BEMAEMIEY - ey RrOER
HBMRER - B % - BIEFRNACHE - —&
FHRAMEPERE AR - SSRARRARIE
EMERMARH - BISEASRENREBHREY

- BREARBIKE - SEREEATE B
M REEEE - REMFNSRER - BRIRER
MmN - FBEE - HEAEBRIERBLARHE
SRR - WEPEE S ERE (EEA) - LIBRIR
AWMEBELURERIRER - RERANGEER
RAEY 5 MREURSNE R - HIUE - BE S LEREKI
BERNAASEaEREE - tRIT EREDmA
8 BENRENER - RFERIRETEYH - 2k
REENREEAVATIE - BIDAREIRZE R KAV -
TEZER TR R MA RS - EABEMEER MRS -
IbtAREMETREERNEEAME (control
threshold 5§ action threshold) 871817 E IR &1
% BERER-

BYRERFY - BWNBENSRE - % - &
WENRIEHE - cIEERBEYRANEZETR AR
(Stadler & Buteler 2009) #&{l - {BRERE - 23K H
RREET =8 - BRFANIUAE AR M=K
P& - HRBRBET  BREmES -

ARG

1. ¥%s8 - =4
WaEHEITRE - AR BHERTER
RETFRBERE - LEFENLAA - 25°C £ 30°C
2AI% 65 HE 52 B (RAR 2011) - HEEER
B LHREANES  EUTEMRE - 1152
ElEE - BEAHEBEORENUAREBEHENRT
B ERNELaRNREEZR - AIREEEES
mELE - FREEAMTIZE LT - Bt - 28RS
ER EAFRTLIRE - BEANAERE - DUEHhE

YR 778 - 200 KR EREE BT RHEL
oJ# 100% - BHAWHER 9 BEIE - HUEREE LIRS
Bl 2 X - 2EEEFEHERARRK LM EERE

AR E S RIN

EYRER ERA VAR B  EENE
Wi - ZBA%(Polyphagotarsonemus latus (Banks))
LEREN  HIPLTEBILEA CRERER) - M
BItEEWERENE - HEAMER (JEZE 1979 ;
sREIZE 2000 ;1@ 1991) - tESRIaR TN A -
ERRAMEINR  AIKRSWmECAUE  WRE
NBBEMEE -
2. IREWMR
IREMBBREABIEAREE - RIFMEBRED
EHEZEHMA  #EITEH (Pinto-Zevallos & Vann-
inen 2013) - MEMELIEMRBEMESE - HEE
i AOMIEE - MEAH - EEABMESE IR
I - BIRBEASEEER - OIIEMEYHET 500 &

KinER  REERERMENA 100%0E3EX - B

WS - AERSREENRERZRE (K&
Bl - EEAZMEMSTBESK AN SEE
IEN - SRI=R L - JRERERENENEE

& - BZASEEE 200 K MBRVESZ G - & M
EREIRmAIIEES - BEBRER ME W2
BEtERE -

3. Bl

ASSREE  RENEMERELR - A
RN ZE - o EEER - BA5EEEE - X
eI FHITENRIE - ERAICTT -~ BhiEAE
ReF - AUAER - AEYRESRRESRE=E
AR (BEE 2002) - mEHAL (push-pull) R
(Cook etal 2007) - =4 - BRNAIFEED - 25
EENCTELRIEE MEWRE M (£ 2002 ;
FER 2007)  FRUABR L EBRE®RA (Verghese
& Giraddi 2005; Giraddi & Verghese 2007;

YRR )T Z U BER 5



Moorthy et al. 2014) - ¥1400-600 kg/hatIFHE - =
EE T - Moo HMEBE - EBENENSE - )
BEUERRBENEI TEERREMESNEUE;
KEASNESEEMI ENERSE - AHIBREAR
K 1-21@ -

FEREEEAFNRMESEER - BYHER
A OIIARENE - BUFATIN - ENEY
-~ RYASN A RLIOMER - PTrakis ZHE -

BREBRENSHERRSE] - BIBRERNER - BiESE
HMOHMEI - MERMEMBNEN - ZEE FEAE

WL - BiaEM LR - HERAREEZERIRL
B BEERUTENER - AFHLERAERE - &
EOJ#EERE -

Ve

=]

ﬂlll‘

EMNERRE ST ERaENRERER -
TRETENRARSSEEMNIESE. GIMEYERE.
i - Bth R TIBBILIREIE MEEE 17
REE - BAY - FINER - ERRES  HEHNGERE
FEEEAGIESRE - il EMESEE (IPM)
HERZBEYHIBRRRASYERNIRE - HBE -
EMEMEESER (ICPM, Integrated crop and
pest management) - I EAEASIRE Y EIRAVANED -
EBHEVNEIN - BERIAEVNERTR - EEH
i RIS RIARE -
RIFEEFERRESEREM  BRTRZ - AZW
EE29 - MRODDECIFRELELRE - I UERIFER
BEZT  #BE - BUMBAKRESEN - RWIRE
TEHEAARNZ—  ERRREMEERF - 0HRE
@BERELRERE  MARERWMEBRFR (R
2019) - Si4REEtEY) - BEEFIE BFESHH (BS
2017) - BAFF AR ERBENSEDM - EME M
FriadR - BOHAZRERNZERE - NEDSEN -
#meERBSEMELOES  WiTAF SHEERRE

6 FFEBBEKEZ (R EE AN G

MIERY ICPM JOHEEMFTEMBVIER - REE -
MEERXKERHMNHARER  RERFEEREX
BHEDPESSIN—R  BELRIBIREE
B SRS -

W

EX

)

FiER - 2002 - SR FERLEELE - BWH - R
DB - REGBARET] 8999 - 328 8 - 1T
REREEE G RFEGERMN -

FiER - Rt - 2007 - EEEVEZRF - BFA
SePTET) 28 131 5% - 155 B - THRREEZE
ZRFEGERAT -

RERE - 2009 - FEASHHRG(ERE  BURY)

ZBIEHR - BEEENIT 58:265-272

2019 - £YFAREER- KBRS - BETE

7 426:16-21 °

RERE - BRIAIE - 2009 - —TEEYRE —BEH 2
FHUR - BERFENFR 58:136-145 -

RERE - BRIAIE - 2011 - R EARIRE MR/
ZERNE - BEREME 60:1-10 -

RERE LR - 2016 - BER B CIRE MY ®E
KEWWPBPBRUAR - aZRFHRE 65
439-443 -

RERE - 5FIbR - 2017 - FERIBIAE
=g R AR 5 EEZREHEME - BF
Al BRFr IO ARF% 110: 26-30 -

REMR - FFIER - 2019 - EYPHES AR ERE Z

Wit - 235-248 B - IV RIEREZEHER

& EaMait

%8 - |IRNEF #R=E - 495 B - IEE
SLRRHBRAT - a5 -

O353R 1991 - AW EIER R E 2 H0E/SE -
PEREMR 40: 439-444 -

O33R e - 1979 R EH _BEW etranychus
urticae EEEREENZFE - PERENMR



28:261-271 -

SREAZ - 2000 - #FEE (Tetranychus kanzawai

Kishida) TEPURESH miE 2 4£7ES - ATEIBME
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Table 1. The control rate of 6 plant oil for Aphis gossypii; Tetranychus kanzawai, T. urticae

No. pest Control rate after treated (%)
Plant oil *
before treated 1 day 3 days 7 days
Aphis gossypii
Ricinus communis 308+ 9.5 205+ 5.9c”’ 56.6 + 8.5a 45.1 + 10.4ab
Chrysanthemumsp. 313+ 5.9 103+ 89cd 423 +29.1a 364+ 9.7b
Vitellaria paradoxa 325+ 4.7 16.5 + 14.2d 40.3 +15.8a 359+ 6.1b
Cottonseed oil 418+ 94 348+ 4.1b 49.1 +10.2a 445 + 20.5ab
Flaxseed oil 408+ 54 46.2 + 2.8a 544 +119a 57.0 + 16.2a
Palm oil 49.8 £ 10.7 44.8 +16.2a 524+ 5.6a 66.3 + 11.6a
Water (control) 353+ 84
Tetranychus kanzawai
Ricinus communis 100+ O 444 + 9.6b 88.9 + 19.2a 879+ 15.7a
Chrysanthemumsp. 100+ O 76.7 + 25.2a 87.8 +10.7a 957+ 7.5a
Vitellaria paradoxa  10.0+ O 51.1 £ 25.2ab 56.3 £ 23.3b 49.3 £ 11.4b
Cottonseed oil 100+ O 51.1 + 18.4ab 574+ 8.5b 58.1+17.9b
Flaxseed oil 100+ O 62.2 £ 39.8ab 68.9 £ 45.5ab 74.7 £ 33.8ab
Palm oil 100+ O 51.1 +33.7ab 66.7 £ 28.9ab 68.9 £ 31.5ab
Water (control) 100+ O
Tetranychus urticae
Ricinus communis 100+ O 80.0 + 20.0a 88.9 +19.2a 70.8 + 50.5b
Chrysanthemumsp. 100+ O 69.2 £ 25.5ab 775+ 98a 77.2 £ 20.9b
Vitellaria paradoxa 100+ O 65.0 £ 21.8ab 594 +16.9b 80.0 £ 22.0b
Cottonseed oil 100+ O 78.3 +20.2a 86.7 + 23.1a 1000+ Oa
Flaxseed oil 100+ O 52.5+13.0b 50.2 + 14.6b 603+ 8.1c
Palm oil 100+ O 542 +12.3b 549 + 19.5b 70.3+14.3b
Water (control) 100+ O

Z: Oil and Tween 80 are mixed at 9: 1 (V/V), then diluted with water 200 times to be tested.
Y. Data on control rates were corrected by Abbott’ s formula and showed by;(sd), and means
within a column followed by the same letter are not significantly different by LSD test at 5%

level.
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Table 2. The control rates of 3 emulsified plant oils against 7etranychus urticae after 24 and 72 hours

from treaed

Concentration of oil (mL/L)”

Oil 20 10 5 2.5 1.25 Linear regression
24 h after treatment
Coconut 93.7a”" 66.3b 35.4b 40.9a 6.2b y = 4.06x+17.00
(5.2) (10.2) (4.6) (11.7) (0.2) R?=0.88
Palm 96.3a 94.1a 57.1a 17.7b 16.4a y = 4.45x+21.83
(2.3) (2.3) (4.9) (8.8) (6.8) R?=0.75
Rapeseed 79.7b 48.1c 28.2c 20.5b 10.7ab y = 3.57x+9.79
4.4) (6.4) (1.0) (7.1) (3.0) R?=0.99
72 h after treatment
Coconut  100.0a 81.8b 63.8a 57.1a 21.8a y = 3.40x+38.52
(0.0) (14.7) (13.2) (21.0) (1.7) R?=0.79
Palm 100.0a 100.0a 67.1a 39.3a 25.7a y = 3.84x+36.57
(0.0) (0.0 4.2) (17.0) (11.2) R?=0.74
Rapeseed 97.3a 78.9b 47.3b 39.1a 19.8a y = 3.89x+26.4
(3.2) (7.2) (1.9) (111 (5.4) R?=0.90

?: Data quoted from REZfE 2009.

¥ :Vegetable oil emulsified with surfactant in 1:1 (V/V), and concentrations showed as oils only.

*: Data on control rates were corrected by Abbott’ s formula and showed by; (sd), and means within a

column followed by the same letter are not significantly different by LSD test at 5% level.
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Table 3. The LCso and LCq Of three emulsified plant oils to 7etranychus urticae after 24 and 72 hours

from treaed

oilY LCso (ML/L, limits™) LCqo (ML/L, limits)
24 h post-treatment
Coconut 5.13 (3.72-6.96) 19.38 (12.82-40.96)
Palm 4.08 (2.35-7.00) 11.85 (6.93-51.94)
Rapeseed 8.74 (6.24-14.09) 58.68 (27.50-203.62)
72 h post-treatment
Coconut 223 (1.22-3.22) 10.62 (6.92-24.90)
Palm 259 (1.31-4.21) 7.53 (4.53-40.46)
Rapeseed 3.66 (2.67-4.92) 17.82 (11.41-39.29)

%: Footnote is the same as table 2.
Y. Plant oils emulsified with surfactant in 1:1 (V/V), LCspand LCqy are the concentrations of oils.

*: The lower and upper concentrations at 95% confidence limits.

F 4. —BHBBENMEEUEAERERIER 24 81 72 /R _BEm2pa®x”
Table 4. The control rates of 3 HLB value surfucant in different concentratios against 7etranychus

urticae after 24 and 72 hours from treaed

Concentration of surfactant (mL/L)

Surfactant” 20 10 : . Lot Linear regression
24 h after treatment
5.3 83.1a” 61.6a 13.6a 13.6a 9.1a y =438x +1.18
(1.5) (5.6) (4.0 (4.0 (7.4) R?=0091
10.8 60.7a 40.6b 114a 114a 3.9a y = 3.06x + 2.19
(20.0) (6.3) (8.9) (8.9) (5.3) R? = 0.95
6.7 63.9a 47 .6ab 23.7a 23.7a 5.3a y =3.15x + 5.84
(14.2) (16.0) (11.3) (11.3) (5.7) R?=0.93
72 h after treatment
53 95.9a 74.4a 22.3a 14.7a 12.6a y =4.83x + 6.55
(2.7) (15.3) (4.3) (14.7) (10.4) R? =091
10.8 74.8b 56.2a 39.8a 15.0a 17.1a y = 3.20x + 15.80
(11.0) 4.9) (10.1) (10.1) (5.2) R? =091
6.7 89.4a 74.1a 38.0a 25.3a 9.3a y =4.15x + 15.10
(9.4) (13.0) (16.0) (11.7) (9.7) R? = 0.89

%X Footnote is the same as table 2.

Y Surfactant was represented by HLB-value.
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Table 5. The control rate of 3 plant oils emulsified with different ratio to surfucant against 7etranychus

urticae after 24 and 72 hours from treaed

Ratio of Coconut oil Palm oil Rapeseed oll
surfactant to oil (2.23 mL/L)Y (2.59 mL/L) (3.66 mL/L)
V/V) 24 h 72 h 24 h 72 h 24 h 72 h
2:1 37.3a* 62.6a 40.9a 57.1a 37.5a 51.0a
(11.5) (18.6) (13.0) (12.5) (8.9) (18.8)
11 37.2ab 53.4ab 21.6b 41.1ab 25.0ab 46.9a
(9.3) (9.3) (5.8) (13.1) (8.9) (13.5)
0.5:1 22.7b 46.2ab 24.9b 39.4b 20.2b 45.8a
9.2) (12.2) (8.7) (7.4) (9.8) (22.3)
0.25:1 25.2ab 42.8b 26.2b 39.9b 23.8ab 35.7a
9.7) (7.1) (5.3) (12.6) (12.4) (10.5)
0.125:1 24.7ab 38.7b 25.1b 33.4b 22.9b 33.1a
(8.3) (13.3) (11.5) (9.7) 4.3) (10.2)

%X Footnote is the same as table 2.

Y It was the LCs of oil against 7. urticae at 72 h post-treatment.

® 6. KEHIAEREBGHFIAR "
Table 6. The control rate of soybean oil against Aphis gossypii

Concentration Mean of aphid Control rates (%) of aphid at time after treatment
of oil (mL/L)?Y  treated (range) 1d 3d 7d

5 28.8 (20-38) 85.6 + 3.3 aB” 927 +2.0aA 952 +20aA
2.5 29.3 (21-41) 80.2 + 3.5aA 84.3 + 59 bA 84.2 +7.7 bA
1.25 37.3 (23-46) 41.2 £ 9.6 bA 425 + 88 cA 393+92cA
0.625 30.0 (20-40) 194 +31cA 20.2 +3.8dA 15.8 + 4.8 dA
0.3125 37.8 (28-52) 132 +3.6CcA 132 +3.6dA 109 +59dA
0 (control) 24.0 (23-25)

*: Data quated from & 20009.

