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Abstract

In Mexico, outbreaks of phytophagous papaya mites (Oligonychus sp.) can threaten papaya production by damaging young
leaves, causing a reduction in plant vigour and fruit yield. In the present study, we evaluated the effect of conventional aca-
ricides on the papaya mite and on predatory mites Neoseiulus californicus and Phytoseiulus persimilis. In the laboratory,
residual toxicity was tested by exposing Oligonychus sp. to acaricide-immersed leaves and the predatory mites to acaricide-
coated glass vials. In the greenhouse and small field plots, mite-infested papaya leaves were sprayed with different acaricides
to evaluate their control of Oligonychus sp. In the laboratory, abamectin, spirodiclofen, and fenpyroximate caused the highest
mortality (95-100%) of Oligonychus sp. adults and nymphs on day 1 after application. These acaricides also caused 100%
adult mortality of both predatory mites. Spirodiclofen and etoxazole killed all eggs of Oligonychus sp. In the greenhouse
and small field plots, abamectin, spirodiclofen, and fenpyroximate were effective at controlling the population of adults,

nymphs, and eggs of Oligonychus sp.

Keywords Phytophagous mites - Acaricide effectiveness - Pest management

Introduction

Phytophagous mites are among the most destructive pests of
papaya (Carica papaya L.). Mites can significantly reduce
photosynthesis and transpiration, affecting plant growth and
fruit yield (Helle and Sabelis 1985; Huffaker et al. 1969).
Two of the most damaging species of papaya are the two-
spotted spider mite (Tetranychus urticae Koch) and the
broad mite (Poliphagotarsonemus latus Banks) (Valencia-
Dominguez et al. 2011; Abato-Zarate et al. 2014). Whereas
T. urticae feeds on mature leaves, causing yellowing, P.
latus affects young leaves, causing chlorosis, deformation,
and smaller blades (Abato-Zarate et al. 2018; Acuiia et al.
2005; Alcantara et al. 2011). Other mite species cause large
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losses in specific papaya-growing regions, for example, Tez-
ranychus kanzawai Kishida and Tetranychus cinnabarinus
Boisduval in Taiwan (Lu and Wang 2005), Tetranychus
merganser Boudreaux in southern Mexico (Valencia-
Dominguez et al. 2011), and Oligonychus indicus Hirst
in West India (Goshal et al. 2010). In recent years, papaya
growers in southern Mexico have faced high infestations
of Oligonychus sp. that caused yellowing, malformation,
and necrosis of young leaves, which resulted in a dramatic
decrease in fruit yield (Cua-Basulto 2018).

Tetranychus urticae, T. merganser, and P. latus are effec-
tively controlled on papaya by the acaricides dicofol, bifen-
thrin, spiromesifen, abamectin, fenazaquin, paraffinic oil,
sulphur and fatty acid salts (Acufia et al., 2005; Abato-Zarate
et al., 2012; Herrera-Palacios et al., 2018), but no studies
have evaluated acaricides for controlling Oligonychus sp. on
papaya. In addition to the use of acaricides, the inclusion of
biological control agents also holds promise for controlling
mites. For example, the Phytoseiidae Phytoseiulus persimilis
Athias-Henriot and Neoseiulus californicus McGregor have
been successful as biological control agents against 7. urti-
cae and T. merganser on papaya plantations in Colombia and
Mexico, which highlights the importance of these predatory
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mite species (Lopez-Bautista et al. 2016; Mena et al. 2020).
Even though these species have not been observed as nat-
ural acarofauna on papaya, other species of Phytoseiidae
has been reported in various regions; Typhlodromalus spp.,
Amblyseius spp., and Neoseiulus idaeus Denmak & Muma
are present in Brazil’s southeastern tropical coastal plain
(Collier et al. 2004), Neoseiulus fallacis Garman in Indone-
sia (Puspitarini et al. 2019), and Amblyseius spp. and Neosei-
ulus longispinosus Evans in Cuba (Diaz-Tejeda et al. 2010).
Here, we evaluated the effects of conventional acaricides
on the papaya mite Oligonychus sp. in the laboratory, green-
house and in small field plots and on two predatory mites M.
californicus and P. persimilis in the laboratory.

Material and methods
Mite sources

Oligonychus sp. was collected from papaya fields in
Tepakan, Yucatan. The mite colony was established on
3-5-month-old papaya plants in a greenhouse at 25-32 °C
and 70-90% RH with a photoperiod of 14 h light:10 h dark.
The predatory mites P. persimilis and N. californicus were
purchased from Koppert Biological Systems (Queretaro,
Mexico).

