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Abstract:  
The strawberry  is one of the most popular berry 

fruits of the world. Strawberries are an excellent source of 

vitamins C and K as well as providing a good dose of fiber, 

folic acid, manganese and potassium.  Thrips 

tabaci Lindeman (Thysanoptera: Thripidae) is a serious 

insect pests affecting strawberries in all stages of growth.  

The aim of the present work is to study the efficacy of the 

predatory mites and entomopathogenic fungi (Beauveria 

bassiana ) against T.tabaci infesting strawberry  in El-

Behera Governorate (Bader centre). The results indicated 

that the two predator mites, Typhlodromus 

swirskii Denmark and  Neoseiulus cucumeris  (Qudemans)   

( Acari: Phytoseiidae) used to control strawberry T.tabaci 

by releasing two times at a rate of 5-10 /m
2
 during the 

season of productivity. Four varieties; winterstar, florida, 

fortuna and markez were used.  The efficiency of the 

predatory mites was different according to the strawberry 

variety. The predator T.swirskii proved to be more efficient 

than the predator  N. cucumeris. The use of 

entomopathogenic fungi, B. bassiana  was less efficient 

than the predatory mites and the effect was varied 

according to the strawberry variety in control T.tabaci. The 

study affirmed that the use of the predatory mites is very 

important in the integrated control program for strawberry 

T.tabaci. 

Introduction 

In Egypt, strawberry (Fragaria x 

ananassa) is grown as a semi protected 

crop in open-sided polythene tunnels. 

Thrips tabaci Lindeman (Thysanoptera: 

Thripidae) is one of the mainly 

significant insect pests affecting 

strawberries in each stages of growth 

(Shakya et al., 2010). It generated 

significant yield loss globally (Lewis, 

1997). Thrips are  polyphagous nature, 

transmitted plant pathogens, tiny life 

cycle and insecticides resistance (Morse 

and Hoddle, 2006 and Diaz-Montano et 

al., 2011). T.tabaci is caused to delay 

growth of plant and attributed to 
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decrease yield as resulting for extensive 

feeding.  

 At the present time, traditional 

pesticides use is not feasible, especially 

with successful of some the predator 

mites against T.tabaci. Many insecticides 

were efficiency against this species, 

although not all were agreed for use on 

strawberry in all countries. However, all 

options use in pest management control 

for reducing pest numbers with 

precedence to the non-chemical control 

[International Organisation for 

Biological and Integrated Control 

(IOBC), 2008]. Accordingly, chemical 

applications should not be made on a 

standard protection program, except only 

when critical. Supremely, crop protection 

agents should be slight toxicity to non 

target insects because of used in control 

program (Cuthbertson, 2004 and Rosell 

et al., 2008). The predatory mites 

Typhlodromus swirskii Denmark and  

Neoseiulus cucumeris  (Qudemans)   ( 

Acari: Phytoseiidae) are effective in 

controlling T. tabaci (Croft et al., 1998; 

Fitzgerald et al., 2007 and Khaliq et al., 

2018). However, biological control is 

only effective when pest populations 

were low to moderate (Croft et al., 1998) 

whereas slow acting its (Fitzgerald et al., 

2007). The main goal of biological 

control is to maintain environmental 

balance (Pedigo and Rice, 2015). In this 

context, the performance cost of natural 

enemies are cheap and safe (Buitenhuis 

et al., 2007). Also, use of 

entomopathogenic fungi for example, 

Beauveria bassiana had become very 

important in controlling T.tabaci (Abd 

El-Salam et al., 2013). 

 The main focus of these studies 

were measured the efficacy of  the 

predators, T. swirskii and N. cucumeris 

against T.tabaci. Also, the resistance of 

strawberry varieties for T.tabaci was 

studied. B. bassiana fungi was used as 

comparison with the predatory mites in 

integrated pest management. 