Y. Emulsified soybean oil was prepared by mixing with emulsifier at 1:1 (V/V) ratio, and tested at five
concentrations of oil.

: Data on control rates were corrected by Abbott’ s formula and showed by mean + sd; means
within a column and a row followed by the same letter with lower and upper case, respectively, are

not significantly different by Fisher’ s LSD test at 5% level.
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Table 7. The LCsg and LCqo of emulsified soybean oils to Aphis gossypii

Time after

treatment (day) LCso (ML/L) LCoq

1 1.28 (0.98-1.68)" 5.78 (3.80-11.69)
3 1.14 (0.90-1.45) 415 (2.94-7.16)
7 1.09 (0.86-1.38) 3.96 (2.81-6.82)

. Footnote is the same as table 6.
Y. LCspand LCqo Were expressed as the concentrations of oil. Data in brackets were lower and upper

concentrations at 95% confidence limits.

& 8. FEHHRBMMIaR "

Table 8. The control rate of surficant against Aphis gossypii

Concentration

Mean of aphid treated

Control rate (%) of aphid at time after treatment

(mL/L) (range) 1d 3d 7d

5 18.0 (15-22) 489 + 8.7 aA” 523 +6.3aA 523 +6.3aA
25 19.3 (15-27) 30.3 £ 1.1bA 319 £ 3.8 bA 319 £ 3.8 bA
1.25 20.7 (17-26) 177 £+ 54 cA 221 +58cA 221 +58cA
0.625 18.7 (16-21) 179 +£3.2cA 190+21cA 190+21cA
0.3125 23.0 (20-26) 154 +50CcA 154 +50cA 154 +50cA
0 (control) 17.7 (16-20)

Z: Footnote is the same as table 6.

Y. Data on control rates were corrected by Abbott’ s formula and showed by mean + sd; means within

a column and a row followed by the same letter with lower and upper case, respectively, are not

significantly different by Fisher’ s LSD test at 5% level.
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Table 9. The control rate of Aphis gossypiitreated with surficant mixed soybean oil in different ratio

Ratio of Control rate (%) of aphid at time after treatment
Mean of aphid
emulsifier to
treated (range)) 1d 3d 7d
soybean oil ¥
21 21.5(19-25) 647+ 53a* 655+ 50a 655+ 50a
11 22.0 (21-24) 522+ 21b 553+ 5.6ab 588+ 43a
0.5:1 17.8 (17-20) 522+ 50b 53.0+ 41ab 572+ 69ab
0.25:1 18.0 (17-19) 58.6 + 14.5 ab 58.1 +14.5a 58.1 + 14.5ab
0.125:1 18.0 (16-20) 401+ 49b 433+ 96b 450+ 89b

Water (control) 18.5 (16-21)

“: Footnote is the same as table 6.

Y: The concentration of soybean oil was 1.09 mL/L (Value of LCsq of oil against A. gossypiiat 7 day
post-treatment.) in all mixture.

*: Data on control rates were corrected by Abbott’ s formula and showed by mean + sd; means within a

column followed by the same letter are not significantly different by LSD test at 5% level.

# 10. MEARZHEBTHEIAZR
Table 10. The control rate of Aphis gossypiitreated with 4 kind of soybean oll

Mean of aphid Control rate (%) of aphid at time after treatment
Oil source” treated (range) 1d 3d 7d
Sigma 30.5(17-52) 670+ 3.5ab”* 91.2 +7.7ab 93.0 £ 8.0ab
Great Union 42.0 (30-64) 784 + 99a 89.8 + 7.7ab 95.3+4.0a
Taiwan Sugar 30.8 (20-38) 62.9 £ 10.5b 93.8 + 4.6a 93.8 + 4.6ab
Taisun 42.0 (15-36) 784 + 6.8a 83.9+4.7b 86.0 £ 4.9b
Water (control) 29.0 (15-41)

?: Footnote is the same as table 6.

Y: The oil source is Sigma-Aldrich Co., Great Union Trading Co., Ltd., Taiwan Sugar Corporation, and
Taisun Enterprise Co., Ltd., respectively, in order from top. And their concentrations were equal to the
LCqo ON 7 day post-treatment of Sigma-Aldrich with a ratio of emulsifier to soybean oil was 0.25 to 1.

*. Footnote is the same as table 9.
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Table 11. The control rate of 4 essential oils against Aphis gossypii, Tetranychus kanzawai, T. urticae

No. mite before

Control rate after treated (%)

Botanic EO *
treated 1 day 3 days 7 days
Aphis gossypir
T &(Eugenia caryophyl)) 19.0 £ 10.0” 294 +374 27.0 £ 46.8 264 + 458
RE(Cinnamomum cassia) 247 + 176 0 0 8.0+ 139
E& (Foeniculum vulgre) 36.3+16.3 374 £36.1 3331577 258 £ 446
X EE(Artemisiae argyi) 190+ 20 50+ 87 36+ 63 3331577
7K Water (control) 17.0 £13.0
Tetranychus kanzawai
T &(Eugenia caryophyl) 240+ 96 19+33 39+33 63+ 838
ARIE(Cinnamomum cassia) 33.0+101 0 25124 0
E1&(Foeniculum vulgre) 230+ 10 15+26 44 +43 26.6 + 376
X E(Artemisiae argyi) 180+ 7.0 44 +77 44 +47 42+ 59
7K Water (control) 223+ 31
Tetranychus urticae
T &(Eugenia caryophyl)) 347+ 21 25+23 313+517b° 0
RAE(Cinnamomum cassia) 313+ 91 55+48 759+ 282a 37.0+52.3a
E1&(Foeniculum vulgre) 427 £17.5 6.5+9.1 63.8 + 55.3ab 31.6 + 54.7a
X EE(Artemisiae argyi) 563+ 1.2 32+31 28.1 +39.9b 23.3 £40.5a
7K Water (control) 50.3 + 304

% : Each essential oil was blended with Tween 80 at a 9:1 (V/V) ratio, and then tested with a 4000-fold

water dilution.

Y. Data on control rates were corrected by Abbott’ s formula and showed by mean + sd; means within

a column followed by the same letter are not significantly different by LSD test at 5% level.
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Table 12. The component (%) of essential oils derived from 4 Eucalyptus sp.

Component E. globulus E. radiata E dives E. citriodora
1.8-Cineole 82.0 68.0 56.0 0.6
a-pinene 36 4.2 11 24
S-pinene 0.8 3.8 0.5
Limonene 21 7.1

y-terpinene 0.7 49

p-cymene 0.9

Terpineol-4 0.9

a-terpineol 25 9.5 5.2

Aldehydes (varies type) 7.1

other alcohols 6.5

a-terpinene 12

cis-B-terpineol 0.7

menthone 2.0

terpinenel-4-ol 4.5

iso-menthone 0.8

menthol 3.5

y-terpineol 15

geraniol 35

neral 0.6

geranial 0.6

caryophyllene 0.1

Citronellal 86.0
Iso pulegol 22
Citronellol 4.2
Citronellyl acetate 11
beta caryophyllene 0.3

Data offered by FPI Sales Ltd. UK.
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Table 13. The control and lethal efficacy of 4 £ucalyptus EOs against Aphis gossypii; Tetranychus

kanzawaj, T. urticae

Mortality (%) after treated Control rate (%) after treated
Essential oil * 1 day 3 days 7 days 1 day 3 days 7 days
Aphis gossypil
Eucalyptus glogblus  15.7ab” 19.9a 35.7a 5.3a 4.3a 3.7a
£ radjata 15.1ab 36.6a 51.8a 12.4a 13.2a 11.7a
£ dives 24.4a 39.1a 27 4a 6.5a 13.4a 10.7a
E citriodora 9.2b 40.0a 64.7a 7.0a 11.6a 10.1a
Tetranychus kanzawai
Eucalyptus glogblus 15.2a 20.6a =X 14.1a 25.2a 26.6a
£ radjata 14.2a 4.0b - 9.2a 18.2a 24.8a
E dives 10.6a 2.7b - 6.6a 7.4b 11.0a
E citriodora 6.6a 2.4b - 44a 7.7b 17.5a
Tetranychus urticae
Eucalyptus globulus 38.5a 0.5a - 22.3ab 23.7a 26.9a
E. radiata 13.6b 17.7a - 10.5¢ 15.7a 14.9a
£ dives 40.6a 7.4a - 254a 29.2a 32.1a
E citriodora 28.7ab 15.5a - 14.8bc 13.0a 19.1a

% Each essential oil was blended with surficant at a 1:1 (V/V) ratio, and tested with a water dilution of
0.5 mL/L essential oil.

*: Data on mortalities ad control rates were corrected by Abbott’ s formula and showed by mean;
means within a column followed by the same letter are not significantly different by LSD test at 5%
level.

*: There was no mite found on the wilting host plant.
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Fig. 1. The control rate of 4 botanic EOs against Aphis gossypii, Tetranychus kanzawai, T. urticae.

Materials emulsified with Tween 80 in 9:1 (V/V).

YRR )T 2 S BERA 19



—— | day —#— 3 days —— 7 days

100 98.0 93.7 100 - o1s
019 912
80 B 80 ¢ 85.6
6 L60° 60 -
40 Cymbopogon citratus 40 - Mentha piperita
20 /4 20
—_ 7.7 (7.
X 0 0 —=9¢
o 0 0.25 0.5 0.75 1 1.25 0 0.25 0.5 0.75 1 1.25
©
g
= 95.7
o 92.1 96.5
&) 80 77.8 80
60 60 r
40 2;7 Eucalyptus citriodora 40 s
20 - 20 r 6 4A Cinnamomum camphora
0 0 !
0 0.25 0.5 0.75 1 1.25 0 0.25 0.5 0.75 1 1.25

2. MEEYBHERY 2 S8R -
Fig. 2. The repelling efficacy of 4 essential oils against Aphis gossypii.
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Fig. 3. The lethal efficacy of 4 essential oils against Aphis gossypii
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The R&D and application of Plant Oils Mixture
Jih-Zu Yu '*, Yaw-Jen Dong 2, Pei-Chen Hsu 2, and Wan-Hsiu Yang °

! Associate Reseach Fellow, Applied Zoology Division, TARI, Wufeng, Taichung, Taiwan, ROC.
? Assistant Reseach Fellow, Applied Zoology Division, TARI, Wufeng, Taichung, Taiwan, ROC.

Abstrct

The lethal efficacy of 23 plant species seed oils and 11 plant essential oils against cotton aphis
(Aphis gossypii Glover), spider mites Kanzawa (7etranychus kanzawai Kishida), and two-sptted spider
mites (7. urticae Koch) were preliminarily screened. Then, we further try to compare the control efficacy
of 3 plant oils with differnt saturated fatty acid content, coconut oil, palm oil and rapeseed oil (94.1,
51.9 and 5.1%, respectively) against 7etranychus urtice. Results showed that the LCsq of such 3 oils were
2.23, 2.59, and 3.36 mL/L at 72 h after treated, and the LCqy were 10.62, 7.53, and 17.82 mL/L,
respectively. It is suggested that the lethal effect may be related to the content of saturated fatty acids.
Coconut oil and palm oil will be developed potentially. In addition, compare the control efficacy of 4
different brands of soybean oil against A. gossypii. Three famous brands (Tatong Enterprise Co., Ltd.,
Taiwan Sugar Company, Taishan Enterprise Co., Ltd.) and Sigma -R&D grade of Aldrich Co. included.
When the surfactant is mixed with each brand oil at 0.25:1 (V/V), the aphid control effects were good,
and there were not significant difference among the four brands. Soybean oil is also to be developed
potentialiy. And the ratio of surfactants mixed with above potential oils at 0.25:1 (V/V) is considable.
Based on above results, “Plant Oil Mixture” was prepared consequently. The Plant Oils Mixture can be
used for prevention and treatment in the pest management system. In prevention stage, Plant Oils
Mixture can be used for soaking seedlings before planting, and sprayed weekly after planting that by
using its essential oil content to play a deterrent effect. According to the field monitoring results, pest
management should enter the treatment stage that the application dosage and frequency of Plant Oils
Mixtur must be strengthen if the pest populations reach control threhold. In the formulation of pest
management strategies, the characteristics and limitations of the plant protect materials, and the
ecology, habits, etc. of control targets shoule be considered. However, other effective materials should
be widely recruied to make up for the possible shortcoming of individual combat if the control ability
of the Plant Oils Mixtur is insufficient.

Key words: Plant Oils Mixture, seedling soaked treatment, pest management strategy.

*Correspondence address
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Current Status of Promoting Organic Farming and New
Opportunities

Muh-Rong Su®’
Abstract

The passage of the Organic Agriculture Promotion Act in Taiwan was the outcome of the
development of organic farming after 35 years. Implementing this law will support the development of
a sound legal and institutional framework. Due to extension services and agricultural subsidies, the total
area under organic farming has exceeded 15,000 hectares, making up more than 2% of the country’ s
arable land. However, the market for consumers appears immature. Public support for organic or eco-
friendly agriculture struggles to keep up with the pace of change and production. Although primary and
secondary schools purchase organic vegetables for school lunches, they need to reinforce their efforts.
Production of some organic crops still poses technical challenges and requires a high level of

management, R&D investments, and innovative solutions.

