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Abstract. Subterrane an termites Coptotermes curvignathus are important
pests in plantation crops, especially rubber and oil palm. Biological control
using entomo pathogenic bacteria Bacillus thuringiensis is safe and eco-
friendly. The aim of study was to investigate production of B. thuringiensis
propagated in media of coconut water and rice washed water enriched with
golden snail meat flour as well as its toxicity to soldier caste and worker
termites. The study was carried out at Biological Control Laboratory,
Department of Plant Protection Faculty of Agriculture, Sriwijaya
University, from May to August 2018. The research was arranged with a
Completely Randomized Design (CRD) with addition of golden snail meat
flour treatment i.e. 2, 5, 8, 11, 14 g respectively and without any meat
flour addition in media Nutrient Broth as a control. The highest spore
density obtained will be used for bioassays toward worker caste, soldier
caste and a mixture of them. The results showed highest spore density was
obtained at meat flour addition of 14 gi.e. 5.58 x 107 spores/ml. In toxicity
test, it was found that mortality of soldier caste was higher in the treatment
without being mixed with worker caste. Many soldiers have large heads
with highly modified powerful jaws so enlarged they can not feed
themselves. Instead, like juveniles, they are fed by workers.

1 Introduction

Subterranean termites are pests in several types of plantation crops. Well known in
rubber plantation, Coptotermes curvignathus is an important pest that must be controlled
[1]. Control of termites using chemical pesticides must be done wisely after the
recommended target, time and dosage. Otherwise, there will be pollution to the soil and the
local environment. Therefore, a biological control method is proposed [2] by using
entomopathogenic bacterium Bacillus thuringiensis. These bacteria are gram positive and
produce spores and proteins that are toxic to insect pests [3] . Mode of action of this
bacterium is through digestion of food or stomach poisons. If the protein spores and/or
crystals are swallowed by the larvae, and reach the middle intestine (midgut), the protein
crystals that are still in the form of protoxins will be stimulated by the protease enzyme to
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produce an active toxin with a molecular weight of about 60 kDa. This toxin is called delta-
endotoxin. The toxin will then be bound in the receptor cells contained in the midgut, the
attachment resulting in the formation of pores or holes in the cell and cause ion imbalance.
The larvae will become inactive, stop eating, vomiting, or the stool becomes runny. The
head of the insect will look too large compared to its size. These bacteria will cause the
insect's body to become brownish-black, red, or yellow, and rot [3.,4].

In B. thuringiensis propagation, suitable growth media are needed, with certain
requirements such as carbon: nitrogen ratio = 1.26: 1 in Luria Bertani broth [5] .
Furthermore, the addition of other organic ingredients can be used as boosters in the
production of spores and proteins. Enrichment of B. thuringiensis growth media with the
addition of cell growth boosters is quite important. Based on the experience of [6] the
addition of golden snail meat flour as much as 10% in growing media, can increase
bacterial cell growth and improve its pathogenicity. In addition, the nutritional content of
gold snail is high enough consisting of protein and B vitamins, especially vitamin B2,
which functions as a calorie enhancer. Nutritional content of golden snail meat flour is
51.8% crude protein, 13.61% crude fat, fiber rough 6.09% and ash content 24%C.
curvignathus is an eusocial insect that has a caste system in its life. It is known 3 castes
namely reproductive caste, worker caste and soldier caste [7]. The population of workers
caste dominates in the colony that is as much as 80 percent while the rest are the caste of
soldiers and reproductive caste. Reproductive caste consists of several fertile males (as
king) and usually one female as queen. Worker castes and soldier castes are completely
blind as they don't have a pair of eyes. Termite antenna has a number of functions such as
sensing of touch, taste, odors (including pheromones), heat and vibration [8,9]. The purpose
of this research is to investigate production of B. thuringiensis propagated in media of
coconut water and rice washed water enriched with enrichment of golden snail meat flour
as well as its toxicity to soldier caste and worker termites.