Molecular identification of Oligonychus sp

For the molecular identification of Oligonychus sp., mito-
chondrial DNA (mtDNA) was extracted separately from
three samples with hexadecyltrimethyl ammonium bromide
(2% with 5 M NaCl), according to the protocol of Doyle
and Doyle (1987) as modified by the Ministry of Agricul-
ture, Livestock, Rural Development, Fisheries and Food
(SAGARPA-Mexico, 2017). The quantity and quality of
DNA were estimated using a NanoDrop 2000® spectropho-
tometer (Thermo Scientific, Waltham, MA, the USA). DNA
integrity was analyzed by electrophoresis in 0.8% (w/v) aga-
rose gels in 1X Tris—borate—EDTA buffer (TBE) and eth-
idium bromide staining. PCR amplifications were performed
using universal primers, based on genomic regions of the
cytochrome oxidase ¢ subunit 1 (COI) gene, to amplify a

710-bp DNA fragment (LCO1490 5' GGTCAACAAATC
ATAAAGATATTGG 3'; HC02198 5' TAAACTTCAGGG
TGACCAAAAAATCA 3") (Folmer et al. 1994). The fol-
lowing cycling conditions were used: 1 min denaturation
at 94 °C; 4 cycles of 94 °C for 30 s, 45 °C for 90 s, and 72
°C for 1 min; and 35 cycles of 94 °C for 30 s, 51 °C for
90 s, and 72 °C for 10 min. PCR products were visualized
by electrophoresis in 1.5% (w/v) agarose gels in 1X TBE
and ethidium bromide staining. PCR products were puri-
fied using the Wizard® SV Gel and PCR Clean-Up Sys-
tem (Promega, Madison, the USA) and were sequenced in
both directions by Macrogen Inc., South Korea. Sequences
obtained were analyzed using the Basic Local Alignment
Search Tool (BLAST), accessed via the National Centre for
Biotechnology Information (NCBI) website.

Tested acaricides

Five acaricides recommended for the control of T. urticae in
papaya were evaluated in the laboratory and greenhouse at
concentrations recommended by the manufacturer (Table 1).
The three most effective acaricides were also tested in small
field plots. The control was only sprayed with distilled water.

Laboratory bioassays

Acaricides were tested against adults, nymphs, and eggs
of Oligonychus sp. In bioassays of adults and nymphs as
described by Monteiro et al. (2015), papaya leaf discs (5 cm
in diameter) were cut and immersed for 5 s in a 100-mL
beaker containing different acaricide solutions. Treated leaf
discs were dried for 30 min at room temperature and then
placed adaxial side up on moistened cotton in Petri dishes
(9 cm diameter, 1.5 cm depth). The edges of the leaf disc
were covered with moistened cotton to prevent mites from
escaping. Fifteen mites were transferred onto each leaf disc,
and mortality was recorded after 1, 2, and 3 days (Uddin
et al. 2015). Mites that did not move after being touched
with a fine brush were considered dead. Dead mites were
removed from the leaf disc. A Petri dish represented a repli-
cate. Eight replicates were included for each acaricide.

Egg mortality was evaluated as described by Wang et al.
(2016). Adult females were transferred to papaya leaf discs

Table 1 Names and

N Acaricide Recommended Trade name Manufacturer
recommended doses pt dose (mg a.i/L)
acaricides evaluated in the
present study Bifenazate 1000 Acramite 50% WS Arysta Lifescience, Mexico
Etoxazole 200 Tetrasan 10.34% SC Valent de Mexico S.A. de C.V

Fenpyroximate 100
Spirodiclofen 500
Abamectin 36

Sumatrus 5% SC
Envidor 22.30% SC
Abakrone 1.80% EC

Agroquimicos Versa S.A. de C.V
Bayer Crop Science Mexico S.A. de C.V
BioKrone Mexico, S.-A. de C.V
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(30 females per 5-cm-diameter disc) placed on moistened
cotton in Petri dishes (9 cm in diameter). After 24 h, all
adults were removed. Some eggs were also removed to leave
only 20 eggs per leaf disc. Leaf discs containing the eggs
were carefully taken with forceps and dipped 5 s into the
acaricide solutions. Subsequently, treated leaf discs were
dried for 30 min at room temperature and placed back into
the Petri dishes. Petri dishes were maintained at room tem-
perature (24-30 °C) for 6 days. Egg mortality was then
recorded; eggs that did not hatch were considered dead.
A Petri dish represented a replicate. Five replicates were
included for each acaricide treatment.

The toxicity of the acaricides on the predatory mites (V.
californicus or P. persimilis) was evaluated as described by
Cheri et al. (2013). Acaricide solutions (5 mL) were poured
into 20-mL glass vials and swirled for even coverage over
the glass surface; the excess was discarded, and the vials
placed in a fume hood for 3 h. Then, a drop of honey was
streaked inside each vial. Subsequently, ten adults of N. cali-
fornicus or P. persimilis were placed into a vial and capped.
Mortality of mites, taken as the lack of movement when
disturbed, was recorded after 2 d. For this test, a vial rep-
resented a replicate. Five replicates were included for each
acaricide.

