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Relative Toxicity of Abamectin to the Predatory Mite
Amblyseius womersleyi Schicha! (Acari: Phytoseiidae)
and Twospotted Spider Mite Tetranychus urticae
Koch (Acari: Tetranychidae)
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ABSTRACT The relative toxicity of abamectin was assessed to the predatory mite Amblyseius womersleyi Schicha
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and to dicofolresistant and -susceptible twospotted spider mite (TSM} Tetranychus uriicee Koch
in the labotatory. Abamectin was much less toxic to the predator than to the spider mite. At 0.12
and 06 ppm, all TSM adult females of the two strains were killed within 48 h after dipping in
the solutions. The lower concentrations (0.06 and (0.012 ppm) killed more than 77% of TSM female
adults of the two strans at 120 h after treatment. However, abameciin did not significantly affect
the survival and mobility of A. womersleyi female adults at a concentration of .12 ppm but the
mortality was slightly increased up to 20~23% at 0.6 and 6 ppm. Abamectin did not significantly
affect hatchability of one-day old TSM eggs at 0.06~0.6 ppm. The Four-day old eggs were much
more susceptible to abamectin than one-day old eggs were. Within 0.006-6 ppm, abamectin did
not affect the hatchability of A womersleyi eggs and the development of resulting immature preda-
tors. When the predator female adults were dipped in 0.6 and 0.12 ppm solution, their reproduction
was not affected, but at 6 ppm 1t was decreased by 35% However, the reproduction of TSM reduced
significantly at concentrations between 0.006 and 0.6 ppm. The differential toxicity of abamectin
between TSM and the predator could be of prachcal importance in managing spider mite populations
in the field Abamecin at selective sublethal concentrations {ie, 0.012~006 ppm} could be of
value in adjusting predator/prey ratios in integrated management of spider mites

KEY WORDS Twospotted spider mite, A. womersfeyi, abamectin selectivity. integrated pest mana-
gement
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1 This specles was recently reassigned from A Jongispinosus in Korea by Ryu (1995).
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The most serigus pests of apple trees in Korea
include the twospotted spider mite (TSM), (Tetrany-
chus urticae Koch), peach fruit moth, (Carposing
niponensis Walsingham), apple leaf miner, (Phyilo-
norycter ringoniella (Matsumura)), and two species
of aphids (Lee et al. 1985, 1994), Most farmers
rely almost exclusively on pesticides to control these
pests {(Ryu et al. 1993} TSM has become resistant
to varous acaricides in Korea, including benzoxi-
mate, dicofol, cyhexatin, and propargite (Lee et al.
1986, Park et ol. 1986), and has especially been
a serious problem in apple orchards where miticides
are sprayed in a calendar-based schedule {Lee et
al. 1994)

Because inlegrated pest management programs
that do not use chemicals have not vet been deve-
loped for apple pests, natural enemies of the spider
mites cannot escape from pesticide applications. In
the presence of chemical applications, biological co-
ntrol of the spider mites may be achieved by the
selective use of pesticides which are less toxic to
their natural enemies {Helyer 1985; Hoy 1985).

Amblyseius womersieyi Schicha is a predominant
predator of the spider mites in apple orchards in
Korea (Lee 1990). Based on field survey of insects,
mites, and their natural enemies in apple orchards
under different pesticide spray programs, Lee et ai
(1994) estimated that A. womeraleyi was less susce-
phible to pesticide applications than other phylosend
predators, and had some effect on the reduction
of TSM densily, because the seasonal occurrence
of this predator coincided with that of TSM.

