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& Background. Information on the change in the correlation of genotypes in arthropod populations alter treatment
of crops with pesticides is essential for effective insectoacaricide resistance management. Materials and methods.
Lines of two-spotted mite the homozygous for the gene of resistance to malathion, bifenthrin, bromopropylate and
abamectin were obtained by disruptive selection cycles with treatments diagnostic concentrations of these acaricides.
Crossing mites were produced heterozygous females with genes of resistance to malation and one of the other three
acaricides, as well as families of their filial generation. Females of the three genotypes were compared the value of the
degree resistance when testing mites by diagnostic concentrations of acaricides. Results. Combinations of distribu-
tion of alleles of resistance to acaricides of different chemical classes in mites of the filial generation of diheterozygous
females did not determine the differences from the parent females in the degree ol mortality. Conclusion. Epistatic
interaction of alleles of resistance to toxicants of different chemical classes allows be used only two insectoacaricides
in turn for resistance management.
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B3AMMOJENCTBUE TEHOB PESUCTEHTHOCTU K AKAPULIMAAM PA3MNYHbIX
XUMWUYECKWUX KJTACCOB B JO4EPHEM MMOKOJIEHUWN AWUTETEPO3UIOTHbIX CAMOK

O0bbIKHOBEHHOI0 MAYTWUHHOIO KJELLA
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& [OMO3HTOTHBIE 110 reHam PE3UCTEHTHOCTH K OTICJIbHBIM aKapulnIaM JIMHUA 0OBIKHOBEHHOTO MayTHHHOTO KJI€La ObLTH BbIJIC€JIEHbI
JU3PYNTUBHBIM OT60pOM npu 06pa60TKax cemen OTACNBbHBIX CAMOK IHArHOCTUYECKUMH KOHIIEHTPALUSAMHA MaJlaTHOHA, 61/[(1)6HTPI/IH8,
6pOMﬂpOHI/IJIaTa 1 abaMeKTHHa. CerLLlI/IBaHI/IeM KJIEeLIEN 3TUX JTHHUH MOJIYYE€HbI IUTETEPO3UTOTHBIEC CAMKH C F'€HaAMHW PE3UCTEHTHO-
CTH K MaJlaTUOHY U OAHOMY M3 TpeX APYTruX akapulMIOB, a TaKxKe CeMbHU MX JOYEPHEro MmoKoJICHHs. Camok TpeX TaKuX reHOTHUIIOB
COMOCTAaBJAMN MO KOJUYECTBEHHBIM TOKasaTeJ/siM MPOsABJICHUs TIPU3HAKA PE3UCTEHTHOCTU TPH TECTHPOBAHWUU KJelen JIMarto-
CTHYECKUMH KOHUECHTPAUUAMH aKapulUA0B, T€Hbl PE3UCTEHTHOCTH K KOTOPBLIM MPUCYTCTBOBAJN B T€HOME. ﬂoqepHee IMOKOJIeHHEe
JUTETEPO3UTOTHBLIX CAMOK HE OT/JIMYaJJ0Ch OT POJAUTEJ/ILCKUX 0ocoOell MO TOKCHUKOJIOTHUECKHM TOKa3aTesIsiM BSZI/IMOZ[eﬁICTBy}OLLU/IX

Fe€HOB PE3UCTEHTHOCTH.

& KuatoueBble cji0Ba: nayTHHHbBIH KJlelll, pe3UCTEHTHOCTb; aKapHLIMbl, HAC/Ael0BaH1e TPH3HAKA.

INTRODUCTION

Evolutionary changes in arthropod populations af-
ter treatment of crops with insectoacaricides tend to in-
crease the number of individuals carrying genes for re-
sistance to the chemicals used. Subsequent treatment
for crops against insect pests is recommended to involve
an insectoacaricide of different chemical class, to which
the number of individuals carrying the resistance gene

(R-gene) has not yet increased in the population. Insec-
toacaricides of 55 chemical classes have been synthesized
and are used for the protection of plants against insect
pests [1]. Iterations of chemical treatments against pests
using compounds of different chemical classes should
result in an increase in genotypes that are resistant to
multiple pesticides. The opposite results were obtained
in experiments conducted on two-spotted spider mites
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selected according to the presence of genes for resis-
tance to acaricides of dilferent chemical classes. The
expression of an R-gene to a toxicant in spider mites
with alleles for resistance to acaricides of two different
chemical classes was suppressed when another R-gene
was present [2]. Quantitative indicators of the epistat-
ic effects of R-genes to acaricides of different chemical
classes were used for detection of hereditary changes in
spider mites produced by diheterozygous females. Al-
leles for resistance are split up and independently dis-
tributed in the process reproduction, which determines
the expression of the characters derived from the parent
females.