Greenhouse and small field tests

The acaricides were tested against Oligonychus sp. in
a greenhouse and field in Conkal, Yucatan, Mexico. In a
greenhouse with a plastic ceiling and anti-aphid lateral
mesh, 3-month-old papaya plants were infested with Oligo-
nychus sp. by placing a heavily infested papaya leaf on each
shoot. After 21 days, when the mite colony was established,
the acaricides were sprayed with a hand sprayer until run-
off. A plant represented a replicate, with 10 replicates per
acaricide treatment. Mites in each population were counted
before spraying (day 0) and at 1, 7, and 14 days after acari-
cide application by excising one fully expanded young leaf
on the upper third of each plant, taking it to the laboratory
and counting the number of adults, nymphs, and eggs using
a stereoscope (40x). The leaf area was measured with a LI-
COR area meter model LI-3100C (Lincoln, NE, the USA).

For the small field evaluation, the plots were arranged in a
randomized complete block design with four replicates. Each
experimental plot contained 15 plants spaced at 2.5X2 m.
Eight months after transplanting, plants were infested with
Oligonychus sp. as described for the greenhouse evaluation.
After 30 days, when the mite colonies were established on
the young leaves, whole plants were sprayed with abamec-
tin, spirodiclofen, or fenpyroximate, using a 25-L backpack
sprayer. Mite numbers and leaf areas were recorded before
spraying (day 0) and at 1, 7, 14, 21, and 28 days after acari-
cide application as described for the greenhouse evaluation.

In each experimental plot, three plants in the central area
were selected, and one fully expanded young leaf of the
upper third of each plant was sampled for a total of 12 leaves
(replicates) per treatment.

Data analysis

Mortality data for Oligonychus sp. nymphs and adults at
days 1, 2 and 3 after acaricide application in the labora-
tory were subjected to analysis of variance with repeated
measures and Bonferroni post hoc test. Mortality data for
Oligonychus sp. eggs were subjected to one-way analysis of
variance and Tukey post hoc test.

Mortality data for the predatory mites (N. californicus
and P. persimilis) were analyzed by a factorial analysis of
variance to detect any effect of the acaricides within a sin-
gle mite species and compare the effects of the acaricides
between species.

Data for the population density of Oligonychus sp. on
papaya were subjected to randomized block analyses of vari-
ance and Tukey post hoc test.

In all cases, data were first checked for normality and
homoscedasticity. The effects were considered statistically
significant if P <0.05. All analyses were performed in the
Statistical Package for Social Scientists version 16.0 (SPSS,
Chicago, IL, the USA).

Results
Molecular identification

The PCR using LCO1490 and HC02198 primers yielded
a single band of 710 bp from the collected samples. The
BLAST search of the genetic sequence in the GenBank
database showed 90-92% of similarity with Oligonychus
sp. (Fig. 1).

Toxicity of acaricides to Oligonychus sp.
and predatory mites in the laboratory

All acaricides caused significant mortality of Oligonychus
sp. adults (F=813.8; df =5, 42; P<0.001) and nymphs
(F=1560.7;, df =5, 42; P<0.001). For adults, abamectin
caused 100% mortality on day 1 after application (Fig. 2).
Spirodiclofen caused more that 90% mortality at day 1, and
at day 2, the mortality was 100%. Fenpyroximate caused
less than 50% mortality at day 1, but reached 100% at day
2. Bifenazate and etoxazole caused low mortality at day 1
(<20%), but mortality increased significantly at day 2 and
day 3 after application (Fig. 2). For nymphs, abamectin,
spirodiclofen and fenpyroximate caused 100% mortality
on day 1 after application. Bifenazate and etoxazole also
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Fig.2 Mortality of papaya mite Oligonychus sp. adults (a) and
nymphs (b) exposed for 3 days to the acaricides in the laboratory.
Means for the same chemical that do not share the same letter dif-
fered significantly (repeated measures ANOVA, Bonferroni post hoc
test, P <0.05)

caused high mortality (>90%) but not until day 3 after
application (Fig. 2).

The mortality of Oligonychus sp. eggs was signifi-
cantly different among treatments (F=797.9; df =5, 42;
P <0.001). The highest mortality was produced by spirodi-
clofen and etoxazole (100%), followed by fenpyroximate
(93%), bifenazate (84%), and abamectin (77%) (Fig. 3).

The acaricides also caused significant mortality to
the predatory mites. Factorial analysis showed that the
acaricides had differential effects (F=1489.39; df=5,
59; P<0.0001). The highest mortality was produced by
abamectin, spirodiclofen, and fenpyroximate (100%), fol-
lowed by bifenazate (88-92%) and etoxazole (36-43%)
(Fig. 4). The effect of the acaricides was similar for both
predatory mite species; no difference was observed in their
susceptibility (F=413; df=1, 59; P> 0.05).

