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ABSTRACT

One of the causes of low productivity of cocoa due to Conopomorpha cramerella known as cocoa pod borer
(CPB) and black pod rot (BPR) caused by Phytophthora palmivora. Biopesticides consisted of Beauveria
bassiana and kaolin was introduced to protect the surface of cocoa pods from CPB and BPR. The research
was conducted in the District of Bacan, South Halmahera Regency, North Maluku from April to December
2017. The research was design using randomized block design (RBD), consisting of four treatments as
follows: Bio-K (biopesticides), plastic (0.24 mm transparent plastic), metallaxyl (RG), and farmer technique
as a control treatment with five replications and thirty plants per replications. Therefore, in the field were 150
plants. Application of biopesticides performed at two-weeks intervals since the pods measurement from 8 —
10 cm until harvest time. The observational variables consisted of the symptoms of CPB and BPR, disease
incidence, number of CPB infestation, and number of harvested pods. Results showed that biopesticide
treatment significantly reduced pod damage by CPB while the disease incidence of BPR was not significantly
different from metalaxyl which was the best treatment. The average decreases in the number of cacao pod
respectively were Bio-K (7.69%), plastic (14.29%), metalaxyl (27.78%) and control (62.50%). The study
implies that Bio-K was effective in protecting cocoa pods from C. cramerella infestation and P. palmivora

infection.
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I. INTRODUCTION

The cocoa tree, Theobroma cacao (Malvaceae) originated
from South America [1] and is now grown largely across
wet tropical areas of America, Africa and Asia [2]. Cocoa
beans, extracted from the cocoa pod of the tree, are an
important cash crop across these regions [2,3]. The butter
and powder produced from cocoa beans are used mainly in
chocolate manufacture [4]. The productivity of cocoa in
North Maluku was about 730 kg/ha/year under the national
productivity (900 kg/ha/year) while the potential
production can reaches 2,000 kg/ha/year [5]. One of the
causes of low productivity of cocoa due to Conopomorpha
cramerella known as cocoa pod borer (CPB) and black pod
rot (BPR) caused by Phytophthora palmivora [6]. C.
cramerella became a major pest of cocoa in Southeast Asia
in the mid 1980’s and since early this century, is considered
the main pest threat for cocoa production in Indonesia, the
Philippines and Malaysia [7]. The plants that are attacked
by CPB and BPR didn’t get special treatment, so they
become a source of inoculum of the pathogen and breeding
ground for the insect. In addition, during the vegetative and
generative phase, the plant experience nutritional loss [8].
The cocoa was still attacked by both CPB and BPR despite
the maintenance treatment of plant on the site such as
pruning and sanitation.

Many cocoa producers offset the risk of loss from pests and
disease in cocoa by diversifying into various other crops as
a source of income [9]. In parts of the world farmers are
dependant on government supplied inputs including
improved varieties of cocoa seedlings, fertilisers and even
the application of pesticides [4,10]. Disease intensity range
of BPR can reach 47 — 82% while CPB was more than
30%. In Papua New Guinea C. cramerella was not
considered a pest until an outbreak in 2006, in the East
New Britain Province. Two eradication programs were
attempted but were unsuccessful [11, 12]. In situations of
severe infestation, cocoa yield has reportedly been reduced
by 60-84%, with dry bean quality also affected. Cocoa crop
loss due to C. cramerella in Asia early this century was
estimated at US$500 million/annum [7]. Once inside the
pod, larvae feed on the placenta and pulp that supply
nutrients to the beans and the interruption of bean
development causes clumping of beans and hardening of
the pod resulting in harvesting and processing difficulties
[13]. Pathogens are estimated to reduce global cocoa yields
by at least 20% annually however under the right
conditions are able to completely destroy a crop [14]. The
most significant pathogens are Phytophthora species,
including the ubiquitous P. palmivora and Phytophthora
megakarya in West Africa, that together cause losses of 20-
30% [15].

The chemical control often not optimal because the
application of pesticides depends on the availability of
capital. Chemical insecticide applications also require high
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costs, and considered ineffective because it can only kill
CPB imagos, have a negative impact on environment,
animals and humans [16]. The pesticides that not hit the
target were discharged into the air will deposit on the soil
and potentially endanger other biophysical elements such as
the death of certain species also air and soil pollution.
Utilization of biological agents for the control of CPB is a
pest control method that has proven effective in controlling
a variety of pests and diseases [17, 18].

