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Abstract

The intensive use of pesticides is a common practice for the management of the two-spot-
ted spider mite, Tetranychus urticae, in greenhouses and field farms of Ethiopia. However,
incidence of resistance and possible resistance mechanisms in 7. urticae populations from
Ethiopia have not yet been studied. Here, we assessed the toxicity of various acaricides—
bifenazate, abamectin, emamectin benzoate, profenofos, fenbutatin oxide, fenpyroximate,
amitraz and chlorfenapyr—on T. urticae populations sampled from six flower greenhouse
farms, three strawberry greenhouse farms, one field-grown vegetable farm and two wild
populations. In parallel, all populations were screened for known target-site mutations. All
tested populations were fully susceptible to bifenazate, abamectin, emamectin benzoate
and profenofos, but resistant against fenbutatin oxide and fenpyroximate. Four populations
showed considerable levels of resistance against amitraz and one population was resist-
ant to chlorfenapyr. Several target-site mutations were identified in the tested populations,
including G119S, A201S, T280A, G328A and F331W/C/Y in acetylcholinesterase and the
F1538I and L1024V mutation in the voltage-gated sodium channel. The F1538I mutation
was found in eight out of 12 populations, whereas the L1024V mutation was only found
in two populations. The H92R mutation in the PSST subunit of complex I and the I1017F
mutation in chitin synthase 1 was detected in half of the tested populations. The G326E
and I321T mutations in the glutamate-gated chloride channel 3 were also detected, but
more rarely, whereas mitochondrial cytochrome b mutations were not detected. The current
study revealed multiple resistance patterns in Ethiopian T. urticae populations and together
with the wide presence of target-site mutations, calls for the wise use of acaricides in the
management of 7. urticae in Ethiopia.
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Introduction

The two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acari: Tetranychidae),
is a cosmopolitan phytophagous pest and among the economically most important pests
in a wide range of outdoor and protected crops (Ilias et al. 2014; Van Leeuwen et al.
2010). Its host range exceeds 1000 plant species (Migeon et al. 2010) and the species
causes significant damage to ornamentals and greenhouse and outdoor vegetables (Jepp-
son et al. 1975; Kasap 2005; Regev and Cone 1976; Zhang 2003). Tetranychus urticae
is particularly dominant in intensive, high-yield cropping systems, and affects crops by
direct feeding. In severe infestations, it reduces the area of photosynthetic activity and
causes leaf abscission (Gorman et al. 2002). Control of T. urticae is largely based on the
use of different acaricides—this is also the case in Ethiopia—and several compounds
with a different mode of action are available (Dekeyser 2005; Van Leeuwen et al. 2010).
Because of its high reproductive potential, very short life cycle and arrhenotokous par-
thenogenesis, TSSM is often found difficult to manage in many countries and develops
resistance very rapidly (Luczynski et al. 1990; Van Leeuwen et al. 2010).

Resistance to pesticides can evolve in arthropods in various ways. The amount of
pesticide that reaches the target site can be decreased by metabolism or transport (meta-
bolic resistance), often mediated by gene families such as cytochrome P450-monoox-
oygenases (P450s), glutathione S-transferases (GSTs) and carboxyl/choline esterases
(CCEs) (Demaeght et al. 2013; Khalighi et al. 2016; Van Leeuwen and Dermauw 2016;
Van Leeuwen et al. 2010; Wei et al. 2019). Alternatively, resistance can also develop
by mutations in the target site, that alter the binding kinetics of pesticides (target-site
resistance). In TSSM, various mutations have been associated with resistance, including
point mutations in the voltage-gated sodium channel (VGSC), glutamate-gated chloride
channel 1 and 3 (GIuCl1 and GluCl3), acetylcholinesterase (AChE), chitin synthase 1
(CHS1) and mitochondrial cytochrome b (cytb) (Feyereisen et al. 2015; Van Leeuwen
et al. 2010, 2020).

In Ethiopia, very limited studies have documented TSSM control failures (Abate
1987; Ayalew et al. 2006; Goftishu et al. 2016) and only few studies investigated the
efficacy of available pesticides (Belay et al. 2018; Ebrahim and Wakgari 2019; Geleto
et al. 2015; Negash et al. 2014). Moreover, except for Geleto et al. (2015), who sampled
mites from tomato farms, the efficacy of acaricides was mainly tested on mites collected
from wild plants.