MATERIALS AND METHODS

Experiments were conducted with females of the
two-spotted spider mite Tetranychus wurticae Koch.
Different genotypes of spider mite were obtained by
disruptive selection of inbred reproduction for indica-
tors of resistance or sensitivity to acaricides at different
concentrations. The following formulations were used:
malathion (50 % c. e.' of karbofos), bifenthrin (10 %
c. e. of talstar), brompropylate (neoron 50 % c. e.) and
abamectin (1.8 % c. e. of vertimek). Aqueous solu-
tions of the following concentrations were used as the
diagnostic ones (CKy; x 2 for spider mites of the sensi-
tive strain, in % of the active fraction); 0.05 malathion,
0.002 bifenthrin, 0.005 brompropylate, and 0.00009 aba-
mectin.

Spider mite offspring from individual females were
kept on a bean leaf raft on wet cotton wool. Each gen-
eration of spider mites for each treatment were obtained
from single females of the tested families. Deutonymphs
and one male were put on the bean leaf raft to cross
mites of different genotypes.

A piece of bean leaf with the females was tested by
immersion in an aqueous solution of the toxicant. The leaf
cut-out with spider mites wetted in toxicant was then put
on a separate leaf raft. Mortality rate was counted 24 h
after immersion.

The error of the mortality rate sampling mean and vari-
ation coefficient (v) of these values was determined [3],
and graphed using Microsoft® Excel 2016.

RESULTS

The biology of the two-spotted spider mite pro-
duces some peculiarities in the responses of females
from some families to the effects of toxicants. Spider
mites are a haplo-diploid species of arthropod. Vir-
gin females produce only haploid males, whereas im-
pregnated females produce diploid females and haploid
males. Females heterozygous for resistance to specific

1 .
c. e. — concentrate of emulsion.

toxicants produce resistant and sensitive males. A total
of 60 % males of the two-spotted spider mite copulate
with already-impregnated females [4, 5]. Inbred cross-
ing of the filial females with males of the same genera-
tion takes place in isolated mite families obtained from
single females. Inbred reproduction of spider mites is
not limited by the number of generations and does not
produce any signs of inbreeding depression because it
is the normal means of reproduction for the species.
As a result of these individual traits, the generations of
mites selected using disruptive selection for the pres-
ence or absence of resistance to any acaricide can pro-
duce 15 %—30 % of females without resistance, and
5 %—15 % of females of the sensitive strain survived
after treatment with a diagnostic concentration of the
acaricide [6].

In the experiments, the occurrence of resistance to
each toxicant was compared using the arithmetic mean
of the mortality rate of the females of all the fami-
lies analyzed and by the geographic distribution of the
families.

Deutonymphs homozygous for resistance to acari-
cide were crossed with individuals from the families with
the smallest female mortality rate. Males for reciprocal
crossing were taken from the same families. Haplodiploid
species of arthropods do not produce different genotype
combinations in case of reciprocal crossing of males and
females; therefore, toxicological indicators in the tables
are shown without differentiating between parent females
homozygous for the R-gene. Half of the hybrid females
of each family that had the R-genes against acaricides of
two different chemical groups were separately tested for
each of the toxicants.

In all combinations of the R-gene to malathion with
R-genes to bilenthrin, brompropylate, and abamectin,
when the diagnostic concentration of malathion affected
hybrid females, the mean mortality rate was increased
by 2—2.5 times in comparison with the parent females
homozygous by the R-gene to malathion (Tables 1—3).
Resistance to bifenthrin, brompropylate, and abamectin
in hybrid females was not manifested at diagnostic con-
centrations (Tables 1—3). The frequency of occurrence
of resistance was uniformly distributed in the families
of heterozygous females after treatment with malathion
at diagnostic concentrations at all levels of mortality.
Somewhat more families in the zone up to 50 % of the
section carried resistance alleles against brompropylate
(Fig. 1, b; 2, b; 3, b).

All families of heterozygous females having the R-gene
to acaricides are distributed on the diagram in the zone of
sensitivity to the toxicant, with more than 70 % mortality
(Fig. 1, b, 2, b, 3, b), according to the indicator of female
mortality due to diagnostic concentrations of bifenthrin,
brompropylate, and abamectin.
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Table 1

The arithmetic mean of the mortality (x +.5%) and the coefficient of the relative dispersion (v) in the females of two-spotted
spider mite when testing with diagnostic concentration of malathion and bifenthrin

Homozygous parent females ) . Filial generation
for crossing erssn;g Diheterozygous females F, of diheterozygous females
variants
R-malathion r-bifenthrin malathion bifenthrin malathion bifenthrin
© R-malathion x 36.4 + 6.5 88.3 +5.2 453 + 5.4 88.8 + 3.8
% & r-bifenthrin |V~ 178 £0.76| v=59+029 |[v=11.3+039| v=43+0.14
11.5+45 26.6 + 6.2 27499 20099 46399 47699
v=239.1439 | v=233+23
5099 5099 O r-bifenthrin x 387+75 90.2 + 4.8 52.0 + 6.7 829 +54
« & R-malathion |” = 193 +089| v=53+027 |[v=10.8+047| v=6.5+0.29
23699 19099 26599 25499
Table 2

