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Abstract 

Determination of the host preference of predatory mites when receiving signals related to either 
untreated and Beauveria bassiana-treated Tetranychus urticae (Acari: Tetranychidae) is 
important in predicting the predatory mite’s reaction when encountering pathogens due to their 
coincident presence in greenhouses and fields. Here, we have studied the preference of female 
predatory mite, Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae) when choosing 
between untreated and B. bassiana-treated T. urticae (72 hours after treatment of spider mite by 
fungus) on leaves. This investigation showed a highly significant preference of P. persimilis 
towards untreated T. urticae (P< 0.0001). We concluded that the predatory mite is capable to 
recognize fungus-treated prey and prefers to prey on the uninfected ones. This suggests that the 
predatory mite and the fungus may be compatible agents of biological control. 
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Introduction 

Spider mites are major agricultural pests, which often cause severe damage to a variety of crops 
(Gotoh et al. 2004). Since resistance to acaricides in T. urticae spreads rapidly, biological control 
tactics are crucial to manage spider mite populations (Gerson & Weintraub 2007).  

The predatory mite, Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae) has been 
used in integrated pest management programs for T. urticae Koch (Acari: Tetranychidae) 
suppression (Cote 2001; Skirvin & Fenlon 2001). Phytoseiulus persimilis is a predatory mite that 
in absence of vision relies on the detection of herbivore induced plant odors to locate its prey, the 
two-spotted spider mite, T. urticae (Sabelis & van der Weel 1993). Entomopathogenic fungi can 
also be promising alternatives to harmful synthetic pesticides in agricultural, horticultural, and 
forest systems (Inglis et al. 2001). Beauveria bassiana (Balsamo) Vuillemin is one of the major 
fungal entomopathogens (Rashki et al. 2009) and products based on B. bassiana have been 
reported as being capable of controlling many arthropod pests, including T. urticae (Wright & 
Kennedy 1996). 

There is increasing evidence that arthropods foraging both for food and oviposition sites 
assess their environment by chemical cues related to risks of predation, either to themselves or 
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their offspring (Offenberg et al. 2004). Detectable cues to assess microhabitat quality are 
therefore a selective advantage for food and ovipositing female.  

In the present study, host preference of P. persimilis was investigated when offered T. 
urticae infected adults by Beauveria bassiana vs. untreated T. urticae on the leaf. The aim was to 
understand if the predatory mite was able to detect the presence of an entomopathogenic fungus 
and avoid feeding on fungus infected prey.  

 
Materials & Methods 

Plants 
Cucumber plants (Cucumeris sativus L. variety PS) were reared in plastic pots (13 cm 

diameter, 10 cm height) in a climate-controlled greenhouse room (25±1°C, 60–70٪ RH, 16:8 h 
(L: D).  

 
Rearing of herbivorous & predatory mites 

The two spotted spider mite, T. urticae was collected from cucumber plants in a greenhouse 
in Karaj, Iran and reared on cucumber plants (Cucumeris sativus L. var. PS), for one year in the 
laboratory at 25±1°C, 60-70٪ RH and a photoperiod of 16:8 h (L: D). To obtain adult T. urticae 
of uniform age, 25 adult females were taken from the mite culture and put on leaf discs placed on 
wet cotton wool in Petri dishes (9 cm diameter) and allowed to lay eggs for 18 h. After which the 
females were removed and the eggs remained till adult. 

The predatory mite colony, P. persimilis was obtained from Koppert Biological Systems 
Inc., The Netherlands. The colony was reared according to Seiedy et al. (2012a). 
 
Preparation of conidia 

Beauveria bassiana isolate DEBI008 which observed to cause non significant mortality on P. 
persimilis (Unpublished data) in comparison with two other isolates (EUT105, EUT116) 
(percentage of mortality among each of these three isolates was recorded as 39.37, 33.75 and 
16.87 for EUT105, EUT116 and DEBI008, respectively) was used for this experiment (with 
discriminatory single concentration (1×106 conidia/ml) that produced LC50 for T. urticae). This 
isolate was obtained from a Chorthippus brunneus Thunberg (Orthoptera: Acrididae), that had 
been stored in the “Pathogen Bank” at the Department of Plant Protection, Faculty of Agriculture, 
University of Tehran, Karaj, Iran. It was cultured on Sabouraud dextrose agar plus 1٪ yeast 
extract (SDAY) at 25 ±1°C, 60−70% RH and in darkness for 10–14 days to obtain conidia. Spore 
concentration was provided according to Seiedy et al. (2013). 
 
