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YIFERE 23 EEYEHR - 11 EEDBEBRERY (Aphis gossypii Glover)
(Tetranychus kanzawaiKishida) ~ —BhEEY (7 urticae Koch) BIBHBRIR - B EE—

BB AT B -
&

BEE
T EBICRE

MR S 8EERAN=EEYH - B0 - WEREIFR(D R 94.1 - 51.9 £2 5.1%) 8 %,

EWRIUR -

% 10.62 ~ 7.53 k% 17.82 mL/L - BHUCHERZIER DI SR ERFNA G B RV =

AR =T LCso FERIBE 72 /N2 RIS 2.23 ~ 2.59 K 3.66 mL/L - LCqo 725l

E76 - B iR

BRREN - SR 4 BAE @B AL RE IR Y (Aphis gossypii Glover) IBFEHR - BIFETHER
RmfgH 318 (RBETEEROBRAS EEEAS RILEERMHBRAS)E Sigma-Aldrich Co.

Z R&D # - E7TEEM?

BAASHERZRBIARGRERED - BNEEHE 2550

EILL0.25:1(V/V) BEmEHES - MUURE - BUEBEEARE -

IR R AR R SRIEEA] -
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RARBEVHEABEAEMNIR - X2

RIEEENNE - FEERLUTEEYREHEEH
REEN BB A RERNSEEGEE

(IPM - Integrated pests management) °
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EERNAERR - WEMABEMEEY KBS
IBAEM BT AOEBIERL - AINHEER - k=
BEREMEERRAKXNSNER (RERREERE
IR R4 - http://azaitari.gov.tw/) - #ETEYEE
B8R FARAENEEm  ARMUKRENZZ -

RAMRSBMEPRIHER - RV - EYRKEE
MHEEHRHAREEY LENRSEME (Miller
1983; Beattie 2002) - HoJEAVEY M (edible
plant oil) & 1E##EH (essential oil) - BEWRBE A

2 IRIENFEAEERSKZ (Adhvaryu et a/ 2004 ;

Moawad et a/ 2015)- LEHHR FERa/\ERE
2 - WNYFER (Mishra et a/ 2006; Kassimi et a/. 2012;
Attia et a/ 2016) ~ #p#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="FEFIEREYNE
HE®WS: (Satureja hortensis L) ~
basilicum L)YKRBE& (Thymus vulgaris L)RITER
IBEYER _MEW (Tetranychus urticae Koch)
HBIEUR Ep _HEMRENEHERKS0.782
1.563 & 3.125 pl/LRERNZER P 7 A5 #25E 66.6
87.6 5 96.6% - Choi et al. (2004) =S 1EEEHRE
8293 x 107 ul/mL- Ol _ BAEE A9 0T RIE 99%-
EIt - AR E RS ' REYREEYIE IR E
ZHRSEREM RS -
EREREMICISHSS  IEEEER IPM 52
ZUERRMRABWERTG - AR ERER - X
= BUREBRENUR - EV AERRAKITME A
ofREE - HRNREEMBEEARCESHBRENZEY
FERW - FARFERAREEN AT ERE -
U7 BN ERa N EEE - BMEMMEBER
sl - DUIRSERER BY - UHRERRIGERK
BE - BERUE - ASGRAEYIE 77 RO 38 R E BRI RES

ZE8) (Ocimum

2 AT (E R R

i — &t -

EYmE TS 2B 88

YL ERE - B 2005 £ 2007 F 8l 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.) - #81_f (Terminalia
catappaL.) ~ £I1E (Carthamus tinctoriusL) - BB
(Anacardium ocidentale L) ~ #&5% 0940416 - jH3E
(Brassica campestris L. ) ~ 3L & (Silybum
marianum ( Linne ) Gaertner) ~ it (Aleurites
fordii Hemsl)) ~ 28t (Thea sinensis Linn.) ~ tAfiR
Linn) & MH %
(Chrysanthemum sp.) ; % 11 EEEMEAEm -
DRIRTEE ~ KT ~ B -~ Bt - FUAARR 18+ -
SRR~ EEES - AR H TR

2005 FIE 10 BEYH - B/ [mHZE B
B 4196 - R RARSR 0940416~ 164 KZd »
t18h < - K3 BB B AKX 500 BE18Y (Aphis
gossypii Glover) ~ 1 2 £ %
kanzawai Kishida) & _BhEWMZMa%R - #ARER
£ 0940416 WRKE - BEEL 13 k7 BYAER
73 hliE 87.3-98.4 % ~ 99.3-100% K 100% (& 1) ;
1B 0940416 #t 3 BEMKEMBILRNS - 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%E2
70.0% (REEFRER) - HAERA - 2006 £/ 7 & - H

indicum

(Sesamum

(Tetranychus

(Phytoseiulus  persimilis

3~ FLED - 7RI OmAE - 3R SIS B RE
2= - 2007 FHE 6 EEYH - R - B - FBEAK
R RBFH - M - AR - B2 Tween 80 XL 9:



1(V/V) BE#E - BLUKIRE 200 #38 - H1R9t 6

ERWREZE - BEPEH - SRR ZRER
HIFaERE - 951% 87.9 ~ 95.7% - ¥ _RAZEHAI
PR lERs - Z 100% (& 1) -

S TBmERE YT ERTE—L 2R -
UM ME BB T R E g 2 -

ERANAE An L = SRS AVE Y H oI sE ¥ & 228940l
MEREEF (Hall & Harman 1991) - & I 5 B2 5
(2009)EFLEEERMAE I = B = FRR AN =TE1EY)
o AR - REE RSO - D RlE 94.1%
(Mohamed et a/ 2002) ~ 51.9% (Ravasio et 4.
2002; Aguila et al 2005) K 5.1% (Rashid et al
2008) - W BERAOMR - MEDEMEENAHE mAR
Span 80 E2 Tween 80 (HZ Wako Pure Chemical
Industries LTD.) - Mifk Griffin (1949) 75,422t
AEYBREEM T EDE M E HLB BEETEYHELE -
Lt =& MAY HLB &% 5% 5.3 (Acharya et a/. 2002)~
10.8 (Ahmad et al 1996) &k 6.7 (Szelag &
Zwierzykowski 1999) - eI T EDEMEILL 1:1 (V/V)
BE - TEER 25°C + 1°C FETHR - £RER -
158 ~ AR E R TR MR S A RWEE S - kR
BROM (3R 2) - WE=TEEYMAY LCo TERIB1E 72 /N
PHI% 2.23-2.59 & 3.66 ml/l - LCoo 757 10.62
7.53 % 17.82 ml/l (3% 3) - BHULOIHERIBIE R BT BE
HEMERN2EAR - NEEMENREHRE
H HLB BRAR/NETF RS - kR 10 mL/L REEEE
% 24 N\ 20 ml/l REERIER 72 /N Z9h - &R
EREBEER (R4  HEYWHNERSE - TEEMY
HlRtbpls s - BHEMmlE LCs RERIER 72
NBRAER - —TEHEN T EE SR 2 5l o] DA A HA
05-1/%0.125fF (&5) - M HAREBEREE
57 -

BRHP  KZHEEROASTHMSR - AATIEE
BREBSEE - R (2009) BEEB®MERAmEN 3

E (REERNBRAS - 28EEQT - RUWUE
ERMOHABRAT)KZHE Sigma-Aldrich Co.z
R&D BHIA MBI ICa iR - BERER -
Sigma-Aldrich Co. JHEA/T EIEME [[E 5 8 &
2009 - ER= @z HLB 1A 8 (Chang 2007;
Yaghmura et a/ 1999)] M 1.1 BEEBMNUREE
(3% 6) » LCs0 £2 LCoo 73 AlI7% 1.09-1.28 mL/L E2 3.96-
578 mL/L(ER7) - MEDEMEIMERTUR (R 8) -
M 0.25:1 ROLEAIER AT MBS - HARE 2.1 FE
FELBZE (R9) - U0251 BERHES - MU
RNEBEEAEZE (% 10) - ALLBHAZHER
BARUIARTIANED - DURBENEDEME R E
Eefl -

54 BIZREREIEERBUR - REAH
THEMIER -5 11 & - 2Bl & T & (Eugenia
caryophylla) ~ Rt (Cinnamomum cassia) ~ B1&
(Foeniculum vulgre) ~ XZE (Artemisiae arqyiLevl.
et Vant) - &% (Cymbopogon citratus (DC. ex
Nees)) - & &1 (Mentha piperita L) -~ & i
(Ginnamomum camphora Nees et Eberm) & 4 &
IR [(Eucalyptus citriodora (Hook) - £ radiata
(Sieber) * £ dives Schauer - £ globulus Labill.)] -
BB EZE FPI Sales Ltd. -

A 4 RIS HERE - N E R R E A
BFRUREEAE & 11)  HSEMEE - ERAEHE
EEE_MERMNE LOEBERAEE - Hit# 3
HZBaEDRIA 75.9%H 63.8% - &S ~ & -
1Bt & E. citriodora JCINAE 4 &850 - $It 3 1&=
2= FIEN S BARRERITYUR - BLUHEBTHOYR
B 1 mU/LRERERER 7 HROEMREDBIE93.7 -
85.6 - 77.8 K 98.1% (& 2) ; BILENEIEE 1 HE
FEBUR 2AI% 702885947 Kk 812% ; H
h X AL MAER 0.5 mL/L REZEIERE 82.1-
83.3% 2 (B 3) - JeExEET] -

