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Abstract: Beauveria bassiana and Metarhiziumanisopliae are the most common 

entomopathogenic fungi used as biocontrol agents for controlling insect pests. 

Entomopathogenic fungi have some drawbacks in the field due to their intolerance of high 

temperatures and ultraviolet-C (UV-C) irradiance. The objective of this research was to 

evaluate the conidial viability and density of B. bassiana and M. anisopliae isolates when 

exposed to high temperature and UV-C irradiance. The first experiment, isolates were 

incubated for 7 d at temperatures of 27, 30, 33, and 36°C. The second one,  four intensity levels 

of UV-C irradiance tested were 5000, 15000, 20000, and 30000 mW/m2. Both B. bassiana and 

M. anisopliae isolates displayed high conidial viability and density at temperatures of 27, 30, 

and 33°C, but at 36°C, all isolates died. All isolates tolerated UV-C irradiances of 5000 to 

20000 mW/m2, but three of the 18 B. bassiana isolates (16.67%) died at 20000 mW/m2. 

Three isolates of B. bassiana produced conidia at a UV-C irradiance of 20000 mW/m2, and 

viable conidia were found after 48 h of incubation. All isolates died after exposure to a UV-C 

irradiance of 30000 mW/m2. In conclusion, both M. anisopliae and B. bassiana showed high 

conidial viability and density at temperatures up to 33°C and were tolerant of UV-C 

irradiance up to 20000 mW/m2. 

Keywords: Bio-Insecticides, Entomopathogenic Fungi, Suboptimal Lands. 

INTRODUCTION  
Bio-insecticides containing entomopathogenic fungi have become a primary option for controlling 

insect pests, because bio-insecticides are effective and do not induce resistance in the pests (Salim et al. 
2015). Beauveria bassiana (Bals.) Vuill. and Metarhiziumanisopliae (Metch.) Sor. are the most common 
entomopathogenic fungi used as biocontrol agents (Sevİm et al. 2012). Their ability to control various 
insect pests, such as Aphis gossypii (Herlinda et al. 2008; Herlinda 2010; Herlinda et al. 2010), 
Plutellaxylostella (Loc & Chi 2007; Godonou et al. 2009), Nilaparvatalugens (Lee et al. 2015; Chinniah et 
al. 2016), Leptocorisaacuta (Singh et al. 2015), and Scirpophagaincertulas (Thalib et al. 2013; Chatterjee 
& Mondal 2014) has been proven and described. Rates of insect death caused by B. bassiana in 
laboratories can reach 98% (Herlinda et al. 2010), and those caused by M. anisopliae can reach 84% 
(Rodrigues et al. 2016). Fungi can also be combined with the non-repellent chemical termiticide 
imidacloprid (Wright & Lax 2013). 
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Unfortunately, the use of entomopathogenic fungi has some drawbacks, especially when they are 
applied in agroecosystems, due to their intolerance of high-energy light rays such as ultraviolet (UV). UV 
rays are known to affect the growth of entomopathogenic fungal conidia (Rahmatzadeh&Khara 2007). 
The effects of UV rays on entomopathogenic fungi have been discussed in detail by Rodrigues et al. 
(2016). UV-induced DNA damage leading to fungal inactivation is generally measured by conidial 
germination (Chelico et al. 2005). Studies of the negative effects of UV rays on these fungi have shown 
that UV-B radiation with an irradiance of 6153.3 mW/m2 has a damaging effect after only 5 minutes; 
conidial germination decreased from 96% to 54% for M. anisopliae and from 94% to 52% for B. bassiana 
(Rodrigues et al. 2016). Tolerance tests of B. bassiana isolates under UV-B irradiance at 978 mW m−2 
were conducted and reported by Fernandes et al. (2007), and their experiment showed that 80% of the 
isolates tested were tolerant of UV-B.  

In addition to UV irradiance, temperature also affects entomopathogenic fungal growth. The optimal 
temperature for the radial growth of fungal mycelium was 25−27°C. At 30°C, growth began to decline 
sharply (Pham et al. 2009). Lohse et al. (2014) reported that the ideal temperature for B. bassiana growth 
was approximately 25°C. A related study indicated that the number of B. bassiana and M. anisopliae 
colonies decreased significantly as incubation temperature increased from 30 to 35°C (Ottati-de-lima et 
al. 2014).  

