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1. Introduction  

Rice (Oryza sativa L.) is a staple food for millions of people worldwide and is 
particularly important in Indonesia, where it is a crucial commodity. As the 
population grows, the demand for rice also increases, which puts pressure on rice 
production and productivity [1]. It is, therefore, imperative to ensure that rice 
production keeps pace with population growth. The latest report shows that the total 
rice harvest area in 2022 is estimated to be 10.45 million hectares, with the highest 
harvest area in March at 1.76 million hectares and the lowest in December at around 
0.36 million hectares. The 2022 rice harvest area has increased by 40.87 thousand 
hectares compared to last year.  

This increase is a positive sign that rice production is on the rise, but there is still much 
work to ensure enough rice to feed the growing population. Investing in and 
supporting rice production ensures that everyone has access to this essential food 
source [2]. Population growth can also reduce planting area due to land use 
conversion, thus affecting productivity. In addition, efforts to increase rice production 
have experienced various obstacles caused by the environment and plant-disturbing 
organisms (OPT). Many types of pests attack rice plants and cause damage in terms 
of quality and quantity [3]. Rice plants are ideal hosts for many stem-boring, grain-
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eating, root-eating, and leaf-eating insect pests. Pests found on rice plants consist of 
the order Diptera (Tephritidae), Hemiptera (Cicadellidae and Coreidae), Lepidoptera 
(Crambidae) [4], and Orthoptera (Acrididae, Gryllidae, and Pyrgomorphidae). Insect 
pests that attack rice plants are identified based on family abundance [5]. In addition, 
the insect S. litura Fabricius (Lepidoptera: Noctuidae) [6], or armyworm, is an 
important pest in rice plants [7]. This armyworm attacks rice at night and hides at the 
base of the plant, in the soil, and hidden places during the day. The caterpillars eat 
the rice leaves starting from the tip of the leaf and leaving the leaf veins so that what 
is left is just a rice plant without leaves. This armyworm attack occurred at the same 
time as water drought in the land, so the potential population of armyworms is 
predicted to increase if control measures are not taken quickly. Economic losses can 
occur because farmers can experience crop failure [8,9]. 

In Merauke District, pest control still relies on synthetic chemical control. This can 
impact non-target organisms and agricultural products' food safety  [10,11]. For this 
reason, it is necessary to develop environmentally friendly control. Biological control 
is the control of OPT by utilizing living things [12]. This is also inseparable from 
several obstacles, namely the limited type of bacteria and the low adaptability of 
bacteria to the environment [11,13]. According to [14], location microbes as biological 
agents are more adaptive in the atmosphere than microbes from other regions. In 
addition, it is necessary to test the effectiveness of each exploration isolate before it is 
developed and propagated for its use as a control or material for developing 
entomopathogens [15,16]. Biological control aims to utilize microorganisms in plant 
pest control. The provision of microorganisms is carried out to suppress targeted 
pests or, in this case, disturb plants (problems). 

For this reason, it is necessary to develop bioinsecticides to control plant pests, 
especially in Merauke Regency. Insect groups based on the diversity of their functions 
in rice agroecosystems include insect pests, natural enemies, and neutral insects such 
as pollinators. The biotic component that controls insect populations of pests in 
agroecosystems is a natural enemy. Natural enemies of rice wetland agroecosystems 
include predators, parasitoids, and entomopathogens [5]. 

B. thuringiensis is one of Indonesia's most dominant bacterial species controlling 
various arthropod species indicated as pests. B. thuringiensis is widespread in soil, is 
pathogenic in various orders, and become the most widely used biological control 
agent. Subspecies B thuringiensis becomes a microorganism that can be added to the 
ecosystem to control insects naturally [17,18]. Entomopathogenic bacteria from the 
species B. thuringiensis can be used as natural insecticides on plants, soil, aquatic 
environments and even facilities for food storage. After the application of    B. 
thuringiensis to nature, bacteria can survive as components of natural microflora. 
Bacterial group This entomopathogen can be found in most ecological niches[18][19]. 
Insecticidal Crystal greatly influences its toxicity activity. These bacteria produce 
protein (ICP) during sporulation. Spread The environment strongly influences 
entomopathogenic bacteria, plant varieties, and vegetation in its natural habitat. 
Seasons play a major role in the diversity number and subspecies of populations of 
entomopathogenic bacteria [20,21] 

