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?H;:fﬁ # (Tessaratoma papillosa (Drury, 1770)) # @& :% = % 4= (Litchi chinensis
Sonn.) % #<p% (Dimocarpus longan Lour.) B crdp 4 > H Az L > g 2 R K
T2 FIAERRERP I 2 S EL DR AH Y LFRR
(lambda-cyhalothrin) ~ % ;= % (deltamethrin) ~ % 2 > (fenthion) 2 I = #
(acetamiprid) = i = %83 2 4 2 F9 PR enit :%‘?J-;ﬁé?d“ﬁiﬁifﬁ heE B s NG E TR
'] # (Anastatus formosanus Crawford) i& 7 2 1§ % > hIVF 22 2 P 27 %
P - @F AR RRE LRG> SAHTEPEXEES 0 8 AR k- #F
A2 FAHLTRBOREIMEEL S LAaFTRy 2P R%RY LR EkR 50
mo/L %% 7 X BHERE - $F AP eF 5 93441261%  Flt o duis i
FRAMEHERE §Piock o« R TR P RDI PR ARG R A A2 F
B THPBHELR SRR TRNZ TR 48 ) PFS LR A E LDso
4 %+ 0.0298~0.8268 ng/parasitoid » %Lt & & & €3 E%ﬁﬁg Fo B E G TR L2
L sk o #E LDso 32.92~420.2 nglinsect ® vk i3+ ;fﬁifﬁ Jo— #7402 LDso §°
®] 4 ** 0.0392~8.556 ngfinsect o &3 = ¥ ¢h 1 M 'k T4 0 ded b (mineral oil)
=1 (neem oil) % 7 ¥mpid4n B (potassium salts of fatty acids, FAPS) i& {7 4p B 5
Seoo BFILLFEF N g apide @ 4900 ppm At i A ,?H;’:fﬁ % - # % & 100%
P o Pokk BMR G FH Y B B b Ry vapiae BT ) ko 48 ) P
ERRAR S 7266 mgll o %t A AH % - #2 = &% 4 0 6945 2 665.1
mo/L > Ap >t i- B EEH @ 5 > P pRe BT R A HRT D TR Y 2 PR

v Fginpide @ 4,900 mg/L %Eﬁfﬁ - #F AP IS5 80.28£6.97% » Fpiapk
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ABSTRACT

Tessaratoma papillosa (Drury, 1770) not only causes significant damage to litchi
(Litchi chinensis Sonn.) and longan (Dimocarpus longan Lour.) but can also cause harm
to humans because of the irritating and corrosive effluvial fluid they excrete. Therefore, it
is critical to develop methods for managing T. papillosa. This study tested the
susceptibility of T. papillosa and parasitoid wasps (Anastatus formosanus Crawford)
toward four chemical insecticides registered for use on litchi and longan (namely,
lambda-cyhalothrin, deltamethrin, fenthion, and acetamiprid). Topical bioassay results
showed that T. papillosa first-instar nymphs and adults had the highest respective
susceptibility toward deltamethrin and fenthion, and both exhibited the lowest
susceptibility toward acetamiprid. However, results of greenhouse trials conducted on
longan plants indicated that acetamiprid had 93.44 + 2.61% control efficacy toward T.
papillosa first-instar nymphs. In summary, these four chemical insecticides show high
control efficacy toward T. papillosa, but the 48-hour LDso values for the four chemical
insecticides in A. formosanus ranged from 0.0298~0.8268 ng/parasitoid, which was lower
than the LDso values for T. papillosa first-instar nymphs and adults, namely 0.0392~8.556
and 32.92~420.2 ng/insect, respectively. Additional dipping assay experiments testing the
control efficacy of low-risk agents mineral oil, neem oil and potassium salts of fatty acids
(FAPS) found that 4,900 ppm FAPS caused 100% mortality in T. papillosa first-instar
nymphs, displaying the highest efficacy of all concentrations. Moreover, the 48-hour
LCso values of FAPS in A. formosanus was 7,266 mg/L, higher than the 48-hour LCso
values of FAPS in T. papillosa first- and third-instar nymphs, namely 606.6 and 665.1
mg/L. Compared with the aforementioned four chemical pesticides, FAPS is a relatively

safe agent for use on A. formosanus. Results of greenhouse trials conducted on longan
vi
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plants indicated that 4,900 ppm FAPS had 80.28 + 6.97% control efficacy toward T.
papillosa first-instar nymphs, and 80.06 + 7.18 and 63.08 = 3.11% control efficacy
toward T. papillosa third- and fifth-instar nymphs at 9,800 ppm. FAPS under these
concentrations showed promising control efficacy toward T. papillosa nymphs, and
greenhouse trials conducted on litchi plants showed that FAPS caused serious phytotoxic
effects on litchi flowers and slight phytotoxic effects on longan young fruits. Therefore,

growers should avoid applying FAPS to litchi and longan flowers and young fruits.

Key words: exempted product, potassium salts of fatty acids, egg parasitoid wasp,

compatibility, the litchi stink bug.
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PN fﬁ % (Tessaratoma papillosa (Drury, 1770)) & % 1 = % 3 (Litchi
chinensis Sonn.) % #<p% (Dimocarpus longan Lour.) s/gddg 4 > = F g = & &
FramadAd FelE (52 01997) ) T3 & a2 v pt A 20~30% 0 B € ¥
H I 70~90% dp 2 (K2 %> 1959, 1966; A% - 1964 ; +f > 1997) - ;T*H;:Tﬁ
%77 g 4/ AER & Em (longan witches' broom) (F % - 1992 5 3% % - 1993) »

LA 10~20% 0 E PFEF st p A 50% (FR % > 1990) - &4 Flit %
ARE AP AP FIREAEC O MHFREFE GRABL FABNSITLER
42 A (BA% 0 2018b) > jefE G fE - FoE (R HF 0 2018a) o AP L WA
REPFFHEILT I 8% g 5o IR EABHATLN 30 B (R
F020180b) 0 7 G ¥ L AueFIAE FEash AR R F Y- F 0 (BREE

2018a) 4% > FRESAEXWAFE NGRS NFATER 20 B2 ERAE

"SW

(g 2017)em Eicth % 2 Fenitmmi 2 b R A 2 & 2 B 4390474 % 100
B FrAERLEARTH 0 BB RS RDLR §FB LTS 2
FEMEARGA R > 5 EHPRBE ST § T (e > 1987) - Flpt v &
HBhap R SHEPFHEBEFY OLEHA -

P AR POES B R Rty G s B BA AT A L e 7
W WA W R N ERE R G FoBEaE LA e (7
Wk > 2020a) o BEZR Y R AR RS FF SRR :%ﬂ&iﬁéﬂﬁf“ﬁ?ﬂifﬁ % eN%E TR

B (XL ¢ > 1959, 1966; fn & - 1989 ; % & - 2002 ; # - 2007 ; 5% > 2010 ; %

» 20155 1% > 2017) > e 25 £ 4 A &%&m%&fﬁﬁ M EE
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21 2B k2 A#HL P 5§

:;'ﬂ;':fﬁ % (Tessasratoma papillosa (Drury)) /&>t Z 32 p  (Hemiptera) J?Zfﬁ ﬁi
(Tessaratomidae) » #zn s R A p ® B~ HF w2 T Ho v/]?c SAFH oAt F&
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(Serville)) % gwir et (2 % - 2010) » % & 8 dk 4ot 30 ik (Oecophylla smaragdina)
i # & 3% (Crematogaster rogenhoferi Mayr) f-= &g fd% (Pheidole sp.) = ¢ 2~ &
Pty e (5% 2018) ) LR ELH SR 2 T

FABA e g F ATk 2 gl 12 (Ooencyrtus spp.) - w  Flit 59
433 & 24 %2 R f 0 (Philosamia cynthia ricini) » ® £ # k& & & ~ &
PHP ~ APE AR XS BN SN ERERT G B2 5% b 2 L KR4S
(F% »1962) » p v e AL B4R 0 Jp* Ao F'E.“’:zi?%ifﬁ Fe 2 FF e o Tl R
(Anastatus japonicus Ashmead) *t%2 p  (Hymenoptera) *z-| #£ 41 (Eupelmidae)
L3 (Anastatus) P A dE 0 R B ARt o TR E A P &R
t5 % (Rhynchocoris humeralis (Thunberg)) ~ & % >4z # & (Dendrolimus punctatus
(Walker)) ~ 4 & # ¥ (Erionota torus Evans) ~ 1t J  (Antheraea pernyi
(Guerin-Meneville)) ~ & f % = 2 p < Fis (Eriogyna pyretorum Westwood) %
o TR LML [EY 3mmo FH AP XPFL 2 e RIE S F A g e i
AHEY 4mme 2B AL P2 B F RS (F 55 1974) 0 3
26~28°C pr > LR |34 2 X 2 %FHp > 5~6 X 2 B ¥ > 5~6 X FpLiH 2 6~7 =
Wl g AR R RTFARS > BRI R I (R F 0 1974) 0 TR
FHIBLE S FIEAP LA N FTREIE- K T APE 28X 5 & p Y
A AT 3pfe ., - 4 T2 g K 1757 S o [ EF e P BE AR I R{EF S
Ao EIERENE PR LN c SAREIEZ AN 3T X B RAET k&
PEA A A K 30~40 2 > 2R B E &R 510 = (GFE 0 1962) -

1961 # 2B A b 0 4 7 #v,?ﬂ;’:fﬁ e E 4 AT 8% 4 P KU
30% 5 " FgimAa 3 50%>5 ¢ g uisFAFpTE 80%  Flt oo Fa it E
FHEA IR RPEFLR S BV AT AP Picmp o (FF 0 1962) 0 p oA s §
%‘gd R Faprs ERE R 0-5°C 4 60 = » vV AL [ F 4
T PR N 0-56°C AR 112 < vy 95% hai it (FE 0 1962) 5 °

7
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FAGPA LT IR F TS FG o BT LI P E LA
Jlo5 20 o TR dE - 3 2 @ B 10~120C MUR PR T RERS B (5 ot e
F97.3% > Biov H At iE ki (3% 0 1974) - 1961 £ B L TR R Ak A
BfE 5~7 2% 5B S 6~8 % chE s & v 100 &) 85 5 10 % {4
F 45 895%  HEETF 329% FAF (FE 0 1962) - iFF P EHFH feF L
B ERBA FENN KT Z A E?ﬂi’rﬁ % A P58 0 B R 150 &
T HEZ S Btk 450 & i B b MR ARG ECE LS
87.18~91.43% - ¥ % 3.82~20.08% (%% > 1995) - 2000 & % & A /i 3 % [
1,430 th~ 2 27 % F 840 th ~ 1% 1 1,600 & 8~10 # 2 7 3| 200 L5 %
FAE R TP AR & S B A P o F poF e 350~450 & 4 ik
B = > — k3 700~900 & o pe-]#: (Ooencyrtus corbetti F) *cit % T35 4 &
94.3% > %+ PB % 18.9% - T 5 | Mkt | TiaF 4 K 825% 0 #HEEE 10% ; ik
¥R e R PR A LR R R L HRES AT 288% ¥
4 % (=% »2001)

d U m A SR T T e SR FEIRDE B RL SIS
o dMESEL JEs Tkl s 5317 PR R
254 -8 EHDS

(5 = ENIEESE S AT L i**wﬁ%%i%%’ﬂ“
B EH LR s B - 1958 £ B4 mxﬁga <R S R E AT

2o RASYsr - F &R 7 &> (lindane) 2 jFjF# (DDT) % - e kit § »%
FRERH % (X5 +>1959-1966)-1960 & B 45§ # 4§77 = & 4 (trichlorfon)
HEBH R obioscsk > 2 VERFA B2 Y g X RESR ey A
AAEH LRI LA R - 2 D #FEAY L - K= & 1 670 ppm ik
B 5% 3 %o FIRP sk B 95% (K& % 0 1966) o {8 ke F Lz & T
A2 ¥ A Mk & (soluble powder, SP) & 72w B iREBE 0 W F (5 X B s F
98.24~100% (& % » 2013) -

oo mARARREY AR A2 ERTEARE (median lethal
concentration, LCso) % % # # . > F# A%+ i %+ 4 LCso 5 470 ppm k&
B WARE (SBE AR APnd B2 LCs 96 ppm kAR BT B iTERL &

