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ABSTRACT 
Eutetranychus orientalis (Klein) (Acari: Tetranychidae) is primarily a serious pest of citrus orchards 
that causes injury to the host and a cosmopolitan key pest of citrus worldwide. The long-term 
application of synthetic acaricides causes many adverse health effects to humans and the ecosystem. 
Nowadays, the interest in the use of bio-acaricide in Green Integrated Pest Management (GIPM) 
programs has increased. Therefore, this study was designed to determine the efficacy of 
entomopathogenic fungi Beauveria bassiana against the citrus brown mite, E. orientalis in the 
laboratory. B. bassiana was isolated from the Egyptian soil and evaluated against the citrus brown 
mite, E. orientalis compared to the commercial bio-insecticide Bio-fly® as a standard under laboratory 
conditions. Three concentrations of isolated B. bassiana 106, 107, and 108 conidia/ml and a 
concentration equaled to the recommended concentration of the commercial Bio-fly® (250 ml /100 L 
= 3x106/ml) were sprayed on leaf discs containing pest mite adults. The adult stage was generally 
susceptible to all concentrations. Based on Ldp line analysis, B. bassiana LC50 and LC90 were (1.51 x 
107 spores/ml and 1.26 x 109 spores/ml) for adults. For commercial Bio-fly®, the percentage of 
mortality was 86 % while for the isolated B. bassiana was 71%. These results showed that the 
entomopathogenic fungi B. bassiana was effective against the citrus brown mite, E. orientalis and 
could be used as an alternative to synthetic acaricides in Green Integrated Pest Management (GIPM) 
programs with no adverse effects to humans and the ecosystem. 
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1. Introduction 

The citrus brown mite, Eutetranychus orientalis (Klein) (Acari: Tetranychidae) is primarily a 
serious pest of citrus orchards. It causes injury to host and a cosmopolitan key pest of citrus in Egypt, 
Sudan, Iran, Jordon, Israel “Palestine”, Turkey, Cyprus, Afghanistan, India, South Africa, Formosa, 
East Transvaal, Thailand, Pakistan, Philippines, and Taiwanese. Other hosts include cotton, squash, 
frangipani, pear, grapevines, quince, and walnut (Jeppson et al., 1975). Feeding by this harmful pest 
on the upper leaf surface of horticultural and ornamental plants produces a multitude of gray spots, 
which gives leaves a chlorotic appearance, as an early symptom (EPPO, 2010). Infested leaves 
weaken and finally drop, twigs dry, which results in bare trees in the young neglected orchards in the 
middle and far-east region (Kapaxidi et al., 2009). Injuring is more severe in the fall, especially of the 
trees lack moisture. This pest seems to prefer sour lemon stock to sweet lemon, mandarin and orange. 
High temperature and median air humidity are optimum for the development of all stages. 

Approximately one thousand active ingredients of pesticides included acaricide, insecticide, 
fungicide, herbicide, and others are registered worldwide. These pesticides are used to protect crops 
and food against pest damage. The extensive uses and long-term application of synthetic pesticides 
result in several adverse toxic effects and develop pest resistance. Synthetic pesticides e.g. acaricide 
has different properties and different adverse toxic effects on humans, animals, and the ecosystem 
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(Theiling and Croft, 1988; Costa et al., 2008; Jayaraj et al., 2016; Gad et al., 2021; Mohafrash et al., 
2021; Refaie et al., 2021). The toxicity of these chemical compounds depends on their exposure 
occurs, uses, formulation type, application, and other factors. Moreover, occupational exposure to 
pesticides can cause severe poisoning or long-term health effects, including cancer and adverse effects 
on reproduction. Therefore, using eco-friendly green compounds and methods for pest control are 
increased especially in Green Integrated Pest Management (GIPM). One of these important methods 
is the biological control agent, which is dependent on using natural enemies for pest management in 
the frame of GIPM (Baker et al., 2020; Firake and Behere, 2020; Headrick, 2021; Pasupulla et al., 
2021). 

Nowadays, entomopathogenic such as bacteria, fungi, nematodes, and viruses are used for 
control pests such as insects, mites, and ticks as biological control agents (Kaya et al., 1993; Charles 
et al., 2013; Sajnaga and Kazimierczak, 2020; Devi, 2021). The fungi genus Beauveria (Vuillemin) is 
the important entomopathogenic fungi against insects. They have been increasingly applied for the 
biological control of insect pests (Bruck, 2010; McKinnon et al., 2018; Mantzoukas et al., 2021). 
Numerous studies have shown that Beauveria fungi are commonly applied as an initiative spore 
application (Shah and Pell, 2003; Lacey et al., 2015; McKinnon et al., 2018; Fingu-Mabola et al., 
2021). Beauveria also can be applied to a wide range of plant hosts without any damage or disease but 
it still maintaining the capacity to infect mites and insects (Rohrlich et al., 2018; Sinno et al., 2021; 
Wang et al., 2021).  

