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ABSTRACT 
Beauveria bassiana is a well-known entomopathogenic fungus that plays an important role in the biological control of 
many insect pests. As a microbial insecticide, it offers an environmentally safer alternative to chemical pesticides and 
helps minimize the accumulation of harmful residues in agricultural crops. Although this fungus is commonly produced 
using solid culture media, many farmers prefer liquid formulations because they are more convenient for field 
application. To address this objective, the research was conducted at Davao del Sur State College between January 2021 
and May 2023 to examine the growth performance of B. bassiana grown in coco-water as a liquid medium under varying 
pasteurization periods. The study further evaluated whether liquidized B. bassiana (LBb) could effectively control the 
larvae of the rice white stem borer (Scirpophaga innotata Walker). 
The findings showed that coco-water pasteurized for three to four hours created suitable conditions for the growth of B. 
bassiana within five days after inoculation. In contrast, no fungal growth was observed in unpasteurized coco-water. Full 
colonization of the medium was recorded in bottles pasteurized for three to four hours, while slower growth occurred in 
media pasteurized for shorter periods and in Potato Dextrose Agar. Furthermore, rice plants treated with LBb at rates of 
100, 150, or 200 ml per liter of water applied weekly, biweekly, or monthly produced effects comparable to those 
obtained using granular insecticide applied monthly. These findings indicate that liquid formulations of B. bassiana using 
coco-water may provide a practical and environmentally friendly alternative for managing rice white stem borer 
infestation. 
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INTRODUCTION 
Rice farming plays an essential role in supporting 
agricultural livelihoods in the Philippines. and serves as 
one of the country’s most important farming activities. 
Approximately one-third of the country’s arable land, 
equivalent to about ten million hectares, is devoted to rice 
cultivation. Nearly 2.5 million farming households rely on 
rice production and related activities as their primary 
source of income. Filipinos also consume rice as a staple 
food, with an estimated annual consumption of around 
114–120 kilograms per person, which is considerably 
higher than the global average of approximately 65 
kilograms per capita. 

Despite its importance, rice production is frequently 
affected by different insect pests that can significantly 
reduce crop yield. that can cause substantial yield losses. 
The rice white stem borer (Scirpophaga innotata) is widely 
known as a serious insect pest that causes major damage to 
rice crops. It is commonly found in several rice-producing 
regions, especially in Mindanao. During severe outbreaks, 
rice crops may suffer losses ranging from approximately 
30% to almost 100%, highlighting the importance of 

implementing effective pest management measures to 
protect rice production. 

Farmers often rely on synthetic insecticides to control stem 
borer infestations because these chemicals are readily 
available and provide rapid results. While insecticides can 
provide effective control, their excessive or improper use 
may lead to several adverse effects, such as environmental 
pollution, possible health hazards to humans, and the 
ability of insect pests to develop resistance over time. 

Consequently, sustainable pest management practices are 
gaining greater attention. 

Biological control methods, especially those involving 
microorganisms, are increasingly recognized as a 
sustainable option for reducing reliance on conventional 
chemical pesticides. Among the various microorganisms 
used in biological control, the entomopathogenic fungus 
Beauveria bassiana has received considerable attention 
due to its capacity to infect and suppress many insect pests. 
When the fungus infects an insect host, it produces several 
toxic compounds, including beauvericin, bassianolide, and 
oosporein, which ultimately cause the insect’s death. Due 
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to this capability, B. bassiana is widely recognized as an 
effective biological control agent for managing insect pests 
in rice cultivation. 

Conventionally, mass cultivation of B. bassiana has been 
carried out on solid substrates, particularly corn grits. 
However, many users prefer formulations that are easy to 
prepare and apply, particularly liquid formulations. 
Developing a practical and cost-effective method for 
producing liquid B. bassiana could improve its adoption as 
a biological control agent in rice production systems. 
Therefore, this study explored the potential use of coco-
water waste as a liquid medium for culturing B. bassiana 
and evaluated the effectiveness of the resulting formulation 
against larvae of the rice white stem borer. 

METHODOLOGY 

Activity 1: Production of Liquid Beauveria bassiana 
(LBb). 
The laboratory portion of the research was conducted at the 
DSSC Laboratory of Davao del Sur State College, located 
in Matti, Digos City, Davao del Sur, between January and 
June 2021. 

Collection of the Coco-water 
Fresh coconut water was collected from a coconut grating 
shop located in the public market of Digos City. The coco-
water was a 100% waste in the said store, only the grated 
coco meat was sold to costumers. The fresh coco-water 
was placed in clean plastic container and was brought to 
the DSSC Laboratory. 

Dispensing of the Fresh Coco-water to Flat Bottles 
Clean rhum flat bottles were used as the containers filled 
with 150 ml fresh coco-water and cotton plugged. The flat 
bottles were labelled based on the treatments and were 
arranged in the drum for pasteurization. 