Key words: Organic Agriculture, eco-friendly agriculture, school lunches
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BEAFRRNEAERE - EEATERE AR
—REXRNBRED - SREEHMNERELE - —
S EaREYERAMERBIENZERES - AN
SR SMERNEE - oREMIDEMENERE
NaIHERAE ERMRESNEREAEE-

BRE  _SEafilEIERE BREARRAE

)

NRERE - EHRE - FREBEMRESFHERR
- BOZEREREREZNR - ME _FtR
ARY=EEEEYRRAENTFIERRERRE

( X. campestrispv. campestris )~ TR AE MBI

bl

JEE ( X. axonopodispv. vesicatoria ) KN R HE 4
RIRE ( Acidovorax avenaesubsp. citrulli) Z 7%
BRI 10ppm S EEAREREERRE
& 5 ppm EEHRHEEZ 20 min 5% 50 ppm —&1E
FEBRIEE 30 min - A2 MHEHAEZER - U
10 ppm —EEEBRREF REHRE ZCHFEET
30 min » 5 ppm REFHEHEE Z & MIEF 10 min
& 50 ppm FREFRIEE ZAITEF 30 min - 15
OAMNERBRRARE - BIERRET -

e

RRZREEHEE Millardet 1% 1882 £
BUMAEERERNEKRE - KEZRBARZA
BEREZET - KREIWEE () ARKSEZAE
BEERE  —REBEMEBANE F) AKSEER
e IeRFEMERELE ) aROFEAE B
MM IREIAL R ARBP(RSERERE) I
B - RBZRIRARERES - £ BREYRS
ZFpa EBEEN - BHEHAMINERAMAESI
ERREDBEBRENNATIN - KEARREEEK
AMEMRE (R 2) MBHE (R3) KER (X4
BE® &% - 8% - 3% HIBEBR - BRER
Pm RSk AE 4 DR RS - SRR EEB R
MEZERZTZWKRR - LIRSIRESE - KHZR—MK
AL "4-4 KBZR ., EHBRAER - BREN
=R RERIEERREIRNE - DIERENERT
1-2 R ERECLBSEERER - KEZRO I
MBI - AREERNEOEMENE -
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R2 OEBERZERAKAHZ
e
&M TRl EFE)AK K TE¥IREER
(B%=) (B%) (»7t)
10-10 SR Z & 10 10 1 Rid (RHEHR )
8-8 TRMZ R 8 8 1 BR - EE
5-5 KBZR 1 Rig R AEHH
4-4 IURMEZR 4 1 &7 (iEm)Es
Rig

AXRESE

AxfEa TR PE 18 AWML - B
oLiiRE (BEE - AE ) - hobiiks - R 2
WEXUERZEREMEAEN - —RANXMERSE
hEFEYAX - fihE - KWESLLEAIS 1:2:10-15
(KSR ERBKRKMIER ) - RRETRE
PUKEH - BREG)AKIMA - & 1h - AR
B BIBRERN LEREM - RIFRA KL
PIRIESS Z e F 1 - ARERIZE5E -

RER
o
=Yl

AR 258

E
[==}

% 3. 4-4 TURMZ R KR A KR

Mt T HER MR ERNBE - MIERRER
R - BHRGENK  BREAKER (k4,5 BEEH
EZIRBMR - MO RRAER - HERER - thi8
% - hEERE - AREREMY - EHAESEE

CIMWABSRIES - MERRENAXESE
AEAE  RIFfE 2-3 EHAER - REEFEY—&K
e F3%J 200-500 f& - iR =R 1F ¥ A6 FH 800-1000 15 -
ERBESEEFBRAERZEX - RENAOKITE
BETILUARREHFNEOER - ERERRKK
NS ERE  BRURBREER -

2O RHANBIREEHAERIE T T 2R

B H#ER (mm) HMHEIZE (%) AFEZF (%) EI= (%)
4-4 TRWZR 11 738" 0 100 a

A xAfihE 100X 15 64.3 a 31.2 68.0b
AxiihE 200X 31 26.2b 62.7 357 cd
AxHiiE 300X 35 16.7 ¢ 73.5 24.6 de
A KHiEE 400X 36 143 ¢ 82.5 154 e
AR 500X 39 7.1d 84.0 139e
A itz 600X 40 48e 87.5 103 e
A xHikE 700X 40 48¢ 91.7 6.0 ef
AxHiiE 800X 41 24 f 94.2 34f

A xAfihE 900X 42 0g 94.7 29f

A xAihiE 1000X 42 0g 94.7 29f
#1858 (CK) 42 0g 97.5 Og
“The same letters within each column indicate not significantly different at 5% level by LSD test.
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4. 4-4 TRBZ R AR ESEYEREREE#AE R KO3 2 AIHIMR

B B Hi#ER (mm) EI=R (%) 1 (%) EI=R (%)

4-4 HRMZR 0 100 a* 0 100 a

A xiftE 100X 33 49.2b 0 100 a

A xiftE 200X 41 384b 0 100 a

A xiftE 300X 53 185¢ 0 100 a

A xiftE 400X 51 215c¢ 0 100 a

A xifitE 500X 56 139c 0 100 a

A xiftE 600X 58 10.8d 0 100 a

A xiftE 700X 61 6.2e 0 100 a

A xifttE 800X 62 46e 0 100 a

A xiftE 900X 65 of 0 100 a

£ xAfttE 1000X 64 15f 0 100 a
1BR (CK) 65 of 99 0

“The same letters within each column indicate not significantly different at 5% level by LSD test.

# 5. BEHAARRE Z A KithE ST e AR RIE K 2 R

B 3B RBERBRR (%)

AxtfitEam 200X 83

AxbfitEam 500X 55.6

¥R (CK) 66.7

HoKEIE BEETERANRMIERESF - KE - REREMOEDE

NERER  FERBRERREHRERZEHER
BRNRE - ERRREHEYAREMEYNTE -
HPEEERNRE  BRAEZE  —REDRRE
HRAENRABIDEEAKNERE 60-70°CZ[E
B8 80 CArAMEMRRMAEAAZHZRBILR
HE3ET - 100 CAIM A MR BN REEET - #
R#E SR EENRRE - MERZE-RE - HK

EERFENRRE  EREFERUREEMN T RN
(FRARERESE - AREBENREREL AN
2 FILABES—ROEREM - I - RIES
FTEVEREMRENEE - —REZFEYILUF]
R#KERRFRRB RS - MEHKERRIEAS
RAEZE  tBAZEREREERRABIVEN -
IE5h - KB DUAREERIWERER KRR
RE -
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ERER  TRAAREBRZEFERERSET

EREFARTZHEERE - AERERWERER

53Z 50%-100% - EXREEEREBEIE - HREWK
mBEMBAETE - BRAEN  RKEETDIAMEER
7 TEABTERKEREUMZERERRRERT:
RIRZEIREMR - M 49°CLLERKEE 5 min
BEBETEMHEIEENKIBAR LN ERBEREE
mUER 1 RERREBETRKEEH SIERIHR
KRB - 3382 53°CRKEIE Smin EEULE
BIERE 7 X ORKEIZARERESE L SRTERR
BERWBRERE  FRATERERZHEE -
1998 FRAFBLDAIMEETEERE S IFE
VRS EER - £ 60 £ 65°CaakEEE - FH
BETHHEBREL DR M aK  8\REES
#Z 600 Kg-RIsERAMEE D TS BBk 55
NELRIKERIERR - RARBETRENRKESD - I
RAMENEFZEREFRPARHRKEERDI - o
PUZERRZREDR MIDRFK - 15505 E R
oJf7 - 2002 FERAMERNFIE=FFARATE
TESSF XRIAEBHDRKERRLRE=
HATRERBRABEERSREAETRAE - 8/
RERAEIEE0E 3-4 Mg DL ETTEBRBANRE
REZEFLIRREEET - CIDIEEHFZAT -
KRB B MR ERERERERBINFEM
sR B EELRERR - 7R KEERERK
MR - HEHBEHEFFRRR - JEl S A E RS
IMEERRYRE - REREXKER - FAEINER
mEHSRIZMEBLEFAE - AIWMES - SF -
TIZZEOIUEA 60°C/20 s B3R - AR 1 TR
SR OREURAZE 62°C - BEERER (XTR)
YARLL 58°C/20 s BEBEESHIRMEE - FULAHE
BEMARBEHEBRE-RBERT  DBEERER
HRETMRAABRELVEREETAFESA
ETREREENF -
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mKEEAHILEEE R

aENIE S A RReR5 B EFRRRE -
REHZEIE T IMEERN L ZR5 B RiRERR5|E
NE B MERBEATDREA—ZEER
EAARREER - MFEEBRERERRZHE -
BHEERETANEERERBELE LR 2REN
Rz A AREALM I ER  HFEM 2-3 MK
B ZREHATYLFBCEER - £YE - &
5~ &K - FUmmERRIN LT-M SR/ REELE -
BRABGRE ; E&2PAFA 50°C-60°CRKER -
FREERAFTEN RN - BETES - 75K
SMEMEEH AR Eieman @ Riem ftEHEHE -
REHBNEFRALZFINEER T2 AHEARK
- RINEBRRERBZBE - FNEEEER
K EENBRERBVESINERE  ARKITER
BERRTHIRSEERRAELEEEHERE
A AFEUESEREERERS - £ RETWAIZES
FR R R I I P e B OB R (B8 =08 - R SRER MIOA
ZER ERSERIEEES 2007 FROHEMZHARE
ARAER  BMELES  FRRERZERERREE
Fi%5 3 7509 LIFEERAEEES 23509 - LU
52534359 -

P ca L

DM R E W RIEA—1E - 1980 FH K EEIR
oI UFaINEMs e EYRE - W& - AR DHE
FramERERA RS —ESEEZNER - £
STHERNT - — BB A/TBRESEET (1000
ppm Dl L) BRENE#EREERE TEENE
EF - BEERE (direct protection) FERIINRL -
BIRINYLATE - FTFER - FZWEHIIE Lo
KBAFSEYIZRNBEENBEEDRE (Indirect



defense ) WIN - EENIEREMNER - LS -
FHMMBEPENELHSNEREE - ENAREHE
FEFTIEENRRENEZERSIE R T# B
EREYIATA R B ISHU BTN KE - AR
BRI KOARNWBEIRELNS pH 2-3 - LAY
BhME pH5.5-6.5 % - FeEMAREYEE - BRITE
BISh - CofifE SRR EE AL - ¥ Foli-R-Fos 400
(20 % H3POs) - Nutri-Phite P Foliar (4 % N-30 %
P,05-8 % K;0) - & Guard PK (7 % N-21 % P,0s-21
% K0) - HE R~ - DB SRE  BERA
REFNIAMR - KEHARBERRER - HBER -
BAEEER  dnkER (B 1 -%6) BEHE+F
TERIEBERNE - £ % —ERERR DK
FACHIT LR FHEEREAIMUBETRHE - B
FEER B (95-99 %) HEE&EH# (95 %) B
—tE—ZE A ARERENRHMEARKD - B
A E(EH - RFHEHENERELN pH 6.0-
6.2 - oJE#EER - ol DUR/ D BBCI B R i B RSV E
RFEET  WERARRERER  HECFRAMER

IR EROET - BRTREB LS % - TEHBEER
ERERENER MR  EEmREEROERE
B3 -

THEHERRE PR (1) EEEREERE
2E1L 1000 mg/L % « (40100 L KPAIA 100 g
TR 100 g SE(E - B 1000 SHIER ; M
A 200 g EEREREER 200 g EE(EEPENA 500 EHE
R ) BEIETRROEARE - 107 - RE RIS -
fEFRERT 28 1000 mg/L - BAIGBMREE - 5
BB R ARERER  87d—% - B
2FE 3R - OEAER - REEGRRRLIRER
S7d—R EE2E3R . REHNAEH - (L
MEREEL - MARETERES 2000-5000
mg/L - % 7d R - BEZEK - —HEEEYN
RARWAE - HERESBRENR - SR BKIE
WRIRRME - REMENRERED - S8 1R -
H2R NEER3ED 1R - RERA—EER 1-
2 REDE] - #3 ~ TEAPRTREISRERAT - 6§ 7d-14d 2

1R ERELERBL -

e
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1. PRIHEEEAEMRERUR - BE : #1R - B4A : a##E 1000 F -

3 6. PARIE Z oo iR R A B BN Em Z MR

BwRE (%)Y

&2 (ai concentration, mg/L) BIEA] FEI2RNEBEBTRK FIREBEBRT K
SoiEER “ (1000) 238+41a” 267+25a 288 +54a
80% REFTLRMME (4000) 221+50a 265+13a 313+74bDb
35% RSFIEEMEME (350) 275+20a 384+47Db 66.3+56¢C
50% EmzsolEMmE (125) 236+31a 253+ 26a 289+69a
ES L 263 +26a 422 +08b 69.0+£59c

? H3POj3 solution was neutralized with equal weights of KOH (both chemicals are of industrial grade).

Y Disease severity = X (Disease index (ranking 0-4) x No. plants in the index) / (4 x No. of total tested

plants) x 100%.

*Mean £ sd. The 20 tomato (var.

'Known-you 301" ) plants were used in each treatment with 3

replications. The same letters within each column indicate not significantly different at 1% level by

LSD test.
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FLIEZETER

REMEERRABEET - F—RERAHEL
BIE - BENSRBEERPAERE - WikZFaE
HleRBEr—REYREARE L - Hkis - 2
EMERBEHZEN 0.1 %ICRAMISOEENRE
&8 Oidium neolycopersici S|REMBERBE MK - &
LEYPREREION - &M « 15450 ~ 417608
AR HERETCH - BRI ESTEHMBE BB
REE S CETHORERSZE 05% K-8
REFAETRSE - ZERFAHBERESEEYRREN
R—1EEE - sEfAfRRRER T EFEE#ER - B
BRI EIKDBRNING - BEAEHEEYNITE

RIEAR KRG IR - EHEERE SBIEM 1 R
HNBEBE2-F7) - AN (R &Em (9) - 11c
SEMNBMRIESBREFNTAEMNMR - 5 - ©HiE
"~ BERIVEHENIISRIIN - TEEREAMT
FREEMAERR - MRE&E - FI - ERAABR
BEREMAEIB RS IFRMENEREIN - MAR
FHENRRRHEBRESES  FeABEERK
BRGEEE - EERABEN—EERMR AR -
BRIFEEEHELEmE - WEERRRELEYR
EEM - UEERRaBRE - 1S - IERETR
o RAEMEYRRERTIRSER - 1BREaRE
ZINEE -

2. FEEETCHEAAIE T

(Z)FLEZTEH 200 15 ; (A)HER -
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x7. 87dA—RICZEICH - 5 4 Rit2EE 7 d BLBMHRERE

X R TEImE (%) LSD
i 2 2R MR AR I o il Iv 15 5% 1%
A 90%%.1EZ1EH EC 200X 2025 13775 950 23.50 16.75 C C
B 90%ZL{EZ:9E5M EC 300X 2075 2725 2625 47.25 30.38 bc ¢
C  90%FL1EZ=TEH EC 500X 30.0 46.75 33.0 48.25 39.50 b bc
D 50%HE55] WG 2,500X 36.75 80.75 7350 66.75 64.44 a ab
E AMZEHRRAE (BKIEN) 66.76  83.0 79.25 9275 80.44 a a

“The same letters within each column indicate not significantly different at 5% and 1% level by LSD test.

*8 BT7dME R F4RNERT7d AL

HFARINE 8 2 R

2L AR Wi ' m E(%) &
(=34 I I [ \Y 15

FLEEETEHM(1) 2001 0.0a° 0.0a 0.0a 0.0a 0.0a

(1) 0.0a 85b 120b  255b  115b

FLEEETEHM(2) 200f%F 00a 0.0a 0.63a 0.0a 0.16a

¥53(2) 145b 40b 6.0b 13.0b  938b

FEEREEAR0:0;1:1-5%; 2:6-25%; 3:26-50% ; 4:51%1L k -

“The same letters within each column indicate not significantly different at 5% and 1% level by LSD test.

& 9. AEEICHRERAZE BN E MR

mE (%)’ K

0 0.02 0.05 0.1 0.2 0.5 (ck)

REERE (%) 12.0 10.8 9.0 6.0 33 0.8 115
BixEE (cm) 30.5 30.5 29.0 29.5 325 30.5 27.0

Z Sunflower oils were emulsified with 0.01% tween 20.

