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Genetic Analysis of Acaricide Resistance in Citrus Red 
Mite, Panonychus citri (McG.) 
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Akitsu Branch, Fruit Tree Research Station (Akitsu, Hiroshima, 729-24 Japan) 

Abstract 
Genetic mechanisms of increase, persistence, decrease and decline of major acaricide resistance 
in citrus red mite, Panonychus citri (J)i.[cG.), were studied. Dicofol resistance in P. citri was 
mainly due to a single, incompletely recessive major gene. The result of the experiments on 
fitness indicated that the reproduction rate of the resistant strain was lower than that of the 
susceptible one, in particular under a high temperature condition (30°C) or under a special 
feeding condition such as seriously damaged leaves of host trees. This was caused by a lower 
rate of egg production in the resistant mites. The dicofol susceptibility in a mite population 
originally composed of a 1 : 1 mixture of resistant and susceptible strains from the same origin 
was examined in 17 generations at 25°C. After 13 generations, susceptibility of the mixed 
population increased remarkably. The result indicates that the resistant mites (RR) have lower 
fitness values than the susceptible mites (SS, RS) under either favorable (25°C) or unfavorable 
conditions for reproduction of the spider mites in an acaricide-free environment. Amitraz 
resistance was due to a single, incompletely dominant major gene. The values of fitness of 
benzomate and amitraz resistant mites were almost equal to those of susceptible mites in an 
ac ari ci de-free environment. 
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Introduction 

Some parameters influencing selection process in 
the development of insecticide resistance have been 
identified among the genetic, biological and opera
tional factors8·9>. It is very necessary to analyze 
genetic mechanisms of increase, persistence and 
decrease of insecticide resistance of spider mites in 
establishing effective measures for control. Among 
others, fitness is one of the most important factors 
that shows the degree of advantage in natural selec
tion. If a homozygote and a heterozygote of 
resistance gene have both lower values of fitness than 
a homozygote. of susceptible one in an acaricide-free 
environment, the acaricide resistance of the popula
tion is expected to decline gradually. 

Genetic studies on major acaricide resistance in 
citrus red mite, Panonychus citri (McG.), were un
dertaken in a framework of population genetics. The 

present paper reviews the results of those studies with 
emphasis placed on the genet ic basis and the fi tness 
of dicofol, benzomate and amitraz resistance. 

Genetic analysis of dicofol resistance 

Dicofol had been used in Japan since I 957 to con
trol P. citri. The development of resistance of P. 
citri to dicofol took place in several apple groves in 
1965 and also in several citrus groves during the 
period 1966 to 1968. The pattern of increase or 
decrease in resistance level of P. cilri to dicofol was 
different from that to the other acaricides. It was 
often observed under field conditions that dicofol 
resistance of P. citri increased gradually through the 
selections with rlicofol, while it decreased rather 
rapidly when the selection was relaxed. To ana lyze 
a genetic mechanism of this pattern, a study on the 
changes of susceptibility of mite populations to 
dicofol and the genetic basis of resistance was 
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undertaken. It also included comparisons of 1he fit
ness, i.e., the reproduction rate, viability and ovipo
si1ion rate, between dicofol resistan1 (R) and 
suscep1ible (S) strains from the same origin. Based 
on the data of the change in dicofol susceptibility 
of a mixed population of those two srrains, a rela
tive value of fitness of the resistant mites was esti
mated by a simulation method. 

Some crosses were made between a dicofol resis
tant strain selected from a Yoshii population in 
Fukuoka Prefecture and a susceptible strain of an 
Ogi population collected from Saga Prefecture. The 
results obtained from the cross experiment are shown 
in Fig. I . Susceptibilities of the F1 and the B1 adult 
females are compared with each other by using log 
concentration-probit mortality lines and curve. No 
significant differences in susceptibilities are found 
between the reciprocal crosses. However, the sus
ceptibilities of the hybrid adult females are fairly 
higher than the average level of both rcsis1ant and 
susceptible parental strains. Thus, it is suggested that 
the dicofol resistance be manifested as a recessive 
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character. The results of a series of backcrossings 
indicate that the log concentration-probit mortality 
curve obtained fits wel l the expected one, based on 
a hypothesis that one major gene is responsible for 
the resistance to dicofol H>. 