Preference experiments on cucumber leaf discs  

Experimental arenas were constructed by placing a cucumber leaf disc, 60 mm in diameter 
excised from cucumber plants on top of a layer of cotton in a 9 cm Petri dish filled with sterile 

distilled water. A layer of cotton was put around the leaf in order to prevent predatory mite from 
escaping. Ten newly emerged adult with uniform age were placed on a side of freshly cucumber 
leaf discs and 10 newly emerged adult with interval 72-h post-inoculation (conidial suspension of 
B. bassiana DEBI008 was prepared at 1×106 conidia/ml as LC50 for the adult of T. urticae) 
(Seiedy et al. 2010) were placed on the other half of the leaf. One milliliter of this concentration 
was applied against the adults of T. urticae in Petri dish using a potter spray tower (Burkard, 
Uxberge, UK) with a nozzle size of 0.25 mm diameter and 0.7 kg/cm2 pressure). The infected 
adult of T. urticae were sluggish, darker than untreated individuals. A single P. persimilis female 
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(starved for 24 h) was placed in the center of the main vein. Adult females 2 days after moulting 
were used for this experiment. Eggs of the prey were removed from the arenas every hour for the 
duration of the experiment. The number of consumed untreated and B. bassiana-treated T. urticae 
adults in each Petri dish was assessed after 24 h. Thirty replicates were conducted for this 
experiment. The experiments were conducted at 25 ±1°C, 60–70% RH and a photoperiod of 16:8 
h (L: D).  

 
Statistical analysis 

In order to determine whether the predator preferred T. urticae infected adults by B. bassiana 
DEBI008 with interval; 72 hours after infection vs. untreated T. urticae offered on the cucumber 
leaf, Manly’s preference index (β) (Manly 1974) was calculated from the number of prey 
consumed: 

 
 
 
 

Where β= Manly’s β for prey kinds (untreated T. urticae & T. urticae infected adults by B. 
bassiana) i; Pi= proportion of prey I remaining at the end of the experiment relative to the origin 
input (i= 1, 2, 3, 4,…, m); Pj= proportion of all prey kinds together remaining at the end of the 
experiment relative to the original input (j= 1, 2, 3, 4,…, m); and m= number of prey kinds, 
Manly’s β can vary between zero and unity. In a two prey (untreated T. urticae and infected prey 
by B. bassiana (m= 2), the value 0.5 represents no preference, value larger than 0.5 indicate a 
preference for prey A and a smaller value indicate a preference for prey B. This method takes into 
account the prey density depletion by predation during experiments (Sherratt & Harvey 1993). 
 
Results  

When adults of both untreated prey and infected prey by B. bassiana were offered 
simultaneously, P. persimilis consumed more untreated T. urticae (5.26 ± 0.17 (mean ± SE)) than 
T. urticae infected adults by Beauveria bassiana DEBI008 that had been infected for 72 hours 
(0.93 ± 0.19). The Manly’s β preference index (β) for untreated T. urticae and for T. urticae 
infected adults by B. bassiana DEBI008 that had been infected for 72 hours were 0.95 ± 0.01 and 
0.045 ± 0.01, respectively. These results showed that P. persimilis prefers untreated T. urticae 
rather than T. urticae infected adults by B. bassiana DEBI008 with interval 72 hours after 
infection (Fig. 1). 
 
Discussion 

Our data analysis showed that when untreated and B. bassiana-treated T. urticae were offered 
simultaneously, P. persimilis consumed more untreated T. urticae than T. urticae infected adults 
by B. bassiana DEBI008 with interval 72 hours; because fungal control agents have the potential 
to negatively affect natural enemies through their effects on the quality of prey (Seiedy et al. 
2012a). In this experiment, the quality of the prey seems to have been significantly affected 
through infection by the fungus and consequently it affects feeding preference of P. persimilis.  