Y Diseased areas were recorded 14 days after treatment.

it

B =87

B IEEEE (bicarbonates) ZhI& - SHBE EMBRES
RKEEIR (HCO3) ZIEEM-BERWERKREREER  LE -
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CEER IR BE

ReEih (NaHCO;) sifE/)\#+] kB sEsf (KHCO;)~
X (NH4HCO;) E=7&  BHEFE Lot

80 R bk e =8 - SRR B LAFR A TR AR

AN~ HEF - 28



LESEMZANREAE -

SBEERD - DUNSITSERE S (baking
soda, sodium bicarbonate) & 5c 1 FE R fEYR ERh
AL - BRI EFRED L IFE—IBMAEIR -
B1E 1933 iRk - H Hottes ECFR#RERIE " A Little
Book of Climbing Plants ; F 212 ZIF#HEL 133 &
/BT Ol BB BIR AR - WIREIRTISBERE
HEYREER A de Yaczenski FII2HE - 1981 £ -
HZA Homma % AR BixEE St a8 B #5575 ; 1982
F - Punja # Grogan 3R 2% - $F - $RANEEAOARAL
BAERKRE oM NEARE - R A AEREE
HalEMmERITE - B5%2 - 7£ 1985 & 8 A A
#EE "Organic Gardening s #&5 L - HREHAW
MREABLUKHE 500 Ba9/)\&xF] ol AU AT -
MFAMEBEMME - 7 1990 & 6 BHKBESEE

" Greenhouse Manager , 55 & - f#l#k 7 =B/}
AE Horst B LR A/ NEFTABIREERE - B
KRBV 3 FalRlmE - RS 3-4d B
200 B/)\# ] R E R s MRIEE( AR EEME -
o/ BT SR MINEER L ¥ RERECER:
BEPUEE/NEFTRAUR ) RS KAR - ol8
MEraB M E R BN EE -

BRREEHAREES MEHNRBENEEFESR
I\ EEBEHBIENRERD - RAREAATH
R —IEFEE - HREEABENNEIN - B2
HREREEREZNESHER  EEXcAXEEM
EHERBY - EEAERKEE 2/ - Br/hERE
HENEMEEREEESL - LEENKR - TEE
MRS ESEE  LHEXMNANERES  ERE5E
ENEARNEED - EFEAERKRENAE S - BE
RBEAHSENEE - —Mms - URE200F - 8
d I8 1 R - 3848 3 ROURERIRE - BEeAIKA
MREN - REVEUHSER - RIFEIREE -

MEY B

EREY U amENES - oI RERE : 8
1).EENERASR, Q. EEEZIBRES ; (3).
EEBF, 4).BFTER O)FEEMEENRELE - B
BIEMMATL TERMEN ZRR . ZMRES -
FNARE - BASEE BEE  HWHEE - =8
RIEBRIMFREE - ERFRTERZECRER

ERERENEMMRE

2% BacEBERAREFREMEEM ZM
EVMRBFAETRER  B@RMERE (Badllus
subtilis) FREmEKREAMS HERBR IR (/)

EINN
EE

BB OXE RXE LR RBIEaNE B
HREBRER  BRERK - NEBARNRERE

BEfE ; EARFERE (B mycoides) RRBIEKIEAL
ME BIT=EER%,; REBRMHFEERE (B
amyloliquefaciens) RRMIA+FER (NEXEER

BIEXR  REH) HE - @HZE A (hE
X4 BEXRE  REH) FRIWE - LE = 8
KEEDRE - IRNEZIR
E BT FAEAREE

[~

H]|

CIXE - OE  BEE

Bhiw - Efh - 8D -
T i ARESREMK - TTAENR - R
AR ABYLE - 191C  IIRRFBERFRESNEER
WA - HIZRESR EREMBRNEREMR &
RIERBHE -

Eﬁn&,\

BPRENERLTE (chitin) - £ 1811 &/ - B
FEAGCEEEBEYPWRIR - BRPOOEIRENR
B - BREBEZGENRBERARNPRE - EREMN
BRSNS URFELER EEENMAMRED.
Bk FBHEREENEHY 2 — - BINEERE
BA3IMAANERE - IKMISMNE T E - BHmK
EREELE - BAGRKSIRIKELL - SEEEIIR
MOETE  PREXRERE (chitosan) EREA
TYEREMMETY 22  MEVRKEBEMSER
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Bt HRIPRRNRBRREREZRAREE R%-
ERIXSEZEEY - ERFEALTNERERBIER
EYERBEHE - REREY  RRERKRRRRE
Bl - BREAERTENERYREDEREER -
MEEBERIRNIITERERMEDNESE - EBZ
EAPRIRIULUEEEYEE B R RENETIAIER
SMRRBCGR RS EEMNER - MERBEIFEEN
RERTEREBLEINY - PREREEBOERSIE
& RIFRGAT - MENZEBERFRES -
(—) EEEREEEEREREFERENTE - SEHY
BREREFEEHREENANBREB—RINE
it - EREMRAABRRLKEPRICBRENE T
BORAEENRBFAEFNESFR. AWTEA 20%
EAMEFR -
(O) PREELEARBREZEBER R IAE
HENMAZI - CERRICREAMRIEEZEER
BHEATRITNGE - BEMR T B RPRREELRIZEY
DRSS SR RENE
(=) PREAREMNSERENVA - EMEAHK
HMERREMAUR -

(M) EMEAE S - PRETERSEFERIINN -
EREHRINFEYNEF RARTEE —ENIN -

BRUEEERSY - FRROURERBRKRAD B

I RAREERR LA SRR RN R =2 -

MEPBRRAKEUERREER LEMAEEY - o
DRIBE KB EERS T - B Rt Em—iEE

- BRI ERENREEMIET 95 BEPREM
FER
fEmERE

ANBENREREZRERAEMERR - B
BIASURZRERSEMBBRERE - 28T - £
RENRENES  FItERR LFRBEIERRE
RRMER TBEM RS - EREHEEN -
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WEBARBEGUERZRS - MIRBRIBREZHEEM
ERFER  AMEYLURMERESHERZERER - I
ERREASFINEZEN - BEREFHRERK K
RIBKERNR -
BSRBEMNKREBIEREERRIAEMRA
SR T RECENREERN o IWERIEAZEM#
PEAEIEI - BEAMNAR SRR EEENBIEES
CRERRGE - EMRSHREREEFRRETIA -
FRERBESHNIRERSARMMEEN RER(EE
RENGER  BREARKBSINERZ -

I
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(c)

1 BEHER (Mallada basalis) R5F (a) - NEMBEERNLE (b) - HEICHAIN (Cucumis
sativus) ER _EZ18YT (Aphis gossypil) HIshE (c) - MIKRAER (d) -

Fig. 1. The eggs of green lacewing (Mallada basalis) (a), the larvae of green lacewing feed on
the cotton aphid (Aphis gossypii) on the cucumber (Cucumis sativus) leaves (b), the
larvae of green lacewing feed on microencapsulated feed (c), and the adults of green
lacewing (d).
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 —

2. EEHEY (Mallada basalis)SP i1 FHORM = H -
Fig. 2. The eggs of Mallada basalis are attached to the plane by the egg stalk.

- v d

3. ARBEEEEEY (Mallada basalis) ZiBEERKBRKRE (a) KEEE (b) - UKEENRERZ
BEEERMEE (o) - WHMBEERN ZERHERBTN — B ESHERBRMNBAIARIZF 2 1Z-R4E18 -

Fig. 3. Front (a) and sectional view (b) of the new microcapsule diet. The green lacewing (Mallada basalis)

> |

larva feeding upon and collecting spherical microcapsules (c). This microcapsule diet was wax coated
to form the core—shell structure and could be easily pierced by Mallada basalislarval mandibles.
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B 4. MIEMBEHREZEZLER - [REE (3)  EREREREBAE () TEREREEE (1) ?’ETEWLKS%%%
() 2 ( ) REBEFRRAE (V) WEPEAWEE (V) - FERZE (b) @&REEERERE () I
B () HEEEENAFEME (1) WEREBRAZEEREER (V)  EPEAREE (V) BEREEZ
Egmx%’lﬂﬂgﬁjﬂjﬂ%"ﬁ? EEEEY (Mallada basalis) -

Fig. 4. Diagrams of both encapsulation processes. In the old process (a), the diet is loaded in a pressure
can (Il) and driven by an air compressor (I) through a water bath (lll) and wax plate (IV), and is finally
sprayed onto the cooling area (V) and collected in the harvester (VI). Diet of the new process (b) is
loaded in a stock container (I) and driven by a pump (Il) through a heated stainless tube (1) and is
finally cooled in a sealed chamber (V) and collected in the harvester (VI). This process was used in

this study to produce the wax-shell-based core-shell microcapsule diet for rearing Mallada basafs.
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Days
5. ARBEEEEERR (Mallada basalis) 2 WBEER - MiBEEEPNE 5 KEZFIIFEBRES -

Fig. 5. Mean (+SE) weight of the old and new microcapsules five days after placing the microcapsules
into a larval rearing cage of Mallada basalls.
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40.00 - = Fed on new microcapsule diet
= == Fed on old microcapsule diet

35.00
30.00 -

25.00 -

20.00 -

15.00 -

Fecundity (eggs/female)

N

10.00

day

6. UABREZMBREREE 2EHEY (Mallada basalis) FETEILEE -
Fig. 6. Fecundity of Mallada basalis (mean number of eggs per female per day) fed with microcapsule

diets produced using the old and new encapsulation processes.

AN

Air Flow
(I (IV)
Air Flow
(N
Egg
2Y %
(1) .
@/ 10 mm

B 7. s REiRE DB RWERRER (Mallada basa//s) ORMI 18IS - #ET (1) ROPZIRHRTIEr - i
OUMIERZE R RSN 2 W LR () HIPRAZZREBE () - SALIMERR DR (V) WEREE

Fig. 7. Diagrams of clipper and cyclonic procedure to take the eggs of Mallada basalis from substrate.
The clipper (I) removes the egg stalk, and a collector driven by air flow (Il) inhale the eggs into
the connecting tube (lll), and finally these eggs were transported to cyclonic separator (V).
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8. HMEIEECIRE 7B AW ENEREYR (Mallada basalis) 5P -
Fig. 8. Eggs of Mallada basalis harvested using a hair clipper with cyclonic separation.
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Fig. 9. Predation capacity (Mean * SE) of both lines of Mallada basalisarvae on second-stage
Aphis gossypiinymphs and third-stage Bemisia argentifollinymphs.
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Fig. 10. Hatch rate (Mean + SE) of Mallada basalis eggs on different temperature.

# 1. BRI (Mallada basalis) Z B EEIRITEERE ZHMES - Bl - RE - BRAHERENL
8] -
Table 1. Power requirements, dimensions, weight, cost, and productivity of equipment used in
production of old and new microcapsule diets for rearing Mallada basalls.

Item Old Process New Process Reduction (%)

Power requirement 5570.0 2135.0 61.7

(watt in average)
11.8 13

Dimension (m3) 89.0
(21 x20x28) (24 x06x0.9)

Total weight (kg) 336.0 424 874

Cost (thousand in USD) 94 4.2 55.6

Productivity (kg / hr.) 2.75 2.75 --

(Diet produced per hour)
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2. ARRBHEEREEHEYR (Mallada basalis) 2 HEENBREEARNECAREEZFE -
Table 2. Diameter and thickness of old and new microcapsule diets for rearing Mallada basalis using
different production methods.

New Process
Old Process (range)

(range)
Diameter (um) 651.3 +19.4 (531.6 - 905.1) 7421 + 11.3 ** (626.9 - 857.1)
Thickness (um) 354 +49(10.1-127.0) 442 +1.9(26.1-63.2)

Mean + SE within the row followed by * and ** are significant at the 5% (P < 0.05) and 1% (P < 0.01)
levels, respectively. (¢test, = 0.05)

*3. BERBERNERRYR (Mallada basalis) #E=BRARRRE ZHMEEMNBRER Y EBKE 2= EE
DHEE -
Table 3. Development time and adult fecundity of Ma/lada basalis larvae in the single-rearing test fed
with microcapsule diets made from different production methods.

Old microcapsule New microcapsule
Stage Duration Cumulative Duration Cumulative
(days) survival rate (%) (days) survival rate (%)

1st -2nd 40+0.1 100.0 34+£01* 100.0

2nd -3rd 40+0.1 933 3.0£0.0* 100.0

3rd -pupae 51+0.2 93.3 39+0.1* 100.0
Pupae - emerge 109+01 66.7 106+0.2* 83.3
From instar to adult 240+03 66.7 201+ 0.6 ** 83.3

Adult fecundity
465 + 65.05 678 + 5491 *

(eggs at first 30 days)

Mean + SE within the row followed by * and ** are significant at the 5% (P < 0.05) and 1% (P < 0.01) levels,
respectively. (Mann-Whitney Utesting was applied with P < 0.05 for the duration of development and ¢
testing was conducted with £ < 0.05 for the fecundity.)
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* 4. BHREBERZEEER (Mallada basalis) Mz BRAARIERE ZMBRENE A BEERNTE -
Table 4. Adult survival rates of Mallada basalisin the group-rearing test fed with old and new

microcapsule diets made from different production methods.

Diet from Number of larvae )
] ] ) Adult Survival (%)
encapsulation process in group-rearing
Old 1000 254+1.1
New 1000 44.8 +£ 3.0 **

Mean + SE within the column followed by * and ** are significant at the 5% (£ < 0.05) and 1% (P < 0.01)
levels, respectively. (¢test, P=0.05)

= 5. WENAREXREBINWARBEIN N EEEY (Mallada basalis) Y91 Z BRINE ~ FHER K s EEE -
Table 5. Egg harvest (%), hatch (%), and egg-adult (%) for removing the egg stalk of Mallada basalis

using the clipper and sodium hypochlorite method.

Method of removing Eggs harvest %  (Mallada basalis) Egg - adult %
egg stalk (Mean + SEM?) Mean + SEM) (Mean * SEM)
Scissors 100.0 + 0.0 & 908+ 1l6a 60.8 £ 0.8 a
Clipper with 1 mm 90.2 £ 0.6 ab 80.8 £ 2.8 ab 542 +34ab
cyclonic separation 2mm 63.8+4.8¢c 708+ 16b 475+16b
3mm 458 +1.8d 542 +44c 358+ 16cd
Sodium 1.5%, 60 s 80.0+23b 700+36b 46.7 + 4.1 bc
hypochlorite 3.0%,30s 80.1+47b 51.7+32c 333 +3.0d
solution 6.0%,10's 78.1+5.1bc 03+00d 0.0+00e

? SEM: Standard error of the mean.
¥ Mean + SEM within the same column followed by the same letters are not significantly different at the
5% levels by least significant difference (LSD) test.
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*® 6. EARFY LEWEREY (Mallada basalis) B AREREERN

=7
& -

Table 6. Effect of Mallada basalis releasing on densities of different pest occurred on plant.

: Pest
Releacing of ,
, population
, Mallada releasing
Plant Pest population ) _ rate (%)
basalis eggs time
compared to
per plant
the control
Carica papaya 100 34.3
(Chen et al 2014) Tetranychus kanzawai 200 8 week 4.6
300 4.5
50 279
Melissa officinalis Tetranychus kanzawai 100 3 week 16.4
(unpublished data) 200 12.7
Capsicum annuum Aphis gossypii 3 8 week 0.5
(Lu & Wang 2005) Bemisia argentifolii 3 7 week 25

56 FERBKEZIFMRESEBENNE



The rearing technique of green lacewing [Mallada basalis
(Walker)] and the application in environmentally-friendly

farming

Pei-Chen Hsu?, Yew-Jen Dong?®, Wan-Hsiu Yang?, and Jih-Zu Yu? "

Hsu P C.%, Y. J. Dong*, W. H. Yang', and J. Z. Yu?. 2021. The application and future of green lacewing
[Mallada basalis (Walker)] as a material in environmentally-friendly farming.

Abstract

Green lacewing [Mallada basalis (Walker)], also known as aphid lion, are important natural enemies
of a variety of small pests. Mallada basalis can be mass rearing on artificial feed and they are applicated
with great potential in environment-friendly farming system in domestic and foreign countries. Small
pests with resistance to pesticides usually cause damage to crops in environmentally friendly agriculture.
However, the use of natural enemies of insects as a strategy is appropriate to reduce the cost of using
non-chemical materials and improve the efficiency of pest control, without the use of chemically
synthesized pesticides. At present, the primary research work is to research and develop labor-saving
feeding and breeding technology of lacewings, and the second is to use environmental-friendly
materials properly to formulate pest control strategies in facilities. In addition, it is necessary to breed
lacewing strains that can withstand extreme climates to meet the climatic conditions of various
agricultural areas. Natural materials and natural enemies should be integrated appropriately to pest
control and management strategy in a friendly agricultural environment to fulfill the responsibility of
protecting the environment.

