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Resistance risk assessment and the cross-resistance of Grapholita molesta

to avermectin
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Abstract: [Objectivel Grapholita molesta is a major pest of many kinds of fruit crops in the world and
China. Due to its characteristics of boring, hiding and generations overlapping, G. molesta is difficult to
control. With the climate warming, and the change of cultivation mode and management technology in
pear orchards, the damage of G. molesta has been increasing year by year in several major fruit species
in China, including peaches, pears and apples. Currently, chemical pesticides are still one of the most ef-
fective measure to control G. molesta. Long-term frequent and non-standard use of pesticides has led to
a gradual decline in the effectiveness of chemical control to G. molesta, and G. molesta has developed
varying degrees of resistance to some pesticides in pear orchards. Avermectin, a high efficiency and low
toxicity pesticide used in pear orchards frequently, was used for 5-7 times in a year to control many
kinds of pests, such as G. molesta, Aphis citricola Van der Goot, Tetranychus viennensis Zacher, and so
on. Over the past 20 years, the application concentration of avermectin has increased by 40 times in

pear orchards due to its high dose and exceessive usage times. Studies on avermectin mainly focus on
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its toxicity, control efficacy, management and efficience in pear orchards. The change patterns of resis-
tance and sensitiveness were studied with lethal concentration of 50% of avermectin to G. molesta in
this paper. By studying the resistance and sensitivity changes, it is expected to obtain change patterns of
resistance, development speed, resistance heritability of G. molesta to avermectin, and its interaction re-
sistance with other pesticides that were also used in pear orchards, such as imidacloprid, chlorphenicol
benzamide, lambda-cyhalothrin and so on. The objective of this experiment was to obtain theoretical ba-
sis for reasonable use avermectin to delay the development of its resistance in pear orchards. [Meth-
ods] In order to measure control efficiency of avermectin to G. molesta neonate larvae, the survival rate
and damage rate of G. molesta neonate larvae were measured with fruitlets as the sample. The G. moles-
ta neonate larvae and larvae were fed in an artificial intelligence incubator under the following condi-
tions: (25+1) °C, 70%-80% relative humidity, 3000-4000 Ix illumination and 15 h//9 h (L/D) photoperi-
od. The test agent was 92.00% avermectin, 96.0% Lambda- cyhalothrin, 96% imidacloprid and 96%
chlorantraniliprole. Fruit dipping method was used to measure the resistance development of G. molesta
to avermectin. These methods included: (1) the young fruits of apple with same variety, consistent size,
and good appearance were wash with pure water, dried in air, and soaked in the pesticide solution for 10
seconds. (2) The young fruits were taken out from pesticide solution, excessive pesticide solution was
absorbed with a filter paper, and they were placed on a plastic container with a wet filter paper and a lid
at the bottom. (3) The paper containing 50 G. molesta ready-to-hatch eggs was placed on the young
fruit gently, then the egg was managed to contact the fruit, and the relative humidity in the container
was maintained above 90%. (4) Tween-80 aqueous solution with a mass fraction of 0.02% was taken as
the control. Each process was repeated for three times. (5) The survival rate of G. molesta neonate lar-
vae was surveyed in 78 h after laying eggs. Survey method was determined by observing carefully pest
morphological characteristic and damage symptoms of G. molesta neonate larvae on apple and damage
rate in 78 h. According to mortality of G. molesta neonate larvae, the toxicity equation and LCs, were
calculated with SPPS. Two strains of G. molesta neonate larvae were obtained from field populations,
which were resistance-selection by LCs, of avermectin. The field population was collected from pear or-
chards in Yanhu District, Yuncheng City, Shanxi province in 2022. Two strains were field resistant
strain and field control strain. Field resistant strain was selected with LCs, of avermectin, and the toxici-
ty of earlier generation of G. molesta neonate larvae was measured for six times. Field control strain
was fed with apples, which were not touched by any pesticides. The comparative strain G. molesta was
susceptible strain that was reared 100 generations continuously in the lab. The toxicity of different
strains of G. molesta was measured in 2 generations, 4 generations and 6 generations, respectively. The
resistance ratio (RR) and sensitivity level of different strains G. molesta were calculated with resistance
multiple formulas. In order to obtain cross-resistance of different strains of G. molesta, Lambda-cyhalo-
thrin, imidacloprid and chlorflubenzamide that were used frequently in pear orchards were selected to
assess the cross-resistance to field resistant strain and field control strain of G. molesta. Experimental
data were analyzed with Duncan’s new multiple range test (p<<0.05). [Results] The LCs, of avermec-
tin of field population of G. molesta was 1.092 mg- L', and its resistance ratio was 4.608 times higher
than the susceptible strain, with low sensitivity. The resistance level of field population selected with
LCs avermectin at second generation was up to low resistance from low sensitivity. The LCs, of field
population increased continuously with the increase of selection generations when the resistance ratios
were 11.966 and 20.304 times at fourth generation and sixth generation respectively, which increased to

