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ABSTRACT  19 

Essential oils (EOs) and entomopathogenic fungi such as Beauveria bassiana (Bb) strains have the 20 

potential to be used as alternative insecticides and acaricides for controlling ectoparasites as 21 

Dermanyssus gallinae. These compounds have some limitations in their use: the acaricidal effect of 22 

EOs is rapid, but short-lived, whilst that of Bb is delayed, but long-lived. To evaluate the effect of 23 

both compounds combined against D. gallinae, the non-toxic dose of Eucalyptus globulus, 24 

Eucalyptus citriodora, Thymus vulgaris and Eugenia caryophyllata essential oils were firstly 25 

calculated for “native” strains of Bb. Subsequently, the effects of the combination of selected EOs 26 
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with Bb against nymph and adult PRMs was assessed. EO concentrations ranging from 0.0015 to 27 

8% v/v (i.e., nine double dilutions) were used to evaluate their effect on germination, sporulation 28 

and vegetative growth rates of native strains of Bb. A total of 1,440 mites (720 nymphs and 720 29 

adults) were divided into three-treated group (TGs) and one control group (CG). In TGs, mites were 30 

exposed to Bb in combination with the selected EO (TG1), EO alone (TG2) or Bb (TG3) alone. In 31 

the CG mites were exposed to 0.1% tween 80 plus EO solvent (CG). E. globulus and .E. citriodora 32 

were toxic for Bb in concentrations higher than 0.2% and 0.003% respectively, whilst E. 33 

caryophyllata and T. vulgaris were toxic at all concentrations tested against Bb. Based on the results 34 

of the toxicity assays against Bb, E. globulus was chosen to be tested as acaricide resulting non -35 

toxic for Bb at concentration lower than 0.4%. Increased mortality of D. gallinae adults was 36 

recorded in TG1 than those in other TGs from 4 days post-infection (T+4 DPI). A 100% mortality 37 

of D. gallinae was recorded in adults at T+9 DPI and at T+10 DPI in nymphs in TG1 and later than 38 

T+11 DPI in the other TGs. Used in combination with E. globulus, Bb displayed an earlier 39 

acaricidal effect towards both haematophagous D. gallinae stages. The combination of B. bassiana 40 

and E. globulus at 0.2% might be used for controlling arthropods of medical and veterinary 41 

importance as D. gallinae. 42 

 43 

Keywords: Eucalyptus globulus; Beauveria bassiana; Combined treatment effect; Acaricide effect, 44 
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 46 

1. Introduction 47 

Dermanyssus gallinae (De Geer, 1778) (Acari: Dermanyssidae), known as the poultry red mite 48 

(PRM), is the most economically damaging ectoparasite of laying hens worldwide (Sparagano et al., 49 

2014). This mite species displays relative plasticity in terms of host specificity, being associated 50 

primarily with birds, but also with mammals, including humans (George et al., 2015). Heavy 51 

infestations by this pest may cause severe damage to the poultry industry, varying from decreased 52 
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growth rates, egg production and feed conversion to high animal mortality (Sparagano et al., 2014). 53 

In addition, D. gallinae can be a vector of microorganisms such as Salmonella spp., avian 54 

spirochetes, and other pathogens of poultry (Sparagano et al., 2014; George et al., 2015). In 55 

humans, D. gallinae is responsible for severe pruritic dermatitis, representing an occupational 56 

hazard for poultry workers (George et al., 2015). The control of PRM still widely relies on the use 57 

of synthetic acaricides such as organophosphosphates, carbamates and pyrethroids (Sparagano et 58 

al., 2014). Nonetheless, resistance phenomena to these compounds have been reported in PRM 59 

(Marangi et al., 2009; Sparagano et al., 2014) and misuse/abuse of the chemicals often results in the 60 

presence of pesticide residues in the organs and tissues of poultry (Marangi et al., 2012). All of 61 

these disadvantages have spurred the interest of the scientific community to study alternative non-62 

chemical compounds for controlling PRM. 63 

In this respect, essential oils (EOs) and entomopathogenic fungi have been investigated for their 64 

potential for PRM control (Kaoud, 2010; Ellse and Wall, 2014; Immediato et al., 2015). In 65 

particular, EOs like Eucalyptus globulus, Eucalyptus.citriodora, Eugenia caryophyllata and Thymus 66 

vulgaris have been tested as acaricide against D. gallinae and their ovicidal, repellent and biocidal 67 

activities have been widely demonstrated (Kim et al., 2004; Kim et al., 2007; George et al., 2009; 68 