Abamectin (avermectin By}, a natural product from
the scil microorganism  Streptomyces avenmutilis
(Burg), is toxic to 84 insect species in 10 orders,
most of which are of economic importance (Strong
& Brown 1987). Abamectin has promising characte-
ristics for use in integrated mite management One
is its intrinsle selectivty Laboratory studies of the
selectivity suggested that it was less toxic to Typhlo-
dromus occidentalis (Nesbitt) than to the prey T.
urticae and Panonychus ulmi (Koch) (Grafton-Card-
well & Hoy 1983; Hoy & Cave 1985; Zhang &
Sanderson 1990). The other is difficulties in develo-
ping resistance in spider mites. Hoy & Conley
{1987) were unable to detect resistance after 15
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selections of three colonies of T. pacificus McGregor
and two colonies of T urticue with abamectin. Ho-
wever, low resistance to abamectin (a 3.8-fold inc-
rease in LCso) was obtained after 20 selections of
T. occidentalis (Hoy & Ouyang 1989 Compared
with T. occidentahs and P. persimihs Athias-Henriot,
little is known about the selectivity of abamectin to
A womersleyi,

Here we repott the relative effects of different co-
ncentrations of abamectin on the survival and hat-
chability of both TSM and A, womersleyi, The effe-
cts of abamectin on reproduction and development
of the predator were also esvaluated.

MATERIALS AND METHODS

Colony Sources and Conditions

Two strains of TSM were onginated from a colony
of Korea Research Institute of Chemical Technology
{KRICT) in Octaber 1991. The susceptible strain has
been reared on kidney bean (Phaseclus vulgaris var.
humilis Alefeld) seedlings (3 wk after germination)
in the laboratory without exposure to any insecticide
since 1986, The female adults of the resistant strain,
when it was obtained from KERICT in 1991, was
471 tmes stronger in LCs; value to dicofol than
that of the susceptible one based on leaf disk me-
thods. Since then, the resistant strain has been sele-
cted by spraying 100 ppm dicofol solution to kidney
bean plants infested with TSM at 10-days intervals,
until they were used in this experiment in 1992
The predacious mite, A womersleyi, was ongmally
collected from weeds arcund apple ochards in 19
85, and has been maintained on pesticide-free kid-
ney bean leaves infested with TSM in the laboratory;.
All experiments were done at 22-27°C with 40-70%
relative humidity and a 16h:8h (light : dark) regime.

Serial dilutions of abamectin (not less than 80%
avermectin By, and not more than 20% avermectin
Bi) were prepared by dilutng 0.6% EC with distlled
water Kidney bean leaf disks infested with TSM or
A, womersleyi were dipped m an aqueocus solution
of each concenfration for 5 s, while the solutions
were being agitated. Mites of both prey and predator
that did not respond to touches by a fine camel's-
hair brush were considered to be dead. Mites that
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could walk to more than their body length when
stimulated were considered alive, mites that could
not walk but move their legs were the immobilized.
The number of mites drowned in the water-satura-
ted cellucotton was also counted.

Effect of Abamectin on Survival and Reproduc-
tion of TSM

The relative effects of abamectin on the survival
and mobility of adult females of TSM were assessed
in tests with 50 adult females (5 replicates with 10
mites per replication). TSM females were transferred
from the source colony to bean leaf disks (3 by
3 cm) with an aid of a fine camel's-hair brush, The
bean leal disks infested with mites were dipped in
distilled water or aqueous solutions of abamectin
for 5 s, allowed to dry for 90-120 m, and placed
bottom-side up on moist cellucottons n petri dishes
{2.2 by 88 cm). The number of adults on leaf disks
were then counted because a few mites disappeared
after dipping. The drowned adults in saturated cellu-
cotton throughout experiment were deducted from
the number of tested adults, TSM adults were tested
at concentrations of 0, G.0012, 0.006, (0.012, 0.06,
0.12, and 0.6 ppm. The survival, mobility and repro-
duction were evaluated at 24, 48, 72, and 120 h
after treatment.

