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SUMMARY

I. Title

Development of Control Method on the Major Insect Pest of

Rose Greenhouses

II. Contents and the scope of the research
1. Insect pest occurrence and density fluctuation of rose greenhouse
1) Destribution of rose insect pest
2) Occurrence and density fluctuation of rose insect pest in greenhouse
3) Reproductivity of insect pest

4) Current state of pesticide application

2. Selection of pesticides for controlling rose insect pest
1) Sweetpotato whitefly
2) Twospotted spider mite
3) Western flower thrips

3. Monitoring of pesticide resistance
1) Sweetpotato whitefly
2) Twospotted spider mite
3) Western flower thrips
4) Monitoring of pesticide resistance using a enzyme activity

4. Selection of low toxicity for natural enemy and integrated control
system using a natural enemy
1) Developmental period and elective toxicity of Encarsia formosa
2) Sdective toxicity of Phytoseiudus persimlis aganst registered pesticides in rose
3) Control of twospotted spider mite using a P. persimilis

4) Selective toxicity of insecticide for Harmonia axyridis
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5. Integrated control system for rose insect pest in greenhouse
1) Control system of sweetpotato whitefly
2) Control system of twospotted spider mite

3) Control system of Western flower thrips

IMl. Results and their applications
1. Insect pest occurrence and density fluctuation of rose greenhouse

1) Destribution of rose insect pest
As the rose insect pest, twenty—five species were investigated from
Jeju, Chilgok, Gimhae, Jincheon, Imsil, Chillyang in Korea. Sweetpotato
whitefly, Western flower thrips and twospotted spider mite caused

severe damage to rose in greenhouse in Chungbuk Jincheon.

2) Biotic potential
(1) Twospotted spider mite
Biological fitnesses of three strains of two-spotted spider mite,
Tetranychus urticae Koch, were investigated under different temperature
regimes using life table analysis. Acaricide susceptible (S) and strains
has been maintained in laboratory. Field dicofol resistant strain (Rp)
was collected from rose greenhouse of jincheon area. In developmental
period from egg to deutonymph, S strain was longer than Ry strains at
25°C. However, the opposite was true at 20 and 30C. Longevities of
adult females showed no difference between strains at 25C. The
average fecundity per female of S strain was less than Rr strains at 2
5C, but it was greater at 20 and 30°C. The intrinsic rate of natural
increase(r,) of S strain was lower than Rp strain at 25°C, but higher
than at 20 and 30C. These results indicate the acaricide resistant strain
(Rr) have poor fitness than the susceptible strain, especially at low (2
0C) and high (30C) temperatures.

_12_



(2) Sweetpotato whitefly

Development and reproduction of the sweetpotato whitefly, Bemisia
tabaci, (B biotype) were investigated under different temperatures and
host plants. Durations of the development from egg to pre-adult of the
whiteflies were measured under four temperature ranges and it was
86.2 days at 15C and 17.0 days at 30C (5 times shorter growth period
compared with that at 15C). Developmental zero point and total
effective temperature for the development of egg and nymph, and for
the complete development (egg to emergence) were 10.1, 11.6, 11.1C
and 110.3, 204.7, 317.3 degree days, respectively. The hatching and
emergence rates were higher 87.0% at 25C and 76.7% at 20T
compared with other temperature. The adult longevity was 23.6 days at
20C and 14.0 days at 30T, respectively. The highest average fecundity
per female was 103.3 at 25°C. But there were not significantly different
among the temperatures. The highest intrinsic rate of natural increase
(rm) and the highest net reproduction rate (R,) were 0.196 at 30C and
97.33 at 25T, respectively. Durations of the development from egg to
pre—adult of the whiteflies were 21.2 on tomato, 28.1 on red pepper, 22.2
on eggplant and 255 days on poinsetia. The hatching and emergence
rates were highest 90.3% on red paper and 89.6% on eggplant,
respectively. The longest longevities of the adult female were 26.5 days
on eggplant, and the average fecundity per female was greater at
tomato and eggplant than other host plant. The intrinsic rate of
natural increase (r,,) was the highest at tomato as 0.165 and the net
reproduction rate (R,) was the highest at eggplant as 106.1. As a
result, the optimum range of temperature for the growth of B. tabaci
was between 25C and 30C, and the optimum host plants were tomato

and eggplant.

(3) Current state of pesticide application
Current status of pesticide applications in rose greenhouse wags
investigated. 11-20 times of insecticide application a year was highest
among farms with 38%. Over 40 times of insecticide applications a year

was 8%.
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2. Selection of pesticides for controlling rose insect pest

1) Sweetpotato whitefly

These studies were carried out to investigate the toxicities of 43
registered insecticides to the sweetpotato whitefly(Bemisia tabaci, B
biotype). Insecticide activities were evaluated by testing systemic action
and residual effect in the laboratory, and control efficacy in the
greenhouse. All experiments were tested at the recommended
concentration(ppm) of each insecticides. Insect growth regulators (IGRs),
pyriproxyfen and teflubenzuron showed >95% ovicidal effect. The
insecticides that showed >95% larvicidal activity on 3rd nymphal instars
were abamectin, acetamiprid, imidacloprid, pyriproxyfen, and acetamiprid
+ ethofenprox. Insecticides with >95% adulticidal activity were
abamectin, acetamiprid, diazinon, endosulfan, fenitrothion, imidacloprid,
methidathion, pirimiphos—-methyl, pymetrozine, spinosad, acetamiprid +
ethofenprox, cartap hydrochloride + buprofezin, and fenpropathrin +
fenitrothion. Abamectin, acetamiprid, imidacloprid, pyriproxyfen, and
acetamiprid + ethofenprox showed both residual effect and systemic
activity. In the control efficacy test on B. tabaci, 90% control values
were obtained at 1st day after treatment of the insecticides including
abamectin, acetamiprid, imidacloprid, pyriproxyfen and acetamiprid -+
ethofenprox but in pyriproxyfen, 909 control value was reached at 7th
day after treatment. These results indicate that abamectin, acetamiprid,
imidacloprid, pyriproxyfen and acetamiprid + ethofenprox can be used in

control for B. tabaci in field.

2) Western flower thrips
These studies were carried out to investigate the status of the
insecticidal susceptibility and search useful insecticides on Western
flower thrips, Frankliniella occidentalis. Insecticides shown the
susceptibility over 80% about 41 insecticides by using the petal-dipping
method were chlorfenapyr, chlorpyrifos—methyl, emamectin—-benzoate,
fenthion, fipronil, phenthoate, spinosad, chlorpyrifos+diflubenzuron,

furathiocarb+diflubenzuron.
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3) Twospotted spider mite
These studies were carried out to investigate the toxicities of 17
registered acaricide to the Twospotted spider mite. The acaricides that
showed 100% adult activity were abamectin, milbemectin, emamectin

benzoate, bifenazate, acequinocyl.

3. Monitoring of pesticide resistance

1) Twospotted spider mite

Laboratory studies were conducted to determine the effects of six
acaricides on the eight field populations of two spotted spider mite,
Tetranychus urticae, collected from rose greenhouse. There were
considerable differences in susceptibility depending on the acaricide
treated and the region from which the population was collected. The
resistance ratio of eggs was lower than those of female adults. The
population showing resistance ratio of more than 10 with respect to
certain acaricide was regarded as a resistant population to the acaricide.
The resistant population in terms of female adult were as follows: Buyo
and Chilgok populations to abamectin, Buyo and Gimhae populations to
acequinocyl; Buyo and Jeju populations to bifenazate; Gimhae population
to emamectin benzoate. All populations to milbemectin showed very low
resistance (RR <10). The resistant populations in terms of eggs were:
five populations except for Koyang and Gumi populations to abamectin;
all populations to acequinocyl and etoxazole; the other seven populations
except for Buyo population to bifenazate, the other seven populations
except for Gimhae population to emamectin benzoate; Jeju, Chilgok and
Gimhae populations to milbemectin. However, Jincheon and Buyo
populations were more susceptible to milbemectin and bifenazate than
susceptible strain, respectively. The eggs and adults of all field
populations showed low resistance to milbemectin among acaricides
tested.
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2) Western flower thrips

These studies were carried out to investigate the status of the
insecticidal susceptibility and search useful insecticides on Western
flower thrips(WFT), Frankliniella occidentalis. Comparison of LCso(ppm)
values on WEFT adult showed the difference among each local
populations collected from Goyang Kyonggy, Gimhae, Gyeongnam, Imsil
Jeolbuk, Chungbuk Jincheon, Jeolnam Chillyang. However, emamectin
-benzoate, fipronil, spinosad were shown low LCsy(ppm) values on all

the local populations.

3) Monitoring of pesticide resistance using a enzyme activity
(1) Two-spotted spider mite

Resistance mechanisms in the two-spotted spider mite, Tetranychus
urticae, resistance to fenpropathrin were investigated. The resistance
ratios of the eggs and adults of R strain were >2,732 and >10,416 to
fenpropathrin respectively, compared to S strain. The
fenpropathrin-selected strain was cross-resistant to bifenthrin, but
showed the negative cross-resistance to bifenazate. Fenpropathrin
resistance in 7T. urticae was dramatically decreased to about 11.4-fold
when mites were pretreated with cytochrome P450 inhibitor piperonyl
butoxide (PBO), but did not show the synergy effect with the
carboxylesterase inhibitor triphenyl phosphate (TPP). The esterase
activity of 7. urticae with P-naphthyl acetate as a substrate was
higher than a-naphthyl acetate. Enzyme activities of
acetylcholinesterase, mitochondrial ATPase, esterase (B-NA hydrolysis)
and glutathione S-transferase of R strain showed the difference with S
strain as 14, 1.7, 1.3, 1.4-fold respectively. However, fenpropathrin
resistance of mites showed no consistent relationship with esterase and
glutathione S-transferase (DCNB conjugation) in inhibition study.
However, The acetylcholinesterase, P450 monooxygenase and mtATPase
activity of R strain was more insensitive to fenpropathrin than R strain
1.9, 3.7 and 2.7-fold respectively.
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(2) Western flower thrips
The effects of enzyme activities of acetylcholinesterase and esterase
were evaluated to insecticide resistance level of local population..
Enzyme activities of acetylcholinesterase and esterase of jincheon
population showed the difference with cheongju population as 1.14,

1.38—fold respectively.

4. Selection of low toxicity for natural enemy and integrated

control system using a natural enemy

1) Developmental period and elective toxicity of Encarsia formosa
Selection of low toxic pesticides to parasitic wasp, Encarsia formosa
adult, and dipping method for egg were investigated. Vial coating for
evaluating direct contact toxicity to E. formosa adult was used. All of
tested insecticides to E. formosa were harm to them. Among 8
insecticide frequency used in the greenhouse in korea, pyriproxyfen

were low toxic (mortality was 20%) to E. formosa egg.

2) Selective toxicity of Phytoseiulus persimilis against registered
pesticides in rose

41 pesticides (13 acaricides, 13 insecticides, 12 fungicides and 3
spreader) were selected as low toxic to Phytoseiulus persimilis adult
females. 4 acaricides (bifenazate, acequinocyl, etoxazole, spirodiclofen), 3
insecticides (imidacloprid, acetamiprid, thiamethoxam), &8 fungicides
(azoxystrobin, kresoxim-methyl, triflumizole, nuarimol,
thiophanate—methyl+triflumizole, oxadixyl+mancozeb, triadimefon) were
low toxic to to Phytoseiulus persimilis adult females. It may be
suggested from these results that these low toxic pesticides described
could be incorporated into the integrated twospotted spider mite

management system with P. persimilis on roses.
3) Selective toxicity of insecticide for Harmonia axyridis

This experiment was conducted to select the selective aphicides to

Myzus persicae adults and its predator, Harmonia axyridis adults. The
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effects of the selective aphicides on the longevity, fecundity and
hatchability of predaror were examined. All experiments were tested at
the recommended concentration of aphicides. Mortalities of adult H.
axyridis to pirimicarb (162.5 ppm), fenvalerate (50 ppm) and endosulfan
(577.5ppm) were shown 0, 20 and 22.5%, respectively. Endosulfan and
fenvalerate showed the mortality above 48% to eggs and larvae H.
axyridis, but pirimicarb was not toxic to those stages. Pirimicarb did
not affect to the longevity, fecundity and hatchability of H. axyridis,
but endosulfan and fenvalerate severely affected to them. From these

results, pirimicarb can be used in biological controls for M. persicae.

5. Integrated control system for rose insect pest in greenhouse

1) Management Strategy of Bemisia tabaci

Sweetpotato whitefly can control fundamentally in a period of rose
dormancy, because they can't passing the winter at Jincheon rose
cultivation area in Chungbuk province. However, all of farm don’t allow
rose dormancy. For that reason, eradication of sweetpotato whitefly is
really difficult. On late May is effective period if you pay attention to
control, because at that time, population growing up. But usually in this
period, 273 different kind of pests are occur in a same time. In that
situation, recommend some insecticides in different cases. First instance,
two-spotted spider mites and sweetpotato whiteflies are develop
together, abamectin EC or milbermictin EC or tetradifon -
pirimiphos-methyl EC. Second instance, western flower thrips and
sweetpotato white flies are develop together, spinosad SC, Third
instance, scale insects and sweetpotato whiteflies are occur, buprofezin -
amitraz(Hero). Last instance, Macrosiphum ibarae and sweetpotato
whiteflies are develop together, imidacloprid EC, tetradifon -
primifos-thiamethoxam EC, a-cypermethrin EC, fenpropathrin EC,
tetradifon - primifos—-methyl EC are effective insecticides to control of
them. In addition, if you determine control frequency according to the
adult population of sweetpotato white fly, under a adult per leaf, in that

case you'd better spread recommended insecticide on two times of 7
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days term. Under three adults per leaf, three times, and over five adults
per leaf, five times of 7 days term. One of the most effective
insecticide, pyriproxyfen is efficacious against egg and nymph. Another
one, thiamethoxam has insecticidal activity on nymph and adult.
Moreover it can reduce adult life and number of oviposition. As a
result, we can control the sweetpotato whitefly more effectively with

using insecticidal characters of both of them.

2) Management Strategy of Tetranychus urticae

Twospotted spider mite develop throughout the year so, you have to
determine control frequency through early diagnosis. As a result, you
can determine effective control point when low population. This strategy
efficient to control mite but, application is almost impossible on all
rose cultivation farm. If you determine control frequency, after
investigated of two-spotted spider mite, you can achieve the effective
management, if you spread recommended insecticides serially like this,
first control at under 10 mites per leaf, second control at under 50
mites per leaf, third control at over 50 mites per leaf, than as a result
population will be reduce. On the other hand, two-spotted spider mite
can develop the insecticide resistance so easily. Besides, insecticide
resistance level is so high at the rose growing aqua form. Because rose
cultivated all though the year at hydroponic farm. In this situation, only
using the chemical control can’t be a perfect control, moreover it can
develop the insecticide resistance. So, biological control is essential to
use predator. When high population of the twospotted spider mite, first
of all, spread acaricide to reduce the population such as abamectin,
milbermectin after than, pasture the Phytoseiulus perismilis as a
predator, and if you spread the bifenazate that has high selectivity
toxicity, you can control the twospotted spider mite perfectly. After

these treatment, twospotted spider mite didn’t observed over one month.
3) Management Strategy of Frankliniella occidentalis

When you decided control frequency according to the larva and adult

population, under 5 thrips per leaf, just one time, over 6 thrips per leaf,
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two times, over 16 thrips, three times. In that situation, you have to
control continuously on 7 days term by recommended insecticides such
as abamectin, spirosad, emamectin—benzoate. western flower thrips is
one of the most important pest on early diagnosis at low population or
low population, it so easy to control just one time. But on high
population, control efficiency will be down. Western flower thrips can’t
find in a hydroponic farm. On land cultivation, controled two times by
recommended insecticides. On land -cultivation if you controled two
times at the starting point of winter dormancy and the beginning point
of heating and than, control just one time at early may by
recommended insecticides, you'll minimized from western flower thrips

damage.
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LA}

3. AF MHsH FA

7}, guj 7FF o

Sl 7} o] (Bemisia tabaci)E FSolAlol, 9, B - FolWg] 7} o
gzl B ¥35Fal(Salas and Mendoza, 1995), 7IFH A 7F ol <F 863 7004
F olael 2ES 715t (Greathead, 1986), AAIF oz 97}A] 9
biotype°o] H.i1%E o] 2t} (Brown et al., 1995). 3+H ol A 1998 F 45
AT A GA o A7 % YA EJAAAoFol A A F A
7}Fol= B biotypel @ HE X om o= olu] A biotypeo] A2t
gAY Aoz d# Hr}l (Lee and Barro, 2000; Lee et al., 2000). 33
Perring et al. (1993)2 A biotypes Hul7lF¢] 2281 B biotypes XU
329l Bemisia argentifolii® 731 ¢t}

g7t e dFol dS FHFs AEAES ATy B
Z
=

_4

rlm

T8k gal= vloly 2w wirfe} R EHe o)k o]t} whHlrFFol
v o]y 2o Fa% wiFos vuwA e UE R nlolgf 2w o] ujj|
7] w&o) H8]7F 2k (Brown et al, 1995). 7}F4 A A 5= vlo]g &

TYLCV (tomato yellow leaf curl virus)oltt (Matsui, 1992; Brown et
al., 1995; Berlinger et al., 1996, Rubinstein et al, 1999).

ROl AN ] goh A3 A AT el 131 el
Aoz A AY wae] de AFEel vise] meA e bey
% A3 Sith G Rel A3 A AR WRE FAIA, Aviulo] =

 AA220=A, 1GRA Beops 429 AL q2vasil =A

wXﬂOﬂ el = Aol wAaE o] WA oEws FHi vt (Elhag
and Horn, 1983; Prabhaker et al, 1992; Dennehy and Wiliams, 1997,
Devine et al., 1999; Horowitz et al., 1999).

B AT guzbTold HE 2% /1T Wi 4 SH 2 A
B A, o] dFe WEGHLES FRANLE L AAE ST
&2 Aol AHA 542 AEsh

_42_



AR R P

Al

2 Alge) A" Full 7ol (Bemisia tabaci)= 5 At A3
Au Ao A Q- 3Fe] AW EvLE (Lycopersicon esculentum, A3)%
AL SFAA Aol o] &3ttt A AbS2e 2% 25~28T, #F7]
16L: 8D, A &%= 50~60%= 3}t

o ok

Al @75

2 AR AFEEH TF AEE FREHVIEY 2AA 3F o) Al
St Eule (L. esculentum), 135 (Capsicum annum) 183 7}A
(Solanum melongena)®] F+H ¢ EAA X|o} (Euphorbia pulcherrima)2l<

o] &3kl

=7k guskRols wew A WAE 9
S or3el WEADE 2SI Aokl 47 5wl EEe] 453
EntE (A3)E AL F AFE 5000t o]l ARS/dAE (25%25%45¢cm)

o
of ¥ 1AZF FF & (50

MA ]S W & A ofFe] W&V A
g8, 938S ud FgrAu Aoz FAEAL ATA )7 S5
g Agg F2ARE ARG (25~28C0)llA DA 7IZE Eoke] e P
A FuizkFolzt 3t (935 SAItolu)E wel EntE

%

-\>
—
o
>,

(4~5%9)7F o= ofad 9T (89x15em)ol <F
shal, 24X 3F FA SR FARSGIH. FHlo] =& A o
7] el 24A12F ool g-3tgk A dFS ¥ol FAUT o] AFe 15
20, 25, 30C¢ <% (Vision, multiroom incubator)?} A% 50~60%,
16L : 8D®] Fx7stelA Fdstdon, dojxl Aaiz THJH =9 F
FANEEE AFESA T (Pruess, 1983).

715 7F @uj7rFole S5 Ao A= 4F

715 b oFFo Mg7ke A7 5yl FEO 454" EvE,
a5, A FReE ZAAA S AR (25x25x45 )l WAL A
500vke] o WAbete]l 1A17E Eok ok (1007HA] o]/d)g ol xAba}
T AEE, ATTE 2 AT ZAE SRoAe} g WHoR 3

sttt
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NAT S7HE 4

A E4L #ojztfole 49 (29)8 x, 43 4F L5
AEES 1, AT 49 1 4378 medtar g9 1403
TTHE (R)E 3hmy, 1Al 838k w7 (1S 3xland/R,, WA
AAS7HE (rm)2 (logeR)/T= AR (Price 1997). 12444 2505 ©
2 57 Ae] Al sy EE, AAFEE 2AEAY. AvE 059 o
AU g R AT AREALE SASE o438l LSDHA (P=0.05)o.2 H
W3k tHSAS Institute, 1991)

23 4 1
1) gui7tFole 2= 9

% 3o WS

7h 25 g rhFol o] o) ofkFe] w573 Table 29 Zth &7
7+ 15T, 20T, 25C, 30CellA Z+7t 237¢, 1064, 7.3%, 5.6¥¢ =2 &%=/}
EoldyE AUt FF7|7He 15TolA 6259, 30TolA 114¥2 =&
Lo A g #tom, Y Ao H&7]7E2 15T A 86.24,
30Col A 17.09 = 15TCA E57]7ke] 30CHTE oF 5oyt At 254
7] 7 Abololl = frolxkrt lo] wujrbFol o] ko] 2z e Rz
< % F AU

Table 2. Mean*SD duration of egg and nymphal period of B. tabaci
under various temperatures

Temp. Nymph Egg +
Egg

() Ist ond 3rd 4th total Nymph
15 237+07a° 134405 83408 120422 289+1.1 625252 86.2453a

20 10.6+0.8b 7505 3.6£0.5 3.9+0.3 10.0+0.7 250+09b 35.7+1.0b
25 7.3+05c  36+06 22+05 22+06 59+05 139+0.7c 21.3+1.2c
30 56+04d 3.2+04 15205 2.2+04 4.4+08 11.4+0.8d 17.0+1.1d

% Means followed by the same letters are not significantly different
(p=0.05; Tukey’s studentized range test [SAS Institute, 1991])
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= 7|+ 238t 154T, 20.0C, 26.0TC, 30.1C =4
of] A %‘7]7&3 ZAMG 21.9¢, 114¢, 6.04, 49¢, Butler et al
(1983) &= H3t& 7|FE ARG 259 4 73S 149Te A 2259 1¥
30C°ﬂ’\1 544 ]1 doll A AF7EA o] 5 7]E2 149ToA 651
a3 30T A 16.6Yolet ettt ¥ Salas and Mendoza (1995)= E
HE FHE o83 25TEAAA &7k oFF Ve 77 7393 15.0
dz Busgded ol Adte AFAEtel Aol ey A A

= YEh AT

Wagner (1995)+ &3}
A

A = =
Lo} %1594 A= Table 37 Zrh 2X(t)eF o5
(Vell &3 sAAAAS T3, o, o, GolA As7A 7
V=0.00908t-0.0913  (+*=0.991),  V=0.00496t-0.0576  (+*=0.984), L&
7=0.00320t-0.0355 (’=0.983)¢] %It} ol5 3 AL 7| x= T3 o7 it
98 FEAMEE 72 do] 1017TC, 11039%, ¢FFo] 1167,
2047€ %, oA 3744 7F 11.17TC, 317.3€ % o] At

Zalom et al. (1985)2 =3}z 7go A wuf7bFolo] f g4
=4 19829 = 3163Y %, 1983l ® 31609 % F$3 Gergls (19%a)+=
EvtE  fFHoA wujrbFolet wuirbFolel {§AMEQl B argentifolii (B
biotype®] FHl7FFo]) o] FEALMRE Hlale A &, oFF, dellA FE7HA A
A= 900, 294, 400¥ %, FA= 847, 256.0, 34674 = B, &
2 B biotyped] EHli7FFoldS 1Hdto] B, argentifolii®t Wlulsle] & uf
E =% s UERAT

f
SR

i

AAL T2 ZALeHY

1__ =

of
3R

0

=
ZF 57kl okzhe] zpol= Qo H]
Table 3. Developmental zero point (7) and total effective temperature

(K) for the development of each stage of B. tabaci

Developmental

. . 2 o
stage Regression equation & 7 T (C) K(degree day)
Egg V = 0.00908t - 0.0913 # = 0991 10.1 110.3
Nymph V = 0.00496t - 0.0576 7 = 0984 116 204.7

Egg to emergence V = 0.00320t - 0.0355 ° = 0983 11.1 317.3
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Table 4. Effect of constant temperatures on the duration of adult

longevity and fecundity of B. tabaci under various temperatures

Fecundity/ ¢

(day)

Preoviposition ¥ longevity
period”(day)

Temp. (C)

88.5£35.8a
103.3+30.3a
91.1+£32.8a

23.615.2a
15.6£2.9b

2.810.6a
1.2+£0.1b
1.0+0.3b

25
25

20
25
30

14.0+4.0b

25

Days from emergence to the first oviposition

a

_46_



(8]

+ $- 30T

oy 25
j‘ ﬂ-} +20%C
|

"

/
f
K ’t“ ‘fziu“![u

Mo. of eggs/female/days, mx
=]

2r ] i J."i.
0 J AP 75 THRIP Ty A
0 5 10 15 20 25 ao

Aaluill age, X (days)

Fig. 12. Number of eggs per day of B. tabaci under various
temperatures.

