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Abstract. Dioscorea bulbifera L. and leri water have the potential to 
control dry wood termites because they contain several compounds 
(flavonoids, alkaloids, chlorine, and tannins) that can eradicate termites and 
damage insect body cells. This study aims to determine the effectiveness of 
the combination of D. bulbifera extract and leri water against Cryptotermes 
cynocephalus Light. The completely randomized design investigation 
employed three replications and nine treatments. In this study, only one test, 
namely the contact poison test, was applied. A variety of concentrations, 
a D. bulbifera extract source, and leri water were used as the treatment in 
this investigation. Termite mortality, test weight reduction, and the degree 
of damage were the parameters that were measured. The treatment 
significantly decreased the test's weight and the degree of damage. Still, it 
had no statistically significant impact on mortality, according to the DMRT 
test, at a substantial level of 5%. The results showed that the best mortality, 
test weight reduction, and degree of damage were found in the combination 
of stem (50%): leri water (50%), which were 62.22% (equal to corrected 
mortality of 45.16%), 8.34%, 16.47%, respectively. The combination of 
these extracts efficiently inhibits dry wood termites, according to this result. 
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1 Introduction 

Synthetic insecticides are a serious environmental hazard, particularly ground and surface 
waterways and living things. In the past, termite infestations were typically prevented for 
extended periods by synthetic insecticides like DDT, aldrin, BHC, and dieldrin. Because of 
the effects caused by pesticides, their use is prohibited in many countries [1]. Due to its high 
toxicity and poor biodegradability (including soil contamination, water, crops, and people), 
pest management practices based on excessive pesticide use have resulted in several 
environmental issues and financial losses [2]. Indonesia employs synthetic pesticides to 
control termites, but their composition puts humans at risk, and their cost is high [3]. Due to 
human activities, including diet (food, drinking water), environmental exposure, and human 
vocations, people and wildlife are constantly exposed to various pesticides (surface water, 
groundwater, soil, air). Pesticide residues are known to harm human health. The effects of 
pesticides are neurologic toxicity, chronic neurodevelopment damage, potential 
immunological, reproductive, or cancer system malfunction, and many other harmful effects 
[4]. So, creating an environmentally friendly termite control innovation in Indonesia must 
use readily available, reasonably priced ingredients and safe for people. Therefore, various 
extracts, fractions, essential oils, wood vinegar, and single compounds from plants are used 
as alternative materials to replace synthetic materials containing dyes [5]. Innovations that 
can be developed include making insecticides with short and non-persistent properties and 
environmental hazards to support the application and application of a green economy [6]. 
One is using vegetable insecticides that contain active compounds in secondary plants. 

Dioscorea bulbifera L. (Dioscoreaceae), one plant with the potential to be a bio-
insecticide, is one such species. On ruined terrain, D. bulbifera can be quickly grown without 
any assistance. As a result, it might function as a bio-insecticide [7]. Due to the presence of 
secondary metabolites with allelopathic action, D. bulbifera is one of the invasive species 
included in the Global Compendium of Weeds and one of those that harm the ecosystem in 
many countries [8-10]. The tubers and leaves of D. bulbifera include flavonoids, alkaloids, 
saponins, and tannins that are known to be termititoxic [9, 10, 11]. Additionally, research 
using isolated compounds on D. bulbifera's tubers, leaves, and stalks showed that each of 
these parts could function as a bio-insecticide in the control of dry wood termites 
(Cryptothermes cynocephalus Light) [8]. Aedes aegypti larvae [9]; Spodoptera litura F. [10]; 
Nillavarpata lugens Stall [11], and the walang sangit pest [12] have all been targets of the 
insecticidal potential of a different Dioscorea species, Dioscorea hispida Denst. The dry 
wood termite Cryptotermes cynocephalus Ligh has never been subject to reports of control 
employing a mixture of D. bulbifera plant parts as a bio-insecticide.  