In order 10 evaluate the fitness, reproduct ion rates 
at 25°C and 30°C in the dicofol resistant and sus
ceptible strains of citrus red mite from the same 
origin were investigated. The reproduction rate of 
the resistant strain was lower 1han that of the sus
ceptible one, in particular u·nder a higber tempera
ture condition (30°C) or under a special feeding 
condition such as seriously damaged leaves of host 
trees. This was caused mainly by a lower rate of 
egg produc1ion in the resistant mites. 

It is generally observed in actual field populations, 
that individuals with different genotypes are concomi
tantly involved especially after introduction of aca
ricides. Taking such concomitance into account, a 
I : I mixed population of the resistant and susceptible 
mites was reared under an acaricicle-free condition 
in the laboratory to analyze relationships be1ween 

('011ccn1ra1io11 of tlicofo l (pprn) 

Fig. l. Dicofol susccp1ibili1ics of adull females in resis1an1 strain (RR), suscep1ible 
sirain (SS), 1he hybrids (RS, SR) and backcross progeny (13,) of P. cirri (1972) 

- · - : Theoretical probil mortalily line of lhe backcross progeny drawn 
on the basis of a hypo1hcsis 1ha1 dicofol resistance is due 10 a 
single major gene:. 

Tomi number of aduh females 1es1cd: SS; 550, RS; 738, SR; 774, 
8 1(RR + SR): 1,447, RR; 6S2. 
Each vertical line gives 98% confidence imerval. 
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Fig. 2. Changes of dicofol susceptibi lities of eggs in resistant strain (R), susceptible strain (S) and 
a mixed population (R+S) of two strains of P. citri (25°C) 

--···-·· : Actual experimental dicofol susceptibility of a mixed population. 
- · - : Theoretical dicofol susceptibility of a mixed population is drawn on the basis 

of a simulation where relative value of ritncss of resistant miles is 0.75. 
Each vertical line gives 98% confidence interval. 

dicorol resistance level and value or fitness in P. citri 
under competitions among the individuals with var
ious genotypes. 

In order lO estimate the proportions of resistant 
and susceptible mites within the population, the 
dicofol susceptibi lity of eggs was tested at various 
in tervals. Results of such tests are shown in Fig. 
2. Dicofol sus.ceptibility of the mixed population in
creased gradually from generation to generation. 
Thus, it is evident that the resistant mites have low
er value of fitness than the susceptible mites under 
an acaricide-frec environment. Based on the exper i
mental data on the dicorol susceptibility of the mixed 
population, the relative value or fi tness or the resis
tant mites was estimated by a computer simulation. 

The experimental value agreed well with the calcu
lated one, and the relative value of fitness of the 
resistant mites was 0.75. 

When the dicorol resistance has developed in a 
mite population, a reversion to susceptibility could 
be obtained by relaxing the selection. The periods 
required for the change to susceptibility vary, de
pending on the frequencies or the resistance gene in 
the course of time as well as on 1he environmemal 
conditions after relaxation or the selection. It is 
shown that the reversion would require 30-58 gencra
tions1 5>. In the ci trus groves in Japan where dicofol 
resistance has actually developed, it is necessary to 
pause the use of dicofol for 2-4 years in order lO 

induce the reversion to suscept ibility. 
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Genetic analysis of bcnzomate resistance 

Resistance of P. citri to benzomate which had been 
used in Japan since 1971, increased rapidly in several 
citrus growing areas in 1974, since that acaricide was 
distributed widely to other areas. The fitness of bcn
zomate resistant P. citri was examined. 

A benzomare resistant population was collected 
from a citrus grove in Yamakawa, Fukuoka Prefec
ture, 1975. The mite population collected was sub
jected to selections 7 times regarding its resistance 
and susceptibility to benzomate. The selected popu
lations were used as resistant and susceptible strains. 

