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Abstract 

 

Research on the diversity and abundance of entomopathogenic fungi and their hosts in rice plantations in Bolaang 

Mongondow Regency was an attempt to find potential local biological control agents. Integrated pest management 

as often employed in agricultural pest control, may be a way to address these issues. The purpose of this study was 

to determine the diversity and abundance of entomopathogenic fungi and their hosts, to find pest insect species that 

attack rice plants, and to look for potential host species and entomopathogenic fungi in Bolaang Mongondow. The 

results showed that entomopathogenic fungi that have been identified through the research are Beauveria bassiana, 

Hirsutela sp., and Metarhizium anisopliae. Hosts that have been found due to fungal entomopathogenic infections 

are Nilaparvata lugens, Scotinophara coarctata, Leptocorisa oratorius, and Paraeucosmetus pallicornis. The 

highest diversity index in Bolaang Mongondow was found in Nilaparvata lugens (1.07) and for entomopathogenic 

fungi was found in Beauveria bassiana (1.34). The highest abundance index levels in Bolaang Mongondow were 

found in the same host and fungi. 
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INTRODUCTION  
 

As a staple food and main source of calories 

in Indonesia, rice plants (Oryza sativa L.) 

have experienced pest attacks by at least 21 

insect species which are categorized as major 

pests [3; 21]. For these reasons, and many 

others, we all share the responsibility to 

ensure that new  agricultural technologies will 

be available continuously. Generally, pest 

control uses synthetic insecticides because 

they are easy to use and have a quick killing 

effect; however, those synthetic insecticides 

can lead to long term negative effects, such as 

environmental pollution, the emergence of 

resistant pest insects, the killing of natural 

enemies, increased residual yields, and health 

problems for users [17; 4; 1].  

Biological control is expected to inhibit the 

growth of pest insects by using biological 

control agents which are natural enemies of 

target insects, such as parasitoids, nematodes, 

viruses, fungi, bacteria and other predatory 

insects [1; 10]. The biological control 

commonly used is entomopathogenic fungi 

because it is an eco-friendly alternative; such 

as soil fungus (rhizosphere) which is able to 

attack insects by producing extracellular 

enzymes in the form of chitinase, lipase, and 

protease, which are important components of 

fungal infection process into insect bodies 

[24; 26]. 

Entomopathogenic fungi have great potential 

as biological pest control agents, and have 

been developed throughout the world for 

controlling a variety of important agricultural 

insect pests [12; 17]. The diversity of 

entomopathogenic fungi in a particular land 

may provide information about the potential 

of local pest control from entomopathogenic 

fungi that are naturally present at the site. 

However, B. bassiana isolates have different 

level of virulence at each host and location 

[17]; so that the local potentials of 

entomopathogenic fungi are needed to be 

known scientifically as a consideration for the 

supply of biological control agents. 

mailto:luhut.siahaan66@unsrat.ac.id
mailto:mtulung@gmail.co.id
mailto:janpelealu@gmail.co.id


Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 20, Issue 3, 2020 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

556 

In recent years, Bolaang Mongondow 

Regency has become the center of rice 

production and granary in North Sulawesi. 

This region has experienced pest attacks [18; 

15; 13] recently, and to overcome this 

problem, it is necessary to explore local 

potential entomopathogenic fungi isolates to 

control agricultural pests. Based on the 

description above, the problem of this 

research is how the diversity and abundance 

levels optimize the effectiveness of the 

entomopathogenic fungi and what insect 

species of pests and host species are potential 

to be controlled with entomopathogenic fungi, 

to obtain species of entomopathogenic fungi 

which are potential to be used as biological 

control agents in Bolaang Mongondow. 

 

MATERIALS AND METHODS  

 

This research took place from April 2019 to 

February 2020; including exploratory research 

using 1 m x 1 m plot size method, which was 

conducted in three districts of North Dumoga, 

Central Dumoga and East Dumoga as location 

samples. Furthermore, as the sampling 

location of each sub-district sample, three 

stations in the rice field area were determined 

with a purposive random sampling method 

adjusted to the age of rice plants. Sampling 

areas were chosen by making 10 plots of 1 m 

x 1 m size. Insects that have been infected 

with fungi were taken as samples; after being 

identified at the Laboratory of Ecology and 

Conservation FMIPA Sam Ratulangi 

University Manado. The number of 

entomopathogenic fungi was calculated based 

on the host species infected by the 

entomopathogenic fungi species. Diversity of 

infected host species and fungal species was 

calculated using the Shannon-Wiener 

Diversity Index [25]. 

