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ABSTRACT : The entomopathogenic fungal species Metarhizium anisopliae is widely distributed in 

agricultural soil and it is popular for their used as a biocontrol agent against many insect pests. Metarhizium 
anisopliae have been studied widely in agriculture sector. Now a day, the demand of Metarhizium anisopliae is 

produced by its valuable biomass used against many insects. However temperature is the key factor which 

limits their effective use. In present study six strains of Metarhizium anisopliae isolated from different 

vegetable field from Nashik region of Maharashtra state of India, identified on the basis of morphological 

characters. Metarhizium anisopliae produce dark herbage green and olivaceous colonies with white mycelial 

margin and then tested for growth in Potato Dextrose Broth (PDB) and Sabouraud’s Dextrose Broth (SDB) in 

terms of development of conidia. Then isolates were tested for their temperature tolerance. The result revealed 

that all isolates were faster grown in PDB than SDB media. Isolate PCPL-Ma-13 showed maximum number of 

conidia formation in PDB medium at 30ºC.The production media of Metarhizium anisopliae and the effect of  

temperature on Metarhizium anisopliae  is discussed. 
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I. INTRODUCTION 
The population has been increasing rapidly, due to highly developed maternity and healthcare factors. Due to 

this the number of challenges also expanded around the global sustainability, including the demand for more 

food. As an essential resource, the supply of food is major concern. It is depend on growers, supplier and 

distributors to bring it to market. According to Statista report, the global vegetable production was 

approximately 816.8 million metric tons in 2019 and India produced approximately 189 million metric tons.   

Vegetable farming business is profitable business. On the other hand, vegetable damages from pests and disease 

cause significant losses for producers. To control the pest high load of chemical pesticides used to kill the pests 

and insects which can attack on crops and harm them. Chemical pesticides benefit the crops but they have 
affected the environment. Excessive use of pesticides may lead to the destruction of biodiversity, aquatic 

organisms, animals, birds and natural enemies of agricultural pests [1], [2], [3], [4]. In current scenario, for the 

sustainable vegetable production cost effectively and ecofriendly pesticide management is necessary due to the 

side effect of chemical pesticides. To overcome this situation we need to produce biopesticides or biological 

control agent using beneficial antagonist is environmentally sustainable alternative to chemical pesticides [5]. 

Biopesticides have several advantages viz. safety, friendly to non-target species, targeted activity to the desired 

pests, cost effective, effective in lower quantities hence they offering lower exposure and they decompose 

quickly, largely avoiding the pollution problems. Several microorganisms viz., bacteria [6], [7], [8], [9], [10], 

[11]; fungi [13], [13], [14], [15], [16]; virus [17], [18], [19], [20];  protozoan [21], [22], [23], [24], [25], [26] and 

nematodes [27], [28], [29], [30]  have been systematic studied for their effectively beneficial characters as a 

biocontrol agents.  
 

Among the studied microorganisms entomopathogenic fungi have considerable scope as plant protection agent 

against insects [31]. Last few decades, biocontrol potential entomopathogenic fungi are use as biological control 

agents for insects.  Among these fungi Metarhizium anisopliae have been most intensively investigated as 

insecticide in the crop pest control [32]. Metarhizium anisopliae being facultative fungal parasites, which grow 

on non-living media, can be mass produced (solid state), can infect and grow on insect host.  It is control more 

than 200 species of insects belonging to orders Homoptera, Lepidopter, Coleoptera, Orthoptera and Dermoptera 

[33]. For this reason our research interest in expansion and application of biopesticides for commercial 

production and sustainable utilization of the biopesticides. Metarhizium anisopliae has a potential for 

development into biopesticides and occurs in soils of different agro ecosystem.  
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The present study undertaken to isolate and identify the entomopathogenic Metarhizium anisopliae from 

different vegetable field of Nashik region of Maharashtra state of India, furthermore check growth media for 

mycelial and sporulation production of isolates then to evaluate their temperature tolerance for conidial yield.   