In Ethiopia, greenhouse flower (mainly roses) and fruit (strawberry) farms are eco-
nomically important, and the wide and intensive use of pesticides is a common practice
in the control of TSSM. More than 10 years ago, the magnitude of the problems with spi-
der mites and pesticides resistance in Ethiopian greenhouse farms was already indicated
(Elings et al. 2009), but the incidence of resistance to various pesticides and their pos-
sible resistance mechanisms have not yet been studied. In the present study, the efficacy of
eight commercially important acaricides was investigated for 12 Ethiopian 7. urticae popu-
lations collected from different areas and farms and one susceptible reference population
from Germany. The pesticides were selected based on mode of action and use in Ethiopia,
including compounds that have been used for decades, as well as more recently introduced
molecules. Therefore, the current study is designed to assess resistance status of TSSM and
investigate the presence of known mutations associated with acaricide resistance. The tox-
icity data and distribution and frequency of target-site resistance mutations will contribute
to develop effective resistance management strategies for the control of TSSM in Ethiopia.
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Fig. 1 Map of Ethiopia, showing the study areas
Table 1 Origin and host plants of the Tetranychus urticae populations
Origin of population/strain ~ Location (town)!  Host plant Field or greenhouse  Collection date
Ghent susceptible reference  Germany Hop Field June, 2019
Jimma wild Jimma Potato and rose  Field December, 2018
Bishoftu-1 Bishoftu Rose Greenhouse May, 2019
Bishoftu-2 Bishoftu Rose Greenhouse May, 2019
Bishoftu wild Bishoftu Wild rose Field July, 2019
Ziway-1 Batu/Ziway Rose Greenhouse May, 2019
Ziway-2 Batu/Ziway Rose Greenhouse May, 2019
Ejersa Ejersa Herbs Greenhouse May, 2019
Koka Koka Cabbage Field May, 2019
Sebeta Sebeta Rose Greenhouse May, 2019
Holeta-1 Holeta Strawberry Greenhouse July, 2019
Holeta-2 Holeta Strawberry Greenhouse July, 2019
Menagesha Menagesha Strawberry Greenhouse July, 2019

! All locations (except for the susceptible reference strain) are in Ethiopia

Materials and methods
Mites
Populations were obtained from greenhouse and open field farms residing in close vicinity

to Addis Ababa (Ziway [Batu], Koka, Ejersa, Bishoftu, Sebeta, Menagesha and Holeta)
(Fig. 1; Table 1). Mites were also sampled from wild ornamental plants in Jimma and
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Bishoftu area. A reference susceptible strain from the Laboratory of Agrozoology, Ghent
University, Belgium, was collected in 2019 from hop in Germany. The collected mite sam-
ples were transported to Jimma University, Biology Department, Plant Biotechnology Lab-
oratory, and maintained on young haricot bean plants (Phaseolus vulgaris) in a climate-
controlled room at 25+2 °C, 70+5% RH and L12:D12 photoperiod.

Acaricides

Commercial formulations of acaricides were used: bifenazate, fenbutatin oxide, abamec-
tin, emamectin benzoate, amitraz, chlorfenapyr, profenofos and fenpyroximate (Supporting
information, Table S1), and were purchased from local retailers and distributors in Addis
Ababa and Adama town, or by FytoVanhulle (Belgium).

Bioassays

A leaf dip bioassay on adult female mites was performed for all tested pesticides, follow-
ing the standard protocol (IRAC 2009). Specific diagnostic doses based on the field dose
(FD, see Table S1) of each compound (FD/5, FD/2, FD, 2FD and 5FD) and a water control
were prepared. Square bean leaf discs of about 9 cm? were introduced into the prepared
pesticide solution for 5 s and allowed to dry for 45-50 min. Similarly, bean leaf discs were
introduced in sterile water for the control treatment. Each leaf disc was placed on moist
cotton wool inside Petri dishes. The disc edges were covered with wetted tissue paper strips
to prevent mites from escaping. Then, 10 female adults were placed on the upper side of
the leaf discs. Every assay was replicated five times per concentration. Water was regularly
added to the Petri dishes to keep the leaves green and turgid, and to prevent mite escape.
Mite mortality was recorded after 48 h. Mites that were not able to respond or could not
move when prodded with a fine brush were considered dead. Abbott’s formula (Abbott
1925) was used to correct mortality data. Control mortality never exceeded 5%. Popula-
tions were classified as ‘resistant’ or ‘highly resistant’ to a specific compound when mor-
tality was lower than 50% at the field dose (FD) or 5x the FD (5FD), respectively.