We speculated this predator can avoid feeding on T. urticae adults infected with B. bassiana. 
Earlier studies showed that behavioral factors such as feeding, preference and activity of 
predators were altered by the presence of fungus in the prey or its habitat. Indeed a significant 
decrease in feeding of predator Anthocoris nemorum (Linnaeus, 1761) on aphid treated with B. 
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bassiana was observed (Meyling & Pell 2006); the predator Hippodamia convergens Guerin-
Meneville did not feed on aphids treated with Paecilomyces fumosoroseus (Wize) (Pell & 
Vandenberg 2002); Orius albidipennis (Reuter) reduced its feeding time and predation rate on 
Thrips tabaci (Lindeman) larvae treated with Metarhizium anisopliae (Metchnikoff) (Pourian et 
al. 2011), P. persimilis showed increased handling time of on B. bassiana-treated adults of T. 
urticae if infected for 48 and 72 h (Seiedy et al. 2012a); and finally, whitefly nymphs treated 
with Isaria fumosorosea Wize were not accepted by the predator Dicyphus hesperus Knight 
(Alma et al. 2010). Avoidance of feeding of the predatory mite on T. urticae infected adults by B. 
bassiana is evident on the leaf and also Seiedy et al. (2013) showed that P. persimilis was 
attracted towards control plants if tested against plants with spider mites infected with B. 
bassiana for 72 h. This indicated that the predator was able to detect the presence of B. bassiana 
in the 72 h treatments. Therefore, live T. urticae infected with the fungus for 72 h caused 
avoidance behavior of the predator not only in the olfactometer but also on the cucumber leaf too. 
 

 

 
 
 

Figure 1. Manlyʼs preference index of Phytoseiulus persimilis when feeding on untreated and 
Beauveria bassiana-treated Tetranychus urticae infected for 72 h treatments in assay with two 
choices. 
 

An insect or mite may gain selective advantage if it is able to detect entomopathogenic fungi 
from a distance and respond via behavioral avoidance or through post-contact responses such as 
grooming (Chouvenc et al. 2008; Seiedy et al. 2012b). Baverstock et al. (2005) have shown that 
entomopathogenic fungi produce a range of volatile chemicals, so it is possible to assume that the 
fungus produces one or some compounds that the predatory mite can detect and that trigger the 
avoidance behavior. This response can be interpreted as the capability of the predatory mite to 
recognize dangerous conditions based on odour, and to adjust its foraging behavior accordingly 
(Faraji et al. 2001).  

Untreated  T. urticae 

B. bassiana-treated T. urticae 
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Our research indicates that fungus-treated hosts can affect the behavior of P. persimilis. Sun 
et al. (2008) found that organic mulches supplemented with M. anisopliae significantly repelled 
foraging of C. formosanus and reduced mulch consumption up to 71%. Ormond (2007) found 
that the seven-spot laybird Coccinella septempunctata (L.) detected and avoided B. bassiana on 
leaves and in soil. 

Avoidance of the fungus by the predator would reduce the impact of intra-guild interactions 
and allow coexistence under laboratory conditions. These data may advance our understanding of 
tritrophic interactions by revealing an understudied association between a predator (P. persimilis) 
and an entomopathogenic fungus (B. bassiana).  

 
Acknowledgements 

The project was supported by a grant from University of Tehran which is greatly appreciated. 
 
References 

Alma, C.R., Gillespie, D.R., Roitberg, B.D. & Goettel, M.S. (2010) Threat of infection and 
threat-avoidance behavior in the predator Dicyphus hesperus feeding on whitefly nymphs 
infected with an entomopathogen. Journal of Insect Behavior, 23: 90–99. 

Baverstock, J., Roy, H.E. & Pell, J.K. (2009) Entomopathogenic fungi and insect behavior: from 
unsuspecting hosts to targeted vectors. BioControl, 55: 89–102.  

Chouvenc, T., Su, N.Y. & Elliott, M.L. (2008) Interaction between the subterranean termite 

Reticulitermes flavipes (Isoptera: Rhinotermitidae) and the entomopathogenic fungus 

Metarhizium anisopliae in foraging arenas. Journal of Economic Entomology, 101: 885–893. 

