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Abstract: The objective of this study is to evaluate the effects of artificial media comprising of Potato 
Dextrose Agar (PDA), Sabouraud Dextrose Agar (SDA), Sabouraud Dextrose Agar Supplemented with 
Yeast Extract (SDAY), Malt Extract Agar (MEA), Nutrient Agar (NA) and Water Agar (WA), and 
sterilized local mass production media consisting of cooked rice, unmilled rice, sorghum seed and dog 
feed on growth of entomopathogenic fungus, Beauveria bassiana  (Balsamo) Vuillenim (Acomycota: 
Hypocreales) isolate 01 (Bbs01). The studies showed that NA gave highest growth rate (3.04 ± 0.17 mm. 
per day) while SDAY induced highest sporulation (8.80 ±  0.55 spore per ml.). The fungus cultured on 
SDAY was highest at 7 days Percent Cumulative Mortality (PCM) to aphids, Lipaphis erysimi 
(Hemiptera: Aphididae), flea beetle, Phyllotreta sinuata (Coleoptera: Chrysomelidae) and cutworm, 
Spodoptera litura (Lepidoptera: Noctuidae) averaging 94.20 ±  4.02, 71.4 ±  3.85 and 79.00 ±  1.58  percent 
respectively. 
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Introduction: Beauveria bassina fungus (Balsamo) Vuillenim (Ascomycota: Hypocreales) is a disease-
generating fungus in insects, which has been one of the fungus most widely studied and utilized for pest 
control. This is because the said fungus can destroy various types of pest, such as Hemiptera, 
Lepidoptera, Diptera, Hymenoptera and Coleoptera insects [1]. There have been reports of this fungus 
being used in the form of microbial insecticide, which works well in controlling pest affecting 
economically significant crops, such as European corn-borers, Ostrinia nubilalis [2]. Many isolates of 
this fungus have been developed into a commercial formulation, such as Bb147 formulation, extracted 
from O. nubilalis. It was used for pest control of Asiatic Corn borer (O.furnacalis), coffee berry borer, 
white grubs, bollworm, cutworm and brown planthopper. The commercial names were Bio-power, 
Beauverin, Boverol, Boveosil, Naturalis-O, Naturalis-T and Back-off [3]. However, the commercial 
formulations are not quite widespread and does not make up a significant part of the pest control 
market yet. Furthermore, it is expensive, making it unsuitable for application by low-income farmers. 
For effective pest control using fungus, particularly in developing countries, the most effective isolate 
found in local areas will be used. As much culture available in the local area would be used [4]-[6]. As for 
Thailand, there have been research efforts on culture method to increase B.bassiana fungus, the most 
effective local isolate in controlling pest, found in Thailand. The culture can also be found locally [7].  
 
Factors influencing the growth of fungus that can be utilized in the form of an insecticide formulae, 
specifically in agricultural plots, are such as virulence, or pathogenicity and environmental tolerance, 
namely lights, temperature and humidity of the fungus. These are mostly directly inherited from 
genotypes [8]. Additionally, there are reports that artificial media impacts the strengths of B. bassiana 
and may also impact the fungus’ genetic characters as well [9]. This information leads to the question 
that, even if a local isolate of pest control fungus is selected to use, due to its capacity to pest in the lab, 
and that it can create a sufficient amount of spores for certain media, it is possible that the fungus 
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strengths may be reduced as a result of the artificial media or culture used. Molecular level biological 
indicators are related to the strength level of the fungus, which is the enzyme production [10] connects 
to the genetic characteristics of the fungus. If the type of the culture impacts the amount of enzyme 
production and/or the genetic characteristics, it would impact the general usage. However, further 
impacts may include the investment value in economic terms, if the artificial media used for commercial 
formulation was not appropriate.  
 
This research is a continuation of the work by the researchers who selected B.bassiana fungus found in 
local areas for the benefits of pest control. They receive the research funds from National Research 
Council of Thailand (NRCT). It was discovered that B. bassiana isolate Bbs01 is the most effective pest 
control for many variety, such as citrus aphid, diamondback moth, and common cutworm. In the 
financial year of 2012, a research grant to study the disease causing strengths, and the molecular level 
genetics of B. Bassiana, a local strain, which was a result from artificial media and growing culture for 
the benefits of sustainable pets control. In 2012, there has been a selection on the culture type suitable 
for growing the volume of B. bassiana fungus, isolate Bbs01. Considerations are made from indicators, 
both in quantitative term of the fungus external characters, from the ability to grow, the spore 
production. There is also a study on the level of relationship between quantitative indicators and the 
culture, which link to quality indicator. It is also the disease-causing strength, leading to a guideline for 
maximum utilization of existing natural resource, making the most of the investment. Therefore, finding 
a clear conclusion on the relationship and the impacts of the culture towards productivity and the 
fungus strengths need further research. It allows identification of artificial media and culture suitable to 
bring in local strain focus for usage. 
 