 

Materials and methods 

1. Experimental design:  

 Tests were conducted on an 

area of 1400 m
2
 at El-Behera 

Governorate (Bader centre) from 17
th

  

October 2015 to 6
th

  March 2016. Four 

strawberry varieties were used 

winterstar, florida, fortuna, markez, each 

350m
2
 specialized to each variety. Each 

350m
2
 divided into 4 blocks, the 

treatment blocks were 100 m
2  

for each 

block while the untreated block was 50 

m
2
 area and each block is divided into 5 

pieces as replicates. Shit plastic separator 

placed between each treatment and other. 

The strawberry was cultivated on 

terraces (15x5m
2
 terrace area). 

2. Rearing and mass rearing the 

predator mites: 

Two predator mites were used, T. 

swirskii and N. cucumeris. The predator 

mites were reared in Laboratory of Pests 

and Plant Protection Department in 

National Research Centre (El-Saeidy and 

Romeih, 2007). The predator mites were 

maintained and rearing on mulberry 

leaves highly infested with Tetranychus 

urticae Koch (Acari: Tetranychidae) 

previously and transmitting in large 

plastic boxes 26x15x10 cm inside car 

refrigerator under 20.0 Cº to the 

experimental region.  

3. Compound used: 

Bio-Power is a biological 

insecticide based on a selective strain of 

naturally-occurring entomopathogenic 

fungus Beauveria bassiana. The product 

contains spores and mycelial fragments 

of B. bassiana and is available in liquid 

(1x109 CFU's/ml). The compound is 

produced by T. Stanes Company limited.  

4. Samples collection: 

Thirty strawberry leaves were 

inspected from each area and the 

numbers of adult T.tabaci per leaf were 

counted by eye in the field using a x7 

head lens (optimizer, Light Craft, 

London, UK). We used counts of adult 

T.tabaci rather than nymphs because this 

is more practical for growers and the 
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assessment of nymphs by eye in the field 

is unreliable (Gonzalez-Zamora and 

Garcia-Mari, 2003).The number of T. 

swirskii and N. cucumeris predatory per 

leaf was also counted.  Leaves pooled 

and placed in 70 % alcohol so that 

T.tabaci could be extracted and 

identified to species. The predatory 

mites, T. swirskii and N. cucumeris were 

released by the growers in all the fields 

sampled, but with varying amounts and 

frequencies. The count of the T.tabaci 

individuals was carried out before and 

after the treated either the predators or 

bio-compound. 

5.Release of the predatory mites : 

 Discs of mulberry leaves with predatory 

mite, T. swirskii and/or N.cucumeris 

contained 5-10 individuals put on one 

strawberry plant in 2.0 m
2 

area 

containing 10 strawberry plants 

approximately. This process carried out 

1-2 hours before sunset and 3-4 hours 

after crop irrigation to warrant suitable 

air temperature and relative humidity for 

introduction of predatory mites.  The 

process of release carried out twice 

during the experimental when T. tabaci 

density reached to 2-3 individuals / leaf. 

6. Application of bio-power 

formulation: 

Three applications were carried 

out by bio-power (Beauveria bassiana) 

at rate of 5.0 ml /l. 

7. Statistical analysis 

The experimental data were 

analyzed by one-way Anova analysis of 

variance. Statistical analysis was carried 

out with Spss,11. 

Results and discussion 

1. Efficacy of predators of 

Typhlodromus swirskii and Neoseiulus 

cucumeris compared with Beauveria 

bassiana against Thrips tabaci  in 

strawberry: 

 The results showed in Figure 

(1) the most susceptible varieties of 

T.tabaci were florida, fortuna  and 

winterstar and markez was the least 

sensitive. In the first week, the T.tabaci 

numbers began to attack the leaves 

recording 5.2, 5.0, 4.8 and 4.0 

individuals / leaf in florida, fortuna, 

markez and winterstar, respectively. 

