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Abstract. The success of biological control of insect pests depends not only on the isolation, 
characterization, and pathogenicity, but also on the success of the mass production of the 
microbial agents. The biological control strategy using entomopathogenic fungi like B. bassiana 
and M. anisopliae can only be useful if practical and economic methods of mass multiplication 
are available. Rice by-products like broken rice grains, rice hulls and their combination was 
evaluated for solid state multiplication of B. bassiana and M. anisopliae. The influence of 
photoperiod and incubation time in the production of conidia was also evaluated. This study 
showed that, broken rice was the most productive substrate for conidial production of both fungal 
genera, with a yield of 4.62 x 107 and 2.22 x 106 conidia g-1 respectively. Also, under the 
evaluated solid state multiplication conditions, the best conidia production was achieved with a 
photoperiod of 24 h of light for B. bassiana (with 4.43 x 107 conidia g-1) and M. anisopliae (with 
1.35 x 106 conidia g-1). The results here demonstrated that these two fungal species could viably 
be multiplied with good yields of conidia on agro-industrial by-products using solid-state culture 
and regulating some culture conditions. 
 
Key words: entomopathogenic fungi, solid substrates, light, incubation time, propagule, 
production. 
 

INTRODUCTION 
 

integrated management especially after the development of resistance in pests, the 
resurgence of pest outbreaks, and different environmental issues with pesticides. The 
integrated management includes the use of cultural, biological, biotechnical, mechanical 
and physical methods, and more innovative microbial pesticides (Blanco-Metzler, 2004). 
In this scenario, entomopathogenic fungi are frequently employed as biocontrol agents 
reducing insect pest populations in different agro-ecosystems (Bradley et al., 1992; 
Inglis et al., 2001). 

The entomopathogenic fungi have unique mechanisms of invasion, persistence, and 
propagation that characterize them as excellent agents of biological control against  
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different insect pests (Charnley, 1997; Shah & Pell, 2003; Santos et al., 2007; Hajek & 
Delalibera, 2010). Entomopathogenic fungi that are being studied most for the biological 
control of insect pests are Metarhizium anisopliae, Beauveria bassiana, Lecanicillium 
lecanii, among others (Lecuona, 1996; Wraight et al., 2000; Butt et al., 2001; Faria & 
Wraight, 2007). 

The success of biological control of insect pests depends not only on the isolation, 
characterization, and pathogenicity but also on the successful mass production of the 
microbial agents (Sahayaraj & Namasivayam, 2008). 

Similar, for the development and use of a biological pesticide based on fungi, large 
amounts of inoculum of the biocontrol agent are required for field application (Ibrahim 
et al., 2002; Babu et al., 2008; Pham et al., 2009; Gao, 2011). Hyphae (biomass) and 
conidia of fungi are the main infective fungal structures used in biocontrol strategies 
(James, 2001; Jaronski, 2014; Mascarin & Jaronski, 2016; Jaronski & Mascarin, 2017). 

The biological control strategy using entomopathogenic fungi could only be useful 
if practical and economic methods of mass multiplication are available (Kleespies & 
Zimmermann, 1992; Pham et al., 2009). However, only a limited number of methods of 
mass production for some fungi are being studied, developed and updated. 
Commercially, the most used method for mass production of biocontrol fungi is the 
fermentation in standard media (Thakre et al., 2011). The fermentation in solid substrates 
like low-cost agriculture by-products is a prominent method, especially in emerging 
countries (Prakash et al., 2008; Jaronski, 2014). Currently, solid substrate fermentation 
of fungi with agriculture by-products and conditions like incubation time and 
photoperiod remains mainly studied independently. 

