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Abstract 

The success of the biological control agents of insect pests depends not only on their experimentation and analysis, but also on 

the success of their mass production. The biological control strategy using entomopathogenic fungi like Beauveria bassiana, 

Metarhizium anisopliae, Verticillum lecanii and Paecilomyces fumosoroseus can only be successful if practical and economic 

methods of mass multiplication are available. Broken rice grains was evaluated for solid state multiplication of B. bassiana, M. 

anisopliae, V. lecanii and P. fumosoroseus. Mass multiplication of these bio-control agents were studied using different media 

to evaluate parameters like dry extraction of conidia, spore yield, spore count and germination. The influence of photoperiod 

and incubation time in the production of conidia were also evaluated. These studies indicate broken rice as the most productive 

substrate for conidial production of the four fungal genera, with a yield of 4.2x1010, 6.5x1010, 5.9×10⁹, 7.8×10⁹ conidia 

respectively. 
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Introduction 

The use of microbial control agents like Entomopathogenic 

fungi, an alternative to chemical control, as a component of 

integrated pest management (IPM) strategies is being widely 

explored for the management of wide range of insect pests. 

Entomopathogenic fungi is a soil fungus with a good 

potential for biological control of nematodes and also cause 

widespread epizootics in fruit flies (Jiji et al., 2006) [11], 

stink bugs (Rambadan et al., 2011) [23], reduviid bugs (Marti 

et al., 2006) [18], green house white flies (Gokce et al., 2005; 

Wraight et al., 2000) [7, 27] and mite pests (Fiedler and 

Sosnowska, 2007) [6]. The availability of the 

mycoinsecticides unlike chemical insecticides is a 

challenging factor in testing the pathogenicity of fungal 

pathogens against target insect hosts. For evaluation of the 

entomopathogenic fungus under field conditions, mass 

multiplication of the fungus on suitable substrate (Jagadeesh 

Babu et al., 2008) [8] is necessary. Lack of reliable substrates 

is a major constraint in the mass production and utilization 

of the mycoinsecticides (De Faria et al 2007) [5]. Hence 

studies were carried out to determine the most suitable and 

locally available solid substrate for the mass multiplication 

of the fungus. 

 

Materials and Methods 

The present study was carried out in Entomology 

Laboratory, Central Research Institute for Dryland 

Agriculture (CRIDA), Hyderabad (India) in 2013. The 

studied were carried out by using broken rice as a solid 

substrate to evaluate mass production and economics of 

entomopathogenic fungi (EPFs). 

Composition of different synthetic media used 

1. P. fumosoroseus 

Potato Dextrose Agar (PDA): (per liter) for 

PDB: 24g 

Agar: 15.0 

 

2. B. bassiana 

Sucrose: 4.5 g 

Yeast extract: 1.5g 

PH: 6 

Distell water: 250g 

Conical Flask: 500ml 

 

3. M. anisopliae 

Peptone: 2.5g 

Glucose: 10g 

D.water:250ml 

Conical Flask: 500ml 

 

4. V. lecanii 

PDB: 24g 

Agar: 15.0 

D. water: 1lit 

 

5. Sabouraud Dextrose Agar (SDA): per liter 

Dextrose: 40.0 

Peptone: 10.0 

Agar: 15.0 

 

Entomopathogenic fungi isolates and their original 

sources 

Four fungal isolates were evaluated in these experiments.  
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Metarhizium anisopilae, Paecilomyces fumosoroseus were 

obtained from Division of Plant Pathology, CRIDA 

Hyderabad. (B.bassiana, V. Lecanii) were obtained from 

Chevella village, Rangareddy district, Telangana. The fungi 

were cultured on Potato Dextrose Agar (PDA) in slant and 

kept in fridge at 24ºC as a stock culture then grown on 

Potato Dextrose Agar (PDA) in Petri dishes and maintained 

at ambient temperature 27± 10C till usage. Fifteen to 

twenty-one days old-cultures were used as inoculums for 

mass culture in broken rice. 

 

Solid production of conidial spore  

250g of broken rice was thoroughly dry cleaned and washed 

with water followed by air drying, (0.1%) of chitosan and 2-

3ml of groundnut oil was added to it. followed by par 

boiling the rice. Par boiled rice was cooled and corn steep 

liquor (30g per 1 kg of rice), antibiotic (chlarophenical 

25rpm) i.e. 25µg/1kg rice were added to it and autoclaved. 

10% of the broth inoculum and incubate.  