 The populations fluctuated 

between rise and little decrease until 

reached 11.2, 10.2, 9.8 and  8.8 

individuals /leaf with winterstar, florida, 

fortuna and markez, respectively, with 

the end of the twenty-first week. The 

results clarified that the highly peak of 

T.tabaci population was 12.4 , 10.6 

,9.6,9.4 individuals /leaf for florida, 

frotona, winterstar and markez varieties, 

respectively, during the seventeen and 

eighteen  weeks .The mean number of 

T.tabaci during 21
st
 week was recorded 

9.2, 8.0, 7.8, 7.0 individuals / leaf in 

florida, fortuna, winterstar and markez, 

respectively. The results manifested that 

the varieties have different sensitivity for 

T.tabaci infestation.   

 The results in Table (1) 

indicated that a difference in the 

efficiency of both predators against 

T.tabaci individuals with different 

strawberry variety. The T. swirskii 

predator achieved more efficient with the 

winterstar variety to reduced the number 

of T.tabaci to 85.5%. Other varieties, the 

predatory achieved 77.14, 76.59 and 

76.52% reduction in the T.tabaci 

numbers with markez, florida and 

fortuna, respectively. N. cucumeris 

predator achieved to reduce of the 

T.tabaci numbers reached 79.5, 75.3, 

74.74 and 72.5% with winterstar, 

markez, florida and fortuna, respectively. 

This may refer to the physical of the 

strawberry leaves varieties. 

 Predator  release  for two times 

at a rate of 5-10 individuals/ m
2
 during 

the twenty one weeks led to decline in 

the number of T.tabaci / leaf to 85.5 and 

79.5% by T. swirskii and N. cucumeris 

,respectively, in the winterstar variety. 

While the blocks which was treated 

twice time with B. bassiana fungi, led to 

achieved 71.8% reduction in T.tabaci 

numbers. This indicated that the process 
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of using predator mites is more efficient 

than the entomopathogenic fungi. Also, 

the T. swirskii predator was more 

efficient than N. cucumeris. The 

efficiency of B. bassiana was varied with 

variety difference; the T.tabaci numbers 

was decline to reaching 74.46, 72.5, 71.8 

and 69.88% reduction in florida, fortuna, 

winterstar and markez varieties, 

respectively. 

The population of T.tabaci after 

the predators release and spraying with 

entomopathogenic fungi illustrated in 

Figures (2, 3, 4 and 5). Radically 

differences were detected between the 

control and the three different treatments. 

The predators related with T.tabaci were 

phytoseiid mites (Amblyseius spp.). The 

findings suggest that feed more on little 

instars of T. tabaci and if these predators 

were free during early pest epidemic it 

would be success in controlling the 

T.tabaci population. 

 The surface of a host plant had 

a physical block such as waxy cuticles 

and/or epidermal structures including 

trichomes. Thrips damage were 

harmfully with the amount of 

epicuticular wax on gladiolus leaves 

(Zeier and Wright, 1995). Other studies 

did not recognize any connection 

between T.tabaci feeding harm and 

morphological constitution such as 

hairiness, age and area of leaf (Leiss et 

al., 2009 and Mirnezhad et al., 2009). 

Instead, the resistance of plant was 

mainly affected by chemical constitution 

in host plant. Plant chemical guard can to 

be high from both primary and secondary 

metabolites. Primary metabolites, as 

dietetic chemicals, are generally 

favorable for thrips . However, at low 

concentrations of perfumed amino acids 

in host plant were connected with 

reduced T.tabaci feeding damage 

(Mollema and Cole, 1996). Therefore, 

the common of studies focus on the plant 

defense by secondary metabolites. In the 

mean time, few studies had examined the 

chemical host resistance to T.tabaci. In a 

study on different chrysanthemum 

varieties, is obutylamide was 

recommended to be associated with 

thrips host plant resistance (Tsao et al., 

2005). Leiss et al. (2011) was developed 

an ecometabolomic technique to 

identified resistant and sensitivity plants 

for thrips. Some compounds were 

identified for example, jacobine, 

jaconine and kaempferol glucoside in the 

wild plant species Jacobaea vulgaris, 

chlorogenic and feroluylquinic acid in 

chrysanthemum, acylsugars in tomato 

and sinapic acid, luteolin and 𝛽-alanine 

in carrot (Leiss et al.,2009 ; Mirnezhad 

et al.,2009; Tsao et al.,2005 and Leiss et 

al., 2011). In a review of Francisco et al. 

