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ABSTRACT 
The broad mite Polyphagotarsonemus latus (Banks) is a polyphagous pest with a cosmopolitan distribution. The 
combined application of botanical pesticides and entomo-acaropathogenic fungi may serve as an eco-friendly 
approach in controlling the mite. In this study, the Mimosa pudica (Fabales: Fabaceae) leaf aqueous extract (MpAE) 
was initially tested to determine its effects on the mycelial growth, sporulation, and conidia viability of the entomo-
acaropathogenic fungus Beauveria bassiana (Hypocreales: Cordycipitaceae). The compatibility was then determined 
based on the biological index (BI) value. The bioefficacy of MpAE and B. bassiana at various concentrations was 
evaluated against P. latus, both alone and in combinations. Each treatment was sprayed into an arena containing a 
citrus leaf disc and gravid females of P. latus. The mortality and oviposition rate of the females were observed until 
120 h after application. The results showed no reduction in B. bassiana mycelial growth, sporulation, and conidia 
viability when MpAE was incorporated into the culture medium. The BI value ranged from 100.01 to 136.30, 
indicating that MpAE was highly compatible with B. bassiana. The individual and combined applications of MpAE 
and B. bassiana significantly increased the mite mortality and simultaneously inhibited the mite oviposition rate. The 
mite mortality varied from 90 to 100% at 120 h after application in the treatment groups. The mite oviposition rate 
was significantly decreased, ranging from 11.50 to 29.00 eggs in the treatment groups, while it was 57.25 eggs in 
control. Therefore, the application of MpAE and B. bassiana propose a valuable alternative to integrate into pest 
management programs. 
 
KEY WORDS: Bioefficacy; botanical pesticides; eco-friendly approach; mortality; oviposition rate; pest manage-
ment programs. 
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INTRODUCTION 

The broad mite, Polyphagotarsonemus latus (Banks) (Acari: Tarsonemidae) is an extremely 
polyphagous pest with a cosmopolitan distribution. More than 60 plant families are registered as its 
hosts (Jeppson et al. 1975; Gerson 1992). The high biotic potential of P. latus permits the mite 
population to achieve an economic injury level rapidly (Peña and Bullock 1994). Severe losses 

https://orcid.org/0000-0002-9315-1849
https://orcid.org/0000-0001-6776-4847
https://orcid.org/0000-0003-3298-7148
https://orcid.org/0000-0001-9913-6204


116                                                                          PUSPITARINI ET AL.                                                                   2022 

 

 
COMPATIBILITY OF EXTRACT OF M. PUDICA AND B. BASSIANA IN CONTROLLING P. LATUS  

 

caused by the mite have been observed worldwide, especially on solanaceous and cucurbitaceous 
crops (Grinberg et al. 2005; Kousik et al. 2007; Onzo et al. 2012; Nasrin et al. 2020). However, 
significant damage caused by the mite has also been reported in some ornamental, fruit, and 
industrial crops (Peña et al. 1996; Luypaert et al. 2014; Rosado et al. 2015; Akyazi et al. 2019), for 
instance, in Indonesia, the mite has caused a great deal of injury on chili, eggplant, citrus, tea, and 
physic nut (Puspitarini et al. 2021a). On the infested plants, the mite mostly feeds in apical parts of 
the plants (Rosado et al. 2014) and ruptures the plant cell wall with its chelicerae (Jeppson et al. 
1975), which results in the leakage of intracellular content (Martins et al. 2016). The plant's 
morpho-physiological alterations induced by the mite feeding would lead to growth retardation of 
the infested plants, flower and fruit drop, also a rejection by consumers because of the cosmetic 
injuries in the like of leaf distortion, flower discoloration, and fruit blistering (Gerson 1992; 
Grinberg et al. 2005; Weintraub 2007; Sarmento et al. 2011).  

The broad mite dispersal occurs through several mechanisms. One of them is being carried by 
insect pests (Alagarmalai et al. 2009). A myriad of studies evidenced that the mite has a phoretic 
association with whiteflies (Hemiptera: Aleyrodidae) (Parker and Gerson 1994; Fan and Petitt 1998; 
Palevsky et al. 2001; Soroker et al. 2003). This association facilitates the colonization of crops by 
the mite and makes its management more difficult. The difficulties in combating broad mite 
infestation have made farmers depend entirely on chemical pesticides and often apply the pesticides 
frequently (Herron et al. 1996; Onzo et al. 2012; Akyazi et al. 2019). Considering the indirect 
hazardous effects of chemical pesticides on the environment and human health, there is a necessity 
to develop eco-friendly approaches to controlling this noxious pest. 

