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Abstract: In Rhododendron simsii hybrids or pot azaleas, damage caused by broad mites has become 

an increasing problem in recent years. Therefore, new strategies to control broad mites are currently 

investigated. One potential new strategy consists of eliciting induced resistance in pot azalea by 

applying the natural hormone jasmonic acid (JA) or a synthetically produced derivate. Here we present 

the first results in which we show induction of JA biosynthesis genes after application of chemical 

inducers or during broad mite infection. Furthermore, in preliminary experiments we evaluated the 

direct effect of JA induction on the broad mite in the laboratory. 
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Introduction 
 

The center of the Rhododendron simsii hybrid or pot azalea production is situated in the 

region around Ghent, Belgium. Growers produce approximately 35 million plants per year 

which is around 80% of the European production of pot azalea. In recent years broad mites 

(Polyphagotarsonemus latus Banks) cause increasing economical problems on many plant 

species (Gerson, 1992). In ornamentals, especially pot azalea, this cryptic pest causes 

browning and curling of leaves and flowers leading to unmarketable plants (Labanowski & 

Soika, 2006). Recent research showed that genetic variation against broad mites is present in 

the Rhododendron simsii hybrid gene pool (Luypaert et al., 2013). 

Little is known about plant defense against broad mites. In Cucumis sativus L. broad mite 

infestation activates the salicylic acid (SA) and the jasmonic acid (JA) dependent pathways, 

and possibly also an oxidative stress response. However, the transcript levels for ACC oxidase 

1, a marker gene for ethylene biosynthesis, remained constant (Grinberg et al., 2005). 

Furthermore, only few studies point out the interaction between plant feeding mites and the 

JA defense pathway. Omer et al. (2001), Li et al. (2004) and Rohwer & Erwin (2010) 

concluded from their research that jasmonate induced plant responses limit mite proliferation. 

However, the experimental methodology used for measuring the interaction in Omer et al. 

(2001) and Li et al. (2004) may have influenced the outcome of the experiments (Rohwer & 

Erwin, 2010). 

By making use of recent molecular biology tools we explore induced defenses against 

broad mites in pot azalea. Additional research in greenhouse and in controlled conditions 

provides essential information to deepen our understanding of the molecular basis of plant 

defense in pot azalea. 
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Material and methods 
 

Plant material  
Rhododendron simsii ‘Nordlicht’ plants were propagated and grown in a greenhouse. The 

temperature was kept above 5 °C and ventilation temperature was set at 20 °C. No 

supplementary assimilation light was provided. 

 

Plant treatments  
Solutions containing methyl jasmonate (MeJA), beta-aminobuytric acid (BABA), coronatine 

(COR) or acibenzolar-S-methyl (BTH) were prepared in distilled water containing 0.02% 

(v/v) Tween20. Concentrations were: 0.1 mM MeJA, 0.15 mM BABA, 0.1 µM COR and  

0.3 mM BTH. Chemicals MeJA, BABA and COR were purchased from Sigma-Aldrich 

BVBA, Belgium. BTH was a kind gift from Syngenta Crop Protection B.V., the Netherlands. 

Distilled water only containing 0.02% (v/v) Tween20 was used as mock treatment. Plants 

were sprayed with vaporizers until run off.  
 

Broad mite population growth 
In a 24-well plate leaf discs (diameter 12 mm) were floated on either 0.1 mM MeJA, 0.1 mM 

SA or mock solution (2.4 ml per well). On each leaf disc one adult female broad mite was 

placed. Plates were placed in an incubator (Vötsch Bio Line VB 1014, Germany) at a constant 

temperature of 25 ± 1°C. Population growth was calculated as the rate of increase;  

Ri = ln(Nf/Ni)/Δt, were Nf is the population at a certain time point f, Ni is the initial 

population and Δt is the time period between f and i expressed in days. 

