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Monitoring of Acaricide Resistance in Field-Collected Populations
of Tetranychus urticae (Acari: Tetranychidae) in Korea
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ABSTRACT Eight field-collected populations of lhe twe-spotted spider mutes. Tefranychus urticae (Koch) from

b
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apple orchards of different geographical areas were tested for resistance to seven acaricides by
leaf disk method in comparison with a susceptible sirain Marked regional variations of susceptibility
were observed. Only low to moderate resistance to azocyclotin. fenpropathrin, propargte. and abame-
ctin was obtained However, high resistance to dicofol, fenpyroxymate, and pyridaben by eight field-
collected populations was produced. Resistance to dicofol and fenpyroxymate was widespread, Al
of the strains tested were susceptible to one or more of the acaricides used. These results Indicate
that careful selection of the chemical used against any populaton of the two-spotted spider mute
might result in satisfactory cantrol.
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Apple is a major fruit crop in Korea where its
cultivation area 15 approximately 56,000 ha in 1993
and is of inereasing every vear due to its economic
importance (Anonymous 1993b). Among 312 spe-
cies of the insect and mite pests of apple, the most
important of which are two spider mite species (Tet-
ranychus urticae Koch and Panonychus ulmi Kochy,
spiraea aphid (Aphis citricola van der Goot), and
apple leaf miner (Phyllonorycter ringoniella Matsu-
mura) {Anonymous 1986, Anonymous 1989%a, Lee
1990),

Continued ar repeated use of insecticides or aca-
ncides on apple orchards for the past decades has
disrupted control of spider mite populations by na-
tural enemies and has led to outbreaks and resurge-
nces, and the development of widespread resistance
to acaricides or the acaricide groups (Lee & Yoo
1971, Lee et al 1986, Lee 1990). Although an
average of nearly 0.2 million (Al) kg of the 36 acari-
cides registered for use on apple for controlling spi-
der mites was used in Korea (Anonymous 1993a),
many of them have failed to provide adequate cont-
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rol of spider mites after 2~3 yr of use in the field
because of the development of acaricide resistance
mduced by intensive use of acaricides. Decreased
efficacy and increasingly adverse effects of the earlier
types of acaricide have brought about the need for
low application rates of selective acaricides or mana-
gement programs such as use of rotation of acarici-
des or mixtures of acancides for controlling spider
mites resistant to acarcides However, monrtoring
study on acaricide susceptibility to the two-spotted
spider mite has not been conducted systematically,
although it is major component of acaricide resista-
nce management especially for control of major pest
such as two-spotted spider mite.

In the laberatory study described herein, we assess
the effectiveness against the laboratory-reared and
field-collected populations of T wurticae of the com-

monly used acaricides in apple orchards in
Korea.
MATERIALS AND METHODS
Chemicals

Acaricides used in this study were as follows azo-
cyclotin 25% wettable powders (WP). pyridaben 20%
WP; propargite 30% WP, fenpyroximate 5% suspen-
sion concentrates (SC); fenpropathrin 5% emulsifia-
ble concentrates(EC); dicofol 42% EC; and abamec-
tin 0.6% EC Fenpyroximate was kindly supphed by
Nihon-Noyaku company. Japan. The other chemi-
cals were of commercial products.

Mites

A total of eight field colonies were collected from
apple orchards (eight collection sites) in Karea. Each
calony collected from the penphery of the canopy
at a height of 15~20m apple trees was brought
into the laboratory and reared for two or three ge-
nerations to ensure adequate numbers for testing
A susceptible strain, obtained in 1993 from Dr. N
Motoyama of Chiba University, Chibaken, Japan,
was used as the standard for companson. The mites
were reared on kidney bean {Phaseolus vulgaris var
humtlis Alefeld) seedlings (3 wk after germination)
in acylic cages (40 by 40 by 55 ¢m) as previously
reported (Ahn et a! 1993), and maintained at 25+
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1°C. 40~-60% RH, and a photoperiod of 16" 8 {L_:
D hr