Botanical pesticides are viewed as a suitable method to control phytophagous mites compared 
to chemical pesticides (Azaizeh et al. 2007; Mohammadi et al. 2016; Ziaee et al. 2017; Venzon et 
al. 2020). Among them, the effectiveness of neem seed extract against the broad mite was evaluated 
by Venzon et al. (2008). Akyazi et al. (2019) studied the toxicity of plant extracts derived from 
garlic bulb and tobacco leaf on this mite. It is generally accepted that botanical pesticides are less 
toxic to non-target organisms (Tsolakis and Ragusa 2008; Nexticapan-Garcéz et al. 2021; Tavares 
et al. 2021). Hence, they could be co-applied with biocontrol agents. Among several biocontrol 
agents, the use of entomo-acaropathogenic fungi (EAF) is considered suitable upon application with 
botanical pesticides (Hernández et al. 2012; Nana et al. 2012; Ali et al. 2018; Sohrabi et al. 2019). 
The combined application of EAF with botanical pesticides may provide a more powerful tool for 
mite management, that is, when compatibility is achieved (Hernández et al. 2012; Halder et al. 
2021). Neves et al. (2001) and Usha et al. (2014) stated that the compatibility between EAF and 
botanical pesticides may ease the selection of appropriate products, enhance the control efficacy by 
reducing the required dose rate, environmental pollution threats, and build-up of pest resistance. 
However, the utilization of EAF in suppressing populations of the broad mite has been demons-
trated by only a few researchers (Peña et al. 1996; Maketon et al. 2008; Martins et al. 2016). 
Moreover, the bioefficacy of EAF is known to be strongly species- and strain-specific (Liu et al. 
2014; Wu et al. 2016; Puspitarini et al. 2021a).  

Based on our previous work, the BbHPT-1 isolate of Beauveria bassiana (Hypocreales: 
Cordycipitaceae) showed high compatibility with four different botanical pesticides, including leaf 
extract of neem, chinaberry, Mexican sunflower, and lantana (Afandhi et al. 2020). Nevertheless, 
for broadening its effectiveness, evaluation of the compatibility of this fungus isolate with extract of 
other plant species is needed. Mimosa pudica L. (Fabales: Fabaceae) is an underused invasive plant 
that possesses numerous antimicrobial chemicals (Muhammad et al. 2016). However, little is 
known regarding the potential effect of M. pudica extract against phytophagous mites. The study 
conducted by Zhang et al. (2011) suggested that the leaf extract of M. pudica contains a large 
number of phenolic compounds, especially flavonoids. Flavonoids are known to have pesticidal 
features against insects (Boulogne et al. 2012; Mathesius 2018). Therefore, this study aimed to 
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determine the compatibility of B. bassiana with the aqueous leaf extract of M. pudica. Additionally, 
their individual and combined application were evaluated against the broad mite, P. latus, one of the 
most damaging phytophagous mites in Indonesia. 

 
 

MATERIALS AND METHODS  

Preparation of the aqueous leaf extract of M. pudica 
Leaves of M. pudica were collected from the municipality of Malang (7° 57' 19.67" S; 112° 39' 

41.42" E), East Java, Indonesia. For the preparation of the aqueous extract, the method described by 
Ribeiro et al. (2012) was followed with a slight modification. The collected M. pudica leaves were 
dried in an oven for 48 h at 40 °C. Thereafter, the dried leaves were ground in an electric blender. 
The obtained powder was stored in a glass flask and covered with an aluminum foil and stored at 4 
°C until used. The M. pudica aqueous extract (MpAE) was made by the addition of 100 g M. pudica 
powder to 100 ml distilled water as the solvent. This stock solution (100%) was kept in an air-tight 
Erlenmeyer flask and subsequently were agitated using an orbital shaker (Protech®, 722 type) 
overnight at 220 rpm for the extraction of hydrosoluble compounds. After 24 h, the solution was 
filtered through filter papers with a pore size of 6 μm. The filtered solution was stored in a glass 
flask, covered with aluminum foil, and placed at 4 °C or readily employed for experiments.  
 
Preparation of B. bassiana concentration 

The BbHPT-1 isolate of B. bassiana was obtained from the Department of Plant Pests and 
Diseases, Faculty of Agriculture, University of Brawijaya, Indonesia. The fungus was grown on 
potato dextrose agar (PDA) amended with 1% chloramphenicol in the dark for two weeks. The 
fungus conidia were harvested from the culture plates by surface scraping (Sohrabi et al. 2019). The 
fungal conidia were suspended with 10 ml of sterilized distilled water containing 0.02% Tween 80 
in a falcon tube. The tube was centrifuged at 3,000 rpm for 5 minutes to separate the conidia from 
the mycelium. The obtained conidia pellet was mixed with 5 ml of distilled water and the conidial 
concentration was estimated using a hemocytometer. The conidial suspension was then diluted to 
obtain the desired concentrations. The concentrations used in this study were 104, 106, and 108 

conidia ml−1. These concentrations are often used when testing the effectiveness of EAF against 
insect and mite pests (Nugroho and Ibrahim 2004; Fernández-Grandon et al. 2020; Puspitarini et al. 
2021a). 
 