Research on UV-C- and high-temperature-resistant entomopathogenic fungi is crucial for selecting and 
collecting isolates resistant to high temperature and UV-C irradiance. These isolates carry a high potential 
as active ingredients for bio-insecticide products. Therefore, the aim of this research was to evaluate the 
conidial viability and density of B. bassiana and M. anisopliae isolates exposed to high temperatures and 
UV-C irradiance.  

MATERIALS AND METHODS  
Preparation of Entomopathogenic Fungi  

This experiment was performed at the Laboratory of Entomology, Jurusan Hama dan 
PenyakitTumbuhan, FakultasPertanian, UniversitasSriwijayaIndralaya, from January to August 2016. B. 
bassiana and M. anisopliae samples were collected from the soil of freshwater swamps in Sumatera 
Selatan, Indonesia. The B. bassiana and M. anisopliae collection was performed using the insect bait 
method of Anwar et al. (2015). Both species of fungi were isolated and identified in the laboratory. The 
total number of fungal isolates used in this study was 28, consisting of 20 isolates of B. bassiana and eight 
isolates of M. anisopliae (Table 1). 

Effect of Temperature on Conidial Viability and Density  

All isolates of B. bassiana and M. anisopliae were cultured on Glucose Yeast Agar (GYA) medium using 
the method described in Herlinda (2010) with some minor modifications. GYA media was composed of 
2% agar-agar, 0.6% sucrose, 0.52% flour of the third nymph of Gryllus sp. baked at 100°C for 12 h, and 
0.4% yeast at pH 5.5. The B. bassiana and M. anisopliae cultures were incubated in plant growth cabinets 
(LEEC pL3) at 27, 30, 33, and 36°C for 7 d. After incubation, each isolate was subjected to the following 
treatment: 1 ml of each isolate was collected and transferred into a tube filled with 9 ml of sterile distilled 
water. This dilution was repeated three times for each of the isolate solutions.  

Conidial density was observed based on the method of Gabarty et al. (2014), using a wooden drill with 
a 1-cm diameter to remove a section of fungal media. The fungal samples were diluted to make a 
suspension with a spore concentration of approximately 1/103 prior to viewing under a light microscope 
(Olympus BX51). The total numbers of conidia in these fungal cultures were counted using a 
haemocytometer (Gabarty et al. 2014).  

Conidial viability was observed by diluting the fungal culture three times. The conidial dilution was 
transferred onto a glass slide (10 µL droplets); a cover glass was put on top of the specimen, and conidia 
were visualized under the light microscope with 400x magnification. The slide was protected against 
drying by applying nail polish around the cover glass.  

The conidial germination of each isolate was calculated based on direct counting of viable and non-
viable conidia after 24 and 48 h (Guilherme et al. 2015). Viability of conidia was determined based on the 
method of Xu et al. (2001); germination was observed for 100 conidia from each inoculum droplet, and 
the procedure was repeated three times. Signs of conidial viability were determined according to 
Guilherme et al. (2015). The signs of viable conidia included broken conidial walls, germ tube formation, 
elongation of the germ tube (beyond the normal conidium diameter), and clear enlargement of respective 
conidium size. 
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Effect of Ultraviolet-C (UV-C) Irradiance on Conidial Density and Viability  

The fungal isolates used in this study were cultured using the method of Wongjiratthiti and Yottakot 
(2017) in Glucose Yeast Broth (GYB) on a rotary shaker (120 rpm) at 29°C for 7 d. After 7 d of growth in 
GYB medium, the fungal culture was diluted to prepare a fungal suspension with a concentration of 103 
conidia/ml. The diluted suspension (100 μL) was transferred to GYA agar and then spreaded before 
incubation according to the following experimental treatments. For the UV resistance experiment, four 
different UV-C irradiance dosages were applied to the collected isolates: (1) 5000 mW/m2 (providing a 
total dose of 18 kJ/m2); (2) 15000 mW/m2 (providing a total dose of 54 kJ/m2); (3) 20000 mW/m2 
(providing a total dose of 72 kJ/m2); and (4) 30000 mW/m2 (providing a total dose of 108 kJ/m2). The 
distance between the media exposed and the UV-C radiation source was 25 cm, and the exposure 
duration was 2 h. 