B. thuringiensis is a type of bacteria that causes insect death or is an entomopathogen. 
This is one alternative that has begun to be done to control essential pests of rice plants 
and other crops [3,21]. The use of these bacteria has the hope of being developed 



Anjoro. 2024;5(1):30–40 

 32 

because it is easy and cheap to apply and does not damage the environmental 
ecosystem [22]. To date, crystalline proteins toxic to larvae of various orders of insects 
that are pests on food crops and horticulture have been identified. Most of these 
crystalline proteins are more environmentally friendly because they have a specific 
target so that they do not kill insects, are not targets and are easily decomposed so 
that they do not accumulate and pollute the environment [11]. This study aimed to 
see the effectiveness of B. thuringiensis on the mortality of S. litura on a laboratory and 
field scale. 

 
2. Methods 

The research was conducted in the Agrotechnology Laboratory, Faculty of 
Agriculture, Musamus University. 

2.1. Laboratory Tests 

2.1.1 Propagation of Test S. litura 

The test insects used are S. litura, which are uniform or have the same instars. For this 
reason, imago insects or larvae are collected from agricultural land to be reared to 
obtain instar 3, which will be used as test insects. S. litura larvae are obtained from 
cabbage vegetable plants and kept in plastic boxes with gauze windows. Feed larvae 
in the form of Collard leaves are changed daily. The larvae that will form pupae will 
be given sterile sawdust instead of soil to form pupae. The pupa that has developed 
is then transferred to a plastic jar of a larger size and left until the image appears. 
Imago will be fed 10% honey, absorbed on cotton, and hung in a pot. Imago that will 
lay eggs are prepared pieces of Collard leaves covered with wet cotton to keep the 
leaves fresh. The eggs laid are then taken, transferred to plastic boxes, and left until 
larvae appear. The larvae of S. litura used are instar three larvae. 

2.1.2 Experimental Design 

The study design was a complete randomized design (RAL). The study consisted of 
five treatment doses of B. thuringiensis  as follows: 20 g/500 ml water; 40g/500 ml 
water; 60 g/500 ml water; 80 g/500 ml water; 100 g/500 ml water, and each treatment 
was repeated five times. The test insects used as many as ten individuals of S. litura 
instar three larvae. The method of leaf dyeing is based on Prijanto [23]; pieces of 
Collard leaves are dipped one at a time into a pre-made suspension. The leaf pieces 
are then drained to reduce excess fluid. The treated leaves are then inserted into each 
petri dish covered with tissues. Then, ten larvae of instar three pests of S. litura are 
introduced into the saucer. Observations were made 24, 48, 72 and 96 hours after 
treatment (HAT) by counting the number of dead larvae. 

2.2. Second Testing and Field Application 

The 2nd test method uses B. thuringiensis at the recommended dose based on the 1st 
(First) test larval mortality probit analysis results. The dosage of B. thuringiensis is 6 
g/500 ml of water, 13 g/500 ml of water, 25 g/500 ml of water, 31 g/500 ml of water 
and 50 g/500 ml of water, and each treatment is repeated 10 times. The test insects 
used as many as 10 individuals of S. litura instar 3 larvae. Leaf dyeing method based 
on Widjayanti et al. [7]: Pieces of pet leaves are dipped one by one into the suspension 
that has been made. The leaf pieces are then drained to reduce excess fluid.                           
The treated leaves are then inserted into each petri dish covered with tissues. Then, 
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10 individuals of larvae of instar 3 pests of S. litura are introduced into the saucer. 
Observations were made 24, 48, 72 and 96 hours after treatment (HAT) by counting 
the number of dead larvae. In field tests, insecticide 90.03 g or LD 90% was used. The 
insecticide preparation B. thuringiensis  was then applied evenly on the surface of each 
rice plot with an area of 3 m × 50 m. The treatment was repeated 8 times, spraying for 
7 HAT, 14 HAT, 21 HAT, 28 HAT, 35 HAT, 42 HAT, 49 HAT and 56 HAT. Calculate 
population density and intensity of Spodoptera sp. attacks at 5 diagonal points of               
1 × 1 meter for 7 observations. 