 

𝐻′ =−∑𝑝𝑖𝑙𝑛𝑝𝑖

𝑠

𝑛=1

 

 

H'  = Shannon-wiener Diversity Index 

pi = comparison of the number of i-th 

individuals (ni) with the total number of 

individuals (n) 

s  =  Number of i species 

 

The abundance of infected host species and 

fungal species was calculated using the 

Abundance Index [7]. 

 

𝐴 = 
countsofindividualsofitype

countsofindividualsofalltypes
  x 100% 

 
A = Abundance Index 

 

Identification of entomopathogenic fungi was 

done by using a combined method of [19, 27, 

9, 16, 28, 20, 30, 23]. 

 

RESULTS AND DISCUSSIONS 

 

Results 

Exploration of Host Insects and 

Entomopathogenic Fungus 

The results of the exploration of host species 

and entomopathogenic fungi in Bolaang 

Mongondow District obtained four host insect 

species, namely Nilaparvata lugens, 

Scotinophara coarctata, Leptocorisa 

oratorius, and Paraeucosmetus pallicornis; 

and three entomopathogenic fungi species 

found, namely Beauveria bassiana, Hirsutela 

sp., and Metarhizium anisopliae. The 

exploration data can be seen in Table 1. 

 
Table 1. Average Number of Entomopathogens in 

Bolaang Mongondouw Regency 
Type of Host  

(Individual) 

 Type of  

Fungi 

(Individual) 

 Total 

 B. 

bassiana 

Hirsutela 

sp. 

M. 

anisopliae 

 

N. lugens 1.47 1.31 0.78 3.56 

S. coarctata 0.93 0.98 0.49 2.40 

L. oratorius 0.81 0.60 0.18 1.59 

P. pallicornis 0.81 0.36 0.36 1.43 

Total 4.02 3.25 1.72  

Source: Own calculation. 

 
The highest total number of entomopathogenic 

fungi was found in N. lugens host (3.56) and the 

least in P. pallicornis host (1.43). The B. bassiana 

fungus is the most common host of N. lugens 

(1.47), L. oratorius (0.81), and P. pallicornis 

(0.81). Hirsutela mushroom sp. is the fungus that 

most attacks the host S. coarctata (0.98). Based on 

these data, the type of host that is potential to be 

controlled with entomopathogenic fungi is the N. 

lugens host because it has the highest total number 

of attacks on this pest insect compared to the other 
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hosts. The type of entomopathogenic fungus that 

is potential to control pest insects in Bolaang 

Mongondow is B. bassiana fungus because this 

fungus has the highest number of attacks against 

three of the four pest insects found. 

Diversity Index (H’) 

The fungi diversity index was analyzed using the 

Shannon-wiener diversity index formula [25]. In 

this study, there are two forms of diversity index 

calculation. The first form is based on the type of 

host with a defining value (ni) which is the 

number of entomopathogenic fungi that attack one 

type of host and the value (N) is the total number 

of entomopathogenic fungi that attack one type of 

host. The second form is based on the type of 

entomopathogenic fungus with the defining value 

(ni), namely the number of similar insects infected 

by one type of entomopathogenic fungus and 

value (N), namely the total number of individual 

insects infected by one type of entomopathogenic 

fungus found. 

There are three categories of diversity indexes, 

namely Low (H' <1), Medium (1 < H' < 3), and 

High (H' > 3) [2]. 

 

 
Fig. 1. Entomopatogenic Fungus Host  Value  

in Bolaang Mongondow 

Source: Own calculation. 

 

The value of H' host insect pest species can be 

seen in Figure 1. The highest value was found on 

host N. lugens (1.07), followed by S. coarctata 

(1.06), P. pallicornis (0.98) and L. oratorius with 

the lowest value of 0.96. N. lugens and S. 

coarctata hosts are in the moderate category and 

L. oratorius and P. pallicornis are in the low 

category [2]. This shows that N. lugens and S. 

coarctata hosts are entomopathogenic fungi that is 

more diverse than the other two host insect 

species, so that N. lugens is the most potential 

hosts to be controlled with entomopathogenic 

fungi. 