The procedures used for the conidial viability and density measurements after UV exposure were 
similar to those used in the high-temperature experiment. 

Statistical Analysis 

The differences in conidial viability and density among isolates were analysed based on a completely 
randomized design, and then Least Significant Difference (LSD) analyses were used to compare the 
means of all possible pairs of isolates at the 5% significance level using SAS/STAT 6.12 software 
(Microsoft Inc.). 

RESULTS AND DISCUSSION 
Conidial Viability and Density of Entomopathogenic Fungi Exposed to High Temperatures 

The results showed that the only isolates that could survive on media exposed to a temperature of 
27°C were B. bassiana. The isolate of B. bassiana that exhibited the highest conidial density was BTmTs, at 
7.072 x 109 conidia/ml. However, it was not significantly different from the conidial densities of the 
BPcMs (6.955 x 109 conidia/ml), BPluS (6.595 x 109 conidia/ml), and BtmGa (6.701 x 109 conidia/ml) 
isolates (Table 2).  

The entomopathogenic fungus with the highest number of conidia after exposure to a temperature of 
30°C was also the BTmTs isolate (6.669 x 109 conidia/ml). A similar phenomenon occurred at 33°C, with 
the BTmTs isolate still showing the highest conidial density (6.001 x 109 conidia/ml) among all treated 
isolates. This experiment indicated that the BTmTs isolate of B. bassiana was consistently well adapted to 
higher temperatures of up to 33°C. In addition, two other promising isolates were BPcMs and BtmGa; the 
conidial density of these two isolates was not significantly lower than that of BTmTs.  

Many factors affected the ability of entomopathogenic fungi to produce conidia, such as isolate origin 
(Constanski et al. 2015), in vitro culture medium (Indrayani& Prabowo 2010), and incubation 
temperature (Constanski et al. 2011). In this study, three B. bassiana isolates (BTmTs, BtmGa, and BPcMs) 
produced more conidia under stress conditions (high temperature and UV-C irradiance). This finding was 
significant because high temperature frequently occurs in tropical regions, especially in rice fields and 
other ephemeral agroecosystems. Therefore, the discovery of high-temperature-resistant 
entomopathogenic fungal isolates will allow their use as microbial agents for controlling insect pests, 
because these isolates can grow and produce spores inside host insects in high-temperature ecosystems. 

The origin of isolates is often a defining factor in producing conidia or spores during growth in vitro, 
especially when the temperature and in vitro media match the collection conditions. In this study, 
however, the similarly performing B. bassiana isolates BTmTs, BtmGa, and BPcMs were collected from 
different ecosystems (Table 1). The BTmTs isolate was collected from the tidal swamp of Mulya Sari 
village, Sumatera Selatan, Indonesia, while BtmGa was collected from a freshwater swamp near the 
village of Gandus, South Sumatra. Both locations have acidic soil (pH < 6). Isolates with the ability to 
produce high conidial density that originate from acidic soils are considerably important for bio-
insecticide production, especially in Indonesia. Agricultural lands in Indonesia mostly have acidic soils, 
whereas the most suitable pH for B. bassiana spores to germinate has been reported to be between pH 6 
and pH 8 (Karthikeyan et al. 2008), although entomopathogenic fungal spores can survive in the pH range 
of 4-7 (Constanski et al. 2011) and even as high as pH 8 (Fan et al. 2011). 

The discovery of acid-tolerant isolates that are able to produce high spore densities in acidic soils 
creates an opportunity for using these isolates for biological control of insect pests in acidic wetland 
ecosystems. Imanudin and Armanto (2012) reported that soils at depths up to 10 cm in the lowlands and 
tidal swamps of South Sumatera are very acidic, with pH values less than 4.04. Entomopathogenic fungi 
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adaptable to extremely low soil pH conditions usually produced high chitinase and had the ability to 
activate this chitinase (Suryadi et al. 2013).  