8

doi:10.6342/NTU202001416



HELE 25 et £ Mk (% 0 1964) - 154 » AR At fft=
# Pz @t M (tolerance) > £24% * H RH P R 4 0 @ BB B F 2 ¢ FRCEdk fin i
(acetylcholinesterase, AChE) 5 B (Fez4f » 1988 » 1991) -

x,éft TZE R T L RRETET Fit® >~ %111 (fenvalerate) ~ %ﬁ\
# (cypermethrin) ~ 45 i~ 41 (fluvalinate) ~ tetrachlorvinphos ~ 7 /= % (cypermethrin)
& #r+> (chlorpyrifos) ~ ¥ £ = (clothianidin) - ?‘uﬁ % (thiamethoxam) ~ % & % -~
ethofenprox~f# = ;= (abamectin)~ %4 £ (fipronil) % % i# » (azinphos-methyl) 7
90% = 3%iT 90% ﬁv?ﬂ;’t%ﬁ B 75 o

Fe e 7~p =% (permethrin)~ ¥ i %% (imidacloprid) 2 # %% (buprofezin)
e R AR R L (FRE > 19895 3 & > 2002 ; % 02007 ; 3% % > 2010 ; & = > 2015 ;
Fl& > 2017) o AR P o AT ;a,%xfﬁ egpz CERE R EHE O A RP
(carbosulfan) 48.34% EC ~ 48.34% EW ~ 25 WP ~ 50% WP ~ ;=2 20% SP ~ % S
#® 1% WP -~5%WG -~ 28%EC-~28%SC %2 25% ME ; K,ért Tk BEA| ks et
E2S A LR ﬁﬂ%ﬁﬁﬂfﬂl’ﬁ PR o F AR AL B iR 2 S (71 (carbaryl)
> # ¥~ (fenthion) ~ % /2 ® (phosmet + lambda-cyhalothrin) ~ % ;& & ~ # &
(fenitrothion) % - Eissp2z >4 B (P& /h > 20208) - ® F =~ M F L H L K@
Pz E b L F BRI GRENARE RS 2 F 2 R F

(Bull and Ridgway, 1969) #t % W% 8 %% % (United States of America
Environmental Protection Agency, U.S.A. EPA) 7| % & 3 ¥ R4t g4+ 5 (USAEPA,
2018) > 4 A7m e 2t 1996 £ F R LR FRLF WRTHELT30%
ZEPTEA U ONEFR AR Ao 0 P HETZ ARMBEEILE
F (Pt 20200) Flot R BPCAZ AP E R R TE E B F o LR
FRAP-FRBPEISIPIALHFTREEREITRDY > I REH AP
‘z"’aﬁf%}tfﬁ fEiprck R B oea s BEERE- HIFY o

Fia®Z2 5% Y S kA& (pyrethroid) A g A, 5 5 f 2 A3 ER &
| (sodium channel modulators) 2 &% 4] (¥ X »2018)- 3 i 7 »z= 4 (active
ingredient) ¥ 4% % Bk % R F A 2R R KPS T (group D-not
classifiable as to human carcinogenicity/not likely to be carcinogenic to humans)
(USAEPA, 2018) -
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Fi® L g a1 (acute toxicity) = ¢ %4 (moderately hazardous) 3i#z
(slightly harzardous) > & 1.5 © R4 £ (oral acute toxicity) LDso % >50~=5,000
mg/kg body weight » & 5 & % 4 |+ (dermal acute toxicity) LDso % >200~=5,000
mg/kg body weight (WHO, 2010) » # it % i » A BB {8 a0 5 ped SR F AR - L %
# (half-life) = 14~17 -] pF > AR foanfr it B 5 8 € L= > 3L (complete
metabolism) » *+ 4 3 T 35x % # (dissipation time 50%, DTso) % 70.9 = » ¥4
(Apis mellifera L.) v JR& 4 |+ (acute oral toxicity to honey bee) * 37 # & &
0.91 uga.i./bee~ ¥ %2 7§ £ 143 1+ (acute contact toxicity to honey bee) * 3% 7= |
% » 0.038 pg a.i./bee (European Commission, 2013) -
SRepSEREMIMHEY 23 7)K4 (unlikely to present acute hazard) > & (.55
|
>200~>5,000 mg/kg body weight (WHO, 2010) o % ;= % & » vff S 3548 ¢ 12 > 75% ¢
24 PPN S AR R P I o N AT R 5 582 % #E
BarREESE L 079 pgai/bee HHEBZFELS L LERHE S 0.0015 pg

z&+
(s

ETTS

vRE X AR 5 >50~>5,000 mg/kg body weight - & g A F & X &

a.i./bee (European Commission, 2018) -
TR EREs 7 ¢ ipttd £ B L A & & (nicotinic acetylcholine
receptor (NAChR) competitive modulators) z_#7 2~ + 7 #f (neonicotinoids) % #| (¥

2% 50018) Had Ao r Rz o g A4 LA 3 >2,000=5000 mg/kg

body weight z_d£4 B & (WHO, 2010) - ;& $2 4 £ BRIk % ¥ B 07 | 5 Zhag ik
B d= B (USAEPA, 2018) » & ~ s U3 P (5 € i & B0 28t > >06% ¢ &
JRER RS AT LR L 54 X > HRBECREEIS IRAMEE L

z&+

8.85 ng ai/bee » ¥ E B EFEM I L R7HE L 926 ug ai/bee (European
Commission, 2015) -

B R R 2 BEF oA PR TR A Y e fvkig
fg e e W 2. 5 9 mR5E 2 %] (organophosphates) (3542 £ > 2018) Z#r7r 5 B (B F7
103 sk s &5 50%EC 2 50%EW A AL 25 GRS PE
&7 A E 5 >50~=2,000 mg/kg body weight> £+ 5 4 B & 2L %> &E LDso 3
>200~ =2,000 mg/kg body weight (WHO, 2010) - %4kt % BT 5§ §F 50 & § @45
kg om 2L3% 4 B (group E-evidence of non-carcinogenicity for humans) (USAEPA,

10

doi:10.6342/NTU202001416



2018) > 80% M~ FUAEREY 20 X150 EREEF R A EE SR LML A

FEIRELRE -2 AR IEL R L 2860 1 HEMBEFELS
LA E 5 0.16 pgai/bee (FAO, 1995) -

FZe i §%§'J"$i 2 g b TR RSP RI Y LR Z
WL damd kR 17.9ppm:e P B X b o B ok gt [z L
RAERB Y 56 B oit- H1uzFikaHE 10 ppm Sd e 4T 5]
BEeFR%h PHREAEFF 309404 25T 64204 X ~F 4 FEF
K AT5% % 3 30.1% (% & »1992) - = % # 300 % 150 ppm > 4 %[>t 24 %
48 - prE 3] 100% 7= 5 k% 25 2 125ppm $+T R %006 )
= Fu i 66.67% % 46.67% ; M xR ® 25 2 125 ppm ¥#-T R v E

7

T
g
beic
[
X =1
Ny
e 3
K\?} 3
a3
BT
L%
"R

Ao BRSO R LGP fREE R

460
255 l'& Kfﬁ ?‘H’ F}‘ VRed
FrHTRE S 2 EHRE - HREAH AL CH L RA 2

ﬁﬁif%&ﬁﬁ%&%%ﬁﬁ%%ﬁw?ﬁ’@ﬁjﬁﬁyﬁﬁa%mmzﬁ
59 #3211 i o R 1R (Azadirachta indica A Juss.) f&+ 3 P~2 {5 4 ik

(plant-based) B % = 4~ Erf % (azadirachtin) £ 3 2 = A 4Fa -2 %3 - F A& 24
4 K2 A it (Ascher, 1993; Riba et al., 2003; Selja‘sen and Meadow,
2006) o = A ;2 EwSEE* B2 100 ppm o F T R 3 R B E S 96 ) pELS
7o F R g 3.33% (MR 2005) o e Bl R A H R h ek R B0 i
ﬁ‘*%wﬂ%ﬁﬁﬁiﬁﬁﬁi%ﬁ’*ﬁﬁﬁ%ﬁﬁﬁﬁ—QQ&%OJQ
it A kE A HERB AP SRR RFET > EEAHE N L TS
5 61% &R THr= S L 55% 0 FANHREZ 10% 0 sk T 2h4pd
7@ {8 (Schulteetal.,, 2006) - ® Erfgi & % 5 B~i8 » % Fnid F M2 3 F k> B &
45%EC & 55 & Tiofiier 50 22 (KL {52016 > 2017) » 2 % T 105 2
‘T 01200 ~= kY B 1000 B R FTFRERE S

11
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l2 a4 AR N BEFTNRAN 4 I AEEATRM SRR B Y
HBEAPLEEITTZASZ T REFEE R RF > A AF BRI+ 580 > &

v
2 F B SATER 6000 & g wF S AGLATE N 7200 2o FH

ZERBERT L 21600 Aok ARE B ERER AR EZ T R
HRISEMF L REME ZAARLANEXDRF)ZL - o ¥ ERFIAFL F e
ZREFoeAL > HR ¥ PRCFRBLAFFRZ L PERY 272> L p A

RE? RBPDEALAGFELHE R DA & 5 0 AR 5 R
B AP RAPUENITRE B 0 AR RAPE M HER > L EEF Y
METLEER T PR AL AT oS FETH O RMASDFE &Y
FUARER ZE o PR LE T M AR B SRS A NG 63 k217
% (Fieh 0 2020b) » A ZZHEAPHIR S P L FF I A RSV ILERE 2
RS 2 F L g T HRTRG G I AR R E R

B Ry AR WA OR 2R3 A S BR B R R B i ST

42;\1,

o.p,
=

BPER SR T > P dhafi4e @S 3 1787 E RPN ER VA Z R AL
¢hf7 i» (Ware and Whitacre, 2004) - 5 A 3 dg ¥ W< pas R 585 # ¥ w8 K7
;;,‘aﬁifﬁ fenk g (8101965 A& % > 1966) o 1 kG 3 v}]?c R g AL
SL AL pIeE o 1 1,960 2 9,800 ppm kA B EHMHE AL
(Diaphorina citri Kuwayama) = & A 85 > 6% 48 | pFigpisF A w5 904
% 100% - 2 1,960 ppm kA E EHMF AL FLLMEE o E 48 PR
o % % 100% (Hall and Richardson, 2013) ; 4 4,900~7,350 ppm jk & *3 %5 fis 49 5 5\
Hi b WK A T4 %4 & (Bemisia tabaci (Gennadius)) » ¥ 12 0 A S § A
EEGECIRAFET LR LIT A4 85~100% % EE (Butleretal, 1993) 5
4,900 ppm Gk & "o ihpade BiE 7 Faki 2 £ 4E 8 &y (Bemisia argentifolii Bellows
& Perring) #»cipZh W& 7 X {83 F THpaF L 75.76% (F & » 1996) ;
9,800 ppm k& Fndsph4e B ie 7 & Z (Rhamnus cathartical.) 28 4 &
(Trialeurodes vaporariorum (Westwood)) #»ci8% » % 15 2 % > k2 F A
WEDER 423 LEH O HF 59§ B HREFHELE  LUHBRE
b~ x>~ F#F® (cyfluthrin) ~ 45 1 {1 (quvaIinate) z & 5o (bifenthrin)

