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ABSTRACT 
 

In many regions, including Indonesia, red-scale insect, Aonidiella aurantii Maskell 
(Hemiptera: Diaspididae) is regarded as a major citrus pest. To reduce the negative impact of 
pests on citrus production, innovative techniques based on entomopathogenic fungi (EPF) 
might be an effective alternative for controlling A. aurantii. This work aimed to investigate the 
biology of A. aurantii, find the most effective phase for applying EPF, and test the 
pathogenicity of Beauveria bassiana and Metarhizium anisopliae toward A. aurantii. Single 
application and combining these two EPFs at 106 and 107 conidia mL-1 were assayed. It was 
found that EPFs should be applied to the first instar of A. aurantii before the wax layer develops 
to improve its penetration capacity. As a result, EPF concentration influences the mortality rate 
of A. aurantii. M. anisopliae (52.0 and 95.0%) caused more mortality in A. aurantii compared 
to B. bassiana (60.0 and 72.5%) 106 and 107 conidia mL-1, respectively. The pathogenicity of 
M. anisopliae itself is even equivalent to the pathogenicity caused by their consortium. This 
research concluded that, under laboratory study, A. aurantii was effectively controlled by B. 
bassiana and M. anisopliae.  
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ABSTRAK 
 

Di banyak kawasan di dunia, termasuk Indonesia, Aonidiella aurantii Maskell (Hemiptera: 
Diaspididae) dianggap sebagai perosak utama sitrus. Untuk mengurangkan kesan negatif 
perosak terhadap pengeluaran sitrus, teknik inovatif berasaskan kulat entomopatogenik 
merupakan alternatif yang berkesan untuk mengawal A. aurantii. Tujuan kajian ini dijalankan 
adalah bagi mengkaji biologi A. aurantii untuk mencari fasa yang paling berkesan untuk 
menggunakan kulat dan menguji kepatogenan Beauveria bassiana dan Metarhizium anisopliae 
terhadap A. aurantii. Kaedah yang digunakan dalam kajian ini adalah secara semburan tunggal 
dan gabungan kedua jenis kulat pada kepekatan 106 dan 107 konidia mL-1. Kajian ini mendapati 
bahawa kulat perlu digunakan pada instar pertama A. aurantii. Kepekatan kulat mempengaruhi 
kadar kematian A. aurantii. Kepekatan M. anisopliae pada 106 dan 107 konidia mL-1 
menyebabkan lebih banyak kematian A. aurantii (52.0 dan 95.0%) daripada B. bassiana (60.0 
dan 72.5%). Kepatogenan M. anisopliae sendiri adalah setara dengan kepatogenan yang 
disebabkan oleh konsortiumnya. Kajian ini menyimpulkan bahawa B. bassiana dan M. 
anisopliae berkesan bagi mengawal jangkitan A. aurantii. 
 
Kata kunci: Kulat entomopatogenik, konsortium, kepatogenan, sitrus 
 

INTRODUCTION 
 

Red scale insect, Aonidiella aurantii Maskell (Hemiptera: Diaspididae) is a commonly found 
pest in various horticultural production areas (Badary & Abd-Rabou 2010; Belguendouz-
Benkhelfa et al. 2013; Mo 2018; Wicaksono & Endarto 2018). Particularly, this species is 
considered a serious pest of citrus in many parts of the world (Badary & Abd-Rabou 2010; El 
Hassane et al. 2020). In Indonesia, red scale pest has been reported to infest several citrus 
varieties (Efendi 2009; Syafitri et al. 2017). Defoliation, twig die-back, and finally the death 
of the tree can result from severe red-scale infestations. Bark longitudinal cracking can also 
happen when significant infestations occur on tree trunks and branches. Severe infestations can 
also result in fruit drop in addition to pockmarking (Grout 2012). This will result in economic 
losses due to a decrease in citrus productivity, as Wicaksono & Endarto (2019) reported that 
citrus production in Indonesia experienced a decline (1.49%) due to pest attacks. 
 