The fitness, i.e., viabilities, oviposition rates and 
reproduction rates, in benzomate resistant (RR, RS) 
and susceptible (SS) strains was compared under 
various temperature conditions. Under the follow
ing two conditions, one was a constant temperature 
of 25°C and the other was daily nucrnared temper
atures of 18-35°C, there were no significant differ
ences in the longevity of the adult females, the 
number of egg/female/day and the intrinsic rate of 
natural increase (r .. ) between those strains. 

Two mixed populations originally composed of 
resistant and susceptible strains at the ratios of I : I 
and I : 4, were reared without any selection for ben
zomate susceptibility for 26 generations under daily 
nuctuatecl temperatures of 18-35°C. They were test
ed 7 times on their susceptibility to be1lzomate. The 
results of the tests showed that the susceptibility to 
benzomate of the two mixed populations was almost 
unchanged for 26 generations. 

From these results, it could be concluded that the 
fitness of the resistalll mites (RR, RS) is almost equal 
to that of the susceptible one (SS) under either 
favorable (25°C) or higher temperature conditions 
in an acaricide-free environment 16>. It is expected, 
therefore, that the resistance to benzomate may 
develop easily by selections since it is clue to a com
plete dominant major gene24>, and the benzornate 
resistance of the population, once developed, may 
not decline for a long period of time. 

Genetic analysis of amilraz resistance 

Susceptibility of P. citri to arnitraz which had been 
used in Japan since 1975, has gradually declined in 
several citrus growing areas s ince 1978. lnvestiga-
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tions were made with special emphasis placed on the 
degree of development of resistance to arnitraz in 
a mite population acquired through continuous selec
tions with amitraz and its genetic basis. 

There were large differences in amitraz susceptibiliy 
between the selected population (R) and the unselcct· 
cd population (S) sampled from a citrus grove which 
has never been treated earl ier with amitraz. A max
imum value of the ratio of R to S, or 158-fold, was 
recorded in terms of the LC50 value. An amitraz 
resistant strain selected from an Ehime population 
and a susceptible strain from a Hiratsuka popula
tion were crossed and backcrossed. The results o r 
these tests showed that amitraz resistance of the eggs 
in P. citri was main ly due to a single, incompletely 
dominant major gene. 

The fitness, consisting of viabilities, age-specific 
fecundities and reproduction rates, in the amitraz 
resistant (RR, RS) and susceptible (SS) stra ins of the 
Ehime population was compared under various 
environmemal conditions. There were no significam 
d ifferences among the strains , except for the results 
obtained under the constant temperature of 25°C. 

Two mixed populations originally composed of 
resistant (RR) and susceptible (SS) strains with the 
ratios of I : I and I : 9, were reared without any 
selection for amitraz susceptibility for 32 generations 
under daily nuctuated temperatures ranging between 
20°C and 30°C. They were tested 5 times on their 
susceptibili ty to amitraz. The results of these tests 
showed that the susceptibility 10 amitraz of the two 
mixed populations remained unchanged for 32 
generations. 

From these results, it is concluded that 1he values 
of fitness of the resistant mite populations (RR, RS) 
are almost equal to those of the susceptible popula
tion (SS) in an acaricicle-free environmem 17>. lt is 
expected that the amitraz resistance of the popula
tion, once developed, may not decline for a long peri
od of time, just as the benzomate resistance. 

General discusson 

Genetic analyses of acaricide resistance to various 
compounds have been undertaken in Tetranychus 
urticae, T. Kanwwai, T. pacificus, Pano11ychus 11/mi 
and P. citri. It is found that the resistance is 
generally due to monogenic and dominant or semi
dominant characters (Table J). In addition, a single 



Table I. Genetic types and fitness in 

Compound Species of mi1esal 

Amitraz P. citri 
Benzomate P. citri 
Binapacryl P. ulmi 
Chlordimcf orm T. kanzaovai 
Cyhexatin T. urticae 

T. kanzawai 
P. ulmi 
T. pacificus 

Demeton T. urticae 
T. urticae 
T. urticae 

Demeton-S-me1hyl P. ulmi 
Dicofol T. urticae 

T. kanzaovai 
P. ulmi 
P. citri 

Dimethoate P. 111111/ 

Es1ox T. kanwovai 
Hcxylhiazox P. citri 
Mala1hion T. urticae 
Parathion T. urticae 