Effect of MpAE on the mycelial growth, sporulation and conidia viability of B. bassiana 

Different concentrations of MpAE were incorporated into the PDA. Autoclaved PDA, cooled to 
45 °C, was thoroughly mixed with the MpAE at the desired concentrations, and poured into Petri 
dishes (9 cm diameter). The B. bassiana was inoculated to the culture plate by using a paper-dip 
method. A 5 mm diameter filter paper was dipped into B. bassiana suspension and was placed in 
the middle of the culture plate. There were 12 treatments in this experiment that consist of the 
combinations of four levels of MpAE concentration (0, 2, 3, and 4%) and three levels of B. bassiana 
concentration (104, 106, and 108 conidia ml−1). Treatments with MpAE at 0% were considered as 
controls. Four replicates were made for each of the treatments. The culture plates were incubated in 
the dark at 27 °C. The radial mycelial growth, sporulation (conidia production), and conidia 
germination (viability) were calculated at 6 days after the beginning of the incubation as described 
by Depieri et al. (2005). The concentrations of MpAE were selected from the preliminary toxicity 
bioassay of MpAE against P. latus. Based on the preliminary trials, the 4% concentration of MpAE 
was enough to cause 100% mortality of the tested mites at 120 h after application and therefore was 
chosen as the highest concentration applied. 
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Compatibility calculations 
The compatibility of B. bassiana tested with MpAE was calculated through the formula of the 

biological index. Classification of compatibility is based on the toxicity of chemical products to 
EAF in vitro by the calculation of the BI value (Rossi-Zalaf et al. 2008). The formula was  

 
BI = [47(VG) + 43(SP) + 10(GER)]/100 

 
where VG is the percent mycelial or vegetative growth, SP is the percent sporulation, and GER is 
the percent germination compared to the control. The obtained BI value from 0 to 41 indicates that 
the MpAE is considered toxic to B. bassiana, from 42 to 66 is moderately toxic, and above 66 
represents compatibility (Rossi-Zalaf et al. 2008). This formula has been used in several studies 
(Ribeiro et al. 2012; Diniz et al. 2020). 

 
Mite colony 

The stock population of the broad mite was collected from infested mandarin orange [Citrus 
reticulata Blanco (Sapindales: Rutaceae)] orchards in Malang located in the Indonesian Citrus and 
Subtropical Fruits Research Institute. The mites were brought to the Laboratory of Plant Pests, 
Department of Plant Pests and Diseases, Faculty of Agriculture, University of Brawijaya, Indonesia. 
The mites were reared on the leaves of C. reticulata and held in an arena (Puspitarini et al. 2021a). 
To make an arena, a water-soaked sponge (5 × 5 × 1.5 cm) was placed inside a Petri dish (9 cm 
diameter). The sponge was covered with a moistened cotton, and after that, a C. reticulata leaf disc 
(3 cm diameter) was placed above the cotton with the abaxial surface facing up. Water was added 
regularly to keep the leaf in turgid condition and to prevent the desiccation of the mites (Puspitarini 
et al. 2021b). The arenas were put in a plastic tray, covered with muslin, and placed into a cabinet. 
The rearing was performed under laboratory conditions at 24 ± 1 °C, 66 ± 2% RH, and a photo-
period of 12:12 L:D h. 
 
Effects of MpAE and B. bassiana on P. latus 

This bioassay was conducted to evaluate the effect of MpAE and B. bassiana on mortality and 
oviposition rate of P. latus. Ten mated females of P. latus were placed into an arena (Martins et al. 
2016; Thakur and Sood 2019). The females used in the bioassay were 1–2 days old. Thereafter, 
males were introduced into the arena and allowed to mate with the females. After copulation, the 
males were removed from the arena. There were 16 treatments which were set as follows: control 
(water); three levels of MpAE concentration (2, 3, and 4%); three levels of B. bassiana 
concentration (104, 106, and 108 conidia ml−1); and nine combinations of MpAE and B. bassiana. 
Each treatment was applied using a glass atomizer (Roy and Mukhopadhyay 2012) with a volume 
of 1 ml per arena (Martins et al. 2016), which was sufficient to cover the surface area of the leaf as 
well as the mites. The applied volume of MpAE and B. bassiana was halved in combination 
treatments as 1:1 (Ali et al. 2018). Each treatment was replicated four times. The tested mites were 
observed at 72, 96, and 120 h after application to record mortality. Mites were assumed dead if 
there was no movement when touched with a camel hair brush. The daily mortality was shown in a 
cumulative percent from the previous observation(s). Eggs laid by the females were also recorded 
daily and immediately removed to avoid double counting. After the last observation, the oviposition 
rate was shown in terms of the difference in the number of eggs deposited by the females in the 
control and treatment groups. The discrimination quotient (DQ) was calculated using the following 
formula:  

 

DQ = (C − T) / (C + T) 
 

where C is the number of eggs on the control and T is the number of eggs on treatment groups 
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(Roobakkumar et al. 2010). 
 