The multiplication in solid substrates has generated great interest due to advantages 
of economic and ecological importance that it offers in comparison with the liquid 
culture, among which we can mention: the use of solid support for microorganisms, low 
demand of water, simulation of the natural environment, lower sterility requirements, 
easy aeration using small batches, high productivity, among other features (Chahal, 

-Leza et al., 2007; Prakash et al., 2008). In addition, this type of 
multiplication offers the possibility of using substrates that are abundant and cheap as 
waste and by-  

In the evaluation of solid substrates for the mass production of fungi, several 
authors have studied a variety of plant materials like rice grains, broken rice, rice bran, 
rice husk, barley, cassava chips, sugarcane bagasse, wheat, wheat bran, among others, 
with different results (Dorta et al., 1996; Taylor et al., 2013; Jaronski, 2014). Also, mass 
production of entomopathogenic fungi is dependent on different factors, such as the 
isolates selected, inoculum density and diverse environmental conditions like 
photoperiod and incubation time (Taylor et al., 2013). 

The present study was undertaken to evaluate combinations of different rice milling 
by-products for mass production of three different strains of B. bassiana and two strains 
of M. anisopliae. It was also evaluated the effect of light and incubation time in the 
conidial production of strains of those entomopathogenic fungi. 
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MATERIALS AND METHODS 
 
Three strains of B. bassiana sensu lato (accession numbers LBM216, LBM211, and 

LBM192) and two strains of M. anisopliae sensu lato (LBM218, and LBM217) were 
used in the evaluation of solid mass production of entomopathogenic fungi. These fungal 
strains are deposited in the culture collection of the Universidad Nacional de Misiones. 

Three different treatments with locally available substrates were evaluated in the 
solid state multiplication of entomopathogenic fungi in small scale evaluations. The 
evaluated treatments comprised 15 x 30 cm polypropylene bags containing either 100 g 
of broken rice grains, 100 g of rice hulls or a combination of 50 g of broken rice grains 
and 50 g of rice hulls. Each bag opening was arranged with cotton plugs for better 
inoculation, aeration, and sampling under aseptic conditions. 

After soaking the substrate with 30 mL of distilled water, the bags were autoclaved 
at a 15-psi pressure at 121 C for 30 min (Prakash et al., 2008; Pham et al., 2010; 
Jaronski, 2014). After cooling, the clumps of the substrates were broken and 1 mL of a 
conidial solution with a concentration of 107 conidia mL-1 was added. Each bag was 
inoculated with a single strain of entomopathogenic fungi. This procedure was carried 
out under aseptic conditions. Each bag (treatment) was thoroughly agitated for proper 
distribution of the conidia. Three replicates were maintained for each treatment. 

The polypropylene bags were incubated at 28  1  and high humidity level 
(> 80%) for 28 days after inoculation with the entomopathogenic fungi. The samples 
were taken every seven days for determination of the number of conidia produced. 

Also, the influence of light (photoperiod) in the production of conidia was 
evaluated and three types of photoperiods were considered: 24 h of light, 12 h of light 
followed by 12 h of dark, and 24 h of dark. The supplementary light was provided by a 
white light tube at 20 cm (6500 K, 18 w) and the light/dark periods were regulated by a 
Zurich XTIM03205 digital timer. 

To determine the conidia produced by each treatment, the conidia were harvested 
by suspending under aseptic conditions one gram of each substrate in 10 mL of sterile 
distilled water containing 0.1% Tween 80 (v v-1) as surfactant agent (Gandarilla et al., 
2013; Ibrahim et al., 2015). The number of conidia produced was determined 
microscopically from each replicate with a Neubauer hemocytometer at 400 x 
magnification (Alves & Faria, 2010). 

The analysis of variance (ANOVA) was carried out using the Statgraphics 
Centurion XV program (Statpoint). In addition to the tests of overall significance with 
ANOVA, the Tukey's HSD test was used to check significant differences between the 
variables with a confidence level of 95%. All figures were generated using the 
Statgraphics Centurion XV program (Statpoint) by analizing the data of two factor at 
time (interaction plots). 