It is interesting to note that the high-temperature-tolerant BPcMs isolate was isolated from an insect 
host (Pseudoplusiachalcites) at Muarasiban village in the Pagaralam highland, while the other two high-
temperature-tolerant isolates (BTmTs and BtmGa), as mentioned earlier, were collected from soils in 
lowland ecosystems in South Sumatra. The finding of the high-temperature-tolerant BPcMs isolate has 
opened a new horizon of knowledge by demonstrating that high-temperature-tolerant isolates can be 
found in tropical highlands. Prior to this finding, entomologists focused on lowland ecosystems in 
searching for high-temperature-tolerant entomopathogenic fungi.  Tolerance of high temperatures is 
known to be associated with interspecific variation within fungal species rather than being due to other 
factors (Santoro et al. 2015).  

Table 1: Beauveria bassianaand Metarhiziumanisopliaeisolates from South Sumatera, Indonesia 
Species of fungi Source host insects Origin (village or city) Isolate codes 
B. bassiana Hypothenemushampei Jember ** BBY 
B. bassiana Lipaphiserysimi Pagardin BLePd 
B. bassiana Pseudoplusiachalcites Muarasiban BPcMs 
B. bassiana Pseudoplusiachalcites Pagardin BPcPd 
B. bassiana Plutellaxylostella Soak BPluS 
B. bassiana Tenebrio molitor * Gandus BTmGa 
B. bassiana Tenebrio molitor Maryana BTmMa 
B. bassiana Tenebrio molitor Makarti Jaya BTmMj 
B. bassiana Tenebrio molitor Indralaya BTmPc 
B. bassiana Tenebrio molitor Pagardin BTmPd 
B. bassiana Tenebrio molitor Pemulutan BTmPe 
B. bassiana Tenebrio molitor Rambutan BTmRa 
B. bassiana Tenebrio molitor Saleh Mulya BTmSm 
B. bassiana Tenebrio molitor Soak BTmSo 
B. bassiana Tenebrio molitor Srikaton BTmSr 
B. bassiana Tenebrio molitor Indralaya BTmTf 
B. bassiana Tenebrio molitor TalangKelapa BTmTk 
B. bassiana Tenebrio molitor TelangRejo BTmTr 
B. bassiana Tenebrio molitor Mulya Sari BTmTs 
B. bassiana Leptocorisaacuta Pantura BwsPantura 
M. anisopliae Tenebrio molitor Indralaya Ma 
M. anisopliae Aphis gossypii Indralaya MagIn 
M. anisopliae Aphis gossypii Pagardin MAgPd 
M. anisopliae Tenebrio molitor Indralaya MaMg 
M. anisopliae Tenebrio molitor Jarai MTmJr 
M. anisopliae Tenebrio molitor Kenten MTmKt 
M. anisopliae Tenebrio molitor Muarasiban MTmMs 
M. anisopliae Tenebrio molitor Tanjung Raja MTmTr 

*) Tenebrio molitor was used for baiting the fungi from the soil,  

**) used as reference isolate.  

The ability of BPcMsto produce more conidia at high temperatures may be associated with its host 
insect species. Scully and Bidochka (2005) stated that selection pressures on host insects and fungal 
adaptability were highly related to the intraspecific strain characteristics of entomopathogenic fungi. 

In this study, all isolates (100%) incubated at 36°C in vitro died (Table 2). Generally, a decline in 
conidial number was detected with increasing incubation temperatures from 27 to 33°C. 
Correspondingly, Luz and Fargues (1998) stated that conidium production by B. bassiana increased as 
temperature increased from 15 to 25°C but then declined at 28−30°C. Moreover, Ottati-de-lima et al. 
(2014) also reported that the number of B. bassiana and M. anisopliae colonies declined significantly at 
30 to 35°C. Other studies have also reported similar phenomena; Pham et al. (2009) showed that 
conidium production decreased at temperatures of 27−33°C and at 36°C all fungal isolates died.  

Conidial viability was calculated based on the percentage of germinated conidia, which was 
determined by conidial size changes. There was a clear difference between germinated and ungerminated 
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entomopathogenic fungal conidia. Before germination, B. bassiana conidia were single spherical cells that 
appeared on sterigmata and were hyaline in colour, whereas M. anisopliae conidia had a distinctive rod 
shape.  When the fungal conidia began to germinate, which was observed at 24 hours or at 48 hours of 
culture time in this experiment, germ tube elongation greater than the conidial diameter became visible, 
and then, after 72 hours, a new conidium on the extending tip of a conidiophore appeared (Figure 1). 