Several techniques have been developed to control A. aurantii (Grafton-Cardwell et al. 
2021; Pekas 2010; Vacas et al. 2009; Walker et al. 1991; Wicaksono & Endarto 2018). Recently, 
biological control techniques, including the use of predators, parasitoids, and 
entomopathogenic microorganisms, have become popular because they are relatively easy, 
cheap, and safe for humans and the environment (Badary & Abd-Rabou 2010; Dao et al. 2017; 
El Hassane et al. 2020; Murdoch et al. 2006; Pekas 2010; Permata 2009). Several studies have 
reported the efficacy of entomopathogen fungi (EPF) against A. aurantii, such as Aspergilllus 
flavus and Fusarium oxysporum (El Hassane et al. 2020). Other important citrus pests have 
also been reported to be controlled by EPF. Beauveria bassiana effectively controls thrips 
Scirtothrips citri Moulton (Thysanoptera: Thripidae), psyllid Diaphorina citri Kuwayama 
(Hemiptera: Liviidae), and red mite Panonychus citri McGregor (Acari: Tetranichydae) (Shi & 
Feng 2006; Ullah et al. 2018; Zahn et al. 2013). In addition, other EPF such Metarhizium 
anisopliae have also been reported to be effective in controlling various species of major pests 
on rice and tea, peach fruit fly Bactrocera zonata Saunders (Diptera: Tephritidae), and D. citri 
on citrus (El-Gendy et al. 2022; Kaushik & Dutta 2016; Lezama-Gutiérrez et al. 2012; Peng et 
al. 2021). Although these two EPFs have been widely utilized to control a variety of pests, no 
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studies demonstrate the effectiveness of B. bassiana and M. anisopliae in controlling A. 
aurantii.  
 

Generally, the biocontrol efficacy of EPF is supported by the susceptible host. Its 
application at the prone development stage of pests will increase the effectiveness of biocontrol 
(Mascarin & Jaronski 2016; Peng et al. 2021; Sharma et al. 2020; Walker et al. 1991). 
Previously, El-Gendy et al. (2022) found that M. anisopliae and B. bassiana had significant 
lethal effects at the end of the pupal stage of B. zonata, while the pre-nymph male and adult 
male of A. aurantii were more vulnerable to EPF compare to their female counterparts (El 
Hassane et al. 2020). Thus, this research was conducted to study the biology of A. aurantii, to 
determine the effective phase in applying EPF, and to assay the pathogenicity of B. bassiana 
and M. anisopliae against A. aurantii. 
 

MATERIALS AND METHODS 
 

Entomopatogenic Fungi Preparation 
Entomopathogenic fungi isolate B. bassiana and M. anisopliae used are from the collection of 
Integrated Laboratory, Balai Pengujian Standar Instrumen Tanaman Jeruk dan Buah Subtropika 
(BPSI Jestro), Ministry of Agriculture, Republic of Indonesia. Fungal isolates were first 
rejuvenated in potato dextrose agar (PDA) media and incubated for 14 days at 26°C. A total of 
50 ml of sterile distilled water was put into a Petri dish containing fungal colonies and stirred 
gently to separate fungal conidia from the PDA. The separated fungal conidia were put into an 
Erlenmeyer with the addition of 20 µl of Tween 80, homogenized with a rotary shaker for 30 
minutes, then diluted to the desired concentration (106 and 107 conidia mL-1). All of these stages 
were carried out in a sterile manner. 
 
Rearing of Aonidiella aurantii and Its Biological Study 
Rearing of A.aurantii and its biological study were done in the Entomology Laboratory, BPSI 
Jestro. Red scale collected from lemon plants in the citrus orchard of BPSI Jestro. The rearing 
of A. aurantii was carried out in a Petri dish containing young lemon leaves (Citrus limon) 
placed on a sponge and covered with tissue at the edges. The tissue is used to create a boundary 
area because the crawler is still actively moving. Red-scale biological observations were 
carried out to determine which pest phases were susceptible to the biocontrol treatment. To 
study the biological development of A. aurantii, 40 crawlers that emerged from the imago were 
collected and put in a new media (each Petri consists of one crawler). The development of the 
crawler was observed daily until the end of its developmental stage (44 days). 
 