the medium resistance level. The sensitivity of the field population without exposure to avermectin in-
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creased gradually. The resistance ratio of the field population decreased to 2.802 times at fourth genera-
tions, which was sensitivity. The toxicity of the field population of G. molesta without exposure to aver-
mectin decreased from first generation to sixth generation and its sensitivity was further improved. The
results also showed that the continuous use of avermectin in field populations of G. molesta caused a
rapid increase in the level of resistance to avermectin. The sensitivity of strains of G. molesta without
continued exposure to avermectin increased sensitivity to avermectin. The field population of G. moles-
ta was selected with LCs, avermectin for 6 generations, and its actual heritability of resistance was 4’ =
0.186. The actual heritability of Fo—F,and F,~Fsselection stage was 0.242 and 0.196, respectively. In the
case of resistance heritability of 0.186, the resistance of G. molesta to avermectin increased by 10 times
in about 4-9 generations. The resistance ratio of the 6th generation resistant strain of G. molesta to
lambda- cyhalothrin was 8.487, which was a cross- resistance between them. The resistance ratio to
chlorantraniliprole was 3.940, and its resistance ratio also increased. The resistance ratio to imidaclo-
prid was 1.487 with no cross-resistance. The resistance ratios of the field population control strain to
lambda-cyhalothrin, imidacloprid and chlorantraniliprole were 1.688, 0.962 and 1.243, respectively, and
there was no cross-resistance among them. [Conclusion] G. molesta could develop resistance to aver-
mectin rapidly. The low-sensitive field population of G. molesta could decrease sensitiveness with no
exposure to avermectin. The medium-resistant strain had cross-resistance to lambda- cyhalothrin, and
the low-sensitive strain had no cross-resistance to lambda-cyhalothrin, imidacloprid and chlorantranilip-
role. The development of resistance of G. molesta to avermectin can be slowed down by interval medi-
cation or rotative application of avermectin and its non- cross- resistance pesticides in pear orchards.
Therefore, avermectin should be used in pear orchards with an interval, and growers should reduce or
limit the use frequency of lambda-cyhalothrin and chlorantraniliprole to avoid or delay the emergence
and development of resistance, and ensure the control efficacy of avermectin and other pesticides,
which were used in pear orchards frequently.
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Table 1 Toxicity of avermectin to the G. molesta

neonate larvae

BE A% RHEA  LCy (95%EAF X A]
Strains  Slopea A ?5% conﬁdencer1 RR
1(df) interval)/(mg-L™")

SS 0.918+£0.105  9.539(13) 0.237(0.187~0.303) 1.000
F 1.276+0.073 18.613(16)  1.092(0.907~1.305) 4.608
FS(4)  0.939+0.065 17.952(16) 0.664(0.510~0.842) 2.802
FS(6)  0.813+0.058 10.576(16) 0.476(0.366~0.614) 2.001
FR(2) 1.027+0.070 13.333(22) 2.275(1.739~2.851) 9.599
FR(4) 1.126+£0.061 14.241(22) 2.836(2.305~3.424)  11.966
FR(6)  1.110+0.072 9.778(19)  4.812(3.617~6.126)  20.304
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Note: SS. Sensitive strain; F. Field population; FS. Field control
strain from F population without exposure to avermectin for six consec-
utive generations; FR. Field resistant strain from F population after ex-
posure to LCs, of avermectin for six consecutive generations; RR. Resis-

tance ratio. Data in the table are mean+SD. The same below.
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Table 2 Realized heritability of resistance strains of G. molesta in field population

it 12K . *”,lf’g LCx Llog LCw  IEFEMRL AFIHH ﬁ%?ﬁ& BIR Zep PriEZE  EFEER %iﬁ
Selected generations  Initial log LCs,  Final log LCs, R P i Initial slope Final slope o S "

Fo~F, 0.038 0.357 0.159 52.396  0.757 1.276 1.027 0.868 0.658 0.242
F.~F 0.453 0.682 0.114 58.887  0.655 1.126 1.110 0.878 0.575 0.196
Fo~Fs 0.038 0.682 0.107 56.723  0.688 1.276 1.110 0.824 0.567 0.186
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Fig. 1 Generations required for a 10-fold increase in LCs,
of avermectin to G. molesta under different selection

pressures
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Table 3 Cross-resistance of three insecticides to different strains of G. molesta
27 Tl FE RITECHBED » LCs (95% B A5 X 1] EiR (=3
Insecticide Population Slopea 1 (df) 95% confidence interval)/(mg-L") RR
o R S S i SS 0.571+0.046 27.320(19) 0.097 2.859(1.879~4.350) 1.000
Lambda-cyhalothrin FS 0.558£0.045  21.269(23) 0.565 4.827(3.571~6.541) 1.688
FR 0.901+0.059 18.349(22) 0.685  24.263(19.294~31.455) 8.487
nEE Ak SS 1.886+0.116 16.055(22) 0.813 25.841(22.677~28.984) 1.000
Imidacloprid FS 1.808+0.114 31.600(22) 0.084  24.849(20.784~28.847) 0.962
FR 2.398+0.119 35.049(25) 0.087  38.430(34.345~42.541) 1.487
SUHR W R SS 0.869+0.058 28.856(22) 0.149 3.035(2.374~3.903) 1.000
Chlorantraniliprole FS 0.868+0.059  31.202(22) 0.092 3.772(2.910~4.973) 1.243
FR 1.029+0.067 33.843(25) 0.111 11.957(9.808~14.655) 3.940
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