The conidial viability of entomopathogenic fungi decreased with increasing temperatures up to 33°C 
during the incubation period. Conidial viability was different among the isolates (Table 3 and 4) after 24 
and 48 h in suspension culture. After 24 h in suspension culture, the highest conidial viability was 
observed at 27°C. In contrast, at 36°C, all isolates were dead. Among the isolates studied, the isolate with 
the highest viability at 27°C was the BTmTs isolate (32.31%). However, it was not significantly different 
from some of the other isolates of B. bassiana, including BTmSr, BTmSm, BtmGa, BPluS, and BPcMs (Table 
3). After 48 h at 27°C, this similar group of isolates exhibited higher viability than the rest of the isolates 
evaluated.  

Constanski et al. (2011) showed that the conidia of B. bassiana could grow well at 32°C, but no isolates 
could grow and develop at temperatures of 35 or 40°C. Factors that affect the viability of 
entomopathogenic fungi include temperature (Constanski et al. 2011), humidity (Luz &Fargues 1999), pH 
(Indarmawan et al. 2016), and light intensity (Ottati-de-lima et al. 2014; Rodrigues et al. 2016). The ideal 
temperature for the growth of B. bassiana was 25-27°C (Pham et al. 2009), and that of M. anisopliae was 
28°C (Alves et al. 1984). 

There is one important results of this study related to insect pest control in high-temperature 
agroecosystems, namely, success in identifying several isolates of B. bassiana and M. anisopliae that can 
produce considerably high conidial density and viability at temperatures up to 33°C (Salim et al. 2015). 
This finding can be further explored to identify active chemical compounds and for producing bio-
insecticides to control insect pests in high-temperature (up to 33°C) regions such as the tropical lowlands 
of Indonesia. 

 
Fig. 1: Conidia of Beauveria bassiana (a) and Metarhiziumanisopliae (b); viable conidia after 48 h in 

culture medium, with germ tube elongations (arrows) (c); conidia after 72 h in culture medium, with an 
extending conidiophore tip (arrow) (d) 

Conidial Viability and Density of Entomopathogenic Fungi Exposed to UV-C Radiation 

This study showed that isolates grown in vitro and exposed to an UV-C irradiance of 5000 mW/m2 for 
2 h exhibited variable results. The B. bassiana isolate BPcMs produced the highest conidial density (1.612 
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x 109 conidia/ml). The density of BPcMs was comparable to those of BTmTs (1.559 x 109 conidia/ml), 
BTmSr (1.410 x 109 conidia/ml), BPluS (1.315 x 109 conidia/ml), and BTmPd (1.293 x 109 conidia/ml) 
(Table 5), but BPcMs was significantly different from the other isolates. In general, conidial density 
declined as the isolates were exposed to higher irradiance intensities up to 20000 mW/m2. Furthermore, 
at an UV-C irradiance of 30000 mW/m2, none of the fungal isolates survived. 

The viability of conidial isolates after 5000 mW/m2 UV-C irradiance did not show a significant effect 
when examined at 24 h; however, after the suspensions had been incubated for 48 h, viability started to 
increase. The highest viability was found in the B. bassiana isolate BTmSr (14.64%). Other isolates of B. 
bassiana showing high viability comparable to BTmSr were BTmTs, BPcMs, BTmSr, BTmSm, BTmPd, 
BTmMj, BtmGa, and BPluS (Table 7). The conidial viability of isolates exposed to an UV-C irradiance of 
5000 mW/m2 was higher than those of isolates exposed to UV-C irradiances of 15000 and 20000 mW/m2 
after both 24 and 48 h (Tables 6 and 7).  

At an UV-C irradiance of 20000 mW/m2, three isolates (BTmTk, BWS Pantura of B. bassiana,and MaMg 
of M. anisopliae) produced conidia that did not germinate after 48 h of incubation (Table 7). In short, 
some fungi exposed to an UV-C irradiance of 20000 mW/m2 produced conidia, but the conidia produced 
were not always able to germinate, depending on the isolate. Furthermore, exposure to an UV-C 
irradiance of 30000 mW/m2 killed all of the fungal isolates. 