Detection of resistance-associated mutations

Genomic DNA was extracted from approximately 100 pooled adult female mites per pop-
ulation. The Gentra Puregene Tissue Kit (Qiagen, Belgium) was used for the extraction
of genomic DNA from mites preserved with 95% ethanol, following the manufacturer’s
instructions. The resulting DNA solution was used as a template for subsequent PCR in a
T-professional thermocycler (Biometra, Germany). Primers used for amplifying target-site
regions known to carry resistance mutations are listed in Table 2, including references.
We aimed to detect currently known and partially validated resistance mutations in spider
mites from Ethiopian populations. The two primer pairs that were designed in this study
were based on the AChE (tetur19g08500) and vgsc (tetur34g00970) sequence of the T. urti-
cae London strain (Grbi¢ et al. 2011, available at https://bioinformatics.psb.ugent.be/orcae
/annotation/Tetur). The AChE primer set was designed to amplify a 965 bp region of the
first exon of T. urticae AChE, comprising all AChE mutations that were previoulsy reported
to be involved in OP resistance (Khajehali et al. 2010). The vgsc primer set was designed
to amplify a 420 bp region of a vgsc exon carrying the super-kdr mutation (M918T, or a
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variant thereof, M918L), which was recently identified in pyrethroid resistant populations
of T. urticae (Wu et al. 2019).

PCR reactions were performed with Promega GoTaq Flexi kit in 50 yL. containing 3
uL of MgCl, 1 pL of ANTP, 10 uL of 5X Buffer, 2.5 uL of each primer (10 uM), 0.25 L.
Taq DNA polymerase and 1 pL. template DNA. PCR was performed as described in Inak
et al. (2019) with minor modifications, under the temperature cycling conditions of 2 min
at 95 °C, 40 cycles of 30 s at 95 °C, 30 s at 55 °C, 30 s at 72 °C, and followed by a final
extension of 5 min at 72 °C. For complete cytb amplification, long range PCR (Expand
Long Range dNTPack, Roche, Belgium) was used (Van Leeuwen et al. 2008). Full length
cytb PCR amplicons were sequenced with four internal primers. All PCR products were
purified using the EZNA Cycle-Pure kit (Omega Biotek, USA) according to the manufac-
turer’s instructions. The purified PCR product was then sequenced using the LGC sequenc-
ing service (Berlin, Germany). The obtained sequence data were analyzed with BioEdit
v.7.0.5 software (Hall 1999). Finally, based on visual inspection of sequencing chroma-
tograms, the mutations were classified as ‘not detected’, ‘present’ and ‘fixed’ (Khajehali
et al. 2011). It should be noted that this method is semi-quantitative, and will only detect
mutations with a relatively high frequency, as compared to assessing multiple single males
or females. Thus, the early onset of resistance might not be detected with this method.

Results
Resistance levels

The mortality after 48 h at FD/5, FD/2, FD, 2FD and 5FD for the eight compounds on all
assayed populations is presented in Table 3. Tetranychus urticae populations showed vari-
ous levels of susceptibility to the tested acaricides. All T. urticae populations were fully
susceptible (mortality > 50% at FD) to bifenazate, abamectin, emamectin benzoate and pro-
fenofos. Most of the populations were found resistant to at least three acaricides. Resist-
ance (mortality <50% at FD) against fenbutatin oxide and fenpyroximate was detected in
all the populations collected from the farms and wild plants, whereas most of these pop-
ulations were even highly resistant (mortality <50% at SFD) to these products. Four out
of the 12 tested Ethiopian populations (Ejersa, Holeta-1, Holeta-2 and Menagesha) were
found resistant to amitraz. Among the tested populations, only Holeta-2 was resistant to
chlorfenapyr.

