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ABSTRACT: In this study, fungi, the most appropriate medium for the production of  Metarhizium 
anisopliae in liquid and solid phases to produce clamidospore and conidiosopre were elected. For the 
liquid phase of plant foods, including potatoes, wheat flour, rice flour, corn flour and sugar cane 
molasses, and for the solid phase of plant materials, including sugar cane, corn, barley, rice, millet and 
sorghum were evaluated. The performance characteristics of the liquid phase compared by spore 
concentration and germination percent of clamidospores. The performance characteristics of the solid 
phase compared by wet weight, dry weight, conidia concentration and germination. Results showed that 
between different plant extracts used as liquid and solid medium to produce clamidospores and conidia 
of M. anisopliae were significantly different at and 1% probability. In the end sugar cane molasses 
extract and rice elected to produce clamidspore and conidia of M. anisopliae respectively due to 
maximum produce and economic performance. 
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INTRODUCTION 
 

 Use of entomopathogenic fungi as biological control agents for insect species has increased the global 
attention during the last few decades. The myco-insecticide based on Beauveria bassiana (Balsamo) Vaillemin 
(Babu, 2001; Sharma, 2004), Paecilomyces fumosoroseus (Wize) Brown and Smith (Alter and Vandenberg, 2000; 
Avery, 2004) and Verticillium lecanii (Zimm.) Viegas (Butt, 2001) have been used to control various insect pests. 
Production of adequate quantities of good quality inoculums is an essential component of the biocontrol program. 
The production of entomopathogen may be taken up by two ways either a relatively small quantity of the inoculums 
for laboratory experimentation and field-testing during the development of mycopesticide and or development of a 
basic production system for large-scale production by following the labor intensive and economically viable 
methods for relatively small size markets. China (Feng, 1994) and America (Alves and Pereira, 1989) supplied 
fungal biocontrol agents in sufficient quantities for niche markets in their immediate area. Development of simple 
and reliable production system follows the basic multiplication procedures of submerged liquid fermentation for the 
production of blastospores, which are short lived, and hydrophilic (Romback, 1989) or solid state fermentation 
(Rousson, 1983) for the production of aerial conidia. However, the most viable mass production technologies 
include making use of a diphasic strategy in which the fungal inoculums is produced in liquid culture, which is 
further utilized for inoculating the solid substrate(s) for conidia production (Burges and Hussey, 1981).  
 The knowledge of nutritional requirements is the main need in the cultivation of microorganisms using any 
cultural technique. The carbohydrates, proteins, lipids , nucleic acids are made up of microelements like carbon, 
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hydrogen, nitrogen, sulphur, phosphorus and these are involved in mechanisms like host pathogen interaction and  
self defense mechanisms. Carbon is the major component and the molecules of carbon also contribute to oxygen 
and hydrogen. The effect of the nutrient sources on the growth and development of microorganisms is studied. The 
fungus which is used and the media components used are responsible for the mycelia growth and spore yield. 
Although the saprophytic fungi utilize a range of nutrient sources but for the mass production and 
commercialization, simple and cheap media needed (Raimbault, 1998). For the full growth of microorganisms, the 
macro elements like carbon, hydrogen, oxygen, sulphur, phosphorus and nitrogen are required which are the 
components of carbohydrates, nucleic acids and proteins The growth characteristics in addition to growth 
substances are useful in the tolerance s election studies. The preparation used for the growth, storage and 
transport of microorganism can be used in solid or liquid form (Jenkins,1995). The media should have all the 
nutritional requirements for the growth of microorganisms. 
 Several nutritional studies have been undertaken in production and sporulation of filamentous fungi such as B. 
bassiana, M. anisopliae and I. fumosorosea (Kumar, 1996). Most of the production of B. bassiana spores in 
Colombia for coffee berry borer biocontrol is done using a simple sterilization technique based on cooked rice 
placed inside bottles. The spores are mainly used for field spray applications (Posada 1993; Bustillo and Posada 
1996). The spores are harvested by washing them out from the rice media with a 1 % oil-water suspension (Antía, 
1992). This aqueous spore’s suspension must be used immediately after preparation to avoid spore germination. 
Additionally, spore longevity is short if they are kept in the bottles because high moisture content causes rapid loss 
of spore viability. Harvesting the spores from the bottles is time consuming and if the cultures produced in the 
bottles are going to be used to produce a spore powder, and drying the rice with spores is difficult (Posada 1993; 
González, 1993). 
 In Iran, a great deal of research on entomopathogenic fungi that control of date palm pests has been 
extensively carried out during the past 10 years. Various studies have demonstrated the effectiveness of fungal 
pathogens for the control of Orctes elegans (Latifian & Rad, 2012). However, the production of locally isolated 
Entomopathogenic fungi in suitable media for large scale application has not yet been studied Therefore, the 
present study was undertaken to evaluate grains of rice, wheat, ragi, sorghum, pearl millet and maize and liquid 
media such as Potato Dextrose Broth and Sabouraud’s Dextrose Broth for the mass production of M. anisopliae. 
 