A previous study showed that UV-C irradiance with 254-nm light for 7 h did not impair the 
germination of mycorrhizal fungal spores (Rahmatzadeh&Khara 2007). Similarly, UV-B irradiance at 
978 mW/m2 did not interfere with the viability of B. bassianaisolates (Fernandes et al. 2007). However, 
UV-B irradiance at 6153.3 mW/m2 caused decreased conidial viability in B. bassianaand M. anisopliae 
(Rodrigues et al. 2016). The loss of viability was due to DNA damage in the fungi, which stopped them 
from actively growing (Chelicoet al. 2005). 

CONCLUSION  
This study provides new information about variability in conidial viability and density among isolates 

of M. anisopliae and B. bassiana exposed to high temperatures up to 33°C and UV-C irradiances up to 
20000 mW/m2, conditions which are commonly experienced in tropical lowland areas. These climatic 
conditions represent a challenge to the success of bio-insecticides that use entomopathogenic fungal 
conidia as the source of their active compounds. The isolates found in this study that are adaptable to 
high temperature and UV-C radiation will provide a potential source of active compounds and materials 
for bio-insecticide production to control insect pests in tropical lowland areas. 

REFERENCES  
[1] Alves, S. B., Risco, S. H., & Almeida, L. C. (1984). Influence of photoperiod and temperature on the 

development and sporulation of Metarhizium anisopliae (Metsch.) Sorok. Zeitschrift für 
Angewandte Entomologie, 97(1-5), 127-129. 

[2] Anwar, W., Aslam, S. N. K. M., Haider, M. S., Shahid, A. A., & Ali, M. (2015). Exploring fungal flora 
associated with insects of cotton agroecological zones of Punjab, Pakistan. Pakistan Entomol., 
37(1): 27–31. 

[3] Chatterjee, S., & Mondal, P. (2014). Management of rice yellow stem borer, Scirpophaga incertulas 
Walker using some biorational insecticides. Journal of Biopesticides, 7(1): 143–147. 

[4] Chelico, L., Haughian, J. L., Woytowich, A. E., & Khachatourians, G. G. (2005). Quantification of 
ultraviolet-C irradiation induced cyclobutane pyrimidine dimers and their removal in Beauveria 
bassiana conidiospore DNA. Mycologia, 97(3), 621-627. 

[5] Chinniah, C., Ravikumar, A., Kalyanasundaram, M., & Parthiban, P. (2016). Field evaluation of 
Metarhizium anisopliae liquid formulation (Bio-Magic®) against brown plant hopper, 
Nilaparvata lugens Stal on rice. Journal of Biopesticides, 9(2), 211–219. 

[6] Constanski, K. C., Neves, P. M. O. J., Nogueira, L. M., Santoro, P. H., Amaro, J. T., & Zorzetti, J. (2011). 
Selection and evaluation of virulence of Beauveria bassiana (Bals.) Vuill. submitted to different 
temperature. Semina: Ciências Agrárias, 32(3), 875-882. 

[7] Constanski, K. C., Zorzetti, J., & Oliveira Janeiro Neves, P. M. (2015). Selection, assessment of 
virulence to Alphitobius diaperinus, and Pr1 enzyme production of Beauveria bassiana (Bals.) 
Vuill. isolates cultured at stress temperatures. Semina: Ciências Agrárias, 36(6), 3529–3538. 

 



215                                                                                                                                  Eurasian Journal of Analytical Chemistry 
 

[8] Fan, Y., Zhang, S., Kruer, N., & Keyhani, N. O. (2011). High-throughput insertion mutagenesis and 
functional screening in the entomopathogenic fungus Beauveria bassiana. Journal of invertebrate 
pathology, 106(2), 274-279. 

[9] Fernandes, E. K., Rangel, D. E., Moraes, A. M., Bittencourt, V. R., & Roberts, D. W. (2007). Variability 
in tolerance to UV-B radiation among Beauveria spp. isolates. Journal of invertebrate 
pathology, 96(3), 237-243. 