II. MATERIALS AND METHODS 
Collection of soil sample: Soil samples were collected from different villages of Nashik district, Maharashtra, 

India. This covered major area of vegetable crops shown in Table 1.Total 58 soil samples each containing 100 g 

in depth 0-20 cm were taken using cylindrical sampler and stored in sterile polythene bags from vegetables field 

sealed with a rubber band followed the method of [34] and brought to the R&D laboratory, Poorva Chemtech 

Pvt. Ltd. Pimpalgaon (B), Tal- Niphad, Dist- Nashik (MS) India. The samples passed through a sieve 2mm 

mesh and stored at 4ºC until culture as described by [13], [35].  

 

Table 1: Collection of soil sample for the study 

 

Sl. No. Vegetables field Name of the villages  Collected soil samples Taluka 

1 Tomato  Pimpalgaon 3 Niphad 
Mukhed 2 
Vadner Bhairav 2 

2 Cabbage Meshi 4 Deola 
Bahur 4 
Vithevadi 6 

3 Cauliflower Malwadi 5 Deola 
Lohner 3 

4 Chilli Kalwan 4 Kalwan 
Manur 6 
Bej 3 

5 Cucumber Bramhangaoan 5 Satana 
Arai 3 

6 Brinjal Khakurdi 4 Malegaon 
Dahiwad 4 

 

Isolation of Metarhizium anisoliae: The isolation of Metarhizium anisoliae from soil was carried out using 

selective agar media. Selective agar media was prepared by using Potato Dextrose Agar (PDA) (composition 

g/L: Infusion from potatoes – 200, Dextrose – 20, Agar – 15) for normally occur in the soil, as described by [36] 

with a serial dilution method. 10 g of soil sample from each site was added to 250 ml Erlenmeyer flask 

containing 90 ml of sterile distilled water and placed on rotary shaker (Omkar instruments) for 15 min for 

proper mixing and diluted to (10-3 and 10-4). Volume of 100 µl of each dilutions were then spread on culture 

petri dishes S-line (90 x 15 mm, Borosil) containing PDA media and incubated at 25 ± 1ºC in BOD incubator 
(REMI) for seven days. For pure culture single colonies were transferred and sub cultured on PDA medium and 

incubated at 25 ± 1ºC for seven days.  

 

Identification of Metarhizium anisoliae: During seven days incubation period Petri dishes were evaluated daily 

for the existence of colonies of Metarhizium anisoliae. Identifications were made by observing characteristics 

under microscope (Olympus CX 21i) at 100X magnification. Colonies were identified by morphological 

characteristics as describe by [37], [38]. The characteristics such as colour, shape, surface, edge, consistency and 

elevation and hyphae arrangement, conidia and conidiophores were considered for identification. 

 

Evaluation of growth media: For the growth and sporulation of Metarhizium anisopliae Potato Dextrose Broth 

(PDB) and Sabouraud’s Dextrose Broth (SDB) these two media were used.  PDB and SDB were prepared by 

using broth powder of Hi Media. 100 ml of each media was dispensed in to 250 ml Erlenmeyer flasks and 
autoclaved at 15 psi pressure for 30 min. Three flask of each medium was inoculated with 1 ml of spore 

suspension of culture separately and incubated at 25 ± 1ºC in BOD incubator for 7 – 10 day. Counting of spore 

was made by serial dilution of the suspension using Neubauer haemocytometer.   

 

Determination of optimal temperature: To quantify the effects of temperature on the growth of isolated 

strains were analyzed in PDB and SDB media at various temperatures of 20, 25, 30 and 35 ºC by following the 

method by [39]. Growth measured after 7 day incubation period. Spore concentration was determined by using 

Neubauer haemocytometer [40]. 
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III. RESULTS  
Strain isolation: Metarhizium spp. occurred naturally in the agricultural soil. Total 18 filamentous fungal 

isolates obtained from 15 sample collected sites on different Petri dishes. The isolate from each Petri dish was 
considered as a strain. All these strains were transferred to PDA agar Petri dish and strains were purified for 

further identification.   