2 Materials and Methods

The study was carried out at the Biological Control Laboratory, Department of Plant
Protection Faculty of Agriculture, Sriwijaya University, from May to August 2018. B.
thuringiensis isolates used were collection isolates of the Laboratory of Biological Control,
Department of Plant Protection Agricultural Faculty, Sriwijaya University. The isolate
originale isolated from soil in Sekayu District South Sumatera namely KJ3RS5 isolate [10].
Termites were obtained from oil palm plantation of Agricultural Faculty of UNSRI
Indralaya campus.

The research was arranged in a Completely Randomized Design (CRD) with the
addition of golden snail meat flour (GSM) treatment. 2, 5, 8, 11, 14 g respectively and
without any meat flour addition in Nutrient media Broth as a control. The highest density of
spores will be used as bio insecticide against termites, with three applications i.e. worker,
soldier and worker + soldier (Table 1).
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Table 1. Treatments used in the experiment

Addition of GSM into stock solution Application to termites
P2=2 g GSM TO :worker
P5=5g GSM T1 :soldier
P8 =8 g GSM T2 :worker and soldier
Pll=11 g GSM
P14=14 ¢ GSM
Control (0) g GSM

2.1 Preparation of Golden Snail Meal (GSM)

Golden snails were collected from swampy land surrounding Pemulutan Ulu, Sub-
District of Pemulutan, Ogan Ilir District. The snails were placed in a plastic bucket of 50
cm height and 30 cm in diameter and were soaked in water. The snails were fasted for 48
hours to make them clean. The snails were then washed and cooked in water for 15-20
minutes. After being cooled, the snail flesh was separated from the shell and digestion
organs. The flesh was then grilled in an oven at 80 ° C for 18 hours. The dried flesh was
then served as a finisher meal of the snail flesh. The golden snail meal (GSM) was ready to
be used to make bio-insecticide.

2.2 Cell Production / spores of B. thuringiensis

Preparation of growth medium was 50 ml of coconut water and 50 ml of rice washed
water and golden snail flour according to the treatment was put into 250 ml erlenmeyer,
then added mineral salts following the procedure of Dulmage and Rhodes (1971) as much
as 50 mg CaCl,, 50 mg MgSO4 , 50 mg KH,PO4, and 50 mg KH,PO4. The formulation of
bio-insecticide was started with the preparation of seed culture[ 1] by placing one lope of B.
thuringiensis Isolate of KJ3R5 in 10 ml of Nutrient Broth (NB) media and was shaken for
12 hours at 200 rpm. Afterward, 5 ml of culture was taken and transferred to 10 ml of NB
medium and was shaken for 12 hours at 200 rpm. Seed culture was ready to be used to
make bio-insecticide. Furthermore, the bacterial growth media in the erlenmeyer is placed
in a shaker and set at 200 rpm. During the next 24 hours, the shaker is stopped to take a
sample of 1 ml aseptically. The number of cells / spores was calculated by using
haemocytometer and recorded. During the next 48 hours one ml sample is taken aseptically
to check the number of spores. At 72 hours, shaker is stopped. Spores were recalculated and
then B. thuringiensiswas ready to be used for bioassay testing.Bioassay of cell and spores
of B. thuringiensis towards Coptotermes curvignathusObservation of density of spores by
haemocytometer will resulted the highest spore density in certain treatments. Bioassay test
was carried out by using this density of spores. Each treatment was replicate 5 times in
which every replication provided 30 individues of termites, including worker caste (T0=30
heads), soldier caste (T1=30 heads) and a mixture of the two castes (T2 =15 workers and 15
soldiers). The application method is by spraying B. thuringiensis-based bio insecticides on
the soil where termites live. Observations are carried out starting from the first 24 hours to
the fifth day. Recorded the number of died termites. Insect mortality was determined by
using the following formula:

Mortality (%) = (number of dead larvae) / (number of larvae observed) x 100% (1
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3 Results and Discussions