Key words: Mallada basalis (\Walker), Environmentally-friendly farming, Integrated pest management.
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WHOE ; AMmEEERER D RESMIRE - B
TERKZRE  BRSEMFERKENTXK
(Stockle et al, 2011) -
KEREERZREZNEEMBRSSERF
NER  RREDNGEIRRKEUKEN 70% - K&
WRABZIKERBEREN—ZE - FEHRKAIMTT -
ERFEIEKERNEREERR 2B TEEN R
flrEE A "8 K" (water conservation
technologies, WCT ) LUR /23R FIKE - 18 MK
BEMAEMBE (BIUERIE ) - Pérez-Blanco et al.
(2020) 7 230 ZAEBERAM AR A EZ RIRERE
L RS WCT BHRESERKTEZBENEME
FKEEMERNREWANFE ; MREBEHARLHN
HROZEA K - RIDRREEIAIAKEER - £518
7w (Bl EREIRE) 2EAEM2RIRANE
SERFEDAKRSIBEXZTIISN TME5IH
[EIEF 7K & B R R KRR - AT AKE 113 EME
74 BHE (66%) KREBABE ZT)I K E K
(&IFHEK - %9 7 E18) ; 39 BHEKIR (34%) KRB
BEZ/KEHERM K (BEE 2015) - BEIA#T

WEK A ZERREHRERER X EFN BARERE -

HEZEREK "EEMBRITRE 2 HIREE KK
RGBT - ARKLER £ERREATYZHRMY
BRERZXENE - o BR AR —RNBEE
ERRMFLIEER  ARERERABERERTHRIU
KIBFHKREETS (water productivity) «

B 7K B X 4l

BRENETEECER A REEREEMS
HZEFOUE ; BIE - FESTRVEI KRB R R - fM
EITMIERE EE MR TEE  BREREEES
WEE K EHBNDMURAERNE - BF - #t
HIEY MWK D EIRATKEETHERIR - DI
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ROBBKDRZ BEEFYAREREER  HES
PRIENTERE ; EMEETEGRKERBERINIE
B nirEERENKDRZ  FK) REREEE.
FELURFRIKME (Hsiang 2018) -

KERMRE R ARRIRA KRR - FlmN
Bk BE RERKSREKFERK - #K
STIRFEZHORK - EKRIBM T AR ME K - BOM
Bl R e SR K AR R & B/ (EIP-AGRI Focus
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BRmESERNAEBRBIR=-KE  HF
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RIEMAKATI A (EIP-AGRI 2016) ; BIRIEFAARK
BUA R - iR R0 RS R 2 Bl & 87K
~ BT L
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EB24% 5000 km’yeart BEKN=1& - HERLE
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R E#ZEMA (Alam 2015) -
HOKBERIFMEEZRE

KB TIEREMRIK - Edoardo et al (2020)
R TEEEN (rainfed) BN MK ERUE
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LUK E BTG K E IR E IR SRR
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Optimal using and saving water on eco-friendly agriculture

Yau-Shian Tsai'" and Wei-Min Hsiang?

1 pssistant Researcher, Agriculture Chemistry Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.

2 Researcher, Agriculture Chemistry Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.( retired)

Abstract

Irrigation on eco-friendly agriculture tends to maintain agricultural land sustainable used and
protect the natural environment and ecology. The methods of water-saving strategies are same as
conventional agriculture, but it comply with organic agriculture regulations not use synthetic chemicals
and genetically modified crops. Taiwan's irrigation water should be appropriately handled according to
the estimated conditions of future scenarios under climate change, and the cropping system should be
reconsidered based on whether the regional rainwater resources are abundant or not, and the
adjustment of the cropping system should be the main water-saving strategy .The development of water-
saving irrigation systems, the study of crop physiology and water demand, the collection of related data,
and the establishment of irrigation scheduling all require continuous investment. The soil management
of agricultural land will take the increase of soil moisture storage capacity as the main water-saving
strategy, increase the storage and utilization of green water. Suitable for regional cropping system
conservation agriculture, and improve the water-holding capacity of agricultural land, and improve the
root system those technical method should be established as soon as possible. The promotion of water-
saving strategies and technologies requires a reliable information system and expert guidance.
Established a friendly and timely information system to help farmers decide the daily irrigation amount,
estimate the time and amount of irrigation for the next irrigation, and calculate irrigation efficiency,
evaluation of economic benefits. Training and education for farmers to improve modern irrigation
management. Introduce water footprint analysis to evaluate water use and water conservation in the
area. Under the change of natural environmental conditions, the water resources must be adjusted. The
available resources must be redistributed according to the amount of rainfall in the river basin and the
changes in the dry and wet seasons of the region. The areas significantly reduced rainfall still need to
maintain crop growth and natural conservation in the dry season. To avoid deterioration of farmland soil.
Agricultural water use must reduce its dependence on reservoir water and groundwater. In the process
of water transfer, a certain mechanism is required to protect the water rights owners and provide
appropriate agricultural water and environmental water to avoid affecting the natural environment and
agricultural ecology.

Key words: Eco-friendly farming, irrigation, water saving
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RIESchiBler et a/ (2001) MEIEL - B38
80%M#EEMAl (vascular plant families) o] £2
AMF # 4 - Baylis (1975) B A HEARABEREY
Magnolioid S AMFIIKFEE Ro& - 3EBEAMFRIHAE -

oJ & BhMagnolioid kUL - B Magnolioid ATEER
AE - AMFEBHEHRKWBHONZ M AHEE -
Gerdemann (1975) E&&ERMKEE (mycorrhizal
dependency) % : R ENLTIER AN - BYERE
REHECEENRKERNEAES -Plenchette
et al (1983) 12 412 ¥ H B8 & 1R 1k $8 [ (relative
field mycorrhizal dependency, RFMD) 5% - %
BEYEEAMFE RN & 2 E1E1E - RFMDEtER
B

RFMD = [(dry mass mycorrhizal plant - dry mass non-mycorrhizal plant)/ dry mass mycorrhizal plant]

x 100

Plenchette et a/ (1983) FrEIRRFMD#Z &
ROFFRAEERFER - Hetrick et a/ (1992) R
EREREYVEZENCEREYEZEES LR ARER

ZnE WRERKFE (growth response) - &~
FEEARERKEE S ARG EMEREAMFZER
Mzm - HAEERWE

Growth response = [(dry weight inoculated- dry weight non-inoculated )/ dry weight non-inoculated]

x 100

Tawaraya (2003) 32 7RI AREEAI2507&1E
MEAMFRVIKEEE - WWARIBIE AR 1 #th A S
gy HAHEBEYEE (field crop group) ~ ERIE
%% (forage crop group) ~ B &2 (wild grass) - 3F

RAREEE (forb group) EAMAZEE (tree group) -

L hEEYBEYEREKEED B SHBEEYE
(field crop group) (44%) ~ EaltE4)8% (forage crop
group)-56% - BFEEE (wild grass) BSERARIEY)
£f (forb group)-70% K% (tree group)(79%) -
BE250BE B AMFI KRB EF197556% - TEHEE

MED BN (Cucumis melo) ~ 3% (Avena
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sativa) BINE (Triticumspp.) WERKEEREE -
RELEENERNPER | HIEEENEHERNKE
ELEHLEEEYE - ER—EFEY P - LAEEYE
£ HERGBEETNAARR - AN . dEEyEEs
EE (Allium porrum) TE+IEREEH100 mg kg ' B>
ERICBEERIC% - MEMEHTIBEBRET - &E
MERKBEER-22% -

EEEYAERE HEERKEBEENEES
Hetrick et al (1992) RE/NE (Triticum aestivum)
23fEmTE - EERKBEERARS0 - &/N\H-15% -
EHR17% - FEmH (wild lines) ~ [R¥m &



(primitive lines) £238 f ¥ 15 @ %
HERKBEZAEH
(Kapulnik & Kushnir 1991) - Bl /N & Triticum
aestivumR R IE MR B RIA @A LEE - 71950
FRRIEL R Em A HAMF B ELLEE1950F
PEEYNFHIEMREZS (Hetrick eral 1993,1995)
BN EopAHAMFNEBEERA BN RERE
(Hetrick et al 1996) - /NEESmMALETFEmAE
AMFIKBEELEEEEmAN/NES (Manske
1989) - Zhu et a/ (2001) #HmEIEL - /NEIRAFE M
ZEEBEAMFE - Hith A6 S SRR ZHEAMFR
Ram&E  BrRABEENSKRE/NEHBRK
BE -

BRKEEBAMFNERYEFERVAERE
MR - ERKEERERENKHERES  AMFZES
FEMAZHEFEN - ERRENERBD - RWIRKH
ARET - AMFROMRIEREREIE - BEBKHNEBERT
KIEMWERAEZRES (Vallino 2009) » Suzuki et al.
(2015) AHH6AEIKTE migEBEBAMFERM S @ &
REKRBREDPE
% AEmEHAMFNERRIE
M- 44% %
118.9% - ARC5955m&/K#E (indicarice) RIERS:
EREHES (1189%) - Nipponbare @ & /K 5
(japonica rice) HERERKIERL8.7% - THEEEE
BLRSEHHE - HEAMFOEEEIRSARC5955E
Nipponbaremi (& miE K ig i EEREREBHIBZ E K
BREMMEENSE - AMFOBZREKERE
ARC59554 & - B¥KiEmiENipponbare =R AIE
BENREUR -

(modern

cultivated lines) BY/NZE .

7 - K ¥ ¥ %& Funneliformis
mosseaet €418

(mycorrhizal growth response)

F EREREEERFYEENEZRE

E—fEEYEEAREEAMF  TEXEEFER
k¥8/E - Sanders etal (1977) LUFEEE4ERERE

FRAMF - sl Be 45 REE/R Glomus mosseae Gerd. &
Trappe, GI. macrocarpus var. geospora Gerd. &
Trappe B2 Gigaspora calospora Gerd. & Trappe
E3EEE e
& Tul. ¥xEERBREVR

Pedersen etal (1991) M EEEESERRRER

EXEER - M Gl microcarpusTul.

AMF (G, clarum, Gl. intraradices, GI. monosporum,
Gl. versifome and GI. vesiculiferum) - 585845 R~
m Z= B [ S el B P S O R V38
MEENEE - FEAMF A EEE TR HE14
ER#%E HEaRE2HRENME - -£5— @i
EEtEFREEETIEREPLUBRERNE - 2
RlIEE=EAMF (G/. fasciculatum, Gl. intraradices,
Gl. vesiculiferum) - i 7> Rl 45 F A EB#HAE (0, 50,
100, 150 ppm) - TEE13BKEL7TEETIRU - 818
G/, intraradicesk. Gl. vesiculiferum WEEERREZE
BMESNHRAR G/ fasciculatum #HEH - TEZR
AR PR B EEERNERE EHE - BRHE
TERETEE B S5 138 R B AL A9 7 10 2 38 0 1 B g B
B BESI7TBAAZEE - 2l BERBRERE
MRIE R EERABNREIENNER - EARMNE L
REEERWE  HFEEREFINEERAREER
RAEENHERA -
EZEB/\EHRENHBFME6EAE RN
AMF (G/. etunicatum) PIR2EAREFEIAMF (G

Gl intraradices 1£i&

claroides, Entrophospora columbiana) ¥ X2 £
SRNERYE - AlBERER | EARMNARMEL
BRBEENTIE L - Gl etunicatum WI21E m %
(GE329F1GENPI) #HAGEERZEBFEANNE ° 5
Sy EERNABAERETR - R LH2ERZNG
2B 5 1EmARNGL etunicatum
(GE312) thEMEMEEME - £ LR - KE
NWERKAREAFYNERVRER - BeZNE
RERREEEYNERNRZEERRE (Sylvia et
al 1993) -

etunicatum?h -
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Graham & Abbott (2000) EEM/NEEEZHE
DEFLOBAMFET - LURER T (loamy sand) 7ER
EhET/NEEBHR - NENRGETEREEES
REEBE - BIEAIERBER - NEERZE

PR - FFEAMF D BEARTE/ N RS 14 R BRI RRIR
B - A2 RAREBIRIEZEES0%-89% M B ER LR
HERIE MY (aggressive) Bk - BIEERTE1%-19%
Z AW R R RIEFME M (non-aggressive) BTk « A
SREBESNBECIEMANENER2-3E - BAVED
THRORRERE - FRIEMEREIEESBAVIRE ™)
LEEMth AR AR SRR IRRE - EEBAIRGT -
R B Scutellospora calosporaty i & 53 B 1k o] {2 1
NERER - EMEREEREAFREEERERE
TINENER - ESEHRGET - FERBUYERE
WHE 7T NENER - EEBRRGT - REHERD
ReEEMNEE  BESEHNKRG T  BRWEE
AIARERNTE - RERUEERE/ NEFREENER
MEBR R B EREEIERESR -

mERE - AEEEWAMFPE RAEEEYIFTRIR
NABERKEE  HERTZERAEEHENAMF
HIRIMNEA#ABIRIERE N ARG - LURARIMNE 44 TR BERY
RBE Nt BZERME (Dickson et a/ 1999; Smith
etal 2000) -

TR S EHENEREERNEZE

oE |1

BEYNERGCBERIFSHERTFITEE  H
hHIEE D FRI oA MHIEE - Leu etal (1995)
MR WS BRI ERA—RX1/4% 219 Johnson
solution (15 mg/kg-P) - &M ERMIAERR73.4%:
B A — X 1/2 % £ 89 Johnson solution (31
mg/kg-P) - B ERMIAR NER55.5% - BB
F—ZxZ#=EmJohnson solution (62 mg/kg -P) -
BINERBIBEEEMRR24.2% - Menge et al. (1977)
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ZIRMNTIEPBN S ELEREN B FERREE -
Kucey & Paul (1983) 7NRE - FEAFEHALAY LB D -
EOWNERBERR47% - itA45 kg-P/hatg - &
IHERBEERNER15%  EEETED - EiR
EEFEA301E/100g soil - FERERETIESD -
HIRENEFEAR651E/100g soil - fES R I
%h - REEYREIRIDERS 50808 - AFEH
AMFRIE# 2R IR UL EE - BAMFAI B 2B T ER
R - M7 BEELEEETENESHEG - SLIED
BRESK - EYMASSHEIAMFRHE -

Lin & Wu (2002) #R&JHiEEREE ¥ AMF 18
RHHEEARERZEE  ABREEBANE
Acaulospora  scrobiculata, A.  morrowiae,
Gl mosseae, Gl.
AR REIR - £
kentinensis, Gl. mosseae EMEHIRE AT - Sk
REEFRET 04-10mM 5 1B FRFERS - 7
P55 73.3%-90.0% - 71.8%-85.8% - B E i FL 1R B+
REENZE 20mM K - EMBERERF Z8EFE
EREZE 20%L N - EHEREAOREZ 40 mM i -
EMERREA T ZEFRER 0
BA A scrobiculata EHBERBEFRE 4 mM LUTR
BT EFRRS - Dhl& 44.3%-585 % B2 49.7%-
63.8 % GI. versiforme TERBARBETFRE 2 MM K -
BFEFERE ™ 45.5% Gl occultum B R B -
SHBRREFEET 1mM RLE  AIERERSFE
R4 ERABEE N B2 £ kentinensis TERBERBE T RE
04-10 MM 5 - BE#&EE®S 0.3-0.5 mm/spore - &
BREREE FRETE 20 MM DLER 1A F 28R
Gl. mosseae TEHBAREEFRE 2 MM 5 - 3FRA
- BE#ERRERGHETE -
morrowiae , A. scrobiculata ¥ GI. versiforme &=
HEREBAF SEEREFRET 10mM BIER:
EAE RABERSZANE -