Bethke et al. (1991)2 S FHol 267TColA 76%, 32.2TAA 1044
zentg g A g= 267Co A 817, 322TCoA 7212 & Adge 2
HEo JFrEe #da ik —’F——E 29t} Salas and Mendoza (1995)+%
26 CxAANA AFEH7IES 1
g B, 2 AT
FAgmE G Hrakekeeh 1Y Har ke

a

O - v T bl
Alell deiM = Aets & ? %iOUr &LE Zﬂﬁl

AAT T4 AA= 9F

= we gujzbRele] AWE #4 A Table 59 2tk 1Al
83k F7IzE (1) 20TAA 48649 0]l 30Tl A 2276€= =%7}
Ed S A mmm EEAE (R)E BTN 973302 A% 3
al

=
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Fole} f-AYEQ B. argentifolii (B biotype? Huj7}Fo])e] =2
o} 7FH (0], B3 MUdmy BEvlE) WHRAZIES GujrtFold
A 4715 BF (0] 0198, AdzEr 019, 53} 0.158, ErFE 0.170) 28.
4C, 283 B. argentifoliiol A A &zdryt EntE (ZH2F 0.236, 0.198)=
284°C, 8la o]} &3 (ZH2F 0224, 0.187) = 31.3CeolA #He #s

d
J

GEGta nastel ¥ @] Ansh fFAsGh o4l AselA &
w7bolel wgs Ao LEt FRW JTL VAW, AYEEAL F
@ ol 23 F4o AFY LEWE 20TA Ao ehgo

Table 5. Comparison of life table parameters of B. tabaci under various

temperatures
Temp. (T) R, T I'm
20 76.38 48.64 0.089
25 97.33 27.67 0.165
30 85.65 22.76 0.196

R, : Net reproductive rate per generation
T : Mean generation time in day

rm - Intrinsic rate of natural increase

2) Fuj7EFol 9 715 FF

Fode 2 gz29 NFAEA
Sl bRl 7t Folah A FABRE
EAA Ao}, G, ool elm
%, v elm o 2

£2 1)

[e) 3T
&=, ARy, ool 2,
2 A SRl

Ao 2 ZAME AT HEgh
Aol A=Zmp o] W¥x
(Table 6).

o
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Table 6. Host plant preference of B. tabaci

o . C e Korean  Degree of
Division Family Scientific name a
name  OCCUITence
Vegetables Compositae Petasites japonicus ] 9} N
Cucurbitaceae Citrullus battich Faf T
Cucumis melo aE A
C. melo L. var. makuwa =8 T
. (o)
C. sativus 2.0l A
. 5 uk
Cucurbita moschata =5 A
. PARBIE]
Fabaceae Phaseolus vulgaris o H© -
: . . PR ++
Leguminosae  cungualia gladiata e
i w7 ++
Rosaceae Fragaria ananassa = _]
= +
Solanaceae Capsicum annum 'L:
. EnlEe +++
Lycopersicon esculentum
) e EnE +++
Lycopersicon esculentum 4 .
4
Solanum melongena
Orchard Vitaceae e “ Ek *

. Vitis vinifera o o
Special crop Solanaceae Nicotiana tabacum o
Ornamentals : QA %] o} Tt

Euphorbiaceae . .
FEuphorbia pulcherrima Al o +
Orchidaceae .. . SRS
Cymbidium hybrida ) .
Rosaceae Rosa hybrida -
Weeds . tl o] %} & +
Commelinaceae . . srel
Commelina communis A +
Compositae A .. ) o
rtemisia princeps 7}k At .
Bidens tripartita M= ++
Erigeron annus - +
Leguminosae g “EsHE]o] '
Lapsana humilis P E +
Aeschynomene indica 2117 +
Polygonaceae . =
Ixeris dentata 22 A o] it
Rumex japonicus EER! Tt
Ranunculaceae o .
Trifolium agrarium o] 7 +
Persicaria hydropiper ) AP tr

Ranunculus japonicus

*+ 1 1~10 adults/lea,

++ 1 11~50 adults/leaf,

4+ o
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2+ 715 & g okF 7132 Table 73 24 & 7)3be a5
=

A3t ARl A 819% ErhEe] 7326 s A ok /|7 el

A

o—
2
°
NN

mO

A 197 o)A ERIAM A otol A 178U & EntES] 13990l Hl&| AUt &
oAX 37FA e WH7Ee EvkES ZhAo A 212U 222¢ ] o
aFA = 28142 ZUTE Bethke et al. (1991)> EQIA[ Ao} &3}

- R
(25C)oll A Fuf7kFol o] oA AF7hA 57| 27t 23293 256
Az 7] felAdo] ¢l9lew, Salas and Mendoza (1995 EvlE
o A 223, 18]l Coudriet et al. (1985) 26.7CoAlA 17&9] 7|F24&
of gk dellA AF7EAe] EHT|FS agtukel AFFelA ZH7E 1869,
19495 718 gk, 2 gsoeg F, 53 v 7hA]) Qo7 20~21¢

ol A mukel AR e Fy BEAgnt 30%4 5 87k Bk
) skt o] del diE

= E
57| 3ko] g@gkow, HAR VT w3

o o my

;

Table 7. Mean+SD duration of egg and nymphal period of B. tabaci

under various host plants

Host plant Egg Nymph Pre-adult stage
Red pepper a
Capsicum annum 8.4+0.7a 19.7+0.9a 28.1+0.9a
Poinsetia i
Fuphorbia pulcherrima 7.7+0.7ab 17.8+1.5b 25.5+1.8b
Tomato 7.3+0.5b 13.9+0.9¢ 21.2+1.2¢
Lycopersicon esculentum
Eggplant 8.1+13a 1411 8¢ 22,242 8¢

Solanum melongena

? Means followed by the same letters are not significantly different

(p=0.05; Tukey’s studentized range test [SAS Institute, 1991])

%W oA 4ESEI ADFE Table 8% 20 %A 3 F A
M SIS EvfEd Al 594 HuE UEd F 43 Ausst
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Table 8. Mean+SD duration of adult longevity and fecundity of B.

tabaci under various host plants

Host plant n £ longevity Fecundity/ ¢
Capsicum annum 20 13.2+3.8b* 56.4+10.6b
FEuphorbia pulcherrima 20 17.5+£5.6b 84.5+32.2ab
Lycopersicon esculentum 20 15.6%£2.9b 103.3+£30.3a
Solanum melongena 20 26.5+3.2a 106.4+15.0a

? Means followed by the same letters are not significantly different
(p=0.05; Tukey's studentized range test [SAS Institute, 1991])
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Table 9. Survival rate of pre-adult stages of B. tabaci under various

host plants

Capsicum annum 422 90.3 422 14
Euphorbia

pulcherrima 141 83.7 141 319
Lycopersicon

esculentum 123 87.0 123 715
Solanum melongena 176 89.7 77 9.6

5214 2 sl HulojEd o] wkgof ubg)
A ®©t (Harborne, 1988; Miller and

Miller, 1986). BHul7}0] oke] Abgade 75429 F77h 2 o
= Ao AZtAT B AFolA o] g3 s|FAEe %ﬁﬂrmqaﬂ

FEANA S5 e 882060 AolZ wArh AFAE FolA

7HA 9} EvlEE $-38&0] Zh2F 89.6%, 715% = o] dFol HEgs 752

Zolel AztE, TAAA L AR Wale] HFdol WolAw, 1

14%2 $AFS ABolgt AZAY, 1Fe 8o Fe ol fi

ofze] NFES wolt AHEA T AEe BRY BFILe
S| [e5]

bl
= [}
7F AAY Thedol AR, @A A W] AW 5 gluh

L
o o2
2 iy
N Mo R
o

A AXe 4%
S 7kFolo] AWE ¥4 Ay Table 102 2th 14
HH7N 7 (DS EnpEA 2767031 agolA] 3334t 14
g (RS 7FA oA 106.080) 2L aL3=ol 4 39.97= 7}A|olA 7}
o WAAASILE (r)S EvECA 01662 7H4 At & o
HM ole] 1MUY &FAES 7HA, WAAATIHE S EvtEoA 7+
Fol 7 e EntETE o] sfFol A§e vIFAEoldt AT Gergis
(1994b)= Huf7tFol ¢ #-AYE<l B. argentifolii (B biotyped wul7}5
o])o] 7|5 (8], %i} MG, EvtE) WARAZ7HE HladA A
WHA o w Eton, 2% BT 5316t EvlERTE Qo] A gt A
o 7159 Aol Ak kST

olgel Al A wElkTols WHI G WAL Lust AF} F
o g

A}

O:

o or

23 JFS A, YPEEHE T o] 2F9 TA AT 2=
e 30T, 2Bla A3 NFE EvEA~GHE7)Y Ao vyt o
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Table 10. Comparison of life table parameters of B. tabaci under

various host plants

Host plant R, T T'm
Capsicum annum 39.97 33.34 0.111
Euphorbia pulcherrima 73.16 3291 0.130
Lycopersicon esculentum 97.33 27.67 0.165
Solanum melongena 106.08 30.54 0.153

R, : Net reproductive rate per generation.
T : Mean generation time in day.
rm - Intrinsic rate of natural increase.
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th ute] g o

s L0]#OH(TetranychLLs urticae Koch)9] AaA g2 AHA|e] F/
o Aol wet A g xtolE eI om(F T, 1995), A T
%EE AHlAle] FFel welk zbelE uvEblaL givk (st o], 1989 A
5, 1994). ¥, A A= A AAERG Foko] (e A A
E4 Aol & slr] uwliEo(Dittrich, 1961; Inoue, 1980; Kasamatsu &
Ogawa, 1992; Mable & Pree, 1992) H| & okx) #] a4 O] ElR=ae R A= R
g oFAlY] FRO wek X Apol= oy Al fedow FEH
(Denney et al., 1988; Inoue, 1980; 1 = 1995). o] ¢} %LO] A& NA Y
A sE ) Agddd @ Ao AAE el AL Ads gAY S
Zasted 71zAsE g8d Zlolth

Sofel kA B AFAAEY A Hel e olw Arbol g
ofl (Dittrich, 1961; Kensler & Streu, 1967; Knono, 1987; 1L, 1993; Watson
et al., 1963), 1¥A&}&ol(Tetranychus kanzawai Kishida) (Mizutani et al.,
1988), & -5 (Panonychus citri McGregor)(Inoue 1980) SollA H 1% o]
O":} ols ZA¥ME THHNEW AFHATe] #HFAAATHTY T2 Yol

+ Z(Dittrich, 1961; Inoue, 1980)2 + Al'&1te] ztolE & F+ ¢l
2(aL, 1993; Mizutani et al., 1988) &gt 4= gt} 18} A
AWNA GG A S FrdAEIHY] vlaolH, ofe
o] AAES Hlagk Bae A glth

FAABN AE YA Gkl gl

2649.

L = SR \=4 (e}

ool we W17 BEFE W A4YE sy
Az 9 By

2 dgoen g ofeHue =

o 5 A A
@GS Ao o] &5ttt AP ol gt IHF] AujAl A4 A
Y= o9t 2t} (Table 11).
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Table 11. Susceptibles of field-collected populations of 7. urticae adults

to acaricides

LCso(ppm) (95% CL)
Acaricide Resistance ratio
Susceptible (S)  Jincheon (Rp)

Emamectin 0.14 1.3 93
benzoate (0.03 - 0.7) (1.0-2.6) ‘

, . 0.13 0.58
Milbmectin (0.094 - 0.23) (0.24-1.4) 15
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Table 12. Developmental period and survival rate of acaricide susceptible (S)
and field resistant (Rg) strains of 7. urticae under 3 different temperatures

Developmental period Survival (%+SD)
(day+SD) urvival rate(>o+t
T(eorcn)p © Strain &
From egg to pre—adult egg Lr?;;vmaplfz
2 S 22.62£0.67b 91.0£0.29a  925%0.27a
Rr 22.9%0.45a 93.0+0.35a  93.0+0.22a
25 S 12.6£0.53a 92.0£0.37a  96.9+0.25a
Rr 11.4+0.63b 92.0+£0.20a  98.9%0.75a
30 S 7.7+0.58b 95.0+0.23a  99.9+0.85a
Rr 8.9+0.40a 93.0+0.26a 100a

Means followed by the same letter within a column are not significantly
different (p=0.05, Fisher's LSD test [SAS Institute 1993]).
Sample size, n = 50.

whol goff o] 7} 2w 7 AlFe R ibgke= Table 13, 149 #
o] AdH 4T FHL A 2E AEI Aot ATk ZF x4t
Ak 25°C(F = 3.17 5 df = 2, 147 5 p<0.0448 Yol &= FAI Sl e
Aol glleo, 20T (F = 331 ;5 df = 2, 147 ; p<0.0393)¢} 30C(F =
9.35 ; df = 2, 147 ; p<0.0002)ol A= SAEo] ekth 53] 30T A$+=

SAEel AA 3] Bkt
7‘“”01 ool FAAGAH Y XA A A Kono(1987)%= dicofol 7+
AAEH 71l 2 AAAATIY AAY vl H57|HS BE
ZZol A AP A T AT ET A, AEES 25T, 30C xS
ANA FHFAAEe]l W Aolgt stom, Ao A g A& ol
79,91?]?} 9 27F vtz B skl =3 Kasamatsu®t Ogawa(1992)

+ fenpropathrin /A AlE 3 A3 ASHe] S48 vlu F Abg

l

BOCOH/H A Aol ArdATEEY A Aol FREAL, "é%-’?”é
£ 25T, 30TolA AZAEAS] Ao, 20Tl = Alsztel 2ozt ¢l
ATk Bk wgh oA AR BT AEEE AETE
of Zol7F glslth. 18l3 Kensler$t Streu (1967)% 5329 Awlo A 3
g Auto] ol & AEg A o r Hlug v A AES A AEl st
of At A Fslesr wtew) 1At 7)zke Al 53]
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parathionﬂ- dicofolA A S YEUE ASL dd dFAHG A&7 6.27)

2 e AlEel 947000 vlel A0t (Dittrich, 1961). |

= ?%L‘Gﬁi‘ﬂ AGAAES A Eel vlste] A e o] "ol

=S5 AU o)ef W R, 31(1993)% 25Tl A &

o] dicofol #FAI AGAAZI Aol7t gller, U4

AggAsel AFAASTETG Eakrtha sFTh WPE}H 2
g AutolGofe] AESHA 54 AgAEdd wep Ao

A o M= 25CoAM e dF+1

%’i SAEe] RpAlErRTh @t 53] 1

=)
t

>,

U (

1o

rlr mﬂ‘
%

rlo
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)

= YERHSIH. ol A=(20T)¥ a(30T)el

}_
A opel A 4741 ol BHAATRY BA0] Bl ATE D 4 3

Table 13. Longevity of dicofol susceptible (S) and field resistant (Rp)

strains of T. urticae under 3 different temperatures

Longevity of adult female (days)?

Strain

20CP 25°C¢ 30
S 17.2+7.81a 12.545.72a 8.4+6.81a
R 16.4+5.89a 12.9+3.50a 7.7+9.18a

? Means followed by the same letter within a column are not significantly
different (p=0.05, Fishers LSD test [SAS Institute 1993]).

" F =355 ; df =2, 147, p < 0.0311.

°F =033 df =2, 147, p < 0.0716.

4R =431 ; df = 2, 147, p < 0.0152.

Table 14. Number of eggs laid per female of acaricide susceptible (S) and

field resistant (Rp) strains of 7. urticae under 3 different temperatures

No. of eggs laid/$ (MeanSD)

Strain
20C 25C 30T
S 65.7+44.2a 86.8+45.8a 121.6+£62.5a
Rr 42.5+20.5b 77.8+36.3a 83.8+63.5h

Means followed by the same letter within a column are not significantly
different (p=0.05, Fishers LSD test [SAS Institute 1993]).
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Table 1. Insencticides used in the study of toxicity

Common name AT(%) & Field rate
formulation (ppm)
Organophosphates
Acephate 50 WP 500
Azinphos—-methyl 25 WP 500
Chlorpyrifos—methyl 25 EC 3125
Demeton S—methyl 25 EC 250
Diazinon 34 EC 340
Fenitrothion 50 EC 500
Fenthion 50 EC 500
Flupyazofos 10 EC 100
Methidathion 40 EC 400
Phenthoate 475 EC 475
Phosphamidon 50 EC 500
Pirimiphos—-methyl 25 EC 250
Pyraclofos 35 WP 350
Carbamates
Benfurcarb 30 EC 300
BPMC 50 EC 500
Furathiocarb 10 EC 100
Methomyl 24.1 WP 241
Pirimicarb 25 WP 162.5
Pyrethroids
Bifenthrin 2 WP 20
Cyfluthrin 5 EC 50
Deltamethrin 1 EC 10
Ethofenprox 20 EC 10
Esfenvalerate 1.5 WP 15
Fenpropathrin 5 EC 50
Lambda cyhalothrin 1 EC 10
Zeta—cypermethrin 3 EC 30
Insect Growth Regulators
Diflubenzuron 25 WP 100
Pyriproxyfen 10 EC 100
Teflubenzuron 5 SC 50
Tebufenozide 8 WP 80
Neonicotinoids
Acetamiprid 8 WP 40
Imidacloprid 10 WP 50
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Table 1. continued

Common name AT(%) & Field rate
formulation (ppm)
Mixtures
Acetamiprid +ethofenprox 2.5+8 WP 25+80
Cartap hydrochloride
) 50+10 WP 500+100
+buprofezin
Ethofenprox +diazinon 8+25 WP 80+250
Fenpropathrin +fenitrothion 2.2+20 EC 22+200
Furathiocarb+diflubenzuron 9+7 WP 90+70
Tebufenozide+buprofezin 5+12 WP 50+120
Triazamate +alpha cypermethrin 5+1 EC 50+10
Others
Abamectin 1.8 EC 2.34
Endosulfan 35 EC 5775
Pymetrozine 25 EC 55.8
Spinosad 10 SC 50

kA A2 TR
- 2SeAE %7 A Y

A& A8 (ovicide test)2 EFIE FE(3F3F 55)d 1¢€ Fob #2
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- REH A9

FEH BEF 5655 ErbE $2AS 249 okeld 302 A4
sho] ool wASATh ®, ¥ FFA g AL o] Bo] BA
FES BFagen, oA 1,3 7 99 Fo| RS UER of2Y A}
$4HA7 15 x 10emel 23 4% 20~307el 8 AFAT 1% 395
of HEES EAGAT IGRA At EvE RCIEF 557)0 19%
b e e sgordle] 027 AAF F FEHEL 2ASAY BE A
2o 3wdow At

- BAET A

TEAE SRS A, 1999)°] wet A5 7L Al Aok S thA] A
g3k S(FHA AeRE) 1, 3, 7, 149 S AFFE ZAbst] WATFE
Tt WAk AYd 2E V2R AL 2EE BASA o8 ¢
Al TR el dig RASSERA S F A5 tH Abbott, 1925).