(2011) that dissection and discussed the 

strawberry plant defense mechanism. 

The authors confirmed that physiological 

responses of plants at a molecular level 

will provide valuable information to 

improve future breeding strategies for 

new strawberry varieties and to engineer 

strawberry plants for durable and broad-

spectrum disease resistance. In turn, this 

will lead to a reduction in use of 

chemicals and in environmental risks. 

Mouden et al. (2017) stated that  some 

metabolites of plants had shown harmful 

effect on thrips and also had attention for 

prevention of human health by their 

antioxidant functions. In strawberry, a 

downbeat relationship between the 

oviposition and survival of the two-

spotted spider mite T. urticae, the 

number and density of glandular and 

non-glandular trichomes in leaves has 

been reported (Luczynski et al., 1990b). 

However, Kishaba et al. (1972) proposed 

that foliar character might be related to 

spider mite susceptibility. The resistance 

of strawberry cultivars and other plant 

attributed the density of non-glandular 

trichomes and pre-formed glandular 

trichomes that containing oxidative 

enzymes. Also, cultivars that had yellow-

green, glossy to semi-glossy leaf surfaces 

were less attractive to onion T.tabaci 

compared with other cultivars that had 
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blue green and waxy. Thus, semiglossy 

onion cultivars with low levels of 

epicuticular waxes to glossy should be 

important in onion thrips control 

strategies (Steinite and Levinsh , 2003; 

Diaz-Montano et al., 2012 and Damon et 

al., 2014). 

 Brown et al. (1999) reported 

that the predation efficacy of predatory 

mites, N. cucumeris against Frankliniella 

occidentalis (Pergande) (Thysanoptera: 

Thripidae) was different on different 

plant species. The variation in predation 

efficacy might be due to differences in 

plant style, surface structure of leaves 

(Kareiva and Sahakian, 1990) and plant 

chemistry (Price et al., 1980). The 

susceptibility of herbivores to predators 

is often related to the nutritional quality 

and quantity of plants in orders to 

attractive the herbivores for feeding 

(Price et al., 1980). 

Several species of Amblyseius 

Berlese have been found as predators of 

T.tabaci. The first greedy mites used for 

T.tabaci control were Amblyseius barkeri 

Hughes (Acari: Phytoseiidae) and N. 

cucumeris which mainly eat upon larval 

first instar. Result to the insufficient 

control, a number of other mites had 

been deliberated to find a greater T. 

tabaci predator. A pair of N. cucumeris 

can feed on more than five T.tabaci /day 

and prefer tiny individuals (Riudavets, 

1995 and Sabelis and van Rijn, 1997). N. 

cucumeris  reduced T. tabaci numbers to 

more than 80.0 % on cucumber plants 

(Hassan et al., 2008), while A. swirskii 

favorite to eat on thrips larvae (Xu and 

Enkegaard, 2010 and Kutuk et al., 2011). 

An adult female of Amblyseius fallacies 

Garman (Acari: Phytoseiidae) devoured 

an average of 21.43 and 26.86 thrips at 

temperatures of 20 °C and 30 °C, 

respectively, during its life cycle (Abdel-

Karim and Abd El-Wareth ,2012). A. 

barkeri is an oligophagous predatory 

mite against T. urticae and T. tabaci 

infestations (initial instars) on cucumber 

and pepper plants (Karg et al., 1987; 

Hansen, 1988; Bakker and Sabelis, 1989 

and Fan and Petit, 1994). Metwally et al. 

(2008) found that N. barkeri females 

produce 1.9, 2.1, 2.3 eggs per day 

feeding on T. urticae, T. tabaci nymphs 

and eriophyid mites, respectively. 