MATERIALS AND METHODS 
 

Preparation of fungi 
 Strain DEMI D01 of M. anisopliae was obtained from fungi collection of Iranian Research Institute of Plant 
Protection. The isolate cultured in SDA medium and kept 10 days at 25±1 ºC, 100% RH and 12:12 (L:D) 
photoperiod, Then conidia were harvested and suspended in Tween 80 (0.2 ml/l) in sterile distilled water and 
vortexes for 3 min to produce a homogenous suspension. Then the suspension was filtered through several layers 
of cheesecloth to remove mycelia and debris. By using a Haemacytometer, the spore concentration was 
determined and adjusted 10

4
 conidia/ml

-1
. 

 
Liquid media 
 Liquid media; potatoes, wheat flour, rice flour, corn flour and sugar cane molasses were evaluated for the 
growth and sporulation of three tested fungi. 100 mg of each medium was poured in 250 ml capacity conical flasks 
and autoclaved at 15 psi pressure for 20 min. Five flasks of each medium was inoculated with 1 ml of spore 
suspension of each fungi separately and incubated at 25

o
C for 3 days. The spore suspension was subjected to 

spore counting and it was carried out as described in the previous section. 
 
Solid media 
 Non-synthetic solid media; sugar cane, corn, barley, rice, millet and sorghum were tested. 150 g of each solid 
material was taken in 1 l conical flasks, inoculated with 1 ml of spore suspension and incubated at 25

o
C in BOD 

incubator for 12 days.  The spore count was made as mentioned earlier. 
 
Spore harvesting and drying 
 The spores were harvested at 3 and 12 days after the inoculation for liquid and solid media respectively, to 
evaluate spore yield. To harvest the spores as powder it was necessary to dry the fungus to reduce moisture 
content and allow the spores to separate from the substrata. The spores harvested following this procedure can be 
preserved for a long time without loss of germinative power or pathogenicity (Bateman, 1995). 

http://www.insectscience.org/8.41/#b24-8-41
http://www.insectscience.org/8.41/#b6-8-41
http://www.insectscience.org/8.41/#b6-8-41
http://www.insectscience.org/8.41/#b2-8-41
http://www.insectscience.org/8.41/#b2-8-41
http://www.insectscience.org/8.41/#b24-8-41
http://www.insectscience.org/8.41/#b10-8-41
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 To dry the cultures the plastic bags were opened in a room with a temperature of 20 ± 5
o
C and an average 

relative humidity of 50±5% and allowed to air dry. Harvesting was done both mechanically and manually for 20 
minutes. The mechanical harvest involved the use of a shaker Ro-Tap that uses horizontal circular motion and 
vertical taping motion to stratify and screen the particles. 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. 
 
Culture moisture content assessment 
 In order to monitor air drying of the cultures, each samples were weighed after incubation durations. At the 
same time, from independent samples that were kept under the experimental conditions, subsamples were taken 
daily to assess the humidity content using oven drying where the sub samples were dried for 24 hours at 105°C 
(Rao, 2006). The aim of this procedure was to determine the moisture content of the fungus culture. 
 
Quality control of spores 
 The harvested spores were evaluated using a quality control methodology developed at CENICAFÉ hitch 
assessed spore concentration, germination and moisture content (Vélez, 1997). 
 