Resistance mutation

Several target site mutations known to confer acaricide resistance (Feyereisen et al. 2015;
Van Leeuwen and Dermauw 2016; Van Leeuwen et al. 2010) have been detected and are
presented in Table 4. Among the known mutations in acetylcholinesterase (AChE), G119S,
A201S, T280A, G328A and F331W/C/Y were found in some of the tested populations.
The G119S mutation was detected in eight populations and was fixed in the Bishoftu-1
population. In addition, an F331 mutation was found in nine populations and fixed in four
of these populations. A combination of mutations in AChE in many of the tested popu-
lations was observed. In the Bishoftu-1 population, four out of the six screened muta-
tions (G119S, T280A, G328A and F331W/C/Y) were identified. Similarly, in Bishoftu-2,
Holeta-2 and Menagesha populations, G119S, A201S and F331W/C/Y mutations were
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observed. A combination of two of the mutations (G119S and F331W/C/Y) was detected
in Sebeta, Ziway-2, Ejersa, Koka and Holeta-1. Whether these mutations occur in a single
haplotype, or reflect the presence of different alleles from the sampled population, was not
investigated.

The H92R mutation in the PSST homologue of complex I was detected in half of the
tested populations, whereas only in Bishoftu-1 this mutation was fixed.

Among the mutations in the glutamate-gated chloride channel, G1314D in GluCI1 was
not detected, whereas G326E and I321T in GluCI3 were found, but not very frequently.
The G326E mutation was present in four populations but only fixed in the Bishoftu-1 pop-
ulation. The recently discovered mutation I321T in GluCl3 (Papapostolou et al. 2020; Xue
et al. 2020) was detected in the Bishoftu-1 population.

The F1538I mutation in the VGSC was found in eight populations, but was only fixed
in four populations (Bishoftu-1, Sebeta, Holeta-2 and Menagesha). The L1024V mutation
in the VGSC was rare and only detected in two populations (Bishoftu-1 and Holeta-1). A
combination of the F1538I and L1024V mutation was detected in Bishoftu-1 and Holeta-1
populations. Last, none of the tested populations harbored the super-kdr mutation (M918T,
or a variant thereof, M918L) in the VGSC (Nyoni et al. 2011; Wu et al. 2019).

The chitin synthase 1 (CHS1) mutation, 11017F, was detected in six populations and
was fixed in three of these populations (Ziway-2, Ejersa and Sebeta). Several mutations
(G126S +1136T, G126S+S141F, G126S + A133T, 1260V +N326S, P262T and G132A) in
cytochrome b (cytb) were screened in all populations but not detected.

Discussion

In this study, we used fixed acaricide diagnostic doses based on registered field rates in
Ethiopia to characterize the resistance status of spider mite populations. However, resist-
ance levels can only be accurately calculated when dose-response relationships are deter-
mined, and compared to the baseline response of a number of reference populations. It is
clear that in some cases, such as for profenofos, better diagnostic doses could have been
chosen. As full dose-response was not feasible, we took an arbitrary definition for suscepti-
ble (mortality > 50% at FD), resistant (mortality < 50% at FD) and highly resistant (mortal-
ity <50% at SFD). Whether this classification is directly associated with field performance
of acaricides on these strains is doubtful, but it allows to describe differences between pop-
ulations to some extent. Nevertheless, it is clear that if mortality is limited at SFD, some
levels of resistance must have evolved if this contrasts with patterns observed in other sus-
ceptible strains. As the Ghent reference strain shows only limited susceptibility to amitraz
and chlorfenapyr in this setup, claims about resistance linked to poor field performance are
almost impossible to make for these compounds.

All the tested populations in the current study were found fully susceptible to bifenazate,
abamectin, emamectin benzoate and profenofos. Bifenazate is a recently introduced, highly
effective miticide which belongs to the class of mitochondrial electron transport inhibitors
(METIs), acting on complex III (IRAC Group 20) of the mitochondrial electron transport
chain. Mutations in mitochondrial cytochrome b (cytb) were found to be associated with
bifenazate resistance (Van Leeuwen et al. 2008, 2011; Van Nieuwenhuyse et al. 2009).
Resistance of spider mites to bifenazate has been previously reported (Chen et al. 2019;
Khajehali et al. 2011; Van Leeuwen et al. 2006, 2008; Xu et al. 2018). In Ethiopia, Elings
et al. (2009) reported failure of field applications of bifenazate in some of the Ethiopian
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rose farms. However, toxicity tests were not conducted to supplement the observed field
control failure of the acaricide. In the current study none of the tested mites from green-
houses and field farms had developed resistance to bifenazate, whereas also none of the
previously reported cytb resistance mutations (Fotoukkiaii et al. 2020; Van Leeuwen et al.
2008, 2011; Van Nieuwenhuyse et al. 2009) were detected.

