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ABSTRACT: Cacao (Theobroma cacao) is the top five major plantation commodities in Indonesia. Cocoa fruits in Temanggung, Central Java Province 
were attacked by fruit sucking insect, Helopeltis sp.  Helopeltis sp is also known as a major pest in plantation crops in Indonesia. This study aimed to 
analyzed the mortality of Helopeltis sp. after the application of parasitic fungi Beauveria bassiana in certain doses. B. bassiana used was in form of 
kaolin powder produced by Plantation Corps Protection Center (BPTBUN) of Salatiga. This study used four  doses of treatment : 0 gL

-1
, 100 gL

-1
, 150 gL

-

1
, and 200 gL

-1
. B. bassiana used had a spore density of 4.2 x 10

8
 spores/g with viability of 67.2%. Results of the study showed that B. bassiana could 

infect and kill Helopeltis sp. The optimum dose to control the population of Helopeltis sp. is 150 gL
-1
. Spraying was conducted two days in a row, then 

followed by 1 week interval. This study took more than four weeks to completely kill the test insects. The results are useful for the recommendations of 
biological control agent of  Helopeltis sp pest in the field. 
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INTRODUCTION 
Cacao is the top five major plantation commodities in 
Indonesia. However, cacao production decreased in 2010-
2014. Cacao production reached 839.918 tons (in 2010), 
while only 817.322 tons in 2014. During the cacao harvest 
in 2016, Cacao Plantation of Central Java Province found 
that there was a pest attack on cacao plants in the 
Karanggedong village.  One of the identified pest was fruit 
sucking insect, Helopeltis sp. It is a very destructive pest of 
cocoa. They were found almost in all the fruit-bearing cocoa 
trees. The infected fruit was identified by the color change 
into black patches, fruit shrinks and the fruit falls before 
ripe. The attacks can be performed by both imago (mature 
insect) and nymph (immature insect). The nymph attacks 
have a lighter impact compared to the imago attacks, due to 
the limited movement of the nymph [1,2].  Helopeltis sp. 
attacks in young fruit may cause the stalled fruit 
development [3, 4]. Farmers use pesticides to control 
Helopeltis sp. at this time, but there has been insect 
resistance, so that the doses used should be high. 
Therefore, it needs another way, that is biological control 
using Biological Control Agent (BCA).  Biological Control 
Agent (BCA) is a microorganism or organism that has the 
ability to suppress, obstruct, or kill targeted organisms 
through certain mechanisms and potentially to be used in 
controlling the target's population. BCA can be as parasite, 
predator or pathogen. BCA such as an entomopathogenic 
fungi have been widely used by farmers as an effective, 
safe and environmentally friendly pest control [5]. Pest 
control using biological agents is a good choice in terms of 
environmental preservation and biodiversity conservation  
 
 
 
 
 
 
 
 
 
 
 
 
 

[6]. The use of BCA as a substitute for chemical pest control 
or chemical pesticides is potentially reducing the level of 
environmental damage. Using pesticides can lead to soil 
degradation, the extinction of certain species and the 
emergence of resistant species. B. bassiana is a 
pathogenic fungus that can infect and causing the 
disruption to the body of insects. B. bassiana has more than 
700 species of host insects, which mean that B. bassiana 
has no specific host [7]. Utilization of B. bassiana for 
controlling the population of Helopeltis sp. has been widely 
reported [3, 8,9].  The application of B. bassiana can 
decrease the Helopeltis sp. attacks [3]. The fact that B. 
bassiana can control the Helopeltis sp. population leads to 
an urgency to conduct an adaptation and efficacy test of the 
B.bassiana produced by BPTBUN in purpose of controlling 
Helopeltis sp. This study aimed to analyze the adaptation 
and efficacy of B. bassiana fungus in controlling Helopeltis 
sp. The study results are useful for the recommendations of 
biological control agent of pest in the field. 
 

METHODS 
Efficacy test of B. bassiana were conducted from October to 
November 2016, at one of the Temanggung Cacao 
plantation The study site has a land area of 7.44 ha, an 
altitude of 1000 m above msl, a temperature of 25-34.9

o
C, 

an air humidity of 66-99%, and rains that fell almost daily 
during the data retrieval process. B. bassiana fungi were 
obtained from BPTBUN Salatiga in the form of kaolin 
powder formulations. Tests of spore density and viability 
were performed prior to the use of B. bassiana. The test 
was conducted at BPTBUN Pest Laboratory, Salatiga. The 
test of density and viability steps were described as follows 
by method from Directorate of Plantation Protection [10]. 
Density Test of B. bassiana Spores One gram of B. 
bassiana in the form of kaolin powder was weighed and put 
into a glass with 100 mL of Aquades, then stirred until 
blended. The spore suspension plus three drops of Agristic 
(adhesive compound) were taken with a 0.2 ml pipette 
stirred until blended and dripped on a hematocytometer. 
The suspense was left for about 1 minute to set the conidia 
in stable position. Spores were observed under a 
microscope with a magnification of 100 or 400 times. The 
spores’ calculation was repeated 4 times for valid results 
using the following formula: 
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S = The number of spores per gram of medium 
t = The number of spores counted on field count (a, b, c, d 
and e) 
d = Levels of dilution 
n = The number of boxes observed (5x16 small boxes = 80 
boxes) 
This formula applies only to the Neubauer Improve 
hemocytometer. 
 