Pathogenicity Assay of Entomopathogenic Fungi 
Application of EPF was carried out on one-day-old crawlers. Six treatments of EPF in 40 
repetitions were used in this study; B. bassiana 106 conidia mL-1, B. bassiana 107 conidia mL-

1, M. anisopliae 106 conidia mL-1, M. anisopliae 107 conidia mL-1, a combination of B. bassiana 
and M. anisopliae 106 conidia mL-1, and their combination at 107 conidia mL-1. Each Petri 
consists of 3 crawlers. Spraying of EPF suspension was carried out at a distance of 5 cm. 
Treated pest was then kept at 30°C and the mortality of A. aurantii was observed every day 
until 12 days after treatment. Data were analyzed by the analysis of variance and further 
analyzed with the Tukey HSD test at 5% significance level. 
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RESULTS AND DISCUSSION 
 
Biology of Aonidiella aurantii 
Aonidiella aurantii is referred to as a crawler when it separates from its female imago. Crawlers 
are small, round, squishy, yellowish in color, and have short legs and a razor-sharp mouth that 
allows them to suck food fluids (Figure 1a). According to Grout (2012), crawlers are difficult 
to spot in the orchard without a magnifying glass, but when they settle, they become incapable 
of walking, and their bodies start to develop a soft, white covering that resembles scales. 
 

We found that up to eight weeks, female A. aurantii can spawn 100–150 crawlers with 
an average of 2-3 crawlers per day. The crawler will leave the female's body by moving with 
its legs to find a suitable place to take nutrients from the host it is attached to. After receiving 
sustenance and a location to settle, the crawler will change shape, turn brownish, cease moving, 
and emit a very thin layer of white wax around its body within 4 to 7 hours (Figure 1b). Since 
the wax layer will get bigger as time passes, A. aurantii is best treated in the stage just before 
the wax layer becomes thicker and the scale body starts to harden. 
 

The effectiveness of biocontrol can be affected by selecting the right pest stage when 
applying EPF. Therefore, to enhance the fungus’s capacity to penetrate the insect’s body, 
entomopathogens should be applied to the first instar of A. aurantii before the wax coating 
thickens. According to Grout (2012), the first instar nymphs are referred to as “white caps”, 
and they get their name from the hard, reddish-orange covering that develops later on. The first 
instar lasts 4-7 days, while the imago longevity lasts 33-52 days, depending on host plants and 
temperatures (Badary & Abd-Rabou 2010). Compared to orange trees, lemon trees had higher 
A. aurantii abundance (Belguendouz-Benkhelfa et al. 2013), thus we used C. limon as the host 
of this pest in this study. 

 
 

Figure 1. The first instar of Aonidiella aurantii; a: soft yellow tiny crawler immediately 
after leaving its imago’s body, b: within 7 hours, the crawler turns brownish and 
emits a very thin layer of white wax around its body. 

 
 

Here, this study documented the activity of A. aurantii for up to 44 days. The female 
imago has an orange-red color, which is easily removed (Figure 2). Before reaching the adult 
stage, females have another immobile nymphal instar. The mature female is easily visible with 
a diameter of 1 to 2 mm, especially on fruit and green growth. Males go through immobile pre-
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pupal and pupal stages, which culminate in winged adults after the first instar stage. Except on 
sticky traps baited with synthetic female sex pheromones, winged male scales are rarely seen 
in orchards. The wings of the male red scale are greyish-brown in color. Their antennas are 
long and thread-like, with a dark stripe running across their backs (Grout 2012). This insect 
penetrates deeply into plant tissue with its mouthparts to extract sap from parenchyma cells. 
Citrus foliage, twigs, branches, and fruit are all severely poisoned by saliva injected by this 
pest (Badary & Abd-Rabou 2010). As shown in Figure 2, a distinctive yellow patch appears on 
the leaves and around each female scale. Extensive red-scale infestations can cause fruit loss, 
die-back of the twigs and leaves, and eventually, the death of the tree (Grout 2012). 