Toxicity Test

The toxicty of the acaricides on adult mites was
determined by leaf-disk method as previcusly repor-
ted {Ahn et al. 1993), and each treatment was repl-
cated three times. Leaves of kidney bean (3 wk after
germination} were collected and disks (3 cm diame-
ter} were punctured from each leaf. Thuty T. urticae
female adults were transferred onto the untreated
leaf disk on cotton pad in Petrd dishes (5.5 by 2 cm)
and test chemicals were sprayed at the rate of 0.1
mi per leaf disk by hand sprayer Mortalities were
determined 48 hr after freatment, and LCs values
were calculated by Probit analysis (Finney 1971).
Mites were considered dead if appendages did not
move when prodded with a camels hair brush.
Treated samples were maintained at 25+ 1°C, 40~
60% RH, and a photoperiod of 16-8 (L:D} hr.

A resistance ratio (RR) was calculated according
to the formula RR=LCs; value of field-collected po-
pulation LCsp value of susceptible strain. RR values
of <10, 10~40, 40~~160 and >160 mdicate low,
moderate, high and very high resistance, respectively
{(Fukami et al 1983).

RESULTS

Baseline information on the susceptible strain
against several classes of acaricides. upon which the
RRs are based, 1s presented in Table 1. Fenpyroxi-
mate and abamectin were very effective on the fe-
male adults,

The results from azocyclotin is presented in Table
2. The Andong colony showed moderate resistance
(RR=11.1), The other field-collected colonies had
RRs<8, indicatng low resistance to this standard
organotin compound used for mite control

Toxicities of dicofal to the eight field colonies of
T urticae are shown in Table 3 High and moderate
resistance were observed m mites from Yeasan
(RR=82.3) and Nayu (RE=48.6), and Suwon (RR=
194). Kimje (RR=20.6), Chungiu (RR=2385) and
Andong (RR=38.3). However, the Yeongi colony
was more suscephble to dicofol than the susceptible



42 I S S 1 Y

Vol.34 No 1

Table 1. Toxicities of acaricides to the susceptible strain of Tetranychus urticae

Acaricide n Slope {+ SEM) LCso, ppm [Al] (95% FL)
Azocyclotin 181 155 (0.33) 14.33  (4.73-24.09)
Dicofol 139 561 (0.83) 2125 (1866-2323)
Fenpropathrin 108 3.03 (0.37) 1665 (14.23-18.90)
Fenpyroximate 268 0.830 (0.23) 053 (002-148)
Propargite 118 240 (051) 50.21 (22.16-71.84)
Pyridaben 181 174 (0.21} 4203 (33.30-50.53)
Abarnectin 244 1.17 (083) 003 {002. 0.04)

Table 2. Toxicities of azocyclotin to the field-collected populations of Tetranychus urticae

Collection site n Slope (+ SEM) LCeo, ppm [Al] (95% FL) RR°
Suwon 203 84 (042) 5150 (48.24-6051) 38
Yeasan 141 1?9 (031} 76.67 (62.23-93.23) 54
Naju 131 2.25 (0.28) 4732 {36.31-58 14) 33
Yeongi 115 2.89 (0A46) 3602 {27.39-4348) 25
Kimje 121 173 (0.18) 11084 (87 69-13758) 7.7
Chungju 107 1.94 (024} 4750 (34.92-5999) 3.3
Andong 149 224 (035) 15918 (11553-194.48) 111
Kunwi 88 090 (0.16) 3846 (255857 10) 27

®Resistance ratio, [.Cg value of feld-collected strain/LCsy value of susceptible strain.