12
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Zk¥ ¥ LR (P<0.05) (Miller and Uetz, 1998) ; 12 9,800 ppm ik & 5 ¥ fk 47 T i (7
% 1= (Chrysanthemum x morifolium Ramat.) 2 #* 1 &7 (Aphis gossypii Glover) #
W EHE 3R o d wEwEE 39 L7 ETI0 L7 BT MR
FTHFLE  LAHBREMNFGIN  ERE-FHRPEEFLE (P<0.05) (Miller
and Uetz, 1998) ; v 4,900 ppm k& & *o "»fede it (7 % (Ipomoea aquatica Forsk)
4 & £ =& (Chaetocnema confinis Crotch) o BF [ /535 » 3 IR Pg dAfa4n @ e e
& Aty e (feeding index) 21% » 2 tpe e 31.5% &% £ % (P=0.05) (% >
2001) ; r 9,800 ppm k& fn dhpc4e B iE (7§ -8 % (Scindapsus pictus Hassk.) 2
FAEE ks A BB (Planococcus citri (Riss0)) Z»xifZk > 5 % 4 X {5 > AR KA
HABEd v R E 42 &5 %5 9 & B0 HREFHFLE > LEYH
RERFY S - CREFLZFRBPAFFLE (P<005) ¥ A F W URHF
#2740 3 (Coleus x hybridus Voss) 2 A4k A B A gz - 11 2 21
Tt RERBE AR R S E R hEF AT s S w2 52 0 8ty
HReFHRFLE LEHRERNFGEFY -CREZ2 FHRPEEFLE (P<0.05)
(Miller and Uetz, 1998) - 12 9,800 ppm ik & *5 "»f4 47 B i& (734 4 3= (Tagetes patula
L.) 2% - 2% 4% (Tetranychus urticae Koch) » *5% 36 % 11 %18 > = gL %
BRdGERHEE 25 8 %5 0 LAz HREFHRFLE  LAHRE
HFp e ~ A P T 7~ 74 4% (dienochlor) 2 B akF LR (P<0.05)
(Miller and Uetz, 1998) -

PR B EARE  frd F AR E S S A iEAE
| (insecticidal soap) o "o ##Ek4n B EH 4L 5 1 B ER 2 3 M2 T 4] 7
oo SERRIRT 2 e TRRIRR LR LUK o 2ok dE RS e
SRR RS T RAERE B S K EME M (2 8) TRAHE >2000

4 .

N 2z L
Z_ ﬁ A AP

e
I

H
A

mg/kg body weight » i& » #f SRS > A g R 2RI Z P LN E 0 HE
BErIRAEMF I RAHE S 96.04pgai/bee HEHBEFEEI LI RTHE
% 12.5 pg a.i./bee (European Commission, 2008) - #g 3# s B 25 i 475 > H {5 4 48

P EFRBREFRBARITRBEY AL N (USAEPA, 1995, 2019) » 5 %5k
oG 1Y 5150 AP T R r AR Y LR P 15-3 % (Pratsetal,

1999) * ¥ = gAp 4 (Jansenetal, 2010) » ® H 2% g5 % {5 & 24 sergd 2

‘+§:¥

13
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T E A ok B ER OB o Fla E A b

"o vapa4m B 10,000 ppm  FA s FeA2 Fee7  (Myzus persicae (Sulzer))) v B :E
B ARG N B geg 250 ppm FiE A o R G 2 F A
(kaolin) * § »c» Braz v $HR eI > 3 FEEF LR (P<0.05) * %inp
4o EJg? e - & EAA (Coccinella septempunctata L.) ~ = & 8484 (Adalia
bipunctata (L.)) # % B #4& (Hippodamia variegate (Goeze)) % 4 & M4EAF4 kT &
w2 0 HREAFFLRE >0 FE IR FF M JIL Y § EIALEE R
WEBRS BT HBREE AR B > PP EFLE (P<
0.05) (Karagounis et al., 2006) ; 2 2,478 ppm *5%»fs4" B & 34t - 2L by

pes

E

g

(Tetranychus urticae Koch) ** » 6 % 151 & 83.40+6.22% »-= - F#EARHH
8 x A %% (Phytoseiulus persimilis Athias-Henriot) v %5 » »5 % 5 %
s fri¥ig = 24+£595% =7 = (Tsolakis and Ragusa, 2008) ; ¥ — F 2k 7~ &g+ » Y
Painfkdn @ 9,800 ppm ¥+ 227 (Aphis glycines Matsumura) E ¢ %5 o 35 % 72
JEERS > v N X BeFiT 90% o< & b%ﬂfﬁ@ﬁta b i Ay = KAt
EaRFALRE (P<005) > eiplklkR 2 i~ 227 X i 4 EAA (Harmonia
axyridis (Pallas)) — #£% & » i3 & 40+10.03% 7= F > @ G A A = en
98.89 + 1.11% 7 = & (P <0.05) (Kraiss and Cullen, 2008) ; ¥ ¢t 5 #7 3 45 4} » %t
F 432 % ¢ ¢7 it (Aphidius rhopalosiphi de Stefani-Perez) & * 9,800 ppm *3 "%
fadn B oe7 B 48 ) FFisd  2227.5% v o #Bﬁ?ﬂ,’fﬁ%@“f}%é = 100% >
= Foom i REFLE (P<0.05) (Jansenetal, 2010) o d % A FF 7 k% o F
FArig AR W L H A RHER G ICTH -

BOBEMFERZE MG T HHARE R T BB 2 g

AT EFTAAM R LT R 2 RRER

14
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$ oMo

3
\H

3.1 Ak
311 ZHHI-#Fa
B - E AL 5B E £ R 2019 & 3 1 R 4 7 k2
PR E A R R @ khe Bl R RS B SRR Y 0 B EE
EFRBERI-SFAL AR AT RE 2P ERH - AR - SE A
R Sk 2 ESRTRR Y hRURETREN S PN R A R RE R - ME
A s 0~7 pa#o
312 mtthdz ~T#FAZFA
%ﬁ%@i‘i:%% SRR B B o e R R R =
SFALPRIFRE LTAR  FRPE S pEROBHERE XA PR LT
B2 iR B 0 B 2018 & 3 2P 7 PR AR ERAF (25016
121.539) ~ 4 A% 4 & F ¥ i (25.011, 121.544) ~ 4 &% L FF (25102,
121.531) ~ £ 4 3 R W O F (25.082,121.582) 2 4 s pt B B2 Ldsdp 2
AR REL  THRRELFLAALLEEMOLE]N > FRET IR RE S
SMEAE AL PR LTRE 2ERR - FLRE P RRERRE RS
AAPRERRLAH >0 0 430 2019 &£ 2 7050 o0 b FRAT PR
(23.917,120.504) # ™ ke 5 & JApM R B Brpie L Lt ) o

|

n\'y

313 T

T 5. ¥ (Anastatus formosanus Crawford) £.d 2018 # 8 * » AR~ 4
CERAR YRR L AR RN A R EfE R LS FA 0 0P %
iR g - Tl g S £ 4 B D Gary A P.Gibson - “f
B TR F R 0~T pALLvEAik .
3.2 HF B A

THCRRY R FHE e s KB R T HBAIEEY S 80 N A 2 B

B 28 3% ML aFHHE- #E2RBIFAFRTHRE rReFPN L
BARHTRY PFIEALF P RRTH & 20 0p kok g Al
(Morehead and Kuhar, 2017) : & 20% SP (B R > 4 &) e S 5

15
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(potassium salts of fatty acids, FAPS) 49% SL (Gowan Milling > # &) - 7 v ¥Rl 3
THEH R 2 A R B iEd B FMHA S o p kK4 polyether-modified
organopolysiloxane 93% & % #| (¢ R £ % > p ) 186 mg/L -

e 1 F A AGA A LT ] 3 e RARH R AT
»c% > R A8 (technical) =% 4% % & (standard) 5 At (actone) 1% 5 73 & > 11 k& 3%
R E S AR EHE D LR 991% Kt (HeBei YeTian
AgroChemicals, China) ~ #4~ % (mineral oil) 95% EC (3¢ %% 2 # #1 4 » £ %) ~ T #
i (neemoil) 95% EC (% Lo is i B £ 44k » 4 %)~ Fit % 98.7% 5~ 552

B 99.7% B 52 FH P 96.2% B 5 Sigma-Aldrich Chemie (35 1)
33 EREE B &R
3.3.1 21'#;’:1‘?, %

#E2 ;&’}xfﬁ FHTARIH SR 242 63x63x185 cm 4R H (ARG
L 1) ¢ 2 150~180cm 2 4 BT c AR 2 F A F T 22 A B
# » 103x103x204 cm 2z 4% # (4R 7o dB) ) MR R 2 BT
FX A G ENR G o 2SN E 1~4 X E- Sk 1-2 3 { R ATOu
W MR B AT R LR BB AR R e o
332 T

uﬁ@ﬁﬁ@ﬁ;@%%ioﬁ%%ZMﬂB%W%a6%&%@%%12+
pFz 30x30%30 cm 2 4% # (AT Lo F o A )& 35 AR LB T EMF
iﬁwﬁjiiiéﬁﬁﬁo

BAFRB N FRAR TER S LTEBHARERE TR 2 PR T
TE S R me R TR E R 0 B 10 mL 2 LEFL e[

(Merck, Germany) & 10 mL - fie @l & p4%i3 7% (stock) : F it % (98.7% i%# &)
78 01046 g (£0.5mg) > fe @l = 10.32mg/mL k& ; ¥ =% (99.7% & %) 4=
£ 0.1026 g (+ 0.5 mg) fefl+ 10.22 mg/mL jk & ; St (96.2% & &) =8
0.1005g (+ 0.5 mg) fefl+ 9.668 mg/mL k& ; L i# 32 (99.1% ki) 4% 0.101lg

Fd

(+ 0.5 mg) fefl® 10 mo/mL jE & o  if 2 BFifia i % %7t 20 °C 1T 2
B oo ;'j;'?%é-f:’@_" ’-ﬁu?e’:ﬁ/%“’% ’lzﬁﬁﬁ’ﬁ-f’?ﬁ?‘;qﬁ%‘%$:}‘ BER 1A %K/ﬁ?
A ENBRBENNT R L E TR B RS AF AFERE
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B 2pL At g - WE A TP MF REFRE G 02Ul B §OF L
ERRE S ¥ SR &R - EACh A SR W - U@@.Eﬁi!‘“&ﬁﬁ ey e
50 mL 7% £ 2 gt 0 BB g gkt d » LR v Hy
IR TR vk o R S 0 IR (E o £ i
Heif LIRPo F A BRI BT R E RN JEFT S 5 448 (£30
P) o AR 0 AR ST Bk AR 2 iz%”%ﬁﬁfﬂ CEAPIRGS LMk g
T HE 24 2 A8 P PIRRE G F o HRENMPA ML A
AP EAF 0 A EAF 20 § %”Ff»fﬁ?\‘?\u..*’”fﬁik 7
4 156 & o TR i ikt €4 FE4F 20 & o
341 FEBEAMER
ﬁ;@%%,\%ﬁ - F A LRSBEE 0% R;EEF &R 0 2 10.32 mg/mL