[10] Gabarty, A., Salem, H. M., Fouda, M. A., Abas, A. A., & Ibrahim, A. A. (2014). Pathogencity induced 
by the entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae in Agrotis ipsilon 
(Hufn.). Journal of Radiation Research and Applied Sciences, 7(1), 95-100. 

[11] Godonou, I., James, B., Atcha-Ahowé, C., Vodouhe, S., Kooyman, C., Ahanchédé, A., & Korie, S. 
(2009). Potential of Beauveria bassiana and Metarhizium anisopliae isolates from Benin to 
control Plutella xylostella L.(Lepidoptera: Plutellidae). Crop Protection, 28(3), 220-224. 

[12] Oliveira, D. G. P., Pauli, G., Mascarin, G. M., & Delalibera, I. (2015). A protocol for determination of 
conidial viability of the fungal entomopathogens Beauveria bassiana and Metarhizium anisopliae 
from commercial products. Journal of microbiological methods, 119, 44-52. 

[13] Herlinda, S. (2010). Spore density and viability of entomopathogenic fungal isolates from 
Indonesia, and their virulence against Aphis gossypii Glover (Homoptera: Aphididae). Tropical life 
sciences research, 21(1), 11–19. 

[14] Herlinda, S., Irsan, C., Mayasari, R., & Septariani, S. (2010). Identification and selection of 
entomopathogenic fungi as biocontrol agents for Aphis gossypii from South 
Sumatra. Microbiology Indonesia, 4(3), 137–142. 

[15] Herlinda, S., & Mulyati, S. I. (2008). Selection of Isolates of Entomopathogenic Fungi and the 
Bioefficacy of Their Liquid Production against Leptocorisa oratorius Nymphs. Microbiology 
Indonesia, 2(3), 141–146. 

[16] Imanudin, M. S., & Armanto, E. (2012). Effect of water management improvement on soil nutrient 
content, iron and aluminum solubility at tidal low land area. APCBEE Procedia, 4, 253-258. 

[17] Indarmawan, T., Mustopa, A. Z., Budiarto, B. R., & Tarman, K. (2016). Antibacterial activity of 
extracellular protease isolated from an algicolous fungus Xylaria psidii KT30 against gram-
positive bacteria. HAYATI Journal of Biosciences, 23(2), 73-78. 

[18] Prabowo, H. (2010). Effects of medium composition on conidia production of Beauveria 
bassiana. Buletin Tanaman Tembakau, Serat dan Minyak Industri., 2(2), 88–94. 

[19] Karthikeyan, A., Shanthi, V., & Nagasathya, A. (2008). Effect of different media and pH on the 
growth of Beauveria bassiana and its parasitism on leaf eating caterpillars. Res. J. Agric. Biol. Sci., 
4(2), 117-119. 

[20] Lee, S. J., Yu, J. S., Nai, Y. S., Parker, B. L., Skinner, M., & Kim, J. S. (2015). Beauveria bassiana sensu 
lato granules for management of brown planthopper, Nilaparvata lugens in rice. BioControl., 
60(2), 263-270. 

[21] Loc, N. T., & Chi, V. T. B. (2007). Biocontrol potential of Metarhizium anisopliae and Beauveria 
bassiana against diamondback moth, Plutella xylostella. Omonrice, 15, 86-93. 

[22] Lohse, R., Jakobs-Schönwandt, D., & Patel, A. V. (2014). Screening of liquid media and 
fermentation of an endophytic Beauveria bassiana strain in a bioreactor. AMB Express, 4(1), 47. 

[23] Luz, C., & Fargues, J. (1999). Dependence of the entomopathogenic fungus, Beauveria bassiana, on 
high humidity for infection of Rhodnius prolixus. Mycopathologia, 146(1), 33−41. 

[24] Luz, C., & Fargues, J. (1998). Factors Affecting Conidial Production ofBeauveria bassianafrom 
Fungus-Killed Cadavers ofRhodnius prolixus. Journal of invertebrate pathology, 72(2), 97-103. 