23 3 n%

FEAE FHSE(ppm)E Huj 7ol o WS T
He2 AaeEs vwd A= Table 29 2o gul7pFole] <o ofslA
90%0°] el ATF A (ovicidal effect)E  YEFA  FAE IGRAC]
pyriproxyfen®  teflubenzurono] 1th. <o  disiA e A A
abamectin,  neonicotinoid A €] acetamiprid, imidacloprid, IGR# 9]
pyriproxyfen, &3&A]¢ acetamiprid + ethofenprox”} 95%°| 49| 4% & 7}
= yeldeh el AFol disidE #7190 7412 diazinon, fenitrothion,
methidathion, phosphamidon, pirimiphos—-methyl, neonicotinoid 4] 2]
acetamiprid, imidacloprid, &3 A9 acetamiprid + ethofenprox, cartap
hydrochloride + buprofezin, fenpropathrin + fenitrothion, ”]E} abamectin,
endosulfan, pymetrozine, spinosad 5°] ¥ %8S YeElf At 43%F 9
kAl 53] @uivbTole] &, okF AF T 2uSTA disiA HFat
2 =4 Yedl kA= abamectin, acetamiprid, imidacloprid, pyriproxyfen,
acetamiprid + ethofenprox®] 5% o]t}
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Xiciti f 43 insectici n_differen
Bemisia tabaci under laboratory conditions 9 Mortality

Insecticide > ) )
Egg Nymph Adult

Organophosphates
Acephate 25405 klm? 62419 Imm 89.2+24 ab

Azinphos—methyl 85+49 h-m 19.0£23 j—n 56.6£10.3 def
Chlorpyrifos—methyl 22.0£5.7 fgh 72.4+16.1 cd 24.5£12.4 hij
Demeton S-methyl 13.8+89 g-1 128459 j—n 89.0+56 ab

Diazinon 35%£29 1i-m 59.6+14.0 de 1000 a
Fenitrothion 50+1.1 h-m 405+6.7 f-i  955+64 ab
Fenthion 35£0.7 1-m 78.3%10.3 bcd 100x0 a
Flupyazofos 2914 j-m 2.0+18 n 19.1£1351j
Methidation 25+1.2 klm 63+32 Imn 1000 a
Phenthoate 135452 g-1 30.9+38 g-j &0.9+83 abc
Phosphamidon 6.3£1.8 h-m 42.7+35 e-h 96.5+50 ab
Pirimiphos-methyl 3106 i-m 51.2+12.6 ef 100£0 a
Pyraclofos 3521 i1i-m 27+23 n 74.8+74 bed
Carbamates
Benfurcarb 17305 f-i 6.2%#19 Imn 89.2£24 ab
BPMC 8321 h-m 88+20 k—n 23.2%18.7 hij
Furathiocarb 1.3+06 m 70+6.1 k-n 13.1£28 ij
Methomyl 10.2+1.7 h-m 86.6+11.2 abc 30.0£14.1 g-j
Pirimicarb 8233 h-m 4.1+36 Imn 50.0£12.3 efg
Pyrethroids
Bifenthrin 151+6.1 g-j 22220 i-m 95564 ab
Cyfluthrin 4014 1m 180+#6.3 jn 86.8+x11.6ab
Deltamethrin 75£24 h-m 149+09 j—n 10.8+1.1 j
Esfenvalerate 135+25 g-1 852+47 abc 26.5%11.3 hij
Ethofenprox 33.1+8.9 ef 979+38 a 35.2+15.0 f-1
Fenpropathrin 142436 g-k 92.0+2.0 ab 75.0£11.2 bed

Lambda cyhalothrin  10.5£2.1 h-m 484+29 efg 91.1£3.1 ab
Zeta—cypermethrin 29.0+84 efg 934458 ab 43447 e-h
Insect Growth Regulators

Diflubenzuron 70.1£87 b 60.1£1.9 de 43.3t14.1 e-h
Pyriproxyfen 100+0 a 100+0 a 33.2+26.7 g-j
Teflubenzuron 95.3+2.6 a 52.3+x13.3 ef 27448 g-j
h,
Tebufenozide 5.2+2.3 259+14.3 h-k 257151 h-j
Neonicotinoids Insecticide
Acetamiprid 571+75 bed 100+0 a 100+0 a
Imidacloprid 51.3£9.7 cd  100+0 a 100+0 a
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Table 2. Continued

% Mortality
Nymph"” Adult®

Insecticide 3
Egg”

Mixtures
Acetamiprid +ethofenprox 59.1¥164bc 100+0 a  100%0 a
Cartap hydrochloridetbuprofezin - 40.7+19.3 de  61.5+89 de 97.6£34 ab
Ethofenprox +diazinon 78£46 h-m 148459 j—n 90.9£12.0 ab
Fenpropathrin +fenitrothion 3.0+1.4 1-m 22.8+7.1 i-1 955+6.4 ab
Furathiocarb+diflubenzuron 28.7+10.5 efg 525243 ef 19.6+14.817j
Tebufenozidet+buprofezin  17.7+4.6 f-1 80.1%6.3 bed 63.5+10.3 cde
Triazamate +alpha cypermethrin 1.7209 Im  7.1+1.8 kn &85.7+20.2 abc

Others

Abamectin 55%21 h-m 1000 a 100x0 a
Endosulfan 25+¥0.3 klm 6.7+0.8 Imn 1000 a
Pymetrozine 2.3£0.3 klm 3.2£29 mn 1000 a
Spinosad 30.6+95 efg 16.7+6.2 j—n 1000 a

;))Egg—hatch suppression(sample size, n= 58 ~150).
Emergence suppression(sample size, n= 65~180).

LMortality) at 3rd day after treatment of the insecticide (sample size,
n=60~"70).

YMean  followed by the same letters are not signficantly
different(P=0.05; Tukey's studentized range test [SAS Institute, 1991]).

Huj7hFol o] FEjo] wE AEAl A4 zbole R A ArE ®Halst
A HDevine et al, 1999; Horowitz et al, 1997, Liu & Stansly, 1997).
Liu¢} Stansly(1997)2 G750l L5 Bemisia argentifoliiol <] ZE)
W o= oo o7 E IGRAC pyriproxyfend] W3k ZFAS 1, 2, 38
Aol A Zhzh 95%0]7de] HAF &S YEhlol F7]ztel] Aolrt o,
47 A= 30%% 5438 "Holxlom, Hul7]A oA = EJ/]'7]' A3

A 3L, Horowitz et al. (1997)%= Fulj7FFolo] w3k abamectin

o] 18 % EH?—L BE 9 LCsat vlulel A 122vfe] A AstsE B
HiE 3EFET o #Hededs Basiiith o] ehido] FEol
= g atels FEHAA cuticledol 7118kl kAl FaAd o] A et
aal ZEAA ] A - AstsrA <l Wste] mE ofA|o] did A A
S 5 7 doy 1o A A7t o] Fojxof & Flojt}.
Aol Ao A= & R AFo] A disiA o A
Aoz eyt tH(Table 2).
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. JAFo|qH 25
Guj7rFole 4% AFadE UElH abamectin,  acetamiprid,
imidacloprid, pyriproxyfen, acetamiprid + ethofenprox®] ¢F&3} AlZo] o
g AFolAdE A= a9 13 2k o5 =] w@ujrbFolel o
3 9 Fo]3 AL imidaclopridl /\1 20.6%, acetamiprid + ethofenprox
oA 51.8%°] FF&S HERNRSH, Z ol A2 pyriproxyfenol A
38.0%, acetamipridell A 83.1% % %z‘gt kA 7kl Aol glor)t o=
AE FAFeldaart de Aoz vyt o9 22 Aite FFoAM®

Hl=gk A5 YR AT

HRoldy B ABA oldH F S WAH/ WEel A
AN AR AR A A ge RIANAE FF AN 9
o

AR A W SUASYAS F3A g Ao
Fa gelst @ & g, ARHn e oA F PRelBA

= AT F7IAAQ de metonfS*methyl, dimethoate, L& 1 7}n}

=
o Ay FEo] e s ot Meldor o= =
Bl
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= H

R
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100 r

|:|Foliar systemic test .Root—uptake systemic test
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Mortality (%)
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Abamectin Acetamiprid Imidacloprid Pyriproxyfen Acetamiprid+
ethofenprox

Fig. 1. Systemic effects of 5 insecticides to nymph(A) and adult(B) of
B. tabaci (P=0.05; Tukey's studentized range test [SAS Institute, 1991]).

Sample size, 30~100 nymphs or adults/replicate, 3 replicates/ treatment.
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wlo]EAQl carbofuran, pirimicarb %°] # ¢#A Aov(lee et al,
1995), & Aol AgH 559 AFAE F24 AU AgE F HFH
of FHoly ABAE wet ZF FHRE ol & e oldTHo] kst A
o8 AZtEu Gk A0S & F oglth

Prabhaker et al(1999)8 neem, azatin® A8, ESxe 2 GH A
glsto] wujztFole] dF 0 Bemisia argentifoliidl] b A H AFFol
n 2= FEFE A=, neeme FAA oA abdd Al g ¢l
ou, EdA A s E7F AL, ddHA A s Mo R o] F
HE Basgrl 18]lal azatine SAA 2 9k EFA oA Aol A & 2}
Ueldo] FAFolgA a7t AdSS Hist=d(Larew et al, 1985),
ol2]gk ztol= neeme FAAYET EGA YoM AL oz i Q)
7] wjiol HejelA o e] o]o] Jheste] EdE yEW sow F
sttt %3 Rubinstein et al (1999)% wHj7F7o](B biotype)ol o g
imidacloprid®] E YA golA HFoldaart dee Hisgew, & A
&9l imidacloprid 235 St At 7hRels F2 dsidd A4
ab7] wjizol SfAlA gl o3 HEF vhsAdel vk wEbd Z& A0 WAl

o] =

2 el E ArolWENI} QA ok Aol Fasi)

Ll

g

|

O

o ZEY 2 BAEY

Fig. 2= guj7lFolel A% wE o thd abamectin, acetamiprid,
imidacloprid, pyriproxyfen, acetamiprid + ethofenprox® & AIS 249
Al BE F 557E EnE RO #YEE(ppm)E A stal 9U7bA] AL
3l Ayjolt}, GujrtFolol thsl A acetamiprid, imidacloprid & 7L # 7}
Aol A 100%™, 9L Aol = 717 92.2%, 855%2] &8-S eI
w3l abamectin, acetamiprid + ethofenprox® 9Y#7}x Z+7z+ 81.1%,
785%9] AsgAdS YeERAth IGRAQ! pyriproxyfens A %ol disiA =
B2H7F W] wEel &S ol &AM AESA=H, TdA7A JFEAd L <
AE g g okt ol e AxolA 5% AFTA BT FaAe] 9
Ao w e

Horowitz et al. (1997)2 Huj7kFolo] ok abamectin® abamectin +
mineral 0il&3 A2 (1mg, Al/liter)olA] Wx7o] AEgAde] nx= J3FS
ZAE A =, dxA A= abamectine A 2] 2 & 86%°] %l o.1; 28U A o
39% % 7ZFA3sF o™, abamectin + mineral oil &3 AH#E AHE AF

100%, 289l = 88%°] AFES WEFHIAT vid 3A%F Bl 3o A

fror
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100 r

&) .
- & ~/— Abamectin
g 4o | Wcetanipid
‘Eo‘ ~O~ Imidacloprid

o0 | —{1- Pyriproxyfen

—— Acetamiprid + ethofenprox
0

1 3 7 9
Days after treatment

Fig. 2. Residual effects of 5 insecticides against B. tabaci. Adults were tested
for all insecticides except for pyriproxyfen. For pyriproxyfen, eggs were

tested. Sample size, 50~70 adults or eggs/replicate, 3 replicates/treatment.

abamectin< 2 %o 20%E YEIN S, abamectin + mineral oil <%
A= 2097HA 88% ¢ FEAdS HAuth weba o] AdFaAgE F
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abamectin, acetamiprid, imidacloprid, acetamiprid + ethofenprox+= =] &%
1A FE 90%0]de =& WA EdE UepA o, 14dAd % 100%<]
WA 7FS YRt IGRAISD  pyriproxyfend ZHEEA wjo] AH#Z |
AAel = 43%9] P WAZLE el oy, 39 R H = A A s Frtet
7] A #Fske] 9L A = 90% 0] g el WA ZFE e LT

Horowitz et al (1997)2 Huj7kFolo]  ofgt Hstx gz A
abamectin  (18g,Al/ha)st= 2] Xt} abamectin(18g,Al/ha) + mineral
0il(1%) &3+ HgolA <kF7F =2A 724289 9™, mineral oil&
abamectin®] E3E FFAAA A AAE A A(Abro et al, 1939),
abamectin 3ol W= a7} gJorm g FFo| = HujrpFole &
N7t Al A7l witoll sAI A EHA1 kA g ST

o] A¥}E FTHMEH, 24 M waizEFole] mAQl B
AL Asixe= &, oFF, 3%‘ T Aol 27FA Feiel tisiA &3 Qe
ofF AAA WAZE 7Hed Aeoln. o] Y3 =& 233l & abamectin,
acetamiprid, imidacloprid, pyriproxyfen, acetamiprid + ethofenprox:= 7}
of WAl E&AH O R o]&H F Y& How AZAHT

\)

100

9 r

R

°©

Hq—) 80 |-

o —/x— Abamectin

g —m- Acetamiprid

c

8 —O— Imidacloprid
70 —B Pyriproxyfen

—&— Acetamiprid + ethofenprox

60

1 3 7 9 14

Days after treatment

Fig. 3. Control effects of 5 insecticides to B. tabaci under the

greenhouse condition. Sample size, 70~120 adults/replicate, 3 replicates/
treatment.
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AZE ool ofAl s E AzeolE ARGshe] AL, 24417} 48

AIZE Foll Asas AT e o Yrem o Pﬂ‘% 7he F=e

- Roew AEFHS W W&o gle MAs F2 Ao e AE

As 44 Bds sk A A oz ASHqe w o FH oA

dAHer Bwygd ¢ gle MAs g% B d Adow SN,

1996; W, 1996). A3 <leo] mp=A s FAEU4 dd &5 7
5 o3

Bl A Fdslen, 4 gdF

oz Fasgh

Table 3. Insencticides used in the study of toxicity
ALY (%) &

Common name Trade name Formulation Conc. (ppm)
Abamectin Allstar 1.8 EC 6.03
Milbemectin Milbenock 1 EC 10
Emamectin- benzoate Affirm 2.15 EC 10.8
Bifenazate Acramite 235 SC 110.8
Acequinocyl Kanemite 15 SC 150
Tebufenpyrad Piranica 10 EC 50
Etoxazole T 10 SC 25
Fenpyroximate Akn) ¢} 5 SC 25
Bifenthrin 70 8 WG 20
Fenpropathrin gyE, Z3E 5 EC 50
Tetradifon+pirimiphos 3 8+25 EC 160+500
Flufenoxuron Fh=A ol = 5 DC 50
Fenbutatin oxide EF, HEY X, 50 WP 769.2
Tebufenpyrad+tetradifon Q] u}o]H 25+8 EC 25+ 80
Pyridaben Abwl 20 WP 200
Fenazaquin B2} 20 SC 66.7
Spirodiclofen QM) = 22 SC 55

# Active ingredient
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243 3 1%

w2

7h Aol S-of AT BT A2 oFf AT o] AHlA

A5 u
dupol o EAAR FH Qe FulgunAel s AQYe Futo)
o] AmlAl A wlals 49 2ok oA FHEER AYEsls

o} s

9 o)l 1] A acequinocyl, tebufenpyrad, etoxazole, spirodiclofen< 7
AAE ok AT EF100%9 FIJAE&S JEFW I, milbemectin,
bifenazate, tetradifon+pirimiphos, tebufenpyrad+tetradifon, pyridaben,
fenazaquine A5 AET 100%<2 F39A &S KAt a3y ok A
F(BE7HA A= abamectin, milbemectin, emamectin-benzoate, bifenazate,

.y o o

fenpyroximate, bifenthrin, fenpropathrin, flufenoxuron, fenbutatin oxide,
tebufenpyrad+tetradifon< 50% 7|9k vre H3lgA &S HAUL A=
abamectin, milbemectin, emamectin—benzoate, bifenazate, acequinocyl®] 5
kAl M= AT kAT (AFEH BT 100%9] ASE&S Hio
L, oA EBE7HAA = 90%mH| vEe] AFE&S Kol ofAldl tigh A 3A
o] E&E& &+ AT

AR AEI okAAE(A, Bs7he Hutolgof AFolA 3 FEE B
¢l abamectin, milbemectin, emamectin-benzoate, bifenazate, acequinocyl,
tebufenpyrad’s 6%l st LCxpats vlue AR 5), Lol AAAE=
#ed AEd okl AE (A b= LCyosk #kel7F il o okel A5 (B
E7hollM = w2 LCo#ts Hol ofAzdAde] wig wakrh AFol Moi
LCs%< milbemectin®lA] t©}& <ofAlR T} 2}o]7} Zi—t—tﬂ A AlE
0.13ppm, °FJAEL 058, 6.64ppmo & Z+ZF 45u) 51189 Xjo]lE WP
emamectin-benzoatet Z5Al A% o] 0.14ppm, k| AIE o] Z+Z 1.3, 2.7ppm
o & 93uj¢t 193815 Hof A3Ado] =A yetwth okl AlEBE7E AE
olgole] HFS EF F2AS Wi, ofAldl Wi Aol mig wtol
e o= ool HAW Iy wHHSrIEsd wddls el w4 g
A 25 ol goj 2 A AT &(200D) el wEE fguko]ge
Wolbachia®ll ¢ &% C—’% el EH Ao Ael7E vppithal Boarsksd
dl, ool gk A% 7h e
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T 4 FAEEIA Auolsol Ay AET oIIAEA, B B7be] g vl

Mortality (%)
.. . . field population of field population of
Acaricides Susceptibility 7" wticae - umgg()A farmer) T urticme(B farmer)
Feg Adult Fag Adult Egg Adult

Abamectin 15.1£2.2  100.0£0.0 9.7£8.1 100.0£0.0  3.8+35 83.3+5.8
Milbemectin 100.0+0.0 100.0+0.0 &85.3+12.0 100.0£0.0 375+25 75.4%10.0

Emamectin -
benzoate 84+38  100.0£0.0 53+4.6 100.0£0.0 0.0£0.0  70.0£10.0

Bifenazate 100.0+0.0 100.0£0.0 79.2+3.0 100.0+0.0 19.0¢84 70.0+10.0
Acequinocyl ~ 100.0+0.0  100.0£0.0 100.0+0.0 100.0+0.0 100.0+0.0  86.7+5.8
Tebufenpyrad  100.0+0.0  100.0£0.0 100.0+0.0 ~ 70.0+0.0 100.0+0.0 60.0£10.0

Etoxazole 100.0+0.0 - 100.0+0.0 - 100.0+0.0 -
Fenpyroximate ~ 47.0£5.9  37.5x94  51.7£8.1 3.311.1 2.5%0.6 22414
Bifenthrin 90.3£7.6  100£0.0 472453 85.0+24 305459  66.7+4.7

Fenpropathrin 3.4+09 84995  27+13  63.3+¥94  29+12 55771
g;?g;d%ifmmiﬂ 100000 100.0:0.0 98.3+75 85.3+52 90253  69.0+7.3
Flufenoxuron 34.1+2.0 83+119 273429 8.317.1 17.8£2.6 8.3t7.1
Fabutatin - 60.9+19.0 100.0£0.0 50.4+121 83.3:94 385:11.6 46.0+38
Tebdfenyradtt 100.0:0.0 1000400 62483 850424  492+52 627+11.8
Pyridaben 100000 886+3.1 942433  104+42 981+19 5521
Ferazauin 1000400 100000 75.0+10.1 87.0+7.1 44.6+53 39.0+36
Spirodidofen 1000100 6444126 100.0+0.0 73.3+10.0 100000 356+6.8

3E 5. Hutol&of A AlEd ok AS(A, B 7H9 LCsot ML
LCs (ppm)
ncuicdes Sty 090 gl Tl populton
: (A farmer) (B farmer)
Egg Adult Egg Adult Egg  Adult
Abamectin 7.1 0.03 30.3 0.08 82.3 0.90
Milbemectin 0.2 0.13 0.01 0.58 18.0 6.54
Emamectin - benzoate 5.7 0.14 59 1.3 66.2 2.70
Bifenazate 0.5 1.0 6.29 4.68 41.7 17.20
Acequinocyl 0.42 1.30 1.79 29.1 18.1 32.50
Tebufenpyrad 6.6 6.76 3.8 8.48 12.2 25.80
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%i%‘ro AW #E (Frankliniella occidentalis)= 779 A F-2 o A 1970
doiel 1980 d el AAA oz a9 o (Tommacini & Maini, 1995),
¢ ‘)ri} o= 1994d <Y (Woo et al, 19943+ o] T2 we ZEo 4zt
& & Fv FRIAFolth FeEdTAEY Y AEAE B A E 23

& 2% x| ofd F5uA, EYoAY =&5/F2
W 7] 1Al 3—3 oA el A GAlE AAAN o]y g S T =
Estal Gl AS7EA e E&7)3be] v #Ha (Gaum et al, 1994),
A, #FEAE 28 FeE sd gE T oA s
(Yudin et al, 1986)2.2 7157} 22009% o|4 H ¥ Av}t (Brodsgaard,
1989). A&dd E¥HS=Z silver necroseE Yo7 AY, HHFoRE
tomato spotted wilt virus (TSWV) & A& HS nj7)ste] H3]& F7]
% 3t} (Ananthakrisha—nan, 1993; Sakimura, 1962).