Another alternative that can be used besides D. bulbifera is leri water, commonly known 
as rice washing water. Rice is a staple food that is needed, especially by the community. The 
rice generally consumed is white rice with pigments or dyes belonging to the flavonoid group 
[13], which can be used to eradicate termites [14]. In addition, leri water also contains 
chlorine, which can damage insect body cells [15]. According to research by Miftah et al, the 
death rate of subterranean termites (Coptotermes sp.) might be increased by 66.7% by using 
leri water [14]. However, the best results from this study were in the combination treatment 
of 75% leri water and 25% betel leaf, with a mortality rate of 93.3%. Reflections on the 
combination of water leri and D. bulbifera have never been carried out, so it is necessary to 
see its potential as a bioinsecticide. The number and type of bioactive chemicals present in 
plants determine their ability to be insecticidal. Due to potential chemical interactions 
between the components of the various plants, it is possible that the combination of these 
botanicals could have either synergistic or antagonistic effects on their capacity to ward 
against insect pests. As a result, combining these three herbs may increase or decrease their 
efficacy as termiticides [16]. Thus, through this research, we hope to find compatibility 

between D. bulbifera and air leri to be effective in their use as bio-insecticides. This study 
aims to determine the effectiveness of the combination of D. bulbifera extract and leri water 
against Cryptotermes cynocephalus Light. 

2 Experimental details 

2.1 Place and time  

The research was conducted at the Biology and Chemistry Laboratory, Nusa Bangsa 
University, Bogor, Indonesia. Collection of Dioscorea bulbifera L. at the Center Research 
on Plant Conservation and Botanical Gardens-BRIN and dry wood termites at the Central 
Laboratory for Standardization of Sustainable Forest Management Instruments, Ministry of 
Environment and Forestry, Bogor-The research was conducted from May to July 2023. 

2.2 Materials and instruments  

D. bulbifera (tuber, stems, and leaves), leri water, dry wood termites (Cryptotermes 
cynocephalus Ligh.), Whatman filter paper No. 41, and aquades were used as test papers. 
Among the tools utilized were a petri dish, a blender, a set of glasses, a water bath, a shaker, 
a separating sieve (60 mesh), an evaporating cup, and an oven. D. bulbifera leaf samples 
were taken and collected randomly from around the Center Research on Plant Conservation 
and Botanical Gardens-BRIN 

2.3 Procedures 

2.3.1 Providing test samples of D. bulbifera, dry wood termites, and filter paper 

The title is set in bold 16-point Arial, justified. The first letter of the title should be capitalised 
with the rest in lower case. You should leave 22 mm of space above the title and 6 mm after 
the title The termites utilized for testing are dry wood termites Cryptotermes cynocephalus 
Light from the Bogor-based Central Laboratory for Standardization of Sustainable Forest 
Management Instruments of the Ministry of Environment and Forestry. A worker caste of 50 
termites was utilized in each replication of all treatments. The termites chosen are still alive, 
in good health, and roughly the same size. D. bulbifera was purchased from the Bogor 
Botanic Gardens collection. The filter paper is produced as sheets, like squares with four cm-
long sides. 

2.3.2 Extraction of plant material and leri water preparation 

D. bulbifera was adequately cleaned, diced, and dried in an oven for 24 to 72 hours at 60 °C. 
The powdered dry leaves were passed through a sieve with a mesh size of 60. 5 liters of 
distilled water were used to extract 1 kg of D. bulbifera powder over 24 hours. A thick extract 
is made from the concentrated filtrate that results [17]. While making the actual leri water 
requires washing rice up to 1 kg at a time in 5 L of water. 

2.3.3 The impact of extraction on drywood termites 

Testing is based on a modified version of Japan Wood Preserving Association, No. 11 (1) - 
1992. The first step is to weigh the paper test sample before it has been impregnated with the 
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extract, removed, drained, and dried by air. The container holding 15 healthy and active 
termites is then used to test and control samples, and the container is then kept in a dark room 
for four weeks. After four weeks, termite activity and mortality were tracked every day. 
Before being tested on termites, the paper is taken from the termites, thoroughly cleaned, and 
weighed at the same water content [18]. 