2.3. Data Analysis 

Cumulative mortality data of S. litura larvae were processed by probit analysis using 
the POLO PC program. 

 
3. Results and Discussion 

3.1. Laboratory Testing 

Mortality of S. litura larvae at 24 HAT of B. thuringiensis with residual method showed 
mortality from low to high doses. The highest number of mortality was found at a 
dose of 100 g/500 mL of water in as many as 26 individuals, and the lowest number 
of mortality in as many as three individuals was found at a dose of 20 g/500 mL of 
water, while in the control treatment showed mortality of 1 individual. At the 
observation of 48 HAT, the mortality of S. litura larvae increased with each treatment 
dose of 8, 10, 18, 35, and 37 individuals with no mortality in controls. In subsequent 
observations of 72 HAT, the mortality of S. litura larvae increased with the number of 
individuals who died, as many as 45 individuals at a dose of 80 g/500 mL of water 
while at treatment doses of 20 g/500 mL of water, 40 g/500 mL of water, 60 g/500 
mL of water and 100 g/500 mL of water the number of mortality successively became 
12, 15, 25, and 44 individuals. Observations of 96 HAT showed increased mortality at 
all treatment doses and doses of 100 g/500 ml of water mortality to 50 individuals 
(Figure 1). 

 
Figure 1. Development of larval mortality of S. litura due to treatment of                   

B. thuringiensis. HAT (Hours After Treatment) 
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Based on the results of probity analysis, the treatment of B. thuringiensis was more         
toxic at the observation of 24 HAT and 48 HAT. This is indicated by LC50 values of 
97.74 g and 70.32 g, respectively, while LC90, 147.60 g and 122.21 g, respectively, are 
suspected of causing test insects' death (Table 1). According to Zulfiana et al. and Devi 
et al. [6,24], B. thuringiensis  given to S. litura larvae can cause mortality and increase 
mortality by 100% at 10 HSA doses of 30 g.mL–1. The mechanism of action of B. 
thuringiensis when entering the body of pests is to produce proteins that will interfere 
with/neutralize the digestive system of insects so that they cannot process food in the 
stomach. Protein crystals produced by B. thuringiensis also cause swelling, peeling, 
and damage to the epithelial cells of the armyworm's mid-intestine. Fundamental 
changes in infected mid-intestinal cells, namely the enlargement of the nucleus, 
changes in the endoplasmic reticulum to its configuration resembling a vacuole, and 
the decay or unification of microcephaly. Some strains can be used for bioinsecticides 
in larvae of the Order Lepidoptera [25,26]. 

Table 1. Estimator of toxicity of B. thuringiensis to mortality of S. litura 
Time 

Observation 
(HAT) 

a ± GB b ± GB LD50 
(SK 90%)(%) 

LD90 

(SK 90%)(%) 

24 -2.51 ± 0.49 0.03 ± 0.006 97.74 
(89.70 – 110.41) 

147.60 
(127 – 186.30) 

48 -1.74 ± 0.27 0.03 ± 0.004 70.32 
(59.04 – 082.38) 

122.21 
(104.38 – 159.87) 

72 -1.97 ± 0.36 0.04 ± 0.005 - - 
96 - 0.91 ± 0.23 0.03 ± 0.004 - - 

Notes: a: intercept, b: slope, GB: error, LD: lethal doses, SK: confidence interval 