Viability test of B. bassiana spores The liquid agar medium 
was poured into the petri dish cap aseptically, then left to 
cool and solid. The thin layer of agar medium was sliced 
with a sterile scalpel approximately 1 x 1 cm and moved 
over the object glass. One object glass can be occupied by 
2 pieces of agar media. The spore suspension was dripped 
onto an object glass, covered with a cover glass and then 
observed under 400 times magnification of microscope to 
determine the spores’ density. The object glass containing 
the medium with spore suspension was inserted into a large 
closed petri dish then incubated for 8 hours at room 
temperature. Growing spores were characterized by the 
growth of short hyphae or tailed-looking spores. Result of 
observation was recorded and the treatment was repeated 
4 times. The calculation of B. bassiana spores' viability was 
performed by the following formula: 
 
VK = ∑KB / (∑KB +∑KTB ) x 100% 
VK = viability of conidium 
KB  = the germinated conidium 
KTB  = the ungerminated conidium 
Good Quality Standards of BCA according to the 
Directorate of Plantation Protection are as follows [10]: 
 

Table 1. Quality Standards of BCA [10] 

No. Criteria Good Moderate Poor 

1 
Spores density 
(g/ml) 

>10
6
 10

6
 < 10 

6
 

2 
Spores viability 
(%) 

86 – 100  75 – 85 < 75  

 
Adaptation Test 
The adaptation test was conducted to determine whether B. 
bassiana can adapt well to infect Helopeltis sp. in the 
Temanggung cocoa garden with an altitude of 1000 m 
above sea level. The efficacy test was intended to 
determine whether B. bassiana can kill Helopeltis sp. or not 
In the process of the treatment, cocoa fruits were covered 
with a white color tile fabric with a size of 15x 25 cm. Ten 
Helopeltis sp. was given inside each confinement. This 
study used four treatment doses of B. bassiana: treatment 
A: 100 gL

-1
; treatment B=150 gL

-1
, treatment C=200 gL

-1
 

and control (without any B. bassiana) with 10 times 
repetition for each dose. The covered fruits with Helopeltis 
sp. inside then were sprayed with the formula of B. 
bassiana according to the specified dose. Observation was 
conducted in every week, by observing at whether or not 
the insects were infected and dead. Dead insects were 
taken from the confinement, then incubated by storing on a 
5 cm x 5 cm mica box. At the base of the mica was given a 

tissue soaked in moist water. Incubation was done for about 
2-4 days. Whitish marks appear on the body of an infected 
insect as the infected mark B. bassiana. To ascertain the 
type of fungus that was attacked Helopeltis sp. Fungus 
identification was conducted at Biology Laboratory of 
Semarang State University and Laboratory of BPTBUN. 
The percentage of insect mortality was calculated by the 
following formula: 
 
Percentage of deaths =   ∑M / (∑M +∑H) x 100% 
M = dead Helopeltis sp. 
H = alive Helopeltis sp. 
 

RESULTS AND DISCUSSION 
From the result of spore density calculation, it was found 
that the formulation used contained 4.2 x 10

8
 spores/g 

(Figure 1). According to the Directorate of Plantation 
Protection [10], spore density of > 10

6
 includes in good 

category, it means that the kaolin formulation used in this 
study had a good quality. The number of spores was related 
to the dose level used. The higher the dose level the more 
spores contained in it [11]. 

 

 
 
Figure 1. Spores of B. bassiana at 400x Magnification 

 
Observations with 400x magnification shows oval rather 
round shaped of spores. This is in accordance with Ligozzi 
et al.[12], which described the morphology of B. bassiana 
grown on PDA media possessed features of white color The 
oval-shaped spore is slightly round to ovoid with a grape-
like structure. The average viability of B. bassiana in the 
applicable kaolin medium was included in deficient category 
because of its viability after 8 hours incubation was only 
67.2%. However, the terms of a pathogen as biological 
control agents is not only based on its viability, but also 
some other things such as its ability to produce enzymes 
and secondary metabolites that functionate as a 
degradation compound of the cuticle and chitin and also 
can demolish the nervous system of the insects [13]. The 
percentage of death Helopeltis sp. was obtained from the 
result of Helopeltis sp. mortality observation for four weeks. 
The percentage of death Helopeltis sp. as a result of B. 
bassiana infection is listed in Figure 2. 

 

S = (t x d x 10
6
)/ (n x 0.25) 
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 Duration (weeks) 
 

Figure 2. The Percentage of Helopeltis sp. Mortality due to 
the Infection of B. bassiana 

 
A: 100 gL

-1
; B = 150 gL

-1
, C = 200 gL

-1
 and control (without 

any B. bassiana). 
 