¥

’33)\

%j;-@‘ﬁ?’}’%}g\ it ﬁi—ﬁé» 0.2686 ~0.3761~0.5265+0.7371 2 1.032mg/L T BkER -
HabH e AXRAHE2 0% *>HEF =R > 2 1032 mg/mL F ik %67
BB "éﬁ—ﬁé\ 26.86 ~ 37.61 ~ 52.65~73.71 % 103.2mg/L T Bk R - H-TH |

¢

Y

\-\-H

CEEE 0% RABER %KY 2 1032 mgimL F ik RIS R AR A
0.0645 ~ 0.129 ~ 0.258 ~ 0.516 % 1.032mg/L I Bk A -
342 ¥R ERRE

HEERE-#Fra 2R HELE 0% R>HEFHY N
10.22 mg/mL % j® % g7 %3 % A + 0.06388 ~ 0.1278 ~ 0.2555 ~ 0.511 % 1.022
mo/lL 7 BikR - HAEKEFAALRAMEL 0% RAHMERH? 2 1022
mg/mL % & % b3 ik A+ 3.19+6.39~ 1278~ 2555 % 511 mg/L kA - ¥
Tog L RAHEE 0% RAMEFHKY 0 0 1022 mg/mL F R BRI R
Hf = 0.04562 - 0.09125 + 0.1825 - 0.365 % 0.733mg/L I kA
343 FEMERRE

HrEEB - #FALRFHEE 0% RAHEF %Y - 12 9.668 mg/mL
FHANPEIR S AP ¥ 2517 3523+4.933+6.906 % 9.668mg/L 1 kA o $
PR e AL RSHEL 0% R&HER &K 0 12 0.668 mg/mL AN EF R
B AR 951212681691 2255 % 30.06 mg/L I ik A o $T 5Lk L
#yEHEE 0% RAHEF KT 0 0 0.668 mg/mL AT IR R AR S
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2.517 ~ 3.523 ~ 4933 ~ 6.906 % 9.668mg/L 7 BkER o
344 LIREERERE

%&?Z#;’:fﬁ\?c— HrEHLIRMHEZ 0% R7&FEFTHY 2 10mg/mL 17 =
¥R ‘J&ﬁ‘%‘iaﬁ 26.03~36.44~51.02~7143 2 100mg/lL 7 Bk A& ° ?"ﬂL?ﬁi*ﬁ
P RAAEE 0% KAMER R 0 04 10 mg/mL I 33 RE IR iR R
= 62.5-125-250-500 % 1,000mg/L T B)k&E - H-T P L RHEZ 90%
RyEBEFHRY > 0 10 mg/mL I 8RR R 0.0625 012502505 2 1
mg/L T BER -
35 MAGIin T HH- R RBEFAF TR

%5 %= 213 :x p Morehead and Kuhar »t 2017 & 7y inpadn 8 5 F 4 0 Bl
$tihse ;% (Halyomorpha halys (Stal)) #»xz ;%% % (submersion bioassay) - 7 %
Lz fRRE ~ EF B %P 7 41 (PhE 10x5.7cme F £ 250mL) 10 45 #
e o #20 & 0~7 PR #F N 30 $pEE Tom D7 ik K
PR RAERERFRBR A5 f o B AR RPN pRR D
Feo mPRRAZE L% rF 745 (MR 10x57cm & 250mL) ¢ o &4
Wk Ba® 2 4 BGRCH o T8 24 2 48 ) PEUAEERS S K o B g b
FLz A gty REFTH A PRIP TR 2V LL KR GREFGF D > &
BT EFm2 A WRAEE PRI AP ICEREFTT SR AR AR (49%
SL) mw =g T4=g 10 2 209 (£05mg) > £ 2 1L p k-kpe®l= 4,900 %
9,800mg/L & BkA& ;=i (5%EC) % 5¢(x05mg) > £~ 1L p k-kpe
B 4,750mg/ll o FH4 i (B%EC) 7~ 669(£05mg) > £ 1L p k-kped
~ 6,270 mg/L 5 SR LA KREJE o F IR T E4F 0 F £4F 20 & o
36 F AR RHERK 2 TR 3 g

RS HE>F 35 R Z2FZ AR r- S 8FAE TR BRI LT
cm HEIH AL 0 EAcH ke F AR E L 8om hEH L - &F 5 11 6 B 7
Pﬁi’?qﬂﬁmiﬂ’ﬁrﬁy@m 4~5 Fy o s ESR-RFE A F P RIRB-DE 0 p Rh 32T A
GO AER 2150 Bk F 7 ((hi 10x57cems R 250mL) ¢ A
R 53 R L@.xilﬁ'%%ﬁtﬂ SRR AR MR > ¥ 24 2 48 | pES
PR - FofREI D KRR R IERGTEKRER AT S T 6 BER -

]
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PR F IR ES B - WFAFEA 20 L ZF A2 S AFEAF 15
B o Trg | BT BT E4f > FE4H 20 & o
361 e RHEKE f- #FALRFERZ 00% R7ER

a4 T (49% SL) M X Tf=F 06-1-14-18 2 22 g (£ 05
mg) > 4vp k-k 1L feflls 294490686 ~882 2 1,078mg/L 7 BkA -
362 MEARHALKI=SFALRSERE 0% KRR

PRRFLAT B (49% SL) Mr m#cx TfEE 1-11-12-17 2 26 g (+ 05
mg) > 4ep k-k 1L fe#l® 490539588833 2 1274mg/lL T BikA -
363 MrEeRBHELEEFALLRTEAE 0% KRR

snapf 4 @ (49% SL) e dcx T g 10415202530 2 359 (+05

|

mg) > 4cf %ok 1L fefl 4,900 - 7,350 ~ 9,800 + 12,250 ~ 14,700 % 17,150 mg/L
2 BER o
364 A BHIEBELRAERE 0% K&ER

%a ke @ (49% SL) rr g TEE 1.2-5.7-10 2 209 (+05mg) -
sep %ok 1L mefls 490~ 980 ~ 2,450 ~ 3,430 ~ 4,900 % 9,800 mg/L = ik B o
37 AHH R FA 2B DIk R

MEEIPMEF BRI R 22 TR LKA AR 16 24

7
“~

E’

WW/

71~99 cm F o AATR Y (REP L ELIREG AN P) 30 - X o il R iR
TRPBEERF fis 0 BRERE KRR AR URRGFE o B EF
EhAEk BB (- (e EisE il x S ekl s i)+ (
fs EEAh E f e X SRR B RSE (S AL di)) X 100% R E RV n o

- BEPLE-EAH AL 1927 £ A RAREFE4 0 T 9 HREW

{ﬂ

‘\%?a/

I

& % | (polyether-modified organopolysiloxane 93%) = i=#ic* L =% 0.4 g (£
05mg) » #e p %k 2L peflls 186 mg/L ik & AT -
371 HpEABHEIKE E- = T ¥FALEPISE RS
P ipfiadn @ (49%SL) vw imgcx TiEE 20 2 409 (£05mg) 4ep kok 2
L pefl® 4,900 % 9,800 mg/L & @ikA - #¥AEthE ¥ 303 % » § | i
DTk B E B R E S #cs 208~288 F thef v & £ 4 106.93 +£24.86 mL
o ET wEE 12 3 ARBHELH
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372 HRRHAWH - SFAZFPieREER

TR (20% SP) 11w =X T 4§ 059(x05mg) v p K-k 2L fefl=
50mo/L R - BAERE PP E e 0§ B 0N E NIRGRIB A E S R E i
% 208~284> B ref s B g L 84.71+£621mLo s s e 1.3 2 7 X

R ek A e e

‘45\;

B EEE o AEES O E2 (5 357 2 14 X > AEETHA o AT
TREFPZLIHEHEVFIRRAAPRETIREIRL L 6 Bk AP HE
T 0~y L i Rt 2 E B TR TEE (tipburn) 3 g X 4 -
Ete 5 TREFT L RApdor L Bl - E P FD L Rdpdkor L Rlct
= oo LN T (Gpde X Fdpdc F RS TH) - 6 x A A EES T
FEESTTRET LR (Miller and Uetz, 1998) - 7 6 ¥/ 25 * B ¥ |
(polyether-modified organopolysiloxane 93%) 14w i+ # % LT 4§ 0.4 g (+ 0.5 mg) >
dvp kek 2L peflar 186 mg/L kB AT o

TREFEIRZDAF > ST FIEF R FTHE > o455 14 ~ 4R
Fetec2d ~RAUEIFEEZ AN IGIFFR)CIP AR K EERTHE

3%
381 MpEABAHA R ICRET R
EEEREFT NI ES BT 2R EEES O - AT -

W, EIT L 97~308 B0 F AL EE L 3254+968mL F AITEFZ EAF o
R sfaAn @ (49% SL) Mw fm#cx TR 20 2 409 (£ 05mg)c 4ep kok 2L
fefll& 4,900 2 9,800mg/L & BkR o
382 FypRArBYITRE S ET RR

REEPMERF 371 BB R FAZPEGRREAF > - HERRET
FATA o Py ippksr @ (49%SL) M gk T4 20 2 409 (£0.5mg) s 4e p
%ok 2L pedlld 4900 % 9,800 mg/L & kR o MAEtRIE P05 % 0 % B
IR MR E > PR E P ey 208~288 0 F fkrE s Fr € 5 106.93 £
24.86 mL -

A
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383 "FAEe B FEHE Y FLFE%

BEAHRBE TFEG NtkF 17167 £ 403 cm 2 & ST 2 5 B
Jooo MryATEAT T (49% SL) Mw X TR 20 2 409 (£0.5mg)c 4 p koK
2L pefl® 4900 2 9,800mg/L & kA& - Ew L R ES 1A
PSRRI iR EHF > A4k 94.04£6.08mLe - B2 L - AT &
BdBie 7= E£4F o
384 PRI EP EFT %

BRARB TRETEE  HRE = o iR A St BBCH 715 2 EFFE
(Phametal., 2015) 2. % ¢ 2 @ d o — = FEH 5 - mI2 > & g2 5 11~21 % %
TR IR ER L 4911+222mL > B gJRie (72 A7 o P YAEAe B (49% SL)
M g Tfeg 10 2 209 (£05mg) 0 4ep kok 1L pe@l= 4900 2 9,800
mg/lL & BER -

3.9 ¥t a7
FRB-CFRE -TEL LRI NPRIBHIEREE T RS
A Z%plRER 2 F A8k 12 PoloPlus (LeOra Software) 2.0 5%
AGRE L BERGILE 24 & 48 EHERFERSHEZ 00% Rk
B &3 (90% lethal concentration (dose), LCoo or LDgo) » fz 3+ 1 ke e e 22 4
~ LDso (or LCso) ratio test s> 3838 2 = @ X B a0k ¥ 1+ (Wheeler et al.,
2006) - & * Bonferroni correction % P & iafe® » 171 P<0.05 iF % B F L& o

MR FTHH-$2 R rFAFRTRE PEIPHEERE- ~ =2
IWFAZPEEHRY > LEEHEE AL 3T 2o N EE IR
740 foro g 2 gcRg (statistics analysis system, SAS) 9.4 kg 7 H F]+ % R s
+7 (univariate analysis of variance, UNIANOVA) ‘e & g2 iz 7= F » 1 P <
0.05 T4 AgF L2 -

TREHEER - $FA 2P F @R LF Rl 94 AR ttest
WREIE e T 6 SR e aF 0 11 P<0.05 1T LA FERE .