 
RESULTS AND DISCUSSION 

 

and plastic bags can be used for the mass production of entomopathogenic fungi 
(Wraight et al., 2001; Jaronski, 2014). One of the advantages of solid multiplication 
using plastic bags is the possibility of breaking the substrate clumps formed and in some 
cases the use of light for optimal sporulation (Jaronski, 2014). 
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In our study, mass production 
potential of B. bassiana and 
M. anisopliae were assessed (Fig. 1). 
Conidial production among different 
strains of the same species of 
entomopathogenic fungi (B. bassiana or 
M. anisopliae) showed only small, 
statistically insignificant differences 
(F = 2.14, df = 2, p = 0.12; and, F = 2.75, 
df = 1, p = 0.1; respectively). 

However, strains of Beauveria 
produced higher amounts of conidia per 
gram of substrate than strains of 
Metharizium. The results indicated that 
the  sporulation  of  these  fungi  differed  

 
 
Figure 1. Small-scale plastic bag-based mass 
production of B. bassiana and M. anisopliae. 

significantly among different substrates (F = 133.8, df = 2, p = 0, for Beauveria; and 
F = 141.6, df = 2, p = 0, for Metarhizium). Highest sporulation was recorded after four 
weeks of incubation on broken rice for both fungi, with a mean value of 4.62 x 107 

 0.2 x 107) conidia g-1 for B. bassiana and 2.22 x 106  0.09 x 106) conidia g-1 for 
M. anisopliae (Fig. 2). 

 

 
 

 
 
Figure 2. Solid multiplication of the entomopathogenic fungi B. bassiana (a) and M. anisopliae 
(b) on different solid substrates. Treatments: 100% Broken rice,  50% Broken rice: 
50% Rice hulls.  100% Rice hulls. 

 

b) 

a) 
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The evaluated treatments (substrates combinations) differed significantly with 
respect to sporulation for both entomopathogenic fungal genera. In all treatments broken 
rice obtained the highest amounts of sporulation for B. bassiana and M. anisopliae 
strains. Always the lowest sporulation was recorded on rice hulls (both for B. bassiana 
and for M. anisopliae strains) followed by an intermediate sporulation of the 
combination of 50% of broken rice and 50% of rice hulls treatments. 

Values comparable to the present study were reported by Sahayaraj & 
Namasivayam (2008) with a production close to 1.1 x 107 conidia g-1 of substrate, and 
in their work they proposed rice grains as the most suitable substrate for the mass 
multiplication of B. bassiana. Latifian et al. (2013) 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 of conidia 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) and Bradley et al. (2002) on different substrates, e.g., barley, where selected 
Beauveria strains produced in the order of 2.6 x 1010 conidia g-1 on culture reactors. 

Babu et al. (2008) reported that conidial production of the fungus M. anisopliae on 
rice (amended with yeast extract) was significantly greater than on other solid plant 
substrates, with a mean value of 1.1 x 109 conidia g-1 of substrate. When multiplying 
M. anisopliae on rice in conical flasks Latifian et al. (2014) recorded a maximum of 
conidial production of 2.8 x 106 conidia g-1. Loera et al. (2016) using rice grains as the 
only substrate for the production of conidia with a selected strain of M. anisopliae in 
plastic bags managed to obtain about 1 x 109 conidia g-1 of substrate. 

Some authors maintain 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). 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 as a solid mass multiplication substrate produced fewer conidia per 
gram of substrate than the rice grain for the fungal strains evaluated. This could be due 
to the fact that rice hulls have few nutrients or little availability of the same for the fungal 
strains. So, even if rice hull is a by-product of rice milling cheaper than the broken rice, 
the proportion of nutrient in broken rice is higher, making the last 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). Thus the use of additives could be one 
possible option to optimize the production the conidia of these entomopathogenic fungal 
strains in further studies. 

We also observed that the incorporation of light has a significant positive effect in 
the production of conidia by B. bassiana (F = 159, df = 2, p = 0) and M. anisopliae 
(F = 29.1, df = 2, p = 0) (Fig. 3). Also, 24 h of light incubation showed higher production 
of conidia than the treatments with a photoperiod of 12 h of light followed by 12 h of 
dark, and 24 h of dark. 