ZugEAdde AEA PAdE B 44 o ol AUtk AAE
ZregFAMds FE F4S ML dold BFARYY HEE s

Jim f
ok

ot flel A Aud Aol A 72 s A ney A A A7 2
e A 2Y Ty 2ol HAE FEel EASH] wiEol 4
At HES A F vk AR dEAe FedAdd e AE84

S 7HA A g3, a2 Qe AR A RS dEAI T (Immaraju

et al, 1992). vix o g ZwgEFadeg e A w877t =

< kg olet wEA JaE Aol &, @A o]y] wiitedl whAQd
TR A FHAAE AohH AFA Mo kR ZEj7F dojuhal o]
A A HEs A2 t} (Brodsgaard, 1989; Denholm et al,

= A o]
1998). ’\]%XHHHX] ]/‘1 —’Ffﬁ% B AAES ojdd a7t AAd HFF
A& BHoFEth (Baker, 1988; Parrela &
Robb, 1985; Race, 1961). /“Zﬂ el 3 s FeHFAdAE Fr1AdA
Zhupe o] EA|, D 2ol =A AFAldd dsiA Aol wdstHar, A g
A Aol FEAHoZ AT (Helyer & Brobyn 1992; Immaraju et al.,
1992; Brodsgaard 1994; Zhao et al, 1994, 1995a, b). Zhao (1995)% 53¢
A AR o] ZxFEQdEE s gidoez A¥s ZA¥ diazinon,
methomyl, bendiocarb ¥ il cypermethrin®] A A &dAl o)A, E73
cypermethrinel] sl = AWAS I Bluste] 273ujL; A g o] gl
oFQ) Al UThal H gt
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ol AFoA = AF7HA Hil Hoj B A AEHAZHES st
(Jensen, 2000; Kontsedalove et al, 1998, Morse et al, 1986; Morishita,
2001) Aol A dFA g HUbE e a2 Ao, Aee AEHA
HS AAISHL, 4159 AF Aol gk oFA 9 A9 A4S vlaste]
A WA A Abe VxAEEN &8st axt sk

Mg 2Ny
AgZZF
ZwgE&=dd (Frankliniella occidentalis)® 737] %A, A A
A, A5 A7, S5 A, A A e A el A 2001
747 BEE AP A Al o] &kt
Al & kA

ol Aol AMEH A= F7IAA 9F, FhtHolEAl 5F, dHlLa=ol
A 6, WU aE ol =4 3%, A 3%, EFA 7F el 7E ¢

Al 8Fow BE 41FC ARHL = AES AHgEAen, 2 FEA
ek dutga FEHE 2 AF 283 FHFEE Table 591 JebATh

FABFH A

g Add 4ol de AT Al FEHTR i 24
Al AR Ak Fe 29 (X EF 9F 25em)S FHEFE oFde| 30x7t
AA g F frEnteld WolAo 4 & HAS Y] ) 1A sk &1
3, fjvloldl FEAO wlE filter paper (012mm) & 1 AdY] FEF
F 98 T F U=EE o, fFEute]ld ¥ (30mL)el oFoe] A
g 4 2o ¥y, JFP=Z (MEDI PUMPY, THOMAS® USA)E °] &
st 5 A Ar A A A Agsd s 15“%14”’—“' HEstal

4
H

T sealing filme. 2 7S wrap- pingslte] 48A17F & AlE=FE ZA}S)]
A& SuEE o 7 =33t}
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ATl A FARTA

P

AA AlAE T e 415 AeAE FHEE (ppmE ot T&E X
A Aol A [k ZregF A Aol s A2 g kaﬂﬁ—’?@ Al
Y A= Table 63 2tk 3ol il 90%0]7de] dE&s Bl A=
7121419 chlorpyrifos—methyl,  phenthoate,  fenthion, &9
emamectin-benzoate, &% #|2] chlorpyrifos+diflubenzuron, furathiocarb
+diflubenzuron, 1#]31 I €] 9] fipronil, spinosad ©]%1 1, chlorfenapyr=
854%9%] i =& AdFE&S e 22 ol Ao AREE Fut
Ho|EA, Fe o=, dolUmExolEA= ZregFAqdd 3ol
el A AFadrr dojxe= AR YT oA o] e o AT
oaf vetd AF Aot fFAfsie = BE fFHAAdE 2R F7]<
A dFA dsides &7 o g azol=Ae] AFAlo] tis)A
= a7 gllen (Helyer & Brobyn, 1992; Immaraju et al, 1992), ¥
Eoﬂ’ﬂh Y xZol =g Fhntu o] EAl 18 il Y oY AE ol EA AF
Al gk g7t "olxe= Ao R YERytH(Morishita, 2001). 12{v 7huk
H o] EAQl methiocarbw #:=ZZ Az WAE 93] E3Foldte Bl
A A3 (Cook et al, 1995; Herron et al., 1996) 2 A| of& vpghoA] 2
FxAQAdy BAES Y S2H7E PA-5F Herron , 1996), ©]
2}l (Kontsedalove et al, 1993), ©lvt= (DEPA, 1999), W|=r¢] @2 F
(Gowan Company, 1999). 3hAI%F Zx"Fadge] te FweA
methiocarbol] ™3+ #dAlo] H =¥ 3l (Brodsgaard, 1994; Jensen, 1998;
Kontsedalove et al, 1998), A=A ol&= Al@3l7|%= ol methiocarbel =%
R gdd At AHgdo] =AY (Brodsgaard, 1994).

> ¥t

_78_



Table 6. Toxicities of 40 insecticides to the Jincheon population of

Frankliniella occidentalis adult under laboratory condition in 2001

. A’(%) &  Conc. % Mortalit
Insecticide  (or B (O (mean=aD)
Organophosphates

Acephate 50 WP 500 45 154185 j-h
Chlorpyrifos-methyl 25 EC 3125 45 91.245.2 ab
Dichlorvos 5 EC 500 45 59.4+209 b-i
Fenthion 50 EC 500 47 95.6+4.7 ab
Fenitrothion 50 EC 500 49 67.7+22.8 a-d
Flupyrazofos 10 EC 100 42 207116 g-n
Methidathion 40 EC 400 45 69.8+89 a-e
Phenthoate 475 EC 475 45 91.4+3.8 ab

Pirimiphos—-methyl 25 EC 500 45 429+124  d-k

Carbamates

Benfuracarb 30 EC 300 45 16.0£3.3 j—n
Carbaryl 50 WP 500 45 659457 a-f
Furathiocarb 10 WP 100 45 52.5%29.0 b-i
Methomyl 241 SC 241 48 57t56 k-n
Pirimicarb 25 WP 1625 50 23.8410.9 g-n
Pyrethroids
Bifenthrin 2 WP 20 45 324191 f-n
Cypermethrin 5 EC 50 45 7.7¢10.1 k-n
Deltamethrin 1 EC 10 48 178459 i-n
Ethofenprox 20 EC 200 49 16.7£19.3 j—n
Fenpropathrin 5 EC 50 43 49£5.2 Imn
A-cyhalothrin 1 EC 10 47 182£53 j—n
Neonicotinoids
Acetamiprid 8 WP 40 45 21.3t89 h-—n
Imidacloprid 10 WP 50 45 21.1+42 h-n
Thiamethoxam 10 WG 50 46 56.3£38.2 b-h
Antibiotics
Abamectin 1.8 EC 6.03 45 60.7£t5.8 b-g
Emamectin benzoate 2.2 EC  10.75 45 100£0.0 a
Milbemectin 2 EC 20 45 21.3t44 h-n
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Table 6. continued

AT(%) :
Insecticide &formulati Conc. n % Mortality
on (me) (meaniSD)

Mixtures

Acetamipridtethofenprox 25+8 WP 25+80 45 42452 mn
Cartap+buprofezin ~ 50+10 WP 500+100 45 40.7+8.5 d-1
Chlorfenapyr+bifenthin-~ 2+1 - WP 200+100 45  21.7+13.3 g-n
hlopynfostdiftubenaron - 20+7 WP 200+70 45 100£0.0 a
Esfenvdleratefenitrothion 125115 WP 125+150 42  50.6%x169 c-j
Furathiocarbtdiflubenzuron 947 WP 90+70 45 90.0+5.5 ab
Imdaclopridtmethiocarb 3420 WP 30+200 44  65.0x105 a-f
Others

Cartap 50 SP 500 45 94+176 k-n
Chlorfenapyr 5 WP 50 45 85.4+9.2 abc
Clothianidin 8 SC 40 45  333£177 e-m
Fipronil 5 SC 50 42 100+0.0 a
Pymetrozine 35 WP 8375 46 29.6+7.1 f-n
Spinosad 10 WG 50 48 100£0.0 a
Thuricide 16 WP 20 45 167208 j-n
Control 49 27714 n

Means followed by the same letters are not significantly
different(p=0.05; Tukey’s studentized range test).

¥ Active ingredient.

Y Number of insects tested.

IGRA| Sl pyriproxyfen< o] Ald Ao A AdZo ts] 296%E UEF
WA oy Morishita®] Al@olA= FFo dlal IGRAQ  lufenuronz}t
chlorfluazuron©] 4817kl A Z+zb 86.3%, 76.8%<2 AF &S YEUR AL,
T2A Fol= 42F 91.7%, 85.9% %2 =& AE&S yElWtl (Morishita,
2001). webA IGRA oFAlE o] &3 Ao 7tsAE g B F ds
Ao g AzteEr,

_80_



A3 A kA AFYAH EYUEHY

1. Euj7}F o]

Hul7bFol = 1At G A FrE Frob sl o3 w=H 7|37t WolA
ng AFA AR 2 F7190A, Jhatvel B, vEam ol =] Rt
obyel IGRAISH 2 HAFA S daide Aol xeAs ol R
auo] Qom WAl oEHFE A At Wardlow, 1976; Elhag &
Horn, 1983; Prabhaker et al, 1992, Horowitz & Ishaaya, 1994; Horowitz
et al, 1994, Ishaaya & Horowitz, 1995, Dennehy & Wiliams, 1997,
Horowitz et al, 1997; Devine et al., 1999; Horowitz et al, 1999). =il
M= ZhFolol dig AEA Aol e AR IE gluh o=l =
2T uT  wuzkRold tE AT WeH, 71914, et
o=, Welxzel =, IGRA Wurelue Hiel AW AgHEL Yt
dousE e EAsh 2o AFA S tANE Aol wuHo] glo
o, A o¥eS A Adth(Wardlow 1976; Elhag & Horn, 1983;
Prabhaker et al., 1992; Horowit & Ishaaya, 1994; Horowitz et al, 1994,
Devine et al, 1999; Horowitz et al, 1999; Elbert & Nauen, 2000). &H]7}
Fole H AT Ao B e For o] s WAl #I
A7 A8 Alae AA ol

olo I A= EHiZFFol7t BAH I E Fa
(BE7HE dEe=m, FujrtFold T5Ho = 3%
A FAE 7tk

AS R P

TH AAT o g ArjApl 2o At FHEREY LA
SN FUAbEE GurtFolE AT e S w74
KA 1s7kek B A 25 7kl A 20021 d 5l Huj7bFo] ofF
dto] EvtER FujAbEeuA Al ol &skdlth AWl A
25~28C, &57] 16L : 8D, FdF %= 50~60%%= st tt.
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25 A
o Aol AHgH ASA= Al HulrhFoldl T5E AlAAEA 3F 9]

Y UsE o] =4 & acetamiprid, imidacloprid 712 3L thiamethoxam®]t}.

AU AFA FuirtFe]  AF9  LCs#<  acetamiprid,
imidacloprid, thiamethoxam Z+Z} 1.6, 1.0, 0.6 ppm °| 3, ¢FFoAM = Z+
Z} 6.2, 6.1, 5.8 ppm °]tHTable 1). A7} AlEAAA Huj7}Fo] FFeo
LCs0#2 acetamiprid, imidacloprid, thiamethoxam Z+Z} 125, 5.1, 85 ppm
o]l (Table 2), BE7} AEolA wuj7lgo] okZo] [Cypite zhzt
147, 6.0, 6.2 ppm ©|N 2o (Table 3), C&7} AlFAA Fuj7tFo] kX9
LCs%t2 acetamiprid, imidacloprid, thiamethoxam 2Z}Z} 134, 11.9, 41.3
ppm ©] 3T+ (Table 4).

Gl 7 o] ool A acetamiprid®t imidacloprid® A @A v 7 B 20
o]t 21} thiamethoxam= C%7}olA A3dAu7F 7182 71 =9kt
A& 72 FAE Zol7) glslth

Al Al skl A g 7FFo] A 8-2FA 7L o F-3E neonicotinoid A& 2.
2 okA A Aol wE oz AZEHY, gE AlFe ofAd Aol

L
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Table 1. Insecticidal activities of neonicotinoids to different stages of B.

tabaci(Lab. strain)

Mortality (%)

Insecticide Stages LCso(ppm)
40 20 10(ppm)
Nymph  89.9+1.0a 80.1#6.3 a 55.2+3.7 b 6.2
Acetamiprid
Adult 100£0.0 a 100+£0.0 a 96.5+9.0 b 1.6
Nymph 96.7£3.3 a 84.7£1.9 a 581+57 b 6.1
Imidacloprid
Adult 100£0.0 a 98.0£2.8 a 91.9+90 b 1.0
Nymph 92.3%29 a 77310 b 68.1+4.7 ¢ 5.8
Thiamethoxam”

Adult 100+0.0 a 100+0.0 a 96.8+2.8 b 0.6

950, 25, 12.5 ppm

Table 2. Insecticidal activities of neonicotinoids to different stages of B.

tabaci(A Farmer)

Mortality (%)

Insecticide Stages LCso(ppm)
40 20 10(ppm)
Nymph 78.6x7.1 67.4+2.0 41.7£9.4 12.5
Acetamiprid
Adult 100£0.0 a 100+£0.0 a 95.0£1.8 a 1.3
Nymph 88.9+1.9 76.2+8.9 68.2+8.1 51
Imidacloprid
Adult 100+£0.0 a 100+0.0 a 92.8t16 b 15
Nymph 90.6£5.5 87.0+4.2 54.9+4.6 85
Thiamethoxam”

Adult 100£0.0 a 100£0.0 a 93.4+2.1 a 0.6

9 50, 25, 12.5 ppm
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Table 3. Insecticidal activities of neonicotinoids to different stages of B.

tabaci(B Farmer)

Mortality (%)

Insecticide Stages LCso(ppm)
40 20 10(ppm)

Nymph 72689 66.2+10.7 32.1£4.1 14.7

Acetamiprid
Adult 100+0.0 a 100+0.0 a 88.7+7.2 a 1.6
Nymph 89.8+5.1 82646 61.4+11.9 6.0

Imidacloprid
Adult 100+0.0 a 100£0.0 a 90.8£2.1 b 19
Nymph 85.5+8.7 77.916.1 66.5+3.6 6.2

Thiamethoxam”
Adult 100+£0.0 a 97.2£29 a 83515 b 15

950, 25, 12.5 ppm

Table 4. Insecticidal activities of neonicotinoids to different stages of B.

tabaci(C Farmer)

Mortality (%)

Insecticide Stages LCso(ppm)
40 20 10(ppm)

Nymph 76.4+4.8 55.5+9.7 42.7+4.1 134

Acetamiprid
Adult 100+0.0 a 100+0.0 a 92.8£0.5 b 0.9
Nymph  845+12.1 57.1+16.1 48.8+3.7 11.9

Imidacloprid
Adult 100+£0.0 a 90.6t1.3 b 775+49 ¢ 24
Nymph  55.0£109 42.2+162 30.3£7.3 41.3

Thiamethoxam”
Adult 962429 a 90.5+36 a 70.7£89 b 2.3

9 50, 25, 12.5 ppm
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ANEZF

g Aol gl 1998d 5 AdlelA &k 25+1T, 7] 168 (LD),
BAlsE 50-60%°] xistoll A kAl 9 *Eﬂc‘i"] dEe 7IFHER o
FHARTEO] 2 AS ARSI Uﬂ Al Hutol o= F& 1A (2000
34), e 7 (2000 109), :ILU],E‘# (2000 129), AT AFE
(2000 124), A+ Al (2001”‘ 1%) S OFo (2000 8€), A7 n¥
(2000 79)s 87/ Aqem, AujAuiAedA A Hduko]SolE o]83k3
o E=3L AFAE oke]l RS Aol 2-5AT el A8kl

;r". nhGo‘ang 1“"\. It

‘-'_
_.'."'-—.\-H'ur' Jincheon .II
% |
|_|_ Glgli b, 3
Chilkgok I
i Gimhae [

4 !
A I
k1 !

Fig. 1. Sampling sites where Tetranychus urticae on rose cultivation
were collected in Korea. Goyang, July 2000; Jincheon, March 2000;
Buyo, October 200; Gumi and Chilgok, December 2000; Gimhae, January
2001; Gangjin, October 2000; Jeju, December 2000.
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Lejol F-oF A

milbemectine A A 2] AU A=A WA abamectin®] F-$ #AFAA
&9 LCsfkoel 0.0620d wkal] o] 1lppm (195¥)So= 7H4 =kA| vk
Aol AAGlel BT 208folate] A@AHE YEFW AT emamectin-
benzoate2] ¢ AsiA o] Hulo]gofjo At LCsxate] 11.3ppm o2 79.7
Hje] =2 AR E YEFA L o] 2o A oA = A7Hdu| 7t 100] 8t =

7} A& Ao g AzZtAT) abamectin, emamectin-benoate,

=

Table 5. Susceptibilities of field—collected populations of Tetranychus urticae

adults to acaricides

L. LCs (ppm)
Acaricides -
S*  Jincheon Goyang Buyo Jeju Gumi Chilgok Gimhae Gangjin
o 006”010 0019 097 0026 0176 117 037 0.3
amectin - oo 7 03 162 04 29 195 62 22
JURPERR E R & 27 240 98 101 20 940 20
ceaumoeyt -y 10 21 185 75 78 15 723 15
‘ 10 70 078 104 113 72 60 78 87
Bifenzate

1.0 7.0 0.8 104 113 7.2 6.0 7.8 8.7
Emamectin  0.14 1.3 14 036 092 090 04 11.3 11
-benzoate 1.0 9.3 10.0 2.6 6.6 6.4 29 80.7 79
154 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
1.0 >650 >65.0 >650 >650 >650 >65.0 >65.0 >65.0
0.13  0.58 073 029 076 064 049 0.23 1.9
1.0 4.5 5.6 2.2 5.8 49 3.8 1.8 14.6

Etoxazole

Milbemectin

“Susceptible strain

"LCso (ppm)

“Resistance ratio : LCs (ppm) of field-collected strain divided by LCs
(ppm) of susceptible

Hl A vre Aq3gAde eIt milbemectin®] AHH[A] A2l A= A
A e Hubo]gefjo} Ay FFAdAEd 2 Aol7t gl M FH I
A ADS abamectine] °FAIZEFA Azt A AL Uw A F oA
Hla] A& AlAES7] wiiol Aol FUHEAS Aoer AZHEr. o
£ el e FAA ALY Aol FHEA FeF wabA A oL
A AL iAol e HEZF W ¥E T acequinocyl 2 A

Aol mla) A G0l LCxpit 94.0ppmez #AEA =A vebdA 3le)
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o] AYgEojorsittar AzEst}h.  bifenazate®] 4%
= AAES HEhldH.  etoxazole®] 7d--ol=
3 | WkE] S7HAY RS 1000ppme®] <] LCso
AEAFRZ AAFo e AT =A JElwth FoF AFEAHA
(2000, FF&d@ 3] up=w etoxazole% AR A3 kA= ol
ATE 652 kAl dis) &

ol

Aq GaAAels Bal A ohe welste] AGAe] e
FAE S-S FHT WEH AHES S Zlo] LuiEchn A7ha

& dvAl A

£ Table 69 YeERHSITE <] H$ abamectine 743 A] o] 16.98ppm
(4245vH= 7Hd A debskal Az 199 -42458 = @A Aol &
Gt} Acequinocyl> 871 A YGEF H| =39k o] Aol WA=
g Zx33 ZRAHGo] 2z 239ppm, 25.7ppm e E =t} Bifenazated
A WA, meF, v, A AR v Folzl 0262 v AFAES
Hlo]l F=2 %t} Emamectin-benzoatet TV A9 o] 832ppmo. 7 H
@43 vEeldo] thE Aol vls) o] kAol tia] A ddo] wudE A
2 A7E ) Etoxazole A A%< LCsostel 0.00lppme] H] w2 vt
TR AEFFI7F Hold A FToll Holx ok U] R3lelx|
woll oa] AHE= ATl dig dFadrt e s ¥
Abgo 2 ol digh AgAdetA wdE oz Azt EI FoX

ARt Aol FreA dEdE Aor Hol thE A H|g o] ©

2 1 kolv

I

A& Wol] AR&ste] Addo] wadwl Zox AZtEr Milbemectine]
A= 8 A B ditAew vk A4S UER AT
Aggnl= AvAe T/, AgPde] weh - Aols Uehide
g A »ee] wel 2 ol YAA N AAgu] b v A ke A6 A
v ¥¢9 Z$T milbemectin, ¢ 7A-F+ abamectin, bifenazate,
milbemectin® th. A & 7tol] A3 x}o] S e A &8 o]FEE o] 9FA|
of gk Agge] FiEA ¢ 917%1% Aol frrg el AEAlel st

v xp A &S e
o] 7hA ArjAlEL S ]L«] “Jxﬂ el 207 o] e AFEEl gk
ou o] AuA|E] YREE ofe] M WA FAMEST B3} 2-3d
vko] A 3FA ] wrar g WA 9 glol M thal vk (Anoymous, 1992) ©]

= =

=
po
o
HU
O::.‘
N
N
i,
_ﬁ

_88_



Ao, ol ZEA Aol i AFe] wEd F2F Aot
Aupol S AlE flal B HsHAl A8 ol fenpropathrinel] i A3

A=}
A EES 19953 cho et alol wWEW fenpropathrin® abamectin®] X

1<
H Aol BAY FUHAERY AYAHS  JHERddoy  dAE
fenpropathrin®] 729 31%9] AHdAgo] wdso wWAlgaxrt gl 313
t}. AW E Ao A% abamectine 3 A Gk A Qe e A 3HA

2 e A9 pAasA 2Abolslel Hutolgohel SFAAEE A

A g gk F7EA] kA HF AN AREO wE Y OFA| A &g
R Qste] WAlgHyE Hojd Ao A4 v AFgAHS e
ok 2} % abamectin, milbemectin®] ¢ o]u] o]Eof thd A=A|d 3k

Agtdol  oju] HuFo QormF (Cho et al, 1995, Hoy et al., 1987
Aoki et al, 1990)tt& kA E3 7R 2 A A o] o AEH T,

Table 6. Susceptibilities of field-collected populations of Tetranychus
urticae eggs to acaricides

.. LCso (DDm)
Acaricides
S*  Jincheon Goyang Buyo Jeju Gumi Chilgok Gimhae Gangjin
. 40" 63.0 84 42.1 75 53.3 700 823 849
Abamectin

1.0° 158 21 105 19 133 175 206 212
Acequinocy] 042 7.2 110 59 128 166 239 86 257
1.0 171 262 140 305 395 569 205 610
50 1185 1074 12 630 194 2015 882 1135
1.0 237 215 02 126 39 403 176 227
Emamectin 1.9 240 299 1163 260 832 521 170 223
-benzoate 1.0 126 157 612 137 438 274 89 117
0.001 0027 026 37 0306 009 017 0015 0.051
1.0 270 260.0 3700.0 306.0 90.0 1700 150 51.0
20 08 122 130 229 138 206 343 135

1.0 04 6.1 65 115 69 103 172 6.8

Bifenzate

Etoxazole

Milbemectin

“Susceptible strain
"LCs (ppm)

‘Resistance ratio : LCs (ppm) of field-collected strain divided by LCso
(ppm) of susceptible
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3. Fx=FF ALY A9 A3 RYHY

egFEAEEE 19939 wulel Bag olg kAol digh A we
B7F st ol Ul 65X 9] ArlAuj Aol =g AEAE A
J =

tel 759 AnjAlel @ AFAY TErEEs AT

W
O.I.z >‘H

)
ol

Az R Y

g 25

ZwgE:Add (Frankliniella occidentalis)®= 737] %A, ZAd 7alA|
249, A& AT, 5 AT, A AEFA uAuiaAe A 20014
T4 dFS AMFsA Aol o] &3kt
Al g kA

o] Algel AlgH AFAE K71 9F ,7}3}“—’1] o|EA| 5&, yH=E o
EA 6%, MY IE == 3%, FAA 3F, A 7E 18la 7]E
oFA] 8F 0 ® RF 41F ] AWEIL = AEFS AT

A9 JFol qe FEA W

Table 72  °FAIZTA AldolA 80%°lde  HAFEIE EH
chlorfenapyr, chlorpyrifos—-methyl, emamectin-benzoate, fenthion, fipronil,
phenthoate, spinosad, chlorpyrifos+diflubenzuron, furathiocarb+diflubenzurong 7}
A A7) %, AE As, A5 94, 5 AH g A AF 549
of AAr Ao A g Add FFel ek LCsolppm) ks Hl
g Aoty Aol LCsolppm)#k AFol7b A dvh. kg ol visiA

emamectin-benzoate, fipronil, spinosad, chlorpyrifos+diflubenzuron®]
Z} 0.38, 1.06, 0.22, 6.59% Yt LCso(ppm)Fts K. aL, sz ol ol

Lo FJ
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] emamectin—benzoate, fipronil, spinosad’} 0.09, 0.38, 0.29% Y&
LCso(ppm) ®aL, <IAFwe] dieir = EeE ofAZE diid 92
LCx(ppm) 3t HAth ARl t3lA= chlorfenapyr, emamectin-benzoate,
fipronil, spinosad, chlorpyrifos+diflubenzuron®] z+z+ 0.32 0.47, 0.50, 0.20,
6.27% SrA yverwtal, AR el g = LCs(ppm)dte]l phenthoateE
Aestar 25 A YEbgth 2E A G g8 LCsl(ppm)gkel Al e}
W 9FAl+= emamectin-benzoate, fipronil, spinosad$}tt.

