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“There have been some reports from 
farmers of mite-flaring events in 
association with the use of some ... new 
compounds.  It is important to evaluate 
these insecticides for use in IPM 
programs for their potential to cause 
mite flaring.”
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European red mite (ERM), Panonychus ulmi (Koch), is the 
principal phytophagous mite pest in Michigan apples.  
ERM, which can cause severe bronzing and lead to 

decreased quality 
of apple fruits, 
can become a 
major pest in the 
absence of its key 
predators such 
as the phytoseiid 
mite, Neoseiulus 
fallacis (Garman) 
and the stigmaeid 
Zetzellia mali 
( E w i n g ) .  I n 

summer, a new generation of mites can develop in just four to 
seven days.
 The predator mite, Neoseiulus fallacis (Garman) (Acari: 
Phytoseiidae), is an important natural enemy on apple trees 
in midwestern and eastern commercial apple orchards (Welty 
1995).  Adult N. fallacis overwinters in orchard ground cover 
and emerges on the trees in May and June of the subsequent year.  
Neoseiulus spends the winter in the orchard ground cover, where 
it feeds upon overwintering twospotted spider mites (TSSM), 
Tetranychus urticae Koch and other mites. 
 Since the 1996 Food Quality Protection Act (FQPA), many 
reduced-risk insecticides have been registered for pest control 
in apples (USEPA 1997).  There have been some reports from 
farmers of mite-flaring events in association with the use of some 
of the new compounds.  Therefore, it is important to evaluate 
these insecticides for use in IPM programs for their potential 
to cause mite flaring.  Mite flare-ups can result from the reduc-
tion of predators by the use of pesticides (Bostanian et al. 2010, 

Jamil et al. 2016), a growth hormone-like stimulatory effect of 
compounds called hormoligosis (Ako et al. 2004), the removal of 
competitive species, or the removal of alternative food sources 
that sustain the predators (Abivardi 2008).  The goal of this study 
was to document mite-flaring events in association with several 
insecticides and insecticide combinations, and their effects on 
abundance of the predator mites N. fallacis and Z. mali.

Materials and Methods 
 From 2010 to 2011, experiments were conducted to docu-
ment episodes of mite flaring in association with specific insec-
ticides.  Season-long field evaluations of ERM and predator mite 
populations were made following treatments of esfenvalerate, 
carbaryl, acetamiprid, spinetoram, chlorantraniliprole, novaluron 
and combinations of these insecticides with carbaryl (a commonly 
used fruit thinner) on apple, Malus domestica Borkhausen cv. 
‘Red Delicious’, in a 15-year old semi-dwarf planting of apple 
trees at the Michigan State University Trevor Nichols Research 
Center (TNRC) in Fennville, Michigan (42.5951°N, -86.1561°W).  
Insecticide treatments were applied at timings relevant to first 
generation codling moth, Cydia pomonella (L.), during the sum-
mers of 2010 and 2011, and carbaryl was applied within the fruit 
thinning window.  In 2010, treatments were sprayed on 25 May 
and 8 June with an FMC 1029 airblast sprayer, applied at 935 liter/
ha (100 gal per acre) of water.  In 2011, treatments were applied on 
13 and 27 June.  The experimental design was a randomized com-
plete block with 11 treatments and 4 replicates.  Evaluation of all 
plots was done by picking 50 random leaves from each replicate.  
European red mite and predator mite counts were made using a 
mite-brushing machine (Leedom Enterprises, Mi-Wuk Village, 
CA) (Figure 1).  A microscope was used to identify and distinguish 
individual stages of ERM (Figure 2), the phytoseiid predatory 
mite, N. fallacis (Figure 3), and the stigmaeid mite, Z. mali.  ERM 

Figure 1.  Mite-brushing machine. Figure 2.   European red mite, Panonychus 
ulmi, on tree bark.

Figure 3. Adult Neoseiulus fallacis on 
apple leaf.
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and predatory mite motiles and 
eggs were counted approximately 
every two weeks throughout the 
field season, for a total of 3 months 
duration.  A repeated measures 
ANOVA was used to analyze the 
data, with the log-transformed 
mean proportion of live mites as 
the response variable.  The class 
variable was the number of days 
post-treatment of the evaluation.  
Significant treatments, days after 
treatment (DAT), or treatment x 
DAT interactions were determined 
using the LSMEAN procedure.  
Data were log-transformed to 
reduce heterogeneity of vari-
ance, and a linear mixed model 
was fitted considering treatment, 
day, and block effects.  When a 
significant difference was noted, a 
means separation was conducted 
using a Tukey-Kramer honestly 
significance difference (HSD) test.
 