TEY R TT Z DT BE 3



BEZR (1,8-cinecle)ELMABHIEEZEZH
MPBHRE - WA D (Hori & Komatsu. 1997;
Obeng-Ofori et al 1997; Miresmailli et al. 2006;
Mareggiani et a/. 2008; George et al. 2009) - B4
ERENLMABHEZERNSSLEAEZERK
(Dellacassa et al. 1990; Assareh et a/. 2007; Bhatti
et al. 2007; Sefidkon et al 2007; George et al.
2009) - MR OIEERE - HEN 4 BARRERZ
SENLMAER (F 12) - A EHE 3 EE R/
MR - EREBUREE  BABRELBVEZEERA
BE . DIHARNEEZE (£ dves) WREYF - E
globulus 82 E. citriodora /& HE 275 8 TEAM 7 (8
BRAEMER)  BURERZESE (£ globulus)
MRBE (R 13) - AL - R/ REREBREND
Z5 - AR N R O BEFE -

wELtHER  REERREYH - BHREMm
AAEEUE - LUBELCAIRERAEYRET (Plant
Oils Mixture) - £ZAIF - 200 EKHRERHERER
EXMEIIERE  TEEMYXKBOERES -
2011 ~ 2012 R R IEETF =REE -

BYHES Z EH

REMFPBEIERER  BEEZAEEEN
RIEEERRENRSEREN - BEE—REAR
AIEMRENERY - ERZEMEEMNN - BE
WERESRA - AtERAEEREVHHFES MR
EENRARIMARKE - TeEREEENYRTER
HEUR - BRSO EARSEEE A K PHIER
BLARR - TAROE - RIFMEERT - EYIRES oI1T
RERE - EEEAZSAEN - EEEMAENNE
RBUR -

RMRIE Z IR A REIE

4 OB (RS S

BITEHENBEEXEESNE - B8 L& EE
BAWBIRNARNERER  EhEZERTIERFEA
BRE7— (REF 2017) - RERILEEEGSHE
BAKXH  HEETREER - FHEES—BEE
BEWIER 2B E AT HERAITERGE - #1t
o EREEER DRSO/ R ER - 2EHRE
FF (2016) #RtEMREMZENER - HZWONE MR
BEHAEA 100%BIEMR - EMRHEYHER W
RERIGWT - BEWT - 0ERER LRBENE
g AR - REM & (Bemisia argentifoliiBellows
“HERAERERS (RET 2019

\\)Et

»

& Perring)»
=_)-

RERERENREEIESEIR

1. RBERE  BYHES A 200-300 EKEER -

2. REBE . BERE JEFEEB NETERA -
=a 1 MEIEMR  ERRERBEEEER - A
EEEY - AREAEmE () BM2EAE - 4l
WNRNRGmER 1 WAIEEMEES BT
BREUEBRENTE UAEER E5EF
arig R TJM¥s2 5 0~ KINE= 2 5% 10 i9fE
[2 & - MAEAREREEIER - BT TZEM A -

3. BEEA : TR ER - B 100-200 EEYHE
FKERER - REH 1-2 Wi - BHEFFE 48 /)
RL  BRERREERE  TIREERE -

4. Hitr: (1) RERREFEEEHIEERB IR -

4

&

UREEBBEARENBTRE -2 FHEERHE
HIBERINETT BRI ARG RIT Ik
NiEpEEie ORBFBNEE IS LA BISREE -
RmeERGRER - (3) EEEAZRBEARE
N RAAHRREETRERRERE LM - I8
RIEREYRESNTE - BROAEMER - RRitH
BETREEERARKRE LIS -

REREZEZRBRIN - BESE - JAER



VREFRBPENBEER - AERERE - BBE
Al ERENEDH - BETERSE -
AR - REEREMBRARXINAREE=

BEZRE - SFEAEMIET - HaHRMER
BEMRER - pI_E - BIEFENAMNCHE - —H&

WRMEPEE - HEER - BZRBRBARIE
EMER AR - FEISSENREBRHEY
£  ERBWARBRKRE - SEREREE &
M BERERE - REWFNSREER - BRIRER
BEA - FEEE - NAEZEBRIERLARHE
TR - P S EiRR (EEAH) - BRI

REERENIRERIEER - RERANEERER
RAEN 5 AREARIRELIE R - WG - BE B LEFIEMEY

BEHAASEREREE - R ERES AT
8- BENRENER - RFRIRETEYH - 2k
RFENIHREERIATIE - B REIRZE 82 REAVHERN -
MIEZERRENARE - AR BEMEEMMUES -
IR REMEPREERNBAME (control
threshold = action threshold) B Z1B1TEE &
% BEREEZE -

YRR - SR SRE - s &
WS HS - JAERBYHNEZETR AR
(Stadler & Buteler 2009) 8l - 1ERE8FE - At
RRBEET kR - BRENIAE  BRAR M=K
P& - HRRBET  BREmES -

AERES

1. 4% L]

WaRHEITRE - IR BREZTER
RIAFRERRE - LEFENLRA - 25°C £ 30°C
A% 6.5 BE2 52 H (RER 2011) - HEBKREA
E - LEREAES - EUTEMRE - BT 52
EUIRE - BREAXEBENRENRERRENRT
8% HHMNLaBNREZR - AIREEERES

I

£
.

mEEE  FREEAMTZEL - Bt - 2585
ER A FRTLIRE - BEAAEMRE - UEHhE
YIHR 778 - 200 BKMERE S BT REL
oJ%E 100% - BHMEHER 9 AT - #ERIE LIEE

Bkt 2 X - 2REEFEHERARR LM EEMRE
@ - EETEERAER - VERARFEZRW
T

B RER UER A TUAE BN - I ENE
i~ Z B (Polyphagotarsonemus latus (Banks))
EEREW  HONLTEBIER REXRER) - M
BItEEWMEELME - EEAMER (8% 1979 ;
5REDZE 2000; 10 1991) - tLFEL BRBHARBEIHI A -
ERRAWENR - BIRAWENCKLE - HWEE

AEMEL -

2. IREMR

IREMBBERBOIEAREE - RIFYEEREE]
ENEEBRMA - EITEHR (Pinto-Zevallos & Vann-
inen 2013) - MBI EBRBEMIARE - HEE

it AOMIEE - MEAH - EEABMESE LR
- BIRAEABEISE - O IEMmEYHRIET 500 13
KiEER  REEERAE0E 100%HEE=E - B
HoNEESR  AERSRETMERZR/ES (R
RER) - BRAEMBRBEBESK  AXRSRE
WIEN - BF=RE L oTREEERENENEE
£ - {B7A%R38 200 BAKBEBRNES AR - & T
ERRIRMAINSESR  BRENRKRTAE  Wifz
BEEE -

3. i

ABSTEE RENEMEYHRSR - A
BHM D NRE - Bk BA5ESR
e FTEhtriE - BignesT - BhIBsES - Alss
weA - FALAER - EAEYHESERERHES
MM (BEE 2002) - EAEER (push-pull) FR
(Cook et al 2007) - B9 - ERWEIFERD 25
EENCTELRIEE MEWE M (£ 2002 ;

B

<

YRR T Z W BER 5



FER 2007) FRLIBR L EERERE (Verghese
& Giraddi 2005; Giraddi & Verghese 2007;
Moorthy et al. 2014) - £400-600 kg/hafttFAE - =
EE N - MaA0RMEBERA - EENERE - W
BEUERRBEMNT TEErRESMEESRENSE;
KEASNESEZEEMI ENERSE - AHBREAR
1218 -

EaREEEARNTAREREMREE - BYPHERES
AT IARENE - BUIFATIN - ENEY
-~ BRYASNEHBAERLIAOMR - ARk ZHE -
BREMBTAVE M EIRS] - DIRESRMER - BHS
MO - MERMEMBYEN - ZEE NEBE
WL - BaEMIELRS - HERREREZERIR L -
EMBEEAZTENERT - UFTFHERAETHE - &
EOJ#ETE -

o
ot

EMNERNE ST ERaENBTHER H
FIBEPELERARRESESIENIESE FIUEYER-
Bt - Buh B TIRACIREE MEEE 1T
REE - BAY - FINER - ERRES  HEHNGEE
G IRSRE - BTl EMESEE (IPM)
HERZRFYRIBERRSENERNIRE - ALE
EMEMEESERE (ICPM, Integrated crop and
pest management) - G EAERSIRE Y EIRAVANET -
EBHEVNEEN - BREIFVNERSEK  E2H
it IRIBEWRRE -

EFEERARESEREN BRIBE  ALZH
EZE874 - MRORTE T REAER - oIUIERIFERE
BEZN BE - BWMBABKEESE - KRB
SHERAAZ—  ERREFMEERF - oRE
mEAEERRE  MARERXMRBER (R
2019) - SU4REEMEY) - B BESEAN (B
2017) - IFF A BEERBENSELE - EMEM

6 AT (E i i

PraMR - HOEERERNZERE - NEYZHRMY -
weREEHELES  LiTAE  EHEYERRS
FERY ICPM JOHEEMPREMRVIER - HBIREE -
MEEEXERRMANVERER - KERFZEEX
BEHEDPESSIN—R  FREIRIBSEEAIE

B AEIH S -

e

FEiFK - 2002 - EFFERLEELR - BIE - HE
D H - REABFST 59958 - 328 B - 1T
RREEE SRR -

FEiFK - k&t - 2007 - REEEVEZET - BEH
SRPrHST) % 131 5% - 155 B - TBIREHRES
ZREABRM -

RER - 2009 - FEAHHRG(EDE : BUR)

ZHIEMR - GERFEMIT 58:265-272 ¢

REMF - 2019 - =HFERER-KBIRE - BFtE

R 426:16-21 -

RERE - BIAKE - 2009 - —FEEYIHE _BIERH 2
TEMR - RN 58:136-145 -

RER - BRIAIE - 2011 - BPEAERE MR/
ZIEMNE - BERFENE 60:1-10

RERE LR - 2016 - BER B CIRERE®E

REMPOBBRUR -BEEREWE 65
439-443 -

REMR - FFAER - 2017 - FERAB AR | EEAH
ERFEARMHN 5 BEZRENHEME - BF
Al BE P IRATAR TS 110: 26-30 °
REMR - FFIER - 2019 - BYPRES A B ERE Z
Wt#E - 235-248 B - IV IRiEREZEBR
f2%E - |IRNEF MR=Z - 495 B - IEE
ELRRNARATE - e -
353K - 1991 - AWM ERER  REBM EZEEE -
ChEERSRITST 40: 439-444 -



MEE - B8HM-1979 - REH _HEW
Tetranychus urticae £5E L R EB N 27 & -
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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 £ 10.7 448 + 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 525+ 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?=10.90

?: Data quoted from REZfE 2009.