T. urticae 
P. 111111/ 
T. pacificus 

Phenkap1on P. citri 
Phentoa1c T. kamawai 
Propargitc T. paciflcus 
Tetradifon T. urticae 

T. urticae 
P. 111111/ 

Vamidothion P. ulmi 

a): P. ; Panonyclws, T.; Tetra11yc/111s. 
b): RR; Resistant main, SS: Susceptible S1rain, 
c): ( ) ; Mite st rains from different origins. 

major gene and also some modifying genes, which 
augment the effect of the major gene, might be in
volved in the resistant characters to some of these 
compounds. But dicofol, hexythiazox and propar
gite resistance is due to monogenic and semi-recessive 
or recessive characters. Cyhexatin resistance is main
ly due to a polygenic, semi-recessive character .. 

Studies on the fitness in insecticide resistance of 
the spider mites are rather limited as shown in 
Table I . As far as cyhexatin, demeton, dicofol and 
para1hion resistance of T. urticae and dicofol 
resistance of P. citri are concerned, the resistant mites 
have lower fitness than the susceptible ones under 
an insec1icide-free environment. 

The fitness of resistant individuals also affects the 
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insecticide resistance of tctrnnychid mites 

Genetic lype Fitncssb,c) 

Monog./semidom. 11> RR RS ss"> 
Monog./dominan1HJ RR RS = ss•61 

Monog./semidom.3
' 

Monog./semidom.m 
Polyg./semirec:> RR < ss1> 

Polyg./semirec. 18
' (RR SS)'s, 

Polyg./semirec. 29' (RR = RS = SS)291 

Monog./semircc. 11> (RR = RS = SS)' ' ' 
Monog./recessive3s, RR < 55S,JO) 

Monog./dominantm 
Monog./semidom.10> 
Monog./semidom. 2> 
Monog./recessive28·J•J (RR < SS)'9> 

RR < 5521, 

Monog./semirec.22·'
5
' RR ss2si 

Monog./semirec.29> RR ss29, 

Monog./scmirec. ,., RR < RS = ss•5> 
Monog./scmidom.2> 
Monog./dominantrn 
Monog./semirec.20·JJ> 

Monog./dominan131> 
Monog./dominan1 10> 
Monog./recessivcl5J 
Monog./domina1112> 

(RR < SS)2Jl 
RR < ssJ0> 

Monog.ldominant •> 
Monog./semidom.13> (RR = ss)'2> 
Monog./semidom.221 

Monog./semircc.12> (RR = RS= SS) '21 

Monog./dominan126> 
Monog./semidom.1'> 
Monog./dominant31 

Monog./semidom. 2> 

RS; He1erozygous individual. 

stability in acaricide resistance of populatjons of 
spider mites. In recent years, the reversion of 
resistance in cyhexatin resis1ant T. urlicae has been 
observed under a field condition6

•
7>. 

References 

I) Andres, L.A. & Prout, T . (1960): Selec1ion response 
and genc1ics of para1hion resis1ance in 1he Pacific spider 
mite, Tetra11ych11s paciflcus. J. Econ. Entomol .• 53, 
626-630. 

2) Cranham, J. E. (1982): Resistance 10 organo
phospha1es, and 1he gcne1ic background, in fruit 1rec 
red spider mite, Pa11011ychus ulmi, from English apple 
orchards. A1111. Appl. Biol., JOO , 11-23. 



38 

3) Cran ham, J. E. (1982) : Resis tance 10 binapacryl and 
1etradifon, and the genetic background, in fruit tree 
red spider mite, Pa11011ych11s 11/mi, from English apple 
orchards. A1111. Appl. Biol., JOO , 2S-38. 

4) Croft, B. A. ct al. (1984) : Inheritance of early-stage 
resistance to formetanate and cyhexatin in Tetra11ycl111s 
urricae KOCH (Acarina: Tetranychidae). J. Eco11. 
£11101110/., 77, S74-S78. 