Effect of Abamectin on Hatchability of TSM
eggs

To assess the hatchability of TSM eggs of suscep-
tible and resistant strains, ten adult females were
placed on a leaf disk (3 by 3 cm) for 24 h to allow
oviposition, and then all of the adults were elimina-
ted from the disks. The leaf disks with eggs were
dwided nto two groups. Disks of one group were
dipped in abamectin solutions at one day after ovi-
position at concentrations of 0, 0.006, 0.012, 0.06,
012, 0.6, and 6 ppm, and those of the other group
were dipped in abamectin at 4 days after oviposition
at 0, 0006, 006, 012, and 06 ppm. Leaf disks
were treated with abamectin in the same manner
as it was for the adult females. Larvae and egg shells
were counted daily
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Effect of Abamectin on Survival and Reproduc-
tion of A. womersleyi

The effect of abamectin on adult female A. wo-
mersleyi was assessed in the same way as it was
for TSM adults, with concentrations of 0, 0,12, 0.6,
and 6 ppm. The bean leaf disks were infested with
predators {4 replicates with 10 adult females per
replication), dipped in each concentration of abame-
ctin solution for 5 s, and then allowed to dry until
the solution on disks disappeared completely. Those
leaf disks were placed bottom-side up on water-sa-
turated cellucottons in petri dishes. A number of
fresh TSM adult females (more than 50) were supp-
lied daily to ensure an abundance of food. Survival
and reproduction were evaluated at 24, 48, and
72 h after treatment,

Effect of Leaf Residual of Abamectin on Deve-
lopment of A. womersleyi

Ten female adults of A. womersleyi per leaf disk
were transferred from the source colony, allowed
to deposit eggs for 24 h, and removed from the
disk. Ten eggs were left on each leaf disk and others
were removed. Leaf disks containing egas (five disks
per concentration) were dipped in abamectin solu-
tion of 0, 0.006, 0.06, and 6 ppm for 5 s, and
allowed to dry. Larvae emerging from the eggs were
counted daily. To assess the residual effect of aba-
mectin on survival and development of the subse-
quent life stages, larvae were allowed to develop
on the leaf disks on which they emerged until adul-
thaod.

Statistical Analysis

All data on hatchability, survival and egg produc-
tion at each time period from different concentra-
tions af abamectin in each experiment were subjec-
ted to analysis of variance (SAS Institute 1989).
Means were separated by Duncan’s {1955) multiple
range test or the least significant different (LSD) test
when the numbers of tested insects were different
among replicates. Data in the form of percentages
were transformed to arcsine of square root of perce-
ntage before they were used in analysis of varance.



Decernber 1995

A ttest was used when only two treatrments were
compared. The significance level for all statistical
analysis was P=0.05,

RESULTS AND DISCUSSION

Effects of Abamectin on Survival and Reprodu-
ction of TSM

Leaf disks dipped In abamectin at concentrations
more than 0.012 ppm (note that abamectin [1.8%
EC] is registered for the control of TSM, European
red mite, and aphid species on apple trees at 6
ppm in Korea) significantly affected the survival of
dicofol-resistant and -susceptible TSM {Table 1}. T.
urticae fermnales responded rapidly to abamectin. At
24 h after treatment, most adults (>85.7%) died
at the highest concentrations of 0.06, 0.12, 0.6 ppm
in both stramns, and almost all survivals were Immo-
bilized. This type of fast response to abamectin was
also reported by Grafton-Cardwell & Hoy (1983}
for T. urticae and P. wimi. At 120 h after treatment,
mortalities were more than 84% in dicofol-suscepti-
ble strain at concentrations between 0.006 and 0.6
ppm, and were more than 77% m dicofolresistant
strain between 0.012 and 0.6 ppm (Table 1). Gene-
rally speaking. TSM mortality increased with increa-
sing abamectin concentrations, especially at lowest
concentrations. The dicofol-resistant strain had signi-
ficantly lower mortality than the susceptible strain
(F=26.39, df=1, 56. P<0.001}. Preliminary bioas-
say showed that the dicofol-resistant strain was 471
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times as strong as the susceptible in dicofol resista-
nce. However, LCsp value calculated with the morta-
lity data of 48 h to abamectin (POLO program; Ru-
ssell et al. 1977) was 0.009 ppm in the dicofol-sus-
ceptible strain, and was less than 0.06 ppm m the
dicofol resistant strain (resistance ratio<10 times).
According to this, t may be said that abamectin
has no cross-resistance to dicofal Kim et al {1994)
also reported the same result using laboratory-selec-
ted dicofol-resistant TSM strain