PR BRAERTCRET R HTRESEIRR I L FEHE T F
TiEB 1 3.8 hEDT A bdplict Bt 0 BT EGY T (Gpdk x 2dpdL R S
TH) - G x BRAAERSTH) FEEY C TRET LA (Miller and Uetz,
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1998) FHER 2 ERNFIRERT AV L FREH 94 FRAEFR AR

H8-3] ~ 47 (generalized linear model, GLM) % & = [ ket > 1 P <0.05 7 5 &

FHE -

PR BHTREFEIRERD AL FI RS S E ) I (A
EEFET S A J'I%fifﬁﬁ 9.4 'm A7 t-test izt > P <0.05 iF
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ALFRR SRR TR TRRBHERE R TR A RE

RaE SIS S G SLEC R TS S R S 3

N
=
T4

Py

=4
/%«}
N

D7
L

o

)

“

R
7%
e
EP}

B FAE T  TRBGELL N K A 24 PR R B R0
- ~ARZ A3 ~Bl- Bl BT B> B4 EE A 48 R R
2 %%4rdk - v EAwe v 42 B Be B BN BLt-Z2EL- o Tg
TREFER S FRF S SERE LR 24 2 48 ] P2 LR HE LDso
#4545t 0.0318~0.8816 % 0.0298~0.8268 ng/parasitoid (# 7 % £ =) » 3% %
HE TN ERH A AHS Rk s L 24 2 48 X R AIE (24
pr% 48 | pF LDso = [F] 4 %] 4 %+ 34.9~596.8 nglinsect 2 32.92~420.2 ng/insect

T\
N

ek 2 2 dow) o TH MR B E R0 LDso ¢ MK k- #E A 24
2 48 - pF LDso & (4> 0.0442~10.26 % 0.0392~8.556 ngfinsect » 4% - % %
S)e ARRFR AEB - #FATFARL AR L LD LRFEEHT 3
e 24 ) pEA w43 1026 2 596.8 nglinsect (% - % £ =) 48 | pEA W L
8.556 % 420.2 ng/insect (% = 2 £ w ) Ra LB ET - o LDso fri % =
Mo 24 248 o) pFA B 00734 2 0.054 ng/parasitoid (£ 3 % £ ) o Bt
Foo B THA LDso H_ERER Y Mg 24 2 48 ] pEo R[5 349 2 3292
ngfinsect (% = 2 £ w ) Aty % - #FHHF R P LDso L2 EH Y hiseh 24
% 48 ] pEa G 0.0442 2 0.0392 nglinsect (£~ % £ =) o

FRE-FRFEP SRR DRI R 5 24 2 48 ] pF LDoo & 5] 4
%+ 0.109~1.644 2 0.0976~1.519 ng/parasitoid (% I 2 % =) > FZL A E § M3 24
Bogdhzr-#Fh2 LDo(&- ~ &2 ~ 4222 4w)o B d S A %7
s A2 24 2 48 o) PF LDeo # A W 43T 7252~2564 2 63.04~2,150
nglinsect (# = 2 #w); Z¥th % - & F A2 24 2 48 | pF LDeo A~ B 43
0.1306~33.34 2 0.114~25.96 ng/insect (% - 2 % =) *F %R > ;g»:*,’:fﬁ % — &
FAFFAHT P2 LD £ BFEH B G 24 ] o u i 3334 2
2,564 ngfinsect (% - 2 £ =)>48 -} pEA %W % 2596 % 2150 nglinsect (% = % %
) R LT e 24 2 48 | pF LDeo £rE_% = M & W5 0.216
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% 0.207 ng/parasitoid (% 7 % % =) °

. %%‘J%fffﬁfﬁ % e LDso 2 LDgoo #cie 5 4 3 » T ] #eh LDso 2 LDgo
B i AR 20t B L 4 BFS (toxicity factor)> H 24 o] pER & A Whek - 2
A4 0B 48 PEREA YA AN LS HEFRR SRR SENE DRE
124 2 A48 /| pF LDso 2 LDoo & M\ IR B E 0 MR o - #E A
o5 82 24 2 48 o[ pF LDso # {2 %]+ > Im3s AW 5 1397 % 1584 & -
Hepz BREZS 2 F LR su 43 1261 7] 2233 %2 1194 7] 2491 &
(= 2 & ~)o UL [APF TR LDso # (275 @ 3 0 & G o[ 325 TR
F B E RAREER L 024 3 48 S BT o TiE 8130 2 7,781 i 0 i
Hoprpl B> fre i3 3058 2 3981 & (- % & Ao

F® % m® TR E L LD & (20 LR MR % fr T R
TRR R SHEEERM (A4 2 &) H-#FAAFTR R 24 2 48 )
P LDoo # (£ %]+ » Sz o w5 1543 32 1254 & > Hep= B a4 24 2
8 | FF M LR su 43t 1.043~1.32 2 1.031~1.321 & (&4 % & L) =
AP L3 LDoo #1255 @ 3 o i BEHLRR O EF BL R E
24 2 48 | pEF M FF 4 uTE 11,870 2 10,390 1 0 AR E B0 e i
4411 % 415 & (%4 % 2 L)o
42 MR G T H - SERY ¢ FAF T &

- &4‘}27};:1% % ELEAE P 4750 mg/L ~ FHAme 6,270 mg/l ~ Fg AR
o 4900 2 9,800 mg/L & BB % 24 2 48 /| PFis B xR HEF ok L
- o FpiRfasnE A BOER P HEREAE AET 100% Rk o FHid 6,270 mg/L
24 4,750 mo/ll #inEi BwE 48 s R F A5 1167 + 7.64%
5 2667+289% - i kokASTz HEBEY o ERADRFFL 0(RL-)o
4.3 P PR PR % 2 T2 2 iR T

B R TR e B e e kA (LCso)) 112 90% 3¢t
B (LCo) 2 R X F S » %S 24 | %4t Lt - BlLte s BLT 0%
(6 48 [P d L2 SRS A 2B 024 2 48 e LCso B EH
o 9,328 2 9,015 mg/L & % 02,583 % 2,500 mg/L 2. - *F -] #% Pl =k 2. > 607.1
% 5945 mg/lL 2 - ﬁé?ﬂifﬁ bE Bk B2 *MEZ&% % % fien LCso Heig fin fp

Eh
PN
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Fo AP OFEYLE (P<005) Z#nkt R E A 24 2 48 | LCwo
AH G 7193 2 665.1mg/L - i I E s d S 0t 2 T ) k2 LCeon Bt
THFLE P<005) dri L2 4Lz kA2 - WEAIQLPLEL L,
24 2 A8 /] pF LCso £ R ¥ 5 156 & > 24 2 48 /] pF LCo £ B R~ w5 20
2 18 13 224 2 48 /[ pF LCo0 M Atcth % 4 23,800 % 21,610 mo/L B -
7,849 2 7266 mg/L 2 TRl 0 1175 2 1,123 mg/l 2 - # A ko
Aot kg 1232 2 1197 mg/l 2 = @A R R F AR BHFLE (P<
005) 4r& L+t -2 £ L= o %%;T’F% %= B2 LCo & l”&*’?%%;ﬁg B B E TR
32 LCoo %3t FHFLE (P<005) ded b2 442 o AR gfoT g
3422 LCso 2 LCoo 2. 24 /| FEFF P FF 4ok L BlLw 2 B-L7 >48 | pFz
LCso 2 LCoo & {F]F i+ 7 ~ W+ 2 B4 - o Bty - #5884 24
3 48 -] pF LCso & %]+ & w5 0235 2 02426 & (L2 2 4&-L7)>24 %
8 /¥ LCoo # 1275 A u 3 01497 2 01577 & (22w 2 & +7)- Hikth
G- dE B3 24 2 48 [ PF LCso & 273 A %5 0.2784 2 0.266 224
% 48 | pF LCoo # M4 F]F A %5 01569 2 01647 & (#Ltw 2 4L7)e 5k
BodeS fugr 3k 24 2 48 o[ pF LCoo & 125]F A %] 5 3611 2 3606 %024 %
8 | PF LCoo & f£%]F A% % 3032 2 2974 & (A tw 2z 4L7)-
A4 P pR e BHERE % - ~ 2 ~ T RFAZPP Ik B

Arjae A2 Ps s @ 4000 2 9800mg/ll = X {80 - v 2 7
WHEH R EAZP S h LA BN pEe B ERZ R @
FhPFIsE o Aul s 80284697 2 88.97+2.17% ; " Afdr BB kA Sz
27 EbH e AA Y 8006 + 7.18 2 63.08 £ 3.11% hpr i (&
A) R AR RIERH IS T RERE R FATT 33022228 2 11.68
+4.93% i inF (F+2)e
45 LR B HARH - #FAZ LB ISk RR

BRI AP s 50mEll - ~ 22 S X R k- #E A
inZdrd L= 2 BlL4 A w5 73.35+13.27-86.67+8.85 2 93.44+261% -
4.6 7 v hdm B E T R

%% 4900 2 9,800 mg/L P ipRiAn MY L e TG A2 BT EE R 4o
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-

LANZ Lo %E 357 2 14 X ik inpidn @ 4000 Mg/l o I S T
fa 4 wlig = 50.67 £1.76 ~69.79£1.96 ~83.8+6.04 2 9635+ 1.15% 2 #FT j&
£ A& m 9,800mg/L B4 %]ig = 56.22+£3.78-91.11 +3.38-96.69+2.16 2 100%
2 EFIRER ()

W A4 @ 4900 2 9800mg/l 2 FE E R pEITREY 2 4L BR
BE PG ELS 14 APIERTFRPREEDT N -

W rgsEi 4 4900 2 9,800 mo/ll AR S FHAEDT 2 Bhk etk L4

2Bl L - o &G, 1171 £ 212 2 209 + 459% 2 EE A F oo
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$1%

A P R PUE R R i 2 TR s B0 ppm B 7 AR R 2 # E ok
Wk wE T X BHAERE - $FAP IS 5 93442261% %Kﬁfﬁ %7 7
Pefpie o M Iy 50 ppm Gk RS TR R s B A ) pEEE 3Rk
B e D& F] 3 (efficacy factor) | 4rd = 4 » TR B2 F|F i M H 8 = B
SA 0 LI EMAHY B d LRI A HT RIESE B Z B oeE s TER
BoRRRE AR RAEFREAHERERRET LG Piosck o
FEROERE - MFAF TG 0 5 5060 B LR 87 & o
BB+ 5 R0 FHRAHG 22F A 5 5RB 0 5 4760 T Mhs 118 ik
:ﬁﬁﬁ%ﬂ%‘m*v FFd KPR ILRECFRER SRR ETHER A
Hi 012016043 2 152 AR E - #£F 5 - R H Y TTHHAF
FRBY 35 B ¥ FE IR L kg B # (Takahashi et al., 1992) »
MINFEIE G E N REZERE o TREIPEEHREEVER