 

 
Fig. 2. Entomopatogenic Fungi H' value  in Bolaang 

Mongondow 

Source: Own calculation. 

 

The index value of entomopathogenic fungi 

diversity in Bolaang Mongondow Regency shows 

that B. bassiana (1.34) has the highest index 

value, followed by Hirsutela sp. (1.27), and M. 

anisopliae (1.24) with the lowest index value 

(Figure 2). Those fungi are classified as the 

medium category, which means that they have the 

same diversity of hosts. Based on these data, the 

type of entomopathogenic fungus that has the 

potential to control pest insects is B. bassiana, 

based on the highest H' value compared to the 

other two fungi. 

Abundance Index (A) 

The entomopathogenic mushroom abundance 

index was calculated using the formula of 

abundance index, calculated using two forms of 

calculation [7]. The first is based on the type of 

host and the second is based on the type of 

entomopathogenic fungus. The higher the value of 

A means the species is more abundant. Based on 

the host insect species, the results indicated that 

there were two abundant entomopathogenic fungi 

in certain species of pest insects. B. bassiana fungi 

were found to be abundant in three host insect 

species, namely N. lugens (41.20%), L. oratorius 

(51.01%), and P. pallicornis (56.72%). 

Meanwhile, Hirsutella sp. overflow in S. 

coarctata host (40.74%) (Fig. 3).  

The M. anisopliae fungus shows the lowest 

abundance value for all host insects indicated by 

these values: N. lugens (21.85%), S. coarctata 

(20.37%), L. oratorius (11.18%), and P. 

pallicornis (18.65%). 

Thus, the B. bassiana fungus is the most abundant 

entomopathogenic fungus compared to the other 

two fungi because it is able to attack three insect 

pests found; hence, it is the most potential for 

controlling insect pests. 
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Fig. 3. Abundance index of host infected by 

entomopathogenic fungi in Bolaang Mongondow 

Source: Own calculation. 

 

Based on entomopathogenic fungi species, the 

results showed that N. lugens was the host with 

the highest index of abundance of 

entomopathogenic fungi, namely B. bassiana 

(36%), Hirsutela Sp. (40%), and M. anisopliae 

(45%) (Fig. 4).  

 

 
Fig. 4. Entomopathogenic Fungi Abundance index based on 

Host Type  in Bolaang Mongondow (%) 

Source: Own calculation. 

P. pallicornis hosts showed the lowest index of 

fungi abundance in the species of Hirsutela sp. 

(19%) and L. oratorius host in M. anisopliae 

fungal species (10%); both of them have the 

lowest abundance index value in B. bassiana 

fungus (20%). This shows that the N. lugens pest 

is an insect that is potential to be controlled with 

entomopathogenic fungi because of the high 

abundance index of each entomopathogenic 

fungus found in this pest. 

Discussions 
Exploration of insects infected with 

entomopathogenic fungi in Bolaang Mongondow 

shows that the insect pests that has the tendency to 

become host is N. lugens insects with 

entomopathogenic fungus B. bassiana. This was 

influenced by several factors including the use of 

pesticides [22; 28] and the virulence ability of 

entomopathogenic fungi  [17]. 

The use of pesticides can affect the ability of 

entomopathogenic fungi to infect T. molitor larvae 

[28]. It is noted that on certain field area where 

pesticides are not applied, high percentage of T. 

molitor larvae infection were found. This means 

that the use of pesticides can affect the ability of 

entomopathogenic fungal infections, but the level 

of influence of the use of pesticides on the ability 

of entomopathogenic fungal infections in Bolaang 

Mongondow has not been scientifically tested. 

The use of pesticides that are still massive is 

suspected to be the cause of the reduced number 

of infected insect pests because their pathogenicity 

is disrupted due to pesticide residues. This applies 

specifically to the M. anisopliae fungus because 

the results show that this fungus has the lowest 

number of infections of all hosts. The use of 

imidacloprid-based pesticides can inhibit 

sporulation of this fungus; but in different strains 

the opposite effect may occur, so it still needs in-

depth investigated [8]. 