Abdullahi & Sheriff (2013) #FTAMFE(EEHE

Entrophospora  kentinensis,

occultum B G/ versiforme -

A. morrowiae

E’?
% R



BASMFEERZFE  (CEENTREABRERZ
BoEE4 R-BA=Z251% 00-00-40-20-60-30-
80-40 - 100-50£2120-60 kg ha' . $FILESEES
50 kg ha™ - AMFIE$E%5 G/, intraradices - &+
EEMAWEEL  HIFEpHER6S8 - HRERE
NI FEREBREHEERE  RERAMFRFEES:
REBEIEEEASEMNMIEN - MEFEAMF 5B EH
DRSS 60-30-50 kg ha™ (N-P-K) 24 E
BRI - BERBEEAMFEMAEZ 1 120-60-50 kg
hat (N-P-K) 2 BBALEAEIPEER - BREZR
RIS EEILI - FEAMFRFEE 2 &R ZF
FRK -

- EEEREREEREE

EEARPRAEEENRM LIEPAMFEFRY
BEEYE  AEEREIR  EERELIEPAL
B+iE (28%) HAZERERER T - B63ELIE
(91%) ZB+ 2> rR1001E/100g soil - FE6IfE K%
TEPFMERENEREREEELALISE  MELSRE
HEREHIR6R U LW AESE -
mellea (10 k) -

7 Bl % Acaulospora
A. morrowiae 25 R) + A
Gl. claroideum (10R) - G/,
etunicatum (71 R ) - ) - Gl
A G/, spurcum (6R) - 1181 E#R
Z2EIREE®ER G spurcum (3501&/100g soil)
Bl A scrobiculata (98 {& /100g soil) (Lin et al.
2000a) -

scrobiculata 8R) -
Gl mosseae (10 &

occultum (167%R)E4

5 - (FYEEERERE ZNE TG

EEARMIBECETAENIENER
FEN 8L AR ER) s (Fhn - W 3
)~ R (3 - FEMEE - FLER) B M X
W B8 A 5B BHE - BREF -BE - X

8/ (KRR -

1 BT S - BBAMFOENEY ESE 5%-50% -
g R REBEEREE 10%-50% - R EFEDR
= (RERR &R FEEER) BRER10%-40%

(Lin et a/ 1999, 2000b, 2001a, 2001b, Wu & Lin
2000, Wu et a/ 2000b) -

N BRERERTFEARM
RERER

B sE A7 AR

R BRPTEAIREFO008RRAMFER - EHIE
JEEM - RRHBEAAR (BERE fEHAR 5=
ERBRERASR) BMREN (BFR - aF S
AR TEERFURSARFURS) MBZME
M WinBEEERE - AMFEF OB RERBER
AR Z AR - SEEPRTEREEE - WKE
ERFEaprEEtME RN R EERBEIEERA -
HERRMEMRIM - 5 - RERHERAMFE L
A - SR EEEBES00AER - B EERAN &
IV~ BHTR ~ B/ &S~ A0 RJI  FJ/an  EwL
CORZE BR R BRER T BR =
B BER AER B8 Hof 215
oI 8% RER PEE XK -HEF
= BY KW X8 BRE - 8E
o 2 AL CRE - HE - EE
we - BAAE
W MESEY - REREANRBUTZEENIEY
MABE - B9 BTBMEASELERRENMEAZ
AMF . BB RERNAMFT R E R BEEE i)
RS - iR " BERANEEREBRRIMFM .- A
BESAMFNVEEDE  BF OB - MFEER
o ~ ERFERMAEEEARNS - BREHRAR
BRERZE - AEAWBRETS - BEHBHREA

BYRACET AT - (Wu & Lin 1998)
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EERANBHESRT - oJ3EH AMF SE&ERNA
TIRPHBIE - EHENRVERE T - EiEBk
W2 ZREAY 100 & (Harley 1989) - BIRKBER
APMEBHNMENMAARZDYH AMF KEER - &
ERDTE AMF B - RRBEBESEZR N
ETmREEAMARNES - ToEELE AMF aits
WIEY) - & AMF EREFVNERVZETRA
o - AMF RIFRVERERIER - RRERREAE
B AMF 2@ - BEEXEES B HET AMF Z& -
MEREICEEZERERE JERECERE™E:
AHBEREETERE - BEiRS AMF RUERENE -
mMEBIERIERENERE - ERMANEEENR

= o

=]
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Application Study of Arbuscular Mycorrhizal Fungi

Su-Chen Lin **

! Associate Research Fellow, Agricultural Chemistry Division, Taiwan Agricultural Research Institute, Taichung, Taiwan, ROC.
Abstract

It is @ quite common in our natural environment a harmonic and symbiotic relationship exists
between plant roots and arbuscular mycorrhizal fungi (AMF). AMF could promote nutrient absorption,
enhance resistance to the soil-borne pests, increase drought-resistance, augment the tolerance of heavy
metals, and improve the agglomerate structures in soil. In this presentation, we compiled the diversity
between plant species and AMF species as well as the influence of soil phosphorus contents to both AMF
promotion effects and the crop growth. Factors will be addressed to obtain the best performance
between crops and AMF. From the previous studies, the dependence of AMF of cultivated varieties is
much lower than wild ones. AMF dependence of terrestrial and wild cultivars is higher than those with
high crop yield phenotypes. Modern cultivated cultivars have lower dependence than their original ones.
Crop growth promotion effects of AMF species showed different interactions between fungal strains and
crop varieties. AMF could exhibit better crop growth promotion effect in the low P growth medium than
in high P. Most newly selected cultivars in the modern breeding system show lower dependence to the
AMEF and could not fully take advantage of AMF. In the future, if new cultivars could be selected under
environmental stress and poor fertilization soils, they may have better mutual cooperation with AMF,

and achieve the maximal performance in the crop yield.

Key words: Arbuscular mycorrhizal fungi, Crop variety, Crop cultivar, Phosphate.

*Correspondence address
e-mail: linmay@tari.gov.tw EREREZEAME 73



RERBKEZFYASERNNE 74-87 (2021)

= s R R B S 5 IR

MR M EER Y
TR RS A B RN BT R R LR EEE

IHRREE SRR R RE CEARES

=
SRBEKRIEEE
SBNWEE - WR2015FBH DRERERENEE A
200545/ 50% - Waat 2025FRIRIENBEE
BEEMZEE (IPCC) ZB1R - BRE2050F 2
MWBEZE - REWBERST  WHERFEREFREHRF] -
ERERE - HPRERMBRAESRE TRFRELRRRLEEET
MEHBIRB2025FRHMNERESEE AWM _SEHKES -

BITE)  EEHAARRBLECS ZHOE - NESERERE

IR BEM R SHIE - 4T
EFDHN - DIEEZKFEIIRRTBABE 1.5°C
KERFNABRLZEZZERE &

AR SRR
CBREI RV E B IR R2050F ik ER
HAE RIS B U B R 15

ERPY S 12 L PR ER MR
EE_RBEERRERIEH

RBEGIE BB AR ER R

RIFEBZGE - REEPIZBIKERE - kR SEH AT SERERNZZE - MM BENRZERIEH

RUA T -
RS -

RS EAKEER - X5 - BERUAT

T
VHETHEmE  RIKBENESREH R

BEHMoBEBRNEREEZLELEMNZE

(Intergovernmental Panel on Climate Change, 1X{
N IPCORIEZ(E 2014 FRramad - UPE
mERISPWIEER (RCPA5) & - #fh 2100 FX&
B SR ERFEE 538 ppm - ZIKITRF LA
18 E =
MIREERP _SEREZ L7 URRERIE
SREEHAERZE FEHIIRIEERE - A XIERFEX
REl R ERE R ERIEZBIES - IRERSE

WX BBA

e-mail: Chiling@gmail.com

PEERMER 2 BREAKES - FEHIHUR S B B K3

Kos¥HEOIgE LA 047 AR (IPCC2014) -

REHEZARS - DIBERIEREFEEK

PR ELR - URAREERNBREEZ8 L - &£
FIRABRRBHER - MLBRERESE - WRIIKA

ST -

M ETTA

HEHRESEREEBMAE QAL E (United
Nations Framework Convention on Climate
Change, UNFCCC) -~ IPCC BFtem s ~ BIASH
HESEEE 7 XREAT - HEALEREEARH
2N REGRIPEREZERBRIGZBIREF
BRI S - MBI ER:

EERERBKEREBRISHE 2R 74



(—) BRESERBERIEEBRIRNEFER
1 BMEBEREREEBLEE
2. £ DREA ) ZBRHAEH BT
3. BSNEEERF REREHFMALLRASE
RESRUA
4. BIASNEFREPIIRITIR A RS
5. EftholsERVm X iE it
(D) xRS
1. BIR EREARBERFR 51
2. EEWRRZHEAIHE RIS LA

AR ELEY i

(—) BRESZHEREEBHUREER

1. BMEREEREREZEN G

HEBIAEN 1990 FRZEM " BUNERIEZ
EMEANKXRHAZEE (INC), - WIEEZAHIES
BRASKBGEEEANE RAARMNE 2R - WK
1992 FiEid ' MERKESEMELL L - 1994
F3A21 BEREN - BAIEA 197 BHFQE - %
PRFEHNFBE 1995 FESFEARBENLEE
(conferences of the parties - COP) DIaTAdh FEES s

1997 12511 H Z#HAREER "3 X
MHOBEARE ) (COP3) @B (REZETEE) - MM
H—ERRE—FGEE (2008-2012 F)FEEE R
HZEESIA T BERMSIOEE  (FABREL
BEENS—EFE - BFEHNRS (emission trade,
ET) - B2 & K # &l (clean development
CDM) B oa M 2
implementation, JI) - EMENE 7IREWE RIKTHIS
Aot -

2015 F£ 12 H 12 H - ZEEREH "5 21
BREKNFARE ., (COP2) - &l (ERBE) - #&E

mechanism, (joint

75 FERBXEZFYRESEENIE

HEBREREPEAZANESREPEE - BXE
FREXBRURGEEEBES  KEHFBPEEE
IRERIEHIN - WA NEHEIRRIZEBIHER
NER  ERHBEEEANSEE (DATERRE
IKEARED - 2IKFIIRIRTIBIZEGIR 2°C ZA - W
NRRHIE 1.5°ZA ; Q)ZFERRERBEHRE EER
(Nationally Determined Contributions, NDCs) 1E
SmE R ZHHIETRBIERE - THRERRNEA
BRYBERRE,; QHCHABRREHEEREER
T BHRBPERATRESBEELRE ; 4)
BEXRHEEERRREREANSBEREEER -
BAFRIMERE /KR 2023 FEREZIKER -
FHRARZIR(UNFCCC 2021b) - EF - EABES
21 ERESIEE (COP21) hREFHZIUEZE 4
per 1000 initiative: soils for food security and
climate) - IEHETIEABEELEEESHRER - BHB)
REFEAZIKREWERE - REMEMLE  RBEFR
S (BERM BR HBME) ERIKZEE 4%
AEUIESFERAEREIBINN _AEKE - EhE
BENTIEAHE RETIRER EMRARFES
ZIREREVNE R MERRLEEMAKERREH
R-EENECREMAZERME UERE—17H -

Ri& IPCC 2018 F 23K 1.5°C (global
warming of L.5°C)f Bl SHaH - EREM T IKFLT
FoRtieA#BE 1.5°CrBRE - 2030 FHNEIKAR
—SfEiFEBENERLE 2010 FREEL 45 % - H1E
2050 FERFEHM ; EERZIKEREGE 2°C
PUR - BIZE 2030 £ S EhBENERELE 2010 F
PEAEAY 25% - WHE 2070 FEHRZEZFZHM (IPCC
2018) - 2019 FEBERE 2050 FEEKPANE
F8 THRIETHROSIKYE - &2 2021 F
1 A - 28 127 AEXEREHEE 2050 FFZ
B BERE - e2HK - 8 - PESFHOEX -

=22 DREE ) BHASHIER



fii® 2018 F4taT TIKHEM 48,900 BE AWM
fERESE (CO,eq) HP=EREREHNELR
HWER 275 BBAM CO, eq - hEIKEHNE
056% - #BEEMEERA B 23 (World Resources
Institute 2021) - REIEEIKEIKITE - 7 2015 &
am CRERBREREIRE) (BHERER) I8
BEXAERESBTEME REREMBREFBER
REFIFAFELER -

THBRRS 2017 & 2 A 23 HEZE (BREER
REBITEME) - AEEIHREBEEIREERS
FEBRBERRAL I - RIKBETHMAEEIEESR
IREENER  EMREZEZBREERERIFHNER
F0U 5 EF5—HETE AN LEBHEE

L)

TERR 2018 £ 1 A 23 AREE—HERS
B2l ER I B2 15 2005 £ AE . B 2016 Z 2020
Fib REREIHNERE 2% ; E_HEER
BEEREHIEAE - B 2021 £ 2025 F1F - )
SHRERE 10%; £ B ERREH e
B 2026 £% 2030 £l - BEREFHNEHE
20% ; EMPREREMRESEE - 8§ 2031 £5
2035 fF1F - BEREIHMERER 25-30% ; B
HEER 2050 EERKERBERESHNERESE
£ 2005 FR2D> 50% - WERT FEREEM L BIES
EA7 2019 FREHMEMAESED - EIbS
MR EEEEE BRI AERE -

ENKEFI - BEEFIHRE 2018 £ 581 &
8 CO, eq HEZ 501 BAME CO, eq - HPEIBS
Pk 2 E AR BIFEACEE 34 B AN CO, eq MR - 22
BUMPAEHEREEREE _REEHEE  BAE
BRMSIENES RSB EREHE  RREIEE
BIBGAN SRR - ABRE - AlBAITESR
BEENTE -

3. ENNREDPIRERS

HERUE T

a
i

a
i

RER
H

-II

R AR EERE

RELEEEYSET EREREANERZRE:
WIRRIE - MEREBRL T SBREFREBERS
EEFE (EPA2020) SEFIHFMELLLREEE
DEEREHPFIMS - AEZEPHE 2% ; BAR

2.7% %R 3.0%  =B% 9.6% - BRBER 10.3% -
BN 13.6% - MIRYEEAE BTSSR -
HEZXMBMAXBEWEMGEE 47.8 % (COA 2020;
UNFCCC 2020) - #BI=teEBKE 2011 F1E217

EEFREREZHNHEERAERRE R
wifg - mEFE R EEERMBR - IINRERE 2015
FRAOREZL  PBORSERERERANER RS
2050 FZREREHFMEFEREE 2005 FH 50%L1
N BEEFH0RFAERESHFIREREINUSM -
KEFRFREREHNBERAEMER  EZAL
HIEMWER - BEHNGE  REAXRLHRGEER
LBl - REABM R AEEY - LSHRESS
FIBEE LI RERIETEH IR - (ERAERR
xS BRI it 2 £ KB - FBBULERUREIARE
ZmixH1R -

i IPCCIR 2006 FHARBEIR R ER
B ®m (2006
greenhouse gases inventories) (IPCC 2006) 551
S - REBFVREREFMIHAD S 3ATEBE
BalE  XEAZXBHLRYE BERBRELY
Bt (CHy) ~ 3B "EBERER | EBEREES
BAFHIZ (k& biem) ~ 3.C "KiE@E , K
BREEREEZRR (CH) KRB ERZIIMNE
XEERZHMN) - 3.0 "BELTIE  REBEXRAR
BrrEZS|fbim@m (N,O) - 3.E"ER¥EE , (RAEE
HIBIRIBR DB R AIAGTE) ~ 3.F TEMEER
B, 3G TAKEER, 3HTREMAE, - L3t
EREBNERREERSPERARKE D RIEER
EFIETE (EPA 2020) -