3.1 Spore Density.

B. thuringiensis isolate used was Bt with isolate code KJ3RS which has a protein
molecular weight of 45-80 kDa. From the previous results it was found that the isolate was
able to kill the third instar larvaec of armyworm Spodotera litura until 86.67% [11].
Therefore, this isolate was chosen to be propagated with agricultural and household waste
materials and tested on an important pest in rubber plants C. curvignathus termites. From
the propagation on coconut water and rice washed water and the addition of golden snail
meat flour, it was known that data generally tends to increase in spore density starting from
the first, second and third 24 hours. The complete data is presented in Figure 1.
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Fig. 1. Bacillus thuringiensis spore density by enrichment of golden snail meat flour (GSM)

Spore density in the first 24 hours was generally still low, except for the highest (P14)
which was 2.56 x 107 spores / ml. In the period of 72 hours of shaking, the highest value of
5.58 x 107 spores / ml was obtained, in the P14 treatment which means the most GSM
addition was 14 g. The formation of spores by B. thuringiensis during cultivation is very
important in the process of bio insecticide production. [11] reported that B. thuringiensis
will form spores together with the formation of protein crystals which will later function as
active ingredients as bioinsecticides. Therefore, the more spores formed are expected to
increase the amount of crystalline protein produced, so that by looking at the number of
spores formed, it can be used to determine the harvest time as an indicator that the product
has been formed [12]. This is because protein crystals will lysis from the cell wall at the
end of sporulation [13].
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3.2 Bioassay of Termite Workers and Soldiers

Toxicity tests were carried out by separating worker termites (TO) and soldier termites
(T1). Table 2 showed that worker termites were tested individually with B. thuringiensis-
based bio-insecticides. The highest mortality of worker was on the third and fourth days
(26.67%). In a separate trial, the termite soldier experienced the highest mortality on the

second day which was 40% followed by 23.33% on the fourth day.
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Fig. 2. Mortality (%) of workers and soldiers in separate bioassay tests between workers (T0) and
soldiers (T1) with treatment P14 (14 g)

The separation of each caste has an impact on the different mortality rates in the
relevant caste. As it has been known that termite soldier have a characteristic change in the
mandi blew here the shape becomes hardened in a clearer color (metallic orange) and has a
function as a security guard for the colonies. Therefore, termite soldiers can not ful fill their
own feed needs. In this case, termite workers have the duty to feed the queen / king and
termite soldiers. Since they are unable to feed themselves, workers must feed them, but the
social work of the people in particular and have certain tasks to do so, building or
maintaining the nest or tending to the queen. When the soldier lives apart from the worker,

the mortality rate of the soldier will be high.
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Fig. 3. Mortality (%) of workers and soldiers in mixed bioassay tests between workers and
soldiers in the treatment of golden snail meat flour 14 g enrichment

In the mixing treatment of test insects, namely T2 (termite workers and termite
soldiers), it was found an interesting noccasion that the highest dead workers on the second
day (Figure 1). However, soldier termites have a lower mortality rate (13.33%) compared to
the mortality of soldier termites in separate treatments. On the third day, the death rate of
soldier termites was also high, this was allegedly due to the fewer number of termite
workers so that only a few termite workers could feed the soldier termites. It issu spected
that the presence of termite workers will help the termite soldiers to get their food directly
bribed by worker termites. On the third day it was found that the death of termites only
reached 16.67%, where as on the fourth day and the fifth day there were no deaths of
termites. This shows that there is a good cooperation between worker termites and termite
soldiers where the help of worker termites is highly contrasted by soldier termites.

In nature, in the termite colony, their way of life is a social life where termite workers
and termite soldiers together carry out their duties. Interaction between the moccurs in
which the termite workers also have duty to feed the soldier termites [14]. In their
research,[6]reports that the mortality of termite workers can occur first because workers'
termites will consume food contaminated by B. thuringiensis, while termite soldiers will
experience death in the next day after termite workers provide feed intake.

4 Conclusion

The addition of golden snail meat flour has an impact on the growth of B. thuringiensis
bacteria, which is the highest density of spores at 14 g result edin 5.58 x 107 spores / ml. In
the toxicity test, it was found that mortality reached 100% both in worker termites, soldier
termites and applications in the mixture of both casts. Daily mortality rates varied, but in
the treatment of separate termite soldiers from termite workers showed the highest
mortality rate on the second day, because there were no termite workers will feed.
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