In Table 1, LC50 values at 24 and 48 HAT were 97.74 g and 70.32 g, respectively, while 
LC 90 was 147.60 g and 122.21 g, respectively. LC50 and LC 90 values are more 
specific estimators of concentration limits that can kill 50–90% of test insects within a 
certain period; if using concentration values below these values, it is estimated that it 
will not cause the death of test insects. Everyone in the population will respond if the 
stimulus has a more excellent value. The fastest mortality time was at 24 and 48 HAT, 
whereas, at observation time, 72 and 96 HAT did not appear at LC 50 and LC90 
values, allegedly due to the addition of low and slow mortality of test insects.  

S. litura is a pest that actively [27] damages crops and causes economic [22] losses for 
rice farmers because it is a limiting factor that reduces production in terms of quality 
and quantity. This loss is one of the reasons farmers use chemical insecticides to 
control the problem of plant-disturbing organisms (OPT) [28]. Attacks by S. litura 
larvae on plants can occur in the vegetative and generative phases [25]. B. thuringiensis  
is one of the microorganisms [29] that can control important pests on rice plants [30]. 
Naturally, B. thuringiensis exists in nature or agricultural lands to create control 
without human intervention. The balance of ecosystems in nature is essential, for 
biological control is one technique to maintain the balance of nature. So, the increase 
in pests will be linear with the development of natural enemies of the organism. The 
lack of larval mortality at the concentrations is likely due to the bacteria used, whose 
pathogenicity has been reduced [6], thus affecting mortality from test insects [8,9]. 
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3.2. Advanced Testing and Field Applications 

The caterpillar S. litura (Lepidoptera: Noctuidae) is a polyphage pest with high 
mobility [31] and reproductive capacity widespread throughout tropical and 
temperate Asia, Australia and the Pacific islands [32]. In the 2nd test, the dose of B. 
thuringiensis ingredients differed from that in the first test. In observing 24 HAT 
larvae, mortality was 3, 5, 5, 10, and 17 individuals at each test dose, while the control 
treatment had no mortality. Observations of 48 HAT showed an increase in dead 
larvae at each treatment dose of 10, 9, 10, 16 and 23 individuals. Furthermore, 
comments on 72 HAT showed increased mortality to 16, 17, 20, 21 and 41 individuals 
of S. litura larvae. The highest mortality was established in the observation of 96 HAT, 
where a dose of 50 g could kill 50 larvae of S. litura (Figure 2). 

 
Figure 2. S. litura mortality due to treatment of B. thuringiensis 

Based on the mortality data above was then analyzed to determine the relationship 
between dose parameters and mortality using probit analysis. Table 2 shows a dose 
value that is thought to be able to kill test insects with an estimator of LD50 value of 
11.49 g of material and LD90 value of 90.03 g. The specificity of the insect pest host of 
B. thuringiensis  can also be explained by its protein content [33]. 

Table 2. Estimator of toxicity parameters of B. thuringiensis against mortality of                
S. litura larvae in the 2nd test 

Time 
Observation 

 (HAT) 
a ± GB b ± GB LD50 

(SK 90%)(g) 
LD90 

(SK 90%)(g) 

24 -2.69 ± 0.48 1.23 ± 0.33 144.30  
(78.47 – 663.11) 

1583.9  
(421.29 – 51201) 

48 -1.67 ± 0.37 0.79 ± 0.27 
 

118.68 
 

 
4785.10 

 

72 -1.58 ± 0.34 1.14 ± 0.25 
 

24.10 
 

 
314.80 

 

96 -1.52± 0.34 1.43 ± 0.26 11.49 
 

90.03 
 

Notes: a: intercept, b: slope, GB: error, LD: lethal doses, SK: confidence interval 
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Based on the mortality data above was then analyzed to determine the relationship 
between concentration parameters and mortality using probity analysis. Based on 
Table 2, with the estimated concentration value at each observation time, there                   
are LC50 and LC90 values with lower concentration estimator values at 96 HAT 
(Table 2). This estimator value shows that to kill test insects, 50–90% within 24 HAT 
can use the estimator concentration range of 144.30–1583.9 g of material for up to               
96 HAT. The effectiveness of microbial use is primarily determined by the toxicity 
properties of the microbes and the larval stadia tested or targeted. Usually, larvae 
with early stadia are more sensitive than those with late stadia. This is likely 
influenced by the size and weight of the insect's body. In small insects, the active 
compound is thought to reach the target site more quickly in concentrations sufficient 
to cause poisoning than in more giant insects [11,34].  