Y :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 2.59 (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), LCsoand LCqy are the concentrations of oils.

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

F 4. —BHBEMEEUEAERERIER 24 81 72 /R _BEEm 2 prasx
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. ADMIERERBAPAER "
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 + 3.8 dA 15.8 + 4.8 dA
0.3125 37.8 (28-52) 132 +36CcA 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. FEHHRBMMaR "

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) 303 £ 1.1bA 319 £ 3.8 bA 319 £ 3.8 bA
1.25 20.7 (17-26) 17.7 £+ 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. MMEARZHEBTHEIAZR
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 + 909a 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 25+24 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+ 12 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 42 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 2.2
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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w2 -
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).
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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 LCqq 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.
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HE - BIEREFRE  MEMA 1%-2%89K & 15
FOEH - B3 16 h )BFEEEITERE - KiEREF oLl
2% REEIARESE 20-30 min & - ABEKERE
2-3 R REEETIERE - EMIEYEFI9OEERIE
FRETERFES  ERMBEARERKNERRE S
RIERE  UeFEBFETER -

—g{tgs : —&|1t& ( chlorine dioxide ) 22—
EnA¥RIRN=ZERE - EEAER LA
—REXRNBRED - SREHMNERELR - —
atEHEYERARERERNTERET - IAY
SABPMENE - JREMDEIMEYERE
NaEIHRRAE EEMRESNERRAHE-
BRE —_SEEaRENER  RREERAE
MT|BRE - SHRE - BREENRESIHERE

3 - BOZERFEMREREZHUR - AR _8SR

ARYE=—REREEYRFRARN+FIERBRXERR
( X. campestrispv. campestris )~ fn B AR DTG
J&E ( X axonopodispv. vesicatoria ) K N8 A& 1
RBUEE ( Acidovorax avenaesubsp. citrulli) 2 7%
B 10 ppm —EERAREREEERE
&5 ppm EEHFHEE S 20 min 8¢ 50 ppm —&1E
FEBRIEE 30 min - A2 MHEAEZER - U
10 ppm “&E(EERARRETRERE 216 EF
30 min - 5 ppm ZEH R EEE Z EHEF 10 min
& 50 ppm REFRBEE ZALTEF 30 min - 15
OANERBRRAE - BIERET -

e

REZREEBEEE Millardet 1?1882 FFF
REARERERNBREEE - KBS RERZA
BIREZET - IKMEIEE () AREEZAE
BEERRE - —RERMEENE ) AKFEER
B o REMEINEE B AROFEARE B
RARERIREIALE (FY) BRBP(ABEREIRF) I
MBH - KEZROUBAREEES - £AREYRE
ZFa EBEEN - SHEHABONEREMAESI
ERREHEIABENAINN - KERARKREEER
AEMRE (R 2) MBIR (R3) KER (R4)
BER - B% - B - B HIBESR - BRER
Bm kst AE R RAR S - ERREERBXM
MEZERZFZNWKRE - URSIRESE - REZR—MR
AN "4-4 WRKBZR . EARBER - KRS
MR RERTEEHAAIERE - DUERERNEERR
1-2 R ERBULIBSREER - KEZRT I
AREBGREIA - AREENEOEMERNE -
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R2 OBEAERZERAKAHZ

fsis
& T s EE)AER K TEXTELE
(R%) (R%) (RF)

10-10 AR 10 10 1 S (RIRER )

8-8 WAL R 8 8 1 BR B

5-5 RBZR 1 REHAIRER

4-4 KEBRSR 4 1 BT (fEE)NE -

=)

AXRMIESE Bt T EEE IR RS - MIERRER

R - BHRGENK  BREKER (%45 BEEH
Akt EHRFE 18 HAWMARER  AMB EZEMUR - MoOIRERPUAER - HERER - thiB

oLRE (BE - MiE) - thofblics b 2 B - hEERE - AREREMY - EHAESEE
WEXUERZEREMEAEN - —RANXMERSE CIMWABSRIES - MERRENAKESE
hEGF)AX - ks  KWEELEAR 1:2:10-15 AEAE  RIFE 2-3 EHARH - REEFY—K

(KW ETHRERTRMIER ) - BERELRME A 200-500 & #BEIFYLK A 800-1000 5
PUKE - BREG)AKMA - K& 1h AREF (SHABEEREEEBRAERZEX - RENAKRE
B  REREN LEREM - REFakiEasE SR oLARKREEEFSOED - MERERK
PRESS ZEEE - RREFZER  MAHZ®R HNISRE  BRERRREER -

E
[=2]

% 3. 4-4 URMZ R KA XETE S B R A TE IR EE#E & R A7 355 ZHMR

E B BHER (mm) HEIZE (%) TR (%) HIEIE (%)
4-4 HEASR 11 738 0 100 a
AR 100X 15 643 a 31.2 68.0b
AT 200X 31 262b 627 35.7 cd
A IRHRE 300X 35 167 ¢ 73.5 24.6 de
A% HiTE 400X 36 143 ¢ 82.5 154 e
A% T 500X 39 7.1d 84.0 139
FIRHHE 600X 40 48e 87.5 103e
FIKHRE 700X 40 48e 91.7 6.0 ef
AR HHE 800X 41 24f 94.2 34f
AR 900X 42 0g 94.7 29f
FIRHTE 1000X 42 0g 94.7 29f
458 (CK ) 42 0g 97.5 0g

“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) EIZR (%) 13 (%) HI=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 51 215¢c¢ 0 100 a
A xifitE 500X 56 139c 0 100 a
AxiE 600X 58 10.8d 0 100 a
AxE 700X 61 6.2e 0 100 a
AxhE 800X 62 46e 0 100 a
AxHRE 900X 65 of 0 100 a
A K FihE 1000X 64 15f 0 100 a
88 (CK) 65 of 99 0
“The same letters within each column indicate not significantly different at 5% level by LSD test.
# 5. BEMAARRE Z AKXt S B e AR RIE R 2 R

& IR RBRBRR (%)

AxtfitEam 200X 83

AxbfitEam 500X 55.6

¥R (CK) 66.7

HoKEIE BEIETERANRMIERESF - KE - REREMOEDNE

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

EERFENRRE  BEREFERIREEMN T RN
FRARBERESE - AREBENREREX AN
2 FILIABES—ROEREM - I - RIES
FTEVBEREMRENEE - —REZ/FYILUF]
R#KERRFRRB RS - MEKERRIEAS
RAEZE  tBAZEREREEERRABVES -
IE5h - KB DAREERIWEER BRI
RE -
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ERIER  BRFRRERSEAERERN

EREFARTZHEERE - AERERWEBRER
53Z 50%-100% - EREEEREBRIE - HARSWAR
mBEMMAETE - BREN  RKEETDIAMEER
7 TEABTERKEREUMZERERRRERT:
RIRZEIREMR - M 49°CLLERKEE 5 min
BEBETEMHIEERIIBAR LN ZE R B REE
mUaR 1 RERREBETRKEES SERIHI
R2ZBEHFAE - 3382 53°CRKEZIE Smin EEULE
BIERE 7 X ORKEIZARERESE 1 SRTERR
BERWBRERE  FRATERERZHEE -
1998 FRAFELDAIMEETEEBE S IFE
VRS EER - £ 60 £ 65°CaakEEE - FFH
BEATHHEBREL DR MK  8\REES
#Z 600 Kg-RIsERAMEER DTS BBk 55
NELRIKERIERR - RABETRRNRKESD - I
RAMEREFZEREFRPARSRKEERADT - O
PUZERRIZREDR MIDRFK - 15505 B EIEE7
oJf7 - 2002 FERAMERDFIE=FFARATE
TESRSF RREIAEBHDRKERRTIRE=
HATRERBABEERSEEAETRAE - 8/
RERARIEE0E 3-4 Mg ML ETTEBRBANRSE
REZEFRLIRREEET - ODEEHFZAT -
KRB B MEERERERERBINFEM
sR B EEMURERR - 7 UERKEERERK
MR - HEHBEHEFFRR - JEl S A E RS
SNEERBIFmE - REREXRKER - AENER
mEH SRV MEBALFAE - AIWNES - SF -
TIEZE O UEA 60°C/20 s B3R - AR 1 RTEREM
SR OREURAZE 62°C - BEERER (XTR)
YARLL 58°C/20 s BEBEESHIRMEE - FULARE
BEEMAREHEBRE-BERT  DBEERER
ERIETMRAABRELVEREETAFESA
HEITRERIEENF -
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mKEEAHILEEE R

aENIE S A RReR5 B EFRRRE -
RHEHZEIETIMEERN 2G5 L RiRE &R T
MEZER  RERASEHLZRELA—ZRE
EAARREER - MFEEBRERERRZHE -
BHBEERETNEERRBELE R 2REN
Rz A AREALM I ER  HFEM 2-3 MK
B ZREHRATYLFBCEER - £YE - &
8~ K - FUmEmERRIN LT-M SR/ mEELE -
BRABGRE ; E&2PAFA 50°C-60°CRKER -
FREERAFTENRERRTL - BETES 75K
SMEMmEEH AR Eieman @ Riem ftEmHEHE
REHBNEFRALZFINEER T2 AHEAR
maal - RINBRRERBZGE  FREEEER
K LENBRERBVESINERE  ARKITER
BERRTHMRSEERRAELEEEHERE
A AFEUESERERERS - L RETWAZES
FR R R I I P et R OB R S B8 =8 - R D SRER IR
ZER ERSERIEEES 2007 FROHEM2HARE
ARAER  BMELES  FRERZERSRREE
Fi5% 3 7509 LIFEERAEEES 23509 - LU
52534359 -