Statistical analysis 
 ANOVA were used to analyzing the significance of media on quality spores production of fungal pathogen of 
both liquid and solid and their mean were separated across the cultures media with SNK (P = 0.05) test by using 
‘STATISTICA’ computer package 
 

RESULTS AND DISCUSSION 
 

 In the present study, several naturally available substrates of both solid and liquid media were tested for mass 
multiplication of M. anisopliae. The success of microbial control of insect pests depends not only on the isolation, 
characterization and pathogenicity, but also on the successful mass production of the microbial agents in the 
laboratory. Large-scale availability of the pathogen is a primary requirement in the bio-control program. For a 
successful integrated pest management program, the agents like the entomopathogenic fungi should be amenable 
to easy and cheap mass multiplication. 
 The results (Table 1) showed that there were significant differences among the culture Medias tested, M. 
anisopliae spore production on both media. 
 

Table 1. Results of different characteristic of M. anisopliae spore production of liquid and solid phases 
Phase  MS 

Liquid 
Df Concentration Germination 
4 105.78 ** 0.19** 

  MS 

Solid 
Df Ww    DW Concentration Germination 
5 11.05 ** 8.45** 2235.7** 69.1** 

** showed that there was singnificant difference at percent 
WW=Wet Weight, DW=Dry Weight 

  
 There were significantly statistically significant differences between available cultural nutritive media for the 
mass multiplication of M. anisopliae.  
 
Liquid media 
 Among the liquid media, sugar cane melees produced significantly higher spore production. (7.6×10

10
 spores/ 

ml) and 99.7 percent of germination was recorded in M. anisopliae the other media also supported spore 
production in all tested fungi (Table 2). The lowest spore production was occurred on potato culture media (7.4×10

2
 

spores/ ml) and 84.7 percent of germination. Dangar, (1991) also observed similar findings in M. anisepliae. 
Abundance of glucose and minerals in the culture media may enhance the growth and spore production of fungi. 
Rice and maize washed water also supported the growth and sporolation of all the tested fungi. Patel, (1990) 
reported that the purified rice wash water gave the best spore count in M. anisepliae.  
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Table 2. comparison the mean of spore quality on liquid phase 
Culture media Clamidospore concentration Germination 

Potato 7.4 × 10
2
 e 84.7 e 

Wheat 3.2 × 10
3
 d 86.7 d 

Rice 4.7 × 10 
8
 c 96.7 c 

Maize 5.9 × 10 
9
 b 99.1 b 

Sugarcane melees 7.6 × 10 
10

 a 99.7 a 
 

Solid media 
 Among the solid wastes tested, M. anisepliae recorded the maximum spore production (2.8×10

6
 spores/ml) on 

Rice followed by Sorghum seeds (2.45×10
6
). Rice waste also supported maximum spore as well as biomass 

production (Table 3). Gopalakrishnan and Mohan (2001), Gopalakrishnan, (1999) and Tincilley, (2000) reported 
that carrot was found to be the cheapest and best suitable media for the large-scale production of Deuteromycete 
fungi. Puzari, (1997) reported that rice husk supplemented with 2% dextrose solution recorded more sporulation of 
M. anisopliae. From the study it was clear that the tested fungi was able to grow on a wide variety of agriculture 
products and by products of both solid and liquid state and this can be useful to farmers to culture these fungi 
easily.  
 

Table 3. comparison the mean of spore quality on solid phase 
Culture media WW WD Concentration (×10

4
) Germination 

Sugarcane 2.046i 0.224f 726a 96.7a 
Maize   1.465e 1.104d 324e 94.5c 
Barley 1.684d 1.005e 245f 90.4f 
Rice  3.873c 2.804a  632b 95.3b 
Millet  4.074b 1.857b 432d 92.8e 
Sorghum 4.717a  1.576c 524c 93.7d 

 

 According to Ibrahim and Low (1993) and Sharma, (2002), rice was found to be the suitable media for the 
mass culture of B. bassiana. This cereal was also used for the mass production of other Deuteromycete fungi. 
Gopalakrishnan, (1999) reported that sorghum was the ideal cereal for the mass production of Paecilomyces 
farinosus. In the case of V. lecanii, sorghum was found to be the ideal cereal for mass production, which is in 
confirmation with the findings of Lakshmi, (2001). 
 In the end sugar cane molasses extract and rice elected to produce clamidspore and conidia of M. anisepliae 
respectively due to maximum produce and economic performance. So based on this research and proceedings of 
the PIPOC 2005 International Palm Oil Congress (Agriculture, Biotechnology and Sustainability) be recommended 
as fig. 
 Contamination was mainly caused by bacteria and sometime by fungi such as Aspergillus sp, Penicillium sp 
and Rhyzophus spp. Contamination by fungi was easily solved by implementing proper microbial sterilization and 
hygienic procedures in all production activities. Extra effort was needed to avoid bacterial contamination, especially 
in the liquid media during the propagation of mycelia and in the solid substrates during the sporulation process of 
M. anisepliae. To overcome, bacterial antibiotic, chloramphenicol was used. In liquid media, adding 0.02% 
choramphenicol tremendously reduced the growth of bacterial, without affecting the growth of M. anisepliae. Added 
cloramphenicol into the solid substrate would also reduced bacterial contamination. 