2.3.4 Observation parameter  

The dry wood termite mortality, determined using the Equation (1), serves as the test 
parameter [18] : 

�� = (
�

�
) × 100    (1) 

Information : 
TM = Termite mortality (%) 
D  = The amount of termites that have died 
F = Amount of termites before feeding 
 

The formula is used to compute weight loss (Equation 2). 

�� = [
�����

��
] × 100   (2) 

Information : 
WR = Weight reduction (%) 
W1  = Air dry weight of filter paper before feeding (g)  
W2  = Air dry weight of filter paper after feeding (g)  
 

The formula computes the degree of filter paper damage (Equation 3). 

�� = [
���

����
] × 100   (3) 

Information : 
Dd    = Degree of damage (%) 
RWa  = The preserved test sample weighed less (%) 
RWta  = Loss of weight in the control or unpreserved test samples (%)  
 

Table 1 equates to the degree of damage's value [18]. 

Table 1. The degree of damage scale concerning control 

Value-based weight loss (%)  
in comparison to the control 

Attack class 

0 No attack 
≤ 10 Ligh 

11-30 Currently 
31-60 Heavy 
≥ 60 Very heavy 

2.4 Experiment method  

The research design used was a factorial Completely Randomized Design (CRD) consisting 
of nine treatments with three replications. The treatment is a combination of concentration 
and source of extract. The extracts are from each part of the Dioscorea bulbifera L plant 
(leaves, stems, and tubers) and leri water. The combination of extract concentrations used is 
leaves: stems, leaves: tubers, leaves:leri water, tubers: stems, stems:leri water, and tubers:leri 
water of D. bulbifera with concentrations of 50: 50%, leri water with concentrations 50 and 
100%. 

2.5 Data analysis  

The data was examined using a descriptive approach and a variance (F) test with a 5% 
significance threshold. If the F test revealed a significant effect, additional tests were 
conducted using Duncan's multiple distance test (Duncan Multiple Range Test/DMRT) at a 
5% absolute level. Statistical Tool for Agricultural Research (STAR 2.0.1) and Microsoft 
Excel were used to analyze the data. It is required to modify it using the Abbott formula if 
mortality is discovered in the control group, which ranges from 5 to 20%. 

3 Results and discussion 

3.1 Effect of the combination of Dioscorea bulbifera L. extract and leri water as 
a bio-insecticide  

Termites are the most crucial pest economically because they significantly destroy home and 
agricultural resources. We are looking for environmental safety because chemical 
termiticides are still being utilized. This research has demonstrated the effectiveness of 
combining Aquadest extracts from D. bulbifera and water leri as biocontrol agents (bio-
insecticides) against dry wood termites. Analysis of variance results shows that dry wood 
termites' mortality, degree of damage, and weight loss (Cryptotermes cyanocephalus Light.) 
are significantly influenced by the dose and source combination of D. bulbifera extracts 
(Table 2). It was anticipated that the D. bulbifera and water leri aquadest extracts would have 
more phenolic, alkaloid, and flavonoid components [9, 10, 17]. These phytochemicals affect 
an insect's behavior and ability to feed, grow, molt, and reproduce [22-23]. Termites can die 
in large numbers from several plant chemicals. Their method of action on the insect nervous 
system is related to this condition [19]. Additionally, plant substances may behave neurotoxic 
(hyperactivity, seizures, and tremors) [20].  