P ca L

DM RSB IEA—1E - 1980 FH K EEIR
oI UFaINEMs e EYRE - W& - BRDHE
FriamEREREAN RS —E S IEEZNER - £
STHERNST - — BB A/TBRESEET (1000
ppm DlL) BRENE#EREERE TEENE
EF - BEERE (direct protection) FERIINRL -
BERINMLATE - FLFER - FZWEHIIE Lo
BAFSEYIZRNBEENBEERRE (Indirect



defense ) WIN - EENEREMNER - 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~ - Dl SRE  BERA
RIEFNIAMR - KERARBERRER - HBER -
BAEEER dnkER (B 1 %6) BE&E+F
TERIEBERNE - £ % —ERERR DK
FACHIT LR FHEEREAJMUBETRE - B
FEER B (95-99 %) HEE&EH# (95 %) B
—tE—ZERH - SRERENRHMEARKD - B
A E(EH - RFHEHENERELD pH 6.0-
6.2 - oJE#EER - ol LUR/ D B BCI R R i B RV E
RFEET  WERARRERER  RECFRAMER

IR EROET - BATREB LS % - B EER
ERERENER  BEF  EEREREEROERE
B -

THEEHERRE SR (1) EEAREERE
ELL 1000 mg/L % « (40100 L KPAIA 100 g
TR 100 g SE(E - B 1000 SHIER ; M
A 200 g EEREREER 200 g EE(EEPENS 500 fEHHE
R ) BEIETRROEARE - 07 - RE RIS -
fEFRERT 28 1000 mg/L - BAIZBHREE - &
EE#HLE R AREREN  87d—% - B
2E 3R - OEMER - REEGIRTIIRER
S7d—R EE2E3R . RREHNAEH - (L
MEREEL - MARETERES 2000-5000
mg/L - % 7d R - BEZEK - —HEEEDN
BARBAE - EEESBRENR - SR BKIE
WRIRRME - REMENRERED - S8 1R -
H2R NESR3ED 1R - RERA—EER 1-
2 REDE] - #3 ~ AP TREISRERAT - 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

BRE (%)’

BZ¥E (ai concentration, mg/L) BEIEA FI2REBEBTR FA4REBETX
So R © (1000) 238+41la” 267 +25a 288 +54a
80% BEFTLEMME (4000) 221+50a 265+13a 313+74b
35% #AGAITLEM K E (350) 275+20a 384+47b 663 +56¢
50% iEmZSohRE MM (125) 236+31a 253 +26a 289+69a
EREE 263 +26a 422 +08Db 69.0+59c

“ H3PO; 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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FL1EZ=TEH

REMEEERABEET - B—RERHE
BIE - RS REMEMPAER - WiZbaE
HiEBR =Tt —MEYREREREE L - dREr 2
BEMERERZEN 0.1 %F(CEAHSTIEEWRE
&8 Oidium neolycopersici S|REMBERBE MK - &
LEEYREIEITEE - 85 M - 16408 ~ AT75HE
AR HERETGH - BRI ESIEHMBE BB
REE S CETHORERSZE 05% K-8
RETAERE - ZERRADEEHSTEEYIERET
R—iEEE - sEfAfRRRERFEFEE#ER - B
BRIV EMKDBRNINY - BEAEZEBYNIT

2. FEEETCHBA NN E A

RIERAKRFNEIER -EHEERE  58EM 1 K-
HLNBE 2 -%7) KR (R8) & (F9) 1410
SEMNBEMFIIERFNEIUR - L5 - BEE
% - BERINARSNIIHEIING - LEER AT
FappM AR - WREE - ALt - EFREAB3k
BEREWABEERSIERANENESIIN  mER
FENPPEEREENESEE  FaAKEERK
KRR - EEMABEN—IEE R aEI -
BAIFESEIEHEAE R - UERREEREYDR
EEM - ODUEERRPARME - Lhsh - LEEEIR
oA EMEYRIRERTRES R - 18REMaRE
ZINEE -

()2 EZTEH 200 15 ; (A)HER -
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#x7.87dA—RIEZEICH - 584 RItEEE 7 d LA RRERE

X R ERE(%) 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%H55] WG 2,500X 36.75 80.75 7350 66.75 64.44 a ab
E AWZEHRRAE (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  F4RNHER 7 d I

EHBAARTNB 1 8 2 WR

2Ll AR Wi A 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

FLEZETEH(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 sig

nificantly different at 5% and 1% level by LSD test.

® 9. FRZECHREMAEMAME 2 UR
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 11.5
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.

EX{d

AU IEEE (bicarbonates) ZhI& - SFE
R (HCO3) Z{EE&Y -7 REVEREE EIE AKX

i
S (NaHCO;) sifE/ &7 ixBe =88 (KHCO3)~

[
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xEEE8E (NHHCO;) S=1F  AREE L LUEH

BEM KR S 50 K ik B =8 - SR B LIFR R TR AR
48 - 85 - 3R 1R - B5 - AN BEF
LEREFMZBMBRE -

B - 2K
BXERERT - UM EIKEE

=i (baking



soda, sodium bicarbonate) & 55 # AR E¥) B E LA
Bl - BRNGITEEREDLIFE —IEMWEIR -
B7£ 1933 SR - BB Hottes ECAIARZRIE " A Little
Book of Climbing Plants ; P 212 ZI AL 133 15
/NI Ol BB BIR AR - WIREIRTIS BN E
BEYRIBER A de Yaczenski B2t - 1981 F -
HZ Homma % AR BixEE S5 & N #5575 ; 1982
F - Punja # Grogan #IR =87 - #F - SANERAOIREL
BAMERKEREEARE - RN REREE
PralEMmEmIE - B5%2 - £ 1985 £ 8 A A
#ER "Organic Gardening s #&5 L - JREHAK
MRABLIKHE 500 BH/NEFT OB AR
MFAMEEZRMRE - 7 1990 £ 6 AHBZEEEE
" Greenhouse Manager , #55 & - 8t 7 =B )
WAE Horst B AIR/NEITHANIRERRE - B
kR EIER 3 FaRmE - WRE 3-4d B
200 B/)\#x] RE R s MRS FAREEMR -
ol N\ SR EMEER L ¥ REETTFER-
B BUEE/NEFT R AUR ) RS KAR - olA
MFaaMmE R BRRNEE -
ERBREEHARES  MEHRRBENEERFER
N ERYBEEBIENE RS - RARSMAATE
HRH—IEFZE - BEREEARBENIENIN - 2S®%E
EREREERZNESHER  EECAZREM
EHERBY - EEASERKBE A - Bi/ SR
HENEMEEREEESL - LEENKE  TEE
VRSELEE  LHENHNEGR  EREFE
FEERNEED - EEAERBRERNBAE P - BE
REAFISMNEE - —Mims - UHEE200E - 3
dIBH 1 X - B4 3 ROVURERE - BEAINKA
MREE - REEUBFEDR - RIFREUREE -

MEY BT

BENEY YL aREEE - oo R/0RE 8

LD.EERERASR, Q.EEBZSBKRER ; (3).
2ELF, (4).BFER O)FEEVEENRML - B
BIEMMATL THERMEN ZBR . ZMRERS -

AUARE  BIRES#E RRE - RE MER

RIEBMZERE - ERGFREERERER
AMESEERRMENMRE

EEE  HAoEBRRAREREEmIEEM ZM
EVMERBFHETEES  BRMERE (Badllus

subtilis) FARFE/AKIEAM R HERER -Z8 (/)
EXE ORE REE R O ERmEAnE &
ARREBRER BRERR - NEERNREE
BHf% ; EMRFIERE (B mycoides) RRMIAKFELL
BE BICEER,; REBMFBEER B
amyloliquefaciens) BIRMAa+F16R (NEXER

BERE  REE) HE -@HZE 3 B3 ()

X BEXE REE) FRME - WWE - s f

XEENR  GRETE  EXE -B2E - NEE
=% Ui  FEARSENR - Ef% - B -

e = =

¥ X MEEEREMR - TAEIR - Al
RRABILE - 1910 - iBRF B FRESHNRER
WAUE - HITRESR EREMBAEEREMR &
RIEPR -

Eﬁn2,~

BRENERLTE (chitin) - 7 1811 £/ - HH
EEATEEEEEYPREIR  BRPOORIRER
- PREBZGEENRBARNPRE - EREM®N
REEMNERE URFELESESE EEENARED.
X FEAHEREENERY Y —  GIMEERE
BAIMLANERE - IKEIEMELT B - AHmK
EREELE - BABMRBIRIKEEL - TR
MPETE  PREKREME (chitosan) AREA
EYEEUNESY - 22 - MEVREMSER
it BRIPRERRBERREZEANEE 2%
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BEmIEEZEEE -  ERFRETHNEREEES
BEYMERBEHE RHEY  ERERRIERERH
Bl - BREKEMATENERBREDEREER -
MEEEREN T EEERIEENEY - TEZ
ERFREILUeEEY EE B R RENRTIHIER
SNRRBR R T EEYNER - MERBEIFEEHN
RERTERELEINY - PREBRSENWERLAE
& RIFBGAE - MENZEBERFRES -

