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Abstract: The broad mite Polyphagotarsonemus latus Banks (Acari: Tarsonemidae) is an important 
pest in ornamental plants like pot azalea Rhododendron simsii hybrid Planch. As the biology, physical 
properties and behaviour of P. latus hinder detection, the pest is often identified when malformation of 
flower buds and terminal leaves have already caused severe economic losses. Consequently, growers 
call for a reliable scouting method, allowing early broad mite detection. In addition, efficiency of 
(chemical) control of P. latus recently became more important, as the number of available acaricides is 
decreasing while acaricide resistance is increasing. To optimize the efficacy of broad mite control 
within an integrated pest management (IPM) strategy, a better understanding of the pest biology and 
dispersion within the crop is needed. Indeed, the development of an adequate sampling and isolation 
protocol is essential to obtain consistent and reproducible data necessary to determine treatment 
thresholds, optimal timing of treatments and preventive measures. Although a variety of methods for 
extracting broad mites from plants are described, a standardized quantitative protocol for sampling and 
isolation was lacking. Recently, a novel protocol for broad mite detection was developed (Mechant et 
al., 2014). This three-step detection protocol for P. latus on R. simsii consists of (1) sampling of shoot 
tips, (2) isolation with ethanol 70%, and (3) broad mite counting facilitated by vacuum filtration. In 
this paper, we discuss the validation of this protocol under different climatic conditions and its 
potential for early broad mite detection in practical conditions. Results indicate that the three-step 
detection protocol is suitable for replicated sampling of P. latus on R. simsii in an experimental 
environment as well as for reliable scouting in a grower environment, regardless of climatic 
conditions. Hence, the three-step detection protocol can serve as an IPM-tool for broad mite control in 
pot azalea.  
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Introduction  
 
In Belgium, the pot azalea Rhododendron simsii hybrid Planch. (synonym: Azalea indica var. 
simsii (Planch.) L. H. Bailey) is one of the most important and flagship ornamental crops. 
Indeed, 85% of European azaleas are grown in the region around Ghent (province of East-
Flanders, Belgium), and due to its specialized production method and high quality standard, a 

(EU, 
2010; VLAM, 2013). As an ornamental, the threshold for visual damage on R. simsii leaves 
and flower buds is zero. Consequently, the polyphagous broad mite Polyphagotarsonemus 
latus Banks (Acari: Tarsonemidae), that causes serious malformations after injecting toxins in 
the leaf tissue while feeding, is considered as a serious pest in pot azalea (Peña & Bullock, 
1994; Zhang, 2003). In particular because the biology, physical properties and behaviour of  
P. latus (Gerson, 1992) hinder detection and the pest is most often only identified when it has 
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already caused severe economic losses. As a consequence, growers call for a reliable scouting 
method allowing early broad mite detection in their pot azaleas. 

After the European ban of most broad spectrum acaricides, broad mite control and 
preventing resistance to acaricides became a serious challenge, especially in minor crops like 
pot azalea (Bielza et al., 2008; Gobin & Bangels, 2008). Integrated pest management (IPM) 
and its recent EU-wide implementation (Directive 2009/128/EC), challenges growers even 
further to develop sustainable strategies for P. latus control. Non-chemical control methods 
are available, including biological control with predatory mites (e.g., Audenaert et al., 2009; 
Van Maanen et al., 2010; Gobin et al., 2011) and physical control by heat treatment of 
cuttings (Gobin et al., 2013). Unfortunately, biological control of broad mites is not yet 
economically feasible in pot azalea unless the grower is confronted with resistance to 
acaricides (Audenaert et al., 2014). Hence, chemical control is still common practice for 
azalea growers. In Belgium, only three compounds, belonging to two mode of action (MoA) 
groups (IRAC, 2014), are available for chemical P. latus control in ornamentals: abamectin 
(MoA group 6), milbemectin (MoA group 6) and pyrethrins (MoA group 3A). In addition, 
only a restricted number of applications are allowed (Fytoweb, 2014). Consequently, 
optimizing (chemical) broad mite control efficacy within an IPM-strategy is essential. To do 
so, a better understanding of the pest biology and dispersion within the crop through 
experimental experience is needed.  