 
 

Figure 2. Yellow spots appear on the leaves and around the female scale; a: day 5, b: day 
20. 

 
 

 
Figure 3. Mean % Mortality of Aonidiella aurantii toward the application of Beauveria 

bassiana and Metarhizium anisopliae. Different letters above the bars indicate 
significant differences among the treatments according to the Tukey HSD test 
(P<0.05). 
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Pathogenicity Test of Beauveria bassiana and Metarhizium anisopliae Against Aonidiella 
aurantii 
Result presented in Figure 3 showed that, in general, higher concentrations of EPF were 
directly proportional to the mortality of A. aurantii. Entomopathogenic effects of B. bassiana 
and M. anisopliae began to appear on day 3 after treatment. However, up to six days post-
treatment, the mortality of A. aurantii did not alter according to variations in B. bassiana 
concentrations. The effect of B. bassiana concentration was only visible on day 12; B. bassiana 
106 and 107 conidia mL-1 caused 60.0 and 72.5% mortality, respectively. Similarly, the 
laboratory assay conducted by El-Gendy et al. (2022) resulted in 63.9% mortality of B. zonata 
due to the application of B. bassiana. We found that in the same concentration, B. bassiana is 
least effective in controlling A. aurantii compared to M. anisopliae. Accordingly, B. bassiana 
was found to be least effective in controlling Helopeltis antonii and Pseudococcus 
jackbeardsleyi compared to Lecanicillium lecanii (Anggarawati et al. 2017; Ginting et al. 
2020). 
 

Rather than its single application, B. bassiana showed better efficacy when combined 
with M. anisopliae. Prior studies revealed that B. bassiana is compatible with the wide 
spectrum of botanical/chemical pesticides and natural enemies in controlling pests and plant 
diseases (Bayu et al. 2021; Shi & Feng 2006). A combination of B. bassiana and 
entomopathogenic nematode Heterorhabditis bacteriophora significantly controlled 
Rhynchophorus ferrugineus (Wakil et al. 2017), while its combination with 
nucleopolyhedrovirus effectively controlled Spodoptera frugiperida (Gómez-Valderrama et al. 
2022). Correspondingly, compared to its single application, the combination of B. bassiana and 
soap, and B. bassiana and pyridaben showed better efficacy against P. jackbeardsleyi and P. 
citri, respectively (Ginting et al. 2020; Shi & Feng 2006). These findings are supported by a 
previous study by Upamanya et al. (2020) that reported compatibility between B. bassiana and 
M. anisopliae, their combination even effectively reduced damping off disease incidence on 
brinjal. 
 

Environmental biotic parameters like host age, susceptibility, and behavior, as well as 
abiotic factors like humidity, temperature, and solar radiation, all inherently impact efficacy 
(Mascarin & Jaronski 2016). According to Bayu et al. (2021), the earlier instars of nymphs 
such Bemissia tabaci, Nezara viridula, Riptortus linearis, and Spodoptera litura larvae are 
more sensitive to EPF than the later instars. This is because matured instars’ integument 
surfaces are generally covered in a thick coating of wax, making it difficult for conidia to 
penetrate and infect. Likewise, in this investigation, EPF was given to the first instar of A. 
aurantii before the wax coating hardened. The concentration of EPF and their mode of action 
also influenced their ability to control pests. B. bassiana has the potential to eradicate all stages 
of insects on a variety of nuisance plants, including ovicidal ability, which can stop egg 
hatching, hence preventing the spread of pest populations and avoiding pest outbreaks. Their 
efficacy is also influenced by the production of toxins that can disrupt the nervous system and 
kill the host (Bayu et al. 2021; Keswani et al. 2013). Additionally, B. bassiana’s ability to 
inhibit soil-borne disease growth due to its endophytic nature is one of its benefits (Bayu et al. 
2021). 
 