Tl BRI AL M AL KM TRARMNGE T X vidd 202

g A % 0 %% 6.25-8.33ppm Bk 7 X E O HEKBEFAZ FA
7 88.79~98.80% s (PR > 19895 i % - 2006) » # A fw &1 T
£i7 95.68~98.9% tipr s (354 -1998; +k % »2000; % % »2015); % * 6.25~10
ppm Fid® 7 % ik M R F AR A AT 9333~100% hbisd (ME
1989 ; # % > 2006) » ##cth w1 T EF A G 9114~93.6% b ind 0 HA K
Bded g 98.8% ibrind (1b% 01997 k% - 20005 % % - 2015) 5 % 4 %
BEAR Y SRR R ek o RF IR R 53 BEHHOZ F 1
Brins L 84.94~100% (AF % > 1964 ; 3£% > 1998 ; £ % > 2013); * * 25ppm I
BT RUHERE S 2 e 8FEATF 8759% @bisd (K% 2015)-d A%
YRR ERFSEFH AFETHR B RPN B SRR kD
it EERFER LAppm kAR Z I3 50ppm kAR BB KR LG AEDS
Pt st b PUBRY A 2 AR AL B P e By R0t R A 5 S % 18 ppm
AR S 500 ppm EA c MAEBH ETRG Bissck o Bt R FHILER
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e AR R F2® l4ppm ER 18 ppm Gk & ~ Z-#4> 500 ppm jk
B2 Iy 50ppm kA BT (TR EHF R Y g - > REFLOTR LY
FAER SRR TP LG TR AP EL R

wéwmf R LBBE R BIEAAHI BT o A

TR SRR - MEEH A EAL ARSI RHELS B R F
BANE Ldp2 24 % 48 |5 LDso & LDwo 4 3 % 4 20— o B 3% 3R

2 P EMHAE T DR GG o W AT g P AT @
m B (R F > 1992 5 #RE2 > 2005) o

o= %

T A1

E

Bt 96 ) PFL  BRABARILES FRF R BAIL e (F8E B 2005) -
T RS Ak %ﬂ’%@$aMﬁ$,gw%£%ﬁ%$28&14%

€3] 25% (X % 5 2019) - e A3

®E F
EAE SRR R 2 2% 125ppm- il #4 (A japonicus Ashmead)
ﬁ

)
Ly

o ARG I FT RIS S hr 2 K
2P BT RS B e R %i@%m#ﬁ’»fm,éﬁﬁﬁﬁﬁﬁ
tHEg o B AT RE 2 ® M (European Commission, 2013, 2018) - 4aip| ¥

RASAFARATIPREDRT

bERERRT R a4

j

Pagh CE BB R HE o T LR MR
Bris B Aoy e M s A
HZ 80T B R FAY sk BREFEA PR O rRe R
P Rz &E A 48 ) PF 00% kR G 1,197 ppme ik fq i @ 4,900 Jk
B2 BiaF it 33.92+228% RS EF %k BN -
PR EF RO ES SN R IR R 2R B PRI BFAR
Pooi 2R ECRK A R R TR LR E L o FR AR 2 A %6 o
Favo G ORENEF AR R G R RAIIER  FY 0 BEERE TN

dE-Re Eﬁﬁ’xfmﬁ%ﬁ‘/&iﬂﬁ m"ﬁ_]_—fg ”ﬁ.m ’ l%é‘z‘/xif & lliﬁ %’ﬁﬁ?l‘iﬁ}@ DR T 4

?\%ﬁ?ﬁ. o *E{‘ﬁ? ﬁ%}};ﬁ"aﬂﬁﬁ/ﬁﬁﬁ 9,800 /%}i

= =%

P
e
3

o

Pl isrch o 2 £ EaiRsh i % BT > 9,800 ppm 17y 4T B = 8800 T e
BRFLF AN RS BRI EEFLT A F 2B eS8 H-
W %F A 0 T2 4,900 ppm Ty spL g BT E B A

P REARRF AP REAA R QPERBFREETRET EF AR
FEHRA > P PEEPHE R IRSRA RS > HEY X100 o daRy

o
o
L
>
7
4y
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SRR BIF s E AP éﬁ%pmﬂmwﬂiﬁﬁﬁﬂ%ﬁ’g%*%%&@ﬁ
(S S F I E 2 bR Fla FERBERD PR BREET IS o
?Z#ifﬁ fea B EEX 24~28mm @ - #F AT IEEELE 5mm (s 0 2006) 0 £ EE
HIB - HXHE - ®F A2 LCso  ERE ISR - 2 FRESHT ;fZ%}:fﬁ %o
fi LCwo 5 21,610 ppm > & 4 12 19,600 ppm *q 97k 40 Bk * ik s
(Halyomorpha halys (Stdl)) = #* % > &3 73 + 3% 7= 5 (Morehead and
Kuhar, 2017) - %‘Eﬁ&% ol B AR B PR K 12~17 mm (Hoebeke and
Carter, 2003) - %F S Eﬁ;’:’fﬁ % B fL o W AR TR P a4 F 9,800 ppm
W AR A Rk B2 TG sk o bl WA S HEBEALE S T EA
2 #i% % (Butler et al., 1993; Miller and Uetz, 1998; Hall and Richardson, 2013) -
WAL ﬁﬁrﬁﬁ‘ifﬁ P fu 2 2t % *&F&'}‘!’ﬁf‘u% E{RERREFD
$’&ﬂ’Xﬁ%@$ﬁ#ﬂ£§%’a@ﬁw%’%ﬁi’%%&ﬁﬁéﬁw

BA B FHE R # R E R kS AR o Tl S e B
AEEE S FRERE AR WHREFSAVIE TR RY L RS RARIRED
%Eﬁ%@&ﬁ’rﬁg F LS o

PR - Pl # R R F A ] LCeo F TS g Logpgot
%@$~$ﬁ$~$&%£§ﬁg»%%&@ﬁ%iajﬁm&i PB4
TP o dp i s BAp ﬁ*‘““f ALH SEARAH  H R DA AR R - R
(Karagounis et al., 2006; Kraiss and Cullen, 2008; Tsolakis and Ragusa, 2008; Jansen et
al., 2010) - 2 fR P spfa s B4 T | end g s P B EH ki Ak
IR W T a0 48 X R ER 2,500 ppm v it poa T
HAEEEAT A BER 4900 2 9,800 ppm o F|t xE FpE g ef o5 5
ol VG AT s = o W A P YARken B 9,800 ppm E H:rE 6
# A~ & % godf & 1£% gc Cycloneda sanguinea (L.) ¢ & 15+5% «h = » 2 &2 3
v IR ralEE LR (p<0.05): ¥R A | (Tamarixia radiata (Waterston))
Frig & 86+9% 7= (Hall and Richardson, 2013) o F]yt 5 25 % »g 9sfk 49 B pF > &
%ﬁ%&%ﬁﬁ%?%%i&ﬁﬁ’H%%iﬁ+ﬁ%§*%%ﬁ@ﬁﬁ&%’
2 AR BAEE T ,%szffﬁ Fem g TP o Fob o FILICERAHME G A
Pro M EE 14~42 XN T KT AL 25% 1 b = (E % 5 2019) 0 e fy
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SRR Y AR B RAA S S 0 AR B B KR T
e I 4900 2 9,800 ppm *j Eﬁﬁ’xfmﬁ*fig #1FE mlehitid S Kk

TEET OHITREF OGS - AHBET F W M;ﬂ;j?‘wg:", » P hRL 4 s

¥R b T g RRER A T A g2 FT > X H L iTh R
i= o Glhokicy ~ % E 2 TaddHAap R (Miller and Uetz, 1998) - A%~ 1 A 3 IR
AR B A AR LSO ES ST AET > Ty R

% {7 3E 2K 14 gjgrz\:}:‘j 35 e SN R i g e T i @gﬁipﬁ E‘JT%@ .
BRI g p e Ry (TR R A e B UL ARG R e B
TP BB ALE  HAPEAR PR TR BRMALYG DL BEEAY
AR hF o 2 T EEE 12 (integrated pest management, IPM) 33 eh7 HiE
R E-firisiph o LFEBEY LT L o FLN- FEEL
CEEXES 2 5 iRy
%*%%ﬁﬁﬁﬂmazﬁ@’ﬂw¢ﬁ¢§%ﬁ,%ﬁwﬁwuﬁwgﬁ
PoEAT AR TR Fe® 14ppm JRA -~ %% 18 ppm kA& ~ %4> 500 ppm
ERZ LR 50 ppm ER P sAR S B o TN A P R AnE T A 0 TR
LR PET A RRENENL AR A FEARIS LG T I
B2 S% > FRLFEEILE 0 FEEd > &0 E M ERAHPRE > {7
MR T R e HNETER S RFIZF AR A TR 4
HERE TR LEFEEPIGOTE > TIOFY e ® 4900 3 9,800 ppm

R TREFIER ISR T B REEARIS -
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Table 1. The susceptibility of Tessaratoma papillosa first-instar nymph to

lambda-cyhalothrin, deltamethrin, fenthion and acetamiprid at 24 hrs post-treatment

LDso (ng/insect)
95% FL"

Insecticide

LDgo (ng/insect)

0.1282 ¢
(0.1132-0.1484)
0.0442 c
(0.0294-0.0652)
1.112 b
(0.9734-1.282)
10.26 a
(8.674-12.17)

Lambda-cyhalothrin

Deltamethrin

Fenthion

Acetamiprid

(0.2310-0.4410)

(0.0836-0.3478)

(1.451-2.347)

(23.92-63.46)

b "
145 3
436 3
304 3

LDso (or LDgo) values within each column followed by the different letter(s) are

significantly different at P < 0.05 by pairwise LDso ratio test with Bonferroni correction.

*95% FL, 95% fiducial limits.

“Degree of freedom.
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Table 2. The susceptibility of Tessaratoma papillosa first-instar nymph to

lambda-cyhalothrin, deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment

LDso (ng/insect) LDgo (ng/insect)  Slop > ppe

Insecticide . . X
95% FL 95% FL (SE)
) 0.1186 c 0.2614 c 3.73
Lambda-cyhalothrin 091 3
(0.1052-0.1352) (0.2110-0.3722)  (0.52)
_ 0.0392 d 0.1140c 2.75
Deltamethrin 510 3
(0.2320-0.0602) (0.0714-0.366)  (0.34)
_ 0.9876 b 1.567 b 6.38
Fenthion 133 3
(0.9090-1.072) (1.401-1.839) (0.72)
o 8.556 a 25.96 a 2.65
Acetamiprid 1.37
(7.106-9.964) (19.73-43.26) (0.44)

LDso (or LDgo) values within each column followed by the different letter(s) are
significantly different at P < 0.05 by pairwise LDso ratio test with Bonferroni correction.
“95% FL, 95% fiducial limits.