Table 3. Toxicities of dicofol to the field-collected populations of Tetranychus urticae

Collection site n Slope (+ SEM) LCsy, ppm [AI] {(95% FL) RR"
Suwon 299 168 (0.23) 41166 (281 18-528.60) 194
Yeasan 144 274 (0.38) 174921 (1383.93-2055.21) 823
Naju 182 L.68 (0.18) 103355 (81659-1288.22) 486
Yeongi 107 1.34 {017 1457  {1051-19.10) 0.7
Kimje 122 158 (021) 43718 (289.16-584.89) 206
Chungju 116 262 {0.33) 81871 (715.19-951.22) 385
Andong 127 156 {0.18) 81428 (62039-103199) 383
Kunsw 122 105 {0.18) 64.20  (28.39-102.60) 30

“For explanation, see Table 2.

strain

Recently, resistance to pyrethroids released has
been studied. With fenpropathrin, RRs for seven
field-collected colonies except the Suwon colony ra-
nged from 3.4- to 14.0-fold {Table 4), indicating low
and moderate resistance. The Kunwi colony showed
no signs of resistance to fenpropathrin

The results from fenpyroximate are presented in
Table 5. Very high resistance was observed in the
Yeasan colony (182.1). The two with RRs 80-160
(high resistance) were from Kimje and Andong The

remainder had RRs <30 Clearly, resistance to fenp-
yroximate s prevalent in the two-spotted spider mite.

In tests with propargite (Table 6), the Andong co-
lony had BRs 39.4. Moderate resistance was obser-
ved in the Kirme colony. However. the Yeongi co-
lony was more susceptible to propargite than the
susceptible strain. No signs of resistance to propar-
gite was obtammed for the Kunwi colony The remai-
nder showed low resistance.

Results from tests with pyridaben showed increa-
sing levels of resistance (Table 7). High resistance
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Table 4. Toxicities of fenpropathrin to the feld-collected populations of Tetranychus urticae

43

Collection site n Slope (+ SEM) LCso, ppm [Al] (95% FL) RR
Suwon 173 1.79 (0.23) 2264 (18.10-2763) 14
Yeasan 91 1.21 (0.16) 151.15 (109.66-201.32) 91
Naju 99 1.80 (0.18) 56.73 (45.96-70.37) 34
Yeongl 95 .83 (0.15) 23355 (153.25-371.35) 14.0
Kimje 126 1.15 (0.16) 8302 {61.27-120.11) 50
Chungju 107 206 {0.20) 14771 (121.09-178.67) 89
Andong 105 143 {(0.17) 12579 (94.19-161.98) 7.6
Kunwi 108 182 (0.19) 3499 (23.00-43.09) 21

Table 5. Toxicities

of fenpyroximate to the field-collected populations of Tetranychus urticae

Collection site n Slope (+ SEM) LCro, ppom [Al] {95% FL) RR
Suwon 251 132 {0.20) 1891 (13.32.2412) 357
Yeasan 134 200 {0.35) 9650 (62.08-140.10) 1821
Naju 139 1.28 {018) 1583 (9.97-21.89) 299
Yeongi 104 197 {023) 935 (721-1158) 176
Kimje 107 098 (0.17) 47.10 (21.99-73.78) 889
Chungju 127 198 {0.20) 1601 (1296-1949) 302
Andong 98 1.83 (022 57.07 (46.72-69.63) 107.7
Kunwi 136 090 (0.20) 261 (0.31-6.27) 49

Table 6. Toxicities of propargite to the fieldcollected populations of Tetranychus urficae