Differences in sampling locations also affect the 

pathogenicity of entomopathogenic fungi in terms 

of the mortality rate of host insects. Mortality rate 

of L. oratorius (walang sangit) due to infection 

with B. bassiana and Metarhizium sp. was 

different; depending on the location where the 

entomopathogenic fungi are isolated [6]. This 

relates to the location of sampling.  

There are three sample locations, which are the 

three districts in Bolaang Mongondow, namely 

North Dumoga District, Central Dumoga District, 

and East Dumoga District. The characteristics of 

these three regions need to be investigated further, 

whether it affects the virulence differences of the 

entomopathogenic fungi that exist in each place, 

where the B. bassiana fungus was also reported to 
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have a different virulence due to differences in 

location and host where the fungus was isolated 

[17]. 

The index of abundance of pest insect species 

shows that all types of hosts in all locations have 

the highest abundance index due to fungal 

infection of B. bassiana, because B. bassiana has 

a high conidia germination (> 70%) when 

compared to Metarhizium sp. with conidia 

germination <60% [19], so the ability to infect 

host insects is increased. B. bassiana is known to 

have a high pathogenicity compared to 

Metarhizium sp [6]. In addition, B. bassiana fungi 

showed the highest mortality rate of L. oratorius 

(walang sangit) (73.3%) compared to Metarhizium 

sp. (70%). In addition, B. bassiana is an 

entomopathogenic with a broad spectrum of 

attack, so its abundance against various host 

insects is higher. 

Based on the calculation of diversity and 

abundance index values, the potential host insect 

to be controlled with local isolate 

entomopathogenic fungi is brown plant hopper (N. 

lugens). These insects are pests that damage plants 

by sucking cell fluids and are able to migrate for a 

long distance [14]. These insects can become 

more virulent by increasing the expression of 

genes associated with the digestive system, 

salivary secretion, detoxification, metabolism of 

carbohydrates, lipids, and amino acids [5]. 

Control using synthetic pesticides may give 

resistant effect on these insects. Extreme 

resistance occurs with imidacloprid and moderate 

to high resistance occurs with thiamethoxam [31]. 

Controlling N. lugens with pesticides is feared to 

have a pesticide-resistant effect on Bolaang 

Mongondow farm. Another concern is shown by 

the extraordinary migration tray of N. lugens. 

There was a spike in the population of N. lugens in 

the vicinity of the Yangtze River due to N. lugens 

immigrants reproducing there [11]. Migration that 

occurs there comes from N. lugens that are around 

the area, meaning that migration of N. lugens can 

occur between agricultural land. If there is a 

migration of N. lugens that has become pesticide 

resistant to other agricultural land, then the use of 

pesticides will not have a good impact to control 

the pest population and actually harm the soil 

ecosystem where entomopathogenic fungi are 

located. 

Instead of using synthetic pesticides, the selection 

of local entomopathogenic fungi is highly 

recommended. Based on the calculation of 

diversity and abundance index values, locally 

isolated entomopathogenic fungi that have the 

potential to control pests are B. bassiana. B. 

bassiana fungi will be hampered by the process of 

spore formation if there is a fungicide present 

around it, but imidacloprid-based insecticides can 

stimulate the growth and sporulation of this 

fungus [8], so that the use of B. bassiana fungi can 

be applied in fields that have used insecticides. 

This is also the reason the diversity and abundance 

index value of B. bassiana fungi in Bolaang 

Mongondow is higher than the other two species 

of entomopathogenic fungi, if indeed there is a 

high enough pesticide residue in the area. In 

addition, the use of B. bassiana to overcome 

insect pests that are resistant to imidacloprid-

based insecticides may become a new alternative. 

Besides being able to play a direct role as a 

biological control agent, secondary metabolites of 

the fungus B. bassiana can be used as insecticides; 

because the fungus B. bassiana produces toxins 

from the mycelium which can be used as an 

insecticide in the process of destroying the 

stomach tissue of the insect's body. This toxin can 

be extracted, so that B. bassiana in the future can 

potentially become a biological agent providing 

N-hexadecanoic acid-based insecticide  [29]. 