Statistical analysis 

All data obtained in this study were initially subjected to the Shapiro-Wilk test to determine if 
the assumption of normality was met. Based on the analysis, only the data on mortality did not 
show a normal distribution, therefore the mortality data were transformed using the arcsine square 
root formula (Lü and Zhang 2016). In addition, the mortality data were not corrected by Abbot's 
formula as the mean mortality in the control was less than 5% (WHO 2016). All data were then 
submitted to a two-way analysis of variance (ANOVA) (Ali et al. 2018; Sohrabi et al. 2019). The 
means were compared by applying Tukey's test at P < 0.05. Statistical analyses were carried out 
with R statistics (R Core Team 2020). 
 
 

RESULTS 

Mycelial growth, sporulation and conidia viability of B. bassiana 
A significant interaction was observed between different concentrations of MpAE and B. 

bassiana when assessing the mycelial growth (F6, 36 = 5.05; P = 0.0008), conidia production (F6, 36 = 
12.01; P < 0.0001), and conidia viability (F6,36 = 3.07; P = 0.0156) of the fungus. The tested MpAE, 
regardless of the concentrations used, did not show adverse effects towards B. bassiana. There was 
no reduction in mycelial growth, conidia production, and conidia viability when MpAE at different 
concentrations was incorporated into the PDA. For instance, the mycelial growth, conidia 
production, and conidia viability of “B. bassiana 104 conidia ml−1” grown in MpAE-enriched PDA 
were higher (although not always significant) than the control without the incorporation of MpAE 
(Table 1).  
 
 
Table 1. Radial mycelial growth, conidia production and conidia viability (mean ± SD) of B. bassiana at 6 days after 

inoculation in a PDA containing different concentrations of MpAE. 

Treatment 
Mycelial growth 

(cm) 

Conidia amount 
(... × 109 ml-1) 

Conidia viability 
(%) 

MpAE 0% B. bassiana 104 conidia ml−1 3.61 ± 0.71 d 8.02 ± 0.58 c 54.76 ± 2.18 b 

 B. bassiana 106 conidia ml−1 4.65 ± 0.46 cd 8.17 ± 0.96 bc 55.88 ± 1.45 b 

 B. bassiana 108 conidia ml−1 6.65 ± 0.66 ab 8.75 ± 0.82 a 61.39 ± 1.73 ab 

MpAE 2% B. bassiana 104 conidia ml−1 6.25 ± 0.34 abc 8.18 ± 1.71 bc 60.83 ± 2.55 ab 

 B. bassiana 106 conidia ml−1 6.80 ± 0.06 ab 8.67 ± 1.73 a 59.80 ± 0.61 b 

 B. bassiana 108 conidia ml−1 6.66 ± 0.14 ab 8.78 ± 1.26 a 61.97 ± 1.25 ab 

MpAE 3% B. bassiana 104 conidia ml−1 6.81 ± 0.09 ab 8.13 ± 0.96 bc 61.04 ± 2.17 ab 

 B. bassiana 106 conidia ml−1 7.69 ± 0.09 a 8.66 ± 1.71 a 69.05 ± 1.09 a 

 B. bassiana 108 conidia ml−1 6.80 ± 0.18 ab 8.70 ± 3.56 a 62.02 ± 1.41 ab 

MpAE 4% B. bassiana 104 conidia ml−1 5.83 ± 0.05 bc 8.22 ± 1.29 b 57.11 ± 1.86 b 

 B. bassiana 106 conidia ml−1 6.33 ± 0.08 ab 8.80 ± 1.41 a 60.35 ± 1.62 b 

 B. bassiana 108 conidia ml−1 6.63 ± 0.04 ab 8.77 ± 0.58 a 61.76 ± 0.99 ab 

Statistics    

MpAE (df = 3, 36) F = 21.83; P < 
0.0001 

F = 28.49; P < 0.0001 F = 8.36; P = 0.0002 

B. bassiana (df = 2, 36) F = 10.49; P = 
0.0003 

F = 253.40; P < 0.0001 F = 4.70; P = 0.0153 

MpAE × B. bassiana (df = 6, 36) F = 5.05; P = 0.0008 F = 12.01; P < 0.0001 F = 3.07; P = 0.0156 

Means followed by the same letters within each column are not significantly different at P < 0.05 according to Tukey's 
test.  
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Potential synergy between MpAE and B. bassiana 
Depending on the calculated BI values, the MpAE at all tested concentrations showed high 

compatibility with B. bassiana. The BI value ranges from 100.01 to 136.30 (Table 2). 
 