Material and Methods:  
Selecting the Suitable Type of Artificial Media for the Cultivation and Preparation of Leavening 
Agent: Select the type of artificial agent suitable for the cultivation and preparation of B. Bassiana 
leavening agent, by considering from the ability to grow and produce spores on artificial media, which 
are Potato Dextrose Agar (PDA), Sabouraud Dextrose Agar (SDA), Sabouraud Dextrose Agar 
Supplemented with Yeast Extract (SDAY), Malt Extract Agar (MEA), Nutrient Agar (NA) and Water Agar 
(WA).  
 
To find the growth rate of a single colony on various type of media using cork borer with a diameter of 
0.7 cm., take out a piece of the media with the hyphae of B. Bassiana grew on PDA media for 3-5 days, or 
until there is no contamination from bacteria or other fungi. Then relocate the fungus onto the PDA 
media until the fungus is 5 days old. Use cork borer the size of 0.7 cm., take out the piece of media with 
hyphae, and place it on the plate with artificial media you would like to test, all 6 types. Bring the plate 
on the shelf with lighting hours: dark hours of 12:12 hours, at 25±3 degree Celsius. Then measure the 
diameter of the fungus very 24 hours until the media plate has B. bassiana spread throughout the plate 
(diameter of around 9 cm.). Plan the experiment in the format of CRD, repeat each experiment 5 times. 
 
Find the spore production rate of B. Bassiana fungus by moving pure fungus onto the PDA media for 5 
days. Use cork borer the size of 0.7 cm., take out the media with the hyphae on the plate with the media 
we would like to test. Bring the plate onto the shelf, and set for light hours:dark hours of 12:12 hours, at 
the temperature of 25+ 3 degree Celsius for 10 days. Afterwards, use the cork borer with the diameter of 
0.7 cm to take out the media with the hyphae and spores from the plate. 3 Pieces a plate. Put it in 
distilled water of 10 ml., and count the spore numbers in the unit of spores per ml (n=5). For each 
repetition, the number of spore counts from C Cell equates to 0.02 x 0.02 x 001 cm. = 4.0x106 cubic 
centimeters. Divide it by (2.5x105) (Goettel and Inglis, 1997, pp. 213–249. Plan out the experiment in a 
CRD format and test it 5 times each. 
 
Bring the average of the B. bassiana fungus isolate Bbs01’ 24 hours growth rate on each type of media for 
analysis to look for the fluctuation, in order to look for statistically significance level of 95 and 99%. If it 
was found to be statistically significant, do a comparison on the difference between average using DMRT 
method. Then bring the average number of spores from each B. bassiana, isolate Bbs01 created on the 
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media each type. Analyze for the fluctuations to identify what is statistically significance at the level of 
95 and 99%. If there is a significance, compares the difference between averages using DMRT. 
 
Selection of Mass Production Media That Could Be Found Locally and Are Suitable for 

Cultivation and Preparation of Leavening Agent: Prepare the mass production media that can be 
found in local area, such as cooked rice, unmilled rice, sorghum seed and dog feed. Prepare the cooked 
rice by using streaming jasmine rice until its 50% cooked. Then spread it out to cool in a bamboo-woven 
tray to reduce the excess moisture. Prepare the unmilled rice by bringing it to clean, and immerse it in 
water for 24 hours. Afterwards, boil it for 15 minutes before dry it to dry in the opened air for 30 minutes 
on a bamboo tray. Sorghum seed should be prepared the same way with unmilled rice. As for the dog 
feed (Plemo brand for all types of full grown dogs, liver flavor), immerse it in clean water for 1.5 minute, 
then spread it out to dry on the bamboo tray. Put each type of culture in the heat-tolerant plastic bags, 
150 gram each. Use the plastic bottle necks to seal and close up the bottle necks with cotton. Cover it 
with thick tissues and tie it tightly. Place it for sterilization at the temperature of 121 degree Celsius, for 
30 minutes, then bring it to cool at room temperature. Move the pure fungus of 7 days old and put it on 
PDA media. Use the cork borer with a diameter of 0.7 cm to impale the section of the media with the 
fungus hyphae. Place it in the bag with prepared culture on the shelf, ensure the light hours: dark hours 
are at 12:12 hours, at the temperature of 25±3 degree Celcius, until the fungus spread out through any 
type of media. Prepare and grow fungus on the culture and incubate the fungus according to the method 
above. Bring the fungus incubated for 240 hours to monitor the volume of spore production on fungus 
grown on different type of culture. Measure the hyphae growth of the fungus by recording the hours the 
focus hyphae used to grow. Use this information to calculate for the growth percentage of the fungus on 
different type of fungus, as follows: 
 