 

CONCLUSIONS 

 
The highest diversity index in Bolaang 

Mongondow was found in the host Nilaparvata 

lugens (1.07) and for entomopathogenic fungi was 

found in Beauveria bassiana (1.34), while the 

highest abundance index was also found in the 

host Nilaparvata lugens and for fungi was found 

in Beauveria bassiana fungi. With data examined 

above, it may be concluded that the most potential 

host insects to be controlled with 

entomopathogenic fungi is Nilaparvata lugens, 

with the most potential entomopathogenic fungi to 

control pests is Beauveria bassiana. 

 

REFERENCES 

 
[1]Abidin, A.F., Ekowati, N., Ratnaningtyas, N.I., 

2017, Insecticide Compatibility to The 

Entomopathogenic Fungi Beauveria bassiana and 

Metarhizium anisopliae. Scripta Biologica 4 (4): 273-

279. 

[2]Alikondra, H. S., 2002, Pengelolaan Satwa Liar. 

Jilid I. (Wildlife Management. Volume I). IPB Faculty 

of Forestry. Bogor. in Indonesian. 

[3]Ane, N. U., Hussain, M., 2015, Diversity of Insect 

Pests in Major Rice Growing Areas of the World. 

Journal of Entomology and Zoology Studies 4 (1): 36-

41. 

[4]Bintang, U.S., Wibowo, A., Harjaka, T., 2015, 

Keragaman Genetik Metharhizium anisopliae dan 

Virulensinya pada Larva Kumbang Badak (Orictes 



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 20, Issue 3, 2020 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

560 

rhinoceros). Jurnal Perlindungan Tanaman Indonesia 

(Genetic Diversity of Metharhizium anisopliae and its 

Virulence in Rhinoceros Beetle (Orictes rhinoceros) 

Larvae. Indonesian Plant Protection Journal, 19 (1): 12-

18. In Indonesian. 

[5]Chaerani, 2017. Virulensi Wereng Batang Cokelat  

(Nilaparvata lugens Stål) dan Strategi Pengelolaannya. 

Jurnal AgroBiogen (The virulence of the Batang 

Batang (Nilaparvata lugens Stål) slope and its 

management strategies. AgroBiogen Journal) 13 (1): 

53–66. In Indonesian. 

[6]Effendy, T.A., Septiadi, R., Salim, A., Mazid, A., 

2010, Jamur Entomopatogen Asal Tanah Lebak di 

Sumatera Selatan dan Potensinya sebagai Agensia 

Hayati Walang Sangit (Leptocorisa Oratorius (F.). 

Jurnal HPT  Tropika (Entomopathogenic Fungus 

Origin of Lebak Land in South Sumatra and Its 

Potential as a Biological Agent of Walang Sangit 

(Leptocorisa Oratorius (F.) Tropical HPT Journal) 10 

(2): 154-161. In Indonesian. 

[7]Fachrul, M.F.,2007, Metode Sampling Bioekologi 

(Bioecological Sampling Method). Bumi Aksara 

Jakarta: in Indonesian. 

[8]Fiedler, Z., Sosnowska, D., 2017, Side Effects of 

Fungicides and Insecticides on Entomopathogenic 

Fungi in Vitro. Journal of Plant Protection Research 57 

(4) 

[9]Herdatiarni, F., Himawan, T., Rachmawati, R., 

2014, Eksplorasi Cendawan Entomopatogen Beauveria 

sp. Menggunakan Serangga Umpan  pada Komoditas 

Jagung, Tomat, dan Wortel Organik di Batu, Malang. 

(Exploration of Entomopathogenic Fungi Beauveria sp. 

Using Bait Insects in Organic Commodities of Corn, 

Tomato, and Carrots in Batu, Malang). HPT Journal  1 

(3): 1-11. In Indonesian. 

[10]Herlinda, S., Hartono, Irsan, C., 2008, Efikasi 

Bioinsektisida Formulasi Cair Berbahan Aktif  

Beauveria bassiana (Bals.) Vuill. dan Metarhizium Sp. 

Pada Wereng Punggung Putih (Sogatella furcifera 

HORV.). Seminar Nasional dan Kongres PATPI 

(Efficacy of Bioinsecticides Liquid Formulations Made 

from Beauveria bassiana (Bals.) Vuill. and 

Metarhizium Sp. On the White Back Wereng (Sogatella 

furcifera HORV.). PATPI National Seminar and 

Congress). p:1-15. 

