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ABSTRACT 
 
 Determination of attraction and avoidance behavior of predators is important in concomitant use of multiple 
natural enemies to control a pest. The olfactory response of the predatory mite Neoseiulus californicus was 
studied to odors related to powdery mildew fungi Spheroseca  pannosa Var. rosea  (wallr) Lev, the two-spotted 
spider mite Tetranychus urticae, and emanated powdery mildew fungi with the two-spotted spider mite on three 
rose cultivars are white Teneky (wT), red Dallas (rD) and yellow Bebion(yB).The response form this 
experiment indicated that attraction to prey food i.e .T. urticae was dominated while mildew fungi showed a 
lower attraction. The mixture of both foods revealed that an obvious common attraction effect particularly,  wT 
cv. but did not noted with the two other cultivars. However, the predatory mite ability to discriminate between 
food types (the rd and yBcvs). preceded the wT cv. with T. urticae. Neoseiulus californicus was not observed to 
feed on powdery mildew fungi also; no sign of feeding through particles was watched moving or swallowed in 
its alimentary canal. 
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Introduction 
 
 Phytoseiid mites (Acari: Phytoseiidae) play an important role in the biological control of phytophagous 
mites in several agro-ecosystems (Helle and Sabelis, 1985).         
 Several studies emphasized the role of alternative foods for generalist phytoseiidae on fruit trees.  
Typhlodromus  pyri Scheuten and Amblyseius andersoni Chant (both Acari: Phytoseiidae) can develop and 
reproduce by feeding on pollen (Duso and Camporese, 1991). 
 Studies carried out by Duso et al., (2003) indicated that phytoseiid population increases relating to the 
presence of grape downy mildew (GDM) foliar symptoms suggesting for Plasmopara  viticola (Berk and Curtis 
ex De Bary) Berlese and De Toni its role as alternative food for A. andersoni and T. pyri in vineyards.  
 The predatory mites of the family Phytoseiidae can locate their prey (i.e., spider mites) by pierciving the 
volatile compounds produced by spider mite-infested plants (Sabelis and van de Baan 1983), (Vet  and  Dicke 
1992; Takabayashi and Dicke 1996). In the wind tunnel, predatory mites such as Phytoseiulus persimilis Athias-
Henriot prefer walk toward  volatile compounds produced by spider mite-infested plants (SMIPVs) to those 
produced by undamaged plants or to plain air (Maeda and Takabayashi 2001).  
 Be several study evaluated the effect of HIPVs on the number of natural enemies on infested plants (Dicke 
et al., 2003) and on plants or traps adjacent to infested plants (Shimoda et al., 1997).  
 However, none of these studies directly observed the orientation process of the natural enemies toward the 
volatile sources and the mechanisms leading to the aggregation of natural enemies. That is, it is unknown 
whether the mechanism is an attraction or an arrestment response toward HIPVs (Janssen, 1999).  
 Investigation in natural open environments whether plants infested by spider mites actually attract predatory 
mites from a distance. The T.urticae individuals spins a trail of silk threads; while crawling (Saito, 1977), and 
dispersing adult female T. urticae follow trails left by preceding females, which results in aggregation at a new 
colony (Yano, 2008). 
 Indirect defenses of plants against herbivores include the emission of specific blends of volatiles in response 
to herbivory (herbivore-induced plant volatiles, HIPVs), which enables the plants to attract carnivorous natural 
enemies of the herbivores (Arimura et al., 2009). The HIPVs are multifunctional (for instance, they may affect 
carnivores’ foraging) and are accordingly responsible for a sizable array of plant–carnivore interactions 
(Arimuraet al., 2009; Dicke and Baldwin, 2010).  
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 The mite T. urticae induced  plant volatiles enhance the prey-searching efficacy of predat ory mites (P. 
persimilis), and the attraction of  P. persimilis  results in the extermination of T. urticae from the plants 
(Takabayashi and Dicke, 1996). In thecurrent study, therefore, we compare the percentage of the predatory mite, 
N. californicus  attracted to S. pannosa var. rosae , T.urticae and combine powdery mildew fungi with the two-
spotted spider mite. 
 