(—) EEEREEEERFREFERENTE - SEHY
PREEFEEHUREREANURMBE—ZINE
i - BEREMRABRRKERRRABRENE T
BORBEENBTAEFNRSFR . AR 20%
EAMNERSFR -

(D) PREELBEARNBREZEER KR IHAE
HNMAZS - EEAERCREESRIEEEER
EHEALROTNEE - BLEM R BN PR RS RIBIEY)
DWERBEEE S RHIRENE
(Z) PREBREMNEERENVA -
HRERRETARNUR -

EM IR

(M) EEMEES - PREOERAEFERIINN -
EREHRINFEYNEF KRARTEE —ENIN

AR EEESY - BRETUBRARKRAR B

HIERAREERE LA SRR R R R R -

MEPBRRKKAUERREER LEMAEEY - o
PURIBFR K RBREEA T - B EMER—EE
- BRiREEMREEMHERT 95 BFREM

ol

== 3
HEEm °

A am B RS2

ABENREREZRERAEMEER - B
BIASURZREREZEMHBHTE - KM - (FY)
RENRENES - ALERAE LHFRBESERRE
BRI R T BREM ZEREE - BRNERE -
WEBARBEUER LM - MREREREZHAEM
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EASER - AMETLURMEEGMRZERER - I
ERRENASFINEZBR - BARIFEIRERK A
RIBKERR -
BSRHEBEULAREERaERRIBEMRA
SR REREMREEN o ILERREAEZEN 8
BEEIEIN - BEBMDBAZEREEEBIERES
CRERIDG - EMARZHRERBREHEIETTE
FMRESHNIREREMARNEENRERERES
RENER  REARRBSINER -
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1 REERFHBAMERSYANENREE - 8% adh -
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BEEYS [Mallada basalis Walker)] M@ N #iEs "0, AZE/NEESHNEEXRE - o
MAALGENAKZEE  REAINEREZEESERRAES  ARERERFEEABEEREZHIXE

R - AERERXEFHMESNEUER/NEEES
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AEEENMARSEREIRENREVIAKE W
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ZEREQMRBY  EEEENRESERLE
AR - LEBTRFEREKRKSES - FRLEESHE
ZOAMCR @ HWIRIBEHEETE - BWIREBARNE
MBS ERERZRRE - URFASYEHEKX
(Simpson et a/. 2011a, 2011b) - BEERE(CEBERE
EHRIGNKE CAEZREERENEZEZ&KTMA
(integrated pest management, IPM) #RiB72 - 1
X EZREREN KB REARE  B2Kk=
BEEMEERE(So et al 2004; Lu & Wang 2006;
Chen et al 2014; Xiu et a/ 2017; Ye et al. 2017) - &
WEANAME=E2EE - B8 - WmEW - DUAE
1% ANFIMANEEHER - HEERNOSRE
i OREBLEZEEHEREEEE  BUMARESE
FR/NEVER . H—EEENXEESE (Wul995; Lu
& Wang 2006; Hsu et a/. 2020) -
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BREREN

HEB B % [green lacewing; Mallada basalis
(Walker)] B Ik ¥ B & ¢ ®
Chrysopidae) - 323X 8% green lacewing - E ka3
(B 1d) AEEY  DIEE -TEHER/RE (Wul995)-
BN wiER ", (aphid lion) (Bl 1 c) - B
LEESVSBMNEERM - Rk 7 EHeTas - 1
Wi EWNSSE/NAEREFRANHEEEE
EREREBENEEZEXRH (Lee 1994; Wu 1995; Lu &
Wang 2006; Chang & Lu 2007; Chen et al. 2014;
Hsu & Lu2020) - EHERMEIMABATENASE
28 (B 2 c) (Cohen 1983; Ma etal 1986; Lee 1994;
Ye et al 2017; Hsu & Lu 2020) - FEFREAINE A
ENE@RACHE - BRBREBHIRES - MBI
FRE1EY) - BaWItRYT (Aphis gossypiiGlover) ~ iR
Eipda (Bemisia argentifolii Bellows & Perring)

(Neuroptera:
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BIEW (Phyllocnistis citrella Stainton) ~ # Bk 17 7%
g (Nijpaecoccus filamentosus Cockerell) ~ 12K
BEWg (Tetranychus anzawai Kishida) & _ BHEEi
(Tetranychus urticae Koch)SE2 %5 (Wu 1992;
Chang & Huang 1995; Wu 1995; Lu & Wang 2006;
Cheng et al. 2010; Chen et al. 2014) - At &K
ERENIEBABEERAENNRBES -
EHERENRERESRENEEREESE —
ONHR (egg stalk) &3S - BFUIPMIMZERYIFRE -
IIREA 6-8mm - BUKIRA 0.9 mm - RIF(EFR
#e (B2 BERINREREE (B 1a) - LEEIEZ

YIREER R RIK A 0 ORI E BT o) B SR AN 95 45 5 KRN -

R ERIER BEAEZR (Eisner et al 1996) - =i
M =(EERH - EEO=R51  EamRARME
BRENEE  aRABEYEARE - DI ErMEE
BA NS - BERA 1-2mm - =iy eRolE
6-8mm  BEMREE - BREZIRBEEMIKELR - P
EXRE R ARRIARSERY (Early 2019) - R ERIBEERY)
FIRAR - 2RKABEMHFENEMES
EHERENBSHAARY - HisHn/ ) ei
WEREASENELES AILEASRERENSE
smfakEd  BAEENEREERE

RERMAXHNEEABRZEEME

FERXHMMRSEFrERREEE - ANEERR
MANERTABCESENTEME  RAILEESE
BHEMFEEAT - BEMEEZEMNIE (Hsu&Lu
2020) - R EZ AT EMBERER (B 3)
RitAEHBREENEEZRMZER (Cohen 1983;
Ma et al 1986; Lee 1994; Ye et a/. 2017) - #&KLHZLEE
BB EENEERE - MEAUYCATINEES S 2
B Es M - UESEIRIRIERE (B3 &R1) - DR
WAA - I ARIRIRARIEEN Y - B EEERES
s RATENER (B4) - BiRSEHNNSIES
MEmEE—% (85 K2) R7YBREERNEESR
BPNERREE  HEEEE - WoliRSMaSaNED
£ (&3 - 3®4 - BE6) (Hsu & Lu 2020) -

BB RNEERMN B AR MERAERE
SR BARMEENSETEHELEEERIVA K
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Mz - RUEREN—RERBEFSHERARER
EZH% - RPEEANTUETEEREERIE
GV AL

BRERERMR

BEHERNNSBPSARY - FILEARSEED
AR LERNNEST - ARERINKEIIARMR
ENEN L BBERENEENENES o8k
(Ridgway et a/ 1970; Nordlund & Correa 1995a,
1995b; Nasreen et al 2004; Sattar & Abro 2011;
Hsu etal 2020) - FICERRESES/NREBSFY
s - oIS AP OP KL 2 00 R AR SRR AR /B8R - BiGAR
SRUAEAR - ZBBAE - S SHFRENHBER &
MaRtEEEETRER LLRTINEE:R: (lLu&
Wang 2006; Cheng et a/. 2010; Chen et a/. 2014) -
DA Eh B0 A Fo e R B /0 &5 DB SR S DN AR L B B 8%
gpkr (B 7) - BERREIENEEIBHERE - IPBOE
# (90.2% * 0.6% vs 80.0% + 2.3%) - W=
(80.8% + 2.8% vs 70.0% + 3.6%) K i =s 1SR
(54.2% + 34% vs 46.7% + 4.1%) B LIEENHEIFER
e B O erEBE (3R 5) - HIPKUEMR TR (& 8) -
PUE ST R B DS WER IR IT BB EER - 28
mEeta/ )\ - BIEEAN  Z=USFER - BRAR/)
SR IIME R 2 BT (Hsu et al 2020) -

AR/NEEREREELNE - BRHFERLHER
By NHRECEREZREURENE  DIBEE
Bt RAE - BAXBMRSKEBEZRESFY
mAEERNETRENS - BAREARREIRIZEA
& E% (Lu & Wang 2006; Cheng et al 2010;
Chen et al 2014) - EFEENNRAERLE ¥
ZRFYEENHEELRA - HYBEMEHATH
EBEBREARRB/\EER  Hhl=ik=H
BEENEE (Hsu & Lu 2020) - RERZEHRET - —
EEHBRE_RNSEI MR 500 KSR
§PEL 3000 BREREK & A2 ; MR /7 aHINAYIER
L SHUR 400 £% a5 700 SEREM A=
(B 9) (Hsu & Lu 2020) ; BRI EIAN ~ R E
S{EY) LA/ ESR - EEENKBEESE6
NINE 80%LL LR ERBRE (& 6) (Chen et al



2014; Lu & Wang 2005) -
AR RERERFZRMANEHD AR

ERERAEERK - BREOB9SBEMEPHE
Mz UHEEERBENAR - AREBEMNKXBEE
(Wu 1995; Lu & Wang 2006; Cheng et al. 2010;
Chen etal 2014) - Mra=E=mBE - R TUKER
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s = A RREAREIFEE  TeESHINE (Yuetal
2017) - EHERE XA - BAXBENREEAH
BAEM - WARKEEAKENIIZERHERES
1E - DIFRBR MM AER RS - e REEREIET
M4 % (Simpson etal 2011a, 2011b) - EHE
RIEFBENKMEE - NETE—MRHEU REEIHEE