Collection site n Slope {+ SEM) LCs, ppm [Al] (95% FL) RR
Suwon 383 076 (0.09) 1411 (6.85-23.56) 03
Yeasan 81 0.90 (0.16) 32727 (2126148018} 6.5
Naju 125 108 (0.17) 14249  (8395-204.16) 28
Yeonai 100 190 (0622 15618 (119.76-194 24) 3.1
Kimje 116 1.33 (0.20) 62156 (440.22-791,16) 124
Chungju 98 285 (0.36) 53765 (454.06-614 61) 10.7
Andong 131 1.29 (031) 167806 (1160.76-2606.06) 39.4
Kunwi 115 077 (0.10) 5560 (3084-8538) 11
Table 7. Toxicities of pyridaben to the field-collected populations of Tetranychus urticae
Collection site n Slope (£ SEM) LCs, ppm [Al] (95% FL) RR
Suwon 241 143 (0.22) 290.14 (160.18-420.14) 6.9
Yeasan 113 274 (0.33) 3255.70 (2851.34-3722.78) 775
Naju 174 118 {0.18) 41363 (28243-75154) 928
Yeongi 101 214 (0.26) 32698 (264.79-427.79) 7.8
Kimje 141 236 {034) 213369 (1731.55-2495.65) 508
Chungju 98 113 0.7 45630 (329.19-71098) 109
Andong 99 1.04 {0.16) 40219 (285.18-567.69) 9.6
Kunwi 92 1.60 (0.20) 25165 (17592-328.70) 60
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Table 8. Toxicities of abamectin to the field-collected populations of Tetranychus urticae

Collection site n Slope (£ 5EM) LCso, ppm [AIl (95% FL) RR
Yeasan 115 3.79 {©41) 029 (0.25-033) 9.7
Naju 179 1.56 (.33) 017  (0.09-0.22) 329
Yeongi 151 109 (0.18) 0.04  (0.02-0.06) 13
Kimje 138 263 0.29 030 (0.25-0.33) 103
Chungju 134 296 (0.27) 035 (0.31-0.39) 121
Andong 164 1.33 0.2h 006 (0.03-009) 2.1
Kunwi 177 077 014 0.01 (0.002-0.025) 03

{RRs=40~160) was observed in the Yeasan and
Kimje coleonies. The remainder had RRs <10.

Toxicities of abamectin to the eight field colonies
are presented in Table 8. Cross resistance was also
detected. The Kunwi colony was more susceptible
to abamectin than the susceptible strain The highest
RR was 121 in the Chungju colony. The remainder
had RRs <10, meaning low resistance.

DISCUSSION

A major objective of monitoring studies of the
kind reported here is to determine if any information
and pattems emerge from the data. In a labaratory
study with eight field-collected populations of T. ur-
ticae, marked regional varations of acaricide suscep-
tibility exist. Regional variations were not parhicular
to any specific sites due to the extensive and repea-
ted use of certain registered acaricides [{approxima-
tely five times a yeat). These results mdicate that
resistance mechanism(s) with different genetic or
biochemical nature might be nvolved in acaricide
susceptibility. Howewver, every field-collected mite
studied was susceptible to one or more of the acan-
cides examined. Therefore, careful selection of an
appropriate acaricide against any population of the
two-spotted spider mite might result in satisfactory
control.

Dicofol was intreduced in about 1960 m Korea.
Control failures by this campound in apples were
reported as early as 1968 (Lee 1969). Since then,
various acaricides or acancide groups have been
used to control T. urticae populations for over 20
yr. However, many of them have failed to provide
adequate control of T urticae after 2--3vyr of use

in the field {Anonymous 1992). In our study, deve-
lopment of resistance to various groups of acaricide
is a serious problem. High resistance to dicolol, fen-
pyroximate, and pyndaben by the eight field popula-
tions was produced. Resistance to dicofol and fenp-
yroximate was widespread although the latter has
been registered in Korea in 1992

Because of their excellent acaricidal activity, no
cross-resistance ta other groups of acaricide, and re-
lative nontaxicity to predators (Perugia et al. 1986,
Croft et al. 1987), organotin compounds have been
the mast widely used acaricide in Korea although
the use of cyhexatin has been prohibited since
1990 because of the hazard to human health (Ano-
nymous 19896}, In the present study, only low to
moderate resistance to azocyclotin was observed.
Fortunately, this chemical is cumrently used wadely
for mite control in Korea. Similar results were also
observed in fenpropathrin. propargite, and abamec-
tin, in spite of their short-term use.

In conclusion, management of field populations
of T. urticae of economic importance in apple or-
chards reguires a propetly timed and appropnate
acaricide treatment as well
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