Results and Discussion
 The impacts of insecticides 
were evident in a total of 19 cases 
of mite flaring and 10 cases of re-
duced numbers of predator mites 
associated with insecticides or in-
secticide combinations commonly 
used in apple IPM programs.  
There were a total of 20 cases of 
mite flaring observed for egg and 
motile counts across the sampling 
dates in 2010 and 2011.  Esfenval-
erate had the highest incidence of 
mite flaring, with a total of 5 cases, 
followed by acetamiprid with 5 
cases, chlorantraniliprole with 3 
cases, and one case each contrib-
uted by spinetoram, novaluron and carbaryl. 

European red mite motiles and eggs
 For ERM motiles in 2010, evidence of mite flaring was 
observed at 36 DAT and 57 DAT, which showed a significant 
increase in ERM numbers after exposure to insecticide residues 
in the field (Figure 4).  At 36 DAT, chlorantraniliprole and acet-
amiprid treatments yielded significantly higher numbers of ERM 
motiles than the untreated control.  For ERM motiles counted 
at 57 DAT, the individually applied compounds acetamiprid, 
esfenvalerate, spinetoram, novaluron and carbaryl all caused 
significantly higher numbers of ERM.  The treatment combina-
tion of chlorantraniliprole-carbaryl caused flaring at 36 DAT, 
and spinetoram-carbaryl and novaluron-carbaryl caused mite 
flaring at 57 DAT.  For ERM eggs in 2010, chlorantraniliprole 
and acetamiprid resulted in slightly significant increases in the 
number of ERM eggs observed in the field at 36 DAT (Figure 

Figure 4.  Mean number of European red mite motiles per 50 leaves in 2010 evaluation 
within five post-evaluations days (8, 21, 36, 57 and 72 DAT).  Values with * above 
them represents a significant difference (α <0.05) for the single compound versus 
untreated control on the same post-treatment evaluation day.  ∆ represents a 
significant difference (α <0.05) for the combination compounds versus untreated 
control.  Analysis performed on log-transformed (log x +1) data; untransformed 
means are shown.
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Figure 5.  Mean number of European red mite eggs per 50 leaves in 2010 evaluation 
within five post-evaluations days (8, 21, 36, 57 and 72 DAT).  Values with * 
above them represents significant difference (α <0.05) for the single com-
pound versus untreated control on the same post treatment evaluation day.  
∆ represents a significant difference (α <0.05) for the combination compounds 
versus untreated control.  Analysis performed on log-transformed (log x +1) 
data; untransformed means are shown.

5).  In 2011, ERM motile densities 
were significantly higher in the 
acetamiprid treatment at 47 DAT, 
and in the esfenvalerate treatment 
at 64 DAT (Figure 6).  In 2011 
ERM egg counts, esfenvalerate and 
acetamiprid flared mites at 32 DAT 
(Figure 7).  The mean number of 
ERM eggs was significantly higher 
for the chlorantraniliprole-carbaryl, 
chlorantraniliprole, and esfenvaler-
ate treatments at 47 DAT.  Esfenval-
erate had the highest mean value of 
ERM eggs at 64 DAT.