100 H

80 4

60

40 1

Mortality (%)

20

Fig.3 Mortality (meanzstandard error) of Oligonychus sp. eggs
6 days after treatment with acaricides in the laboratory. Means that
do not share the same letter differed significantly (one-way ANOVA,
Tukey post hoc test, P <0.05)

Effect of the acaricides on mite population
in the greenhouse

All acaricides significantly reduced the population density
of Oligonychus sp. on papaya leaves (Fig. 5). For adults,
abamectin, spirodiclofen, and fenpyroximate showed
the highest effectiveness at day 1 after spraying (Fig. Sa;
F=150.9; df =5, 54; P<0.001). These acaricides, in addi-
tion to bifenazate, were also the most effective at day 7

100 | i 4d a2 b b
i
80 4
W N. californicus
& C— P. persimilis
SR ’
E ¢
5 40 |
=
20 A
dd
g < o o (2) ~
5L F g s £
o S g < & S
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S S £ 5 5
= I3 D
< -5 Q)
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Fig.4 Mortality (mean+standard error) of Neoseiulus californicus
and Phytoseiulus persimilis adults 2 days after exposure to the acari-
cides under laboratory conditions. Means that do not share the same
letter differed significantly (factorial ANOVA, Tukey Post hoc test,
P<0.05)
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Fig.5 Population density (meanz+standard error) of adults (a),
nymphs (b) and eggs (c) of papaya mite Oligonychus sp. on test leaf
after application of the acaricides in a greenhouse. Means for the
same day after spraying that do not share the same letter differed sig-
nificantly (one-way ANOVA, Tukey post hoc test, P <0.05)

(F=231.3; df=5, 54; P<0.001) and day 14 (F=515.5;
df=5, 54; P<0.001).

For nymphs, abamectin, spirodiclofen, and fenpyroximate
showed the highest effectiveness at day 1 after spraying
(Fig. 5b; F=150.0; df=5, 54; P <0.001), day 7 (F =287.2;
df=5, 54; P<0.001), and day 14 (F=310.4; df =5, 54;
P <0.001). For eggs, the acaricides showed low effective-
ness at day 1 after spraying (Fig. 5c; F'=8.8; df =5, 54;
P <0.001), but at day 7 (F=182.3; df =5, 54; P<0.001),
spirodiclofen and etoxazole had significantly reduced the

@ Springer

population density of papaya mite eggs (1.6 to 2.0 eggs
cmz). At day 14 (F=310.6; df =5, 54; P<0.001), all aca-
ricides showed the same effectiveness in reducing the egg
population of papaya mite (0.5 to 1.4 eggs cm?).

Effects of the acaricides on the mite population
in the small field experiments

In the small field tests of abamectin, spirodiclofen, and fen-
pyroximate, all acaricides significantly reduced the popula-
tion of adults, nymphs, and eggs of Oligonychus sp. (Fig. 6).
For adults, abamectin and spirodiclofen showed the highest
effectiveness at all dates (Fig. 6a; 1, 7, 14, 21, and 28 days
after spraying). Fenpyroximate was also effective against
the adult population, but its effect was lower than that of
abamectin and spirodiclofen.

For nymphs, abamectin and spirodiclofen had the highest
effectiveness at day 7 after spraying (Fig. 6b). At days 21 and
28 after spraying, all acaricides had similar efficacy against
the nymph population.

For eggs, all the acaricides showed slight but significant
effects at day 1 (Fig. 6¢). However, by day 7, abamectin and
spirodiclofen had significantly reduced the population den-
sity. At day 14, all acaricides had maintained their effective-
ness to the same extent. At day 21, the population density of
eggs had increased, but the effect of the acaricides was still
significant relative to the control. At day 28, the acaricides
had no effect on the population density of eggs.

Discussion

In this evaluation of the effects of acaricides on the papaya
mite Oligonychus sp. and the two predatory mites N. cali-
fornicus and P. persimilis, the toxicity tests in the laboratory
showed that abamectin, spirodiclofen, and fenpyroximate
were highly toxic to adults and nymphs of Oligonychus sp.
and to adults of N. californicus and P. persimilis. Etoxa-
zole and spirodiclofen were also highly toxic to eggs. In the
greenhouse and small field plots, abamectin, spirodiclofen,
and fenpyroximate effectively controlled the population of
Oligonychus sp.

Overall, abamectin, spirodiclofen, and fenpyroximate
were the most effective acaricides to control Oligonychus sp.
These acaricides have different modes of action: abamectin
targets the gamma-aminobutyric receptors on chloride chan-
nels, spirodiclofen targets acetyl-CoA-carboxylase, and fen-
pyroximate inhibits mitochondrial NADH-Co Q reductase
(Ishaaya et al. 2007; Marcic 2012; Reddy et al. 2014). Hav-
ing an arsenal of acaricides with different modes of action
to control the papaya mite Oligonychus sp. is important for
developing a comprehensive management programme to
prevent or delay resistance to acaricides.
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Fig.6 Population density (mean+standard error) of adults (a),
nymphs (b) and eggs (c) of papaya mite Oligonychus sp. on a test leaf
after application of the acaricides in a small field plots. Means for the
same day after spraying that do not share the same letter differed sig-
nificantly (one-way ANOVA, Tukey post hoc test, P <0.05)

Abamectin, one of the most-used acaricides in agricul-
ture, has shown high effectiveness against different tetra-
nychid species, including Oligonychus sp. (Roy et al. 2012,
Ramos-Gutiérrez et al. 2015). It has been extensively used
because it has a strong toxic effect within a few hours (4 h)
after application (Uddin et al. 2015) and a fair residual effect
in the field (up to 3 weeks) when applied at recommended
field rates (Duchovskiene 2009, Uddin et al. 2015).