[25] Ottati-de-Lima, E. L., Batista Filho, A., Almeida, J. E. M. D., Gassen, M. H., Wenzel, I. M., Almeida, A. 
M. B. D., & Zapellini, L. O. (2014). Liquid production of entomopathogenic fungi and ultraviolet 
radiation and temperature effects on produced propagules. Arquivos do Instituto Biológico, 81(4), 
342-350. 

[26] Pham, T. A., Kim, J. J., Mm, S. G., & Kim, K. (2009). Production of blastospore of entomopathogenic 
Beauveria bassiana in a submerged batch culture. Mycobiology, 37(3), 218-224. 

[27] Am aneh Rahmatzadeh, S., & Khara, J. (2007). Influence of Ultraviolet-C radiation on some growth 
parameters of mycorrhizal wheat plants. Pakistan Journal of Biological Sciences, 10(23),                         
4275-4278. 

 



216                                                                                                                                                                   Siti Herlinda et.al 
 

[28] Rodrigues, I. W., Forim, M. R., da Silva, M. F. G. F., Fernandes, J. B., & Filho, A. B. (2016). Effect of 
ultraviolet radiation on fungi Beauveria bassiana and Metarhizium anisopliae, pure and 
encapsulated, and bio-insecticide action on Diatraea saccharalis. Advances in Entomology, 4(03), 
151–162. 

[29] Salim, H., Rawi, C. S. M., Ahmad, A. H., & Al-Shami, S. A. (2015). Efficacy of Insecticide and 
Bioinsecticide Ground Sprays to Control Metisa plana Walker (Lepidoptera: Psychidae) in Oil 
Palm Plantations, Malaysia. Tropical life sciences research, 26(2), 73–83. 

[30] Santoro, P. H., Zorzetti, J., Constanski, K., & Neves, P. M. (2015). Quality of Beauveria bassiana 
conidia after successive passages through Alphitobius diaperinus (Coleóptera: 
Tenebrionidae). Revista Colombiana de Entomología, 41(1), 87-94. 

[31] Scully, L. R., & Bidochka, M. J. (2005). Serial passage of the opportunistic pathogen Aspergillus 
flavus through an insect host yields decreased saprobic capacity. Canadian Journal of 
Microbiology, 51(2), 185-189. 

[32] Sevim, A., Höfte, M., & DEMİRBAĞ, Z. (2012). Genetic variability of Beauveria bassiana and 
Metarhizium anisopliae var. anisopliae isolates obtained from the Eastern Black Sea Region of 
Turkey. Turkish Journal of Biology, 36(3), 255-265. 

[33] Singh, A. P. B., Kumar, A., & Singh, D. V. (2015). Field evaluation of Beauveria bassiana and 
Metarhizium anisopliae against major insect pest on paddy (Oryza sativa L.). Progressive 
Agriculture, 15(1), 62-65. 

[34] Suryadi, Y., Priyatno, T. P., Samudra, I. M., Susilowati, D. N., Lawati, N., & Kustaman, E. (2016). 
Pemurnian parsial dan karakterisasi kitinase asal jamur entomopatogen Beauveria bassiana 
Isolat BB200109. Journal Agro Biogen, 9(2), 77-84. 

[35] Rosdah, T., Fernando, R., Khodijah, K., Meidalima, D., & Herlinda, S. (2013). Patogenisitas Isolat 
Beuveria bassiana dan Metarhizium anisopliae Asal Tanah Lebak dan Pasang Surut Sumatera 
Selatan untuk Agens Hayati Scicophaga incertulas. Journal Hama dan Penyakit Tumbuhan 
Tropika, 13(1), 10-18. 

[36] Saumya Verma, Ashish Kumar Sharma, Neetu Sharma, Animesh JAIN (2017) An Imperative Need 
for Green Pesticides: A Review. International Journal of Pharmacy Research & Technology, 7(1), 
12-17.  

[37] Sundararaju, K., & Sukumar, P. (2016). Improvement of Power Quality Using PQ Theory Based 
Series Hybrid Active Power Filter. International Journal of Communication and Computer 
Technologies, 4(2), 59-63.  

[38] Surendar, A. (2018). Role of Microbiology in the Pharmaceutical & Medical Device. International 
Journal of Pharmaceutical Research, 10(3).   

 


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	REFERENCES