S) Diurich, v. (1961): Popula1ionsgcne1ischc Unter· 
suchungen an normalcn und phosphorsiiurcester• 
rcsis1e111en S1ammcn von Te1ra11ych11s ,micae Koc 11 . 
Z. ang. £111., 48, 34-57. 

6) Edge, V. E. & James, D. O. (1986): Organo-1in 
resistance in Te1ra11ych11s urlicae (Acari: Tetranychi· 
dae) in Australia. J. Eco11. £11101110/., 19, 1477-1483. 

7) Flexner, J. L. et al. ( 1989): Fitness and immigration 
: Factors affecting reversion of organo1in resistance in 
the I wo-spo11cd spider mile (Acari: Tetranychidae). J. 
Econ. £11101110/., 82, 996-1002. 

8) Georghiou, G. P . & Taylor, C. E. (1977): Genetic and 
biological innucnccs in 1hc evolution of inscriicidc 
resistance. J. Eco11. Enromol., 70, 319-323. 

9) Georghiou, G. P . & Taylor, C. E. (1977): Operation· 
al innuences in the evolution of insecticide resistance. 
J. Econ. £11101110/., 70, 653-658. 

10) Helle, W. (1962) : Genetics of resistance 10 or· 
ganophosphorus compounds and its relation 10 diapause 
in Terra11ych11s urticae KOCH (Acari). Tijdschr. Pl. 
Ziekt., 68, 155-195. 

11) Hoy, M . A. e1 al. (1988) : Cyhexa1in and fenbu1a1in· 
oxide resistance in Pacific spider mile (Acari: Tetrany
chidae): s1ability and mode of inheritance. J. Econ. 
£11101110/., 81 , 57-64. 

12) Hoy, M.A. & Conley, J. ( 1989): Propargi1e resistance 
in Pacific spider mite (Aeari: Tetranychidae): s1abili1y 
and mode of inheritance. J. Econ. E1110111ol. , 82, 
11-16. 

13) Inoue, K. ( 1972): Gene1ical studies on acaricide 
resistance of citrus red miles, Pa11011ychus citri 
(McG.). I. Genetics of phenkapton-resistance in the 
citrus red mite. Bull. Hort. Res. Sra .. 0 7, 13-20. [In 
Japanese with English summary]. 

14) Inoue, K. ( 1979) : T he change of suscep1ibili1y or mite 
population to dicofol and genetic analysis of dicofoJ. 
resistance in the citrus red mite, Pa11011ychus citri 
(McG.). J. Pesticide Sci., 4, 337-344. 

I 5) lnoue, K. ( 1980): Relationship between dicofol· 
resistance and fitness .in the citrus red mJ1e, Pa11011y· 
chus cirri (McG.). J. Pesricide Sci., s. 165- 175. 

16) Inoue, K. ( 1982): S111dies on population gene1ics of 
benzoma1e-resisiance in the citrus red mite, Pa11011y· 
chus cirri (McGREGOR). Bull. Fruit Tree Res. Sia., 
E4, 63-75 [I n Japanese wi1h English summary]. 

17) Inoue, K. (1984) : Resistance 10 ami1raz in the citrus 
red mite. Pa11011ych11s cirri (McGREGOR) in relation 10 
population gcnc1ics. Jpn. J. Appl. £111. Zoo/., 28, 
260-268 (In Japanese with English summary). 

18) lshiguro, T. (1988): Physiological and ecological 

JARQ 25(1) 1991 

characters in the organo1in-compounds resistance strains 
of Tetra11ychus ka11~awai (K1s1m,A). Platl/ Prorection. 
42, 399-402 [In Japanese]. 

19) Kensler, D. L. Jr. & Streu, H. T . (1967): Biological 
and 1oxicological smdy of main of two-spo11ed spider 
miles. J. Eco11. £11101110/., 60, 1073-1078. 

20) Kobayashi, M. & Nonoshila, K. (1988): Oevelopmeni 
of hexy1hiazox-rcsis1ance in Pa11011ychus cirri (McG.) 
on citrus in a vinyl-house. /11 13th Congress of J. 
Pesticide Sci., 74 (In Japanese] . 