Spirodiclofen has been used effectively against a wide
range of phytophagous mites (Raudonis 2006; Ouyang et al.

2011; Lemus-Soriano and Pérez-Aguilar 2016). Although its
effect is not as rapid as that of a neurotoxic acaricide (Rau-
donis 2006), we observed strong effects (100% mortality)
against Oligonychus sp. by day 1 after application.

Fenpyroximate has been effective in controlling species
of the Tetranychidae family (Reddy et al. 2014; Kumari
et al. 2015), including Oligonychus spp. (Aswin et al. 2015;
Lemus-Soriano and Pérez-Aguilar 2016). Contrary to pre-
vious reports that fenpyroximate exerts its effect within 2
to 3 days after application (Kumari et al. 2015; Wang et al.
2018), we found that it produced 100% mortality against
nymphs by day 1 after application.

When selecting an acaricide for a pest management pro-
gramme, one of the main aspects to consider is the persis-
tence of the effects. In this sense, abamectin and spirodi-
clofen are considered acaricides with long persistence (3 to
4 weeks) when applied at field recommended rates (Ducho-
vskiene 2009, Huerta-Pérez et al. 2017). The persistence
of fenpyroximate is substantially lower (from 1 to 3 weeks;
Lemus-Soriano and Pérez-Aguilar 2016; Wang et al. 2018).

In the present study, spirodiclofen and etoxazole showed
strong ovicidal effects (100% mortality), agreeing with
previous reports that these acaricides have ovicidal effects
within 4 weeks after spraying in the field (Dekeyser 2005;
Ochiai et al. 2007; Montoya et al. 2017). It is important to
point out that in the field, a decrease in egg population in
the long term may not only be due to a direct ovicidal effect,
but also to fewer eggs being laid by the reduced population
of adults.

We also found that abamectin, spirodiclofen, and fenpy-
roximate were highly toxic to the predatory mites N. cali-
fornicus and P. persimilis, in agreement with studies that
documented the lethal effects of abamectin and spirodiclofen
on P. persimilis (Bostanian and Akalach 2006; Duso et al.
2008) and N. californicus (Kaplan et al. 2012; Assis et al.
2018). Although fenpyroximate has not been tested against
N. californicus or P. persimilis, highly toxic effects have
been documented against other predatory mite species (Iri-
garay and Zalom 2006; Nadimi et al. 2011). Knowing the
potential risk of acaricides against predatory mites should
provide a basis for selecting chemical controls that are com-
patible with biological control agents in integrated pest man-
agement programmes.

In summary, to control Oligonychus sp. in papaya,
abamectin, spirodiclofen, and fenpyroximate were highly
effective against the motile stages. In addition, spirodiclofen
and etoxazole had strong ovicidal effects. However, these
acaricides were also highly toxic to the predatory mites P.
persimilis and N. californicus following residual exposure in
the laboratory. Even though these data from the laboratory
do not necessarily reflect a realistic situation in the field,
our results suggest that the use of abamectin, spirodiclofen,
and fenpyroximate might have a significant negative impact
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on the predatory mites P. persimilis and N. californicus and
probably other predatory mite species in papaya fields.

Acknowledgements The authors thank CONACYT for the postgradu-
ate scholarship granted to Marcos Cua-Basulto.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

References

Abato-Zarate M, Villanueva-Jiménez JA, Otero-Colina G, Avila-
Reséndiz C, Hernidndez-Castro E, Reyes-Pérez N (2012) Biologi-
cal efficacy and selectivity of acaricides in papaya (Carica papaya
L.). Trop Subtrop Agroecosyst 15:118-125

Abato-Zarate M, Villanueva-Jiménez JA, Otero-Colina G, Avila-
Reséndiz C, Hernandez-Castro E, Reyes-Pérez N (2014) Acaro-
fauna associated to papaya orchards in Veracruz, México. Acta
Zool Mex 30:595-609

Abato-Zarate M, Villanueva-Jiménez JA, Otero-Colina G, Avila-
Reséndiz C, Reyes- Pérez N (2018) Population dynamics of
mites of the families Tetranychidae and Phytoseiidae associated
to Carica papaya l., 1753. Acta Zool Mex 34:29-38. https://doi.
org/10.21829/azm.2018.3411180