 

Strain identification: As a result, six isolates were identified as Metarhizium anisopliae by using 

morphological and colony characteristics. The origin and place of the isolates are shown in Table 2. The strain 

of Metarhizium anisopliae produced dark herbage green, olivaceous colonies after 7 days of incubation when it 

grown on PDA agar petridish. The strain produces a white mycelial margin with clumps (Fig. 1 A and B); 

colonies were highly branched with cylindrical conidiophores closely packed. These conidiophores become 

colored with development of the spores. Conidial chains were round and columnar phialides in a dense parallel 

arrangement and conidia were cylindrical to oval were seen (Fig. 2 A and B) when observed under microscope. 

 

Table 2: Origin of isolated Metarhizium species 
 

Sr. 

No. 

Code No. Organism Origin of isolate 

(vegetable field) 

Place 

Name of village 

State 

1 PCPL-Ma-07 Metarhizium 

anisopliae 
Tomato Vadner Bhairav, Niphad Maharashtra 

2 PCPL-Ma-13 Metarhizium 

anisopliae 

Cabbage Bahur, Deola Maharashtra 

3 PCPL-Ma-29 Metarhizium 

anisopliae 

Cauliflower Loner, Deola Maharashtra 

4 PCPL-Ma-35 Metarhizium 

anisopliae 

Chilli Manur, Kalwan Maharashtra 

5 PCPL-Ma-48 Metarhizium 

anisopliae 

Cucumber Arai, Satana Maharashtra 

6 PCPL-Ma-52 Metarhizium 

anisopliae 

Brinjal Khakurdi, Malegaon Maharashtra 

 

Metarhizium anisopliae growth: The success production of biocontrol agent depends on screening, isolation 

and characterization in the laboratory. To find out the appropriate media for naturally available Metarhizium 

anisopliae growth and sporulation two liquid media PDB and SDB were tested in R & D laboratory. In this 

study, it was seen that Metarhizium anisopliae isolated strains had well grown in both PDB media and SDB 

media. Metarhizium anisopliae formed olivegreen mycelial mat on the surface of both medium. The results 

proved that PDB was the optimal culture medium for colony growth and conidia yield for Metarhizium 

anisopliae. Significant difference in conidial count was observed on tested medium after seven days on isolated 

strain growth shown in Table 3. The highest conidial count was observed of PCPL-Ma-13 in Potato Dextrose 

Broth (PDB) media (24.8 × 105) followed by Sabouraud’s Dextrose Broth media (86.7 × 104).  

 

Determination of optimal temperature: Results for the growth of isolated colonies of Metarhizium anisopliae 

in PDB media with all test temperatures are presented in Fig 3. The isolate PCPL-Ma-13 showed maximum 

mycelial growth at 30°C. The number of conidia found to be 46.92 × 105 after seven day. Minimum mycelial 

growth was observed at 20°C of isolate PCPL-Ma-52 and at 35°C of isolate PCPL-Ma-07. The minimum 
number of conidia found to be (6.08× 105) and (2.08× 105) respectively. Also results on the growth of isolated 

colonies of Metarhizium anisopliae in SDB media with all test temperatures are presented in Fig 4. The isolate 

PCPL-Ma-13 showed maximum mycelial growth at 30°C. The number of conidia found to be 84.63 × 104 after 

seven day. Minimum mycelial growth was observed at 20 and 35°C of isolate PCPL-Ma-07. The minimum 

number of conidia found to be (14.66 × 104) and (3.29 × 104) respectively. 
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Figure 1. A) Seven days-old culture of Metarhizium anisopliae on PDA Petri dish B) Mycelia 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 2.  A) Metarhizium anisopliae Conidia, phialides and B) spore  

 
Table 3: Conidial count of isolated Metarhizium anisopliae strain with PDB and SDB media. 