 
Table 2. MpAE compatibility classification with B. bassiana based from the calculation of the biological index (BI) 

values. 

Treatment BI value Classification 

MpAE 2% B. bassiana 104 conidia ml−1 136.30 Compatible 

 B. bassiana 106 conidia ml−1 124.99 Compatible 

 B. bassiana 108 conidia ml−1 100.37 Compatible 

MpAE 3% B. bassiana 104 conidia ml−1 143.38 Compatible 

 B. bassiana 106 conidia ml−1 135.55 Compatible 

 B. bassiana 108 conidia ml−1 100.92 Compatible 

MpAE 4% B. bassiana 104 conidia ml−1 130.29 Compatible 

 B. bassiana 106 conidia ml−1 120.95 Compatible 

 B. bassiana 108 conidia ml−1 100.01 Compatible 

 
 
Table 3. Cumulative percent mortality (means ± SD) in P. latus after the treatment with MpAE and B. bassiana alone 

and in combinations. 

Treatment Time 

72 h 96 h 120 h 

Control (Water) 2.50 ± 5.00 a 2.50 ± 5.00 b 2.50± 5.00 c 

MpAE 2% 20.00 ± 14.14 a 40.00 ± 14.14 ab 92.50 ± 9.57 ab 

MpAE 3% 25.00 ± 12.91 a 45.00 ± 19.15 ab 100.00 ± 0.00 a 

MpAE 4% 27.50 ± 12.58 a 47.50 ± 12.58 ab 100.00 ± 0.00 a 

B. bassiana 104 conidia ml−1 25.00 ± 17.32 a 42.50 ± 12.58 ab 90.00 ± 8.16 b 

B. bassiana 106 conidia ml−1 22.50 ± 9.57 a 42.50 ± 9.57 ab 95.00 ± 5.77 ab 

B. bassiana 108 conidia ml−1 22.50 ± 5.00 a 47.50 ± 9.57 ab 100.00 ± 0.00 a 

MpAE 2% + B. bassiana 104 conidia ml−1 22.50 ± 15.00 a 52.50 ± 32.02 ab 100.00 ± 0.00 a 

MpAE 2% + B. bassiana 106 conidia ml−1 30.00 ± 8.16 a 77.50 ± 22.17 a 100.00 ± 0.00 a 

MpAE 2% + B. bassiana 108 conidia ml−1 27.50 ± 17.08 a 72.50 ± 9.57 a 100.00 ± 0.00 a 

MpAE 3% + B. bassiana 104 conidia ml−1 25.00 ± 12.91 a 77.50 ± 26.30 a 100.00 ± 0.00 a 

MpAE 3% + B. bassiana 106 conidia ml−1 30.00 ± 8.16 a 80.00 ± 18.26 a 100.00 ± 0.00 a 

MpAE 3% + B. bassiana 108 conidia ml−1 22.50 ± 9,57 a 72.50 ± 34.03 a 100.00 ± 0.00 a 

MpAE 4% + B. bassiana 104 conidia ml−1 30.00 ± 0.00 a 65.00 ± 30.00 a 100.00 ± 0.00 a 

MpAE 4% + B. bassiana 106 conidia ml−1 30.00 ± 11.55 a 60.00 ± 9.12 a 100.00 ± 0.00 a 

MpAE 4% + B. bassiana 108 conidia ml−1 27.50 ± 15.00 a 72.50 ± 8.53 a 100.00 ± 0.00 a 

Statistics    

MpAE (df = 3, 48) F = 2.29; P = 0.0893 F = 9.40; P < 0.0001 F = 224.30; P < 0.0001 

B. bassiana (df = 3, 48) F = 1.82; P = 0.1559 F = 9.22; P < 0.0001 F = 185.50; P < 0.0001 

MpAE x B. bassiana (df = 9, 48) F = 0.75; P = 0.6563 F = 0.64; P = 0.7556 F = 151.70; P < 0.0001 

Mortality data were arcsine square-root transformed before analysis, actual mean values are presented based on the 
interpretation from the transformed data. Means followed by the same letters within each column are not significantly 
different at P < 0.05 according to Tukey's test. 
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Efficacy of individual and combined application of MpAE and B. bassiana against P. latus 
The mortality of P. latus was detected at 72 h after the application, but the mite mortality was 

not statistically different between the control and the treatment groups. At 96 h after the application, 
the mite mortality on the combination treatments (except “MpAE 2% + B. bassiana 104 conidia 
ml−1”) was higher than the control. Nevertheless, on the last day of observation, all treatments 
significantly caused higher mortality of the tested mites than the control. However, there were no 
differences in the mite mortality between the individual application of MpAE and B. bassiana 
(except “B. bassiana 104 conidia ml−1”) and the combination treatments. Additionally, at 120 h after 
the application, the mite mortality was seen as significantly affected by the interaction between 
different concentrations of MpAE and B. bassiana (F9, 48 = 151.70; P < 0.0001) (Table 3). 
 