Acuia LE, Agostini JP, Haberle TH (2005) Control quimico del acaro
blanco Polyphagotarsonemus latus Banks. del mamon Carica
papaya L. Citrusmisiones 30:10-20

Alcantara JA, Santillan-Galicia MT, Otero-Colina G, Mora A, Gutiér-
rez MA, Hernandez E (2011) Relacién entre Polyphagotarson-
emus latus (Acari: Tarsonemidae) y el virus de la mancha anular
del papaya (PRSV-p). Rev Colomb Entomol 37:228-333

Assis POC, Gondim GCM, Siqueira AAH (2018) Synergism to acari-
cides in resistant Neoseiulus californicus (Acari: Phytoseiidae),
a predator of Tetranychus urticae (Acari: Tetranychidae). Crop
Prot 106:139-145. https://doi.org/10.1016/j.cropro.2017.12.026

Aswin T, Bhaskar H, Subramanian M (2015) Efficacy of novel aca-
ricide molecules and botanicals against rice leaf mite Oligo-
nychus oryzae (Hirst) (Prostigmata: Tetranychidae). ] Trop Agric
53:187-190

Bostanian NJ, Akalach M (2006) The effect of indoxacarb and five
other insecticides on Phytoseiulus persimilis (Acari: Phytoseii-
dae), Amblyseius fallacis (Acari: Phytoseiidae) and nymphs of
Orius insidiosus (Hemiptera: Anthocoridae). Pest Manag Sci
62:334-339. https://doi.org/10.1002/ps.1171

Cheri MA, Braman SK, Oetting RD, Hinkle NC (2013) Pesticide com-
patibility with natural enemies for pest management in greenhouse
Gerbera daisies. ] Econ Entomol 106:1590-1601. https://doi.org/
10.1603/ec12503

Collier K, de Lima J, Albuquerque G (2004) Predaceous mites in
papaya (Carica papaya L.) orchards: in search of a biological
control agent of phytophagous mite pests. Neotrop Entomol. 33
(6) 799-803 https://doi.org/10.1590/S1519-566X2004000600020

Cua-Basulto ME (2018) Efectividad de acaricidas biorracionales y
quimicos contra Oligonychus sp. en papaya (Carica papaya L.) y
su efecto en dos especies de acaros depredadores. Tesis de Maes-
tria. Divisién de Estudios de posgrado e investigacién. Instituto
Tecnologico de Conkal. Mexico.

Dekeyser MA (2005) Acaricide mode of action. Pest Manag Sci
61:103-110. https://doi.org/10.1002/ps.994

@ Springer

Diaz-Tejeda YP, de Torre La AB, Hernandez D, Rodriguez J, Rod-
riguez H, Pérez Y (2010) Acarofauna asociada a frutales,
plantas ornamentales y arvenses presentes en localidades
de la region occidental y central de Cuba. Revista CitriFrut.
27(2):54-63

Doyle 1], Doyle JL (1987) A rapid DNA isolation procedure for small
quantities of fresh leaf tissue. Phytochem Bulletin 19:11-15

Duchovskiene I, Rudonis L, Karkleliene R, Starkute R (2009) Toxic-
ity to predatory mite Phytoseiulus persimilis in cacumber. Sod-
ininkyste Ir Darzininkyste 28:41-46

Duso C, Malagnini V, Pozzebon A, Buzzetti FM, Tirello P (2008) A
method to assess the effects of pesticides on the predatory mite
Phytoseiulus persimilis (Acari Phytoseiidae) in the laboratory.
Biocontrol Sci Technol 18:1027-1040. https://doi.org/10.1080/
09583150802521251

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA
primers for amplification of mitochondrial cytochrome c oxidase
subunit I from diverse metazoan invertebrates. Mol Mar Biol Bio-
technol 3:294-299

Ghoshal S, Barman S, Mitra A, Saha M (2010) Fluctuation of popula-
tion and role of feeding on papaya (Carica papaya) ider by the
spider mite Oligonychus indicus (hirst). J] Anim Sci 4:16-21

Helle W, Sabelis MW (eds) (1985) Spider mites, their biology, natural
enemies and control. 1A & B. Elsevier Science,Amsterdam, The
Netherlands.

Herrera-Palacios A, Mena-Pérez Y, Mesa-Cobo N (2018) Management
alternatives for Tetranychus urticae Koch (Acari: Tetranychidae)
in the Carica papaya L. Hybrid Tainung-1. Revista Colombiana
De Ciencias Horticolas. 12:561-573. https://doi.org/10.17584/
rcch.2018v12i3.8217

Hoy MA (2011) Chapter 5. The strategy of Integrated Mite Manage-
ment. In: Agricultural Acarology: Introduction to Integrated Mite
Management. CRC Press. 47-82

Huerta-Pérez J, Solis-Aguilar JF, Tejeda-Reyes MA, Ramirez-Alarcén
S, Luna-Garcia J, Alonso-Hernandez L, Diaz-Najera JF (2017)
Efectividad de acaricidas para el control de arafia roja en rosa en
Chiautzingo, Puebla. Entomol Mex 4:358-362