Scouting P. latus in a grower environment, as well as sampling the pest on R. simsii in an 
experimental environment, requires a reliable detection protocol. Indeed, the development of 
an adequate sampling and isolation protocol is essential to obtain consistent and reproducible 
data necessary to determine treatment thresholds, optimal timing of treatments and preventive 
measures. Although a variety of methods for extracting broad mites from plants are described 
(e.g., Kousik et al., 2007; Krantz et al., 2009; Tuovinen & Lindqvist, 2010), a standardized 
quantitative protocol for sampling and isolation was lacking. Recently, a novel three-step 
detection protocol for broad mite was developed (Mechant et al., 2014). The first step of the 
protocol is based on sampling of shoot tips as Mechant et al. (2014) indicated that 
approximately 50% of the P. latus population on vegetative R. simsii plants can be found in 
this sampling zone. The second step consists of the isolation of P. latus from the plant by 
shaking the sample in ethanol 70% for at least 30 seconds. Finally, the sample is filtered on a 
membrane filter (Ø = 0.45 µm, type Machery-Nagel Porafil® CM) facilitated by vacuum 
pumping and broad mites are counted on the filter under a binocular. According to the 
authors, the three-step protocol is able to trace back almost 80% of the P. latus specimen in a 
sample. Consequently, the number of broad mites on one shoot tip of a standard sized, full 
grown vegetative azalea (i.e., diameter of 20-22 cm and on average 16 shoot tips) represents 
2.4% of the total broad mite population on that plant (Mechant et al., 2014). 

Although the within-plant dispersion of broad mites is not yet studied extensively, there 
are indications that P. latus prefers the lower surfaces of young apical leaves and flowers 
(Gerson, 1992). Factors that influence movement on the plant are even less known, but most 
likely mites move towards areas with higher humidity (Peña & Baranowski, 1990; Webber, 
2007) and need a minimum temperature for movement (Özman & Toros, 1997). Hence, 
climatic conditions might affect the within-plant dispersion of P. latus, resulting in a different 
prevalence on shoot tips. 

The three-step protocol was developed and validated under standard conditions in the 
laboratory (Mechant et al., 2014). However, an experimental set-up may require a specific 
temperature (T) and relative humidity (RH) while a grower environment is influenced by 
greenhouse settings and weather conditions. Therefore, we validated the three-step detection 
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protocol under different climatic conditions. In addition, we tested its potential for early broad 
mite detection in practical conditions. 
 
 
Material and methods  
 
Validation under variable temperature (T) 
Vegetative R. simsii d with P. latus by surrounding 
them with severely infected azaleas, which are continuously grown to maintain a P. latus 
population for experimental purpose. After four days, plants were transferred to climate 
chambers and refrigerators with a constant relative humidity (RH) between 70 and 80 % and 
four different constant temperatures (T): T1 = 25 °C (RH: 78%), T2 = 18 °C (RH: 79%),  
T3 = 15 °C (RH: 76%) and T4 = 2.5 °C (RH: 72%). T and RH were logged using Testo 
Loggers (Testo AG, Germany). The experiment was repeated twice (i.e., EXP1 and EXP2) 
with five replications (i.e., plants) per T-treatment. Plants were incubated at T-treatments for 
48 and 72 hours in EXP1 and EXP2, respectively. Then, individual plants were sampled by 

 remaining plant material after sampling all 
shoot tips). Subsequently, broad mites were isolated from the samples and counted as 
described in the three-step detection protocol (Mechant et al., 2014). Finally, prevalence of  
P. latus on shoot tips was calculated and the effect of T on within-plant dispersion was 
determined with ANOVA (  = 0.05). 
 
Validation under variable relative humidity (RH) 
Analogous to the experiment with variable T, infected vegetative R. simsii 
were transferred to climate chambers with a constant T of 25 °C but a different constant RH: 
RH1 = 77% and RH2 = 55%. The experiment was repeated twice (i.e., EXP3 and EXP4) with 
ten replications per RH-treatment. Plants were incubated at RH-treatments for 44 and 72 
hours in EXP3 and EXP4 respectively. Again, plants were sampled in two sampling zones 

P. latus on shoot tips and to 
determine the effect of RH on within-plant dispersion. 
 
Validation in a grower environment 
From June 2013 onwards, every two weeks samples were taken in commercial azalea 
production sites (greenhouse and/or outdoor fields) to validate the three-step detection 
protocol as a tool for early P. latus detection. The number of participating growers varied 
between three to seven, with an occasional peak (in April and August) of 48 growers. To 
increase the change of broad mite detection, one sample consisted of eight shoot tips, each 
taken from another azalea plant spread throughout the production unit of that cultivar. 
Sampling, P. latus isolation from the sample and counting were conducted as described in the 
three-step detection protocol (Mechant et al., 2014). In addition, plants of the production unit 
were screened for visual broad mite damage while screening. Monitoring results were 
forwarded to participating growers who could give feedback in relation to visual damage and 
broad mite control measures. 
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Results and discussion  
 
Validation under variable climatic conditions (T and RH) 
Table 1 and Table 2 show the prevalence of P. latus on shoot tips of R. simsii under variable 
T and RH respectively. ANOVA-analysis indicated that there is no significant effect of T or 
RH on within-plant dispersion of the broad mite population. Hence, the three-step detection 
protocol that is based on sampling of shoot tips is valid under variable climatic conditions, 
both in the greenhouse and in an experimental set-up.  