Materials and Methods 
 
1-Two-spotted spider mite T. urticae rearing: 
 
 Stock culture of the two – spotted spider mite T. urticae was maintained in the laboratory, in a plastic 
container 10 x 20 cm.  Foam pad covered by cotton was used as substrate over which clean acalifa leaves free 
from infestation with T. urticae and was surrounded by water barrier to prevent mites from escaping. Culture 
was renewed whenever it is necessary.Rearing arenas of the two-spotted spider mite consists of, 10 x 15 cm 
rectangular foam box in which a cotton pot was used a substrate over which discs of rose leaves was rested.                                                                                                                    
 
2-Predatory mite N. californicus rearing: 
 
 Stock culture of N. californicus is a French strain (Dr. G. Fauvel, Ellaithy 1996 personal communication). 
Large plastic boxes (26 x 15 x 10 cm) were used,cotton pad were put in the middle of each box, leaving a space 
containing water to act as a barrier preventing predatory mites from escaping.  Tangle foot strips were further 
placed at the edges of the box.  Cotton pads were kept saturated with water.  Excised bean leaves heavily 
infested with T. urticae were provided every other day as a food source.  Plastic boxes were kept in an incubator 
at 28 ± 2°C and 70 + 10% RH. 
 
3-Powdery mildew fungi S. pannosa: 
 
 Infestation with powdery mildew fungi (S. pannosa var. rosae) was performed to rose leaves by spraying 
with spore suspension or brushing them with infested leave taken from inoculated roses. 
 
4-Experimental set: 
 
 In a Petri-dish 15cm diameter, a cotton pad covered by filter paper was used as a substrate. Rose leaf disc 
2cm diameter was put over filter paper on the central,  joined with other four terminal rose discs included (S. 
pannosa var. rosae, Tetranychus urticae or combine powdery mildew fungi and the two-spotted spider mite; 
blank was served as a control). Neoseiulus californicus females were transferred to the central leaf disc. Females 
were left for 24 h to move freely to either of the four branches, supplied with 0.5 mg of powdery mildew 
hyphae, T. urticae  nymphs, mixture of mite and fungi. A blank was included as control check (Fig. 1). 
Observations were carried out every half hour until 6 hours and repeated once after 24 h later. 

 
Fig. 1: Experimental set of the predatory mite, N. californicus  attracted to S. pannosa, T.urticae and combine 

powdery mildew fungi with the two-spotted spider mite. 
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Results and Discussion 
 
 Results indicated that the highest average number of N.californicus was recorded on red D. cv. after 24h 
exposure reached to 7.5 female (Table, 2). Also the highest number of  direct  attraction for the predatory mite 
was recorded on T.urticae  path way of  7.0 adult female after 5h for yB cv. ( Table, 3)over all the tested on 
arena followed by 7.25 for mixture at wT cv after 2.5h( Table, 1).  
 Tetranychus urticae was highly and consistently attractive for N. californicus females which average 4-6.5 
individuals compared to 0.25-3.0 female for powdery mildew fungi. (Table,1). When combined T. urticae and S. 
pannosa, 2.5-4.75, few also were attracted. At blank disc an averaged of attracted females were only 0.0-3.75 
along the first six hour of the experiment (Table,3).  
 Regarding yB .cv. Table (3) in the first six hour attraction rate towards T.urticae was 3.25-7.00 individuals, 
followed by 0.25-2.75 for powdery mildew fungi, 0.75-4.75 for the mixture and the attraction rate was 0.0-3.75 
for blank.  
 Results obtained in (Table, 1) for the wT cv. response do not vary considerably except that at mixture 
pathway attraction rate was 2 -7.25 which may indicate common effect. A moderate rate for T. urticea  2.25- 
4.75 and the lowest.0.25-3.0 female of N. californicus female for powdery mildew fungi. 
 Total average of attraction rate recorded along the 24 h as shown in Table (4). Was 0.88-1.21 for powdery 
mildew followed by 3.0-4.38 for mixture and 3.46-4.46 for T.urticae, comparing with 0.67 -1.26 in check disc. 
For each cultivar, the average number of N. californicus female was significantly varied from each others (4 
sections) (Table, 4). 
 The response of the predatory mite N. californicus (type II), which belongs to the selective predators of 
tetranychid mites, especially to T. utricae (McMurtry and Croft, 1997).The Powdery mildew fungi as non prey 
food are conformed to other reports for the phytoseiid specialist predatory mite P.macropilis towards Oligonicis 
ilicis (Fadini et al., 2010 and Yanox and Oskabe, 2009); while for P. persemlis, (Krips et al., 2001). For P. 
persimilis on different Gerbera  Jamesonil cultnars which varied in its infestation with T.urticea Also 
attractiveness of N. calfornicus to either lima bean leaf infected with T. urticea or synthetic plant signals such as 
methyl salicylate and linalool was recorded by (Shimoda et al., 2005). 
      