The mechanism of termite death is due to these extractive substances, which can kill 
flagellate protozoa, bacteria that live in the hindgut of termites. According to Sumartini et 
al., in the gut of the termite Macrotermes sp, there are Enterobacter aerogens, Enterobacter 
cloacae,  Serraisa bacteria, Marcescens and Paracoccus yeei[21]. These bacteria are 
symbionts that produce cellulase enzymes that digest cellulose and convert it into simple 
sugars and acetic acid as an energy source for termites. As a result, the termites do not get 
food, and the termites die. In addition, the death of termites is thought to be due to the 
presence of alkaloid, phenolic, and steroid compounds. Phenolic contains a polyphenol 
structure, so the mechanism of action as an antibacterial is similar to the properties of phenol, 
which denatures proteins. Tannin compounds found in D. bulbifera [17] will react with 
proteins that cause inhibition of the work of protease enzymes so that they cannot dissolve in 
the air. This condition makes it more difficult for protein to be reached by digestive juices, 
so it affects the digestive system and can reduce growth rates, weight loss, and symptoms of 
impaired nutrient absorption [22]. 

In this regard, bioactive substances are a much safer alternative that can be used to control 
termites. Plant extracts are being researched for various purposes, such as insecticidal, 
repellant, and antifeedant qualities [23]. Since they drive away pests by awakening their sense 
organs before they attack the plants, plant-based repellents are predicted to have the least 
detrimental environmental effects. They are also swiftly and efficiently degraded  [24]. These 
investigated plants' byproducts, notably D. bulbifera, can be effectively used to make 
phytochemicals that can be used to protect all nontarget creatures from insecticides. Complex 
combinations of secondary metabolites have been suggested to function as regulators of plant 
defense and provide a variety of methods of action; as a result, their use lessens the possibility 
that insects may develop resistance [30-31]. For the safety of human and animal health, 
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numerous studies using plant extracts in farming and home pest management have produced 
encouraging findings [32-33]. As a result, switching to bio-pesticides in place of synthetic 
insecticides has become a widely recognized and effective strategy. 

It is widely recognized as a biorational strategy to replace synthetic bio-rational 
insecticides. It is widely recognized as a bio-rational strategy to replace synthetic pesticides 
with bio-rational ones [23]. As insecticides, they can be effective against termites and other 
arthropods in managing and replacing the widespread use of insecticides in the environment 
[25]. Chemical defense in plants holds this promise. Rational botanical pesticides have 
recently gained popularity regarding their use and termite control. 

Table 2. Recapitulation of the treatment's impacts on many variables, such as weight loss, the degree 
of the damage, and termite mortality 

Treatment 
Parameters 

Weight loss Degree of damage Termite mortality 
Combination of 

concentration and source 
of extract 

* * ns 

Note: * = significantly different (F 0.05) ns = not significantly different (F >0.05) 

3.2 Termite mortality  

A single treatment of 50% leri water showed the highest percentage of termite mortality, 
which was 75.56% (Table 3). This result is because the chlorine content contained in rice 
water is usually used as a germ killer and termite. Chlorine will react with water to form 
hypochlorous acid, whose reaction is known to damage the cells in the termite body and 
attack the intestines. Damaged termite intestines can result in termites dying [14]. In addition, 
the rice that is generally consumed is white rice, which has pigments or dyes belonging to 
the flavonoid group, which are commonly used to eradicate termites [13]  

 Table 3 shows that the highest proportion of mortality was in the tuber: leaf treatment 
(1:1), which was 77.8%, based on the results of termite mortality. The content of secondary 
metabolites found in tubers and leaves is suspected to influence termite mortality strongly [9-
10]. The single treatment results conducted by Oksari et al. show that tubers provide the 
smallest percentage of mortality compared to leaves[8]. However, combining these parts has 
a significant effect compared to when applied in a single treatment. This result can also be 
seen from the results obtained; termite mortality in single extracts of D. bulbifera stems is 
lower than when combined with leri water. The combination effect with leri water gives the 
highest percentage in the stem: water leri treatment (1:1), equal to 62.22%. In addition, 
several single treatments carried out by [8]showed that at the same concentration (50%) 
showed low mortality compared to the combination of D. bulbifera and D. bulbifera sections 
with leri water . These findings also align with research on A. sativum treatments alone, which 
have been shown to be more toxic than other treatments alone at both dosage rates. The 
effectiveness of botanical pesticide combinations has been the subject of certain 
investigations. It would be difficult for pests to develop resistance to more than two botanical 
combinations. This finding is consistent with Cynthia et al.  research; which demonstrated 
that M. bellicocus may be controlled using any plant extract that was tested for termiticidal 
activity [26]. Based on the experiment results, it was found that the combination of Z. 
officinale + A. sativum was the most efficient (biopotential) extract at a 10–30% 
concentration test after 24–72 hours and effectively repelled most insects. When compared 
to the mortality brought on by diazinon, the mixture of Z. officinale + A. sativum produced 
the most deaths. In contrast, D tripetala was found to have the lowest fatality rate when used 
alone. 