George et al., 2010a; George et al., 2010b; George et al., 2010c; Ellese and Wall, 2014; Nechita et 69 

al., 2015). However, their volatile nature resulted in a rapid (i.e., within 24h), but short-term 70 

efficacy with a mortality rate depending on the concentration (Kim et al., 2004; Kim et al., 2007; 71 

George et al., 2009; George et al., 2010a). 72 

Similarly, entomopathogenic fungi, including Beauveria bassiana (Bb), have been widely tested 73 

against different agricultural and pasture pests (Kaaya and Hassan, 2000; Kaoud, 2010; Hussain et 74 

al., 2014). Recently, it has been shown that “native” strains of Bb (i.e., strains isolated from the 75 

environment or naturally infected hosts) were highly virulent against D. gallinae (Immediato et al., 76 

2015), as well as Rhipicephalus sanguineus (Cafarchia et al., 2015) and phlebotomine sandflies 77 

(Amóra et al., 2009). However, the virulence of this fungus was not evident until 5 days post-78 
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infection (DPI) with a mortality rate increasing according to the time of exposure, thus providing a 79 

delayed but long-term control due to Bb sporulation on dead mites (Maketon et al., 2008; Cafarchia 80 

et al., 2015; Immediato et al., 2015).  81 

A combined action between entomopathogenic fungi and EOs against ectoparasites is herein tested. 82 

However, since EOs display dose-dependent fungicidal effects (Pinto et al., 2009; Tabassum and 83 

Vidyasagar, 2013), the threshold concentration value of their toxicity to entomopathogenic fungi 84 

needs to be evaluated. 85 

Due to the lack of data on the toxicity of E. globulus, E. citriodora, E. caryophyllata and T. vulgaris 86 

for Bb, this study aims to evaluate the degree of toxicity of different concentrations of these 87 

essential oils against a “native” strain of Bb, and to assess the effect of Bb in combination with non-88 

toxic dose of EOs for Bb, against the hematophagous D. gallinae life stages (i.e., nymphs and 89 

adults). 90 

 91 

2. Materials and method 92 

2.1. Beauveria bassiana strain origin and identification 93 

A “native” strain of Bb (CD1123) was obtained from naturally infected ticks collected in a private 94 

dog shelter in Putignano (40°50’N, 17°07’E, 372 m a.s.l.), Bari, Italy and morphologically and 95 

molecularly identified as previously described (Cafarchia et al., 2015). 96 

 97 

2.2. Essential oils  98 

E. globulus, E. citriodora, E. caryophyllata and T. vulgaris (Erboristeria Magentina - Poirino, 99 

Turin, Italy) were selected on the basis of their previous defined efficacy against D. gallinae (Kim 100 

et al., 2004; Kim et al., 2007; George et al., 2009; George et al., 2010a; George et al., 2010c; Ellese 101 

and Wall, 2014). In particular, a stock solution in 5% in ethanol (Et-OH) was prepared for each EO 102 

and known aliquots were added to 20 ml of Potato Dextrose Agar (PDA) in order to obtain 103 

concentrations ranging from 0.0015 to 0.8% (i.e., nine double dilutions) (Maciel et al., 2010). 104 
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Aliquots of 5% Et-OH solution were added to 20 ml of PDA order to obtain control plates for each 105 

EO concentration tested. 106 

2.3. Toxicity assays of essential oils against Beauveria bassiana 107 

The toxicity of EOs against Bb was assessed as previously reported for other EOs (Tamai et al., 108 

2002) and the following mathematical model was applied to evaluate the degree of toxicity: 109 