Control of IPM involves components of biological
agents, resistant planting materials, and environmental
management based on the ecological, economic, and
sociological considerations to support environmentally
friendly farming systems [19, 20, 21, 22, 23]. CPB control
strategies can be done through technical culture approach,
mechanical, chemical, as well as the use of resistant clones
[24]. The study on various control techniques, including the
utilization of a mechanical protection combined with
biological agents, such as biokaolin, is important to be
done, as alternative strategies for CPB control. Biokaolin is
a mechanical protection, which uses kaolin mineral layers
and entomopathogenic fungi Beauveria bassiana, which
will grow and develop on the surface of the fruits or leaves.
Kaolin layer and entomopathogenic fungi on the surface of
the fruits or leaves can be a double function as a
mechanical barrier and biological control [25]. Condisered
the ineffectiveness of chemical pesticides and their negative
impact on the environment, it is necessary to innovate a
biopesticides technology that is environmentally friendly.
Therefore, the extent of biopesticides technology can
protect the plants against CPB and BPR as well as to
increase the productivity that needs to be investigated.

II. METHODS

The research was conducted in Makean, District of Bacan,
South Halmahera Regency, North Maluku, Indonesia from
April to December 2017. The location and farmers
selection was done by purposively that it’s an endemic area
of CPB and BPR. The study was undertaken in farmer
fields to solve specific problems. The research was design
using randomized block design (RBD), consisting of four
treatments as follows: Bio-K (biopesticides), plastic (0.24
mm transparent plastic), RG (metalaxyl), and farmer
technique as a control treatment with five replications and
thirty plants per replications. Therefore, in the field were
150 plants. Application of biopesticides performed at two-
weeks intervals since the pods' measurement from 8 — 10
cm until harvest time. Knapcask sprayer was use for the
application of biopesticides and metalaxyl. The
observational variables consisted of the symptoms of CPB
and BPR, disease incidence, number of CPB infestation,
and number of harvested pods. These variables were
observed and counted when the pods were harvested. The
number of disease incidence and CPB infestation will
demonstrate the effectiveness of the treatments. Categories
of pod damage consist of mild (<10% sticky seeds),
moderate (10-50% sticky seeds), and heavy (> 50% sticky
seeds). And grade of BPR infection on pods were mild (<
25% of rotten pods), moderate (25-50% of rotten pods),
and heavy (> 50% of rotten pods) [26]. A number of
disease incidence and pod damages was calculated by using
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the following formula. Data analyses using analysis of
variance (ANOVA) and LSD level a=5%.

(L+3M+9H)
Damage intensity (I) =

9 x observed pods

Notes:

L = light damage,

M = moderate damage
H = heavy damage

III. RESULTS AND DISCUSSION
A. Cocoa Pod Borer and Black Pod Rot in Cocoa

CPB attact the plant since early pod until it’s ripe. The
larvae do the damage on the pod, feeding on the tissues
that surround the bean and placenta, although not until
attacking the beans. Symptoms of new attack usually seen
on the pod surface which is yellowing, appearance of
yellow-green stripes (a) and didn’t any sound heard when
the pods shaken. When the pods opened, the color of the
rind was black and the beans often stuck together (b),
wrinkled and light (Figure 1).

(a)
Figure 1. Symptoms of CPB (a, b) and BPR (c, d) in
cocoa

The effect on the beans relatively small when the pod was
older or almost ripe. Light infestation of CPB still results
in considerable losses such as reducing the wet bean
weight, yield and quality of the bean (the bean are small,
the husk is increase and poor quality cocoa beans). On a
moderate level infestation, the bean process just by drying
without fermentation so the quality of the bean was low,
the percentage of broken bean was high, high epidermis
and seed coat level, low level of beans and dirty
appearance of bean. Heavy damage level caused the bean
can’t be used because it’s stuck together with the rind and
difficult to separated. The symptoms of BPR infection in
cacao was decay on pods surface accompanied by
chocolate-brown lesions with a firm border generally start
from the tip or the base of pods (c). Because of the hollow
pods' shape, a deposit of water on the hollow part can help
inactive propagule pathogen to germinate and hold an
infection from the base. Lession from the tip caused by the
hanging deposit of water at the tip of pods, the zoospores
will germinate and start the infection from that part. When
the pods was wet all day, lesions can form from the middle
of pod. Spreading lession can develop quickly so within a
few days the whole surface of pods becomes rotten,