1990 Z 2018 FEEREAFVRERBHMER
HiBZE 1 Pivr- B 1990 FHEELFS2IR MEBE:

BHEEN

RS BERUA

IPCC guidelines for national

EERERKFRERR SIS 2R 76



TERNEENMAEHERESAHB (World Trade
Organization - WTO) RA&AZBEHIL  AEEELE
e ERHIECR - Bt EERESEER D
SHE SR (thHBEEEENAREERE 2R
£ - HPBEEPIBINET 1996 FEEE 2 FRA
1BE N& - ROMEBIEEEEEMTR 2 - 2018

FREMPIRZERIEHFNER 581 EQME CO; eq -

BHRURAECUE 2 - BRI 35.9% K& A AL -
HMtMESEREES 27.2% - KiEERES 18.5% -
BEBBBRES 174%  REMAS 0.9% - fF95E
BEMRVES 0.1%(EPA 2020) -

4% 2006 IPCC 15raZR1E - BARMARIRIEIFIR
3B1 "% - MEMHEMIMER (Agriculture,
Forestry and Other Land Use, AFOLU) ,&i%3 = L it
(2 I 4 435 25 PR S R AR 3t B2 L i+ 3t 5 PR 4R AU 0 88
#) k& 3D1 "UWEMEM (Harvested Wood
Product, HWP) , &&i%9 - Hob 3.B.1 FBAIGIRE
THRAEE R - B BEREEMAIDH
mE  RREZLERIMAGTTE - DUERRICH X RES
8% -

BMERPTR Z RS HERUS P 1h & 2 R
PE#EZL - 1991 2001 K 2009 FREMK K E KIS
RAMIXESREREE. BERKERABMRES
TrEMmMZFEHKE  BESFERMIKELD 214 =
235 BBAM CO,eq 2 - BARIEE - 2018 &
MEIPIIRIEIRER 21.5 BE QM CO, eq - T L
IR o MDA MM 2 KB IR ER 20.6 BE
A CO, eq- Ef LINEBMIMIKIBIRES 09 B S
N CO, eq -

SE2TiEE/) - AORE  KEBESHXZER
MERBEMR  ZFMBERCE 60% - IJHEM
EEAMR - BERKFEEMNEEFEER D « 75
BIEEEMRINBHIMEERTE - REE 2025 £8
FOLEMARMIKEL 5 £ 8 BAM - SARMIKES

(0

77 FERBXEZFYRESEENTE

2 0.3% - #1HE 2050 FHRMIKEBD K 2RIBERN
MREEXIS 214 £ 21.6 BB QM CO eq -

ME B EIIHEEBEMEN LIFGRUBEREHR
ZEEEH BRI EIMI B E - RED NEEERRR
BAREMMELZZ ; TFREZENZSEI ST
S BRI ARG BRI BRI ER G S -
BEFAKREREFE ARGIERATRPRBESEER.
EEBMOHEER - BABFMIKREFNE

KIFAMAMBHER  EXEPIREREREE

BEARNE(E 3) BRRBEE—EEXES Z AR

P FEMIxEEFSFLNCIRW 21.5 BB AN CO, eq -

RzEBRENPPREEREHMN 581 ExM CO,
eq S THEREBRZHEEEREHFNEZ
7.25% -

4. BAIMNEFEBPIIRIT IR A RS

(1) BERZ=SREDPTR K SR AR

R R EBHRAAERE (PE - =68 - B8B) &
BREERRURANZEERE (HA - EE) B2
BHR  BRREREHFNERBEREN - EPLikE
BEIBEHIE - £EAERE  REFEABEERR
B AERER AREEBNRERHEERERE
ABBISBERTZER (COA 2021) -

ik

HREIR 2020 FRAS(GBIEEZm TRETE) -

ERZEBERTAZHER  GSREHERSE -
SRERFTE I ULEE TR IBIEWIEE - 1T
HEARERTRBRIFETHRELT HHES
fZE R eEmp - AEEE  RERBE - AAKE
BRI B RIRIR B ST R A SRE
DUHR R 88 B SR B RS 4B ROERL 2050 FFEHIME R
BREEBPAZEBREEEEBEARERIR
(Protecting Our Natural Environment) - Z=EER
HHRTUEEESHRER A ABEAEEBERESE - [
R biEMREBRRIMSE TIMEIRIER - BIEBEA
REREBHBELAKE  UTRHEEHMEBRER



WEMAM - WD RHIEREEEENER - FKR
FHEMZERE  UBIRESEBE R 2EE(COA
2021) -
(2) EERFEINPFIREREHSBERIEN
REEPIREE

ARGEZRERERERR
TERFS _RERERRERIER - B) 2025 F&
FRERBHMERELESF 2005 FED 30% - XU

BENHANATREREREREE - BEIR 2021
F 2 H 26 HER " RERPIFEAMERREAE
BRSBTS BEBEFRNHREN - DRE
FEMNERRNKEIRET - RREREEFRZHIN
£ URaRIAZEBREMN - STHiES " HER
FEFTF T HN S ERE RS 1 (COA 2021) - = »
R BSEFBIRE MR ZERERRIN - KE
SREENM - FREMER L EKERN

HJI%

ayix
= =2 N
= A% J

B S
4 -
R D IRRRE R B RS - P
FRARTE=REEEZE BREREERE.
ERELESE  FEADARERSBRIEHERS
BILHEIE - EBRE RREEE MR
#F - RERRELIANENE - BEESESE
FRRESKEEEERE  LIABHESE - $it
BEBEANRABRIE  HEBEYBRBER
EETER RSB ZHIB YA
T BT - I RGNS - FEABERTERE
FE7 AR TR AEBEER - R KEER Y
BREEiE - LU/ R RN - IREEBR D K H
TERHNE - REENERE  tAEAREES
B DY EINE B (8 - St B R
REENENRT TS OSBRSARENR (8
B)  BENVEREETPRRELCIEEMN
BEI BRI K RIE Y FEAES - RS BRI BREA
B (348) EMTEHE 2030 ELAESE 5% (B
fhR 375 EER) - TR E RS A B R A R

£ - DIEBINRARN () WErAT - AR

e BIRERBRYER ; WIEERBEFR ZEEE
At ERELEIBRRE T AEWR -BERMAH -
B A R ENEE AN - BYERER L MHEKIREN
geaetd - BFAIMEEEERRREREEEERE -
DR BB BRERE IR FHRERE A E (COA
2021) -

(3) ERIBEFPIEfth O BEAYRI Ak IE I

A. REIERRAAMER

BEMEMAER  EtREERN 2 RERISH
M RIBEPIBHINER 66% - EAZLIEEHT
BN (EERRERER  KEoERAEREDE
£ REBEME SHREREON - KBRS -
B HZ BRI BAEES RIS 25% ~ 30% -
10% - FEAREZERE (Ning et a/ 2010; Tan 2010;
Wu 2011) - EIGER 71BN SIR(EMEALSN - ErtEAE
RUAEREHR - DURSIERABYE - BEENEE - B
FEBIERNATINRGE - HiES AR - WFEFFE
BAZEEZNER - AZXMIER - FREFTR D
20%RIBEHA (Jiang 2014) -

EEMBLE TIEMEMES - RYR - Hol=R
ARERENTE DX weENEREBMSE - BE
HItRSRIRBIHRGE - EYEBANEBRAARMAUR
EREA - AR —RRARRFEES RIS
EERESmENNR (Guo 2013) - HAEEMALH
PERIRER O] 5E 80%8 A £ - BRAEEMALK 22
B AiEtEES - BEREREZE  FEREBRZA
N BASZEBENS —ERA - HEEEEE
WELRE - SR TIED 50%BKEAE -

B. Tt FRAECHD I

BEE A BES0 B8 1= M RO IR PR EAE A9
SEE) - WMRERERE(CRERANRERE - 18
SRER - KENREY - ARREEIRSHEERAM
MR ETMIB N ACAERL - — s hte BE S & Ao e {40 )
) - FRE ORI 10-20%89 A -

C. EREMER

X

EERERKFRERRSHE 2R 78



TYRRIZUMEYBELRE - RIEEREMMNE
Yie (B2 ERERRET) AR EHEER) BB
ERSMEY ZNEMREREHEYNFERE
BRAREEEEEHBEVEINUR - SiEIGEE
MEIMTRZHRERERSE - RIAENERE RE
EMHEEMITRNRIL (Yang 2009) - 405 E &
- olED 50%RMBHEA ; IEMIERL CABE) YA
- aeEi> 30-50%%E AETE AR -

D. RfFYmRENR

HREREEBRERNTE  REYNREUR
HRHZZER - EHEE - BELHUEARNRIE
BARRIENER - SREVNBRZBRESIENEY)
AEHKR=ENEES - LUV RENERS - 190
BUNRERIEZBIIERNTE - ol EEER -
REHGERER  BRERZERIEHM (National
Museum of Natural Science 2019) -

E. 1800t IZKEE- Tt A1 R

EEENMAFH ZHEZE®E - BIFHMABEIRGFIE
M 0.4%LiEAHIK BRI olaEt - LIAR LR 2B
wEELEZaBAHIKEIE - TXRE 0-100cm LE
PRE 237 BEoM - ARAANBEREEAGRFER
EZEWEY) - BIEARESR - RESEERIE - 4L
KA ~ SFihiEAk - EREYIRKEM S - AREER -
BERFPLUEYXEREESRSE HEBE
(Chen et al 2019) -

+Hrk (Biochar) WRAEANELIE - BEF
MERKER ZWR - IPCC 1R 2018 FHHEF TS
EEWXEREY) HEDBERGEBURIETERE
RITTBESFEZ(IPCC 2018) - MR Z LIE M B
SRAKE  EASEND B ZIBES BGMIRKGE
B ERIEBEPIEFHTERHTE  SERKE
MERCEFABRENRSFERTIED - s —5
BEAX/E (carbon pool) - TIBMAIIE NN T EEAXEE - ik
EBEETE AN RABBREYREZAS (International

79 FERBXEZFYRESEENTE

Biochar Initiative, IBl) # B Z XX B H/Cog<04,
BC,100=70%#1T5TE (Budai et a/ 2013) - BlKEF
REI|EDP 100 FERINTRER 70%MBHIKZ 2 - U
TaBIEEEYRIRED MIHERIER RS
FEBREEFNWREREBBINAIGERES 5% -
EUENRBERIRZE S0%HE - 2% iEHE
FERAREZEE 30 B R T #itsh . AI0]3E 390
BAMHBHIKZE - IRSFE 2,000 AERM

BEFR 2% 4% - O (B S B TS 4 0.1%080
EEETG -
F oGS

ENEIKEREREREBENWEERIN - 2BER
15 B ARIREREN AE SR RAVFTSIZE - 2020 FAEELEE
BERERMETERIES (Bureau of Energy 2020) -
HAISE K NBESMRBBRES 82.2% - HRAZEE
B8 11.2% BERER 5.4% RERBME KT 1.1% -
BIAINKABERNURERE - K16 55% - RS
43% - OB 2% - BREBETEELETSERS
FEVRERSHIN - IBEDIKEL - BAERERNIEM
48 - FERXGEE - B JURKMEE - MELES
BEEAREEM SR NRIR - BEXARIKIEER - B
BEEEHRIBEANTREE - EZSHE RIS
HRHEEEMBLRABGAE, - #E 2020 FEREX
[%6E 265.6MW - BFEOJEUCIAKEELE 2947 BE
B8 - K15 B2 CO, eq - HIREIEXRGERESE
278 AMECO, eq- HONEHEN 12.7 BAMECO, eq
TWHEERKEDRBMARBHELBRR - #E " REH
82020 F 12 B3 USHEMRRRBZRES
ZLIBEIEE - LUEREE 2025 &£ 20GW KIS5AE
REHR -
(2) RS

1. BIFR R ARRAIRBE R S

REZEESPREZBEHFICEHLERE - B
BUEETHEIINRS - HENTEEFEMOBIEE



WBEBEIREER N - USRS URER B =
B1R - HEREGIENE—FrAIE7T LU HE 5
BUREETENA N - MEMM G —FEH IR G
Frzg THERUBE NI (Emission Reduction Units,
ERU) - BRBEREEIGIEN G —ProI4E A 75 EIEM
H—F5 2R PER - HEMRBEIRUREETE - B
T "RKREBEREEEE (Certified Emission
Reduction, CER) . - BER S &iEM4—PFroI4HLK
FURSHH - O E S RER BTN E
B —PREVABZ0TS - IS 1 A 158 PRSI R ER 2 BEIR BT
%8 (Unused Or Surplus Emission Units)38/E - fE#F
Wt - EAHINEMNNER - B2 AR ERNTET
HEEES A BECE B (Assigned Amount Units,
AAU) Lt EHBHEBRHEBE R (UNFCCC
2021a) -

RS ZFNREA D AME - —ER TREETH
BAZZ 5 (cap-and-trade) | %% - Z—1&% " B4
EF%EE (baseline-and-credit) ., EMEZRFPFR
EEZORSEN - HIF TP 4 (Pan 2007) - A&

EHERSIEEREEHT - BREANHBEKKE
RS O SR A BENUR - IEHEIREAR
HitE - OIREREEERESEREER - MARERTHN
PO HFAERCRREI D ER SIS P ETRS - MER
HERAEZINREBRHETENEER - KREF
ZERN TRERB/ EREE L ETRS  NHEIRE
REEHIMBRERBRESR -

BrRBSEXE|EBRFS United Nations
Carbon Offset Platform)E2 2RISR ERE
EIEHNE 5 - AMESEEE  TRETEIXREEH
BRBREEEIRE - PR/ DR R tCO2 e BEW
S0/ 1 CER - fAA - eZEsiAMTILIEE CER -
PUEHE B S AT BRI H 2 IRRIETENE
Rt ZIEE CER BEAE- -HE#ARENTTCOM -
BB AER - BREEREEMRKET -

tFRERITAE 2020 F T RIKREBIRN KB

=
E=l

RHE ) P1RE - 2019 FikEEHHIEET R -
ANeREERE RISEEEEREBEA 7 IKEEHS
THRRZERERBIRKEBERSEE ZIMETEMIKE
BFE - DUERRBIER - FHERRERSTSAE
—¥ P IEREBEREERETIRS  AFEHRE
AEBEEEM%S (World Bank 2020) - BRI 25
EHRMAEEEES  BEATREZEE - BiE - K
JFEENI ~ BIRSIFERN BB SRS - BB
LB S BIGMIKEERS - K5 =T ERDEZ IR
EREMETRS BB ZR5BUALA—EEHK
BEMANBEBUTER - EBERLFE  IkEHATMSA
42%KEMZE - O AERKREETR B B A REBEM A AR
EXREY  EREEELEIMNEERE (World Bank
2020) -

EIKEHTHE ST EBNERIME S A
BZ 61 & - Eop 31 EBERHKRSHIE ~ 30 EER
WREE - At IREREHME 22% - 8120
BAN - BFRR S %4 (ETS)iE A 35 BRI - 13 &
M B 7 B AN AN BZ 23K GDPARYI40%
WHIFFEREEMZ4% (ICAP 2020, World Bank
2020) -

2. EERSHHIEERITERRE

RZER 2010 FEH "HERESERFERE
HBERE® ,  RRELRERBREEZERERE -
R TRE - WER - KEKRE ) ZREMBUIE - DL
HMEERE - EixBE - FE ) BER - WEAL 1
KEREERZBERELERE: ; 2EANRENERX
MBIREEN ; 3IEEEIKEZE ;| 4 BEFEERLIMANE
R RHEHINGE ; SERN B KRR ; 6.FHEIE
FEEE ~ BIRPIRAEIER ; 7B2UESRUER
BIRREE 7 HERER - B A R&EEREES
RE 7" KBRS ERELERAE METEETSE
BR 7 HEEMEAX RIS - IMEARE RIS FRI =
A -