 (1) 110 

Where: 111 

T is the degree of toxicity useful for the classification of the product; 112 

VG is the percentage of vegetative growth with respect to the control; 113 

SR is the percentage of sporulation with respect to the control. 114 

The product was classified, based on the T value, as: very toxic (0 ≤ T ≤ 30); toxic (31 ≤ T ≤ 45) 115 

moderately toxic (46 ≤ T≤ 60); non-toxic (i.e., compatible) (T > 60) (Tamai et al., 2002). 116 

Vegetative growth (VG) was measured by placing a mycelial plug (i.e., 5 mm in diameter) onto the 117 

centre of a 90 mm Petri dish containing PDA, with and without EOs solvent (control) and 118 

measuring the diameter of the colonies after incubation at 25°C for 10 days (Achterman et al., 119 

2011). The sporulation was evaluated by collecting the spores from surface of fungi grown in the 120 

PDA with and without the investigated EOs after 10 days incubation at 25°C. 121 

Spores and mycelia were collected by scraping the surface of the plate with 4 ml of 20% tween 80 122 

solution. The solution was filtered through sterile gauze to remove mycelia, and then centrifuged 123 

(3,000 g × 5 min), washed twice in 1 ml of phosphate-buffered saline solution (PBS), and re-124 

suspended in 1 ml of PBS. Numbers of spores were determined by quantitative plate counts of 125 

colony forming units (CFU)/ml on PDA after incubation at 25°C for 4 days and expressed as Log10 126 

of CFU/ml (Tamai et al., 2002; Achterman et al., 2011).  127 

The effect of EOs on Bb germination was also measured culturing Bb in Sabouraud Dextrose Agar 128 

(SDA) for 14 days at 25°C and collecting spores and mycelia as reported above. The obtained 129 

solution was diluted in PBS in order to obtain an inoculum concentration of 107 conidia/ml, which 130 



6 
 

was evaluated by quantitative plate counts of CFU/ml in PDA. Finally, a total of 100 µl of the B. 131 

bassiana spore suspension was cultured in PDA with and without different EOs concentrations and 132 

incubated at 25°C for 14 days. The number of germinated spores were determined by counts of 133 

CFU/ml on PDA and expressed as Log10 CFU/ml. 134 

All the experiments were performed in duplicate and repeated three times on different days.   135 

 136 

2.4. Laboratory bioassay on Dermanyssus gallinae 137 

2.4.1. Beauveria bassiana conidial infection suspension (CIS) 138 

The Bb strain used was maintained on PDA and kept at 4°C. The conidial infection suspension 139 

(CIS) of Bb was obtained by culturing 15 strains on PDA for 3 weeks at 25°C. Conidia were 140 

harvested by washing the plates with sterile distilled water containing 0.1% tween 80 and turbidity 141 

was adjusted spectrophotometrically (Biosan DEN 1) to an optical density of 10 McFarland (1–5 × 142 

109 conidia/ml) as previously reported (Cafarchia et al., 2015; Immediato et al., 2015). The amount 143 

of conidia was confirmed by quantitative plate counts of CFU/ml in PDA. 144 

 145 

2.4.2. EOs and concentrations 146 

On the basis of the results of the toxicity assay, a stock solution at 5% in ethanol (Et-OH) was 147 

prepared and known aliquots were added in Bb CIS in order to obtain concentrations equal to its 148 

non-toxic dose. 149 

 150 

2.4.3. Mite specimens 151 

Mites were collected from the egg-laying hen farm in Bitritto (41°03’00’’N 16°50’00’’E, 102 m 152 

a.s.l.), Bari, southern Italy, three different times. The farm was naturally infested by the parasite and 153 

no standard acaricidal treatments were conducted two months before the collection. Mites were 154 

stored in sealed plastic bags and delivered to the Department of Veterinary Medicine, Unit of 155 

Parasitology and Mycology, University of Bari, Italy. After morphological identification as D. 156 
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gallinae (Moss, 1968; Di Palma et al., 2012), mites were divided in two groups (i.e. nymphs and 157 

adults) and then stored at 22±1°C to be used for the experiments within 24h of their collection. 158 

 159 

2.4.4. Laboratory bioassays and data analysis  160 

A total of 1,440 mites (720 for each stage) were tested. All bioassays consisted of four groups of 161 

mites: three treated group (TGs) and one control group (CG). In TGs, mites were exposed to Bb 162 