Percentage  of  fungus growth = 
No. days of fungus uses to grow x 100 

No. days of fungus grown up first full for a 
cultivation bag

 
Plan for the experiment in the format of CRD by repeating it 5 times each. Then use the average value of 
B. bassiana growth on each type of culture. Analyze the fluctuation for the statistically significance at 
the confidence intervals of 95 and 99%. If it was found to be significant, then compare the difference 
between the average using DMRT. 
 
To find out the amount of fungus spore production on each type of media, bring the food with fungus 
growing on them and dissolve it in water at the volume of 500 ml. Bring out 0.05 ml. for count on the 
hemacytomer and find the spore count in the unit of spores per ml. according to 1), the experiment 
should be planned in a CRD format, and repeated 5 times each. Afterwards, bring the average number of 
spore counts of B. Bassiana s, isolate Bbs01 grown on each type of media. Analyze the fluctuations to 
identify for statistically significance level of confidence level 95 and 99%. If there are any significance 
found, compare the difference of average values using DMRT. 
 
Results: Artificial Media Suitable for Culture and Preparation of Leavening Agent: Selection of 
the artificial media type suitable for growing and preparing the Beauveria bassiana leavening agent, 
isolate Bbs01. Considerations are made from the capability to grow and produce spores on artificial 
media, such as Potato Dextrose Agar (PDA), Sabouraud Dextrose Agar (SDA), Sabouraud Dextrose Agar 
Supplemented with Yeast Extract (SDAY), Malt Extract Agar (MEA), Nutrient Agar (NA) and Water Agar 
(WA). It was discovered that the growth rate of a single colony of B. bassiana per hour has statistically 
significant difference. (p=0.01) (Table 1). The highest and lowest average are 3.21 and 0.53 mm. per 24 
hours. Once grown on NA and WA media respectively, the fungus that can expand the peripheral of the 
colony the fastest on NA media was 3.04 ± 0.17 mm. per 24 hours. There was no statistically significant 
difference for growths on MEA media. As for measuring the amount of production spore, it appears that 
the type of artificial media used can impact the spore production of B. bassiana isolate Bbs01 
significantly. In the duration of 10 days in laboratory, the fungus can produce as much as 9.35 spores and 
lowest at 1.57 spores per ml., upon being grown on SDA and WA media. The amount of spore produced 
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on each type of artificial media for B.bassiana isolate Bbs01 are significantly different. For the growth on 
SDA media, the highest average found was 8.80 ± 0.55 spores per ml. (table 2). 
 

Table 1:. The Growth Rate of A Single Colony Of Beauveria Bassiana Isolate Bbbs01 

On Different Types of Artificial Media 

Artificial media Growth rate (mm. per 24 hour) 

Potato Dextrose Agar (PDA) 2.36 ± 0.30c 
Sabouraud Dextrose Agar (SDA) 2.72 ± 0.08b 
SDA with Yeast Extract (SDAY) 2.70 ± 0.17b 
Malt Extract Agar (MEA) 2.78 ± 0.19a 
Nutrient Agar (NA) 3.04 ± 0.17a 
Water Agar (WA) 0.68 ± 0.15d 

    

Note: The average ± SD from repetitions, 5 times each, following the different alphabets means there 
are statistically significant difference at the confidence interval of 99% by comparing the difference in 
average values with DMRT. 
 

Table 2: Amount of Spore Production of Beauveria Bassiana Isolate Bbs01 
on Different Types of Artificial Media 

Artificial media Amount of Spore Production (spores per ml.) 

Potato Dextrose Agar (PDA) 6.62 ± 0.27d 
Sabouraud Dextrose Agar (SDA) 8.80 ± 0.55a 
SDA with Yeast Extract (SDAY) 7.40 ± 0.43c 
Malt Extract Agar (MEA) 8.10 ± 0.45b 
Nutrient Agar (NA) 7.40 ± 0.84c 
Water Agar (WA) 2.20 ± 0.45e 

    

Note: The average ± SD from repetitions, 5 times each, following the different alphabets means there are 
statistically significant difference at the confidence interval of 99% by comparing the difference in 
average values with DMRT. 
 