Effect of MpAE and B. bassiana on oviposition rate of P. latus 

The oviposition rate of P. latus was significantly affected by the different concentrations of 
MpAE (F3, 48 = 5.88; P = 0.0017) and B. bassiana (F3, 48 = 4.07; P = 0.0118), but not by their 
interaction (F9, 48 = 1.83; P = 0.0854). The number of eggs laid on the control group was 57.25, and 
the numbers of eggs laid were significantly lower on all of the treatment groups, ranging from 11.50 
to 29.00. The DQ value ranges from 0.40 to 0.66. Higher DQ values indicate a stronger oviposit-
tional deterrence of the treatments on P. latus (Table 4).  
 
 
Table 4. Oviposition rate (mean ± SD) of P. latus and discrimination quotient (DQ) values after the treatment with 

MpAE and B. bassiana alone and in combinations.  

Treatment Number of eggs laid at 120 h DQ value 

Control (Water) 57.25 ± 18.14 a - 

MpAE 2% 23.25 ± 8.84 b 0.42 

MpAE 3% 24.00 ± 9.48 b 0.40 

MpAE 4% 22.75 ± 13.35 b 0.43 

B. bassiana 104 conidia ml−1 29.00 ± 13.83 b 0.32 

B. bassiana 106 conidia ml−1 22.75 ± 9.17 b 0.43 

B. bassiana 108 conidia ml−1 24.00 ± 11.78 b 0.40 

MpAE 2% + B. bassiana 104 conidia ml−1 19.50 ± 20.07 b 0.48 

MpAE 2% + B. bassiana 106 conidia ml−1 19.75 ± 4.50 b 0.48 

MpAE 2% + B. bassiana 108 conidia ml−1 23.00 ± 13.54 b 0.42 

MpAE 3% + B. bassiana 104 conidia ml−1 11.50 ± 8.85 b 0.66 

MpAE 3% + B. bassiana 106 conidia ml−1 13.75 ± 2.50 b 0.61 

MpAE 3% + B. bassiana 108 conidia ml−1 20.25 ± 11.18 b 0.47 

MpAE 4% + B. bassiana 104 conidia ml−1 18.75 ± 9.17 b 0.50 

MpAE 4% + B. bassiana 106 conidia ml−1 24.50 ± 6.55 b 0.40 

MpAE 4% + B. bassiana 108 conidia ml−1 17.75 ± 7.36 b 0.52 

Statistics   

MpAE (df = 3, 48) F = 5.88; P = 0.0017  

B. bassiana (df = 3, 48) F = 4.07; P = 0.0118  

MpAE x B. bassiana (df = 9, 48) F = 1.83; P = 0.0854  

Means followed by the same letters within each column are not significantly different at P < 0.05 according to Tukey's 
test. 

 
DISCUSSION 

In this study, we demonstrated that MpAE did not possess deleterious effects on B. bassiana. The 
effects of MpAE on B. bassiana mycelial growth, conidia production, and conidia viability were 
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positive and depended on the concentrations of both the botanical pesticide and fungus. 
Contradictorily, inhibitory effects caused by various botanical pesticides to EAF were reported by 
several studies (Hirose et al. 2001; Mohan et al. 2007; Saharayaj et al. 2011; Ribeiro et al. 2014; 
Jamali et al. 2021). For instance, Ribeiro et al. (2012) reported that the incorporation of aqueous 
extract of tobacco powder at 2.5 to 10% into the culture medium significantly inhibited vegetative 
growth, sporulation, and conidia germination of B. bassiana. Similarly, Puspitarini et al. (2021a) 
reported the toxicity of aqueous leaf extract of soursop to B. bassiana, even at the lowest 
concentration used (0.5%). However, other studies indicated that the positive or negative effects of 
botanical pesticides on EAF varied according to the concentrations or formulation used (Depieri et 
al. 2005; Sohrabi et al. 2019; Diniz et al. 2020). The variations in the effects of botanical pesticides 
on EAF could depend on several factors. Ribeiro et al. (2012) stated that the quantities and the 
components of the botanical pesticide formulation, and their influence on the medium pH, may 
affect mycelial growth and conidia production of EAF. Some phytochemicals have been reported to 
serve as fungitoxic compounds (Ma et al. 2000; Curir et al. 2003). Additionally, Forim et al. (2010) 
mentioned that the quality of the raw material used and the phenological variations of the source 
plants may alter the qualitative and quantitative composition of bioactive compounds contained in 
the products. The genetic variability of different EAF species and isolates also needs to be consi-
dered because each species or isolate may have different degrees of susceptibility upon exposure to 
botanical pesticides (Mohan et al. 2007; Diniz et al. 2020). 