 
Figure 1. Chart showing the flow of the process involved to produce the spores of M. anisopliae 

 In Brazil, the Metarhzium from variety flavoviridae was produced on industrial scale by the business company, 
grower cooperation and plantation owner using rice grain (Dorta, 1990). The fungus was grown on presoaked rice 
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that was placed inside the polypropylene plastic bags containing about 300 – 400g of rice. Harvesting of spores 
was done using dry method by allowing the rice and spore to dry in ambient air for several days. The spores were 
separated using a vibratory sieve and then further dried in a desiccator to a moisture content of 5% (Mendonca, 
1992) 
 

REFERENCES 
 
Alter JA and Vandenberg JJD. 2000. Factors that Influencing the Infectivity of Isolates of Paecilomyces fumosoroseus Agains Diamond Back 

Moth. J. Invertebr Pathol. 78: 31-36. 
Alves SB and Pereira RM. 1989. Production of Metarhizium anisopliae and Beauveria bassiana. Ecosustania. 14: 188-192. 
Antía OP, Posada FJ, Bustillo AE and Gonzáles MT. 1992. Producción enfinca del hongo Beauveria bassiana para el control de la broca del 

café. Cenicafé (Colombia). Avances Técnicos 182: 12. 
Avery PB, Faulla J and Simmands MSJ. 2004. Effect of Different Photoperiods on the Infectivity and Colonization of Paecilomyces 

fumosoroseus. J. Insect Sci. 4: 38. 
Babu V, Murugan S and Thangaraja P. 2001. Laboratory Studies on the Efficacy of Neem and the Entomopathogenic Fungus Beauveria 

bassiana on Spodoptera litura”. Entomology. 56: 56-63. 
Bateman RP, Lomer C and Lomer CJ. 1995. Formulation and application of mycopathogens for locust and grasshopper control. LUBILOSA 

Technical Bulletin 4: 67. 
Burges AD and Hussey NW. 1981. Microbial Control of Insect Pests and Mite, Academic Press, London, pp. 161-167. 
Bustillo AE and Posada FJ. 1996. El uso de entomopatógenos en el control de la broca del café en Colombia. Manejo Integrado de Plagas 

(Costa Rica) 42: 1-13. 
Butt TM, Jackson CW and Murugan W. 2001. Fungi as Biocontrol Agents, Progress, Problems and Potentials. CBBS Publshing Co, UK, pp. 

240-242. 
Dangar TK, Geetha L, Jayapal SD and Pillai GB. 1999. Mass Production of the Entomopathogens Metarhizium anisopliae in Coconut Water. J. 

Plant. Crop. 19: 54-59. 
Dorta B, Bosch A, Arcas JA and Ertola RJ. 1990. High level of sporulation of Metarhizium anisopliae in a medium containing by-product. Applied 

Microbiology and Biotechnology 33 : 712-715. 
Gopalakrishnan C, Anusuya D and Narayanan K. 1999. In vitro Production of Conidia of Entomopathogenic Fungus Parcilomyces farinosus. 