CIS in combination with one selected EO (TG1), with EO alone (TG2) and with Bb CIS alone 163 

(TG3). In CG, mites were exposed to 0.1% tween 80 plus 0.2% EtOH (CG). 164 

Each group was composed of three subgroups of twenty mites for reading convenience. Mites (i.e., 165 

nymph- - protonymphs and deutonymphs- and adult stages) were subjected to the same treatment 166 

and placed into bioassay chambers composed of Petri dishes (60 mm diameter) containing filter 167 

paper (Whatman N. 1, 10×10 mm Labor, 67 g/m2, Tecnochimica Moderna, Italy) of the same 168 

diameter, soaked with 0.2 ml of treated or control solutions (see above). The mites were added soon 169 

after the addition of the EOs and the control solution. The chambers were covered with a lid, sealed 170 

with Parafilm® and incubated at 25°C (RH 80±5%). Mortality was evaluated daily until 100% 171 

mortality was recorded in TGs. Mites were considered dead if they exhibited no movement after 172 

repeated mechanical stimulation with an entomological pin by three different examiners. The dead 173 

mites were not removed from the bioassay chambers except for one that was cultured on PDA to 174 

verify the presence of viable fungus. All experiments were repeated in triplicate on different days.  175 

Statistical analysis 176 

The mortality rates of PRM at each time point of three independent experiments were compared 177 

using Chi-square tests, with 5% significance (p < 0.05). Subsequently, the data was averaged and 178 

the corrected mortality rate calculated using Schneider-Orelli's formula [i.e.,. Corrected mortality % 179 

= (Mortality % in treated plot- Mortality% in control plot)/(100 - Mortality % in control plot) x 100] 180 

(FAO, 2004). The correlation between the mortality of PRM nymphs and adults and time was 181 
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assessed using Pearson's (r) correlation coefficient. Comparisons of mortality data between TGs at 182 

each time point were performed using Chi-square or G test as appropriated. 183 

Differences were considered significant if p < 0.05. The statistical analysis was performed using 184 

BioEstat (version 5.0; Mamirauá/CNPq, Belém, PA, Brazil).  185 

 186 

3. Results 187 

3.1. Toxicity assay of EOs against Bb 188 

The results were expressed as mean values (± standard deviation) of six determinations representing 189 

three independent experiments (Achterman et al., 2011, Table 1). Vegetative growth (VG) was 190 

expressed as mean value (± standard deviation) of colony diameters after incubation and the 191 

sporulation and germination as mean values (± standard deviation) of Log10 CFU/ml (Tamai et al., 192 

2002; Achterman et al., 2011- Table 1). E. globulus and E. citriodora are able to completely inhibit 193 

the germination of Bb by using concentrations higher than 0.4% and 0.2%, respectively, whereas E. 194 

caryophyllata and T. vulgaris inhibit the Bb germination at concentrations higher than 0.0015% and 195 

0.05%, respectively. EOs affect both Bb vegetative growth and sporulation, being non-toxic only 196 

when E. globulus and E. citriodora are used at concentrations lower than 0.4% and 0.003%, 197 

respectively. E. caryophyllata and T. vulgaris are toxic at all concentrations tested (Table 1). 198 

 199 

3.2. Laboratory Bioassay on D. gallinae 200 

E. globulus 0.2% (v/v) was chosen to evaluate the effects in combination with Bb against D. 201 

gallinae, based on the results of toxicity assays against Bb. The in vitro effect against adults and 202 

nymphs of D. gallinae are reported in Table 2 and  Figs. 1 and 2. No statistically significant 203 

differences between replicates were recorded (p>0.05) and the mortality rates in TGs increased 204 

according to the time of exposure, reveling a high positive correlation (Table 2. Figs. 1 and 2)..  205 

In adults, a statistically higher mortality rate was recorded in TG1 than those in other TGs from 4 206 

days post-infection (T+4 DPI) to T+ 9 DPI (Table 2, Fig.1). In nymphs, statistically significant 207 
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differences in mortality rate were recorded in TG1 than those in other TGs from T+7 to T+9 DPI 208 