With respect to the 
(2009) observed that exposure to light increased the growth and sporulation of 
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B. bassiana. Similarly, Onofre et al. (2001) proposed that continuous illumination gave 
them 2.5 to 5-fold more conidia production of M. flavoviride. Oliveira et al. (2017) found 
that M. robertsii grown under blue light produce more conidia than the fungus grown in 
the dark. Also, they found that white light induced the production of conidia in 
Metarhizium that germinated faster and were more virulent to insects, which is a key 
factor when the aim is to produce high amounts of fungal propagules (Ibrahim et al., 2002). 

 

 
 

 
 

Figure 3. Conidial production by the entomopathogenic fungi B. bassiana (a) and M. anisopliae 
(b) with different photoperiods. Treatments: 24 h of light. 12 h of light / 12 h of dark. 

24 h of dark. 
 
However, Bradley et al. (1992) suggested high conidial production of various 

strains of B. bassiana in a completely dark fermentation environment; or Rangel et al. 
(2011) who evaluated the growth and sporulation of a strain of M. robertsii, and observed 
that the sporulation of the fungus was equivalent under conditions of continuous light or 
darkness. Therefore, the requirement of a parameter such as light may be a requirement 
of each fungal strain rather than a general rule. 

Similar to the results above, in the simultaneous evaluation of the influence of the 
factors solid substrates and photoperiod on mass production of the entomopathogenic 
fungi B. bassiana and M. anisopliae the best combination was broken rice and 24 h of 
light (F = 39, df = 4, p = 0; and, F = 9.09, df = 4, p = 0; respectively) (Fig. 4). 

Small and medium-scale conidia production varies according to different key 
parameters like substrate used, pH, temperature, moisture, light, aeration (structure of 
the substrate), different additives, among others, and optimal conditions must be 
evaluated for each entomopathogenic fungal species, and even each particular strain 

-Paredes et al., 

a) 

b) 
Week of incubation 

Week of incubation 

Beauveria bassiana 

Metarhizium anisopliae 
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2017). Further studies with our fungal strains could be deepened in the assessment of 
mass production on different rice structures or conformations like the grain size or 
parboiled rice. 

 

 
 

 
 

Figure 4. Influence of solid substrates and photoperiod evaluated simultaneously on mass 
production of the entomopathogenic fungi B. bassiana (a) and M. anisopliae (b). Treatments: 

100% Broken rice. 50% Broken rice: 50% Rice hulls. 100% Rice hulls. 
 

CONCLUSIONS 
 

The data of this study showed that broken rice substrate and incubation with 24 h 
of light were better conditions for mass production of aerial conidia of different strains 
of B. bassiana and M. anisopliae. 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 and Metarhizium. This 
information can be useful even to small-scale farmers with basic infrastructure to culture 
these biocontrol fungi easily. 

 
ACKNOWLEDGEMENTS. The authors are sincerely thankful to the Consejo Nacional de 

Castrillo and Bich. 
 

a) 

b) 

Beauveria bassiana 

Metarhizium anisopliae 

Photoperiod 

Photoperiod 



1928 

REFERENCES 
 

 M.E., Gutierrez-Rojas, M., Viniegra- , G. & Favela-Torres, E. 1995. Production 
and properties of three pectinolytic activities produced by Aspergillus niger in submerged 
and solid-state fermentation. Applied Microbiology and Biotechnology 43, 808 814. 

Alves, R. & Faria, M. 2010. Little manual on entomopathogenic fungi. Planaltina (DF): Brazilian 
Agricultural Research Corporation, Embrapa Cerrados Ministry of Agriculture, Livestock 
and Food Supply, 50 pp. 