Mass Production Media That Could Be Found Locally Suitable for the Culture and Preparation 
of Leavening Agent: The culture which can be found locally comprises of cooked rice, unmilled rice, 
sorghum seed and dog feed, which have been sterilized with steaming. It appears that the growth 
percentage of B. bassiana isolate Bbs01 fungus on 150-g of culture. There is a statistically significant 
difference (p=0.01) (Table 3). The highest and lowest value is at 99.89 and 66.49% respectively. The 
media with hyphae spread to the greatest coverage is sorghum seed. However, there has been no 
difference between using the cooked rice as media. The average growth percentage of the fungus on the 
media is 98.80 ± 1.09 and 94.60 ± 3.65 percent respectively. The amount of spore production for fungus 
in media appears to have significant difference. The highest is at 10.60 spores per ml., when grown on 
the sorghum seed. it was 7.40 spores per ml. when grown with dog feed. The spore generation is the 
highest on sorghum seed with the average of 10.60 ± 0.89 spores per ml., and follows by cooked rice is 
10.20 ± 1.30 spores per ml. (table 4) which has no statistically difference. 
 

Table 3: Growth Percentage of Beauveria Bassiana Isolate Bbs01 
on Mass Production Media 

Mass Production Media Growth (%) 

Cooked rice 94.60 ± 3.65a 
Unmilled rice 87.60 ± 8.26b 
Sorghum seed 98.80 ± 1.09a 
Dog feed 70.40 ± 3.91c 
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Note: The average + SD from repetitions, 5 times each, following the different alphabets means there are 
statistically significant difference at the confidence interval of 99% by comparing the difference in 
average values with DMRT. 
 

Table 4: Amount of Spores per Ml. of Beauveria Bassiana Isolate Bbs01 
on Mass Production Media 

Mass Production Media Amount of Spore Production (spores per ml.) 

Cooked rice 10.20 ± 1.30a 
Unmilled rice 8.60 ± 1.34b 
Sorghum seed 10.60 ± 0.89a 
Dog feed 7.40 ± 0.55b 

 
Note: The average + SD from repetitions, 5 times each, following the different alphabets means there are 
statistically significant difference at the confidence interval of 99% by comparing the difference in 
average values with DMRT. 
 
Discussion: Results of Potato Dextrose Agar (PDA), Sabouraud Dextrose Agar (SDA), Sabouraud 
Dextrose Agar Supplemented with Yeast Extract (SDAY), Malt Extract Agar (MEA), Nutrient Agar (NA) 
and Water Agar (WA) artificial media and culture, which could be locally sourced (Cooked rice, 
Unmilled rice, Sorghum seeds and Dog feed) to the growth and spore production of Beauveria bassiana 
isolate Bbs01, in consideration to the growth rate of individual colony and production generation of B. 

bassiana, from Table 1 and 2, there are inconsistencies with the research result. The growth rate of an 
individual colony for 24 hours, reveals that the fungus can expand its colony the fastest on NA media NA 
(3.04 ± 0.17). However there is no statistically significant difference on the growth of MEA media (p = 
0.01). The spore production per ml. unit of the spore suspended solution in this experiment shows that 
steamed Sorghum seeds, which are sterile, are suitable for spore production. The spore production of 
insect disease fungus is crucial to the application of said fungus. It has influences over the disease 
causing ability in quantitative term [11]. This study shows that the culture on SDA media gives the 
highest number of spores on average (8.80 ± 0.55 spores per ml.). As for this part, from observation of 
the growth rate of fungus on the media, it was revealed that even if the fungus can grow quickly on NA 
and/or MEA media, the hyphae is fluff and loosely consolidated. It may be this point that cause the 
fungus grown on aforementioned food to create larger amount of spores, as the hyphae, is the origin of 
its reproductive part, such as conidiophore and spores. Cooked rice, unmilled rice, sorghum seeds and 
dog feed are culture that can be locally sourced. It can be used to grow B. bassiana appropriately. With 
scientific evidence to substantiate, it would be great if the B. bassiana is used to control crops’ pests 
safely in the agricultural practice. After considerations of 2 indicators, which hare the growth percentage 
of fungus and the amount of spore production on 150 g. culture. This result shows that the culture with 
fungus hyphae of best coverage is steamed sorghum seeds and/or cooked rice (98.80 ± 1.09 and 94.60 ± 
3.65 percentage respectively). In this case, the result is consistent with spore production in the culture, 
the fungus has the highest spore production when grown on sorghum seed (11.49 spores per ml), follows 
closely by cooked rice (10.20 ± 1.30 spores per ml). There was no statistically significant difference 
respectively (Table 3 and 4). Therefore, for initial consideration, the said material is suitable to be used 
for growing B. bassiana fungus. 
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