The results of the adaptation and efficacy of B. bassiana 
fungi (Figure 1), shows that B. bassiana can adapt and 
infect Helopeltis sp. at an area of 1000 m above sea level 
(msl). According to Lecuona et al.[14], the optimum 
temperature that supports the development of B. bassiana 
is 20-30 ° C. This fungus is capable of developing in the 
temperature range of 15-35 ° C and the humidity below 
95.5%. The air temperature at the site ranges from 25-
34.9

o
C  with air humidity of 66-99%. The very high humidity 

(99%) was due to the rainfall at the time of recording. 
Environmental factor data indicate that in that location, B. 
bassiana can develop well. At the first week after the 
application of B. bassiana, infected Helopeltis sp. in the 
treatment of B was the highest mortality (51.3%) compared 
with treatment A (19.5%) and C (22.9%). This was because 
at the first application of treatment B, the heavy rain fell half 
an hour after the spraying resulting in the repetition of the 
treatment on the next day. This action was selected 
because of the fear that the B. bassiana dissolved because 
of the rain. However, the results showed that B treatment 
resulted in the highest B. bassiana infection compared to A 
and C. This indicates that despite heavy rains, spores are 
still present attached to the body of insects, resulting in 
many insects infected with B. bassiana. In treatment A, the 
number of infected Helopeltis sp. was less than in the 
treatment C because the number of spores in treatment C 
was more than the treatment A. In the control treatment, 
some Helopeltis sp. were also attacked by fungus. It is due 
to the contamination during the spraying process because 
the distance of the locations was not too far (approximately 
500 m). However, at the second to fourth week, only the 
number of infected Helopeltis sp. in treatment A, B and C 
that was increasing. Based on the results of the efficacy 
test, it can be suggested that second spray can be done the 
day after the first spray. Spraying can then be done one 
week later with the intervals of once a week. This is 
intended to increase the chances of more spores contact 
with the more insects in the beginning of treatment. The 
nature of the fungus is not like a deadly insecticide. It takes 
time to contact with the body of the insect, germinate, then 
infect the body of the insects. The more spores attached to 
the body of the insect resulting in the faster of the infection 

occurs, so the sooner the insect dies. The following is a 
microscopic description of Helopeltis sp. which was 
attacked with B. bassiana (Figure 3). Incubation of 
Helopeltis sp. in a mica box with the tissue aimed to 
ascertain whether the death of Helopeltis sp. was caused 
by B. bassiana or not. The effectiveness of B. bassiana can 
be seen from the thickness of the mycelium that grows in 
the body of insects [15]. The observations under a 
microscope of the mycelium that surrounds Helopeltis sp. 
which has been incubated (Figure 3). 
 

 
 

 
 

 

   
 
 
 
 
 
 

 
Figure 3. Healthy Helopeltis sp. (A), Helopeltis sp. infected 

by B. bassiana at 700x Magnification (B &C). 
 

Figure 3 shows the difference between healthy Helopeltis 
sp. and Helopeltis sp. infected by B. bassiana. This 
indicates that the death of Helopeltis sp. is actually caused 
by B. bassiana infection. Use of BCA is safe for the 
environment because it does not pollute the environment 
has no impact on non-pest organism. It is in accordance 
with Ulin et al.[16]  stated that B. bassiana does not cause a 
significant infection on non-pest insects. The virulence of 
pathogenic fungi takes time to infect to kill the insects, 
infection begins with the attachment of conidia, germination 
and penetration [17]. The more conidia attached to the 
target host the more quickly host insects being infected [18]. 
The infection is strongly influenced by enzymes produced 
from metabolism system that have an important role in the 
mechanism of fungal pathogens in infecting insect [19]. 
Application of B. bassiana should be done when the young 
fruit of cacao plants begin to grow, so that insect pest 
populations can be controlled earlier. The results of study 
by Amalin et al. [20], were proving that covering cocoa fruits 
with kaolin which contained B. bassiana can resist insects 
to approach cocoa fruit. If the pest populations are high, 
more frequent spraying and fruit wrapping are required, so 
that the more fruit damage is expected to be minimized. 
The recommended application dose of 150 g L

-1
 should be 

repeated a day after application and subsequent spraying 
can be done one week later. 
 

CONCLUSION  
B. bassiana used in the study has a spore density of 4.2 x 
10

8
 spores/g with viability of 67.2%. Adaptation and efficacy 

test results of B. bassiana on Helopeltis sp. showed that B. 
bassiana can adapt well at 1000m above msl at a dose of 
150 grams per liter of water on daytime temperatures 
ranging from 25-34.9 ° C, air humidity of 66-99%, and 
almost daily rain intensity at the time of the study. In this 
study, it took more than four weeks to kill all Helopeltis sp. 
The adaptation and efficacy of B. bassiana fungus in 
controlling Helopeltis sp. The study results are useful for the 
recommendations of biological control agent of pest in the 
field. 

          A                              B                        C 
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