Pasteurization 
Pasteurization was done using drum with water at the 
bottom levelled in its tray. Burning woods were done to 
bring and maintain the water boiling. One (1) hour from 
boiling, flat bottles labelled treatment 1 were taken from 
the drum, two (2) hours from boiling flat bottles labelled 
treatment 2 were taken from the drum, three (3) hours from 
boiling flat bottles labelled treatment 3, four (4) hours from 
boiling flat bottles labelled treatment 4. 

Beauveria bassiana Inoculation/Planting 
Seven (7) day old pure culture of B. bassiana grown in 
pasteurized corn grits was used. Two (2) corn grits were 
inoculated to pasteurized coco-water aseptically using 
sterilized transfer needle. Inoculated flat bottles were 
slanted to increase the surface for the B. bassiana to grow. 
Growing B. bassiana were incubated under room 
temperature. 

Experimental Design 
The study was conducted following a Completely 
Randomized Design (CRD) with five replications, and the 
experimental treatments were organized as follows: 

T1 – pasteurization for 1 hour 
T2 – pasteurization for 2 hours 
T3 – pasteurization for 3 hours 
T4 – pasteurization for 4 hours 
T5 – without pasteurization 

Treatment 6 – Potato Dextrose Agar (PDA) 

Data Gathered 
1. Number of flat bottles with pasteurized liquid medium 

(coco- water) had B. bassiana growth. 

2. Percentage of the pasteurized liquid medium (coco- 
water) occupied by growth of B. bassiana. 

Statistical Tool 
The experimental data collected in this study were 
statistically evaluated through Analysis of Variance 
(ANOVA) under a Completely Randomized Design 
(CRD). When significant differences among treatments 
were detected, Tukey’s HSD test was applied to compare 
the treatment means using the STAR statistical software. 

Activity 2. Testing of LBb against larvae of white stem 
borer under pot experiments. 
This experiment was implemented in Matti, Digos City, 
Davao del Sur over a five-month period spanning January 
to May 2023. 

Experimental Layout 
The experiment followed a split-plot arrangement under a 
Randomized Complete Block Design (RCBD) with four 
replications. Plastic basins were used as the experimental 
units, each containing four rice plants. The treatments 
included in the experiment were organized as follows: 

Factor A – Application Rate 

 
Factor B – Frequency of Application 

B1 – applied once per week 

B2 – applied once every two weeks 

B3 – applied once per month 

Preparation of Basins and Soil Growing Medium 
The experiment utilized a medium-sized plastic basin as 
the container. The soil medium was prepared by mixing 
garden soil and mud collected from a rice field in equal 
proportions (50:50). Both materials were thoroughly mixed 
to obtain a uniform medium before being placed in the 
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individual plastic basins. The basins were filled up to about 
three-fourths of their capacity to ensure adequate space for 
holding water. 

Rice Seed Preparation and Planting Procedure 
To initiate germination, rice seeds were immersed in clean 
water for about 12 hours and subsequently kept for 
incubation for an additional 24 hours. After sprouting, the 
seeds were sown in seedbeds. Twenty-five days after 
sowing, the young seedlings were transferred to the basins, 
Three seedlings were maintained in each hill after 
transplanting. 

Fertilizer Application 
A mixture of complete fertilizer (14-14-14) and urea (46-0-
0) was applied seven days after sowing, using 10 g of each 
fertilizer per treatment. The same fertilizer combination 
and amount were reapplied 7 and 15 days after 
transplanting. 

Preparation of LBb 
Pure culture of B. bassiana used was from Regional Crop 
Protection Center 10. Mass propagation of B. bassiana was 
done using pasteurized coco-water in a flat bottle. After 
seven (7) days, the culture was blended to produce the LBb 
using portable blender. The LBb was stored in the 
chiller compartment of refrigerator. 

Preparation of Stemborer Larvae and Infestation 
Gravid white stem borers (WSBs) were collected from rice 
fields and kept overnight in a net cage containing rice 

plants. The egg masses deposited by the insects were then 
collected and placed in clean Erlenmeyer flasks lined with 
moistened cotton until they hatched. After hatching, ten 
newly emerged larvae were introduced to each plant at 50 
days after transplanting. The infestation process was 
conducted in the late afternoon. For easier counting, the 
larvae were temporarily placed on cotton. 

Procedure for Treatment Application 
The application of liquid B. bassiana followed the assigned 
treatments and was carried out using a clean hand sprayer. 
The applications were performed in the late afternoon. 
Spray application began 15 days after transplanting and 
continued throughout the entire duration of the study. The 
application frequency varied according to the treatment 
assigned in the experiment. 

Statistical Analysis 
The experimental data were subjected to statistical 
evaluation using Analysis of Variance (ANOVA) under a 
split-plot arrangement within a Randomized Complete 
Block Design (RCBD) to determine differences among 
treatments. Whenever significant effects were observed, 
Tukey’s test was used to compare the treatment means. 

Procedure for Data Collection 
Percent White Head - This parameter was determined by 
recording the number of white head symptoms observed in 
each plant and then calculating the percentage using the 
formula presented below: 

 
RESULTS AND DISCUSSION 

Activity 1. Producing Liquid Beauveria bassiana (LBb) 
Table 1 shows the number of flat bottles pasteurized liquid 
medium (coco-water) had B. bassiana growth five (5) days 
after planting. 