Babu, J., Venkatachalapathy, C.M. & Anitha, C.N. 2008. Evaluation of locally available 
substrates for mass multiplication of entomopathogenic fungi, Metarhizium anisopliae 
(Metch.) Sorokin. Journal of Invertebrate Pathology 46, 335 336. 

Blanco-Metzler, H. 2004. Pheromones and their uses in integrated pest management. Manejo 
 71, 112 118 (in Spanish). 

Bradley, C.A., Black, W.E., Kearns, R. & Wood, P. 1992. Role of production technology in 
mycoinsecticide development. In: Frontiers in Industrial Microbiology. Springer, Boston, 
MA, pp. 160 173. 

Bradley, C.A., Wood, P., Black, W., Kearns, R. & Britton, J. 2002. United States Patent 
Application Publication. Publication number: US 2002/0006650 A1. 

Butt, T.M., Jackson, C. & Magan, N. 2001. Fungi as biocontrol agents: progress problems and 
potential. In: Fungi as biocontrol agents, pp. 1 8. 

Chahal, D. 1985. Solid-state fermentation with Trichoderma reesei for cellulose production. 
Applied and Environmental Microbiology 49, 205 210. 

Charnley, A.K. 1997. Entomopathogenic fungi and their role in pest control. In: The mycota IV
environmental and microbial relationships, pp. 185 201. 

Deschamps, F. & Huet, M. 1985. Xylanase production in solid-state fermentation: a study of its 
properties. Applied of Microbiology and Biotechnology 22, 177 180. 

Dorta, B., Ertola, R.J. & Arcas, J. 1996. Characterization of growth and sporulation of 
Metarhizium anisopliae in solid-substrate fermentation. Enzyme Microbiology and 
Technology 19, 434 439. 

Faria, M. R. & Wraight, S.P. 2007. Mycoinsecticides and mycoacaricides: a comprehensive list 
with worldwide coverage and international classification of formulation types. Biological 
Control 43, 237 256. 

Gandarilla, F. -Wong, L. - , K., -Santos, M. & Quintero-Zapata, I. 
2013. Evaluation of native Mexican isolates of Beauveria bassiana (Bals.) Vuill. 
(Hypocreales: Cordycipitaceae) from citrus areas for its massive production in submerged 
and biphasic culture. Agrociencia 47, 255 266 (in Spanish). 

Gao, L. 2011. A novel method to optimize culture conditions for biomass and sporulation of the 
entomopathogenic fungus Beauveria Bassiana IBC1201. Brazilian Journal of 
Microbiology 42, 1574 1584. 

Hajek, A. E. & Delalibera, I. 2010. Fungal pathogens as classical biological control agents against 
arthropods. BioControl 55, 147 158. 

, , M. 2004. Biotechnological advantages of laboratory-scale solid-state 
fermentation with fungi. Applied of Microbiology and Biotechnology 64, 175 186. 

Ibrahim, L., Butt, T.M. & Jenkinson, P. 2002. Effect of artificial culture media on germination, 
growth, virulence and surface properties of the entomopathogenic hyphomycete Metarhizium 
anisopliae. Mycological Research 106, 705 715. doi 10.1017/S0953756202006044. 

Ibrahim, L., Laham, L., Touma, A. & Ibrahim, S. 2015. Mass production, yield, quality, 
formulation and efficacy of entomopathogenic Metarhizium anisopliae conidia. British 
Journal of Applied Science and Technology 9(5), 427 440. 

Inglis, G.D., Goettel, T.M. & Strasser, B. 2001. Use of hyphomycetous fungi for managing insect 
pest. In: Fungi as biocontrol agents, pp. 23 69. 



1929 

James, R. 2001. Effects of Exogenous Nutrients on Conidial Germination and Virulence against 
Silverleaf Whitefly for Two Hyphomycetes. Journal of Invertebrate Pathology 77, 99 107. 

Jaronski, S.T. & Mascarin, G.M. 2017. Mass Production of Fungal Entomopathogens. 
In: Microbial Control of Insect and Mite Pests 9, pp. 141 155. 