(Table 2, Fig. 2). A 100% corrected mortality was recorded in adults and nymphs at T+8 and T+9 209 

DPI, respectively, in TG1 and later than T+11 DPI in the other TGs (Figs 1-2). White fungal 210 

mycelium started to emerge on the surface of nymphs and adults of D. gallinae of TG1and TG3 at 211 

T+3 DPI. Fertile conidiophores appeared at T+5 DPI in TG1 and TG3, but only on the surface of 212 

dead mites (Fig. 3). Upon stereomicroscope observation and culture, no fungal growth was 213 

observed on mites of TG2 and CG. 214 

 215 

4. Discussion 216 

This study shows that the herein investigated EOs affect the biology of Bb, but their non-toxic 217 

concentrations, in combination with Bb, are effective against the PRM. In particular, in this study it 218 

has been shown that EOs might affect germination as well as the vegetative growth and sporulation 219 

of Bb according to their concentration. In the infection process, fungal germination is crucial step 220 

because the beginning of epizootics depends on the ability of the fungus to germinate on the host. In 221 

this study, the concentrations of 0.0015% E. caryophyllata, 0.05% T. vulgaris, 0.2% E. citriodora 222 

and 0.4% E. globulus might be considered suitable for testing the effect of Bb and EO against PRM, 223 

because they are unable to completely inhibit Bb germination. However, their negative effects (i.e., 224 

toxicity) on Bb vegetative growth and sporulation precluded their testing in the trial. In particular, 225 

although E. globulus, E. citriodora, and E. caryophyllata belong to the same plant family (i.e., 226 

Myrtaceae), E. caryophyllata was very toxic against Bb even at the lowest concentrations used (i.e., 227 

0.0015%) because of the high concentration of eugenol (i.e., 73-83%; manufacture instruction, 228 

erboristeria Magentina - Poirino, Turin, Italy), a compound also active against Candida spp., 229 

dermatophytes and Aspergillus spp. (Chaieb et al., 2007; Pinto et al., 2009).  230 

Similarly, the higher antifungal activity of T. vulgaris against Bb than that of .E. citriodora might 231 

be due to the different main compounds such as monoterpene hydrocarbons (i.e., limonene, α-232 

pinene, p-cymene) and phenolic compounds (i.e., thymol) for T. vulgaris and oxygenated 233 
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monoterpenes (i.e., citronellal, citronellol and isopulegol) for .E. citriodora (Hudaib et al., 2002; 234 

Rustaiee et al., 2013; Tabassum and Vidyasagar, 2013; Ibrahim and El-Salam, 2015). 235 

The finding that E.  .globulus was toxic for Bb at concentrations higher than 0.2%, compared to the 236 

other EOs, might be attributed to its major component such as 1,8-cineole, an oxygenated 237 

monoterpene, commonly called eucalyptol, which displays lower antifungal properties than 238 

phenolic compounds (Safaei-Ghomi, 2010; Hossain et al., 2016). Given that both E. caryophyllata 239 

and T. vulgaris displayed high antifungal activities neither were included in the trial. Although E. 240 

globulus and E. citriodora were non-toxic to Bb at concentrations lower than 0.2%, and 0.003%, 241 

respectively, only E. globulus was chosen to be tested in the bioassay because the acaricidal activity 242 

of EOs is dose-dependent (Kim et al., 2004; Kim et al., 2007; George et al., 2010a). 243 

Interestingly, the results of this study suggest that E. globulus and Bb alone and/or in combination 244 

are highly active towards the nymphal and adult stages of D. gallinae. Previous studies have 245 

suggested that the acaricidal activity of E. globulus is dose-dependent and usually concentrations 246 

higher than 0.35 mg/cm² can cause a mortality of 100% in PRM within 24h (Kim et al., 2004). In 247 

this study, we used E. globulus at a concentration of about 0.16 mg/cm² that resulted in a mortality 248 

rate of 5% and 8% in adults and nymphs in 24h, respectively. These findings are in contrast with 249 

those previously reported, in which a PRM mortality of 15% was recorded using the same 250 

concentration of E. globulus (Nechita et al., 2015).	E. globulus employed in this study being 251 

characterized by an higher 1,8-cineole content (manufacturer’s instructions 85-95%, Erboristeria 252 