 

Spore harvesting and drying  
The spores were harvested 3 to 12days after inoculation for 

solid media respectively, to evaluate spore yield. To harvest 

the spores as powder, it is necessary to dry the fungus to 

reduce moisture content and allow the spores to separate 

from the substrate. The spores which were harvested 

following this procedure can be preserved for a long time 

without loss of viability or pathogenicity (Bateman, 2007) 

[2]. To dry the cultures, the plastic bags were opened in a 

room with a temperature of 20± 5ºC and an average relative 

humidity of 50±5% and allowed to air dry. Harvesting was 

done manually for 20 minutes. The manual harvest 

consisted of back and forth movements of the sieve. The 

spore powder that was collected after sieving was weighed 

and kept in separate sterile vials for further assessments, 

such as moisture content and quality assessment. 

 

Spore counting  

That is 10 microliter of conidial suspension of Metarhizium 

anisopliae, Verticillum lecanii, B. bassiana and P. 

fumosoroseus, was placed on the hemocytometer. The cover 

glass was put over the grid carefully so that no air bubble 

entered between cover glass and slide. The conidia of 

Entomopathogenic fungi were counted under Olympus 

BX41 phase contrast microscope at higher resolution  

 

Germination test  
Spore suspension of (104/105 cfu/ml) was suspend in Tween 

80. Media was smeared on slides and prepare an and then 

place it in a Petri dish. Then place 1-2 drops of spore 

suspension on the medium and spread over the slide. Then 

incubate for 18 to 36 h and observe under microscope 

(every 1 h) Count the germination spores (a) Non 

germinated spores (b). Then finally Count percentage a/a+b 

x 100.  

 

 
 

 
 

Fig 1: A=Beauveria bassiana B=Metarhizium anisopliae C=Verticillium isolates growing on Sabouraud Dextrose Agar and contamination 

tube lined with velvet material used to infect insects with spores (c). 
 

 
 

Fig 2: Solid substrate (broken rice) with well-sporulated Beauveria bassiana. Paecilomyces fumosoroseus, Metarhizium anisopliae, 

Verticillum lecanii 
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Fig 3: Culture bags along with control bags 
 

 
 

Fig 4: Small-scale plastic bag-based mass production of B. 

bassiana and M. anisopliae. 

 

Result and Discussion 

The spore was counted by using the Heamocytometer. The 

spore count of Beauveria bassiana Paecilomyces 

fumororoseus, Verticillum Lecanii and Metrahizium 

anisophilae is 7.8×10⁹, 5.9×10⁹, 4.2×1010 and 6.5×1010 

spore/ml respectively. The germination observed for 

Beauveria bassiaana was at 12h and maximum germination 

was after 20 hrs for Paecilomyces fumoroseus it was after 

18hrs and maximum germination at 24hrs, Verticillum 

Lecanii showed germination at 18hrs and maximum 

germination after 36 hr Metrahizium anisophilae germinated 

after 12h and showed a maximum germination at 36h. This 

production can be done in larger scale and can be used for 

further field as well as laboratory study.  

Various fermentation containers such as conical flasks, 

Petri’s plates, tubes, trays, and plastic bags can be used for 

the mass production of entomopathogenic fungi (Wraight et 

al., 2001; Jaronski, 2014) [28, 10]. One of the advantages of 

using bags for solid multiplication is that there is a 

possibility of breaking the subtract clumps formed and in 

some cases the light is used for optimally for sporulation 

(Jaronski, 2014) [10]. In our study, mass production potentials 

of B. bassiana, M. anisopliae, V. lecanii and P. 

fumosoroseus were assessed (fig 1) conidial production 

among different strains of the entomopathogenic fungi (B. 

bassiana, M. anisopliae, V. lecanii and P. fumosoroseus) 

showed statistically insignificant differences. However, 

strains of P. fumosoroseus showed higher production than 

the strains of M. anisopliae B. bassaina and V. lecanii in the 

respective order. The result indicated that the sporulation of 

these fungi differed significantly among different subtracts. 

Highest sporulation was recorded after four weeks of 

incubation on broken rice for all fungi are 7.8×10⁹ 5.9×10⁹ 
4.2×1010 6.5×1010 respectively. 

Values comparable to the present study were reported by 

Sahayaraj and Namasivayam (2008) [24] with production of a 

value close to 1.1× 107 conidia g1 of subtract. They also 

proposed that rice grains were the most suitable subtract for 

the mass multiplication of B bassiana Latifian et al. (2013) 

[13] evaluated the solid state multiplication of B. bassiana on 

different plant materials, including sugarcane, corn, barley, 

rice, millet, and sorghum. They found that a selected strain 

of B. bassiana (IRAN441c) recorded a maximum production 

of 6.24 x 104 conidia g-1 on rice. Nonetheless, better spore 

production has been reviewed and commented by Bradley et 

al. (1992) [3] and Bradley et al. (2002) [4] on different 

substrates, e.g., barley, where selected Beauveria strains 

were produced in the order of 2.6 x 1010 conidia g-1 on 

culture reactors.  