In other insect pests species, symptoms of EPF infection can be seen in the growth of 
EPF hyphae from inside the insect’s organs that emerge through the legs, antennae, and 
mouthparts (Bayu et al. 2021; Mascarin & Jaronski 2016), however, symptoms of EPF 
infection in A. aurantii are difficult to observe because they are small, transparent yellow, and 
actively moving. The initial instar of A. aurantii, which should last no more than 7 days, can 
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be halted by the application of B. bassiana and M. anisopliae. On the third day, the mortality 
of A. aurantii due to the EPF infection was noticed by brownish-yellow crawlers that did not 
move. 
 

Since day three post-treatment, M. anisopliae consistently shows better biocontrol 
efficacy than B. bassiana and a consortium of these EPF. A single application of M. anisopliae 
107 conidia mL-1 did not even differ from the combination of the two EPF in 106 and 107 conidia 
mL-1, which caused A. aurantii mortality by 95.0, 95.0, and 97.5% at day 12, respectively. 
Similarly, El-Gendy et al. (2022) also reported that M. anisopliae was more virulent than B. 
bassiana in controlling peach fruit flies. In addition, Lezama-Gutiérrez et al. (2012) reported 
the effectiveness of this species in decreasing D. citri density in lime. 
 

Over the last few decades, natural and biological control of cultivated plant pests and 
diseases has received increased attention to minimize agricultural production's reliance on 
chemical products. Using live organisms has proven to be an effective and long-term pest 
management strategy. These include the most well-known strains from the genera Beauveria 
and Metarhizium (Bamisile et al. 2021; Deka et al. 2021). They are the two principal EPF for 
biocontrol, primarily because of their widespread, global dispersion and simple mass 
production utilizing artificial media (Apriyanto et al. 2021; Mascarin & Jaronski 2016).  
 

The biocontrol efficacy of M. anisopliae is supported by its ability to penetrate the 
host’s body. The infection process can be broken down into the following steps: (1) conidia 
adherence to the host cuticle; (2) conidia germination and development; (3) appressorium 
production; (4) cuticle penetration; (5) colonization of hemolymph; and (6) extrusion and 
sporulation (Brunner-Mendoza et al. 2019; Chintkuntlawar et al. 2015; Devi 2018; Peng et al. 
2022). Additionally, M. anisopliae produces a variety of toxins that are crucial in lowering host 
immune defense, harming the muscular system and Malpighian tubule, limiting host excretion, 
and impairing feeding and mobility (Devi 2018; Peng et al. 2022). Because of its low impact 
on the environment, safety for people and other mammals, and simplicity of mass production, 
M. anisopliae has been the subject of intensive research (Peng et al. 2021; Peng et al. 2022). 
According to reports, M. anisopliae can infect a wide range of arachnid and insect hosts, 
including agricultural pests and human disease vectors (Kaushik & Dutta 2016; Peng et al. 
2021; Peng et al. 2022). 
 

CONCLUSION 
 

This study concluded that the prone stage of A. aurantii toward the application of EPF is their 
first instar. The mortality of A. aurantii commenced on the third day after application. As the 
EPF concentration grew, so did the mortality rate. In the same concentration level (107 conidia 
mL-1), M. anisopliae caused higher mortality (95.0%) than B. bassiana (72.5%). In other 
words, the biocontrol efficacy of B. bassiana can be increased by combining it with M. 
anisopliae. However, the efficacy of their consortia (caused 97.5% mortality) is equivalent to 
the pathogenicity of M. anisopliae alone. We conclude that both B. bassiana and M. anisopliae 
had significant effects on A. aurantii control. This knowledge may be useful in integrated pest 
management and organic agriculture systems. 
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