Magentina - Poirino, Turin, Italy) might have affected the lower acaricidal properties than that 253 

previously registered (Nechita et al., 2015). However, the proven low antifungal activity of 1,8-254 

cineole (Safaei-Ghomi, 2010; Hossain et al., 2016) might have limited the effect on Bb, thus 255 

favoring the employment of this fungus in combination with the oil for the control of PRM. Since, 256 

the oil composition might vary according to the plant’s geographic origin (Munoz-Bertomeu et al., 257 

2007; Raal et al., 2007), seasonality (Flamini and Cioni, 2007), year of harvest (Chalchat et al., 258 

2007), storage conditions (Chalchat et al., 2007) and method of oil extraction (Chiasson et al., 259 
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2001), EOs with a high 1,8-cineole content might be employed for studying acaricide/insecticide 260 

effects in combination with entomopathogenic fungi. The employment of Bb alone against D. 261 

gallinae confirms our previous data causing 100% mortality after 12 DPI in adults and 14 DPI in 262 

nymphs (Immediato et al., 2015). In addition, the emergence of fungal mycelium after 3 DPI and 263 

conidiophores after 5 DPI on mites in TG1 and TG3 suggests that E. globulus does not affect the Bb 264 

viability and virulence, whereas 3 days is the suitable time for starting the infection process, as 265 

previously reported (Maketon et al., 2008; Immediato et al., 2015). 266 

Compared to E. globulus or Bb alone, the association Bb and E. globulus showed a greater efficacy, 267 

mainly for PRM adult stage, which starts from T+4 DPI. On the contrary, the nymphal stage of D. 268 

gallinae seems to be less susceptible than adult stages to the association of Bb and E. globulus since 269 

statistically significant differences were detected at from T+7 DPI until at T+9 DPI among TGs. 270 

The presence of exuvium in the nymphal stage might limit the adhesion of conidia to the nymphs’ 271 

cuticle, thereby prolonging the infection time as previously reported (Wu et al., 2014; Immediato et 272 

al., 2015).”  However, the combination of 0.2% E. globulus and Bb displayed an earlier acaricidal 273 

effect towards both D. gallinae stages. The E. globulus components (i.e., octopamine) affecting the 274 

nerve cord proteins of ectoparasites might inhibit their movements (Enan, 2001), thus enhancing the 275 

adhesion process of Bb.. Nevertheless, the use of closed BR might have prolonged the persistence 276 

of the toxic effect of the E. globulus which coupled with the high virulence of Bb might have 277 

accelerated PRM’ mortality in TG1 nymphs and adult in comparison with the other TGs (Kim et al., 278 

2004). 279 

 280 

5. Conclusion 281 

The results of the current study suggest that the combination of Bb 109 CIS and E. globulus at 0.2% 282 

v/v might be used against PRM’s infestations in poultry houses. Nonetheless, further laboratory and 283 

field studies are required to determine the route of application and the frequency of treatment for 284 

ha formattato: Tipo di carattere: Corsivo
ha formattato: Tipo di carattere: Corsivo
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their use as bio-control agents in a pest management strategy, to reduce the hazards related to the 285 

chemical products in poultry houses. 286 
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 413 

FIGURE 414 

Fig. 1. Corrected mortality rates of Dermanyssus gallinae adults treated with 0.2% Eucalyptus 415 

globulus essential oil (EgEO) and Beauveria bassiana (Bb) alone and in combination (Bb+EgEO) at 416 

different days post-infection (DPI). Statistically significant differences are marked with the same 417 

letters.  418 

Fig. 2. Corrected mortality rates of Dermanyssus gallinae nymphs treated with 0.2% Eucalyptus 419 

globulus essential oil (EgEO) and Beauveria bassiana (Bb) alone and in combination (Bb+EgEO) at 420 

different days post-infection (DPI). Statistically significant differences are marked with the same 421 

letters 422 

Fig. 3. Adult Dermanyssus gallinae dead specimen at T+5 DPI from TG1 with the presence of 423 

fertile conidiophores on the surface of mite’s body. 424 

 425 