Jaronski, S.T. 2014. Mass production of entomopathogenic fungi: state of the art. In: Mass 
production of beneficial organisms invertebrates and entomopathogens, pp. 357 413. 

Kleespies, R.G. & Zimmermann, G. 1992. Production of blastospores by three strains of 
Metarhizium anisopliae (Metch.) Sorotkin in submerged culture. Biocontrol Science 
Technology 2, 127 135. 

, T. 2011. The influence of white light exposition on the growth, sporulation and 
pathogenicity of entomopathogenic fungi Isaria fumosorosea and Beauveria bassiana. 
International Organisation for Biological and Integrated Control Bulletin 66, 199 203. 

Latifian, M., Rad, B. & Amani, M. 2014. Mass production of entomopathogenic fungi 
Metarhizium anisopliae by using agricultural products based on liquid-solid diphasic 
method for date palm pest control. International Journal of Farming and Allied 
Sciences 3(4), 368 372. 

Latifian, M., Rad, B., Amani, M. & Rahkhodaei, E. 2013. Mass production of entomopathogenic 
fungi Beauveria bassiana (Balsamo) by using agricultural products based on liquid-solid 
diphasic method for date palm pest control. International Journal of Agriculture and Crop 
Sciences 5(19), 2337. 

Lecuona, R.E. 1996. Pathogenic Microorganisms Used in the Microbial Control of Insects 
Plague. Buenos Aires: M. Mas. 338 pp. (in Spanish). 

Loera, O., Porcayo, J., Loza, R., Montesinos, M. & Favela, E. 2016. Production of Conidia by 
the Fungus Metarhizium anisopliae Using Solid-State Fermentation. Methods in Molecular 
Biology 1477, 61 69. 

Lomer, C.H. & Lomer, C.J. 2008. Mass production of fungal pathogens for insect control: insect 
pathology manual. Section VII. CABI Bioscience Publication. 20 p. 

Machado, A.C.R., Monteiro, A.C., Almeida, A.M.B.D. & Martins, M.I.E.G. 2010. Production 
technology for entomopathogenic fungus using a biphasic culture system. Pesquisa 

 45(10), 1157 1163. 
Mar, T.T. & Lumyong, S. 2012. Conidial production of entomopathogenic fungi in solid state 

fermentation. Asia-Pacific Journal of Science and Technology 17(5), 762 768. 
Mascarin, G.M., Alves, S.B. & Lopes, R.B. 2010. Culture media selection for mass production 

of Isaria fumosorosea and Isaria farinosa. Brazilian Archives of Biology and Technology 
53(4), 753 761. 

Mascarin, G.A. & Jaronski, S.T. 2016. The production and uses of Beauveria bassiana as a 
microbial insecticide. World Journal of Microbiology and Biotechnology 32(11), 177. 
doi: 10.1007/s11274-016-2131-3 

Mishra, S., Kumar, P. & Malik, A. 2016. Suitability of agricultural by-products as production 
medium for spore production by Beauveria bassiana HQ917687. International Journal 
Recycling of Organic Waste in Agriculture 5, 179 184. 
-Paredes, F., Miranda-  F. & Loera, O. 2017. Production of conidia by 

entomopathogenic fungi: from inoculants to final quality tests. World Journal of 
Microbiology and Biotechnology 33, 57. doi: 10.1007/s11274-017-2229-2 

Oliveira, A.S., Braga, G.U.L. & Rangel, D.E.N. 2017. Metarhizium robertsii illuminated during 
mycelial growth produces conidia with increased germination speed and virulence. Fungal 
Biology. doi: 10.1016/j.funbio.2017.12.009 

Onofre, S.B., Miniuk, C.M., de Barros, M. & Azevedo, J.L. 2001. Growth and sporulation of 
Metarhizium flavoviride var. flavoviride on culture media and lighting regimes. Science 
Agriculture 58, 613 616. 