Species such as 

Amblydromalus limonicus (Garman and 

McGregor) (Acari: Phytoseiidae), A. 

swirskii, Amblyseius degenerans 

(Berlese, 1889) and Amblyseius 

montdorensis (Schicha) confirm 

successful predators of thrips in sweet 

pepper and chrysanthemum (Messelink 

et al., 2008; Wimmer et al., 2008; 

Arthurs et al., 2009; Knapp et al.,2013; 

Buitenhuis et al.,2015; and Hewitt et 

al.,2015). Efficiency of A. swirskii 

against thrips in biocontrol agent is also 

influenced by increased trichomes 

densities hinder in host plant species 

(Buitenhuis et al.,2014). T. tabaci could 

devour A. swirskii eggs and female 

predators were observed preferentially to 

oviposit at sites in absence T.tabaci, or to 

kill more T.tabaci at oviposition sites to 

protect their young (De Almeida and 

Jansen, 2013). Thrips are not the best 

food source for mites. Therefore, the 

addition of supplemental food to A. 

swirskii has recently been investigated. 

Supplying pollen improved the 

performance of A. swirskii in thrips 

control on chrysanthemum 

(Vangansbeke et al., 2016). Efficient 

predator of T.tabaci, A. swirskii was 

easily reared that allowed economic 

mass production. Since , 2005, A. 

swirskii had become used for biological 
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control program of T.tabaci and 

whiteflies in crops worldwide. Khaliq et 

al. (2018) found that predatory mites, N. 

barkeri eat more on larval first instar 

than second larval instar and adults of 

T.tabaci. However, consumption rate of 

N. barkeri was rather higher during the 

initial 12 hours of feeding then slowed 

down later (24 h); this may be result to 

aggressive predation initially. 

Table (1): Efficacy of predator mites and entomopathogenic fungi against Thrips tabaci. 

Varieties  Winterstar Florida Fortuna Markez 

Predatory 

& 

Fungus 

Mean No. Thrips 

tabaci individuals/ 

leaf±SE 

% 

Reduction 

Mean No. Thrips 

tabaci individuals/ 

leaf±SE 

% 

Reduction 

Mean No. Thrips 

tabaci individuals/ 

leaf±SE 

% 

Reduction 

Mean No. Thrips 

tabaci individuals/ 

leaf±SE 

% 

Reduction 

Before 

treatment 

 

After 

treatment 

by 21 

week 

Before 

treatment 

 

After 

treatment 

by 21 

week 

Before 

treatment 

 

After 

treatment 

by 21 

week 

Before 

treatment 

 

After 

treatment 

by 21 

week 

T. swirskii 3.6±0.5a 1.2±0.2b 85.5 4.2±0.58a 2.2±0.8b 76.59 4.6±0.6a 1.8±0.5b 76.52 4.6±0.5a 1.6±0.5b 77.14 

N. cucumeris 3.4±0.8a 1.6±0.24b 79.5 4.6±1.2a 2.6±0.5b 74.74 4.8±0.9a 2.2±0.3b 72.5 4.8±0.01a 1. 8±0.4b 75.35 

B. bassiana 3.4±0.51a 2.2±0.58b 71.8 4.2±1.1a 2.4±0.6b 74.46 4.8±1.2a 2.2±0.5b 72.5 4.8±0.9a 2.2±0.5b 69.88 

Cont. 3.4±0.7a 7.8±2.1a ------ 4.2±1.59a 9.2±0.7a ------ 4.8±0.7a 8.0±2.0a ------ 4.6±0.7a 7.0±1.3a ------ 

F 0.02UN 7.5UN ------ 0.02UN 20.04* ------ 0.01UN 7.18UN ------ 0.01UN 10.9UN ------ 

LSD 0.5 2.03 3.37 ------ 3.57 2.06 ------ 2.67 3.32 ------ 3.3 2.34 ------ 

Means within columns followed by the same letter are not significantly different. 

(UN means unsignificant) 
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