The arithmetic mean of the mortality (X +5%) and the coefficient of the relative dispersion (v) n the females of two-spotted

spider mite when testing with diagnostic concentration of malathion and brompropylate

Homozygous parent females ) . Filial generation
for crossing erssn;g Diheterozygous females F, of diheterozygous females
variants
R-malathion r-brompropylate malathion brompropylate malathion brompropylate
© R-malathion x 404 +7.6 93.4 + 6.1 35.0 £5.7 94.0 £ 3.9
x & r-brompro- |v=188+0.85|v=65+0.35|v=16+0.06|v=41+0.18
194 £56 17.1£5.3 pylate 24599 17499 29099 26299
v=288+29 | v=31.0+3.1
5099 5099 Q r-brompro- 45.3 + 8.7 92.1 +7.0 52.6 + 6.8 95.3 + 6.1
pylate x v=192+10|v=76+049 |[v=1294+055| v=6.4+0.29
x & R-malathion 16799 12199 26999 23599
Table 3

The arithmetic mean of the mortality (¥ +.S%) and the coefficient of the relative dispersion (v) in the females of two-spotted
spider mite when testing with diagnostic concentration of malathion and abamectin

Homozygous parent females ) ) Filial generation
for crossing erssn;g Diheterozygous females I of diheterozygous females
ariants
R-malathion R-abamectin v malathion abamectin malathion abamectin
© R-malathion x 359 +6.1 872+ 5.2 40.1 +5.9 89.5 + 4.3
% & R-abamectin v=17.0+077 | v=59+03 | v=162+0.55 | v=48+0.19
16.2 + 52 18.1 + 5.4 24129 1892¢ 43129 20929
v=321+32 | v=29.8+3.0
50%% 50%% 0 Reabamectin x | 135 +75 799 + 6.7 53.1 + 5.1 90.3 + 3.9
% 3 R-malathion v=172+085|v=84+043 | v=96+028 | v=43+0.17
20400 19200 56799 30309
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Fig. 1. Distribution of death rates for female parental fami-
lies (a), that are homozygous for genes of acaricide resis-
tance to female acaricides (digits) for these genes of fe-
male F, generation (b) and the genotypes of the offspring
from diheterozygote (¢)

Tests of females of the first filial generation of the di-
heterozygous generation did not exhibit statistically signii-
icant differences from the females of the parent generation
according to the mean arithmetic value of mortality after
treatment with diagnostic concentrations of malathion,
bifenthrin, brompropylate, and abamectin (Tables 1-3).

The distribution of the mortality of families of dihet-
erozygous parental females and the families of their first
filial generation from diagnostic concentrations of all used
acaricides was also equal (Fig. 1, b, ¢; 2, b, ¢; 3, b, ¢).

DISCUSSION OF RESULTS

Epistatic interactions between R-genes to acaricides with
different mechanisms take place at the third stage of gene
expression, phenotypic expression [7].

The combination of alleles for resistance to malathion
with alleles for resistance to acaricides of other chemical
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Fig. 2. Distribution of death rates for female parental fami-
lies (@), who are digerozygous for female genes F, (b) and
their offspring’'s genotypes (¢)

classes, bifenthrin, brompropylate, or abamectin in the
genome of diheterozygous female mites under the effect
of toxicants results in full suppression of the deoxidizing
metabolism of these genes by the alleles for resistance to
malathion.

Processes of the normalization of the transportation
function of cells’ plasmalemma regulated by the R-gene
for malathion, was suppressed by the alleles for resis-
tance to bifenthrin, brompropylate, and abamectin, not
completely as a result of the nature of the dominant—
recessive relationship between the biochemical reactions
controlled by the genes.

Absence of differences in the toxicological indica-
tors of epistatic effects detected by the results of the
experiments with diheterozygous females and their filial
generations with different combinations of resistance al-
leles can be explained by the fact that epistatic effect of
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Fig. 3. Distribution of death rates of homozygous genes of resistance to malathion and abamectin in female parents of families (a),
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generation (c)

the second gene on the activation of the R-gene to the
acaricide is manifested in many possible allelic combina-
tions.

Epistatic interactions of resistance alleles to toxi-
cants of different chemical classes allow the alterna-
tive use of two insectoacaricides fast destructing in the
environment without reduction in effectiveness. For the
insectoacaricides to be ineffective, there have to be con-
ditions for mass occurrence in the population of arthro-
pods of species homozygous for the R-gene. As a result
of selectively eliminating the effect of the genetic pool
of two insectoacaricides, the dominance of the R-gene
heterozygous arthropods will be maintained. Significant
reduction in the effectiveness of these toxicants will
not occur in the time interval between their sequen-
tial uses due to the appearance of new generations of
arthropods.
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