[11]Hu, G., Lu, F., Zhai, BP, Lu, M.H., Liu, W.C., 

Zhu, F., Wu, X.W., Chen, G.H., Zhang, X.X., 2014,  

Outbreaks of the Brown Planthopper Nilaparvata 

lugens (Sta ˚l) in the Yangtze River Delta: Immigration 

or Local Reproduction?. Plos One. Plos One. 

9(2):e88973,https://pubmed.ncbi.nlm.nih.gov/2455845

9/ www. Plosone.org, Accessed on May, 15th, 2020. 

[12]Indrayani, I., Soetopo, D., Hartono, J., 2013, 

Efektivitas Formula Jamur Beauveria Bassiana dalam 

Pengendalian Penggerek Buah Kapas (Helicoverpa 

Armigera). Jurnal Littri. (Effectiveness of the 

Beauveria Bassiana Mushroom Formula in the Control 

of Cotton Fruit Borer (Helicoverpa Armigera). Littri 

Journal). 19 (4): 178 - 185. 

[13]Kanakan, R., Rogi, J.E.X., Supit, P.C.H., 2017, 

Pemetaan Potensi Produksi Padi Sawah (Oryza sativa 

L.) di Kawasan Dumoga Kabupaten Bolaang 

Mongondow dengan Menggunakan Model Simulasi 

Tanaman (Mapping the Potential of Rice Production 

(Oryza sativa L.) in the Dumoga Region of Bolaang 

Mongondow Regency by Using a Plant Simulation 

Model). Cocos. 1 (3): 1-15. In Indonesian. 

[14]Kaur, G., 2011, Biology Of Brown Planthopper, 

Nilaparvata Lugens (Stal) on Rice. [Thesis Master of 

Science in Entomology] Department of Entomology 

College of Agriculture Punjab Agricultural University. 

[15]Kila, A.H., Salaki, C.L., Meray, E.R.M., 2016, 

Serangan dan Populasi Scotinophara Sp. pada Tanaman 

Padi Sawah di Kabupaten Bolaang Mongondow 

Timur.(Attack and Population of Scotinophara Sp. in 

Paddy Rice Plants in Bolaang Mongondow Timur 

Regency). Eugenia 22 (3): 108-115. In Indonesian. 

[16]Kulu, I. P., Abadi, A L., Afandhi, A.,  

Nooraidawati, 2015, Morphological and Molecular 

Identification of Bauveria bassiana as Entomopathogen 

Agent from Central Kalimantan Peatland, Indonesia. 

International Journal of Chemical Tech Research 8 (4): 

2079-2084. 

[17]Li, M., Li., S., Xu, A., Lin, H., Chen, D., Wang, H., 

2014, Selection of Beauveria Isolates Pathogenic to 

Adults of Nilaparvata lugens. Journal of Insect Science. 

14 (32): 1-12 

[18]Mandei, J.R., Katiandagho, T., Ngangi, C.R.,  

Iskandar, J.N., 2011, Penentuan Harga Pokok Beras Di 

Kecamatan Kotamobagu Timur Kota Kotamobagu 

(Determination of Rice Price in the District of 

Kotamobagu Timur Kotamobagu City). Ase 7 (2): 15-

21. In Indonesian. 

[19]Nuraida, Hasyim, A., 2009, Isolasi, Identifikasi, 

dan Karakterisasi Jamur Entomopatogen dari Rizosfir 

Pertanaman Kubis. Jurnal Hortikultura (Isolation, 

Identification and Characterization of 

Entomopathogenic Fungi from the Cabbage Plant 

Rizosfir. Horticultural Journal). 19 (4): 419-432. In 

Indonesian. 

[20]Priyatno, T. P., Samudra, I M., Manzila, I., 

Susilowati, D. N., Suryadi, Y., 2016, Eksplorasi dan 

Karakterisasi Entomopatogen  Asal Berbagai Inang dan 

Lokasi. Berita Biologi. (Exploration and 

Characterization of Entomopathogens from Various 

Hosts and Locations. Biology News). 15 (1): 69-79. In 

Indonesian. 