The number of eggs laid showed a similar pattern
with the number of surviving adults in abamectin
treatrment. The number of eggs per TSM female per
day was reduced with increasing abamectin concen-
tration, especially at above 0.006 ppm, in both st-
rains (Table 2} There was [ittle difference in the
number of eggs deposited between strains. Twospot-
ted spider mites at both strains produced less than
28.8% as many equs as did control females at above
0.006 ppm, whereas they produced above 94.5%
as many at 0.0012 ppm (Table 2). Abamectin did
not affect the hatch and development of 1-day old
TSM eggs at 0.006 to 0.6 ppm, but these parame-
ters slightly decreased to 79.2% at 6 ppm, althaugh
analysis of variance did not show significant differe-
nces between treatments (Table 3). El-Banhawy &
Anderson (1985) reported similar results that aba-
mectin showed little toxic effect on the egg stage
(24 h old) at 16 and 24°C at concentrations as
high as 50 ppm The hatch of 4-day old eggs were,
however, affected by dipping in abamectin solutions

Table 1. Survival of adult females of dicofol-susceptible and -resistant T. urticae on bean leaf disks dipped
in abamectin solution

Conc Dhcofol-susceptible strain Dicofol-resistant strain

(ppm})?! 24 h 48 h 72 h 120 h 24 h 48 h 72 h 120 h
0.6 100a" 100a 100a 100a 100a 100a 100a 100a
012 100a 100a 100a 100a 27.8b 100a 100a 100a
006 90.0a 96.0a 100a 100a 85.7b 93.9a 939 100a
0.012 4176 68.8b 75.0b 89 6a 21c 12.5b 375h 77.1b
0.006 0.0c 36.0¢ 44.0c 84 0b 65c 1096 239%6c 565¢
0.001.2 20c 20d 20d — 42c 63b 125bc -
00 20c 2.0d 6.0d 6.0¢ 0.0¢ 22b 22 10.59¢

1: At each concentration, 37-50 female adults were tested with five replications.
2. In each column, means followed by the same letter are not significantly different (Least Significant Difference

Test at P=0.05},
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Table 2. Reproduction (No. eggs/female/day) of T. urticae adult female on bean leaf disks dipped in abamectin

solution

Conc. Dicofol-susceptible strain Dicofol-resistant strain

{ppm) Ist 2nd 3rd 4th Ave, Ist 2nd 3rd 41h Ave,
056 08 —a - - 08 02 — — — 0.2
012 1.0 - — — 1.0 04 - - - 0.4

006 15 1.0 - - 1.3 1.3 - — — 13

0012 20 04 - — 1.2 1.7 14 05 - 12

0.006 28 0.7 0.1 — 12 19 20 1.1 04 14

0.0012 54 4.7 45 ! 19 54 449 50 ! 51

0.0 42 53 5.6 55 51 29 36 53 83 50

a. No eggs were obtained because all TSM females died.
I: No cbservation.

Table 3. Haichability of one-day old eggs of T. urticae on bean leaf disks dipped in abamectin solution

Conc. No., of eggs Cumulative hatchability (%) after Eagg penod®
(ppm) tested 10 11 12 13 (days) {days)
60 64 571 778 778 79.2 10.3
0.6 79 521 90 925 925 105
012 81 746 921 921 921 102
0.06 80 850 913 913 91.3 101
0012 79 734 96.2 974 974 103
0006 73 84.8 G974 974 974 101
0.0 80 550 86.3 863 975 10.6
F value 349 246 169 139

P(df=6, 20} 0.02 0.24 0.18 0.13

a: Egg perinds of all individuals were averaged

Table 4. Hatchability of 4-day old eggs of T. urticae on bean leaf disks dipped in abamectin solution

Cone No. of eggs Cumulative hatchability (%) after Ega period”
{ppm) tested 8 10 11 12 13 {days} (days)
06 75 417 50.0 500 538 538 83
012 80 613 65.0 650 650 65.0 31
0.06 77 704 781 84.8 348 873 8.4
0.006 58 h26 817 835 835 835 B8

0.0 53 55.6 376 876 876 876 87

F value 1.31 193 2.28 176 1.76

P{di=6. 20) 0.32 0.17 012 0.20 0.20

a Fgg pencds of all individuals were averaged.