RERERMRREPESEENAMRER @ X
WMERMERIABEREHBEILZ - RAZREIR
BRZEE - RS HBXENEE  BREEan
AMEHBERFFE  DUBREEREE (So et al
2004; Xiu etal 2017) - HREREFZEB/KEKX
MERMANERERIRE  BEEEERHERE -
TMRMBREBYRIR - EMBBEEEHENR R
AR - B - EAEBWKWMASE - KEBDHW
KilzseEmE  EEVT PN RKBERIRIMESR
(Xiu et al 2017) - ERBERENIRINER - (R 72
EHEEE—BRIETRNESE  SEEEREN
BYXRR  ENARREVYFELSN=EE (So ef al
2004) - BERBBEXHTEREREBEEREE
&l - HAEETE MR -

(u

AMERARREBEZTS

EHERREBEARRGEEREZNHEI - iR
NEEEYIH  RRUERAEHEREBRNRIM
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B E2MERAENNARMER - WolmCMBiE
HREERBROAMERE M TR

RREE

EEHERERAZASEE RN - BRI
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(Hsu & Lu 2020) - 5 —7H - R EEE R FFRITPHL
WETHFER - BXRREXIIME B BFEEXZTER
(Bezerra et al 2014; Hsu et a/. 2020) - ELEBAZE R
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Hsu et al 2020) -
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MEERRRRIE  ERABRRNENSB S ZIRIE
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mor) CHRYEBMRZEEmSR  IDREIHREE
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1 BEEER (Mallada basalis) HI5FP (a) - NEMBEGERNME (b) - BEEHIN (Cucumis
sativus) R L2 (Aphis gossypil) BINER (c) - LIRS (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. BEE I (Mallada basalis)SP fuFEERIPAMZE R E -
Fig. 2. The eggs of Mallada basalis are attached to the plane by the egg stalk.

3. AREEERER (Mallada basalis) Z B EERWAIRE (a) KEIEE (b) - URIEFENRERZ
BEEHER M (o) - WHMBEER ZRHEBT A — B0 S KERE RN A AR ZF 2 1%-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
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to form the core—shell structure and could be easily pierced by Mallada basalisarval mandibles.

B 4 MEMBERHEZLER - [RERE (2)  GARTHEEREAE () UTHEREREBEE () #HELEKEH

(1) 2EE (V) REEFRLAE (V) MEPEAWERE (V) -HHE (b) tARERERS:R () I

R () HEEERPNAFEME (1) WERBFAZ[ER (V) SPEARERE (V) - BEREEZ
BB EAN T BAREsERHEYR (Mallada basalis) -

Fig. 4. Diagrams of both encapsulation processes. In the old process (a), the diet is loaded in a pressure
can () and driven by an air compressor (I) through a water bath (Ill) 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 (lll) 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.

i
® 400 -
[O)
4
20.0 ~ —o—0LD
—e—NEW
0.0 T T T 1
1 2 3 4 5

Days

5. BREIEEBER (Mallada basalis) 2B EEK - RNBEEESPHE 5 REZFIOHGRES -
Fig. 5. Mean (+SE) weight of the old and new microcapsules five days after placing the microcapsules

50 FERBKEZIFYRESEENNE



into a larval rearing cage of Mallada basalis.

6. UABREZMBREREE 2EHEY (Mallada basalis) FZEIEILEE -
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.

B 7. R ECheE n s WERE BB (Mallada basalis) BPkl 2 1B3EE - #50 (1) U0 ZONRTIER - TS
ORISR ERE) 2 WERR () RIMRAZZERERE () - AIINKRE DB (V) WERER
Fig. 7. Diagrams of clipper and cyclonic procedure to take the eqggs of Mallada basalis from substrate.

The clipper (I) removes the egg stalk, and a collector driven by air flow (Il) inhale the eggs into
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the connecting tube (lll), and finally these eggs were transported to cyclonic separator (IV).

8. MEIEECIRE 7B AW ENEREYR (Mallada basalis) 5P -
Fig. 8. Eggs of Mallada basalis harvested using a hair clipper with cyclonic separation.
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9 - BEHEIEY (Mallada basalis) Mzl AEIEERE —#RAREE (Aphis gossypil) & za AR —BeiRE
K3 (Bemisia argentifol) ERZHEE -
Fig. 9. Predation capacity (Mean * SE) of both lines of Mallada basalisarvae on second-stage
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Aphis gossypiinymphs and third-stage Bemisia argentifollinymphs.
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10 - B2EEY (Mallada basalis) IBRARLRE MROMEEER -
Fig. 10. Hatch rate (Mean * SE) of Mallada basalis eggs on different temperature.

# 1. BRI (Mallada basalis) 2 MBEERMEERE DHFMES - BlE - BAE - ERAREENL
I
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)
) ) 3 11.8 13
Dimension (m~) 89.0
(21 x20x28) (24 x06x%x09)
Total weight (kg) 336.0 424 874
Cost (thousand in USD) 94 4.2 55.6
Productivity (kg / hr.) 275 2.75 --

(Diet produced per hour)
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2. ARRBHEEEEHEYR (Mallada basalis) 2 HEENBEEARNECAREEZFE -
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. EERBRMNEBEYR (Mallada basalis) MNzaERAEREZMBAEMBRERNNZEHEEMBEE
ij/JE/gars o
Table 3. Development time and adult fecundity of Mal/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 93.3 3.0+ 0.0* 100.0

3rd -pupae 51+0.2 933 39+0.1* 100.0
Pupae - emerge 109+0.1 66.7 106+0.2* 83.3
From instar to adult 240+0.3 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,

54 FERBKEZIFMRESEBENNE



respectively. (Mann-Whitney Utesting was applied with P < 0.05 for the duration of development and ¢

testing was conducted with P < 0.05 for the fecundity.)

* 4. BHREBERZEEEYR (Mallada basalis) Mz BRAARERRE ZMBEERNE N 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% (P < 0.05) and 1% (P < 0.01)
levels, respectively. (¢test, = 0.05)

= 5. WEDARRREBINAMEZIN NERER (Mallada basalis) Sk 2 BINE - BIER KR BERFE -
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 & 90.8+16a 60.8 £0.8a
Clipper with 1 mm 90.2+06ab 80.8+28ab 542 +34ab
cyclonic separation 2mm 63.8+48c 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 33.3+3.0d
solution 6.0%,10's 78.1+5.1bc 03+00d 00+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 LEWEEEY (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 100 343
(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
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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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Optimal using and saving water on eco-friendly agriculture
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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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field mycorrhizal dependency, RFMD) 5% - %
BEYEEAMFE RN & 2 E1E1E - RFMDEtER
BWF

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) B
EREREYVEZENCEREYEZEES LR ARER

ZnH WRERKFE (growth response) - &R &
FREARRKEE SO AR EEMEREAMFZER
Mzm - HAEERWT

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

x 100

Tawaraya (2003) 32 7RI AREEAI2501&1E
MEAMFRVIKIEE - WARIBIE AR 1 st RS
gy HAHHEBEYEE (field crop group) ~ ERIE
%% (forage crop group) B &2 (wild grass) - 3F

RARIEEE (forb group) EAMAZEE (tree group) -

L hEEYBEYEREKEED B SHEEYE
(field crop group) (44%) ~ EaRl1E4)8% (forage crop
group)-56% - BFEEF (wild grass) BSERARMEY)
£f (forb group)-70% K AKEf (tree group)(79%) -
BE250BE B AMFI KRB EF197556% - TEHEE

MED BN (Cucumis melo) ~ 3% (Avena
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sativa) BINE (Triticumspp.) WERKEBEEREE -
RELEENERNPER | HIEEENEERNKE
ELEHLEEEYE - ER—EFED P - FAEEYE
2 HERGBEETNAARRE - fln . dEEyEEs
EE (Allium porrum) TE+IEREEH100 mg kg ' B>
ERICBEERIC% - MEMEHTIBEBRET - &E
MERKBEER-22% -

EEEYAERE HEERKEBEENEES
Hetrick et al (1992) RE/NE (Triticum aestivum)
23fEmiE - EERKBEERARS0 - &/N\H-15%
EHR17T% - FEmAH (wild lines) ~ [R¥m &



(primitive lines) 238 f ¥ 15 @ %
HERKBEZAEH
(Kapulnik & Kushnir 1991) - Bl /) & Triticum
aestivumR R IE MR BRI @A LLEE - 71950
FLRIEL R Em A BHAMFR B ELEE1950F
PEBEYNFHIEMREAZS (Hetrick eral 1993,1995)
BY N\ ERAHAMFNEBEERA BN RERE
(Hetrick et al 1996) - /NEESmAETFEmAE
AMFRIKBEELEEEEmAN/NES (Manske
1989) - Zhu et a/ (2001) #HmEEL - /NEIRAFE MR
ZEEBEAMFE - Hith S SRR ZHEAMFR
Ram&E  BrRABBEENSKRENEHBRK
BE -

BRKEEBAMFNERYEFERVAERE
MR - ERKEERERENKHRES  AMFES
FEMAZHEFEN - ERRZENEBD - RIRKH
ARET - AMFROMRIEREEIE - BEBKHNBERT
KIEMWERAEZRES (Vallino 2009) - Suzuki et al.
(2015) AHH6AEIKTE migEBEBAMFERM S @ &
REKRBREDPE
% AEmEHAMFNERRIE
- 44% %
118.9% - ARC5955m&/K#E (indicarice) HERS:
EREEHES (1189%) - Nipponbare @ & 7K 5
(japonica rice) HERERKRIERL8.7% - THELEE
BURSZESHE - HEAMFOEEEIRSARC5955E
Nipponbaremi (& mig K g i _EEREREBHIBE E K
REMMEENSE - AMFOBZREKERE
ARC59554 & - B¥KiEmiENipponbare =R AIE
BENREUR -

(modern

cultivated lines) B9/NZE .