 

RNA extraction, cDNA synthesis and RT-qPCR 
Plant material was immediately flash frozen in liquid nitrogen after harvest and stored at  

-80 °C until needed. Leaf RNA was extracted using a modified CTAB protocol. The obtained 

RNA was treated with DNase I (DNA-free™, Ambion) to remove residual DNA 

contamination. First strand cDNA synthesis was performed using a commercial cDNA 

Synthesis Kit (iScript cDNA Synthesis Kit, Bio-Rad). SYBR Green based PCR analyses were 

performed using a LightCycler480 (Roche) as described in De Keyser et al. (2013). In the 

experiments allene oxide cyclase (AOS), isochorismate synthase (ICS) and polyphenol 

oxidase (PPO) were used as marker genes for the JA biosynthesis pathway, the SA 

biosynthesis pathway and general plant defense responses, respectively. 

 

Data analysis  
Analysis of RT-qPCR data was done by means of qbase

PLUS2
 software from Biogazelle 

(Hellemans et al., 2007). Statistical comparison by means of Mann-Whitney U tests was done 

using STATISTICA (version 11.0; StatSoft, Inc.). 

 

 

Results and discussion 
 

In our study we applied molecular biology tools such as RT-qPCR to assess the transcript 

levels of marker genes in pot azalea as affected by treatments. These marker genes are known 

to respond to herbivores and other stresses in different plants and may help us to understand 

the plant-defense mechanism against broad mites in pot azalea. 

First we evaluated different components that have been described to induce resistance 

against pests or diseases. Application of these components in the greenhouse showed that  
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0.1 mM MeJA and 0.1 µM COR were able to up regulate the marker gene for JA biosynthesis 

(AOC) significantly as compared to a mock treatment 6 h after application (Table 1). In 

contrast, the SA biosynthesis marker gene (ICS) was significantly down regulated. Both 

substances were also able to significantly induce PPO, an oxidative enzyme linked to defense 

against herbivory (Felton et al., 1989). In contrast to MeJA and COR, both 0.15 mM BABA 

and 0.3 mM BTH did not succeed to alter the transcript levels of AOC, ICS and PPO 

significantly when compared to a mock treatment. 

 

 

Table 1. CNRQ-values (Calibrated Normalized Relative Quantity) for AOC, ICS and PPO 

genes of R. simsii ‘Nordlicht’ 6 h after treatment (n = 8). 

 

T
����� A�� ��� PP� 

M��� 0�0� � 0.01 0��� � 0.04 0��� � 0.01 

0�1 �M MeJA 0��1 � 0.03*** 0��0 � 0.05** 0��� � 0.04*** 

0�1	 �M BABA 0�1� � 0.04 0��� � 0.06 0��� � 0.04 

0�1 �M COR 0��	 � 0.08*** 0��	 � 0.03* 0��� � 0.03*** 

0�� �M BTH 0�0� � 0.01 0��� � 0.07 0��� � 0.01 

Significant differences compared to the mock treatment: * p < 0.05; ** p < 0.01 and *** p < 0.001. 

 

 

In broad mite infested plants, higher transcript levels of AOC and PPO genes compared 

to uninfested plants were observed while the transcript level of ICS remained constant (data 

not shown), indicating that pot azalea might activate the JA biosynthesis pathway in response 

to infestation by broad mites. 

Currently, the induced response caused after application of MeJA is being assessed. 

Thereto, the broad mite performance is evaluated as the intrinsic rate of increase of the 

population. In our preliminary experiments MeJA application (0.1 mM) decreased the 

population growth significantly compared to a mock treatment. Average rate of increase was 

0.18 ± 0.04 (mock) vs. 0.07 ± 0.04 (MeJA) six days after the start of the experiment. To 

deepen our understanding of the plant-defense mechanism against P. latus, the SA defense 

pathway was induced. Application of 0.1 mM SA caused a significant increase in the 

population growth of the broad mite. Intrinsic rate of increase averaged 0.03 ± 0.02 vs.  

0.12 ± 0.03 seven days after setting up the experiment, for the mock and SA treatment, 

respectively. These preliminary data suggest that induced defenses against broad mites might 

be regulated by the JA defense pathway in pot azalea.  