Globally, abamectin is extensively used to control mites and resistance has been docu-
mented in many regions of the world (Cagatay et al. 2018; Khajehali et al. 2011; Kwon
et al. 2010a; Sato et al. 2005; Stumpf and Nauen 2002; Vassiliou and Kitsis 2013; Xu et al.
2018; Xue et al. 2020). In our study, toxicity tests did not reveal abamectin resistance.
This might be partially due to the type of commercial formulation we used, which targets
insect pests (aphids, leaf miner and bollworm) and on which the label indicated a field dose
higher than the recommended dose used for the control of spider mites elsewhere (Inak
et al. 2019). However, in the Holeta-2 population very low mortality was observed — 38
and 48% at 7.2 and 18 mg/L, respectively — showing resistance compared with the diag-
nostic dose in Inak et al. (2019). Moreover, low mortality (58%) at 36 mg/L was detected
in this strain. Similarly, the Ziway-1 population exhibited only 61% mortality at 7.2 mg/L,
and could be considered partially resistant, in comparison with previous studies. Never-
theless, also a previous study from tomato farms of Ethiopia confirmed the efficacy of
abamectin against TSSM (Geleto et al. 2015). Abamectin targets the glutamate-gated chlo-
ride channel and resistance to abamectin has been associated with G314D in GluCl1 and
G326E and I321T in GluCl3 (Dermauw et al. 2012; Kwon et al. 2010a; Mermans et al.
2017; Riga et al. 2014; Stumpf and Nauen 2002; Xue et al. 2020). Although toxicity tests
in our study did not confirm resistance to abamectin, molecular diagnostics revealed the
presence of the G326E mutation in GIluCl3 in four populations and the I321T mutation in
GluCl3 in one population. Hence, care should be taken when using abamectin, as resist-
ance mutations can rapidly rise in frequency, potentially compromising future use of the
product. On the other hand, as G326E was fixed in one population, the presence of the
G326E mutation alone seems not sufficient to confer high resistance levels. This is in line
with a previous study, in which marker-assisted backcrossing of the G326E mutation in a
susceptible genetic background, revealed that the mutation alone or in combination with
G314D in GluCl1, exhibited only a weak resistance phenotype in T. urticae. However, the
recommended field dose of abamectin is tailored to insects and very high (see above) and
the high concentrations might mask actual resistance levels. Similar to abamectin, all of
the populations of TSSMs in our study were fully susceptible to emamectin benzoate. This
acaricide is classified in the same group as abamectin, having a similar mode of action.
Resistance to emamectin benzoate has been reported from Korea (Lee et al. 2003), yet was
not observed in the current study.

A CHS1 mutation, I1017F, was detected in six out of 12 populations, being fixed in
three of these six populations (Ziway-2, Ejersa and Sebeta). IRAC Group 10 acaricides
(etoxazole, hexythiazox, clofentezine) are mite growth inhibitors and have CHS1 as a
common target site (Demaeght et al. 2014). The I1017F substitution in the C-terminal
transmembrane domain of CHS1 has been linked with resistance against these acaricides
(Demaeght et al. 2014; Van Leeuwen et al. 2012) and CHS1 mutations in TSSM have been
reported previously (Adesanya et al. 2018; Demaeght et al. 2014; Herron et al. 2018; Ilias
et al. 2014; Inak et al. 2019; Osakabe et al. 2017). Hence, the presence of this mutation in
most of the tested populations raises concern for the possible use of mite growth inhibitor
acaricides in Ethiopian farms.

All populations collected from Ethiopia showed high levels of resistance against
fenbutatin oxide, which targets mitochondrial ATPase. Spider mite populations from
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different areas have developed resistance against this compound (Doker and Kazak
2012; Goodwin et al. 1995; Gorman et al. 2002; Inak et al. 2019; Van Leeuwen et al.
2005). However, the resistance mechanism to this compound is not well understood and,
at present, target-site mutations have not yet been documented.