Since the effects of botanical pesticides on EAF are influenced by the concentration used, a 
preliminary in vitro assessment is needed to determine the concentration threshold of botanical 
pesticides when one wants to use the products simultaneously with EAF. Our results indicated that 
the mycelial growth and conidia viability of B. bassiana showed a tendency to decrease with the 
higher concentration of MpAE. In general, although insignificant, the mycelial growth and conidia 
viability of the fungus was relatively higher on “MpAE at 3%” treatments rather than at 4%. Hence, 
we hypothesize that the addition of MpAE higher than 4% may produce antagonistic effects toward 
EAF. This evaluation of the effects of botanical pesticides on conidia viability or germination of 
EAF is important. One of the determining factors that influence the success of EAF infection on 
arthropods is the conidia germination (Neves et al. 2001; Nana et al. 2012). Hence, the use of 
excessive concentrations of botanical pesticides may inhibit the development and reproduction of 
EAF, resulting in low efficiency of pest control. 

Based on the BI value, MpAE at all concentrations was compatible with B. bassiana which 
could envisage the positive synergism between the botanical pesticide and EAF for the control of 
insect and mite pests. Vice versa, the combined application of botanical pesticides and EAF must be 
avoided when contradictory interactions are detected. Our result showed that at 96 h after appli-
cation, the combined application of MpAE and B. bassiana produced higher mortality of P. latus 
compared to the control. These results are in line with some other studies that showed that com-
bined application of botanical pesticides and EAF yielded higher mortality of the tested pests (Islam 
et al. 2010; Hernández et al. 2012; Ali et al. 2018; Sohrabi et al. 2019; Diniz et al. 2020; Rehman et 
al. 2020; Puspitarini et al. 2021c). The enhanced bioefficacy of the combined application of 
botanical pesticides and EAF is due to the action of botanical pesticides as physiological stressors, 
affecting the behavior of insects and mites, which become more prone to EAF infection (Paula et al. 
2011). The use of botanical pesticides may also facilitate the penetration of EAF into the insect and 
mite cuticle (Diniz et al. 2020).  

Other than this study, the toxicity of M. pudica extract has also been documented against 
coleopteran pests (Ahad et al. 2015, 2016). The toxicity may be attributed to the high concentration 
of flavonoids found in the M. pudica extract (Zhang et al. 2011). Flavonoids in botanical pesticides 
have been known to possess varying levels of toxicity against numerous insect pests (Panche et al. 
2016; Hikal et al. 2017). Flavonoids also alter the behavior (mobility and feeding activity) and 
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metabolism (growth and development) of insects (Simmonds 2003), hence confirming that 
botanical pesticides may also serve as a synergist for EAF application.  

Regarding B. bassiana, its virulence against insects and mites has been reported by a plethora 
of studies (Alves et al. 2005; Rossi-Zalaf and Alves 2006; Zimmermann 2007; McKinnon et al. 
2016; Wu et al. 2016), including P. latus (Nugroho and Ibrahim 2004; Martins et al. 2016). During 
mycosis, B. bassiana secretes hydrolytic enzymes such as carboxypeptidase, chitinase, lipase, and 
proteinase that digest the host's cuticle (Wang and Wang 2017; Harith-Fadzilah et al. 2021). The 
fungus will then produce defensive molecules and enzymes to tackle the host's immune response 
and establish itself inside the host hemocoel (Butt et al. 2016; Chen et al. 2018). The fungus also 
produces various secondary metabolites that are cytotoxic, leading to the death of the host. 
However, the present study showed that the P. latus mortality was lower when B. bassiana at 104 

conidia ml−1 was applied singly. It indicates that the conidia concentration is one of the determining 
factors that influences the effectiveness of EAF. The lower initial number of inoculums may 
decrease the number of adhered conidia in the host's cuticle (Puspitarini et al. 2021a).  

Lower oviposition rate was observed when P. latus was exposed to MpAE and B. bassiana at 
all concentrations, both singly and in combinations. Similarly, Roobakkumar et al. (2010), as well 
as Roy and Mukhopadhyay (2012), demonstrated that some plant extracts showed strong 
ovipositional deterrence against the red spider mite Oligonychus coffeae (Nietner) (Acari: Tetrany-
chidae) as indicated by the lower numbers of eggs laid and the high DQ values in the treatment 
groups. Furthermore, it is proposed that the ingestion of phytochemicals in plant extracts such as 
flavonoids by insects could reduce their fecundity (Boué and Raina 2003; Goławska et al. 2014). 
The application of B. bassiana has also been known to inhibit the oviposition rate of the two-
spotted spider mite Tetranychus urticae Koch (Acari: Tetranychidae) (Chandler et al. 2005; Duso et 
al. 2008). In addition, Ali et al. (2018) reported that combined application of botanical pesticides 
and EAF significantly lowered the fecundity of Sitobion avenae (Fab.) (Hemiptera: Aphididae). 
Similarly, Puspitarini et al. (2021c) demonstrated that the combined application of Jatropha curcas 
L. (Malpighiales: Euphorbiaceae) seed extract and Akanthomyces lecanii (Zimm.) (Hypocreales: 
Cordycipitaceae) dramatically reduced the oviposition rate of the citrus red mite Panonychus citri 
(McGregor) (Acari: Tetranychidae). 