Aol ZredZAEe = AP 95 ofAl T B Aol tiaA
e Jde LCsolppm)atd  Hlaste] o =41 YEwth 59
chlorfenapyr, phenthoatet= ©& X493 #Hlwste] =L LCs(ppm)dt
(1000ppm>)S EFWI T

=

Table 7. Susceptibilities of field-collected population of Frankliniella
occidentalis adult to nine insecticides in 2001

Insecticide/population n®  Slope+SE LCso(ppm) (95%FL) RR”

Chlorfenapyr
Goyang 258 0.8+8.9 24.1(14.9~43.9) 34.4
Gimhae 252 0.8+7.3 >1000 >1428.6
Jincheon 255 0.7+6.9 3.2(2.1~5.2) 4.6
Gangjin 273 0.8+0.1 2.8(1.9~4.2) 4.0
Imsil 267 1.4+0.1 0.70(0.52~0.94) -
Chlorpyrifos—methyl
Goyang 260 1.1+0.1 95.3(67.5~140.9) 10.2
Gimhae 247 1.0£9.1 43.8(30.9~63.9) 4.7
Jincheon 257 1.0+8.3 26.3(18.4~38.4) 2.8
Gangjin 257 1.0+£8.3 5.3(3.7~175) 0.6
Imsil 270 1.1+£9.8 9.3(6.7~12.9) -
Emamectin benzoate
Goyang 240 1.7+0.2 0.38(0.3~0.5) 7.6
Gimhae 248 1.5+0.1 0.09(0.07~0.12) 1.8
Jincheon 238 0.7+6.9 0.47(0.3~0.7) 94
Gangjin 257 0.8£7.3 0.12(0.08~0.19) 2.4
Imsil 236 1.1+£9.8 0.05(0.03~0.07) -
Fenthion
Goyang 254 0.8£9.1 257.5(165.6~449.3) 6.0
Gimhae 249 0.9£9.8 492.5(2734~1122.1) 115
Jincheon 252 1.4+0.1 71.7(53.6~96.8) 1.7
Gangjin 257 1.2+£9.7 19.1(14.0~26.2) 04
Imsil 237 1.3%¥1.0 42.9(31.7~58.6) -
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Table 7. Continued
Insecticide/population  n®  SlopeSE LCs(ppm) (95%FL) RR”

Fipronil
Goyang 223 1.5+0.1. 1.1(0.8~1.4) 4.6
Gimhae 234 1.4+0.1 0.38(0.3~0.5) 1.6
Jincheon 251 1.1£9.2 0.50(0.4~0.7) 2.1
Gangjin 285  0.9+£84 0.24(0.2~0.4) 1.0
Imsil 226 1.2+0.1 0.24(0.2~0.3) -
Phenthoate
Goyang 260  0.2+85 >1000 >61.7
Gimhae 257 0.6%6.7 >1000 >61.7
Jincheon 257  0.9£75 37.1(25.2~56.1) 2.3
Gangjin 257 0.9+£8.2 50.9(35.3~75.3) 3.1
Imsil 220 1.0+8.0 16.2(11.3~23.1) -
Spinosad
Goyang 258 1.1+£8.9 0.22(0.2~0.3) 0.7
Gimhae 251 1.3+0.1 0.29(0.2~0.4) 1.0
Jincheon 248 11493 0.20(0.1~0.3) 0.7
Gangjin 256 1.0£8.1 0.29 (0.2~0.4) 1.0
Imsil 263 1.0+8.4 0.30(0.2~0.4) -
Chlorpyrifos+diflubenzuron
Goyang 234 1.2+9.3 6.6(4.8~9.1) 2.2
Gimhae 192 1.4+0.1 29.9(22.4~39.9) 10.0
Jincheon 245  1520.1 6.3(4.7~8.4) 2.1
Gangjin 2656  0.6£6.5 8.9(5.4~14.9) 3.0
Imsil 220 1.6+0.1 3.0(23~3.9) -
Furathiocarb+diflubenzuron
Goyang 216  1.2+0.1 67.3(48.1 ~99.5) 22.4
Gimhae 181 1.4+8.8 18.4(13.7~24.8) 6.1
Jincheon 251 1.3%0.1 22.6(16.4~30.9) 75
Gangjin 254 04£59 4.6(1.9~10.6) 15
Imsil 230 1.0+£85 3.0(21~4.2) -

@ Number of insects tested.
Resistance ratio, LCsy (ppm) values of the other populations /
LCs (ppm) values of Imsil population.
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AHA AL =S Hi EAWolE 5 (Mizutani et al, 1988)2.
2 Qs w=r wdsts g AHA ARA 7] Fe] #e s
esterase (Kuwahara, 1982 a), acetylcholinesterase (Kuwahara, 1982 b;
Stumpf et al, 2001) 228|312 ATPase (Desaiah et al, 1973; Carbonaro et
al., 1986; Miyasono et al, 1991)9] % 7}#] & Aol =3kxo] glow
Y= HFe AAoth mEtA, E dATE EAEAEE o83 AY9E A
4 EYEE A d52 ®WA fenpropathrinel thsto] AFAdS UEtl=
Hulolgol 5 o] g3l FE3lasrw Ul A esterase, acetylcholinesterase,
glutathione S-transferase, mixed function oxidase, mitochondrial ATPase
o] gguaste] Fhdbsta AEE A dEd BYUEY o8 JheAdS A
wanx Fasg.

x]]_g_ a2 HJ—H-]

Aol A 19861 F-E oFAl Y] =3 ]
o7 ARG AFAAETS 19989 F
&< fenpropathrin® = 20-30% ]
Hols ofFor 2Fuit st o, AFHASTS Fd
3o fenpropathrinol] th I A 3%4 ARAR7E 24z >27329)

>10416=2 =0 A4S yHd AL o] &35k tH(Table 8).

Table &. Acaricidal susceptibilities of susceptible (S) strain and

fenpropathrin resistant (R) strains of 7. urticae to fenpropathrin

Stage LCso (ppm) (95% FL?) )
Miticide RR
tested S-strain R-strain
Fenpropathrin E° 1.83 (0.14-24.5) > 5000 > 2732
Al 0.48 (0.13-1.07) > 5000 > 10,416

* Fiducial limit, " Resistance ratios, relative to S-train response.
¢ Eggs, 4 Adults
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A

Ao A3 kA= fenpropathrin (92%, Dong Bang Agro Corp.),
abamectin (90%, Kyung Nong Corp.), bifenazate (97.8%, Syngenta Korea
Inc.), bifenthrin (94.7%, Dongbu Hannong Chemical Corp.), diafenthiuron
(98.2%, Syngenta Korea Inc.), fenpyroximate (98.0%, Dongbu Hannong
Chemical Corp.), milbemectin (95.2%, Aventis Crop Science Korea)2] 7

FAlE et

Rt g I

Esterase?] #4374 van Asperen (1962)2] WHol F3}o] =332
™ a- ¢ B-naphthyl acetate (NA)E ZZ 7|d=ZE o] &3&Aith. oF 1007}
29 $AAZFS 01 M Tris-HCl buffer (pH 7.8)el i wpagt =
15,000 rpm 2. & 4T A 1A1ZF &t i ste] FF s a4 (45-50
wg/m) o2 AR&3lth. 0.1 M Tris-HCl buffer (pH 7.8)0] AZAS& o
10%9] olMEgeloz 33 125 mMe 7| Z2&A3 37TCA 1083+
incubation A7 ¥, 02%9 sodium dodecyl sulfate’} &3% 1
1% fast blue RR salt® #H7bstal FF=5 FA3AT &
74%- 600 nmell A, B-NA2] 79 550 nmollA] 5% Ao 2 1085 <H SAs3h
Acetylcholinesterase (AChE)e] 4374 Ellman et al (1961)¢] ]
Sty oFzt Wgste] sttt 4 0.1 M Tris-HCI buffer (pH 7.8)°1 %
AS ¥ 10 mM 5,5 —dithio-bis(2-nitrobenzoic acid) (DTNB)Z 7]'0}01
37CoNA 10%7F incubation A7 %, 7]AZM 75 mM acetylcholine iodide
(AChD) #7}shar 412 nmollA] 5% FFA o2 10859 3 E =43ch

Gluthione S-transferase (GST)2] X542 Habig et al (1974)2] W
Fate] Faskdrh 4SS 0.1 M Tris-HCI buffer (pH 7.8)e @i, 7]&<]
5 mM 1,2-dichloro-4-nitrobenzene (DCNB)$} 1 mM reduced glutathione
(GSH)S #7Fsk 5 340 nmol A 5% 7+ o2 1087 $33=s 3?46‘}031’%

Mixed function oxidase €772 Bartlette} Keil (1997)¢] ®Hel| &
&} o] p-nitroanisole (Aldrich)¢] microsomal enzyme®l| 2] stk
O-demethylations =43ttt oF 100vt8] 9] 47 AZE=S 0.1 M Tris-HCI
buffer (pH 7.8)°] ¥ wist 5 12000 rpm & 4TColA 108 <k L4
23 5, A=dS 150,000 rpmo 2 4ToA 1A17HEe thA] 4235
45L& ®¥2lal microsomal pelletss #Este] TAAdO0R ARRSES
S-g9e] 4L microsomes, 115% KCI, 1 mM EDTA, NADPH

OlN' N

;

oo of

H

;1&

2

_94_



2 mM) 183 7142 4 m
105 ¢t incubation Al%71
Z AR 2EER FFEE S8

nEF= o} ATPased &4 %84S Carbonaro et al, 1986; Desaiah et
al, 1973; Patil et al, 19802 ®WHol F38Fe] A A5 T 0.31 M sucrose
2} ImM EDTA”} A 7FFl 10 mM imidazole buffer (pH 7.8)= <¢F 1007}
o AARSTS Ao AolA wsdT #dAs 4 10,000 rpme &
AToA 58 IR F pelletse A AL oA A5 A4S 15000
pm O = 4T A 303 AT E st FETde HHom nEZEY
ol oAAE pelletsS FAYoR AMEsIGT. EANE 135 mM
HEPES buffer (pH 7.8), 5 mM MgCl,, 100 mM NaCl, 20 mM KCl, 0.2
mM NADH, 1.1 mM phosphoenol pyruvate, 4.3 mM ATP, 0.02%6 bovine
serum albumin, 9 units pyruvate kinase (Pk), 12 wunits of lactate
dehydrogenase (LDH)Z A ¥ WS-8 Yo H7Fsk & 37T A 10259
incubationg 3ttt FFEE 340 nmolA NADH7} Atsle= 2= 5
A2 107 &< SAHSAY. ZE AP 30 ooz F333d

W, 542 94 ge PAYTINY FHE o nAsY)

¢

lo Py

A A AR

71Ax g dM Z+ &4 Tris-HCl buffer (pH 7.8), 5% 4=
fenpropathrin £ 12] &3tMS 37ClA] incubation 3+ H ZF S4AEZE §&
s FAHSIAT 2 Ao 8% 71" esterase, AChE, GST,
mixed function oxidase, ATPase activities®] t3s}o] Z+Z} B-naphthyl
acetate, AChl, DCNB, p-nitroanisole, ATPZS A}-&3}3t}. fenpropathrin®l

date] 7t Eael wEd A& e FHoR Aaar

(fXdel -Hdel)a Mo 2
g Mol 8 (%) = x 100
fHdele Mol &

o
N
[

X

43 2 1
2284
F AE9 esterase FAL 7] &<l a-9 B-naphthyl acetate (NA)<2]
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7F S7kstel met &Ao] Frtetow ARAAAFY EagAdel o
FAE BAY. 7FER2 = o-NA 2 p-NA®e] 713 X3=7)
om, 125 mMe p-NAel  disiAxte]l  feHS  HS
acetylchohnesterase% glutathione S-transferase®] A2 A 34 AlE o]
A AERT 149 E=%oer  FoEE UEU nEZE g o}
ATPase®] €42 AR} 172 & 2453 Hlﬂé‘}ﬂ 7P =AU
Eb ™| mixed function oxidase®] &4 F AlEztel ztol7b gldth,

[‘

AfA AR

Fenpropathrinell gt #53 459 AFEs T2 YERYAT
(Fig. 2). Fenpropathring A A2 7S A9 esterase®t glutathione
S—transferase:= AL 2FolE Holx ¥u Ao ZAaHUTh E3,
glutathione S—transferase—% ASE AdAAEL] aaxgdXo FEAAE
BY 23l 9 AdHE A2 YESTE acetylcholinesterase 72t
AefAel M= AFAAT] a4aTAo] d WAsA A== Aoz
Uetgov & Aol B gl SR, nEFZ =g oF ATPase®t &
Agd APoA F AEItel AolE HolA %Y mixed function
oxidase®d 79 A& A ¢l fenpropathrine] tale] z+2F 1.0~3.79, 1.0~
272 AT vaste] A3 EEA AdllEE AR UETh

B4 8ol A fenpropathrin A8 Hulo]g-of 9] acetylcholinesterase,
nEE=gol  ATPase, esterase (B-NA  hydrolysis), glutathione
S-transferase (GST) &4 A5 vluste] zh7t 14, 1.7, 1.3, 1.4
Wl o %& Aoz yelytl fenpropathring A A= H7lsle] A4S
=4S dFol= ALAAAEFTS] ATPase®t mixed function oxidase 2
acetylcholinesterasei= fenpropathrin®l ™siA Z+z 3.7, 2.7, 1949 @ =7t
SHA UEhy (Fig. 2) o] & &4E52 Fulo]go 9 fenpropathrin A g+
of F& A5 e Ao AAEn E APoA nEZ=g ol ATPase
o 4L F AF BT ATPY siol wep &40 57}3}013E], A
AL EA st 2782 F AlSE Aol FUbske S B
t o]l#)3 A= Hulo] Lo (Carbonaro et al, 1986)= & 7hA}9}-S-off,
T. kanzawai (Miyasono et al, 1991)¢] cyhexatin®o] w3t A=A ZAz}o}
AT, el 220l A AAA 2LFo] do] A mixed function oxidase
7F a3k dgs st AL F dE A 9t (Rose et al, 1995 Bouvier
et al, 1998). 3+HA esterase @ GSTE A4l NAS =8 AFA 7183
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o

Hol AL AL 4 4 YUY, deltamethrin A &4 codling moth, C
pomonella®l esterase Aol AFAAAEFTIH Z HolE Ho|A &t
Bouvier et al. (1998)°] H.il= 2 A@AM}E St GSTY 49%
dwrAl oz {F7|QUAS FhatHo]EASl A T|Ho R dH A glow,
Fhalwl o] EA 9] thiocarb® A ™¥ tobacco budworm, Heliothis virescens
o] A9 GSTY &Aool Trtete Aoz d4eA Y (Rose et al, 1995).
shANE, g 2ol = AFA Solet GST &4 3o AA= 719 &elA
UA @2 Aot} fenpropathrin A &4 Futol&of o] A 7 =hs
etz & Ads 3 A3 Julol gl FEstasdd E48 St
ogA AYHE el Aor AAAH, 53] YA thatel #

o OE _& om
2L

= Z=3go} ATPase®} 43} & 42 mixed function oxidase 2 4l
g HAo FQ3 TS & acetylcholinesterased] FAS EH3H3
= St Ao = AyzH

A

=

N
L
>,
N
o
frt
o
2
ot
i
rulo
o
_Im

Table 9. Acaricidal susceptibilities of susceptible (S) and fenpropathrin

resistant (R) strains of 7. urticae to fenpropathrin

Stage LCs (ppm) (95% FL?)

Miticides RR"
tested S-strain R-strain
Fenpropathrin ~ E° 1.83 (0.14-24.5) > 5000 > 2732
A 0.48 (0.13-1.07) > 5000 > 10,416
Abamectin E 0.003 (0-1.83) 2.86 (0.18-17.45) 953.3
A 0.007 (0.002-0.014) 0.19 (0.03-1.21) 27.1
Bifenazate E 0.824 (0.05-2.36) 0.011 (0.004-0.023) 0.013
A 1.21 (0.13-10.62) 0.003 (0-0.028) 0.002
Bifenthrin E 0.187(0.029-0.515) > 1000 > 5347.6
A 1.31(0.646-2.441) > 1000 > 763.4
Diafenthiuron E 0.018(0.005-0.596) 4.70(0.04-7351.6) 261.1
A 0.047(0.006-0.158) 0.509(0.347-0.817) 10.83
Fenpyroximate E 0.044(0.002-1.214) 0.050(0.003-615.75) 1.14
A 0.041(0.015-0.087) 0.199(0.108-0.352) 4.85
Milbemectin E 0.203(0.027-0.367) 0.089(0.008-0.741) 0.44
A 0.13(0.094-0.160) 0.123(0.096-0.15) 0.95

 Fiducial limit

> Resistance ratios, relative to S-train response
¢ Eggs

4 Adults

_97_



Table 10. Synergistic effects of PBO and TPP on fenpropathrin toxicity

to two spotted spider mite, 7. urticae adults

Mixture LCso (ppm) (95% FL%)
Treatment o
rate S SR R SR
Fenpropathrin - (0‘1%{1?07) 1.0 > 5000 >1.0
CPBO Ll (g gy 14 > 5000 10
. 0.23 946.9
L2 020 =7028) 21 (889 - 10796) O3
. 0.11 434.7
L35 010 = 0.13) 44 (3846 - ag60) HD
+TPP 1:5 (0.160?4123) 1.0 > 5000 >1.0
. 0.46
1:2 02’1 1.0 > 5000 >1.0
A 0.49
101 1) a0 13 > 5000 >1.0

? Fiducial limit.

b Synergist ratio, LCs of fenpropathrin alone/LCsy of fenpropathrin+synergist.

Table 11. Comparative enzyme activities of the susceptible and resistant

T. urticae
0.D./min/mg protein
Enzyme substrate RR*
S—strain R-strain
AChE acetylcholine iodide 261 a° 373 Db 14
ATPase ATP 1.60 a 2719 b 1.7
Esterase a-naphthyl acetate 2.16 a 257 a 1.2
B-naphthyl acetate 6.21 a 799 b 1.3
GST DCNB 442 a 6.14 b 14
P450 monooxygenase p—nitroanisol 0.85 a 091 a 1.1

“Resistance ratios, relative to S-strain response.

"Means in the same column followed by the same letters are not
significantly different (P=0.05; Tukey’s studentized range test [SAS
Institute, 1991]).
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1

Inhibited enzyme activity (%)

1

00
80
60
40
20

00
80
60
40
20

100
80
60
40
20

| B

0 -6 -5 -4 3.5 0 -6 -5 4 3
Ke

: —&— Resistant strain

L —@— Susceptible strain
0 -7‘.5 -6‘.5 -5‘.5 -4‘.5

Final fenpropathrin concentration (Log M)

Fig. 2. Comparative Enzyme (A; esterase, B; AChE, C; GST, D;
ATPase, E; P450 monooxygenase) activities inhibited by fenpropathrin

at 25C

and pH 7.8. Each point represents the mean of three

independent determination (n=3). Vertical bars indicate standard

deviations of the mean.
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Acetylcholinesterases A7 x%, A8+ 2 & S &A1 A44
gE242l acetylcholined] 7@ Eo]Ao] a, AAANT AL Fa3 I
S 3t} (Eto, 1974). A5 A= ANAAEEZAQ acetylcholines 7113l 3}
T 8492 acetylcholinesterase?] &4& A3}, acetylcholine®] #3) 7]
TS AAEHA Aok webA, WE9 acetylcholine acetic acid®} choline
o Fa ¥ A Kstal synapse?t Wol Ivh HHHo] FFAQ A AL
o ugow dFe AAAH

Esterase™= TheFat 7] A o] taA}zgo #ojsl= Faolt) o= 23E
af

B Lo

woll oz EAstH, fF7I1ACH FhatEl o] EA AFAC] s =2
38 & 7FA 1 Y oh(Szalanski, 1991; Scott, 1995; Baker et al., 1998).
E Ao F3P3F acetylcholinesterase®} esterase @ o8] &4 E o]

o
A AT BEHUA(Jensen 1998; Zhao et al, 1994; Zhao et dl.,
qd wwgEagae Aga wde 293 Ade s
Eis

—
O
©O
a1
8}

—
)
oY)
_>.L

R LR

o &% AF}Y RUHHL 2=
‘('SO 1=l

30 o o 3o

=5 ¢ —’F 9271] DP_E)A FHAQ AN AdAsked ol8d

CHEKim et al, 1999).