“Degree of freedom.
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Table 3. The susceptibility of Tessaratoma papillosa adult to lambda-cyhalothrin,

deltamethrin, fenthion and acetamiprid at 24 hrs post-treatment

LDso (ng/insect) LDgo (ng/insect)  Slop )

Insecticide N X x -
95% FL 95% FL (SE)
. 1054 b
Lambda-cyhalothrin 173.7¢ 5.90
Y (95.18-116.7) 1516214) (078 0% 3
Deltamethrin 48.56 ¢ 246.9b 1.82 211 3
(36.20-71.98) (140.2-716.4)  (0.30) °
Fenthion 3490c 72.52d 4.03 024 3
(30.36-40.12) (58.14-1108)  (0.72)
Acetamiprid 596.8 a 2,564 a 202, 4
(265.2-1,288) (1,217-62,440)  (0.35) ™

LDso (or LDgo) values within each column followed by the different letter(s) are
significantly different at P < 0.05 by pairwise LDso ratio test with Bonferroni correction.
“95% FL, 95% fiducial limits.

“"Degree of freedom.
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Table 4. The susceptibility of Tessaratoma papillosa adult to lambda-cyhalothrin,

deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment

LDso (ng/insect) LDgo (ng/insect)  Slop

Insecticide . A x> DF”
95% FL 95% FL (SE)

Lambda-cyhalothrin 86.7b 136.6 ¢ 649 g4 3
(78.36-95.38) (120.8-164.8)  (0.89)
(26.22-89.94) (104.3-2,270)  (0.29)

Fenthion 32.92¢ 63.04 d 454 o0
(28.06-37.68) (51.90-92.04)  (0.86)
(287.4-597.2) (1,343-5276)  (0.33) ©

LDso (or LDgo) values within each column followed by the different letter(s) are
significantly different at P < 0.05 by pairwise LDso ratio test with Bonferroni correction.
“95% FL, 95% fiducial limits.

“Degree of freedom.
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Table 5. The susceptibility of Anastatus formosanus to

deltamethrin, fenthion and acetamiprid at 24 hrs post-treatment

o LDso (ng/wasp) LDgo (ng/wasp)  Slop "
Insecticide . i x* DF
95% FL 95% FL (SE)
Lambda-cyhalothrin 0.0574 b 0.2254 b 216 79 3
(0.0484-0.068) (0.1712-0.3326) (0.22)
(0.0268-0.0372) (0.086-0.1516)  (0.25) ™
(0.7348-1.038) (1.329-2.52) .47
(0.0628-0.0856) (0.1720-0.2984) (0.29)

LDso (or LDgo) values within each column followed by the different letter(s) are

significantly different at P < 0.05 by pairwise LDso ratio test with Bonferroni correction.

*95% FL, 95% fiducial limits.

“Degree of freedom.
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Table 6. The susceptibility of Anastatus formosanus to lambda-cyhalothrin,

deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment

LDso (ng/wasp) LDgo (ng/wasp)  Slop

Insecticide . i ¥ DF”
95% FL 95% FL (SE)
Lambda-cyhalothrin 0.0476 be 0.1978 b 207, 15 3
(0.0390-0.0572)  (0.1486-0.3008) (0.24)
(0.0250-0.0348)  (0.0778-0.1340) (0.26)
(0.7594-0.8936)  (1.357-1.776)  (0.49)

(0.0442-0.065)  (0.1564-0.3126)  (0.26)

LDso (or LDgo) values within each column followed by the different letter(s) are
significantly different at P < 0.05 by pairwise LDso ratio test with Bonferroni correction.
“95% FL, 95% fiducial limits.

“Degree of freedom.
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Table 7. The toxicity factor of Tessaratoma papillosa to Anastatus formosanus to
lambda-cyhalothrin, deltamethrin, fenthion and acetamiprid (LDso) at 24 hrs

post-treatment

Toxicity factor (24 hrs LDso of insect/24 hrs LDso of parasitoid)

Test stage
Lambda-cyhalothrin ~ Deltamethrin Fenthion Acetamiprid
first-instar
2.233 1.389 1.261 139.7
nymph
adult 1,821 1,527 39.58 8,130
37
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Table 8. The toxicity factor of Tessaratoma papillosa to Anastatus formosanus to

lambda-cyhalothrin, deltamethrin, fenthion and acetamiprid (LDso) at 48 hrs

post-treatment

Toxicity factor (48 hrs LDso of insect/48 hrs LDso of parasitoid)
Test stage

Lambda-cyhalothrin ~ Deltamethrin Fenthion Acetamiprid
first-instar
2.491 1.315 1.194 158.4
nymph
adult 1,821 1,455 39.81 7,781
38
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Table 9. The toxicity factor of Tessaratoma papillosa to Anastatus formosanus to

lambda-cyhalothrin, deltamethrin, fenthion and acetamiprid (LDso) at 24 hrs

post-treatment

Toxicity factor (24 hrs LDgo of insect/24 hrs LDoo of parasitoid)

Test insect
Lambda-cyhalothrin ~ Deltamethrin Fenthion Acetamiprid
first-instar
1.320 1.198 1.043 154.3
nymph
adult 770.6 2,265 4411 11,870
39
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Table 10. The toxicity factor of Tessaratoma papillosa to Anastatus formosanus to

lambda-cyhalothrin, deltamethrin, fenthion and acetamiprid (LDso) at 48 hrs

post-treatment

Toxicity factor (48 hrs LDgo of insect/48 hrs LDgo of parasitoid)
Test insect

Lambda-cyhalothrin ~ Deltamethrin Fenthion Acetamiprid
first-instar
1.321 1.168 1.031 125.4
nymph
adult 690.5 2,349 41.50 10,390
40
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Table 11. The efficacy of neem oil, mineral oil and potassium salt of fatty acid against

Tessaratoma papillosa first-instar nymph at 24 and 48 hrs post-treatment

Concentration Mortality (%)
Active ingredient
(ppm) 24 hrs 48 hrs

tap water - 0.00£0.00 a 0.00£0.00 a
neem oil 4,750 21.67£7.64c 26.67 £2.89 ¢
mineral oil 6,270 8.33+5.77hb 11.67+7.64b
FAPS® 4,900 100.00 £ 0.00 d 100.00 £ 0.00 d
FAPS® 9,800 100.00 £ 0.00 d 100.00 £ 0.00 d

Mortality values followed by the different letter(s) are significantly different (univariate
analysis of variance, UNIANOVA; P < 0.05).

“FAPS: the abbreviation of potassium salts of fatty acids.
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Table 12. The susceptibility of various stages of Tessaratoma papillosa and Anastatus

formosanus to potassium salt of fatty acid at 24 hrs post-treatment

LCso (mg/L) 95% LCe0 (mg/L) 95%  Slop i DF™

Test insect . .
FL FL (SE)
T. papillosa 607.1d 1,175¢c 4.47 3.18 3
first-instar nymph (502.0-717.5) (991.0-1,916) (0.56)
T. papillosa 719.3¢c 1,232 ¢c 5.48 2.78 3
third-instar nymph (653.9-802.4) (1,044-1,648) (0.86)
T. papillosa adult 9,328 a 23,800 a 3.15 1.32 4
(7,876-10,760) (18,460-39,140)  (0.57)
A. formosanus 2,583 b 7,849 b 2.66 1.89 4

(2,241-2,946)  (6,481-10,150)  (0.25)

LCso (or LCo) values within each column followed by the different letter(s) are
significantly different at P < 0.05 by pairwise LCso ratio test with Bonferroni correction.
“95% FL, 95% fiducial limits.

“"Degree of freedom.
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Table 13. The susceptibility of various stages of Tessaratoma papillosa and Anastatus

formosanus to potassium salt of fatty acid at 48 hrs post-treatment

LCso (Mg/L) 95% LCoo (mg/L) 95%  Slop i DF”

Test insect . .
FL FL (SE)
T. papillosa 594.5d 1,123 c 4.64 2.79 3
first-instar nymph (536.7-652.9) (997.7-1,385) (0.57)
T. papillosa 665.1 c 1,197 c 5.02 1.91 3
third-instar nymph (594.8-744.4) (1,003-1,669) (0.87)
T. papillosa adult 9,015a 21,610a 3.37 2.49 4
(7,563-10,360) (17,170-33,660)  (0.60)
A. formosanus 2,500 b 7,266 b 2.78 1.67 4

(2,154-2,852) (6,009-9,298)  (0.28)

LCso (or LCo) values within each column followed by the different letter(s) are
significantly different at P < 0.05 by pairwise LCso ratio test with Bonferroni correction.
*95% FL, 95% fiducial limits.

“Degree of freedom.
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Table 14. The toxicity factor of Tessaratoma papillosa to Anastatus formosanus to

potassium salt of fatty acid at 24 hrs post-treatment

Toxicity factor

Test insect
L Cs0 of insect/ L Cs0 of parasitoid LCo0 of insect/ L C90 of parasitoid
T. papillosa first-instar nymph 0.2350 0.1497
T. papillosa third-instar nymph 0.2784 0.1569
T. papillosa adult 3.611 3.032
44
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Table 15. The toxicity factor of Tessaratoma papillosa to Anastatus formosanus to

potassium salt of fatty acid at 48 hrs post-treatment

Toxicity factor

Test insect
L Cs0 of insect/ L Cs0 of parasitoid LCo0 of insect/ L C90 of parasitoid
T. papillosa first-instar nymph 0.2426 0.1577
T. papillosa third-instar nymph 0.2660 0.1647
T. papillosa adult 3.606 2.974
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Table 16. Efficacy of potassium salt of fatty acid (FAPS) against Tessaratoma papillosa

nymph on litchi

Mortality (%) (Mean + SD)”
Nymph stage

4,900 mg/L 9,800 mg/L
1% instar 80.28 £6.97 a 88.97+2.17a
3" instar 33.92+2.28b 80.06 +7.18 a
5™ instar 11.68 +4.93 ¢ 63.08£3.11b

Means within each column followed by the different letter(s) are significantly different
(univariate analysis of variance, UNIANOVA,; P < 0.05).

“Mortality at 3 days after application.
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Table 17. Efficacy of acetamiprid against Tessaratoma papillosa first-instar nymph on

litchi
1 DAA" 3 DAA" 7 DAA"
No. of Efficacy No. of Efficacy No. of Efficacy
(%)

(%) nymph (%) nymph
2.67 86.67 £ 1.33 93.44

8.85 +047Db 2.61

0 DAA"

Treatment No. of
nymph nymph
5.33 73.35+

Acetamiprid  21.00
50mg/L +14la +250b 13.27 +1.70b
CK 21.00 20.67 i 20.67 i 20.33
+216a +236a +236a +1.89a
Means followed by the different letter(s) are significantly different (t-test; P < 0.05).

“Day(s) after application.

47
doi:10.6342/NTU202001416



BN G RE B I AR TRET H)

Table 18. Phytotoxicity of potassium salt of fatty acid (FAPS) to the flowers of litchi

Day(s) after Phytotoxicity severity (%) (Mean £ SD)

application 4,900 mg/L 9,800 mg/L
0 0.00+0.00 a 0.00+0.00 a
3 50.67 £1.76 b 56.22 +3.78 b
5 69.79+1.96 c 91.11+3.38¢c
7 83.80 £6.04 d 96.69 + 2.16 d
14 96.35+1.15d 100.00 £ 0.00 d

Means within each column followed by the different letter(s) are significantly different
(Generalized linear model, GLM; P < 0.05).

N = 97-308.
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Table 19. Phytotoxicity of potassium salt of fatty acid (FAPS) to the fruits of longan

Day(s) after Phytotoxicity severity (%) (Mean £ SD)

application 4,900 mg/L 9,800 mg/L
0 0.00+0.00 a 0.00 +0.00 a
3 11.71£2.12b 20.90 £4.59 b
5 11.71£2.12b 20.90 £4.59 b
7 11.71£2.12b 20.90 £4.59 b
14 11.71+£2.12b 20.90 £4.59 b

Means within each column followed by the different letter(s) are significantly different

(t-test; P < 0.05).