Organophosphates (OPs) have been extensively used to control T. urticae. OP resist-
ance has been reported since the 1940s in T. urticae populations (Khajehali et al. 2010),
and resistance has been reported for various insect pests (Dong et al. 2014; Stumpf and
Nauen 2001). However, previous findings from various parts of Ethiopia suggested the
efficacy of profenofos for mite management (Belay et al. 2018; Ebrahim and Wakgari
2019). It was also evident that profenofos efficiently controlled spider mites in many
regions (Venugopal et al. 2003). In Ethiopia, profenofos was registered for the control
of pea aphids (Acyrthosiphon pisum) in pea fields (MOA, 2016). Acetylcholinester-
ase (AChE) mutations have been associated with OP resistance (Khajehali et al. 2010;
Kwon et al. 2010b). The detection of the G119S, T201S, T280A, G328A and F331W/
C/Y mutations in the AChE gene of some of the tested populations in Ethiopia suggests
the presence of target-site resistance mechanisms against OPs. Why profenofos resist-
ance is not detected in toxicity tests, at least in the few populations where mutations are
fixed, is unclear. However, it could be related to the type of OP-compound, as the muta-
tions have a different effect on different OPs (Khajehali et al. 2010; Zhang et al. 2017).
In addition, the field dose indicated for insects is much higher than the recommended
dose for spider mites (Herron et al. 1998), and even at % of the field dose, mites that are
resistant to other OP compounds might die.

Various mutations in the VGSC have been described to confer pyrethroid resistance.
Among the known mutations in the VGSC, the F1538I mutation in domain IIT segment 6
was found to be associated with pyrethroid resistance and was reported worldwide in many
TSSM populations (Davies et al. 2008; Dong et al. 2014; Feyereisen et al. 2015; Khajehali
et al. 2011; Tsagkarakou et al. 2009; Xu et al. 2018). In the current study, the F1538I muta-
tion was found in eight out of 12 populations. Moreover, the L1024V mutation, known to
confer resistance against pyrethroids (Kwon et al. 2010b) was detected in two populations
(Bishoftu-1 and Holeta-1). The observed combination of the F15381 and L1024V muta-
tions might raise concern for strong phenotype resistance in these populations, although
it needs to be confirmed that they occur in a single allele. Hence, the presence of F1538I
mutation in most of the tested populations, together with L1024V, might indicate that tar-
get-site resistance is a major resistance mechanism against pyrethroids in Ethiopian TSSM
populations.

Fenpyroximate is a mitochondrial electron transport inhibitor of complex I (METI-
Is) of the respiratory chain (Dekeyser 2005) and was found to be very effective against
all life stages of T. urticae and Panonychus citri (McGregor) (Motoba et al. 1992). How-
ever, widely distributed resistance of TSSM to fenpyroximate was observed in our study.
Likewise, resistance against fenpyroximate has been previously reported (Jum et al. 1995;
Kim et al. 2004; Sato et al. 2004; Stumpf and Nauen 2001; Van Pottelberge et al. 2009).
The H92R mutation in the PSST subunit of complex I in 7. urticae has been associated
with resistance to fenpyroximate (Bajda et al. 2017), and was found in half of the tested
populations. However, also the susceptible reference population shows limited mortality
at 250 mg a.i./L. This could indicate that either the strain was contaminated, or that the
leaf dip assay used in this study, providing only residual tarsal contact, is not suitable and
comparable to previous work with fenpyroximate (Van Pottelberge et al. 2009). Neverthe-
less, the presence of resistance mutations does indicate that METIs should not be used in
the near future.
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Amitraz resistance in TSSM has been reported earlier (Al Antary et al. 2012). In the
current study, four populations (Ejersa, Holeta-1, Holeta-2 and Menagesha) were found to
be resistant to amitraz, whereas the remaining populations were susceptible for this com-
pound. A similar study conducted by Geleto et al. (2015) reported amitraz resistance in
mites collected from tomato farms. Unlike our findings, amitraz resistance was not detected
in mites collected from wild plants as in the studies of Belay et al. (2018) and Ebrahim and
Wakgari (2019). Chlorfenapyr was found to be effective against almost all of the tested
populations, with only Holeta-2 showing resistance. Earlier studies also showed that TSSM
could develop resistance to chlorfenapyr (Herron et al. 2004; Nicastro et al. 2013; Van
Leeuwen et al. 2004).

Last, our study revealed that some of the Ethiopian TSSM populations are multi-resist-
ant (chlorfenapyr, fenpyroximate, fenbutatin oxide and amitraz). Moreover, the efficacy of
abamectin, OPs, METI-I acaricides and pyrethroids might be compromised as the target-
site mutations known for the mechanisms of resistance of these pesticides are commonly
existing in the Ethiopian 7. urticae populations.

Although there is no direct correlation between field efficacy and the presence of resist-
ance mutations at a certain frequency, their presence is probably indicative of wide acari-
cide use, at least historically, and care should be taken to develop an appropriate resistance
management strategy.
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