Cote, K.W. (2001) Using selected acaricides to manipulate Tetranychus urticae Koch 
populations in order to enhance biological control provided by phytoseiid mites. M.Sc. 
Thesis, Virginia Polytechnical Institute and State University, 107 pp. 

Gerson U. & Weintraub P.G. (2007) Mites for the control of pests in protected cultivation. Pest 
Management Science, 63: 658–676. 

Gotoh, T., Nozawa, M. & Yamaguchi, K. (2004) Prey consumption and functional response of 
three acarophagous spedies to eggs of the two-spotted spider mite in the laboratory. Applied 
Entomology and Zoology, 39: 97–105. 

Inglis, G.D., Goettel, M.S., Butt, T.M. & Strasser, H. (2001) Use of hyphomycetous fungi for 
managing insect pests, In: Butt, T.M., Jackson, C.W., & Magan, N. (Eds.), Fungi as 
biological agents progress, problems and potential. CAB International, New York, pp. 23–
69. 

Manly, B.F.J. (1974) A model for certain types of selection experiments. Biometrics, 30: 281–
294. 

Meyling, N.V. & Pell, J.K. (2006) Detection and avoidance an entomopathogenic fungus by a 
generalist insect predator. Ecological Entomology, 31: 162–171. 

Offenberg, J., Havanon, S., Aksornkoae, S., Macintosh, D. & Nielsen, M.G. (2004) Observations 
on the ecology of weaver ants (Oecophylla smaragdina Fabricius) in a Thai mangrove 
ecosystem and their effect on herbivory of Rhizophora mucronata Lam. Biotropica, 36: 344-
351. 

Ormond, E. (2007) The overwintering interactions of the seven spot ladybird (Coccinella 
septempunctata) and the entomopathogenic fungus Beauveria bassiana. Ph. D. thesis, Anglia 
Ruskin University, Cambridge. 

www.SID.ir


www.SID.ir

Arh
ive

 of
 S

ID

96                           SEIEDY: FEEDING PREFERENCE OF PHYTOSEIULUS PERSIMILIS                                2014 

 

Pell, J.K. & Vandenberg, J.D. (2002) Interaction among aphid Diuraphis noxia, the entomo-
patogenic fungus Paecilomyces fumosoroseus and the coccinellid Hippodamia convergens. 
Biocontrol Science and Technology, 12: 217–224. 

Pourian, H.R., Talaei-Hassanloui, R., Kosari, A.A. & Ashouri, A. (2011) Effects of Metarhizium 
anisopliae on searching, feeding and predation by Orius albidipennis (Hem., Anthocoridae) 
on Thrips tabaci (Thy., Thripidae) larvae. Biocontrol Science and Technology, 21: 15–21. 

Rashki M., Kharazi-pakdel, A., Allahyari, H. & van Alphen, J.J.M. (2009) Interaction among the 
entomopathogenic fungus, Beauveria bassiana (Ascomycota: Hypocreales), the parasitoid, 
Aphidius matricariae (Hymenoptera: Braconidae), and its host, Myzus persicae (Homoptera: 
Aphididae). Biological Control, 50: 324–328. 

Sabelis, M.W. & van der Weel J.J. (1993) Anemotactic responses of the predatory mite, 
Phytoseiulus persimilis Athias-Henriot, and their role in prey finding. Experimental and 
Applied Acarology, 17: 521−529. 

Seiedy, M., Saboori A. & Allahyari, H. (2012) Interactions of two natural enemies of 
Tetranychus urticae, the fungal entomopathogen Beauveria bassiana and the predatory mite, 
Phytoseiulus persimilis. Biocontrol Science and Technology, 22: 873–882.  

Seiedy, M., Saboori A., Allahyari H., Talaei-Hassanloui R. & Tork M. (2012) Functional 
response of Phytoseiulus persimilis (Acari: Phytoseiidae) on untreated and Beauveria 
bassiana-treated adults of Tetranychus urticae (Acari: Tetranychidae). Journal of Insect 
Behavior, 25: 543–553. 

Seiedy, M., Saboori, A., Allahyari, H., Talaei-Hassanloui, R. & Tork, M. (2010) Laboratory 
investigation on the virulence of two isolates of the entomopathogenic fungus Beauveria 
bassiana against the twospotted mite Tetranychus urticae (Acari: Tetranychidae). 
International Journal of Acarology, 36: 527–532. 