N =11-21.
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Table 20. Efficacy factor of recommended concentration to 48 hrs LDso of Tessaratoma

papillosa first instar nymph and adult

Efficacy factor (Recommended concentration/LDso of insect)

Test stage
Lambda-cyhalothrin ~ Deltamethrin Fenthion Acetamiprid
first instar 118 476 506 5.8
nymph
adult 0.16 0.43 15.2 0.12
50
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Figure 1. LDso of Tessaratoma papillosa first-instar nymph to lambda-cyhalothrin,
deltamethrin, fenthion and acetamiprid at 24 hrs post-treatment.

LDso values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDsp ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 2. LDgo of Tessaratoma papillosa first-instar nymph to lambda-cyhalothrin,
deltamethrin, fenthion and acetamiprid at 24 hrs post-treatment.

LDgo values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDqo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 3. LDso of Tessaratoma papillosa first-instar nymph to lambda-cyhalothrin,
deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment.

LDso values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDsp ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

upper limits of the mean.
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Figure 4. LDgo of Tessaratoma papillosa first-instar nymph to lambda-cyhalothrin,
deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment.

LDgo values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDqo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 5. LDso of Tessaratoma papillosa adult to lambda-cyhalothrin, deltamethrin,
fenthion and acetamiprid at 24 hrs post-treatment.

LDso values followed by the different letter(s) are significantly different at P < 0.05 by

pairwise LDsp ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 6. LDgo of Tessaratoma papillosa adult to lambda-cyhalothrin, deltamethrin,
fenthion and acetamiprid at 24 hrs post-treatment.

LDgo values followed by the different letter(s) are significantly different at P < 0.05 by

pairwise LDqo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 7. LDso of Tessaratoma papillosa adult nymph to lambda-cyhalothrin,

deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment.

LDgo values followed by the different letter(s) are significantly different at P < 0.05 by

pairwise LDsp ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 8. LDgo of Tessaratoma papillosa adult nymph to lambda-cyhalothrin,
deltamethrin, fenthion and acetamiprid at 48 hrs post-treatment.

LDgo values followed by the different letter(s) are significantly different at P < 0.05 by

pairwise LDqo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 9. LDso of Anastatus formosanus to lambda-cyhalothrin, deltamethrin, fenthion

and acetamiprid at 24 hrs post-treatment.

LDso values followed by the different letter(s) are significantly different at P < 0.05 by

pairwise LDsp ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 10. LDgo of Anastatus formosanus to lambda-cyhalothrin, deltamethrin, fenthion
and acetamiprid at 24 hrs post-treatment.

LDso values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDqo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 11. LDso of Anastatus formosanus to lambda-cyhalothrin, deltamethrin, fenthion
and acetamiprid at 48 hrs post-treatment.

LDso values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDsp ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 12. LDgo of Anastatus formosanus to lambda-cyhalothrin, deltamethrin, fenthion
and acetamiprid at 48 hrs post-treatment.

LDgo values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LDqo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.

62

doi:10.6342/NTU202001416



a a a a

100 100 100 100
100 - = -

90 A

S 60
2 5
ke 40 b b
3 21.67 26.67 c
0 ‘ ¢ 1167
20 8.33
d d
10 [
0 0
0 T T T 1
CK Neem Oil 4,750 Mineral o0il 6,270 FAPS* 4,900  FAPS* 9,800
mg/L mg/L mg/L mg/L

24 hrs m48 hrs

B2 5 - b a2 g rRe RE- Labl kb rAf bR 24 )
PFZ A48 | PFiS L%

Figure 13. The efficacy of neem oil, mineral oil and potassium salt of fatty acid against

Tessaratoma papillosa at 48 hrs post-treatment
Mortality values followed by the different letter(s) are significantly different (univariate

analysis of variance, UNIANOVA; P < 0.05). Vertical lines indicate standard error of

the mean.

“FAPS: the abbreviation of potassium salts of fatty acids.
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Figure 14. LCso of various stages of Tessaratoma papillosa and Anastatus formosanus
to potassium salt of fatty acid at 24 hrs post-treatment

LCso values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LCso ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 15. LCgo of various stages of Tessaratoma papillosa and Anastatus formosanus
to potassium salt of fatty acid at 24 hrs post-treatment

LCoo values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LCgo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 16. LCso of various stages of Tessaratoma papillosa and Anastatus formosanus
to potassium salt of fatty acid at 48 hrs post-treatment

LCso values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LCso ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 17. LCqo of various stages of Tessaratoma papillosa and Anastatus formosanus
to potassium salt of fatty acid at 48 hrs post-treatment

LCoo values followed by the different letter(s) are significantly different at P < 0.05 by
pairwise LCgo ratio test with Bonferroni correction. Vertical lines indicate 95% fiducial

limits of the mean.
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Figure 18. Efficacy of potassium salt of fatty acid (FAPS) against Tessaratoma

papillosa nymph on litchi
Means followed by the different letter(s) are significantly different (univariate analysis

of variance, UNIANOVA; P < 0.05). Vertical lines indicate standard error of the mean.
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Figure 19. Efficacy of acetamiprid against Tessaratoma papillosa first-instar nymph on
litchi

Means followed by the different letter(s) are significantly different (t-test; P < 0.05).

Vertical lines indicate standard error of the mean.
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Figure 20. Phytotoxicity of potassium salt of fatty acid (FAPS) to the flowers of litchi
Means followed by the different letter(s) are significantly different (Generalized linear
model, GLM; P < 0.05).

Vertical lines indicate standard error of the mean.

“DAA: days after application.

N =97-308.
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Figure 21. Phytotoxicity of potassium salt of fatty acid (FAPS) to the fruits of longan

Means followed by the different letter(s) are significantly different (t-test; P < 0.05).

Vertical lines indicate standard error of the mean.

N =11-21.
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Appendix 1. Collected location, host plants and global positioning system (GPS) of

Tessaratoma papillosa nymphs and adults

Host plant Collected location GPS

National Taiwan University Main Campus,
) . 25.016, 121.539
Da’an Dist., Taipel

Koelreuteria Fanglan Rd., Da’an Dist., Taipei 25.011, 121.544

henryi DUmmer ) )
Zishan Cultural and Ecological Garden,

e . 25.102, 121.531
Shilin Dist., Taipei

Bihu Park, Nei-Hu Dist., Taipei 25.082, 121.582
Dimocarpus Lu-Feng elementary school
_ ) ) 23.917, 120.504
longan Lour. Tianwei Township, Changhua
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Appendix 2. Flower’s phytotoxicity rating scale: 0 no apparent damage; 1 slight

yellowing of flower; 2 light burn of flower; 3 flower edge and growing tip burn; 4

stunting and extensive dieback of flowers; 5 death.
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Appendix 3. Leave’s phyotoxicity rating scales: 0 no apparent damage; 1 slight
yellowing of foliage; 2 light burn of leaf edge; 3 leaf edge and growing tip burn; 4

stunting and extensive dieback of leaves; 5 death.
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Appendix 4. Temperature reocrds for phytotoxicity of potassium salt of fatty acid (FAPS)

to the flowers of litchi

Daily average Maximum Minimum
Date Note
temperature temperature (°C) | temperature (°C)
Application &
2019/4/1 16.7 17.3 15.6
1%t obseravation
2019/4/2 - 195 23.8 16.7
2019/4/3 - 20.7 23.5 19.0
2019/4/4 2"d obseravation 25.5 34.2 20.6
2019/4/5 - 22.6 28.1 19.9
2019/4/6 3" obseravation 24.9 35.4 18.6
2019/4/7 - 26.6 34.4 20.8
2019/4/8 4™ obseravation 28.5 385 22.0
2019/4/9 - 28.8 37.6 23.0
2019/4/10 - 27.8 38.3 21.6
2019/4/11 - 22.6 304 19.3
2019/4/12 - 20.3 23.5 18.5
2019/4/13 - 225 29.1 18.9
2019/4/14 - 24.2 321 20.5
2019/4/15 5" obseravation 20.9 25.7 18.8
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Appendix 5. Temperature reocrds for phytotoxicity of potassium salt of fatty acid (FAPS)

to the leaves of longan

Daily average Maximum Minimum
Date Note
temperature temperature (°C) | temperature (°C)
Application &
2019/4/13 225 29.1 18.9
1%t obseravation
2019/4/14 - 24.2 32.1 20.5
2019/4/15 - 20.9 25.7 18.8
2019/4/16 2"d obseravation 20.1 22.2 18.8
2019/4/17 - 235 31.7 195
2019/4/18 3" obseravation 27.8 35.8 20.1
2019/4/19 - 25.8 334 22.6
2019/4/20 4™ obseravation 25.7 32.0 22.7
2019/4/21 - 26.6 33.0 23.1
2019/4/22 - 28.1 38.5 23.3
2019/4/23 - 29.9 37.8 24.6
2019/4/24 - 30.1 37.1 24.9
2019/4/25 - 30.7 39.6 25.7
2019/4/26 - 28.3 34.4 25.2
2019/4/27 5" obseravation 247 26.8 23.4
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Appendix 6. Temperature reocrds for phytotoxicity of potassium salt of fatty acid (FAPS)

to the leaves of Taiwanese rain tree

Daily average Maximum Minimum
Date Note
temperature temperature (°C) | temperature (°C)
Application &
2019/4/1 15.8 16.8 14.7
1% obseravation
2019/4/2 - 19.0 21.7 16.5
2019/4/3 - 20.0 21.6 18.2
2019/4/4 2"d obseravation 23.1 28.5 20.3
2019/4/5 - 20.6 24.0 19.1
2019/4/6 3" obseravation 22.9 27.8 18.6
2019/4/7 - 24.7 29.5 20.5
2019/4/8 4™ obseravation 26.3 30.7 21.6
2019/4/9 - 26.6 31.6 22.8
2019/4/10 - 24.4 31.4 19.6
2019/4/11 - 20.5 25.6 18.0
2019/4/12 - 18.8 19.7 17.6
2019/4/13 - 21.2 25.0 18.2
2019/4/14 - 21.9 25.7 18.2
2019/4/15 5™ obseravation 19.5 21.1 17.7
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Appendix 7. Temperature reocrds for phytotoxicity of potassium salt of fatty acid (FAPS)

to the fruits of longan

Daily average Maximum Minimum
Date Note
temperature temperature (°C) | temperature (°C)
Application &
2020/6/12 30.1 33.3 27.1
1%t obseravation

2020/6/13 - 30.3 33.2 27.8
2020/6/14 - 29.1 324 26.3
2020/6/15 2"d obseravation 30.3 34.0 26.6
2020/6/16 - 31.1 34.7 27.4
2020/6/17 3" obseravation 31.8 35.3 28.2
2020/6/18 - 31.8 36.3 28.5
2020/6/19 4™ obseravation 31.9 35.4 28.8
2020/6/20 - 314 34.6 28.6
2020/6/21 - 315 34.7 28.1
2020/6/22 - 31.9 34.6 29

2020/6/23 - 32.3 36 28.7
2020/6/24 - 32.0 36.4 28.9
2020/6/25 - 31.8 35.0 29

2020/6/26 5" obseravation 29.6 34.8 27.0
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