Az R HHE

Aol Abge RegFAdds AR e A st AHH
sho] ARGt Th AalA g2 2002 7€ 1Y AFstel FHUst w4
=t AgmAu] 2ol gAste] AbgE gl on, IHA gL AMste] =
Al Aol AFg-sH3l
shaokE

a-naphtyl acetate, fast blue RR salt, sodium dodecyl sulfate, trizma
base, 5.5'-dithio—-bis(2-nitrobenzoic acid) (DTNB), acetylcholin iodide
(AChD += sigma A|&F2 Ab&atdom AR Aok =] 3}3k3]ALe] Al
= Ab&sdth
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|t

TS ATHE AREFeH, AY F -T0CANA 542

5ml eppendorf tubed] 307}E]E ¥ T 30002 0.1M
Tris-HCI buffer (pH 7.00& Y1 €5 folA #dst ANHT #4387 &
Y 5 ATolA 4587 1400rpm  o® QA E P8 tHMIKRO  22R,
Hettich). 27009 A NS Hg § -70CNA Hsle], o]g §hdo=
AH8-31 S

Fof| A18H B
1.

Acetylcholinesterase (AChE) &4 &3

96well microplate(zellkultur testplatte)E A}&3}e] Ellman et al. (1961)
o] ol F3le] AlE 3t th microplatertthe] Eo] EX gEE AL
Aol drwesds 2 AASs FdFA I weld 100uE 7IFo =2
3o, 0.1M Tris-HCl buffer OH 7.0) 700, 0.5mM DTNB
(5.5"~dithio—bis(2-nitrobenzoic acid)) 10x¢, 5mM AChI (acetylcholin
iodide) 100, &AL 104l(equivalent:1trips)S ¥ i 5%-7F 30°C water bath
o A incubation A%l % microplate reader(Benchmark, Bio-Rad)Z& ©]&
skl 415nmel A 5% FASR FALEE FASHAT Hely A4S

Benchmark software ver 4.02] 4] 2732 o] &3}% )

Esterase (EST) 84 &4

96well microplate(zellkultur testplatte)S Al-&3}e] Asperen (1962)2] W
Hell F3te] AlF3EAth. microplatertdel Eo] X4 Fx%F dS5H9
drEsds 2 29SS TP 3 welld 100E 7IFLo 2 3t
0.IM Tris-HCIl buffer (pH 7.0) 7010, 125mM a-NA (a-naphtyl acetate)
10, &% 10ul(equivalent:1trips)e ¥ 5&3F 30C water batholl A
incubation A71 & stop solution (0.5% fast blue RR salt, 0.1% sodium
dodecyl sulfate) 104S Y2 ¥ microplate reader(Benchmark, Bio—Rad)
2 o] &3lo] 600nmolA H5E AR FAEE =AUt dHolE A

=
£ Benchmark software ver 4.09] ¥4 T2 13-& o] &3}t
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43 2 1%

Acetylcholinesterase (AChE) &4 73] o] 0.050, A F ko] 0.044
o2 Aol Ml wlste] 114w =2 A4S YERATH
General esterase &2 s wto] 0473 A o] 034322 At
o] 1M te] ulsto] 1.384] =A YEFRTE (Table 12).

Table 12. Enzyme activity (meantSEM) of general — Acetylcholinesterase(AChE)
and Esterase(EST) in populations of F. occidentalis

. Acetylcholinesterase(AChE)* Esterase(EST)"
Population
AChI a-NA
Jincheon 0.044£0.001b 0.343£0.042b
Gimhae 0.050£0.002a 0.473%+0.035a

Means followed by the same letter are not significantly different
(Tukey's multiple comparison test, a =0.05).

? AChI (acetylcholin iodide) as substrate (O.D/mg protein)

" @-NA (a-naphtyl acetate) as substrate (O.D/mg protein)

AchE  activity

Cheongju Girmhae

Fig. 3. Acetylcholinesterase (AChE) activity of F. occidentalis.
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Cheongju Gimhae

Fig. 4. Esterase (EST) activity of F. occidentalis.
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A 42 HHo AT AFAH ATA AL R
A& o183 Fv Fa8F FAAA
1960 ol sopsel BAE gRHo] fe) ANaE FA Fdw, v
o

@A ElME}. L %M d8or o
FEl7bel, A7l Autel ol 5 A Sl
A Foz SFsA HAct 1970 o] Foll IPM( 8l 55 7))o &
A4E o83 dF WA AAS A =AY 55
Y Toll wopRtFel I EAlAel fla, A%

j7pol 7h WAy RETE ol Al H

33;@
ot

o Aol HujriFolet AVEFole] HAd AVFolEE I Hut
ol-sofel WxA A Aol Sofol it Mdel=A oAl As 95

= d3san.

1. 4Rl E

ML
Lo
)
Ho
N
(L
NA,
r>f
)
i
oX,

o 7EFolel gk g dwrHow AREEI e WS HE
Wi, &7 G4 ofAl wAlelt. ey, wujrbFols
Frol A A olgt ZEje] 73|17t WolA] HFA AEFgAH o] b
ol wlste] W=7 vEhd 7hsAdol vk wujzbFolel] gk A& okA =
o] et EHIF g AL IGR(ZF=AGZAA)A S  pyriproxyfen,
triflubenzuron®| ™, <FEol wisle] BIIF AAFHE= AomE A
abamectin, neonicotinoidA|e] acetamiprid, imidacloprid, IGRA|Y] pyriproxyfen %
ola, AZ=d heledxE #7]90A9  diazinon, fenitrothion, methidathion,
pirimiphos—methy, neonicotinoid#¢] acetamiprid, imidacloprid, #3411 abamectin’s
ol 37t 3= Aem dulA Utk (Kim et al, 2000). L2, ‘ﬂtﬂél A8
FEA =S 7HFol MAY AR Faa A osle JhAT 2o F
Ve Zdistar, shebA BAIVE oEe EuE ofEe AFY %‘%, 23]
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(Encarsia formosa Gahan)& Aol o]
WAL, AeE BA 2 EAFAEE VesEs deEd EF
= A Ao tHBentz & Larew, 1992). 7FFo] 2] #HZ
Wl olUe} Amitus sp.® Encarsia sp. 72 714
18] 31 Anthocoridae®] 43b= Orius sp., Coccinellidae® &3t= Cryptognatha
2 ol E3hE 14 0] B 1% A Gerling, 1990).
Fole] Fagh HAQ 2AVFFoIFHE IudA 2470l
TodE A Aok S AHAGY FrjdA| A A7
& Y, AbSste] A3 Abgs T

2 ro
Z

N

X
Hu

o

A

z 1

,

A
=2
=

sp. &

i Z
N8
‘
J
L o

2 o
oN fo o

As 2 93y
Ag=Z
B Ao AlgH 22710l EH(E. formosa.)S @ul7FEo] (B tabaci) AF

F T AA 2AE S Pl7RolE Hol® FEshHA FoAEAR oW, T
7Rl 1988 69l T AT Al AR oA sk E
W% (Lycopersicon esculentum, A1) 2 FolA-31lc)

Z g o] 8] 2ol (Phytoseiulus persimilis) = (F)A A HAujsles Aoz
25£2T 9] AMSAAM ZdF(Phaseolus vulgaris var. humilis Alefeld) 2]
of Hubol &ol(T ulticws Wol=E FHatAA FUlAbSAoH, Huto]$
e F5 AT ol HAul Al s7te] fral=AdA 20021 d 29 A
g Aol gol & AT AA AbS - FA 8k AREE AT AW AMSERAE

=5 25+27C, #57] 16L:8D, 5= 50~60%= 3F AT

AA7F
B A]é{__—!oﬂ A]’%% 7]2? é}%’\% %“ET%:CE}7]%% %/A‘__].Oﬂ/v] ;(HHH?J_ xo}.g]’ EU]_E
(L. esculentum), 74'33-S ©]-&3tt
A4
a A A~ =

S P

gujskole] WAl & .
ahelTh. 004 129 25906 AT o) EH
(75036l PALERG ST FM ] HALE

(mhe] </ 109, 200k 2 hl .
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08 - 2471205

Hojet HE4(ot2]/109)
o
()

1/3 117 1/31 2/14 2/28 3/14 3/28 4/11 4/25
ZAMZ

o i
2
(L
Ho
N
)

PN
>,
i
o
o
R

= 354U 22 F AT 20T Hal 75
o] 7} 3579 Wk 24710 2689 A8 F], F F3ke] W57
b Aol 7b el FojEo] 89Y A= gejrhFol 7t 21.3¢UQ1
b, 227 ol FH L 15092 F F79 Aol 6.2¢0 3tk 30Tl A
T guizbRolzh 17.04¢1 wbd 2842 F F3ke A
|+ 4290t} %7 W57)7 Apol = Ak

1).

i

o
N

i
o
N
iy
I
1
o
™
1o d

T L glZbEol s S kel E W Ve 3 B5717 v

i 577
s o) 717 o] 227hR o) E Y
15 86.2+0.8 35.39£3.38
20 35.7+1.0 26.834+3.21
25 21.3£1.2 15.01+1.02
30 17.0+1.1 12.82+1.15
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2 opAd 2As Tl 450 U@ o
Insecticides Formurlation al.(%0) Adults Mortality (%)
Fenpropathrin EC 5 22 100
Imidacloprid WP 10 35 100
Acetamiprid WP 8 82 100
Abamectin EC 1.8 73 100
Fuprofezin + Amitraz EC 12.5+125 36 100
Milbemectin EC 1 42 100
Pyriproxyfen EC 10 59 100
Spinosad WG 10 31 100
D.W. - 24 20.8
100 r
80
3 60t
o
ol
I- 40 |
20
) HDH e
Pyrip.  Abamec.Fupro. +Am. Fenpro. MilbemectirSpinosad Imidaclo. Acetami.  D.W.
EC EC EC EC EC WG WP WP
29 5 oAl SAsbTelEW ol YiE o
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2. Avlo] 559 HobE Aol Solo] e 54

Auro]g-oll (Tetranychus urticae Koch)= A A 38F$-2 Zu] A u) =] 2] 7 A
A F2 dFol™(Van de Vrie, 1985), shallFst ofve} o7, A SolA

Z AzEsE sl= Uellar tkAsada, 1978 Ho, 2000; Takafuji et dl.,
2000). o= WA Hol st Al 7ite]l 7] wiEel @A d el 2
=7F S7bstal, A Adiste Aol SAG Al dig Ak

, J ol
w2t 53 i fFRKoR EAWoEo] E ZFo HlE =2
Aoz 4dx vtUrF L, 1989). wheba Huko]g-of WAl derd FdA o
2 AEAGAt FAAZY dHEs F FoR s A g AA
& A " i (Helle, 1965; Dennehy and Granett, 1984). 11} Zm| Al A
A A o A= Hulo]goff, EawwF A, FujrtFo] WAE g A
A7 Az 20732 wg =2 AAolw, 1 F Hulolgof WA
7Hd E oEwE A ol AnAY AR SlaR vlg Brh 27w

Holx

(3 %, 2001; Lee, 2003) Sit}. &n] Al Ad5h5-
A4 WA ARbeteE 7HE Tas adlo®m Fola
a2 Furolgof  FgdE e Wetow AN A<D Aol gl
(Phytoseiulus persimilis)®t 28 A S T Ao %

A3 Hero]l e WS EASA AT HZoe= HAd FAdo] v
Aegd oAl E A - ol &3t HA I s 2EE HAFEe

o2 w1 VA0 WA EHE FX(Hoy and Ouyang, 1986; Reda and
El-Banhawa, 1988; Croft, 1990; Zhang and Sanderson, 1990; Park et al,
1995; Kim and Paik, 1996a, b; Paik and Kim, 1996)3}1A @& <d5-7}
o] Foj A AL k. 1} Fu| A e 2ol = A AIRE ARESkE Flo] of
Y7zl witel AEA, AA aelal sekR A g 54 H7hE AA
THA o Z HrtEolofrt XA ojn|o] Fu|Aldatg-290 FIIE HJ'O]'
o & ZoJr}. o]o] Hgolggefol] thg AujAe] Mel=Ady AFA,
A, FFRzA et 548 Hrlsts A7 283t # AT e 79
no] SE¥o gle okA|E F4 {acequinocyl, etoxazole, spirodiclofen,
Blend of alkylaryl polyethoxylate and sodium salt of alkylsulfonated alkylate(Z}=D),
Polyoxy ethylene alkyl aryl ehter+sodiumligno sulfonate(Z2H), Siloxane( =4 ¢l) :
nEEl o2 Heolelgofo ofAl S FAMStel Al ArAlA
ah-g-2 sl FFHHAAA S MNE2ARE ATetaA T

of grel zute]Sof= Aol ut ofAlol ek AFE =
2ol &

ﬂll
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Ag @ Iy
Al kA
Ao AREE ofAl = A A 13F, AEA| 13F, At
FHHZA 3FF EF 41FolH, o5 dutd, A¥, &
A EE ¥ 33 2

Table 3. Pesticides used in the study of toxicity

Common name

Trade name

AL® (%) & Recommended

Formulation conc. (ppm)
Abamectin S22}, HEW 1.8 EC 6.03
Milbemectin == 1 EC 10
Bifenazate ol=Z g}njo]l E 235 SC 110.8
Etoxazole T 10 SC 25
Tebufenpyrad v gy 7} 10 EC 50
Fenpyroximate k) & 5 SC 25
Miticide Bifenthrin 74 =] 8 WG 20
Tetradifon+pirimiphos— s+ 8+25 EC 160+500
Flufenoxuron Tt A o) = 5 DC 50
Fenbutatin oxide B, AEd 2z, 50 WP 769.2
Tebufenpyrad+tetradifon o] s} o] E 25+8 EC 25+ 80
Acequinocyl 7Hd|ufol & 15 SC 150
Spirodiclofen ol H] &= 22 SC 55
Thiamethoxam o}le}e} 15 WG 7.5
Pyriproxyfen 2715 10 EC 100
Imidacloprid FUY = v H 8 SC 40
Acetamiprid Al =0 8 WP 40
Buprofezin + amitraz 3loj 2 125+125 EC 125+125
Spinosad o & 10 SC 50
Insecticide  Acetanmiprid + etofenprox gl 4] 25t8 WP 25+80
Clothianidin 97t 8 SC 40
Emamectin—- benzoate o] o] 215 EC 10.8
Alpha-cypermethrin 3}~ ¥ 2 EC 20
Etofenprox AW = 20 EC 200
Methidathion FEZFGAlol = 40 EC 400
Esfenvalerate + Fenitrothion Al 31w} =] -2 1.25+15 EC 12.5+150
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Table 3. Continued

AlL? (%) & Recommended

Common name Trade name Formulation  conc. (ppm)
Azoxystrobin 9 E]n} 20 SC 100
Kresoxim-methyl =9 FH A 47 WG 235
Triforine AR E 17 EC 85
Triflumizole Ef3w gxE: 30 WP 75
Prochloraz vk ek 25 WP 250
. .. Thotade netyl +*Tiflunzde ZEY 45+15 WP 225+75

Fungicide Nuarimol s}ol 2t 9 EC 22.5
Oxadixyl+Mancozeb A= 8+56 WP 160+1120
Metalaxyl+Mancozeb BRI 75+56 WP 150+1120
Myclobutanil Al 2~ El 6 WP 39
Triadimefon Ejg & 5 WP 62.5
DBEDC A F 20 EC 400
Cover vz, et 60 SL 300

Spreader Siloxane AFd 30 SL 100
Spreader 22, A=A 10+20 50+100

“Active ingredient

A EHY

G ATl tiE g AEe #skel A4 15eme] AEHT A Wl
28 sl A gAe 2, 2 9ol Hutolsoirk HE © A4 Tem
ool AT Ao ofdiHe] 98 FEE SHFIT FEIHR Row
defolg&ole] HF& 30mke] oS AT sklvh. 2ear kol gelrt
HTH A= Add Mee ddste] @AW 99 AT ol 29 ¥
ek olwl Ajsol AxHA G Ad Fofs AW o] Fodt
2471 Zko] At F AEF s Al FHEEAAA 2027 HA8HA AL,

FN1XEFEo A" AT Mo FES AAG T o] Sovt o= A
22 W1scm)e AT A
3 zEWA Al el go &S

stoh, AE52 SFAlAE 2423 Fo] AFFE ZASIS AL, &2 oFA A

39 Foll RaEA Fe & +5 A

Adlolggol k3ol ME AFH ABL B3 AFl I DR
FUSA sk deeldgel 4F L MEaHe I Yol R
g 2o 0md JED F 24T B AT Wi 4FS AR
o rd ATl A Adold Sl E 4U AT T Huto] ozt
AEH0] 9t 29T Aeg dustel gAwd FYT AUrAE HE

M1 70 o
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o= FHEATHH, 1994; A, 1996; ¥, 1996).
ool goht BYb RHES AEens

g BEs) FuA FPskgion], & okF - A3 gF o

st 49 9 ool ek 647ke] vk Aelole gof okFo] %
4F AEoR AT Adeld gl fFol B FYF AEg TG
Zol A 2027 A 22 n FAAY UATF Fo AFFE 2
Ak AT 9 WOE WAL sb= PEee Rom Ay i W
o Yl AAE e Aoz dgen YE AAE 43 2BS e A%
MAR Foz AFYS W of SHAW FPHoE RAYT F gl
7
9
&

ey
3

49 2 1%

T2 AFoto]l 24ARE AbekE W2 thg AR Aol 3 A8

o
o] 3¢ T o R8-S A AI(Table 4), etoxazole¥} tebufenpyrad
= RstodAgo] zhzt 971, 83.1% "¢ E=gkou} bifenazates THE 105
2 FoAlgo]l 10% wvrog ZAdo] w9 uiqit} ofFe] HAF &S

abamectin, tebufenpyrad, fenpyroximate, bifenthrin, tetradifon+pirimiphos
-methyl, fenbutatin oxide, tebufenpyrad-+tetradifon< =5+ 100%9] A &&
S R 3, milbemectine 986%2 ¥ AFE&S HYT. a4y
bifenazate, etoxazole, acequinocyle SAJo] ¢1%1al, spirodiclofeng 46.7%
o] AF&ES Kol HYolg ol kFol= 5o Ut AFe] dFE&S
abamectin, milbemectin, fenpyroximate, bifenthrin, tetradifon+pirimiphos
-methyl, fenbutatin oxide, tebufenpyrad+tetradifon< =5 100%9 A=$&
S H3, tebufenpyrade 949%9 =& AFE&S HAY. 2
bifenazate, etoxazole, acequinocyl A& =4o] ¢13L, spirodiclofen<
149%°] A5&S Ho Hdolg &l AFd= =40 v-¢ 24tk Yoo
et al (2000)°] w=w Dbifenazate, acequinocyl, etoxazole, fenbutatin
oxide, flufenoxuron %5°] A2 241 7F Fof] AE=Eo] 86~98%= A
olg]gofe] ATddv ol v AoER Husigorn, E HFPAqAE
bifenazate, acequinocyl, etoxazole®] ¢FA|AE] 24A17F & AEgo] 97.1%= H
Z1

93l fenbutatin oxide®} flufenoxuron< A E&o] Z+7} 84.6, 67.6% = H|s=

- 113 -



3 A4S Btk
el e Aol Sofe] 542

2ol g =Skout
bifenazate, acequinocyl, etoxazole, spirodiclofen< =/ o] wj$- vra Abg
&= <GS v A 7] wWiol (Yoo et al, 2000) v Al a0l A A
ho] gofj o] Wb =3kS wf XA HAHolg &t sl FAE A
St Ao HA o Hulo]gojE WAStY] WALES Y F IS A

Table 4. Toxicities of several miticides on egg, larva and adult of

Phytoseiulus persimilis in the laboratory condition

Number of insects % Mortality
Miticide tested (mean=SD)
egg larva adult egg® larva adult
Abamectin 160 113 30  4.4+0.3 100£0 100+0
Milbemectin 34 64 3.0452 986+24  100+0
Bifenazate 118 72 47 0 2.9£2.6 0
Etoxazole 121 37 36 97.1+15 0 0
Tebufenpyrad 345 50 39 83.1£13.8 1000  94.9+89
Fenpyroximate 61 31 42 0 100+0 100+0
Bifenthrin 94 82 68 0 100£0 100+0
Tetradifon+pirimiphos—met. 193 146 13 2.6%0.5 100£0 100+0
Flufenoxuron 88 83 26 2.3+2.2  70.2+33 32.4%6.7
Fenbutatin oxide 160 135 21 6.9+1.1 154436 19.2+6.3
Tebufenpyrad-+tetradifon 27 41 31 14.8+5.0  100+0 100+0
Acequinocyl 159 38 42 0 0 0
Spirodiclofen 18 45 33 26+44 46.7+05 14.9+44

? Hatching suppression

. AFAd A %A FFA
Al gk Zlojelgof ool Fskes FAKRE A3 Table 5), buprofezintaritraz,
clothianidin, alpha-cypermethrin, methidathion< 3} Al-&<] Z+zF 100,
83.8, 59.4, 100%= w$¢ Esko} v Al Rkl go] 20% ww
o ¥ RIoES moth el oM emamectin-benzoate,
buprofezintamitraz, spinosad, clothianidin, pyriproxyfen, acetamiprid+etofenprox,
alpha—cypermethrin, etofenprox, esfenvalerate+fenitrothion, methidathion 4% &

o] 50% o]e =L AE=8S HJoyY imidacloprid, acetamiprid,
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thiamethoxam< 4&8&9] Z+Z} 56, 0, 95% = A=&o] - ) A=
o dojM= FF3 W23 AF¥S Ho] spinosad, emamectin-benzoate,
buprofezin+tamitraz, clothianidin, pyriproxyfen, alpha-cypermethrin, etofenprox,
esfenvaleratefenitrothion, methidathione 2r%&&0] 50% o]4de =& A=8S

Bt e imidacloprid, acetamiprid, thiamethoxam, acetamiprid+etofenprox
S AFEE 770, 206, 2.2, 0, 3B31%E FHAJo] Wt

Yoo et al(2000)e] w}= spinosad?] HEEL 46.0%°|H, A= B
& oges w=vly By ou:] Lk /\16‘40112\-]1: /\4%_4 Splnosad«] A=
H2 528%%E W= AFS Bk v A Aol A= Hutol &
of o]eje] HujriFo], ErxgFAdd, Ad AN ES] HAo] =} 1
Hup o= el FY WA A= Heolg Sofol] FAdo] w2 ofAlR A
imidacloprid, acetamiprid, thiamethoxamo] #&¢kAl2 S =9 <kA|o]7]
wj ol Hulo] goffof o] sFo] FA WAEHA Hubo]goff o]9]o 3