(Table 4) Their hatchabilities were lower than those  to abamectin increased gradually up to 96 h and
of 1-day old eggs were at any concentrations tested  then dropped to 39% at 120 h when eqgs of vary-
(F=5.92, df=4, 15, P<0.002). El-Banhawy & An- ing stages were dipped in 50 ppm The permeability
derson (1985) said that susceptibility of TSM eggzs  of the egg chorion to abamectin may change over
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Table 5. Susceptibility of adult females of A. womer-
sleyi to abamectin on dipped bean leaf disks
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Table 6. Reproduction of adult female A. womersieyi
on bean leaf disks dipped in abamectin solution

Cumulative mortality (%)

Conc'! (% absent from leaf disk) after
{ppm) 24 48 72 {hrs)
6.0 0 0(22 5)a® 5.0{(225)a  20.0(27 b)ab
0.6 7.5(10.0)a 1001502 225(20.0)
012 0.0(17.5)a 25(17.5)a 7.5(20.0)bc
ao 0.0( 0.0a 0.0( 0.0a 00( 25)c

1: Number of adult females was 40 for each treatment,
2: In each column. means followed by the same letter
are not significantly different (Duncan’s multiple range
test at P=0.05)

time, allowing the compound to penetrate and kill
more easily at ca 96 h (El-Banhawy & Anderson
1985). The mite embiyo is not affected before the
nervous system is developed, because abamectin in-
terrupts nervous transmission of the neuromuscular
junction (Mellin et al. 1983). However the cause
of differential susceptibility of TSM eggs at different
stages to abamectin has not yet been understood
clearly. Further research is required on the ovicidal
activity of this chemical.

Effect of Abamectin on Survival and Reproduc-
tion of A. womersleyi

At 24 h and 48 h, abamectin had no effect on
the survival of A, womersleyi (Table 5). At 72 h,
however, survival rates at 0.6 and 6 ppm were signi-
ficantly lower than those at other doses. However,
mottality was very low as below 225% (Table &),
compared with those of TSM adults at the same
concentrations (Table 1). At the concentrations tes-
ted, 20-27.5% of A womerslevi females escaped
from the disks. [t is possible that those females will
survive and produce the next generation if they
could find fresh leaves, as in the case of T. occiden-
tafis which has ability to deposit eggs when remaved
from abamectin residues {Grafton-Cardwell & Hoy
1983). Daily oviposition of female predators was not
affected at 0.6 and 0.12 ppm, but it was slightly
reduced at 6 ppm (Table 6) Other comparative stu-
dies of abamectin toxicity to acarine predator and
prey showed similar resuits (Grafton-Cardwell & Hoy

Caonc No eggs/female/day

(ppm) 1st Znd 3rd day
6.0 077k 081b 1896
0.4 0.95b 1 35ab 2.45ab
012 149 1 48ab 2.88a
Q.0 1 88a 2.08a 291a

1: In each column, means followed by the same lefter
are not signihcantly different (Duncan’s multiple range
test at P=0.005)

1983, Hoy & Cave 1985, El-Banhawy & ElBa-
goury 1985, Zhang & Sanderson 1990). Grafton-
Cardwell & Hoy (1983) said that abamechn was
less toxic 1o T. occidentalis than to the spider mites,
but few adult females survived and produced fewer
egas at the proposed field rates (4, 8 and 16 ppmy}.
P. persimilis was not affected in survval or mobility
of adult females, even though their reproduction was
reduced at these concentrations (Zhang & Sander-
son 1990) Although reproduction declmed slightly
at & ppm, there were no difference between 0.6,
D12 ppm and control treatment. These results sug-
gest that a common response of the above three
predator species to abamectin 1s reduced reproduc-
tlon at high concentrations