Seiedy, M., Saboori A. & Zahedi-Golpayegani A. (2013) Olfactory response of Phytoseiulus 
persimilis (Acari: Phytoseiidae) to untreated and Beauveria bassiana-treated adults of 
Tetranychus urticae (Acari: Tetranychidae) on cucumber plants. Experimental and Applied 
Acarology, 60: 219–227. 

Sherratt, T. & Harvey, I.F. (1993) Frequency-dependent food selection by arthropods: a review. 

Biological Journal of the Linnean Society, 48: 167–186. 

Skirvin, D.J. & Fenlon, J.S. (2001) Plant species modifies the functional response of Phytoseiulus 
persimilis (Acari: Phytoseiidae) to Tetranychus urticae (Acari: Tetranychidae): implications 
for biological control. Bulletin of Entomological Research, 91: 61–67. 

Sokal, R.R. & Rohlf, F.J. (1995) Biometry. Freeman, W.H. and Company, 776 pp. 
Sun, J.Z., Fuxa, J.R., Richter, A. & Ring, D. (2008) Interactions of Metarhizium anisopliae and 

tree based mulches in repellence and mycoses against Coptotermes formosanus (Isoptera: 
Rhinotermitidae). Environmental Entomology, 37: 755–763. 

Wright J.E. & Kennedy, G.G. (1996) A new biological product for control of major greenhouse 
pests. Proceedings of the Brighton Crop Protection Conference/Pests and Diseases, 3: 885–
892. 

 

Received: 11 October 2013 

Accepted: 3 January 2014 

Published: 15 January 2014 
 

 

www.SID.ir


www.SID.ir

Arh
ive

 of
 S

ID

2014                                                       PERSIAN JOURNAL OF ACAROLOGY                                                    97 

 

COPYRIGHT 

Seiedy. Persian Journal of Acarology is under free license. This open-access article 

is distributed under the terms of the Creative Commons-BY-NC-ND which permits unrestricted 

non-commercial use, distribution, and reproduction in any medium, provided the original author 

and source are credited. 

 
 

ـــرجیح  ـــذات ـــکارغ ـــه ش  Phytoseiulus persimilis Athias-Henriot گریی کن

(Acari: Phytoseiidae) ـــه ـــارتن دو لک ـــه ت ـــمت کن ـــه س  Tetranychus ايب

urticae (Acari: Tetranychidae)  ســـالم و تیمـــار شـــده بـــا قـــارچ بیمـــارگر  

Beauveria bassiana  خیارهاي برگروي 

  

  مرجان سیدي

  

  انشکده زیست شناسی، پردیس علوم، دانشگاه تهران، تهراند شناسی،بخش جانور

  

پس از  Phytoseiulus persimilis Athias- Henriot (Acari: Phytoseiidae) تعیین ترجیح میزبانی کنه شکارگر

سالم و  Tetranychus urticae (Acari: Tetranychidae)  ايدو لکه دریافت سیگنالهاي حاصل از کنه تارتن

عوامل  ه باهدر تعیین واکنش کنه شکارگر در مواج Beauveria bassiana تارتن تیمار شده با قارچنیز کنه 

ارگر را ، ترجیح کنه ماده شکدر این بررسی شان در گلخانه و مزرعه مهم است.نزمادر زمان کاربرد هم بیمارگر

 از تیمار شدن پسساعت  72ها (روي برگو کنه تارتن تیمار شده با قارچ  سالمانتخابی بین کنه تارتن زمانی که 

 هاي تارتنکنه یه ازذدر تغکنه شکارگر دار معنی زیاداین پژوهش ترجیح  .شدکنه تارتن با قارچ) داشت، مطالعه 

داد. مشخص شد که کنه شکارگر قادر به تشخیص شکار تیمار شده با  ) را نشانP  >٠٠٠١/٠( سالم ايدو لکه

کنه شکارگر  زیادگیري، سازگاري غیر آلوده تغدیه کند. این نتیجه دهد روي شکارهايقارچ است و ترجیح می

 دهد.در کنترل بیولوژیک را نشان می يبا قارچ به عنوان عامل مفید
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