F oUAEEsl B O ARE WAGAE AsE I FRAFES &
=

R o WAse] FuAARS2 A% TEYA xARs B Ao
A7,

Table 5. Toxicities of several Insecticides on egg, larva and adult of

Phytoseiulus persimilis in the laboratory condition

Number of insects % Mortality
Insecticide tested (mean=SD)
egg larva adult egg” larva adult
Emamectin—- benzoate 110 53 65 9.4+16 91.7+144  100=0
Spinosad 85 67 65 117421 47.4+10.7 47.2+19.0
Imidacloprid 124 14 26 1.4£25 56£96  20.6+4.2
Acetamiprid 276 15 36 13.013.7 0 2.2+3.8
Thiamethoxam 70 71 50 0 9.5+3.8 0
Buprofezin + amitraz 62 45 24 100+0 100+0 100+0
Clothianidin 176 44 18 83.8+2.0 736+24 95.2+82
Pyriproxyfen 55 18 15 0 94.9+89 66.7£89
Acetamiprid + etofenprox 48 40 33 0 52.9+77 33.1£4.7
Alpha-cypermethrin 38 46 34 59.4+11.1 77.2+136 97.4%4.4
Etofenprox 43 40 25 0 96.3+6.4  95.8+7.2
Esfenvalerate + Fenitrothion 91 30 30 3.0£2.7 100+0 100+0
Methidathion 17 55 45 100+0 100+0 100+0

? Hatching suppression
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ok AdAC] A kA FFA

At Al gigk Adolg]-g-oll 4o Ha&S A AIN(Table 6), oxadixyl+
mancozeb, metalaxyl+mancozeb®] F 3} A& 27} 207, 295% % Sk o
U e AES BT FslAlEo] 20%m vz Heolg]go el o
st EAdol A9 gtk FFel uigk AFE&-2  triforine, prochloraz,
thiophanate-methyl+triflumizole, metalaxyl+mancozeb, DBEDC2 27}t
85.4, 705, 47.8, 100, 486% = =Jou vy 7F9 HTAET AFE
30% wRte g HAo] w9 wekth AdFol AdojA = azoxystrobin,
kresoxim-methyl, triflumizole, thiophanate-methyl+triflumizole, nuarimol,
oxadixyl+mancozeb, myclobutanil, triadimefone At&&o] zZ+z+ 0, 0, 6.3,
134, 0, 25, 0, 6.4% = =/do] uj$ Sk},

Fuj Al Aol A B7FFEH Y el Wy e wlg Askw, ojufe
SHA| 2 azoxystrobin, kresoximrmethyl, triflumizole, thiophanate-methyl+triflumizole,
nuarimol, oxadixyl+mancozeb, triadimefon®] A ERL Z @ o]g oo =A
o] wj¢- A, At %= dEol(Yoo et al, 2000) 7] wjio] IA7tEHy} =
o] WAA = A olglgelol ok Hulo]Fofe] WA7t e Ao

Azka,

Table 6. Toxicities of several fungicides on egg, larva and adult of

Phytoseiulus persimilis in the laboratory condition

i % Mortalit
Number of insects tested o Mortality

Fungicide (mean+SD)
egg larva adult egg” larva adult
Azoxystrobin 55 53 16 1.8+3.0 9.2£14 0
Kresoxim-methyl 100 46 19 0 0 0
Triforine 174 52 47 15.8+34 &85.4+135 83.2+229
Triflumizole 76 37 30 0 11.0£34  6.3£5.7
Prochloraz 158 30 21 4.0+£3.8 705+£7.1 47.6+4.1
Thiogarde nethyl +hiffumzde 71 14 35 1.4+25 47.8+135 13.4£5.8
Nuarimol 100 43 37 1.0£1.7 27.8+4.8 0

Oxadixyl+Mancozeb 128 101 64  20.7£16.3 6526  2.5+4.3
Metalaxyl+Mancozeb 32 56 34  295+10.0 1000 100+0

My-clobutanil 21 41 28 3.3t5.8  7.8+7.2 0
Triadimefon 34 54 29 21436 163+29 64455
DBEDC 69 43 45 11+19 48.644.2 23.2+6.7

? Hatching suppression
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% SR EA T %A FFA

TR A digh Aol g do Fs&S AN A (Table 7),
siloxane(AZA21), blend of alkylaryl polyethoxylate and sodium salt of
alkylsulfonated alkylate(Z}8}), polyoxy ethylene alkyl aryl ehter+sodiumligno
sulfonate( 21 2HA) 2] HsldA| &2 22t 1.9, 0, 0.2 <kAlo] gt dgko] gliTh
oFsoll oAl AZAIRIT Fhuke] AF&-e 747} 879, 0.7%=E v Eokot %
A= AEgol 128%= v stk Aol doids AEARIA shte]
& 747} 374, 316%= F7do] b kot HWAA| ] AFES 94%= 0]
t.

Au Al sk -2o A WSl BN iR FUhelA kR EAE
A7bsto] AEFrh HA ] A o] vt ofAlo] FAdo] & R A

¥

o
=
=3

=

il

H7bE o] oFAl 7} AEEE HA] ks kA7 ofEr HAd HAdo] =
< AE AxeE Aoy gEith 5 ASAMJAY Fhuke Adelg e
oFZol diste] HAo] wig =7] wiEo] WA Hdolg gz Hubol g
NS WA u, A el$ oﬁoﬂ =0 vk ARA, AFA|, A=
=0 =& FFH AR o]Fo] oo FHrtstwH aﬂolalwﬁoﬂ =7 o]
o] ol WA EES "olmd sheAdo] Erh ES ok FoFR A
°of Eo Aol ool g 5do] wold JhsAol vk Aol
SollE TR A Fiol| utgl JI(Table 9 AA wokth A EAQ
o] FH ¥ E=+E 100~150ppmel l, 100, 150, 300ppmell A 2z ol 2] &-of A%
o] MEge 7tz 374, 429, 66.7%% FEI} =SFE AFd JFS 1
Aok wek FAFEAA Auto]gofo Aol o F54& wluwg A
(Table 8), uto]&of Ly} AFol oAl Aol wrgkon} A olg s
of Ao duder =2 AFE&S HAY F TFRzA HIHA 3|
=9 HulolSofo]l 3 PIH = HAHA Heolg ool thit o ol
A ZAEAch 28y A=A Adolglgeld td Aol uwjg w7
e FekE Al H7Al w9 & ¥ ZoR FAdE TR IAE
el ALFA R FEEO A F7] wEed oFs Aol dig $H=
ATH
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Table 7. Toxicities of several spreader on egg, larva and adult of
Phytoseiulus persimilis in the laboratory condition

Number of insects % Mortality
tested (meantSD)
Spreader
egg larva  adult egg” larva adult
Siloxane 106 105 95 19+33 879453 37.4£125
Cover 47 20 15 0 90.7£85  37.6£6.8
Spreader 95 31 31 0 12.843.8 9.4%9.1

# Hatching suppression

Table 8. Toxicities of several spreader on egg and adult of

Phytoseiulus persimilis and Tetranychus urticae in the laboratory
condition

9% Mortality (mean+SD)

Spreader P. persimilis T. urticae
egg” adult egg’ adult
Siloxane 19 42.9+9.3 2.8 57.8+£21.2
Cover 0 37.6%6.8 1.9 27.8£10.2
Spreader 0 9.449.1 5.7 18.9+9.6

? Hatching suppression

Table 9. Toxicities to siloxane on adult of Phytoseiulus persimilis and

Tetranychus urticae in the laboratory condition

9% Mortality (mean+SD)

Spreader P. persimilis T urticae

Number of % Mortality  Number of % Mortality
insects tested (mean+SD) insects tested (mean*SD)

Siloxane1,000x 95 66.7£8.6 90 70.0£15.3
2000% 21 42.9£9.3 90 57.8+21.2
3000 21 37.4£12.5 90 13.3+3.3
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oo
2

vl FH ol ool AdgsAgo]l & AnjAle] g Hutol
o Aol gl kA Z:L 4 Hl

Bifenazate®} acequinocyle FH oA Hzolg sl &, k%,
A A& EZAS Holx &t} T3 bifenazate®t acequinocyls F
ool tatol = w =& oAl A (A, 200D BV wiEo] 2
2]-gof e} Hubo]-g-ofjoll thgh F °FA|o] 7H/d ko] E Bl uL(Table 10)3} %
o} Z#olg] &l ™3t bifenazate®t acequinocyl?] €9 LCsp#a &
>5,000ppmo] 3L, 52 LCsak2 Zh7t 1.823, >5.000ppm ojom A3
o] LCx#he 2H7F 2712, >5000 oIt} T1e) 3 srbE el A A 7
o] o] <ol st bifenazate®t acequinocyl®] LCso ;E—o— 7}y 413, 18ppm
o)A, FZFY LCszre 22 17, 33ppm S & bifenazate®} acequinocyle
Aelolel-gofef Huto]gof LCsxakel Afol7F vFut A7) Wi 7t
oA Huto]gefe] MET} w& A AEALAY tiEo] olE FAE A

o?;
of

)
T
=
9

=
o)

i

Ol
_E, O{N 41 32

st Bl Hutolsof o ]Xﬂﬁl% 7t% Zlow ek

Ar A shg-2ol A A S Ol%f?} AEH WA s 2= =5
o HAwtow WA g Avle] vzt A LAE ] wel ofAl W
Aol FAlel AFEE yboll glth Acequinocyl> “gm] o] Fdubo]-g-ofo] #
SoAE SEEo] A Fou bifenazate= AV FEbo]Sofol A& oFA
2 eFHE 7] wiiel An Hupoldofe) Rt w5 Ag Hdolds
of H2l¢} B Eo] bifenazate® °FAl AP E St S HAA Hgoz A

ol gole] BALES /Y + Arkam QA

Table 10. Toxicities of bifenazate and acequinocyl on egg and adult of

Phytoseiulus persimilis and Tetranychus urticae in the laboratory condition

LCso (ppm)
pesticide P. persimilis T. urticae
egg larva adult egg adult
Bifenazate =~ >5,000 1,823 2,712 413 17
Acequinocyl >5000 >5,000 >5,000 18 33

oATE SdelA grle] BajFel S5 AREHIL e BE, T
] , TR A 3TS F AlFd diste] Helo]E & of
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dujAe]  oig Aol el &, °kF, AT FARFAEE
bifenazate, acequinocyl, etoxazole, spirodiclofen< =Ao| Y7| ujiof #F
A Sl A FHto]l Gofo] MR Eoks W WA Helolgl &t
%}\] oﬂ Ol:xﬂE_ ;‘q,:v/]g]_uq }\Liio}ﬂ =4 xJHLo] g o] & H
= =9 F Uk AFA e Hyel Sl &, %, A
£ imidacloprid, acetamlprld, thiamethoxamo] =4 O] 7] w)
9]_ o] = ‘0"H o] .1;—_}\] m—/\ggﬂ\,} X%HLO].CLOH
AakyE v kA S A st A FoEEES 88 5}
Zhgny, At gk Aol Sl &, oFF, AT oA
azoxystrobin, kresoxim-methyl, triflumizole, thiophanate-methyl+ triflumizole,
nuarimol, oxadixyl+mancozeb, triadimefone S4o] k7] wj&o] Wt #
ol g-off o] Al WAI7} Thesd Fom AyZtETh FoE AR AEA

2
s sbube gelelegel okEel tiatel 4ol v w7 GEe AR
Aelol e ol 2 Hutol gl e WAL W, Welole) Sofel o] e A
WA, AEA, AFAGE S40] B Btz o Fo] Fo A

WA ol golfoll =40l g ol WAEES Holmd JpsAdo
=3

A olg] ool 3l bifenazate®} acequinocyl® &9 LCsot& Z+2t 41,775
9} 13,860ppmo| 3L, 59 LCxi-2 2+t 1,823% 5359ppm oo AdEe
LCso#k2 Z+2F 2,712¢F 10,398 oAt Lejar s7hgdel . Afggh 4duto %OH
9] <o EH?‘SP bifenazate®} acequinocyl®] LCsoat Z+2} 413, 18ppme] S,
Z9] LCsoat2 Z+7; 17, 33ppm & & bifenazate®t acequinocyl 2 @l o]2]-g-<f
of Futol]g- °H LCso%ke] zbol7F Uiy =7] wjitol] F7k2 oA Futo]g-of
o Wx7t =& A5 A=A WA "dEo ol AE AHlste] &&F<l
Zguto]g-of Ho“ﬂiﬂ ]% Zk% Ao woErh

0_1.,

SOl 3 2wk AFD T 79 T AN Aubelgels] Wit
F7kshe 432 ngou Fdoldolel RrUste/DE B AL B
gom, Aelolelgole] ol wol HAHYI, HuolSe YFe| WEs T
sl gastgon, ddoledsel ¥F 109 FAE Fdoldsrt 9
1367219 WS Ee UEE RYom, FhHoR Fupolgole] Art [
3 gastark Adolel sl 4 14 Fole Fukolgolst sl WA
1, Aelelel ol Wt 9 34vke o] lch
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3. Aol S ool &% Hubo]Zof WA
Az 2 B

7b. AZA S AFA A A Furo]gojst Aol o] YEW

A sk 2ol A Fubo] ol S TAAIZI65.3vkE]/) § Aol g

itof

oS HF(20~257hel/F)F the Wurelgohst Felole gl mFel 3
of He HFAt HFAE FAFEL HEAQ AF P F 7Y F
of Hutolgelel Aejolelgole WEE EASATL, 1 F 1~29 AL
2 2Abshglnt,

o sokREA E4AYA Aol gohs el gl WEws

A AAekSmolA Arte] Sol 2 WA (720N /) F Adlolel S
o2 HF(5~300He)/F) @ the Aol Solsh Aelo e gl wFo]
of e HFAG AFAT FHEER YT B4 YA ¥ 39 F
of Hutolgolsh Aelolelgole] WES AN, 1 F 1~29 Ao

2 A

ok AESH A AETA Dol ol FFAII mE WA LR

301 AARE2AN G $AF LLAVEEI/D) F FAlA
% HE@5~300e/F) @ the Aol %
of Ae EAG AFAT FHFE e@a}w. as A3 E
o #ubolgohst Helole gohe] WES o
2 zAbstqch
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l
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49 2 1%

7). Ak AA AelA kol gogt Aeolelgohe] West
Hupol gol el Ww(653vhel/A)7t e FulA Aol selE 9
20~25vke) & WAL 7L F 2AAAE HbolSofe] Wy
T A%S B OUr Aol oo D=@3vtel/dDE =2 FFS
o, é‘fiﬂOlﬁlvfﬂH o] Wo] AAHA, Hpo]Fof AT U=
EAA skl Aol HE 104 Foll= A
1367kl o] mi¢ =2 UEE BoH, duHow Hulo]lgofe Y=
43 ZA4sAt HE 119dE HF9 dur 7HAsg o) o= Hy

olg] & el Holl Hutolgofrt FAs] "ol wirolrh. Aol Sof

HE 149 Foll= Aulo] o7t ehds] WA=, ddolgSofe dx
v A9 34ntE] otk 1Elal HA WAL § MR e v FAE Y
7F wbAE o] HAe  ekdd AR HAEJYE  kresoxim—methyl,

spinosad, triflumizole, nuarimol, myclobutanilg 2r¥3l oy z ol
OH oﬂ = oﬂ 6]: O] HA XA E}(Flg 4).

S

3

—a— T. urticae
—0— P, persimilis

5 8 3

No ~of individuals / lea

<Kreso><irr

8

Fig. 4. Population of T. urticae and P. persimilis in greenhouse after

the release of P. persimilis.
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U, 5FREA EEAEA Auto] oo} Aol gl D3}
Huko]l Lo o] W= (72.0vk] /)b JEjol A A olglSlE F
25~30vt8] & HEsAT 29 §F FAPIA = HulolSee] WmTt 17}0}
AT Bgoy 49 F Al AE Hulol s HA A7t ZA4sd e
o, Heolg]geole drr A4 2ntg] 2 E=:odth 6Y F FAPAE Hur
o]goflo] deo} Aolgl gl Umrt v 3 ﬁo:}g 2o, 10¢ ¥
ZA = Hubo]gof Wyt Y 1upy] o]dte] ve HEE
spreader?] AF&2 g olggofol H5AS HolxA 2SS HoFAU(Fig.
5).

Aol

% -
80 L
g 70 ¢
= —— T. urticae
o 60 L
< —0— P. persimilis
=} 5 L
©
=
T 40 + ,
.E AzoxystrobintSpreader
© 30 Triflumizole+Spreader
[e]
Z 20
10 +
0 oe—T5—01
6/5 e/7 6/9 611 6/12 6/13 6/14 6/15 6/16 6/18

Fig. 5. Effects of spreader on P. persimilis in greenhouse after the

release of P. persimilis.

S opusal FoA ARAQe gy Wale dundst 28
B e gel FuEel AEstm gt FeruzAolth 459 A7
olegolel epel EAol Fahih 100ppmelAE AelelelSolel HA4el
obsbl bEht, Aukelgelsl WASV(Fig 6), AWH® gt ofAe
300ppmel A= AAete] EFEAEe] bz Adole ol wRHA

1

erokar, Autolgele] Wrrk o 20mke] =S A8k AtHFig. 7).

R
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PO r

75 + —a— T. urticae
3 —o— P. persimilis
E 60
< Triflumizole
:'g 45 Siloxane3,000
©
£
S5 Azoxystrobin
S 30 Siloxane3,000x
z
15
0 : - rf\r\ % 0.1
6/5 6/7 6/9 6/11 6/12 6/13 6/14 6/15 6/16 6/18

Date

Fig. 6. Effects of spreader(Siloxane, 100ppm) on P. persimilis in

greenhouse after the release of P. persimilis.

—a—T. urticae

—e— P. persimilis

N
o

Kresoxinm—methy12000x
Siloxane 1000x

(o)
o

w
o
T

P. persimilis

No. of individuals / lea
N
o

20 -

10

0 ° * o o o
6/25 6/28 M 713 7/5 77

Date

Fig. 7. Effects of spreader(Siloxane, 300ppm) on P. persimilis in

greenhouse after the release of P. persimilis.
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o AESA oA ZXA] Aol Sl HFEAI B LA EH}

dupolgofel "Mm(T6.6vhel/)7F =2 AEClAM Aol & olE
25~30vte & HFSAT 29 F A= Aol gl DTt Fhet
Feou Heolggeofo] Bx(04rtel/d)e ¥ AFe Bilen, Aol
glsof ol ko] Wol #EHAY. Huteol g HErE A" 120mEHA] &
b7k gujel dei7b ey Alzksl, Aukg el =A4Jo] =an, Aol
ofoll =Ado] 2 HFUACIES HE3 Ay dx 2dFo= Hutols
ool ”&=7b ol 20mbelelnar, Aeolgl ol dF 21vkE] oAk oF
A 2] 40‘5011% kol Goffop Aeole]&of D=7t Eopx7] Alztsto]
fAlA 2] 5 Fell= HeolgSofe] "E7F Hubo]lSof "MERU EolA
Aol -7t s8] WA = At

O

=

rN

120

100 -

—a— T. uticae
—0— P. persimilis

No. of individuals / lea
3

Fig. 8. Population of 7. urticae and P. persimilis in greenhouse after

the release of P. persimilis.
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As 2 N

W& (Harmonia axyridis)= 2001 59 ZE20)8ha 719
2 BoA] ajgate] Ay 2% 25~27°C, 357) 16L : 8D, AHE 50~60%

Aol A BolZ AR (Myzus persicae)= Hol&2 FulAlSslglon HLols
GES An FHoA A ste] gl ARSEEA Algdl] o] &5t

g A

2 ogel AgH AFAE ANTEAS ABAZA 552 47127, 4
Fo) Fubulo| B, 4%l e xze)=A, 250 Yoy mE ol A, 15
o frldaAE B 16F0W, ol5e Aww, AFW, AW, FEARD

2 FH 5% (ppm)E= Table 113 2t}

Table 11. Aphicides used in the study of selective toxicity

Trade name a Field rate
Common name . ai® (%)
formulation (ppm)

Organophosphates

Acephate Otran WP 50 500

Chlorpyrifos—methyl  Reldan EC 25 3125

Demeton S-methyl Metasystox EC 25 250

Fenthion Lebaycid EC 50 500

Phosphamidon Dimecron EC 50 500
Carbamates

Benfuracarb Oncol EC 30 300

Furathiocarb Deltanet EC 10 100

Methomyl Lannate WP 24.1 241

Pirimicarb Pirimo WP 25 162.5
Pyrethroids

Bifenthrin Talstar WP 2 20

Deltamethrin Decis EC 1 10

Fenvalerate Sumicidin EC 5 50

Lambda cyhalothrin Karate EC 1 10
Nicotinoids

Acetamiprid Mospiran WP 8 40

Imidacloprid Conidor WP 10 50
Organochloride

Endosulfan Malix EC 35 5775

® Active ingredient.
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Table 12. Selective toxicity of aphicides to adults of M. persicae and

H. axyridis
Avhicid Concentration % Mortality (Mean+SD)
phicide (ppm) M. persicae H. axyridis

Organophosphates

Acephate 500 100+0 94+3.3

Chlorpyrifos—methyl 3125 100+0 100+0

Demeton S-methyl 250 100+0 100+0

Fenthion 500 1000 100+0

Phosphamidon 500 100+0 100+0
Carbamates

Benfuracarb 300 100+0 100+0

Furathiocarb 100 100+0 100+0

Methomyl 241 100+0 100+0

Pirimicarb 162.5 100+0 0+0
Pyrethroids

Bifenthrin 20 100+0 87+8.5

Deltamethrin 10 100£0 83£4.6

Fenvalerate 50 100+0 20+7.9

Lambda cyhalothrin 10 100+0 95+2.4
Neonicotinoids

Acetamiprid 40 100+0 100+0

Imidacloprid 50 100+0 30+4.2
Organochloride

Endosulfan 5775 95+3.5 22.5+54
gy HAe Fgdy o] diaj A= acephate$t cyhalothrin® <& =4
2 vl oul, pirimicarb S e B4 Uehile] ¥ 49 Ax
oF AX5ATt. T3 Cho et al(1997) I Fod5d 2H3yi-F
S, AREATE A TG 85 A6 dF Qw54 v
well A alphamethrino] i o2 Aol bidste] szl &
7S AASITHCho et al, 1996). ¥ A gl o] Ao BFola Iyl
Al pirimicarbs} £ AEFA]l w2 FAE AHSToRA 59
A A of A WA L] 3R ]%Ol 7bsste] FARAS HAS B