Effect of Leaf Residue of Abamectin on Develo-
pment of A. womersleyi

Abamectin solutions did not affect the hatch of
A, womersleyl egos at any concentration tested (Ta-
ble 7) In addition, abamectin residues on leaf disks
did nol affect the immature development of this
predator (Table 7). Almost all voung larvae survived
to adulthood at all concentrations tested.

Our laboratory studies indicate that abamectin is
much less toxic to the predator, A. womersleyi than
to its prey, T urticoe. Within 0-6 ppm, abamectin
did not affect the hatch of A womersiey: (Table
7). The larvae of A womersieyi that emerged from
eggs dipped in abamectin solution developed nor-
mally on leaf disks treated with 0.006 to 6 ppm.
More than 92% of the larvae developed to adul-
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Table 7. Egg-to-adult survival and development of A. womersieyi on bean leaf disks dipped in abamectin

solution
Cong, No of eggs Hatchability Egg perod Active adult Developmental periad
(ppm) tested (%) {days) %) (egg to adult (days))
6.0 50 100 214 980 5.00
0.6 50 100 216 920 4.89
006 50 100 228 98.0 5.00
0006 50 100 230 100 5.00
0.0 50 100 212 100 508

thood and developmental time of immature stages
was not influenced af any concentrations. Similar
results were reported for other predacious mites, T,
occidentalis (Grafton-Cardwell & Hoy 1983) and
P. persimilis (Zhang & Sanderson 1990) at (-16
ppm. P. persimilis larvae also developed normally
at 1 and 4 ppm of abamectin solution and there
was no difference in developmental period of imma-
ture stages at any concentration (Zhang & Sander-
son 1990} All of the newly hatched larvae of T.
occidentalis matured into adults and deposited eggs
at 0.001-0.1 ppm. At higher concentrations (4, 8,
and 16 ppm), however, all of the larvae quickly be-
came immabllized and died (Grafton-Cardwell &
Hoy 1983). This fact indicates that larvae of A, wo-
mersleyi can alsa be affected by residues at concen-
trations of abamectin higher than 6 ppm.

QOur results demonstrate that because abamectin
appears much more toxic to twospotted spider mites
than A. womersleyr 1t could be used as a selective
acancide for conservation of this predacious mite.
At 0012 and 006 ppm {1/100 and 1/500 of field
rate, respectively), most of the decofol-resistant and
-susceptible TSM female adults died. However A.
womersleyi female adults showed very low mortality
(7.5%) and the reproduction was not reduced even
at 0.12 ppm. In the light of selectivity of abamectin,
this sublethal concentration (0012 or 0.06 ppm)
can be used as predator/prey regulating concentra-
fion in twospotted spider mite and A. womersley
systemn. Abamectin at such concentrations might be
used to adjust the predator/prey ratio by reducing
spider mite numbers while allowing predators to sux-
vive by feeding on surviving spider mites, most of
which are immobile and unable to cause plant in-

jury.

For longterm biological control and integrated
management of spider mite. we would like to conc-
lude that 0.06 or 0.012 ppm concentration of aba-
mectin which showed Llitle effect to predators,
should be used in future field trials. However, care
should be taken in translating results of laboratory
tests into predictions of field performance (Hoy &
Cave 1985, Hoy & Ouyang 1989), because labera-
tory-generated bioassay data alone may not be suffi-
cient to predict response of mites to acaricides in
the field (Park et al. 1986, Mable & Pree 1993).
It is also possible that egas of A womerslevi are
more susceptible to abamectin at higher temperatu-
res as was the case of TSM eggs (El-Banhawy &
Anderson 1985),
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