EBELFREZEHIRRER M EBEEEKE

EERERKFRERRSME Z R 80



FRENER - THETSBEEER - IBKEEMR
ARELNRRERRNRZEERINE - REEER
WER - H{tGEBRIEANE BREREERGE
VUK EmixEIMEE - LUREETRKER ZMAR
- WERERIME B -

(1) =EEERMKE R

KEEMBERKEREN B (8) BB (&)
REER=EXRONBEERER - XGE - BD -
FFMEINKT - BEMEY - BARESXRBEEYERER
NSRBI EERER 2 EFHERMRER - K

EEMERKERZERIORBERNZE (B) &

WOAERRE () EEREZIRTEMDTAEEZ
FEEPFE - HEBERIE -

(2) EmiKEIRE

HERENE—TEEE - NAE 7 EMSARTE - &
S BTSRRI BRRERERETEENR
EREHNER/N - BEEUERKIINE  BEER
REMIKFHEAF: - QRBRRKER - REENHE
LR ERERILE TIRREMGIE, - EEHEE
EENRREAEZEm MRSXEPHFEEZEME-
HEZUEBRMRREMESE  NEEEFRRFER
£ IEPMRE - MIT MXREEREMEEmMR (CAS
RE/AREERRS/TAP EHER) BB ZZBH
o - BIOlOS B S RERGRMER) -

3) mEREEREE

RIRMRER 2005 FiEFEXRRERIEE MR
EEEHE - %% REREEREREEWE,
RESBRFNRRERMRE - AEMFFEERZ
FEUMRREETRE  SIRRASZREL FEE

RREFEE - FIEELPRENSEIECEER

8l HERBXEZFYRESEENTE

ERUAR)REREHFNERER RESKRER

=
EENOESZERERE (k) - EHERRZTE
RUENS - EXOBBREKREREE
WRF - ETREBEEEZ SRR EHEEESE -
HE2020F B I3HREREHENE ZEE -
HE11,105.7 Bl CO,eq B4 T ESZE (EPA 2021) -
MEARERANS 2 2 MeEEEE - 1 4t
ErEEE EHEBEREELERNARATEL:
HREEIEIE AR BB RESRR KGR SRR
fisIA - BESNAREBBRE  FAstHOHE
3.07 BAME CO,eq HERE -

BRI EES BRI SHEHIREE 8 - F4
BFITER - TRASEHEINR S HIEEE
B - DR ASEHBURLE] ERRIINASEE -

FREt 2025 FRIREBEEF AHFMLZZHE -

Ao
REHPIRE RV E T EYOR - T

BRARER  ERFREHEERLEEMLY - BREE
RIZEE - Ry MBRREBNRERE - DUREREE
BZEBIH  NMEEEFERZE N  BRIESHE
= UHEARRKSHEIGEHERH - BRIRIES
FIS B ZIR R - IKEE RAxBRRE 2R - §I5E
BESETHAR  EIRBREERERIIHNER
1= WRMEBNZOHRRSIER - RRIKESES
BB IBINREE P 2R BB -



by m R PEEREERE  E2EREE
m KIGIEM o R m (EY TR RIS

4000 =
3500
=
13000
s
1§ 2500
i
#2000
B
£ 1500
i3
| 1 1000

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
4

50

o O

1.1990 £ 2018 F=ERXEPIHINSHBE
Fig.1 Agricultural Sector emissions trends of Taiwan from 1990 to 2018

1.1%

" RERR

Y T L AR
i "ERAARR

46.7% st
U b g

RELR

0.1%

2.2018 FEERFRERETZEHIRR

Fig. 2 Main sources of agricultural greenhouse gas emissions of Taiwan in 2018

EERERKFRERRSHE 2R 82



10000 R EHA N m IERR A
MRIAEREARI  m S EE R bkt

0
1990 1994 1998 2002 2006

2010 2014 2018

o

-5000

-10000

-15000

FULTRFER R R & (T2 1)

-20000

-25000

-30000 ity

3. REEEIFT 2018 F S LB/ BERE

Fig. 3 Carbon dioxide emissions and removals from the Agriculture Sector in 2018

U YRR R E
S v HEBRIET AR R A LS

vV RS EM ZEFHBR
AR

v w38 E HO5 R AR IRE
N4

v AR R BT BLAME
i) Y A REEEE G
=V g S E/Lke

v U AR ABA R
U v G AR R

ot
) v s ahmy s S

3 EX )Y T AN
N

S8 4% 30 T8 O w ve i

B HE

4. REEFIREREFEHIUEN

Fig. 4 Greenhouse Gas Net Zero Emissions Measures in the Agriculture Sector

83 FERBXEZFYRESEENTE



CDM project subtype

[ 8]
(=3 o
(=] (=]

—
N
(=]

100

Number of cases

N
(=]

(=]

rice husk |

poultry litter |

Mangroves
Agroforestry |
Reforestation [l

Afforestation 1
sawmill waste W

Gasification of biomass |

Afforestation/Reforestation

5. Bk ERFMEBRRREGIFTE

Palm oil waste W

Bagasse power

Biomass Energy

Manure I

Composting Il

Waste water |
Palm oil waste N

other Forest residues
Domestic manure N

other kinds Agricultural residues |
Aerobic treatment of waste water

Methane avoidance

Fig. 5 International clean development mechanism (CDM) projects of agriculture

SE Rk

Budai, A., Zimmerman, A. R, Cowie, A.L,

Webber, J.B.W.,, Singh, B.P, Glaser, B,
Masiello, C. A., Andersson, D., Shields, F.,
M.,
Williams, M., Sohi, S., and Joseph, S.
2013.

Lehmann, J, Camps Arbestain,

Biochar Carbon Stability Test
Method: An assessment of methods to
carbon

determinebiochar stability.

International Biochar Initiative.

Bureau of Energy. 2020. Energy statistics.

https://www.moeaboe.gov.tw/ECW/engli
sh/content/SubMenu.aspx?menu_id=97

9 (visit on 03/15/2021)

Chen C. L., C. Y. Chou, M. C. Lin, J. H. Hu. 2019.

Application of Agricultural Practices to
Increase Soil Carbon Sequestration in
Taiwan. Climate Smart Agriculture for the
Small-Scale Farmers in the Asian and
pp. 89-105. National
Food

& Food

Pacific Region.
and Research

(NARO)

Agriculture
Organization and
Fertilizer Technology Center (FFTC) for
the Asian and Pacific Region. ISBN:

978-4-908914-02-7.

Council of Agriculture, Executive Yuan (COA).

2020. Report of the National Greenhouse
Gas Emission Inventory Review Meeting.

Council of Agriculture, Executive Yuan

EERERKFRERR SIS Z IR 84



(COA). (in Chinese)

Council of Agriculture, Executive Yuan (COA).
2021. Evaluation report on the path of
net zero emissions in agricultural sector.
Council of Agriculture, Executive Yuan

(COA). (in Chinese)

Environmental Protection = Administration,
Executive Yuan (EPA). 2020. 2020
REPUBLIC of CHINA National

Greenhouse Gas Inventory Report.
Environmental Protection Administration,
Executive Yuan (EPA). (in Chinese)

Environmental  Protection  Administration,

Executive Yuan (EPA). 2021. National

Greenhouse Gas Platform.
https://ghgregistry.epa.gov.tw/ghg_rwd/
Main/Index (visit on 03/15/2021)

Guo, Y. W. 2013. The absorption mechanism and
influencing factors of foliar fertilization.
Taichung District Agricultural Research
and Extension Station 102 year Special
Discussions. (in Chinese)

International Carbon Action Partnership (ICAP).

2020. Emissions Trading Worldwide:
Status Report 2020. Berlin: International
Carbon Action Partnership.

Intergovernmental Panel on Climate Change

(IPCC). 2006. 2006 IPCC Guidelines for

National Greenhouse Gas Inventories .Vol.

4. Japan.: IGES.
Intergovernmental Panel on Climate Change

(IPCC). 2014. Climate Change 2014:

Synthesis Report. (Core Writing Team, R.K.

Pachauri and LA. Meyer (eds.)). Geneva.

85 HAERBXEZFYRESEENTE

Switzerland.

Intergovernmental Panel on Climate Change
(IPCC). 2018. Global warming of 1.5°C.
IPCC Report (Masson-Delmotte, V., P. Zhai,
H.-O. Portner, D. Roberts, J. Skea, PR.
Shukla, A. Pirani, W. Moufouma-Okia, C.
Péan, R. Pidcock, S. Connors, JB.R.
Matthews, Y. Chen, X. Zhou, M.I. Gomis, E.
Lonnoy, T. Maycock, M. Tignor, and T.
Waterfield (eds.)). In Press.

Jiang, W. J.  2014. Fertilization  for
dummies-slow-release fertilizer. Science
Development, 496:40-44. (in Chinese)

Pan J. h. 2007. The Enlightenment of Foreign
Carbon Dioxide Emission Rights Trading
to my country's Financial Industry. TWSE
Monthly Review, 538:16-33. (in Chinese)

Ning J. F, S. H. Yang, X. H. Zou, Y. Chen, L. L. Sun,
L.Wei, J. L. Wu. 2010. Effects of Nitrogen
Application Rate on the Growth of
Mustard and Nitrate Residue in Soil.

Journal

Chinese of Topical

31(8):1329-1334. (in Chinese)

Crops,

National Museum of Natural Science. 2019.

Variety identification of crops.
https://www.nmns.edu.tw/gallery/Huma
n_Cultures/agricultural/variety/index.htm
| (visit on 03/15/2021)

United Nations Framework Convention on
Climate Change (UNFCCC). 2020.

National Inventory Submissions 2020.

https://unfccc.int/ghg-inventories-annex

-i-parties/2020 (visit on 03/15/2021)

United Nations Framework Convention on



Climate Change (UNFCCC). 2021a. The
Kyoto Protocol. UNFCCC Process and
meetings.
https://unfccc.int/process/the-kyoto-pro
tocol/mechanisms (visit on 03/15/2021)
United Nations Framework Convention on
Climate Change (UNFCCC). 2021b. The
Paris Agreement. UNFCCC Process and
meetings.
https://unfccc.int/process-and-meetings
/the-paris-agreement/the-paris-agreeme
nt (visit on 03/15/2021)
United Nations Framework Convention on
Climate Change (UNFCCC). 2021c.
United Nations Carbon offset platform.
https://offset.climateneutralnow.org/AllP
rojects (visit on 03/15/2021)

World Bank. 2020. State and Trends of Carbon

Pricing 2020. Washington, DC: World
Bank.

World Resources Institute. 2021. Climate Watch.
https://www.climatewatchdata.org/sector

s/agriculture#drivers-of-emissions  (visit

on 03/15/2021)

Yang, C. C. 2009. The purpose and essentials of
the application of microbial
fertilizer ~ .National =~ Chung  Hsing

University Agricultural journal 69 (in
Chinese)
Tan Z. W. 2010. Fertilization technology of corn.
collection on  Application

100:81-92. (in

Special
Fertilization for Crop,
Chinese)

Wu Z. Z. 2011. Three elements of fertilizer in soil.

(in Chinese)

EERERKFRERR SIS Z IR 86



Developing Low Carbon Agriculture and Carbon Trade
mechanism in Taiwan

Ya-Hui Shih!, Ming-Chieh Lin! and Chilng Chen®

! Research Assistant, Agricultural Chemistry Division, Agricultural Research Institute, Taichung, Taiwan, R.O.C.
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Abstract

In order to respond to global climate change actions, although Taiwan is not a party to the Kyoto
Protocol, it should still share the burden of reduction and mitigate the impact of climate change.
Taiwan promulgated the "Greenhouse Gas Reduction and Management Law" in 2015, which clearly set
a long-term reduction target to reduce carbon emissions by 50% in 2050 compared to 2005. It is
expected that the total volume control and carbon emissions trading system will be launched before
2025. Recently, in response to the IPCC's goal, it has also proposed to achieve net zero emissions by
2050, so that the global average temperature rise will not exceed 1.5°C. In order to achieve this goal
and ensure the development of industrial competitiveness, economic competitiveness and food
security, various sectors have proposed phased carbon reduction goals and strategies. The agricultural
sector is responsible for economic development, ecological protection and food security. In the second
phase, the goal of greenhouse gas emission control of agricultural sector is to reduce total emissions to
5 million metric tons of carbon dioxide equivalent by 2025. This report uses a literature review to
introduce the history of international carbon reduction strategies in response to climate change, the
agricultural sector’ s carbon reduction strategies, carbon trading mechanisms and markets as a
domestic reference. It also introduces domestic green house gases inventory, phased reduction targets
and strategies, net-zero emission planning paths and carbon trading systems for the preparations on

the development of low-carbon agriculture and carbon trading mechanisms.

Key Words: Low Carbon agriculture, Carbon trade, Emission inventory
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3% g AT (1) 2 €% € (Modified e me fmﬂ(AW e

Hoagland solution) > (2) 2/3 *s% § » (3) 12%%w & »
Fathe Ad292 % > EYIRBTIB Y o

R

1. BRETRFEL 20%-100% #KET > 7 H 4k
4-12 cm (9%-24%) ~ EHH 4 917 £ (27%-38%)
BITETHE (P<5%) 3 48182 % (16%-40%) ~
EWE F ERFH A 21%-41% ~ B 5 EH 4 5%-
12% ~ 47 5 £ 3 4 9%-16% o

2. ﬁ%#ﬁﬁi&&ii ~2/382172% 0 B AIET 0 T H

4}k % 10-16 cm (19%-33%) > £# 926 ¥ (11%-
34%) ~ B ITE 47%-56% -

3. - EA MR RFRAIEE (3 H-kH-500 kPa)
FJLT F H A BRI E 17% ©

4. - E4 HYIRR TR FE L2697 § EIT T T H 4 o7/ f AR
ERAGZHFL I% - EFF 28 16% 425 F 20% F12. gg*&;,_tl/z% wﬂ;f@avgza ;4 E A
T E15% 4478 11% - e (CK) > Bl 5 & FE (AM) »
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Treatment
code

F1
F2

F3
F4

~

°

Ny P
o

Treatment

No-light
control
LEDg

LEDg
LEDgg:1r
LED3p.18
ELB

LSDg 05

1x top-
dressing

1x basal + 1x
top-dressing

2x basal

@ 1z MEFELF QPR er2fh

A1 RREBSHANG ] PR AERTE R
Treatment

No light control
B-4 h

B-6 h

ELB-4 h

ELB-6 h
LSDg 45

+ ﬁ_‘;:ﬁ?‘# * sl e § oo
Ordinary No.1

lceHJPOa!:l
kg ha!

Treatment
description

Urea

[CO(NH,).]

Organic
fertilizer

Total

e Nitrate content (mg kg-')

4653 a
4240 b
4030 b
4066 b
4235 ab
494

chlwide (KCI) fertilizer

10 150 30

3,750 50 25 60 150 203

7,500 100 50 100 346

2x basal + 1x
top-dressing

7,500 100 50 10 150 376

Bl A6 A I RRARTORNKR

6000

F1 F2 F3

Nitrate content (mg N-kg™)

F4 4500

1,227 a 3966 a 2771 ab 4,652 a

3000

56 d
836 b
624 bc
818 b
534 ¢

3,935 a
3,896 a
3,869 a

2,557 bc
2,994 a
2,559 ¢
2,471 bc
2,391 ¢

4,003 b
3,756 b
3,586 b
4,615 a
3,935 b

Nitrate content (mg kg'")

1500
Y = 3910.824+356.153X-123.258X?
R?=0.542 (P <0.001)

4,090 a

0.0 1.5 3.0 45

CO3 flux (umol CO, mr2 s-1)

HRPEE 200 HEBAR

i

6.0

230 287 250 471

°

o
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||1

#ﬂg

b
=
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