Entomology. 24: 389-392. 
Gopalakrishnan C, Anusuya D and Narayanan K. 1999. In vitro Production of Conidia of Entomopathogenic Fungus Parcilomyces farinosus, 

Entomology, 24: 389-392. 
Feng MG, Paponsk TJ and Kbachachiurians GG. 1994. Production, Formulation and Application of the Entomopathogenic Fungus Beauveria 

bsssiana For Insect Control. Biocontrol Sci. Technol. 4: 531-544. 
González MT, Posada FJ and Bustillo AE. 1993. Desarrollo de un bioensayo para evaluar la patogenicidad de Beauveria bassiana sobre 

Hypothenemus hampe. Revista Colombiana de Entomologia (Colombia). 19(4): 123-130. 
Ibrahim YB and Low W. 1993. Potential of Mass Production and Field Efficacy of Isolates of the Entomopathoghenic Fungi Beauveria bassiana 

and Paecilomyces fumosoroseus on Plutella xylostella. J. Invertebr. Pathol. 39: 222-232. 
Jenkins NE .1995. Studies on mas sproduction and field efficacy of  Metarhizium flavoviride for biological control of locusts and grasshop- pers . 

PhD thesis. Cranfield University, UK. 
Kumar RN and Mukerji KG. 1996. Integrated disease management future perspectives, In: K.G. Mukerji, B. Mathur, B.P. Chamala and C. 

Chitralekha (Eds.), Advances in Botany. APH Publishing Corporation, New Delhi, pp. 335-347. 
Lakshmi SM, Alagammai PL and Jayaraj K. 2001. Studies on Mass Culturing of the Entomopathogen Whitehalo Fungus Verticillium lecanii on 

Three Grain Media and Its Inefficacy on Helicoverpa armigera, In Igbachimuthu S, Sen S (Eds.) Microbials In Insect Pest Management, 
Oxford and IBH publishing Pvt Ltd, New Delhi, pp. 23- 27. 

Latifian M and Rad B. 2012. Pathogenicity of the entomopathogenic fungi Beauveria bassiana  (Balsamo) Vuillmin, Beauveria brongniartii 
Saccardo and Metarhizium anisopliae Metsch to adult Oryctes elegans Prell and effects on feeding and fecundity. International Journal 
of Agriculture and Crop Sciences. 4(14):1026-1032. 

Mendonca AF. 1991. Mass production, application and formulation of Metarhizium anisopliae for control of sugarcane froghopper, Mahanarva 
posticata in Brazil. In : Lomer CJ, Prior C Eds. Biological control of locusts and grasshoppers. Wallingwood, UK. CAB International p. 
239 – 244. 

Patel KC, Yadaw DV, Dube HC and Patel RJ. 1990. Laboratory and Mass Production Studies With Metarhizium anisopliae. Annu. Biol. 6: 135-
138. 

Posada FJ. Control biológico de la broca del 1993. café Hypothenemus hampei (Ferrri) con hongos. Memorias Congreso Sociedad Colombiana 
de Entomología, pp. 137–151. SOCOLEN, 20. Cali, Colombia, Julio 13–16.  

Puzari KC, Sharma DK and Saranka LK. 1997. Media for Mass Production of Beauveria bassiana. J. Biol. Contr. 11: 96-100. 
Rao NK, Hanson J, Dulloo ME, Ghosh K, Nowell D and Larinde M. 2006. Manual of seed handling in genebanks. Handbooks for Genebanks 

No. 8 Bioversity International. Rome, Italy163pp. 
Raimbault M. 1998. General and microbiologicalaspects of solid substrate fermentation. In:International Traiing Course On Solid-

StateFermentation. Proceedings... Curitiba, Brazil 1-20. 
Romback MC. 1989. Production of Beauveria bassina Conidia in Submerged Culture. Entomophaga. 5: 45-52. 
Rousson S, Rainbautt M and Lonsane BK. 1983. Zymotics a Large Scale Fermenter Design and Evaluation, Appl. Biochem. Biotechnol. 42: 

161-167. 
Sharma K. 2004. Bionatural Mangement of Pests in Organic Farming. Agrobios Newsl. 2: 296-325.  
Sharma SP, Gupta RBL and Yadava CPS. 2002. Selection of a Suitable Medium For Mass Multipication of Entomofungal pathogens.Indian J. 

Entomol. 14: 255-261. 
Tincilley A, Easwaramoorthy G and Santhanalakshmi G. 2000. Attempts on Mass Production of Nomuraea rileyi on Various Agricultural 

Products and Byproducts, J. Biol. Contr. 18(1): 33-40. 
Vélez PE, Posada FJ, Marín P, Bustillo AE, González MT and Osorio E. 1997. Técnicas para el control de calidad de formulaciones de hongos 

entomopatógenos. Boletin Técnico 17: 37. Cenicafé, Colombia. 