Predator mites 2011
 There were 10 cases of preda-
tor mite reductions associated 
with insecticide treatments in 
2011 (Figures 8 & 9).  The impact 
of treatments on predator mites 
was not assessed in 2010 due to 
very low abundances of N. fal-
lacis and Z. mali throughout the 
study period.  Treatment with 
esfenvalerate, spinetoram, chloran-
traniliprole-carbaryl, spinetoram-
carbaryl, acetamiprid-carbaryl and 
novaluron-carbaryl led to reduced 
densities of predator mites on at 
least one sampling date in 2011.  
On a single sample date, the esfen-
valerate, chlorantraniliprole and 
acetamiprid-carbaryl treatments 
also resulted in an increase in densi-
ties of N. fallacis.  The overall mean 
number of N. fallacis mites was 
significantly different across treat-
ments.  Esfenvalerate, spinetoram, 
novaluron-carbaryl, spinetoram-
carbaryl, acetamiprid-carbaryl and 
chlorantraniliprole-carbaryl sig-
nificantly reduced the number of N. 
fallacis predator mites observed in the field at 32 DAT.  For the 
stigmaeid mites, the chlorantraniliprole-carbaryl combination 
resulted in significantly lower numbers of Z. mali on 32 DAT.  
The mean number of Z. mali also was significantly reduced at 64 
DAT following treatment with esfenvalerate, novaluron-carbaryl 
and acetamiprid-carbaryl.
 Esfenvalerate predominantly contributes to the highest 
incidence of mite flaring, which appears to be associated with 
toxicity to predator mites.  Much lower densities of both phy-
toseiid and stigmaeid mites were observed from esfenvalerate 
exposure in both years of the study.  The carbamate carbaryl 
alone contributed to a limited number of mite flaring cases, but 
a high magnitude of ERM numbers is likely due to compound 
toxicity to predator mites.  
 Hormoligosis, through stimulation by carbaryl on ERM 
female reproduction, is likely the possible cause for the high 
number of ERM motiles and eggs observed in the study.  The neo-
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Figure 6.  Mean number of European red mite adults in 2011 evaluation after exposure to 
field residue within five post-evaluations days (7, 18, 32, 47 and 64 DAT).  Evalu-
ations were made after the first of two field treatments.  The 6 June evaluation 
data were included in repeated measures analysis, but excluded from graphs 
because of no significant effects.  Values with * above them represents a signifi-
cant difference (α <0.05) for the single compound versus untreated control on 
the same post-treatment evaluation day.  ∆ represents a significant difference 
(α <0.05) for the combination compounds versus untreated control. Analysis 
performed on log-transformed (log x +1) data; untransformed means are shown.

nicotinoid acetamiprid showed 
evidence of causing mite flaring; 
however, it appeared to have little 
or no toxicity to predator mites 
of either species.  In relation to 
hormoligosis, late season sprays 
can cause the fall female mites 
to lay many more overwintering 
mite eggs than normal.  Chloran-
traniliprole was not harmful, ac-
cording to our observation of low 
overall mortality on phytoseiid 
mites and limited mite flaring.  
The spinosyn spinetoram showed 
limited evidence for mite flaring 
(in terms of magnitude of ERM 
motiles) when applied alone, 
although it appeared to be mod-
erately toxic to predator mites.  It 
may be that its negative effects 
are more short-lived than other 
materials.  The IGR novaluron 
showed limited evidence of mite 
flaring and was harmless to the 
predator mites N. fallacis and Z. 
mali.  Novaluron is a benzoylurea 
chitin synthesis inhibitor insec-
ticide widely used in apple pro-
duction.  Non-harmful effects of 
novaluron observed on phytoseiid 
mites may be the result of predator 
mite reduction by sublethal effects 
rather than direct toxicity.  The 
treatment combinations provided 
interesting results, in that carbaryl 
alone showed only a weak negative 
impact on predators, but when in 
combination with any of the other 
insecticides, consistently reduced 
N. fallacis and Z. mali popula-
tions.  
 In conclusion, the new re-
duced-risk insecticides chloran-
traniliprole,  novaluron and 
spinetoram, when applied alone, 
were found to be relatively innocuous to predator mites N. 
fallacis and Z. mali, and can be safely incorporated into apple 
IPM programs.  When the fruit thinning agent carbaryl is used 
in apple production, limited mite flaring can be anticipated.  
Although an important tool for apple pest control, acetamiprid 
caused mite outbreaks, and should be applied with caution so as 
not to have a disruptive effect on IPM programs.  Conventional 
insecticides such as esfenvalerate and the carbamate carbaryl 
caused high ERM population build-ups as well as high toxicity 
to predator mites, thus their application should be limited to 
avoid disrupting effective IPM programs.  
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Figure 7.  Mean number of European red mite eggs in 2011 evaluation after exposure to field residue within five post-
evaluations days (7, 18, 32, 47 and 64 DAT).  Evaluations were made after the first of two field treatments.  The 
6 June evaluation data were included in repeated measures analysis, but excluded from graphs because of no 
significant effects.  Values with * above them represents significant difference (α <0.05) for the single compound 
versus untreated control on the same post-treatment evaluation day.  ∆ represents significant difference (α <0.05) 
for the combination compounds versus untreated control.  Analysis performed on log-transformed (log x +1) data; 
untransformed means are shown.
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