36



ATLANTIS

PRESS

blackish-brown and firm (d). In a humid condition, white
powder frequently appeared on the durface of pods which
is a mycelium of BPR. This miselia often mixed with
another pathogen. During the dry season, the propagule
pathogen of BPR can persist in soil as a chlamydospore or
sist with thick walls BPT were soil-borne pathogen so it
can persist in soil for years. Spreading of zoospore from
one plant to another can form in several ways, mainly
through water splash, direct contact between infected pod
with healthy pod, or helped by an animal. The rain wash
was the most important spreaders because it can help the
propagule spread from infected pods to healthy pods or
from the soil to nearby pods. Animals can help the disease
distribution because they move easily and carry sporangia
of the disease to the higher and farther place.

B. Intensity of Pests and Diseases

Some things that influence the high intensity of BPR
pathogen attack (> 20%) despite being treatment are the
physical condition of the study site such as the height of
the place from sea level, rainfall, temperature and humidity
of the air. This showed that the variation in physical
condition varies from place to place so that the intensity of
BPR attacks will also be different. There is a strong
relationship between disease progression and site height,
where site height affects the level of humidity and high
humidity because irrigation or rain water is the most
important factor in increasing the severity and spread of
BPR. These conditions cause proliferation, propagules and
structural formation of pathogenic infections. Efforts are
made to reduce the humidity level of the garden by
preventing excess water, improving drainage and
preventing trees or branches from getting wet through
pruning so that sunlight can penetrate the canopy of the
cacao tree [11].
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Figure 2. Intensity attacks CPB and BPR on cocoa
fruids

The intensity attack of CPB on cacao fruit was different
according to the type of Bio-K treatment (17.90%),
metalaxyl (24.96%), plastic (27.88%) and the highest in
the farmer technique (control) (30, 87%) (Figure 2). The
intensity of pest attacks of less than 20% in the Bio-K
treatment shows the ability of biopesticide technology in
protecting fruits against CPB pest infestation was below
the control threshold. This means that no other control
measures are needed, especially chemicals in protecting
cocoa. More than 80% of cocoa fruit can be protected from
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damage caused by CPB pests. Other pest control
treatments (metalaxyl, transparent plastic and farmers)
have the ability to protect cocoa pods against pests but
more than 20%. Disorders of CPB pests in the form of
infestation (because they have to put their eggs in the
cocoa fruit first and then cause damage), apparently could
be inhibited by the kaolin layer contained in Biopesticides.
Inhibition of kaolin was done by covering/covering the
surface of the cocoa fruit so that insect pests found it
difficult to land and lay their eggs.

In this study, the lowest intensity of BPR attack of 24.86%
occurred in cocoa plants that were given metalaxyl
treatment then followed by Bio-K treatment (26.15%),
farmers' technique (37.86%) and plastic (45,33%) (Figure
2). Metalaxyl protection maximizes the surface cover of
cocoa pods and releases metalaxyl compounds so that they
interfere with the growth of the BPR fungus, as well as the
Bio-K treatment, but not for transparent plastic treatment
because it is no better than the technique farmers.
Metalaxyl protected the cocoa fruit with the ability to
prevent the growth and development of BPR pathogenic
fungi by inhibiting growth/infection of pathogens.
Metallactyl active ingredients after being in plant tissues
would undergo molecular changes so that they could cause
toxic effects but still had a selective trait that was able to
distinguish infected plant tissue from those not infected
with pathogenic fungi and had the opportunity to reduce
the intensity of disease in the field.