Huffaker CB, van de Vrie M, McMurtry JA (1969) The ecology of
tetranychid mites and their natural control. Annu Rev Entomol
14(1):125-174. https://doi.org/10.1146/annurev.en.14.010169.
001013

Irigaray FISC, Zalom FG (2006) Side effects of five new acaricides
on the predator Galendromus occidentalis (Acari, Phytoseii-
dae). Exp Appl Acarol 38:299-305. https://doi.org/10.1007/
$10493-006-0017-z

Ishaaya I, Barazani A, Kontsedalov S, Horowitz R (2007) Insecticides
with novel modes of action: mechanism, selectivity and cross-
resistance. Entomol Res 37:148-152. https://doi.org/10.1111/j.
1748-5967.2007.00104.x

Kaplan P, Yorulmaz S, Ay R (2012) Toxicity of insecticides and acari-
cides to the predatory mite Neoseiulus californicus (McGregor)
(Acari: Phytoseiidae). Int J Acarol 38:699-705. https://doi.org/10.
1080/01647954.2012.719031

Kumari S, Chauhan U, Kumari A, Nadda G (2015) Comparative toxici-
ties of novel and conventional acaricides against different stages of
Tetranychus urticae Koch (Acarina: Tetranychidae). J Saudi Soc
Agric Sci 16:191-196. https://doi.org/10.1016/j.jssas.2015.06.003

Lemus-Soriano BA, Pérez-Aguilar DA (2016) Control quimico
del acaro café del aguacate Oligonychus punicae (Hirst, 1926)
(ACARI: TETRANYCHIDAE). Entomol Mex 3:349-353

Lépez-Bautista E, Santillan-Galicia MT, Suarez-Espinosa J, Cruz-
Huerta N, Bautista-Martinez N, Alcantara-Jiménez JA (2016)
Damage caused by mite Tetranychus merganser (Trombidiformes:
Tetranychidae) on Carica papaya (Violales: Caricaceae) plants
and effect of two species of predatory mite. Int J Acarol. https://
doi.org/10.3958/059.045.0323


https://doi.org/10.21829/azm.2018.3411180
https://doi.org/10.21829/azm.2018.3411180
https://doi.org/10.1016/j.cropro.2017.12.026
https://doi.org/10.1002/ps.1171
https://doi.org/10.1603/ec12503
https://doi.org/10.1603/ec12503
https://doi.org/10.1590/S1519-566X2004000600020
https://doi.org/10.1002/ps.994
https://doi.org/10.1080/09583150802521251
https://doi.org/10.1080/09583150802521251
https://doi.org/10.17584/rcch.2018v12i3.8217
https://doi.org/10.17584/rcch.2018v12i3.8217
https://doi.org/10.1146/annurev.en.14.010169.001013
https://doi.org/10.1146/annurev.en.14.010169.001013
https://doi.org/10.1007/s10493-006-0017-z
https://doi.org/10.1007/s10493-006-0017-z
https://doi.org/10.1111/j.1748-5967.2007.00104.x
https://doi.org/10.1111/j.1748-5967.2007.00104.x
https://doi.org/10.1080/01647954.2012.719031
https://doi.org/10.1080/01647954.2012.719031
https://doi.org/10.1016/j.jssas.2015.06.003
https://doi.org/10.3958/059.045.0323
https://doi.org/10.3958/059.045.0323

Journal of Plant Diseases and Protection (2021) 128:1617-1625

1625

Lu CT, Wang CL (2005) An investigation of spider mites on papaya and
reevaluation of some acaricides. Plant Prot Bulletin 47:273-279

Marcic D (2012) Acaricides in modern management of plant-feed-
ing mites. J Pest Sci 85:395-408. https://doi.org/10.1007/
$10340-012-0442-1

Mena YM, Mesa NC, Escobar A, Pérez S (2020) Evaluation of Phy-
toseiidae mites and Chrysoperla carnea (Stephens) on the con-
trol of Tetranychus urticae in Carica papaya L. Agron Colomb.
38(1):101-109. https://doi.org/10.15446/agron.colomb.v38nl1.
73271

Monteiro VB, Gondim MGC, Oliveira JEM, Siqueira HAA, Sousa JM
(2015) Monitoring Tetranychus urticae Koch (Acari: Tetranychi-
dae) resistance to abamectin in vineyards in the Lower Middle Sao
Francisco Valley. Crop Prot 69:90-96. https://doi.org/10.1016/j.
cropro.2014.12.012

Montoya A, Galano-Flores G, Rodriguez H, Fanco AA, Zardi OZ,
Yamamoto PT (2017) Toxicity of acaricides on Tetranychus urti-
cae (Koch) in the laboratory. Rev Prot Veg 32:60-67