B. bassiana fungi is recommended for using in agriculture to control pests such as termites, 
whiteflies, and many other insects and in public health to control mosquitos (Ortiz-Urquiza and 
Keyhani, 2013; Snetselaar et al., 2014; Butt et al., 2016; Mascarin and Jaronski, 2016). Because 
nothing is known about the effectiveness of entomopathogenic fungi of the genus Beauveria against 
this injurious citrus mite, the objective of this study was designed to determine the efficacy of fungi B. 
bassiana against the citrus brown mite, E. orientalis at laboratory study.  
 

2. Materials and Methods  
 
2.1. Fungal culture and preparation of conidial suspension 

Beauveria bassiana (Balsamo) as entomopathogenic fungi was isolated from the Egyptian soil 
as cited by Haron (Haron, 2020). Bio-fly® as a standard commercial bio-insecticide was obtained from 
Plant Protection Institute, Dokki, Giza, Egypt.  

 
2.2. Culturing of entomopathogenic fungi and citrus brown mite 

According to the standard protocol, the obtained entomopathogenic fungi B. bassiana were 
cultured on autoclaved Sabouraud Dextrose Agar media with yeast extract (SDAY). The media 
contain 4 % dextrose, 0.1% peptone + 1.5% agar + 0.2% yeast extract dissolved in 1L of distilled 
water, then incubated at 25 ± 1°C, 60–70 % RH in dark for 10–14 days to obtain conidia (Uma Devi 
et al., 2005; Sewify et al., 2015). Adults of the citrus brown mite E. orientalis were obtained from 
heavily infested sour lemon leaves at the farm of El-Fath, belonging to Modern Agricultural Company 
at Tahrir province, El-Behera Governorate. 

 
2.3. Susceptibility study 

Spores of the incubated entomopathogenic fungi isolates were harvested from the culture 
medium by rinsing with sterile distilled water containing 0.01% Tween 80, then scrubbing the surface 
with a glass bar, and filtered the conidia suspension through sterile layer of cheesecloth to remove 
conidial clumps and mycelia debris. The spores were counted in the suspension using a 
hemocytometer (Neubauer improved HBG, Germany 0.100 mm2 x 0.0025 mm2) under a phase-
contrast microscope. Three concentrations of the isolate were prepared: 106, 107, and 108 spores/ml, as 
well as the control (Distilled Water of 0.01% Tween 80) and were used on the same day after 
preparation and shaken before use (Hassan et al., 2017 and Sewify et al., 2015). The recommended 
concentration of the commercial Bio-Fly is 250 ml /100 L water (3x106 Spores/ ml).  
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2.4. Treatment of adult 
Twenty adult mites were placed on a single leaf-disk of sour lemon (2.5cm in diameter) and 

were kept on moist cotton wool in fiber dishes; each dish contained 5 disks as replicate. According to 
Abo-Shabana (Abo-Shabana, 1980), the direct spray technique was applied by a glass atomizer at 
30cm high with 2 ml spore suspension for each treatment and 2 ml sterilized distilled water of 0.1% 
Tween 80 as control. The treated adults were incubated at 25 ± 0.5°C. Mortality was assessed daily 
for 9 days (Ayoub, 1984). The percentage of mortality was determined and corrected by Abbott’s 
formula (Abbott, 1925). The lethal concentrations (LC50 and LC90) and slope values were calculated 
according to Finney (1971), using "Ldp line" software by (Bakr, 2000). The percentage of mortality 
was determined and corrected by Abbott’s formula as follows:  
Mortality (%) = [(% treatment mortality - % control mortality) / (100 - % control mortality)] x 100 
 

3. Results and Discussion 
 

Currently, the concern is increasing because of environmental pollution, the adverse effects of 
pesticides on human health, the ecosystem, and climate changes (Yadav, 2010; El-Bendary and El-
Helaly, 2013; Wasi et al., 2013; Bernardes et al., 2015; Firdaus et al., 2018; Tudi et al., 2021). These 
lead to increased awareness of the residues and adverse effects of synthetic pesticides such as 
acaricides, insecticides, and fungicides, which have been widely used for a long time against pests 
(insects, mites, and weeds) as well as the development of resistance to pests (Froyd, 1997; Shao and 
Zhang, 2017).  