According to [27] the intensity of BPR attacks was 7.97-
50.00% for Criollo type cocoa causing yield loss of 46.27-
58.56%, whereas for Forastero type cocoa the intensity of
attacks was 16.17 - 48.98% lead to loss of results 31,13-
54,24%. The intensity of the attacks will be accompanied
by increased yield losses. The more widespread the tissue
damaged by BPR fungal infections, the lower the weight
of the seeds due to decay will be higher. According to [27]
there were two factors identified as influencing the
susceptibility of cocoa to BPR namely the level of fruit
and the ability of plants to avoid BPR infections. The large
number of fruits on a tree is likely to facilitate the
transmission of fruit rot disease. BPR spores will more
easily infect healthy fruit that is adjacent to a sick fruit. If
the infected fruit is below, the spores can be transported by
insects to higher fruit, if the infected fruit is tall, the
sporangium will be carried by rain water to the fruit below.
The statement was supported by the results of research
conducted by [27] which stated that in Nigeria BPR
infection by high rainfall and direct contact between sick
fruit and healthy fruit reached more than 71%. On the
surface of the rough Criollo, cacao fruit will hold water
between the skin of the cacao so that pathogens will easily
germinate and penetrate the cacao fruit. Criollo cocoa pods
are rough, uneven and many indentations become stagnant
water so that spores will easily develop and infect fruit, in
contrast to the surface of the Forastero cocoa pods are
almost flat and smooth. Four treatments showed their
effects on decreasing the intensity of CPB and BPR
pathogens (Table 1). Metalaxyl application was the
treatment with the lowest intensity of the BPR attack.
Although it had the highest ability to inhibit the attack of
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pathogens, metalaxyl treatment was not significantly
different from Bio-K but significantly different from
plastic and the control. Bio-K applications had the ability
to suppress the intensity of BPR relatively the same as
metalaxyl whereas transparent plastic treatments have the
ability to reduce the intensity of attacks lower and no
better than the technique of farmers. According to [25],
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cloaking techniques with plastics produce disease severity
twice as high as biokaolin applications every two weeks.
The existence of plastic in cocoa fruit was thought to
increase the micro humidity of the fruit so that it is more
easily infected by pathogens.

Table 1. Effect of four treatments on the intensity attacks of PBR and CPB on cocoa fruits

Intensity attacks (%) Treatmen
Bio-K Metallaksyl Plastic Control
P. palmivora/PBR 26,15b 24,86 b 4533 a 37,86 a
C. cramerella/CPB 17,90 b 24,86 a 27,88 a 30,87 a

numbers followed by different letters in one line indicate no significant difference at the BNT 5% level

The four treatments also showed unequal responses to the
intensity of CPB pests. Biopesticide application was the
only treatment reduce pest infestation below 20% and was
significantly different from the other three treatments
while the three were not significantly different (Table 1).

C. Number of Fruits

The number of cacao fruits observed decreased after
treatment. The decrease in the average number of cocoa
pods for each treatment, such Bio-K (7.69%), plastic
(14.29%), metalaxyl (27.78%) and control (62.50) %)
(Figure 3). Biopesticides provide the best results involved
wit the most optimal protection against CPB and BPR
attacks while the lowest was the way of farmers. The
protection provided by Biopesticides could not be
separated from its dual role, namely as a mechanical and
biological protector.
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Figure 3. The number of cacao fruits observed per two
weeks after treatment

Bio-K with the active ingredient of entomopathogenic
fungus B. bassiana wre accumulated with kaolin, a type of
mineral that has water-absorbing properties. Apart from
being a safe mineral for consumption, kaolin is also used
as a carrier agent that is inert on several pesticides while
increasing the performance of several products that use
microbes [24]. Bio-K coating is done by spraying on the

surface of the cocoa fruit to be protected. The layer of
kaolin and entomopathogenic fungus tissue of B. bassiana
on the surface of the cocoa fruit has a dual function, in
addition to being a mechanical barrier against laying pest
eggs as well as biological control agents [25]. Biokaolin
particles on the outer skin of cocoa can reduce the surface
moisture of the cocoa fruit so that it does not create the
right environmental conditions for pathogens to infect
cocoa pods. Decreasing in fruit surface moisture causes the
predisposition of BPR zoospores to make contact and form
hyphae of penetration to penetrate fruit tissue and cause
infection [25]. He added that the first weapon formed by
the fungus after contact with the substrate is a hypha
penetration (apresorium). Therefore, the presence of
biokaolin on the surface of the cacao fruit prevents the
formation of the fungus from the fungus. Biokaolin
application time every two weeks is more able to prevent
infection of pathogens that cause cocoa pod rot compared
to other treatment applications because biokaolin can
always cover cocoa pods so it is difficult to be infected by
pathogens.

IV. CONCLUSION

Symptoms attack of CPB and BPR on cocoa pods are hard
to know from the initial phase, so protection of cocoa pods
is needed when their lengthy is 8-10 cm. The intensity
attack of CPB on cocoa can be reduced by the innovation
of biopesticide technology, while the attack of PBR can be
inhibited not only by Bio-K but also by metalaxyl. Bio-K
can be used as environmentally friendly protectors of
cocoa fruits from CPB and BPR attacks.
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