In future research, the role of the JA pathway in the plant defense mechanism against 

broad mites will be evaluated in susceptible and tolerant R. simsii hybrid cultivars as 

described by Luypaert et al. (2013). The application of JA biosynthesis inhibitors, like SHAM 

(Zhu et al., 2006) and DIECA (Farmer et al., 1994), in performance tests with P. latus can 

further deepen our insights. Together these results may be useful to evaluate induced 

resistance as an alternative control strategy for broad mites in pot azalea. 

 

  



1�� 

 

Acknowledgements 
 

The authors wish to thank the PCS – Ornamental Plant Research Centre in Destelbergen, 

Belgium, for maintaining and providing a broad mite culture. We are also grateful to the 

ILVO greenhouse technicians for excellent plant cultivation and Magali Losschaert for 

outstanding technical assistance during the experiments. This research was funded by the 

Institute for the Promotion of Innovation through Science and Technology in Flanders (IWT-

Vlaanderen Grant No. 100859). 

 

 

References 
 

De Keyser, E., Desmet, L., Van Bockstaele, E. & De Riek, J. 2013: How to perform RT-

qPCR accurately in plant species? A case study on flower colour gene expression in an 

azalea (Rhododendron simsii hybrids) mapping population. BMC Mol. Biol. 14:13. 

doi:10.1186/1471-2199-14-13 

Farmer, E. E., Caldelari, D., Pearce, G., Walker-Simmons, M. K. & Ryan, C. A. 1994: 

Diethyldithiocarbamic acid inhibits the octadecanoid signaling pathway for the wound 

induction of proteinase inhibitors in tomato leaves. Plant Physiol. 1006: 337-342. 

Felton, G. W., Donato, K., Delvecchio, R. J. & Duffey, S. S. 1989: Activation of plant foliar 

oxidases by insect feeding reduces nutritive quality of foliage for noctuid herbivores.  

J. Chem. Ecol. 15: 2667-2694. 

Gerson, U. 1992: Biology and control of the broad mite, Polyphagotarsonemus latus (Banks) 

(Acari: Tarsonemidae). Exp. Appl. Acarol. 13:163-178. 

Grinberg, M., Perl-Treves, R., Palevsky, E., Shomer, I. & Soroker, V. 2005: Interaction 

between cucumber plants and the broad mite, Polyphagotarsonemus latus: From damage 

to defense gene expression. Entomol. Exp. Appl. 115: 135-144. 

Hellemans, J., Mortier, G., De Paepe, A., Speleman, F. & Vandesompele, J. 2007: qBase 

relative quantification framework and software for management and automated analysis 

of real-time quantitative PCR data. Genome Biol. 8(2): R19. 

Labanowski, G. & Soika, G. 2006: Tarsonemid mites on ornamental plants in Poland: new 

data and an overview. Biol. Lett. 43: 341-346. 

Li, L., Zhao, Y., McCaig, B. C., Wingerd, B. A., Wang, J., Whalon, M. E., Pichersky, E. & 

Howe, G. A. 2004: The tomato homolog of CORONATINE-INSENSITIVE1 is required 

for the maternal control of seed maturation, jasmonate-signaled defense responses, and 

glandular trichome development. Plant Cell 16: 126-143.  

Luypaert, G., Van Delsen, B., Witters, J., Van Huylenbroeck, J., Maes, M., De Riek, J. &  

De Clercq, P. 2013: Screening Rhododendron spp. for broad mite (Polyphagotarsonemus 

latus) resistance. Comm. Appl. Biol. Sci., Ghent University 78(2): 229-232. 

Omer, A. D., Granett, J., Karban, R. & Villa, E. M. 2001: Chemically induced resistance 

against multiple pests in cotton. Int. J. Pest. Manag. 47: 49-54. 

Rohwer, C. L. & Erwin, J. E. 2010: Spider mites (Tetranychus urticae) perform poorly on and 

disperse from plants exposed to methyljasmonate. Entomol. Exp. Appl. 137: 143-152. 

Zhu, C., Gan, L., Shen, Z. & Xia, K. 2006: Interaction between jasmonates and ethylene in 

the regulation of root hair development in Arabidopsis. J. Exp. Botany 57(6): 1299-1308. 
 