There is increasing interest for search and using natural enemies as biological pests control 
agents, which are environmentally sound and effective as biopesticides. The present results showed 
the efficiency of entomopathogenic fungi, Beauveria bassiana (Balsamo) and commercial fungicide 
(Bio-Fly) against adult stages of the citrus brown mite, Eutetranychus orientalis (Acari: 
Tetranychidae) in laboratory experiments. The percentage of mortality values after exposure to a 
series of concentrations of 106, 107, and 108 spores/ml were shown for 7 days after treatment in fig (1) 
which indicated that the percentage of mortality gradually increased along with spores concentrations. 
The LC50 value of B. bassiana was 1.51x 107 Spores/ml (Fig. 2). At the highest concentration of B. 
bassiana 108 spores/ml revealed, 71 % mortality while the recommended concentration of the 
commercial Bio-Fly caused 86% (Fig. 3).  

Results revealed that application of entomopathogenic fungi was effective in controlling the 
adult stage of E. orientalis. This is in line with the previous study of Nada et al., (2012) who recorded 
that B. bassiana and Metarhizium anisopliae had rapid mortality against red mites and the LC50 for B. 
bassiana and M. anisopliae were 2.98 x 106 and 1.82 x 106 spores /ml respectively. Furthermore, 
Hassan et al., (2017) tested four isolates of B. bassiana and two isolates of M. anisopliae against egg 
and adult stages of Tetranychus urticae. Strain B4 was found to be the most potent toward egg and 
adult stages, causing 88.5% mortality for the adult stage at concentration 108 Spores/ml. According to 
Waked et al., (2015), the two entomopathogenic fungi B. bassiana and Paecilomycis fumosoroseus 
were highly effective and virulent against female of T. urticae. The P. fumosoroseus had lower LC50 
(1.8 x 107 conidia/ml) than B. bassiana (2.6x 107 conidia/ml). All the life stages of E. orientalis were 
susceptible to the entomopathogenic fungi, Hirsutella thompsonii and P. fumosoroseus when applied 
at different tested concentrations under the laboratory condition (El-Sharabasy, 2015). The 
mechanism of fungi spores induced pest mortality is dependent on the infection activates of fungi 
spores through the attachment of conidia to the host cuticle. Then germination and penetration of 
cuticular layers with the aid of hydrolytic enzymes (e.g., proteases, lipases, chitinases), mechanical 
pressure and other factors (Dong et al., 2012; Ortiz-Urquiza and Keyhani, 2013; Butt et al., 2016; 
Mascarin and Jaronski, 2016; Mascarin et al., 2019). Once the growing hyphae reach the nutrient-rich 
hemolymph, the fungus is capable of budding into single-celled, yeast-like blastospores (or hyphal 
bodies) that are specialized structures to rapidly proliferate and exploit nutrients, colonize internal 
tissues, and evade the host immune system (Humber 2008; Sewify et al., 2014; Abdel-Raheem et al., 
2015). 

 



Middle East J. Appl. Sci., 11(4): 1053-1060, 2021 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2021.11.4.82 

1056 

 
Fig. 1: Percentage mortality of E. orientalis adult stage treated with series concentrations (1 = 106, 2= 

107, and 3 = 108 spores/ml) of B. bassiana after seven days. 
 

 
Concentrations (spores/ml) 

Fig. 2: LC 50 regression line of B. bassiana against E. orientalis adult stage after seven days of 
treatment. 
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Fig. 3: Comparison mortality (%) between B. bassiana at concentration 108 spores/ml and the 

commercial Bio-fly at recommended rate.  
 
4. Conclusion  

The entomopathogenic fungi, Beauveria bassiana was isolated from the Egyptian soil and 
evaluated against the citrus brown mite, Eutetranychus orientalis (Acari: Tetranychidae) compared to 
the commercial bio-insecticide Bio-fly® as a standard under laboratory conditions. The lethal 
concentrations of isolated B. bassiana were 1.51 x 107 spores/ml and 1.26 x 109 spores/ml of LC50 and 
LC90 for adults. For commercial Bio-fly®, the percentage of mortality was 86 % while for the isolated 
B. bassiana was 71%. These results showed that the entomopathogenic fungi B. bassiana have high 
acaricidal activity against the citrus brown mite, E. orientalis, as a natural enemy and with no adverse 
effects to humans and the ecosystem, B. bassiana could be used as an alternative to synthetic 
acaricides in Green Integrated Pest Management (GIPM) programs.  
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