[21]Rizal, M., Wahyono, T.E., Sukmana, C., 2017,  

Keefektifan Beauveria abssiana dan Pupuk Organik 

Cair terhadap Nilaparvata lugens. Bul. Littro (The 

effectiveness of Beauveria abssiana and Liquid Organic 

Fertilizers against Nilaparvata lugens. Bul Littro). 28 

(1): 97-104. in Indonesian. 

[22]Sapieha-Waszkiewics, A, Marjanska-Cichon, B., 

Piwowarczyk, Z., 2005, The Occurrence of 

Entomophatogenic Fungi In The Soil From The 

Plantations of Black Currant and Aronia. Electronic 

Journal of Polish Agricultural Universities. 8 (1): 1-8. 

[23]Sirait, D. D. N., Tobing, M. C., Safni, I., 2018, 

Morphology Variation Of Metarhizium anisopliae 

From Soil In North Sumatra Areas. Journal of 

Community Service and Research 1 (2): 31-34. 

https://pubmed.ncbi.nlm.nih.gov/24558459/
https://pubmed.ncbi.nlm.nih.gov/24558459/


Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 20, Issue 3, 2020 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

561 

[24]Smith, R.J., Pekrul, S., Grula, E.A., 1981,  

Requirements for sequential enzymatic activities for 

penetration of the integument of the corn earworm 

Heliothis zea. Journal of Invertebrate Pathology 38, 

335-344. 

[25]Stilling, P., 2012, Ecology: Global Insights and 

Investigations. McGraw-Hill, New York. 

[26]Suciatmih, Kartika, T., Yusuf, S., 2015, Jamur 

Entomopatogen dan Aktivitas Enzim Ekstraselulernya. 

Berita Biologi. (Entomopathogenic Fungus and 

Extracellular Enzyme Activity. Biology News). 14 (2): 

131- 142. in Indonesian. 

[27]Toledo, A. V., Simurro, M., E., Balatti, P. A., 

2013, Morphological and Molecular Characterization 

of a Fungus, Hirsutella sp., Isolated from Planthoppers 

and Psocids in Argentina. Journal of Insect Science 13 

(18): 1-11. 

[28]Trizelia, Armon, N., Jailani, H., 2015,  

Keanekaragaman Cendawan Entomopatogen pada 

Rizosfer berbagai Tanaman  Sayuran. Prosiding 

Seminar Nasional Masyarakat Biodiversitas Indonesia. 

(Entomopathogenic Fungi Diversity in the Rizosphere 

of various Vegetable Plants. Proceedings of the 

National Seminar on the Indonesian Biodiversity 

Society. Vol. 1 (5): 998-1004. in Indonesian. 

[29]Vivekanandhan, P., Kavitha, T., Karthi, S., Senthil-

Nathan, S., Shivakumar, M.S., 2018, Toxicity of 

Beauveria bassiana-28 Mycelial Extracts on Larvae of 

Culex quinquefasciatus Mosquito (Diptera: Culicidae). 

International Journal of Environment Research Public 

Health 15 (440): 1-11. 

[30]Wawan, Santoso, T., Anwar, R., Priyatno, T. P., 

2017, Isolasi dan Identifikasi Entomopatogen  

Hirsutella citriformis (Speare) dan Potensi Miselianya 

sebagai Sumber Inokulum untuk  Pengendalian Wereng 

Cokelat (Nilaparvata lugens Stål.). Jurnal AgroBiogen 

(Isolatation and Identification of Entomopathogen 

Hirsutella citriformis (Speare) and its Potential Misel 

as a Source of Inoculum for Control of  Nilaparvata 

lugens Stål. AgroBiogen Journal) 13 (1): 43–52. In 

Indonesian. 

[31]Wu, S.F., Zeng, B., Zheng, C., Mu, X.C., Zhang, 

Y., Hu, J., Zhang, S., Gao, C.F., Shen, J.L., 2018, The 

evolution of insecticide resistance in the brown 

planthopper (Nilaparvata lugens Stål) of China in the 

period 2012–2016. Scientific Reports. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC58546

92/ www.nature.com/scientificreports, Accessed on 

May, 16th, 2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5854692/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5854692/


Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development  

Vol. 20, Issue 3, 2020 

PRINT ISSN 2284-7995, E-ISSN 2285-3952  

562 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