Babu et al. (2008) [1] reported that conidial production of the 

fungus M. anisopliae on rice (amended with yeast extract) 

was significantly greater than other solid plant substrates, 

with a mean value of 1.1 x 109 conidia g-1 of substrate. 

When M. anisopliae were multiplied on rice Latifian et al. 

(2014) [12] it recorded maximum conidial production of 2.8 x 

106 conidia g-1. Loera et al. (2016) [14] used rice grains as 

the only substrate for the production of conidia with a 

selected strain of M. anisopliae in plastic bags and managed 

to obtain about 1 x 109 conidia g-1 of substrate. Some 

authors mentioned that the structure of the substrate is as 

important as the availability of nutrients and that an ideal 

substrate should provide a large surface area to favor 

aeration and formation of conidia (Lomer & Lomer, 2008; 

Machado et al., 2010; Mascarin et al., 2010) [15, 16, 19].  

Rice hull is a by-product of the rice industry, which has 

more surface area per gram than the rice grain. However, in 

the present work, any of the rice hulls combinations when 

used as a solid mass multiplication substrate produced fewer 

conidia per gram of substrate compared to the rice grain for 

the fungal strains evaluated. This could be due to the fact 

that rice hulls have fewer nutrients or the availability of the 

same for the fungal strains is less. So, even if rice hull is a 

by-product of rice milling latter cheaper than the broken 

rice, the proportion of nutrient in broken rice is higher, 

making the latter a better option for mass multiplication of 

biocontrol fungi. Also, different published protocols of mass 

multiplication use additives such as Torula yeast extract or 

sugarcane molasses to bypass the need of nutrients of some 

agricultural substrates and increase the production of 

conidia (Prakash et al., 2008; Sene et al., 2010; Jaronski, 

2014, Mishra et al., 2016) [22, 25 10, 20]. Thus the use of 

additives could be one possible option to optimize the 

production the conidia of these entomopathogenic fungal 

strains in further studies.  

Small and medium-scale conidia production vary with 

different key parameters like substrate used, pH, 

temperature, moisture, light, aeration (structure of the 

substrate), different additives, and others. Optimal 

conditions and every particular strain must be evaluated for 

each entomopathogenic fungal species (Mascarin et. al, 

2010 Mar & Lumyong, 2012; Taylor et al., 2013 Muniz-

Paredes et al 2017) [19, 17, 26, 10, ]. Further studies with our 

fungal strains could be deepened in the assessment of mass 

production on different rice structures or conformations like 
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the grain size or parboiled rice. 

 
Table 1: Net weight of spore 

 

S. 

No 
Strain Quantity 

Net weight 

of spores 

1 Beauveria bassiana 250g 4.6g 

2 Paecilomyces fumosoroseus 250g 6.9g 

3 Verticillum Lecanii 250g 3.5g 

4 Metrahizium anisophilae 250g 3.7g 

 

 
 

Fig 5: Mass production of Entomopahogenic fungi on broken rice 

(net weight of spore) 

 
Table 2: Percent of growth at different time intervals 

 

S. 

No 
Strain 

% of Growth at different 

time (hours) 

25% 50% 75% 100% 

1 Beauveria bassiana 10.00 12.00 15.00 20.00 

2 Paecilomyces fumosoroseus 12.00 12.00 18.00 24.00 

3 Verticillum Lecanii 12.00 18.00 32.00 36.00 

4 Metrahizium anisophilae 12.00 12.00 18.00 36.00 

 

 
 

Fig 6: Mass production of Entomopahogenic fungi Percent of 

growth at different time intervals 

 

Table 3: Different Entomopathogenic fungi strains spore count 
 

S. NO Strain Spore/ML 

1 Beauveria bassiana 7.8×10⁹ 
2 Paecilomyces fumosoroseus 5.9×10⁹ 
3 Verticillum Lecanii 4.2×1010 

4 Metrahizium anisophilae 6.5×1010 

 
 

Fig 7: Different Entomopathogenic fungi strains spore count 

 

Conclusion  

The data of this study showed that using broken rice as 

substrate and incubating with 24 h of light were better for 

mass production of aerial conidia of different strains of 

Beauveria bassiana, Metarhizium anisopliae, Verticillum 

lecanii and Paecilomyces fumosoroseus. The substrates and 

parameters evaluated in this study will be a promising 

strategy even for medium-scale production of conidia for 

mycoinsecticides with low costs. For all the above, the 

results of the present work confirm that each fungal strain 

has optimal conditions for mass multiplication. In addition, 

the results obtained provide information for a better 

understanding of key nutritional requirements and culture 

conditions that can improve the mass production of 

Beauveria bassiana, Metarhizium anisopliae, Verticillum 

lecanii and Paecilomyces fumosoroseus. This information 

can be useful even to small-scale farmers with basic 

infrastructure to culture these biocontrol fungi easily. 
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