21) Kono, S. (1987): Reproductivity of dicofol suscepti· 
ble and resistant s1rains in 1he 1wo-spo11ed spider mite, 
Tetm11ycl111s 1tr1icae KOCH. Jpn. J. Appl. £111. Zoo! .. 
31, 333-338. (I n Japanese with English summary) . 

22) Kuwahara, M. (1977): The dcvclopmem and in, 
herilance of resistance in the Kanzawa spider mite, 
Te1rt111ych11s kanu,w(li KtSHtOA, selected with chlor· 
dimcform, dicofol and phen1hoatc. Jpn. J. Appl. Em. 
Zoo/., 2 1, 163-168 (In Japanese wilh English 
summary]. 

23) Lehr, R. & Smith, F. F. (19S7): The reproduc1ive ca
pacity of three strains of the two-spoiled spider mite 
complex. J. Eco11. E111omol .. SO, 634-636. 

24) Matsunaga, Y. (1977): Way of inheritance for benzo
ma1e resistance in citrus red mite. /Juli. Shiwoka Cirrus 
Exp. Sra., 14, 43-46 (In Japanese with English 
summary] . 

25) Osakabe, M. (1973): S1u<:liC$ on acaridde resistance 
of the Kanzawa spider mite, Temmychus kanwwai 
K1SHtDA, parasitic on 1ea plant. Bull. Nat. Res. 111st. 
Tea, 8, 1-95 (In Japanese with English summary]. 

26) Overmeer, W. P. J. (1967): Genetics of resistance 
10 1edion in Tetra11ych11s urricae C. L. KOCH . Arch. 
Neer/. Zoo/., 17, 295- 349. 

27) Overmecr, W. P. J. & Harrison, R. A.(1969): Geneti· 
cal studies of resistance 10 tecradifon in New Zealand 
populations of Te1ra11ych11s urticae KOCH (Acarina: 
Te1ranychidae). N. Z. Sci., 12, 904-919. 

28) Overmeer, W. P . J. & Van Zon, A. Q. (1973): Genet· 
ics of dicofol resistance in Te1ra11ycl111s 11r1icae Koc 11 
(Acari : Tctranychidac) . Z. Angew. £11101110/., 13, 
225-230. 

29) Pree, D. J. (1987): Inheritance and management of 
cyhcxa1in and dicofol resistance in lhe European red 
mite (Acari: Tetranychidac). J. Econ. E1110111ol., 80, 
l 106-1112. 

30) Schuhcn, G. G. M. (1968): Genetics of organo
phospha le resistance in the 1wo-spoued spider mile 
(Terranyclws 11rticae KocH). Pub/. Roy. Trop. /11st., 
A111srerd"111, Nerherlands, 57, I- S7. 

3 1) Taylor, E. A. & Smith, F. F. ( 19S6): Transmission 
of resistance between strains of two-spoued spider 
mites. J. Econ. E111omol., 49, 858-859. 

32) Tanaka, M. & Inoue, K. (1972) : Gene1ical studies on 
acaricidc resistance of citrus red mite, Pa11011ych11s cirri 
(McG.), II. Relationship between devclopmem or 
decline of phenkap1on•rcsis1ance and the fi1ness in 
the citrus red mile. Bull. Nori. Res. Sta. 0 7, 2 1-28 



[In Japanese with English summary). 
33) Yamamoto, A. ct al. (1988): Studies on hexythiazox 

resistance in spider mites. I. Selection and mode of 
inheritance to Panonyclws citri (McG.). In 13th Con
gress of J. Pesticide Sci., 73 [In Japanese). 

34) ZilberminLs, I. V. Cl al. (1968): On the inheritance of 
Kelthane resistance in the two-spotted spider mite. Skh. 

39 

Biol., 3, 125-132. 
35) Zilbermims, 1. V. ct al. (1969): Investigation of the 

genetics of resistance in the laboratory strains of spider 
mite, Te1ra11yc/111s 1micae KOCH. Genetica, S, 96-106. 

(Received for publication, Sept. 5, 1990) 


	25-1-033のコピー
	25-1-034
	25-1-035
	25-1-036
	25-1-037
	25-1-038
	25-1-039