The prevalence of P. latus on shoot tips varied between 37.2% (± 13.6) and 66.9%  
(± 4.9) of the total number of broad mite specimen on the plant, which corresponds to the 
approximately 50% prevalence mentioned in the protocol (Mechant et al., 2014). Although 
not significant, the prevalence in the experiments with variable T (EXP1 and EXP2) seems 
lower than that in the experiments with variable RH (EXP3 and EXP4). This difference might 
be explained by a different plant size, as EXP3 and EWP4 were conducted one month after 
EXP1 and EWP2. 
 
 
Table 1. Prevalence of P. latus on shoot tips of R. simsii under variable temperature (T), 
expressed as a percentage of the total number of P. latus specimen on that plant. Data are 
means ± SE; n = 10; means followed by a different letter are significantly different (ANOVA, 

 = 0.05). 
 

 Prevalence on shoot tips (% of total number) 
T1: 25 °C (RH 78%) 51.0 (± 6.0) a 
T2: 18 °C (RH 79%) 63.8 (± 11.8) a 
T3: 15 °C (RH 76%) 37.4 (± 13.6) a 
T4: 2.5 °C (RH 72%) 42.2 (± 10.0) a 

 
 
Table 2. Prevalence of P. latus on shoot tips of R. simsii under variable relative humidity 
(RH), expressed as a percentage of the total number of P. latus specimen on that plant. Data 
are means ± SE; n = 20; means followed by a different letter are significantly different 
(ANOVA,  = 0.05). 
 

 Prevalence on shoot tips (% of total number) 
RH1: 77% (T 25 °C) 60.2 (± 4.8) a 
RH2: 55% (T 25 °C) 66.9 (± 4.9) a 

 
 
Validation in a grower environment 
Occasionally, low numbers of P. latus specimen (1 to 17) were found in samples from 
commercial azalea production sites. During sampling, however, no signs of broad mite 
damage were visually detected indicating that the three-step detection protocol can be used as 
a tool for early P. latus monitoring. Based on sampling results, growers could decide whether 
control measures were (already) necessary. As samples consisted of eight shoot tips from 
different plants throughout the production unit, the sampling method did not allow to locate 
broad mite infected plants within the production unit. This is only a minor drawback in a 
growers environment, however, because local treatment is not recommended due to the rapid 
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spread of P. latus within the production unit (own data, not yet published). Within IPM, 
production units should only be treated after confirmation of broad mite presence with the 
three-step detection protocol. Eventually, this will result in a higher efficacy of treatments. 

In addition to P. latus, we also detected other pests in the samples, like western flower 
thrips (Frankliniella occidentalis Pergande), echinothrips (Echinotrips americanus Morgan), 
aphid (Aphidae spp.), whitefly (Aleurodicus dispersus Russell) and other Tarsonemidae 
(Xenotarsonemus sp. and Tarsonemus confuses Ewing). Therefore, the three-step detection 
protocol could also be a useful tool for monitoring the above pests. Consequently, growers 
can optimise their IPM strategy by adapting it to the pests present in their crop. For example, 
abamectin is active against both broad mite and (echino)thrips but should be allocated to 
broad mite control as (still) more active ingredients are available for (echino)thrips control in 
Belgian pot azalea.  

Besides azalea, broad mite is a pest in a wide range of other ornamentals and food crops 
(Gerson, 1992; Zhang, 2003). After validation and, when necessary, small adaptations, the 
three-step detection protocol could also be useful within IPM of other crops. 

In conclusion, the three-step protocol is a good IPM-tool as it is (1) able to detect P. latus 
before damage becomes visible, (2) operable under different climatic conditions, and  
(3) employable for different purposes, e.g., scouting in a production unit, multiple sampling in 
long term experiments or P. latus detection on an entire plant. The protocol facilitates a better 
understanding of P. latus biology and dispersion within the crop through research as well as a 
reduced use and/or increased efficacy of acaricides. 
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