7 - K ¥ ¥ %& Funneliformis
mosseaet €418

(mycorrhizal growth response)

F EREREEERFYEENEZRE

E—fEEYEEABEEAMF  TMEXEEFER
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. FFEERBIEEUR -

Pedersen etal (1991) MEEEESERRER

EXEER - M Gl microcarpusTul.

AMF (G, clarum, Gl. intraradices, GI. monosporum,
Gl. versifome and GI. vesiculiferum) - 555845 R~
m Z= B [ S el B P S O R V38
MEENEE - EEAMF A EsE TR HE14
BR%® HEaX2HRAENME -5 — @iz
EEtEFREEETIEREPLUBRERANE - 2
RlIEE=EAMF (G/. fasciculatum, Gl. intraradices,
Gl. vesiculiferum) - i 7> Rl 45 F A EBHAE (0, 50,
100, 150 ppm) - EH13BRE17EETR - 118
G/, intraradicesk. Gl. vesiculiferum WEEERREZE
BMESNHRAR G/ fasciculatum #HEH - TEZR
AR PR ER R EEERNERZE EHE - BRHA
TERETEE B S5 138 R B AL A9 7 10 2 38 0 1 B8 g B
B BESI7TBAAZEE - 2l BERBRERE
MRIE R EERABNREIENNER - EARMNE L
RELEERWE  HFEEREFVNEERABREER
RAEENHERA -
EZEB/\EHRENHBFME6EAE MR
AMF (G/. etunicatum) PIR2EAREFEIAMF (G

Gl intraradices 1£i&

claroides, Entrophospora columbiana) ¥t K= 81
SRNERYE - Al BERER | EARMNARME
BRBEENTIE L - Gl etunicatum WI21E m %
(GE329F1GENPI) #HAGEEZEBFEANNE ° 5
S EESROEBRAERER - R LM2EmAEGL
2B 5 1EmARNGL etunicatum
(GE312) thEMHEMEEME - £ 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 BEKH B AR
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
IRUBE 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 EIRMIERR73.4%:
B A — X 1/2 % £ 89 Johnson solution (31
mg/kg-P) - B ERMIAR NER55.5% - BiB
F—Z&xZ#=EmJohnson solution (62 mg/kg -P) -
BINERBBEEEMRER24.2% - Menge et al. (1977)
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ZIRMNTIEPBN S ELFREN B FERREE -
Kucey & Paul (1983) 7NRE - FE A FEHALAY LTS -
EOMERBERR47% - itA45 kg-P/hatg - &
IHNERBEERTNER15%  EEETES - EiR
EEFEA301E/100g soil - FEXRERETIESP -
HEIRENEFEAR651E/100g soil - fES R I
%h - REFYREIEIDER 50808 - AFFEH
AMFRIE# R IRULEE - BAMFAI R 2B T ER
R - M7 BEELEEETENESHEG - SLIED
HRESE - YRS ZHIAMFIHAE -

Lin & Wu (2002) #R&JHEEREE ¥ AMF 18-
RFHERE#ARERZEE  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 IR B+
REENZE 20mM K - EMEBERERF Z8EFE
EREZE 20%L N - EHEREAOREZ 40 mM i -
EMERREA T ZEFRER 0
BA A scrobiculata EHBERBEFRE 4 mM LUTR
B EFRRS - Dhl&A 44.3%-585 % B2 49.7%-
63.8 % GI. versiforme TEBBERBEFRE 2 MM K -
BFEFERE ™ 45.5% Gl occultum B R -
SHBRREFEET 1mM RLE - AIERERSFE
R4 RABEE NBE- £ 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#ERRERGBETE -
morrowiae , A. scrobiculata ¥ Gl. versiforme &=
HEREBEF SRR REE 10mM BLER.
EAE RABERSZANE -

Abdullahi & Sheriff (2013) #3TAMFEEEHE

Entrophospora  kentinensis,

occultum B G/ versiforme -

A. morrowiae

E’?
% R



KASMFEERZFE  (CEENRRELABRERZ
BoES4 R-BA=Z251% 00-00-40-20-60-30-
80-40 - 100-50£2120-60 kg ha' . $FILFESEES
50 kg ha™ - AMFIE$E%5 G/, intraradices - &+
EEMAWEEL  HIFEpHER6S8 - HRERE
NI FEREBREHEERE  RERAMFRFEES:
REBEIEEEASEMNMIEN - MEFEAMF 5B H
DRSS 60-30-50 kg ha™ (N-P-K) 24 E
BRI - BERBEEAMFMEMAEZ 1 120-60-50 kg
hat (N-P-K) 2 BBALESFIPEER - BREZE
RIS EEILI - FEAMFRFEE 2 R ZF#H
FRK -

- EEEREREEREE

EEARPRAEEENRM LIEPAMFEFRY
BEEYSE  AEEREIR  EIERELIEPAL
B+iE (28%) HAZERERER T - B63ELIE
(91%) ZB+E/PrR1001E/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 (167k)E4

5 - (FYEEERERE ZNE TG

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

8/ (KRR -

B1E BFS - BEREAMFOENEMEE 5%-50%
WAEEFE 10%-50% - oIf&1E/EY
= (RBERS &R BEEER) 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 5
AR TEERFURSARFURS) MBZME
M WinBEEERE - AMFEF OB RERBER
AR Z AR - SEEPRTEREEE - WKE
ERFEaprEEtME RN R EERBEIEERA -
HERRMEMRIM - IH5h - REIRHERAMFE L
A - SR EEEBES00AER - R EEREN &
JIV~ BHTR ~ B/ &SI~ 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 BTBMEABSELERRENEAZ
AMF . BB REBNAMFT R E R BEEE 21
RS - iR " BERANEEREBRRIMFM .- A
BESAMFWEEDE  BF OB - MFEER
o ~ ERFERMAEREEARNSE - REMHRAR
BERZE - AESAWEBRETFS - BEHBHREA

BYRACET AT - (Wu & Lin 1998)
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EERANBHESRT - oJ3EH AMF SE&ERNA
TIRPHBIE - EHENRVERE T - EiEBk
W= 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@ - BEEREES B HET AMF ZE -
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.
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EFDHN - DIEEZKFEIIRRTBABE 1.5°C
KERFNABRLZEZZERE &

AR SRR
BREI REIRE 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  RIKENESREH 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

EFIRBEHXR  URAKBEERARREEE L - &£
EREBERBHER - UBREKESE - TRIIKRR

Sk HIEE -

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:
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(—) BREEZRERGEEEBHREFER

1. BMEEEREREZEN G

HEBIAEN 1990 FRZEM " BUNERIEZ
EMEANKXRHAZEE (INC), - WIEEZAHIES
BRASKBGEEEANE RAARMNE 2R - WK
1992 £ "HMEREKEEEMELLN L - 7 1994
F3A21 BEREN - BAIEA 197 BHFQE - %
PRFEHNFBE 1995 FESFEARBENLEE
(conferences of the parties - COP) DIaTAdh FEES s
BBNER -

1997 £ 12811 H - EHAREER "3 X
MHBEARE , (COP3) BB (REGEES) - RELM

H—ERRE—FGEE (2008-2012 F)FEEE R
HERESSIA 7 —_BERTSHOES  FREREL
BEENS—EFE - BFEHNRS (emission trade,
ET) - B R BB # #
cbvMm) -~ B &

(clean development
w2
MmES 7 IREREBIKT S

mechanism, (joint
implementation, JI) -
Aot -

2015 F 12 B 12 H » 2EERAE/M "5 21

BT RE, (COP21) - @R (EBRBE) - KB
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FREXBRURGEEEBES  KEHFBPEIEE
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(Nationally Determined Contributions, NDCs) 1E
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BEXRHEEERRREREANSERBEESER -
BRAFRXME R /KR 2023 FEREZIRER -
FHRRARZIR(UNFCCC 2021b) - EF - EBES
21 ERiESIEE (COP2l) hiREFHzIUER (4
per 1000 initiative: soils for food security and
CEHITIEAMEBEELEERNRIER BEEH
REEAZIKR(EWEE - REMEMLE -
SIE (BRI BR -HRME) BRI EE 4% -
AEIESFERABREIBNN _AEKE - EhE
BENTIEAHE RETIRRERE EMRARFES
ZFREREVNRNAAEERLZESEMAKERRER
R-EENECREMAZERME UERE—17H -
Ri& IPCC 2018 F 23Kk 1.5°C (global
warming of L.5°C)f Bl &EiaH - EREM T IKFLT
FomtieA#BE 1.5°CrBRE - 2030 FHNEIKAR
—SfbiFEBENERLE 2010 FREIEL 45 % - H1E
2050 FERFEHM ; EERZIKEREHE 2°C
PUR - AIFE 2030 £z S EHBENERELE 2010 F
PR1E4K) 25% - WHE 2070 FEREZFEZHIN (IPCC
2018) -7 2019 FWERLE 2050 FEFxPHAE
TR BEEIFEWMNBIRUE - 82 2021 F
1 A - 28 127 AEXERHEE 2050 FFZ
B BERE  e2HA - 8 - PESFHOEX -
B8 TDREE mmBEEHIBE

climate)

/\KEETE



fii® 2018 F4taT TIKHEM 48,900 BE AWM
SERESE (CO,eq) HP=ERERIEHNELR
HWER 275 BBAM CO, eq - hEIKEBHNE
056% - #BEEMEERA %S 23 (World Resources
Institute 2021) - REIEEIKEIKITE - 7 2015 &
am CRERBREREIRE) (BHERER) I8
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REFIFFEER -