1930 

Pham, T.A., Kim, J.J. & Kim, K. 2010. Optimization of Solid-State Fermentation for Improved 
Conidia Production of Beauveria bassiana as a Mycoinsecticide. Microbiology 38, 137 143. 

Pham, T.A., Kim, J.J., Kim, S.G. & Kim, K. 2009. Production of Blastospore of Entomopathogenic 
Beauveria bassiana in a Submerged Batch Culture. Mycobiology 37, 218 224. 

Polizeli, M., Rizzatti, A., Monti, R., Terenzi, H., Jorge, J. & Amorim, D. 2005. Xylanases from 
fungi: properties and industrial applications. Applied of Microbiology and Biotechnology 
67, 577 591. 

Prakash, G.B., Padmaja, V. & Kiran, R.S. 2008. Statistical optimization of process variables for 
the large-scale production of Metarhizium anisopliae conidiospores in solid-state 
fermentation. Bioresource Technology 99(6), 1530 1537. 

Rangel, E.N., Fernandes, K.K., Braga, U.L. & Roberts, D.W. 2011. Visible light during mycelial 
growth and conidiation of Metarhizium robertsii produces conidia with increased stress 
tolerance. FEMS Microbiology Letters 315, 81 86. 

, , A. 2005. Application of solid-state fermentation to ligninolytic 
enzyme production. Biochemistry and Engineering Journal 22, 211 219. 

Ruiz-Leza, H., Rodriguez-Jasso, R., Rodriguez-Herrera, R., Contreras-Esquivel, J. & Aguilar, C. 
Revista mexicana de 

6, 33 40. 
Sahayaraj, K. & Namasivayam, S.K.R. 2008. Mass production of entomopathogenic fungi using 

agricultural products and by products. African Journal of Biotechnology 7(12). 
Santos, A., de Oliveira, A. & Samuels, R. 2007. Selection of entomopathogenic fungi for use in 

combination with sub-lethal doses of imidacloprid: perspectives for the control of the leaf-
cutting ant Atta sexdens rubropilosa Forel (Hymenoptera: Formicidae). Mycopathologia 
163, 233 240. 

Sene, L., Alves, L.F.A., Lobrigatte, M.F.P. & Thomazoni, D. 2010. Production of conidia of 
Metarhizium anisopliae in solid media based on agroindustrial residues. Arquivos do 

77, 449 456. 
Shah, P.A. & Pell, J.K. 2003. Entomopathogenic fungi as biological control agents. Applied of 

Microbiology and Biotechnology 61, 413 423. 
Taylor, B., Edgington, S., Luke, B. & Moore, D. 2013. Yield and germination of the 

entomopathogenic fungus Beauveria bassiana when grown on different rice 
preparations. Journal of stored products research 53, 23 26. 

Thakre, M., Thakur, M., Malik, N. & Ganger, S. 2011. Mass scale cultivation of 
entomopathogenic fungus Nomuraea rileyi using agricultural products and agro wastes. 
Journal of Biopesticides 4(2), 176 179. 

Wraight, S.P., Jackson, M.A. & de Kock, S.L. 2001. Production, Stabilization and Formulation 
of Fungal Biocontrol Agents. In: Fungi as biocontrol agents, pp. 253 288. 

Wraight, S.P., Carruthers, R.I., Jaronski, S.T., Bradley, C.A., Garza, C.J. & Galaini-Wraight, S. 
2000. Evaluation of the entomopathogenic fungi Beauveria bassiana and Paecilomyces 
fumosoroseus for microbial control of the silverleaf whitefly, Bemisia 
argentifolii. Biological Control 17(3), 203 217. 

Zhang, Y.J., Li, Z.H., Luo, Z.B., Zhang, J.Q., Fan, Y.H. & Pei, Y. 2009. Light stimulates 
conidiation of the entomopathogenic fungus Beauveria bassiana. Biocontrol Science 
Technology 19, 91 101. 

 
 