 Bio-insecticides from D. bulbifera and water leri are thought to contain contact and 
stomach poison. Insecticides classified as contact poisons will enter the body of the target 
insect through the skin (cuticle), trachea, sensory glands, and other organs associated with 
the cuticle. The active compounds in vegetable insecticides will dissolve the fat or wax 
coating on the cuticle, causing the active ingredients to penetrate the insect's body. Poisoning 
symptoms arise due to the accumulation of acetylcholine, characterized by the emergence of 
disorders of the motor nervous system, seizures, and respiratory paralysis to cause death. 
Insecticides that work as stomach poisons kill target insects if ingested and enter the digestive 
organs. Insecticides will be absorbed by the walls of the food digestive tract and then carried 
by body fluids to target organs such as the insect's central nervous system, respiratory organs, 
stomach, and so on [27].  

 The least harmful impacts on the environment are anticipated from plant-based repellents 
since they deter pests by awakening their sensory systems before attacking the plants and are 
quickly degraded [29, 37]. Because they drive pests by stimulating their sense organs before 
the damage is done to plants, plants with repellent effects have little to no adverse 
environmental effects when employed for pest management. These plant extracts are 
biodegradable, affordable, and simple to prepare, making them potential replacements for 
synthetic insecticides in termite management techniques. The water extract may have an 
effect by contacting the insects' body walls. These substances may enter the insect's body 
system and obstruct average growth, leading to termite mortality. The results of [28], who 
assessed the antifeedant, toxicant, and growth-regulating effects of acetone leaf extracts of 
Curcuma longa and A. sativum against adults of T. castaneum, also agree with this 
conclusion. 

 According to Cynthia et al, African agriculture has long used plant parts and derivatives 
to control insect pests of stored goods, vegetables, soil, and human properties [26]. This result 
suggests that naturally occurring anti-termite compounds extracted from locally accessible 
plants have the potential to control the population of termites. The results of numerous studies 
on the use of plant extracts for agricultural and domestic pest management are encouraging 
for the preservation of both human and animal health [32, 33, 39]. Therefore, switching to 
bio-pesticides instead of synthetic insecticides has become a widely accepted and sensible 
strategy and is recommended. 

Table 3. Test of the impact of treatment recapitulation on termite mortality 

Treatment Termite Mortality (%) 
F= 0.99; p=0.4732 

Control 31.11 ± 21.44 
Water Leri 50% 75.56 ± 21.44 
Water Leri 100% 68.89 ± 21.44 
Leave : Water Leri (1:1) 57.78 ± 21.44 
Leave : Stems (1:1) 53.33 ± 21.44 
Stems : Water Leri (1:1) 62.22 ± 21.44 
Tubers : Water Leri (1:1) 42.22 ± 21.44 
Tubers : Leaves (1:1) 77.78 ± 21.44 
Tubers : Stems (1:1) 57.78 ± 21.44 

Note: There is no statistical difference between numbers separated by the same letter at p < 0.05 using 
DMRT 

3.3 Degree of damage  

Based on the results that can be seen in Table 4, a single treatment of leri water at 50% and 
100%, respectively, showed the highest degree of damage, namely 104.01% and 110.96%. 
Meanwhile, the combination treatment between stem: water leri offered the lowest level of 
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numerous studies using plant extracts in farming and home pest management have produced 
encouraging findings [32-33]. As a result, switching to bio-pesticides in place of synthetic 
insecticides has become a widely recognized and effective strategy. 