THBRRS 2017 & 2 A 23 HEZE (BRAEER
REBITEME) - AEEIHEFBEEIRRERS
FEBRERRAL - RKBETHAEEIEESR
IREENER  ENREEZBEREERERIFHNER
F 05 EF5—HETE AN LEBHEE
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TERRR 2018 £ 1 A 23 AREE—MERS
BEIEER I B2 13 2005 SEAEE - B 2016 Z 2020
Fib REREIHNERE 2% ; S HEERE
EREHEE . B 2021 £ 2025 £1F - 8BRS
BHNERE 10%; £ R EEREH e
B 2026 £F 2030 £l - BEREFHNEHE
20% ; EMPREREMRRESFEE - § 2031 £5
2035 f1F - BEREIHMERNER 25-30% ; B
HEER 2050 EERKERBERESHNERES
F 2005 FE2D> 50% - WERT FEREEM L BHIES
BA7 2019 FREHNEMUEBED - EIbS
MR EEEEE BRI AERE -

TENKEFI - BEEFIFRE 2018 £ 581 A
8 CO, eq HEZ 501 BAME CO, eq - HPEIBS
PR 2 E AR BITEACEE 34 B AN CO, eq MR - 22
BN AZEERXREREE _BEESIER - BRiS
BRMSIENES R SREREHE  RREIEE
BIBMAN - BRI - ABRE - AIBASTEER
&N TT -

3. ENMNREDPIRERS

HERUE T

a N
HE e

-II

R AR EERE

RELEELEYEN EREREANERZRE
WIRRIE - MEREBRL T SBREFREBERS
EEFE (EPA 2020) ZEFIHFNELGLERBEEE -
MEEREIPFIMS - AEZBEIFHE 2% ; BAR

2.7% - %R 3.0% - =B% 9.6% - BREAR 10.3% -
BN 13.6% - IRV AT RSSO -
HEZXMBMXBIWEMGEE 478 % (COA 2020;
UNFCCC 2020) - #BI=eEBKE 2011 F1E217

REFREREZHNHEERAERE SR
®ifg - mEFTEEFEMEER M BT - IINREMRE 2015
FRAOREZE PR RERERANER RS
2050 FZREREHFMEFEREE 2005 FH9 50%L1
N BHEFH0RFAERESHFIREREINUSM -
KEFRFREREHNBERAEMER  BEZAL
HIEWER - EEHRGE - REXRLHRGEER
LBl - IREABM R SR - LSHRESE
FIBENE LI RERIETEF R - (ERAERR
ik hE s BRI it 2 £ KB - FBBULERUREIARE
ZmixH1R -

&#2 IPCCR 2006 FHARBEIR R ESR
B ®m (2006
greenhouse gases inventories) (IPCC 2006) 554
G - REEFVREREFNIHADS 3ATEBE
BaE  XEAZXBHLERYE BERBRELY
Bt (CHy) ~ 3B "EBERERE | EBEREES
BATHFZ (k& Eiem) ~ 3.C TKiE@E , K
BREREREEZRR (CH) (UERBERZIIMNE
REARZDHMN) - 3.D "RELTE  REBEXRAR
BrrEZS|Eiz@m (N,0) - 3.E"ER¥EE , (AEE
HIBIRIBR DB R AIAGTE) ~ 3.F TEMEER
B, 3G TAKEER, 3HTREMAE, - L3t
EREBNERREERSPERARKE D RIEER
EFIETE (EPA 2020) -

1990 Z 2018 FEEREAFVRERBHMER
HiBZUE 1 Pivr- B 1990 FHEEFS2IR MEBE: -
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IPCC guidelines for national
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FTZER=EMAERESHB (World Trade
Organization - WTO) RA&AZBBEHIL  AEEELE
R EHIECR - Bt EERESEER D
SHE  SeBthBEEEENAREERE 2R
£ - HPBEEPIBINET 1996 FEEE 2 FRA
1BE & ROMEBIEEEEEMTH 2 - 2018

FREMPIRZEREHFNER 581 ELQME CO; eq -

BHRURAECUE 2 - BE1I8 35.9% K& A At -
HMtMESEREES 27.2% - KiEERES 18.5% -
EBBBRES 174% REMAS 0.9% - fF95E
BEMRVES 0.1%(EPA 2020) -

#&4& 2006 IPCC t5raZR1E - BARMARIRIEIFIR
3B1 "E% - MEMHEMIMERR (Agriculture,
Forestry and Other Land Use, AFOLU) ,&i%3 = L ith
(22 S 4 435 2 PR 3t R AR 3t B2 L i+ 3t 5 PR #R RV O 88
#) &k 3D1 "UWEMEM (Harvested Wood
Product, HWP) , &% - Hob 3.B.1 FEAIGIRE
THRIAEE R - B BEREEMAIOH
mE  RREILERIMAGTTE - DUERRICH X RS
Z28%E -

IBMERBPTR ZE RS HERUS M 1h & 2 R AKX
PE#EZL - 1991 2001 K 2009 FREMK K E KIS
RAMIXESREREE. BERKERABMRES
TEMZEEHXE  BEMSFERMIKED 214 =
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MEIPIIRIEIRE R 21.5 BE QM CO, eq - LI
MR P MDA MM 2 KB IR ER 20.6 BE
A CO, eq~ A LINEBMIMIKIBIRES 09 B S
N COs eq -

SE2TiEE/)N - AORE - KEBESOXZER
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EEAMR - BERKFEEMNEEFEER D « 75
BIEEEMRINBHIMEERTE - REE 2025 F£8
FOEMAMIKEL 5 £ 8 BAM - SARMIKES
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2 0.3% - #1hHE 2050 FHRMIKEBR K 2RIBEN
AEEKI S 214 £ 21.6 BB AME 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.
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KIFAMAMBHER  EXEPIREREREE

BEARNE(E 3) BRRBEE—EEXES Z AR

P FEMIxEEFSFLNCIRW 21.5 BB AN CO, eq -

REBBRENPPREREHMN 581 ExM CO,
eq S THEREBRZHEEEREHFNEZ
7.25% -
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(1) BERZ=SREDPTR i SRR

R R EBHRAAERE (PE - =68 - B8B) &
BREEREMBATZEER (HA - EE) B2
BHR  BRREREHFNERBEREN - EPLikE
BEIBEHIE - £EAERE  REFEABEERR
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HREIR 2020 FRAS(GBIEEZm TRETE) -
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fZE R eEmp - AEEE  RERBE - AAKE
BRI B RIRIR B ST R A SRE
DUHR R 88 B SR B RS A ROERL 2050 FFEHIME R
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(Protecting Our Natural Environment) - Z2EZERR
HHRTUEEESHRER A ABEAEEBERESE - [
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WEMAM - WD RHIEREEEENER - FKR
FHEMZERE  UBIRESEBE R 2EE(COA
2021) -
(2) EEREINPFIREREHSBERIEN
REEPIREE

ARGEZRERERERR
TERFS _RERERRERIER - B) 2025 F&
FRERBHNEREESF 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 (38) EMIEHE 2030 ELAESE 75% (B
fhh 375 EER) - TR E RS AR E R A AR

£ - DIEBINRARN () WA - AR

e BIRERBRYER ; WIkERBEFR ZEEE
At N ERELEIBRRE 7 AENR -BERMAH -
B A R ENEEIENT - BYERIER L MHEKIREN
geaetd - BFAIMEEEERRREREEEERE -
W R KRB RE IR FHRE R A E (COA
2021) -

(3) EIBEPIEfth oI BEAYRI Ak TE I
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EEMEMAER - EtitREERN 2 RERISHE
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BN (EERRERER  KEoERAEFREDE
£ REBEME SHREREBON - KBRS -
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Wu 2011) - EIIGER 71BN SIB(EMEALSN - ErtEA%E
BB - DURSERABYE - BEBANEE - B
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BAEERNER - MAZXMIER - FREICER D
20%RIBEHRHEA (Jiang 2014) -

EEMBLE TIEREMES - RYHR - Hol=ik
ARERENTE  AFweENEREBME - BE
HitESRIRBHRGE - EYEBANEBRAARMAUR
EREAK - WAL IERIE—RRARRFEES RIS
EERESmMmENNR (Guo 2013) - BAEEMALH
PRI R O3 80%E A £ - BRAEEMALK 22
B AEtEES - BEREREZEE  FEREBRZA
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WELRE - FRMETIED 50%BKEAE -

B. Titt FRAEACHD I

BEE A BES0 B8 1= M RO HIE PR {EAE A9
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EYRRIZUMEYBELRE - BRIEEREMMNE
Yie (B2ENRERT) AR EREER) BB
ERSMEY 2NEMREREHEYNFERE
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HRHZEER - FEHEE - BELHUEARNRIE
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PRE 237 BEoM - ARAANBEREEARRFER
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(Chen et al 2019) -
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Biochar Initiative, IBl) # M Z XX B H/Coy<04,
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REI|ED 100 FEINTRER 70%MBHIKZ 2 - U
FanBREEEYRIRED MIHERIERBEEE
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REMIKFHEAF: - MRBRRKER - REENHE
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1.1990 £ 2018 FEERFAFIHMEBS
Fig.1 Agricultural Sector emissions trends of Taiwan from 1990 to 2018

2.2018 FEERFRERETEZHHNERR

Fig. 2 Main sources of agricultural greenhouse gas emissions of Taiwan in 2018
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3. REEEIFT 2018 F S LB/ BERE

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

4. BEIPPRZEREFEHIUEN

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

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