With growth; only 2 out of 5 flat bottles with pasteurize 
coco-water as culture medium have been observed in T1 

(1hr pasteurization) and 4 flat bottles in T2 (2 hrs 
pasteurization). All the 5 bottles with pasteurize coco-water 
as culture medium have been observed in T3 (3 hrs 
pasteurization), T4 (4 hrs pasteurization) and T6 (PDA 
medium). However, no growth had been observed in T5 (0 
hr pasteurization). 

REPLICATION 

Table 1. Number of flat bottles with pasteurized liquid medium (coco-water) had B. bassiana growth five (5) days after 
incubation. 

Treatment Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Total Mean** 

T1 – 1-hour 
pasteurization 

0 0 1 0 1 2 0.40ᵇᶜ 

T2 – 2-hour 
pasteurization 

1 1 1 1 0 4 0.80ᵃᵇ 

T3 – 3-hour 
pasteurization 

1 1 1 1 1 4 1.00ᵃ 

T4 – 4-hour 
pasteurization 

1 1 1 1 1 4 1.00ᵃ 

T5 – no 
pasteurization 

0 0 0 0 0 0 0.00ᶜ 

T6 – PDA 
medium 

1 1 1 1 1 5 1.00ᵃ 

CV= 41.24% 

** = highly significant 
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Treatment means sharing the same superscript letter indicate that there is no significant difference at the 5% level 
according to the HSD test. 

Table 2 presents the percentage of the liquid medium 
(coco-water) colonized by B. bassiana five (5) days after 
incubation. 

In T3 (3 hrs pasteurization) and T4 (4 hrs pasteurization), 
the surface of pasturized coco-water had fully colonized 

(100%) by B. bassiana. Only 38%, 8% and 5% in T2 (2 hrs 
pasteurization), T1 (1 hr pasteurization) and T6 (PDA 
medium), respectively. 

No growth had been observed in T5 (0 hr pasteurization). 

REPLICATION
Table 2. Percent of liquid medium (coco- water) occupied by growth of B. bassiana five (5) days after incubation. 

Total Treatment Replication 
1 

Replication 
2 

Replication 
3 

Replication 
4 

Replication 
5 

Mean** 

25 T1 – 1-hour 
pasteurization 

0 0 10 0 15 5%ᶜ 

190 T2 – 2-hour 
pasteurization 

65 40 35 50 0 38%ᵇ 

500 T3 – 3-hour 
pasteurization 

100 100 100 100 100 100%ᵃ 

500 T4 – 4-hour 
pasteurization 

100 100 100 100 100 100%ᵃ 

0 T5 – no 
pasteurization 

treatment 

0 0 0 0 0 0%ᶜ 

40 T6 – PDA 
culture 
medium 

5 10 10 5 10 8%ᶜ 

CV= 24.69% 

** = highly significant 

Means followed by the same superscript letter denote the absence of a significant difference at the 5% level based on the 
HSD test. 

Activity 2. Testing of LBb against larvae of white 
stemborer under pot experiments. 
Table 2 illustrates the mean percentage of white head 
symptoms observed in the rice plants. The results of the 
Analysis of Variance (ANOVA) revealed that the 
treatments differed significantly from one another. 

Treatment A4B1 recorded no incidence of white head 
infection (0.00%), and its result was comparable with 
treatment A4B2 (0.12%). In contrast, the remaining 
treatments (A1B1, A1B2, A1B3, A2B1, A2B2, A2B3, 
A3B1, A3B2, A3B3, and A4B3) produced relatively 

similar outcomes, with mean infection percentages varying 
from 0.15% to 0.65%. These results show that white head 
symptoms were observed in treatments A1B1 through 
A3B3 as well as A4B3. In contrast, the weekly application 
of granular insecticide (A4B1) effectively prevented 
infestation by the white stem borer. 

Table 2. Average percentage of white head symptoms 
observed in rice plants at the DSSC experimental field, 
Matti, Digos City, Davao del Sur, Philippines, during the 
period January–May 2023. 
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CV (A) = 76.30%; CV (B) = 61.47%. 

Means that share identical superscript letters are regarded 
as statistically similar at the 5% probability level based on 
Tukey’s HSD test. 

P-value (A) = 0.6910 

P-value (B) = 0.0019 

CONCLUSIONS 

1. The findings revealed that the growth of B. bassiana in 
coco-water differed significantly according to the 
length of the pasteurization period. 

2. There were no significant differences on average 
percent white heads occurrence regardless of the 
dosage and frequency of LBb application against 
granular insecticide applied monthly. 

RECOMMENDATIONS 

Considering the outcomes of this research, the 
following recommendations are proposed: 

1. Collection of fresh coco water and pasteurization must 
be done on the same day for three (3) hours. 

2. To evaluate the dosage and frequency of applications of 
LBb applied under field condition is also 
recommended. 
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