In conclusion, MpAE was highly compatible with B. bassiana, and their application showed 
promising results against the broad mite P. latus when applied alone or in combinations. The 
application of MpAE and B. bassiana may present valuable eco-friendly alternatives to integrate 
into management programs of P. latus. Studies have reported the safety of botanical pesticides and 
EAF application on beneficial arthropods, including predatory mites (Bernardi et al. 2013; Castillo-
Ramírez et al. 2020; Savi et al. 2021). In addition, the simple preparation of MpAE could be 
adopted by farmers since M. pudica is ubiquitous and abundant, while water is an inexpensive 
extraction solvent. Therefore, our findings highlight that the application of MpAE and B. bassiana 
is ecologically and economically feasible. 
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 Beauveriaآکاروپـاتوژن-و قـارچ انتومـو  Mimosa pudicaبـرگ  یسـازگاري عصـارة آبـ

bassiana   پهن  ۀکن مهاردرPolyphagotarsonemus latus (Acari: Tarsonemidae)  
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retnodyah@ub.ac.id،ito.fernando14@gmail.com ، widjayanti_tita@ub.ac.id ، muhammadihsan649@yahoo.com  

  

  مسئول ةسندینو* 

  
  دهیچک

و قارچ  یاهیگ يهاکشآفت یبیاست. کاربرد ترک یچندخوار با پراکنش جهان یآفت Polyphagotarsonemus latus (Banks)پهن  ۀکن

 Mimosaبرگ  یآب ةمطالعه، عصار نیکنه عمل کند. در ا مهاردر  ستیز طیسازگار با مح يکردیرو آکاروپاتوژن ممکن است به عنوان-انتومو

pudica (Fabales: Fabaceae) (MpAE) آکاروپاتوژن -قارچ انتومو یمانو زنده ییاسپورزا، ومیسلیآن بر رشد م يهااثر نییتع يدر ابتدا برا

Beauveria bassiana (Hypocreales: Cordycipitaceae)  یستیزبر اساس محاسبه شاخص  يقرار گرفت. سپس سازگار یبررسمورد 

(BI) یستیز ییشد. کارا نییتع MpAE  وB. bassiana مختلف در برابر  يهادر غلظتP. latusیمورد بررس بیو هم در ترک یی، هم به تنها 

و  ریمرگ و م زانیشد. م ياسپر P. latus کردة يریجفتگ يهامرکبات و ماده از یبرگ سکید يحاو يبستردر  ماریقرار گرفت. هر ت

 یکاهش چیهپرورش اضافه شد  طیدر مح MpAEکه  یزماننشان داد که  جیساعت پس از مصرف مشاهده شد. نتا 120ها تا ماده يتخمگذار

دهد یکه نشان م بود 30/136تا  01/100از  یستیگسترة شاخص زشد. ن دهیدا هيدیکن یمانو زنده ،یی، اسپورزاB. bassiana ومیسلیدر رشد م

MpAE  باB. bassiana یبیو ترک يسازگار است. کاربرد انفراد اریبس MpAE  وB. bassiana  ریمرگ و م شیافزا موجب يادیز زانیمبه 

 يهاساعت پس از استفاده در گروه 120 در درصد 100 تا 90 از کنه ری. مرگ و مکندیرا محدود مکنه  يتخمگذار زانیمزمان کنه و به طور هم

 یبود، در حال ریمتغ هاماریت يها گروه در تخم 00/29 تا 50/11 از و افتیکاهش  يداریکنه به طور معن يتخمگذار زانی. مبودمتفاوت  مارهایت

آفات  یقیتلف تیریمد يهابرنامه يبرا يارزشمند نیگزیجا B. bassianaو  MpAEکاربرد  شنهادیپ ن،یتخم بود. بنابرا 25/57که در شاهد 

  . خواهد بود

  

 تیریمد يها؛ برنامهيتخمگذار زانیم ر؛یمرگ و م ست؛یز طیسازگار با مح کردیرو ؛یاهیگ يهاکشآفت؛ یستیز ییکارا :يدیواژگان کل

  .آفات
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