 

Sr. 
No. 

Metarhizium anisopliae isolates Growth Media 
Potato Dextrose Broth (PDB)    Sabouraud’s Dextrose Broth (SDB) 

    
1 PCPL-Ma-07 08.60 × 105 33.3 × 104 

2 PCPL-Ma-13 24.8 × 105 86.7 × 104 

3 PCPL-Ma-29 10.2 × 105 64.5 × 104 

4 PCPL-Ma-35 16.3 × 105 52.8 × 104 

5 PCPL-Ma-48 16.25 × 105 74.2 × 104 

6 PCPL-Ma-52 09.70× 105 38.3 × 104 
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 Figure 3. Effect of different temperatures on growth of isolated strains Metarhizium anisopliae in PDB media 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 4. Effect of different temperatures on growth of isolated strains Metarhizium anisopliae in SDB media 
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IV. DISCUSSION  
Selection of these isolates is the first priority to commercialize as biological control agent. For this purpose we 

isolated, identified and evaluated the strains biological control agents in our R&D laboratory. Metarhizium 

anisopliae are ubiquitous in microbial community [41]. They are closely associated with agricultural crops and 

maintained outer rhizosphere level in the vegetable field. Finding from the present research work showed that 

Metarhizium anisopliae occurred naturally in all collected samples sites. It may be due to the producers using 

this fungal as biocontrol agent in their field or due to climatic conditions of this region. In the present study we 

obtained six isolates of Metarhizium anisopliae from different vegetable field from Nashik District, 

Maharashtra, India as mentioned in Table 1.  

  

This is the first study report that, strains of Metarhizium anisopliae were isolated from vegetable field from 

Nashik area as mentioned in Table 2. Based on the observations the isolated strains morphology, size and shape 

of mycelia, conidia the isolated strains were identified as Metarhizium anisopliae. On PDA Petri dish colonies 

of this fungus well grow. After seven day white mycelial margin was observed outer side of dark green color. 

Fig. 1A. This is also observed by [35], [42], [43] and morphological characters are similar to described by [44], 
[45], [46], [47], [48], [49].  

 

To evaluate isolated strains of Metarhizium anisopliae cultivation the suitable media is needed to determine for 

the growth.  In present study for growth and sporulation of isolates two liquid media PDB and SDB were tested. 

We found that all six isolates of Metarhizium anisopliae were grown and developed spore after 7 day incubation 

from application. Microscopic observations were the evidence. This is in agreement to reports of [33], [43], 

[50], [51], [52], [53], [54] who reported the Metarhizium anisopliae growth in Potato Dextrose Agar and Potato 

Dextrose Broth and Sabouraud’s Dextrose Agar and Sabouraud’s Dextrose Broth. We found that in PDB media 

all isolates growth was faster than SDB Table 3. The isolate PCPL-Ma-13 have shown maximum number of 

conidia 24.8 × 105 in PDB media than in SDB media 86.7× 104.  

 
All isolates of Metarhizium anisopliae showed growth at all tested temperature. Highest mycelial growth was 

obtained of all isolate at 30°C in PDB media Fig. 3 and the number of conidia found maximum 46.92× 105 in 

isolate PCPL-Ma-13. When all isolates grown in SDB media, PCPL-Ma-13 shown maximum growth at 30°C 

and the conidia number found to be 84.63 × 104 Fig 4. After 7 days of incubation. Similar growth was observed 

in the study conducted by [36], [55], [56], [57], [58], [59], [60]. 

 

V. CONCLUSION  
Our findings of isolated Metarhizium anisopliae strains from vegetable field, Nashik region increase the 

possibility for developing a commercial biopesticides. The strategy could reduce the chemical pesticides. From 

our finding it was clear that the Metarhizium anisopliae strains is able to grow on solid and liquid medium 

which can be useful to farmers for culture these strains easily. Our work may be providing an overview for 

development of an effective biocontrol agent for ecofriendly control system and sustainable development.  
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