Table 1: Attraction response of starved (48 h) female of N. Californicus to T. urticae, S. pannosa, mixture of both compared to blank leaves 

of rose cv.( White Teneky). 
Time T. urticae S. pannosa Mixture Blank 
1/2 h 2.25 + 1.93 1.25 + 0.48 5.00 + 1.78 1.50 + 1.50 
1 h 2.75 + 1.89 2.00 + 1.08 4.75 + 1.93 0.50 + 0.29 

1.5 h 2.25 + 1.93 1.50 + 1.50 4.50 + 2.40 1.75 + 0.85 
2 h 2.50 + 2.18 2.00 + 1.15 4.50 + 1.32 1.00 + 0.71 

2.5 h 2.25 + 1.65 0.00 + 0.00 7.25 + 1.44 0.50 + 0.29 
3 h 3.75 + 2.06 0.50 + 0.29 4.75 + 2.02 1.00 + 0.58 

3.5 h 3.50 + 2.18 1.00 + 0.41 4.75 + 1.97 0.75 + 0.48 
4 h 4.00 + 1.35 0.50 + 0.50 4.25 + 1.44 1.25 + 0.75 

4.5 h 4.00 + 1.96 0.25 + 0.25 5.25 + 2.06 0.75 + 0.25 
5 h 4.75 + 2.02 2.50 + 1.50 2.00 + 2.00 0.50 + 0.50 

5.5 h 4.50 + 1.85 1.00 + 0.41 4.25 + 1.65 0.25 + 0.25 
6 h 4.50 + 1.55 3.00 + 1.58 2.50 + 0.29 0.50 + 0.50 

24 h 4.00 + 1.91 0.25 + 0.25 3.25 + 1.38 0.25 + 0.25 
 
Table 2: Attraction response of starved (48 h)female of N. Californicus toT. urticae , S. pannosa, mixture of both compared to blank leaves 

of rose cv. (Red Dallas). 
Time T. urticae S. pannosa Mixture Blank 
1/2 h 5.75 + 1.38 1.00 + 1.00 0.75 + 0.75 2.25 + 1.31 
1 h 4.00 + 2.35 1.25 + 0.68 4.50 + 1.76 0.25 + 0.25 

1.5 h 4.25 + 2.21 0.75 + 0.75 4.75 + 1.65 0.25 + 0.25 
2 h 4.25 + 1.89 2.00 + 0.00 3.75 + 1.89 0.00 + 0.00 

2.5 h 4.50 + 1.76 0.75 + 0.48 4.50 + 2.06 0.25 + 0.25 
3 h 6.25 + 1.55 0.50 + 0.50 2.75 + 1.70 0.50 + 0.29 

3.5 h 4.75 + 2.29 0.25 + 0.25 4.00 + 1.96 0.75 + 0.75 
4 h 4.50 + 2.10 2.00 + 1.22 2.75 + 2.14 0.75 + 0.25 

4.5 h 5.50 + 1.86 0.50 + 0.29 3.25 + 1.65 0.75 + 0.25 
5 h 4.50 + 1.85 0.75 + 0.48 4.00 + 1.78 0.75 + 0.48 

5.5 h 4.00 + 1.08 1.25 + 0.75 4.25 + 1.31 0.50 + 0.29 
6 h 4.00 + 1.08 0.25 + 0.25 4.75 + 1.11 1.00 + 0.58 

24 h 7.50 + 0.65 0.25 + 0.25 1.50 + 0.50 0.75 + 0.48 
 
 In 2005, Shimoda et al.,  suggest that N.californicus is capable of exploiting a variety of volatile 
infochemicals emarating from their prey, from the prey-food plants themselves, and from the complex of the 
prey and the host plants (e.g., herbivore-induced volatiles). He added that the response of N.californicus to each 
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synthetic compound or their combinations choice between a mixture of and T. urticae infested leaves, revealed 
that it did not discriminate between these odor sources. 