Nadimi A, Kamali K, Masoud M, Abdoli F (2011) Study on persistence
tests of miticides abamectin and fenproximate to predatory mite
Phytoseiulus persimilis (Acarina: Phytoseiidae). African J Agric
Res 6:338-342. https://doi.org/10.5897/AJAR09.411

Ochiai N, Mizuno M, Mimori N, Miyake T, Dekeyser M, Canlas LJ,
Takeda M (2007) Toxicity of bifenazate and its principal active
metabolite, diazene, to Tetranychus urticae and Panonychus citri
and their relative toxicity to the predaceous mites, Phytoseiulus
persimilis and Neoseiulus californicus. Exp Appl Acarol 43:181—
197. https://doi.org/10.1007/s10493-007-9115-9

Ouyang Y, Montez GH, Liu L, Grafton-Cardwell EE (2011) Spirodi-
clofen and spirotetramat bioassays for monitoring resistance in cit-
rus redmite, Panonychus citri (Acari: Tetranychidae). Pest Manag
Sci 68:781-787. https://doi.org/10.1002/ps.2326

Puspitarini RD, Afandhi A, Rahardjo BT (2019) Population dynamics
of mites on monoculture and polyculture systems of calina papaya
during dry season. International Conference and the 10th Con-
gress of the Entomological Society of Indonesia (ICCESI 2019).
Adyv Biol Sci Res 8:18-24

Ramos-Gutiérrez FA, Santillan-Ortega C, Robles-Bermidez A, Isior-
dia-Aquino N, Garcia-Lépez M, Flores-Canales RJ, Gonzalez-
Corona MS (2015) Susceptibility to acaricides in Oligonychus
perseae from avocado orchards in Nayarit, Mexico. Rev Bio Cienc
3:220-227

Raudonis L (2006) Comparative toxicity of spirodiclofen and lamb-
dacihalotrin to Tetranychus urticae, Tarsonemus pallidus and
predatory mite Amblyseius andersoni in a Strawberry site under
field conditions. Agron Res 4:317-322

Reddy SGE, Urvashi C, Sapana K, Gireesh N, Singh MK (2014) Com-
parative bioefficacy of acaricides against two spotted spider mite,
Tetranychus urticae (Koch) on Chrysanthemum in Polyhouse. Int
J Res Chem Environ 4:15-19

Uddin N, Alam Z, Miah UR, Hossain MI, Mustarin KE (2015) Toxicity
of pesticides to Tetranychus urticae koch (Acari: Tetranychidae)
and their side effects on Neoseiulus californicus (Acari: Phyto-
seiidae). Int J Acarol 41:688—693. https://doi.org/10.1080/01647
954.2015.1094512

Valencia-Dominguez HM, Otero-Colina G, Santillin-Galicia MT,
Hernandez-Castro E (2011) Acarofauna en papaya var. Maradol
(Carica papaya L.) en el estado de Yucatan. México Entomotro-
pica 26:17-30

Wang L, Zhang Y, Xie W, Wu Q, Wang S (2016) Sublethal effects
of spinetoram on the two-spotted spider mite, Tetranychus urti-
cae (Acari: Tetranychidae). Pest Biochem Physiol 132:102-107.
https://doi.org/10.1016/j.pestbp.2016.02.002

Wang Z, Cang T, Wu S, Wang X, Qi P, Wang X, Zhao X (2018)
Screening for suitable chemical acaricides against two-spotted
spider mites, Tetranychus urticae, on greenhouse strawberries in
China. Ecotox Environ Safe 163:63-68. https://doi.org/10.1016/].
ecoenv.2018.07.058

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s10340-012-0442-1
https://doi.org/10.1007/s10340-012-0442-1
https://doi.org/10.15446/agron.colomb.v38n1.73271
https://doi.org/10.15446/agron.colomb.v38n1.73271
https://doi.org/10.1016/j.cropro.2014.12.012
https://doi.org/10.1016/j.cropro.2014.12.012
https://doi.org/10.5897/AJAR09.411
https://doi.org/10.1007/s10493-007-9115-9
https://doi.org/10.1002/ps.2326
https://doi.org/10.1080/01647954.2015.1094512
https://doi.org/10.1080/01647954.2015.1094512
https://doi.org/10.1016/j.pestbp.2016.02.002
https://doi.org/10.1016/j.ecoenv.2018.07.058
https://doi.org/10.1016/j.ecoenv.2018.07.058

	Effects of acaricides on Oligonychus sp. and compatibility with predatory mites Neoseiulus californicus and Phytoseiulus persimilis
	Abstract
	Introduction
	Material and methods
	Mite sources
	Molecular identification of Oligonychus sp
	Tested acaricides
	Laboratory bioassays
	Greenhouse and small field tests
	Data analysis

	Results
	Molecular identification
	Toxicity of acaricides to Oligonychus sp. and predatory mites in the laboratory
	Effect of the acaricides on mite population in the greenhouse
	Effects of the acaricides on the mite population in the small field experiments

	Discussion
	Acknowledgements 
	References