4
5% & 9 Ao 44ac.
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Aad Z2S5AZ F3EAY BEEFZ S vX= 9F
T ds) de54S et 439 A5A F 30%clshe A

S YEld  endosulfan, fenvalerate, pirimicarb®] FH s == & F

971 2 Wy 7| FAAFAH S FAeE Ay Table 133 2oh

= O
=
=
=

9

Table 13. Toxicity of aphicides to different developmental stages of H.
axyridis

% Mortality (Mean+SD)
Aphicide Ist 2nd 3rd 4th

Eggs . ) ) i Pupae
mstars mstars mstars mstars

Endosulfan ~ 100+0  100+0 100£0 8972  62+11.2 0+0

Fenvalerate  100+0 85+11.2 67+94 54469 48+10.1 0+0
Pirimicarb ~ 13£4.8 0+0 00 0+0 0+0 0+0
Control 9+3.5 0+0 0+0 0+0 00 0+0

Pirimicarb+= ¢ell thalA 13%9] F-3tJAl&S& vebdo] tix+9 9%}
23k =55 Yepligleh B3 59 25 g7l st 0% 2452
5 yERgo] obFd JFS vwAA @FAUrt. 22} endosulfan¥t
fenvaleratex= ¢l thaliA 2+t 100%2] FstelAlE detiidleo, fZ©
ZF g7l giaiA 48~100%<] AF&S UEUATE AAEF o] 5o
2 AFAe AgEAd #I AF=, Cho et al (1996)¢] AHu| A<l
azocyclotin, pyridaben< FE @ el &3 FFo A 54 HEFU A
S W, Mizell¥dt  Schiffhaure(1990)= I H Y& (Caryva
illinoensis)®] 2l ERx2](Chrysoperla rufilabris)?} 23% 9] 3 ¢ko] Tj
sk el A ol tisfA] At A<l triphenyltin hydroxidae, benomyl, A
Z A9l endosulfan, phosalone, %l t3alA endosulfan, phosalone,
dicofol, lindane, fenvalerate, cypermethrin 28] 311 A&l s 2AytA| <l
triphenyltin ~ hydroxidae, gy ARo|=A A2 A0l fenvalerate,
cypermethrin 522 W&uAd uwel MelsmAdo 2o]7t AASS Hast
of Mel=gd Zhed7lel gk g3k @247t o] FojAof Ao AZET
2 A3 9] Ao A %= endosulfan¥} fenvalerate:= W H| 7|2} A Sl th3lx
2 548 e ey 43 f5ol disiAe 48~100%9 AFE&E =

4
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e =4 Uehule] 44 ol go

E 753kt
Fadg el ol da] AdesA

S Yerd 3% AV 3l AF
o] A&7l B e v 9IS R (Table 14), pirimicarb® %
Hyglo] A7) R Frol] Ao JS XA 2 ¥HAC] fenvalerate}

[e]
endosulfane =4 9GS nx= Aoz e

of it —

Table 14. Effects of aphicides on the preoviposition and longevity of H.
axyridis female adults

Aphicide Preoviposition, day Longevity, day
Endosulfan 23.0%1.0 b 34.0+16.3 b
Fenvalerate 26.0£1.5 a 42.0+15.0 b
Pirimicarb 7.4+09 c 68.2+21.1 a

Control 6.9+0.8 c 76.0+156 a

¥ Means followed by the same letters are not significantly different

(p=0.05; Tukey’s studentized range test).

(<

stote] g F o Akeb o ApAd) Fehgo A vl s2gk AyE UER
(3% 15), pirimicarbA gl Atg&7F 187712 dlz=T-9 20571 <
H

ol
=

rr oS

2 39
fin)

2 A o] F3gol A% pirimicarb® 91% % thET-9
] 5 YER AT

o] 7 o

92% %}

-

e,
2= o~
o~ T

i3

Table 15. Effects of aphicides on the reproduction of Harmonia axyridis
adults

Aphicide No. eggs laid/ % Hatchability (%)
Endosulfan 2.3+15 ¢” 0+0 b
Fenvalerate 60.0£16.8 b 42.3+187 b
Pirimicarb 187.0+40.5 a 91.0£3.0 a

Control 205.0£12.5 a 92.0£2.5 a

¥ Means followed by the same letters are not significantly different

(p=0.05; Tukey's studentized range test).
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a3} fenvalerateo] A @@ A Fo] et F38L2 pirimicarb$} H]
st B o 50%° %= " A A %3519 2, endosulfane] A ElEH AdF<9] 7
AR s Wt 23702 58] AJa F3EE 0%E WER AT A
FAZE AAFGEA Y A v = Gl #g AFERIE A9 gl
H T2 HAHo #3 AFAFNES AyEU, F 5(1996)L buprofezin
o] 224 14 A Aol deio] 7 =okow,
o x| ALk (LD, LDy) 22 A el slS wf HF5H 4 AbaharE A2 -9
2ol 7F AR SS Haskdth T3 Zang & Sanderson(1990)2- abamectin
(OO8~16ppm)°] ”"‘“8 ofFell thal F-sAAEAE HERRA O, 24
A A exol ukolgof o] FFHAll 9l

10 o ml o K

3.(_1‘
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ro
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rlo
S o
X

o A AFe e
Atk ool AvE H4

7] A= slEel Asarr i,

549 Hrke 2 7]l dElA o] Fo] Aok gt} 2 A gl A pirimicarb
T BFolsdGE A A Fddge] HsdA, gAY, i 4
2| €] —‘?*‘ %Oﬂ oéﬁok% x| x| gFol, MGlE FHA YA o] <FA|<
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A5 d Fr FoA|F TAAA

Aul = AA 3t st shutolm AlAl F8 welgFo] FhdlolAd v
o %2 W Holth, YUl NE FastiFe A, w3 solv 1 &
ool Au) WAL 19900 d =9 159.0hacl A 200233 =] 771.0haz 5] A
E7b Srbe o, AAbRE 90de 1029 Hel A 024 el 1,6799 o=
169 Ax=7F S7bste 5 Are Q7I7F E&2 Frbskar ivk(02 3} A i
&3k 2003. 7). 28] AAH Qe 9, 1 EFEAL B3
SRR, SN, Ao ASAY, 2= YalFe 8] oFd gy 9l

e go WAZE ofE A FadEs BErt T mol A A

= =
= sl AE we] ofeldul, IFHE FE Buste] A
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n)
f
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i
o

o

i}

i

) Aol
Folg Wyt opel WAA W Il F3, FHYo] Hov] F2E T
He A4 23 A= A 5 A4dd e e 248 LT wEa
L 97) wEelth Ed masiFe Aol wu WAl 7]
el ¥ BAE AN AA FA Hn QA @k Fu A
hel W wob AXHFE 2AS A3} AitA 178, 434 27782 )
PR Gz BEsm QAW BT nadEe BolEm X g

A4 gelel wAse] WAE Fu g gutelgel, ErIFEAua,
M7bEolE FHOR B WAAAL FHsel 94X @] W], FRUD
oAl MEE okAlol U AFHEL AH AAL Yk B AFE gue
Fo AFA PuishFol, Aukolgol, EwgF ARl e YAAAS
Fstna FYsact

1. FHj7hF o] A A A

Fuj7bRols AAAA R EEH Qi VIFRHAAR o], AldAfA
o} 337 AAsNFolth. Thiamethoxam, pyriproxyfene 7)o
22 EA 79, AulE7tE acetamiprid, imidacloprid, thiamethoxam¢] #

@4 oL, Aol TEE AFAdd td gujrhRe]l 54 Wlal, b

)
o
[
o
2,
o ©

21 acetamiprid, imidacloprid, thiamethoxam, pyriproxyfen¥}
Agepaolm Fujsholdw $5¢ AT wolt ofutd

A= LI
g A EE s g or Mo mE WAlsle ¥ gArkE ekl
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7}. Pyriproxyfen¥ thiamethoxam<] & 3}

Huf7bFole]  dEeFAQl  pyriproxyfens 2% fFFEER A
(Juvenile hormone analog)®] W= g}3tEoltt 239 T8 HAZ=H
S gis 2y fosadelet 3 & e, pyriproxyfend XA 2%
o) FAAR B2EAT wANPoRA 2 web ozt

A o] At E 72haAxZ Bk o)
A9l A5S AFsts Aoz delAd At (Glancey et al., 1990).
Thiamethoxam-< nicotine¥} {+AFg+ H4S il 9low -S7|E ztal
& thianicotinylAl 9] WU ZEo|=A| AZAZH (Ayyappath et al.,
2000), dutx o g YaE [FAAQ YUAE o] =AEL
Ao AAALEZQ nicotinic acetylcholine®] &4 (nAChR)Z il
A 7= 22712zt ot (Bai et al., 1991). Horowitz et al. (1998)
2 pyriproxyfen A 3A  @HEl7FFo]  WAE 98] acetamiprid<}
imidacloprid®& 2 &3 2 A3} o318 AFAAAE LCsoatEtt 2+2h 3.0,
1.99) A yelyg WA e S AASH R skt AAA oz ezt
Folol Ja @ Aol A A Ha FolE Eetal oA kA # A
Tl FElgh BAAATE FHE] A e Aottt mabA,
= pyriproxyfen®} thiamethoxam® Bej7}Folo] tdt 22 EAS ?L‘I‘ kil
o mH FufrhFol o] WA o] V| xARE &&staAt FPsith

. ]
TF R TxAA

s R B

NEgZF

Gl 7+ o] (B. tabaci biotype B)& 1998\ XA Aw] Afulf x| o A =]
Ak A A ofadAEd (30x30x30cm)el ERE (FA)E 71T
2 AFsEA oAbkl Aol AREstRl o) AuAbs S 2
% 25~27C, AdlF%E 50~60, 71 16L : 8DE Al et
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Table 1. Insecticides used in this study

.. ALY (%) & Recommended
Insecticide .
Formulation conc. (ppm)
Pyriproxyfen 10 EC 100
Thiamethoxam 10 WG 50

¥ Active ingredient.

) ;
2 &4 ofdle] 3027 AA F PHAAEL TaAh FF A
Sl 7}Rol 7} 380] B Aw F 1% Aol okolo] 3027 WA F $5he]
Age FaAT AFol dAAE EvE GRS oo X, $AF F
%3 ) 4%5F olaUASAE (10xHIsem)el B3 39 AT Fol
HFES I 7 ol FABES o), 4N SNF BE o
2 Astel HFEL PG, 2 AP BF IBow HAtgt

A d A= G

Pyriproxyfen¥} thiamethoxam< ol 770l o] Wd 7] @A o} XA AF
% (0.1, 10ppm)e.Z At 5 33t JFo2Hy A7), - FARY
g, akdg 2 AbedE o] B8-S e o - 3 AN S 95y
ol ALANS Y (010xH15cm)ol €o] FReom F7o] WA F= A
N2 FAL Yol Foh RE AFPLS 3ukE o7 AA &gt
AFo|g &3

AU Folg gy} W Folgddoz o] AAg o, JdudF
oA AlHL WA v|FAE] & Qo oFdS 30x37F H AL, 244]
b A Fo kA ElE AL AAZ F oFdo] A E A ke Qo] Tl
7hRolE AEFSn HATES TN Bl Foldd Alge 7+ s
XE (7.0xH65cm) & 10mA #F3ta 24743 & @uj7tFolE HE s
o AFES Tt BE AFe 3oz et
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F 5 55 Ay EviE RS 7 ofdo Hxstm 22 w3
FTHA AHE F 1, 3, 7, 99 Fo| pyriproxyfen ol dldfA
thiamethoxam-2 A & tlgle] AF5ES F3A. BE AFS 35O

1) &SaAd A A
Pyriproxyfen¥} thiamethoxam<e] wuj7}Fo] SaA = & <FF (3
Ao g A=aA4 A4S Table 29 UE AT Pyriproxyfen<
=2 AFaHE Hedd oy Sl dsides 237 3%
% (100ppm)oll Al &} ofFo] g 552 7H7) 945, 86.8%
Roem Aol e 37.9%9 *Ee AdFES WEUWSIT Horowitz

o
al. (1999)8 pyriproxyfeno] @Hj7}Fo] o] R = AAste= &7t

::], Ml
o

o

K3

el s 11.3%2 &97F ik e ai GAMAlE 23 corpora
allataol A o] #3229 A} ALAd FrFs= 95 Adlste
Aoz d#A Jdtt(Devine et al., 1999). =3 F Al oA pyriproxyfen

AlA 7H wol s FH s

doll do] ke A
7F A sE dEE nAChRA = 93 X m3d Aoz A4Hy ofF
W AETor AAsbaA A4 Ae wdst A nAChRel wigk A&7t
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Table 2. Insecticidal activities of pyriproxyfen and thiamethoxam to

different stages of B. tabaci

Conc. Mortality (%) Mean+SD
(ppm) Egg® Nymph"” Adult”
100 945221 a¥ 86.8t3.2 a 37965 ¢
Pyrproxyfen 50 85.7+5.6 b 729+6.3 ab 24.2+6.3 cd
25 79.6£1.7 b 65.6+13.6 b 16.8+3.9 de
50 11.3+15 ¢ 90.1+1.3 a 100£0.0 a
Thiamethoxam 25 6.1+1.4 cd 90.8+1.7 a 96.8+2.8 a

125 3.8+04 d 63.7£105 b 75.449.0 b
Control - 2612 d 7224 ¢ 53+32 e

Insecticide

YEgg-hatch  suppression (sample size, 30~50 eggs/replicate, 3
replicates/treatment).

b)Emergence suppression (sample size, 120~250 nymphs/replicate, 3
replicates/treatment).

C)Mortality at 3rd day after treatment of the insecticide (sample size, 5
0~80adults/replicate, 3 replicates/treatment).

YMeans followed by the same letters are not significantly different
(P=0.05; Tukey's studentized range test [SAS Institute, 1994]).

2) AAHA BX e FF
Table 3& Hj7}Folo] thale] pyriproxyfen® thiamethoxam®] o}x]ALs
(0.1, 10ppm)7F WA= Gakell tigk A FAAE el slojnh F oAl &
oAl A gld HHZ|ZRE 3kg A5 ARk v]ds FEs wAA 4%k

Z

d

aEy AF Y bEsE FAET v B oo dA3 A
A+=dl, 10ppmoll A pyriproxyfen®] 4% AdAAFTe F9 = b7}
Z; 71, 95% A8} 2™, thiamethoxame A+ 57, 90% 438t}

2 d17] A A FAW=

FAIZF ¢35t T ABAGNE dFE vAA Goket seHE A

o] =g G@FAIIIL o7 J3 AdEFE A AT A2 fAE

=28l 71918ty pyriproxyfen®] 45w gl sl Zart gle
]

A= By B APNAE 435S BEAALY olE By

1& 1o ofy o o N ok a0 i

- 137 -



AAE A7k Basth AgE oo Fagol 9 WAX AU A
o opalEe] ME FA U AYHA o & FHAIG] dartA A
[e]

21544 Aoz AzEh
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LA
X

o

Table 3. Sublethal effect of pyriproxyfen and thiamethoxam on B. tabaci

. . Longevity (days) Egg
Preovipostion + Eggs B
Insecticide (CO C'> period (days) Mean+5D laid/$ Vla(llo)/ll)lty
PPV N ean+SD 2 2 Mean+SD MearfiSD
10 4.1+0.6a" 47+14b  35%l.1c  0.7+0.5d 89.2+7.3a
Pyriproxyfen

0.1 3.4£0.7a 76+28b 7.1+1.8b 39+22cd 90.6£3.6a

10 3.310.5a 6.9£1.5b 6.1#2.0bc 9.1#43bc  91.2%#2.2a

Thiamethoxam 0.1 3.240.4a 129+3.1a 10.7+2.6a 14.3t52b  92.4%1.0a
Control - 2.5%0.5a 16.2£2.4a 13.9+19a 87.8+243a 94.5%4.5a

“Means followed by the same letters are not significantly different
(P=0.05; Tukey's studentized range test [SAS Institute, 1994]).

3 A Fol W3 pyriproxyfen®} thiamethoxam®] %5 o]

3 EI= Fig. 1o el L.

FF 3 AFol| e A pyriproxyfend T3] 4w 2 B FolgY
295 Ve WA thiamethoxam< FARFol P> FUHAHEE YER
RNov g R Folda s vEhol ofF ATl disid A7
872, 926%¢] AFES YEUATH voY | AFAlEel T

olglgylo] alAE BE Byt HogdE=dWNauen et al, 1999;
Horowitz et al, 1998), Horowitz et al (1998)& <9 SiWol acetamiprid
¢} imidaclopridE A #|stal ofAFEel S JF3 A3 AZFol g
FdFEol 47 99, 8% AL ston, EYAY S AT FAAY F
297l AFEol Az 76, 0%t Hisfrh. 2 AlFe] AR
thiamethoxam™®= W QU E]o] =7 3Ean EH A3 =
g Bl ol e RE EGUAet & AjEo] da s Fi &

FHo] AR zAoE oAFoRA B8 e Ao Azun, o
[e]

>
k
I
rlo
N
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Fig. 1. Systemic effect of pyriproxyfen and thiamethoxam on nymph

and adult of Bemisia tabaci.

4) FraA
Fig. 2= pyriproxyfen®} thiamethoxame] Suj7FFolo] thst zkaAd
Aot} pyriproxyfene SFAlA 2] & 3UAFEH AFE

S B o thiamethoxam= °FA| A gl & 7LA7F=] 90% o]/de] A&
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Fig. 2. Residual effect of two insecticides on egg (pyriproxyfen) and

adult (thiamethoxam) of Bemisia tabaci.
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Fig. 3. Control efficacy of two insecticides on Bemisia tabaci.
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4T s (%)

3= Al . -
& FFGBH) A F
o}ulul €l -7 100 81.9 98.6
W El &7 100 95.2 100
B T] &+ 3] 2] 54 33.3 94.6 100
7 ato]-g-of

A~ Iy 58k A 15.1 22.2 95.5
Z R 52 AA 100 86.7 62.5
vl #H v A o] E kAl 125 119 25.8
. 2y Aol E e dEskAl 100 11.7 100

e R
o}l €l 9% 100 81.9 98.6
7k A ) Far |z o Egl=(3]0]2) 100 88.6 100
opu} ) €l - A 100 81.9 98.6
X] o} | B2} 0] A} 4= 5} 7 100 86.9 100
oF 5}~ 2] 94 91.3 714 100
A 2 G A 16.2 92.0 98.3
B T] &+ 3] 2] 394 33.3 94.6 100

A A=
g gl + 3 2 3-8 87.5 62.1 100
ol Al E 54 25 6.2 89.2
of] 2~ 3 ake] g o] E &4 135 85.2 26.5
A EFH F- A 31.1 29.9 71.4
of| 2~ 3ulke] | o] E+ v 38.3 43.8 69.9
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A5
du o] gGujrtRolE aH o2 WA S
s 7kEe didom dulrhFo], ulo]g-of
A SlaL, 1 F 3 TS
gm) dako]g-off o
|91 imidacloprid, acetamiprid, pyriproxyfen, thiametoxam
TAHEE o] A& okA o] ZJHLO]*C"‘)HQ} Hul 7HFol ol -
emamectin benzoates 7ES UG oE 7d 4 53 &
7]1_13 Ho ] /\1/\] 1201 ;q nh:z/q‘e N/\]gl_
AEE AT 5). 7Tl & %‘{}E&Oﬂlﬂ %%(7\]@3}
ks Lﬂl‘i‘ AW} Fgol A AF G 594 2523 AT (HH G558 57 T
S AL /DS 2ASRA AL, S o] Ef(8x12cm) ’;‘rﬂﬂﬂ—r
A Tl AAsto] zAFSFA T

=N oi“i 2
4>

‘r‘—‘

5. F7Hd Al AAAE oA (20029)

T i AE7HA =) BE7de])  CarHAlE =)
12 9HAI (3. 27) imidacloprid imidacloprid imidacloprid
22k A4, 3) milbemectin milbemectin milbemectin
32 WA (4. 10) acetamiprid e&iﬁgggn acetamiprid
Azt A (4. 17) - thiametoxam abamectin
52 WA (4. 24) - - pyriproxyfen
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43 3% 1@

1. &ZA AAAEA o A8

37} 25 12 WA= imidacloprid, 2% WA= milbemecting A ¥E s}
ALk A Frhe gHizbFo] Wmrh 23 WAl T A #EE A kA
o b2 ol A 32 WAlZ GujrFFole] HEoFAlQl acetamipridg AFE S}
Ak 1 A GujrtFolzh Aol Edd A PE A Forh B w7
Huj7ERol el AEl A Wi wekar, Hulo]lFof ek A-gofrt AlEte] 3
2} WA emamectin benzoateE ¥ 3, 42 WAY] thiametoxam<

=
rEakgch AslS Bk wZbRel Wb b shulskRold S48

oo
ko

o ¥

ES
k&S H ol acetamiprid, abamectin, pyriproxyfens 3z ®HA), 42 "hA|,
5xF WAl SFA| 2 AFESIG o, Elgh WA 7F o] Fo R ] gk kTt
300 RS IXEA 2XHEHR 3XE A 4% EHR 5+ Rl
250 OoloICH2222c -2y HE - OtMEIDI 22 =(38 %Al)

EOIOIES2EaC - MM E - QOFE M0l S — XI OFH B & (48 2 AI)
w2 1 HOIOICHEEZAIC - UHISE - OMEIIZ2IS - OlHIEl - RIZSAH
w| (531 2
T 150 t
o
500 |

50 |
. ‘ N I— —_ ,
el ® 1XH A = 22X H = 3XHEHRI = AT H = 5X Y Rl %
ZAAIDI

a9 4 gl zhRole]l e ofAA e d - & F=W3kE F7h.

% 6) HAAY F Gz Egel A FulzhFe] Wmmal

o)A FAGA F whuf7hEo] WA 7H%)
A AEE

GRS A 50
(RKED (omgzex 2T A ggue A A Ggamey
oo ) wel #
= ey T epma) P
384 6.9 2.3 0 - -
129.0 54.1 21.6 4.2 0 -
688.8 102.3 29.6 11.6 3.6 0.7
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