 

 
 

 

 
 

Fig. 2: Attraction of the predatory mite N. Californicus to three factors – T. urticae, S. pannosa, mixture and 
both check on three rose a cultivars. 

 
Table 3: Attraction response of starved (48 h) female of N.Californicus to T. urticae , S. pannosa, mixture of compared to blank leaves  of 

rose cv. (Yellow bepion). 
Time T. urticae S. pannosa Mixture Blank 
1/2 h 3.50 + 2.18 1.75 + 1.75 1.00 + 0.71 3.75 + 1.38 
1 h 3.25 + 2.14 2.00 + 1.68 1.25 + 0.25 3.50 + 1.55 

1.5 h 6.00 + 1.29 0.50 + 0.50 2.25 + 1.44 1.25 + 0.63 
2 h 4.75 + 1.60 1.75 + 1.03 3.00 + 1.22 0.25 + 0.25 

2.5 h 2.00 + 1.41 2.75 + 1.25 4.00 + 1.96 1.25 + 0.95 
3 h 3.25 + 1.89 2.75 + 0.85 3.25 + 1.18 0.75 + 0.75 

3.5 h 4.75 + 1.44 1.00 + 0.41 4.25 + 1.11 0.00 + 0.00 
4 h 4.00 + 1.73 0.00 + 0.00 4.75 + 1.31 1.00 + 0.58 

4.5 h 4.50 + 1.76 0.25 + 0.25 4.50 + 1.71 0.75 + 0.75 
5 h 7.00 + 0.41 0.50 + 0.50 0.75 + 0.48 1.75 + 0.85 

5.5 h 5.50 + 0.65 1.00 + 1.00 1.50 + 0.87 0.75 + 0.75 
6 h 6.50 + 1.32 0.50 + 0.29 3.00 + 1.47 0.00 + 0.00 

24 h 300 + 2.00 0.25 + 0.25 5.50 + 1.55 0.50 + 0.50 
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Table 4: Attraction of the predatory mite N. Californicus toT. urticae, S. pannosa, mixture and both check on three rose a cultivars. 
 Avaerage number  of N. californicus female found in each section after 24 h  

Rose Cultivars Sources of attraction 
T. urticae Sphaerotheca 

pannosa 
Mixture Blank F Sig, 

White (Tenky) 3.46 + 0.26b 1.21 + 0.26c 4.38 + 0.36a 0.80 + 0.13c 42.350** 0.000 
Red (Dallas) 4.90 + 0.29a 0.88 + 0.16c 3.50 + 0.34b 0.67 + 0.15c 65.447** 0.000 

Yellow (Bebion) 4.46 + 0.41a 1.15 + 0.26c 3.00 + 0.43b 1.26 + 0.33c 18.491** 0.000 
** highly significant 
Different letters in the same raw donate a significant difference. 
 
 However other phytoseiid predators categorized under generalist group are often observed for long periods 
on plants in the absence of prey, feeding on alternative foods and reaching high population levels (McMurtry 
and Croft, 1997). The persistence of generalist predatory mites on plants with a scarcity or absence of prey is a 
requirement for successful biocontrol strategies of herbivore mites. The predatory mite Amblyseius andersoni  
Typhlodromus and pyri were able to feed on grape downy mildew fungi (Duso et al., 2008). They reported that 
grape downy mildew supported the survival, development and oviposition of above two predators. Life-table 
parameters reported by the above author indicated that GDM was a less suitable food source than pollen for both 
phytoseiid species. Also a positive relationship between powdery mildew fungi and phytosiid mite in (Duso, 
1992; Zemek, 2005; Zemek and Prenerov, 1997 and  Pozebon and Duso 2008).   
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