B. thuringiensis  delta endotoxin is very effective [26,35] as a stomach poison in insects 
that can cause larval mortality because the digestive tract absorbs it [20,36]. When 
sensitive insects eat spores and protein crystals, paralysis occurs, resulting in host 
death. B. thuringiensis crystals will dissolve in the digestive tract; bacteria secrete 
toxins that can kill insects in these tissues. Protein crystals eaten by insects will 
dissolve in an alkaline environment in the intestines of insects. In target insects, the 
protein will be activated by insect protein-digesting enzymes. The activated protein 
will attach to receptor proteins located on the surface of intestinal epithelial cells. This 
attachment results in the formation of pores or holes in the cell so that the cell 
undergoes lysis. Eventually, the insect will experience indigestion and die. The dead 
larvae turning black can be seen from observations. In addition, it can be seen that the 
larva's body hardens and shrinks. This condition is because the protein crystals eaten 
by the larvae begin in the invasion of the larval intestine and result in the formation 
of holes or pores in the cells so that the body of the infected larva will shrink [14,37]. 

 
Figure 3. Insect populations of S. litura 

Figure 3 shows that the population of S. litura in the spraying treatment of B. 
thuringiensis  is lower than that of farmers. Gram-positive bacteria in B. thuringiensis  
enter the caterpillar's body, causing paralysis of the caterpillar's digestive tract. 
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Symptoms seen in dead caterpillars are soft bodies containing fluid, black in color, 
foul smelling, and their bodies are crushed and secreted black liquid. Crystal toxin is 
a major factor responsible for causing the death of larvae. Crystal proteins ingested 
by insects will dissolve in an alkaline environment in the digestive tract of insects. 
The dissolved prototoxin is then cut into an active toxin by the proteinase enzyme 
produced by the insect's digestive tract. The activated toxin then attaches to receptor 
proteins associated with membranes located on the surface of intestinal epithelial 
cells [37]. 

 
Figure 5. Intensity of attack S. litura 

Figure 5 shows that the intensity of attacks on treatment is relatively lower than that 
of control (farmer land). The power of S. litura attacks on rice plants occurs in March 
or the rainy season. In spraying B. thuringiensis , the power of S. litura began to 
decrease at the age of 49 days. In principle, control using B. thuringiensis  does not 
directly affect mortality, but after application, it will make insect pests lose appetite 
and cause death after a few days. This differs from using chemical insecticides 
because of larval mortality and being driven by nature as a stomach poison, allegedly 
because plants absorb the insecticide. The development of microorganisms as 
entomopathogens should be followed by farmers' attitudes and behaviors in reducing 
chemical insecticides [13,38,39]. In addition, botanical insecticides are more effective 
[32] than single applications when combined with microbial insecticides [28,31]. 

 
4. Conclusion  

Application of B. thuringiensis exerts mortality influence on S. litura larvae in both 
laboratory and field testing. The highest mortality in laboratory tests was 50 larvae at 
a dose of 100 grams/500 ml of water. The lowest mortality was found at 20 grams             
of material/500 ml of water for as many as 12 larvae. In field testing, the best dose of 
50 grams/14 liters of water can suppress the development of S. litura. B. thuringiensis 
is a bacterium that causes insect death and is often used to control insect pests that 
attack plants, and the development of microorganisms as entomopathogens must be 
followed by farmers' attitudes and behaviors in reducing the use of chemical 
insecticides. 
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