It is widely recognized as a biorational strategy to replace synthetic bio-rational 
insecticides. It is widely recognized as a bio-rational strategy to replace synthetic pesticides 
with bio-rational ones [23]. As insecticides, they can be effective against termites and other 
arthropods in managing and replacing the widespread use of insecticides in the environment 
[25]. Chemical defense in plants holds this promise. Rational botanical pesticides have 
recently gained popularity regarding their use and termite control. 

Table 2. Recapitulation of the treatment's impacts on many variables, such as weight loss, the degree 
of the damage, and termite mortality 

Treatment 
Parameters 

Weight loss Degree of damage Termite mortality 
Combination of 

concentration and source 
of extract 

* * ns 

Note: * = significantly different (F 0.05) ns = not significantly different (F >0.05) 
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hypochlorous acid, whose reaction is known to damage the cells in the termite body and 
attack the intestines. Damaged termite intestines can result in termites dying [14]. In addition, 
the rice that is generally consumed is white rice, which has pigments or dyes belonging to 
the flavonoid group, which are commonly used to eradicate termites [13]  

 Table 3 shows that the highest proportion of mortality was in the tuber: leaf treatment 
(1:1), which was 77.8%, based on the results of termite mortality. The content of secondary 
metabolites found in tubers and leaves is suspected to influence termite mortality strongly [9-
10]. The single treatment results conducted by Oksari et al. show that tubers provide the 
smallest percentage of mortality compared to leaves[8]. However, combining these parts has 
a significant effect compared to when applied in a single treatment. This result can also be 
seen from the results obtained; termite mortality in single extracts of D. bulbifera stems is 
lower than when combined with leri water. The combination effect with leri water gives the 
highest percentage in the stem: water leri treatment (1:1), equal to 62.22%. In addition, 
several single treatments carried out by [8]showed that at the same concentration (50%) 
showed low mortality compared to the combination of D. bulbifera and D. bulbifera sections 
with leri water . These findings also align with research on A. sativum treatments alone, which 
have been shown to be more toxic than other treatments alone at both dosage rates. The 
effectiveness of botanical pesticide combinations has been the subject of certain 
investigations. It would be difficult for pests to develop resistance to more than two botanical 
combinations. This finding is consistent with Cynthia et al.  research; which demonstrated 
that M. bellicocus may be controlled using any plant extract that was tested for termiticidal 
activity [26]. Based on the experiment results, it was found that the combination of Z. 
officinale + A. sativum was the most efficient (biopotential) extract at a 10–30% 
concentration test after 24–72 hours and effectively repelled most insects. When compared 
to the mortality brought on by diazinon, the mixture of Z. officinale + A. sativum produced 
the most deaths. In contrast, D tripetala was found to have the lowest fatality rate when used 
alone. 

 Bio-insecticides from D. bulbifera and water leri are thought to contain contact and 
stomach poison. Insecticides classified as contact poisons will enter the body of the target 
insect through the skin (cuticle), trachea, sensory glands, and other organs associated with 
the cuticle. The active compounds in vegetable insecticides will dissolve the fat or wax 
coating on the cuticle, causing the active ingredients to penetrate the insect's body. Poisoning 
symptoms arise due to the accumulation of acetylcholine, characterized by the emergence of 
disorders of the motor nervous system, seizures, and respiratory paralysis to cause death. 
Insecticides that work as stomach poisons kill target insects if ingested and enter the digestive 
organs. Insecticides will be absorbed by the walls of the food digestive tract and then carried 
by body fluids to target organs such as the insect's central nervous system, respiratory organs, 
stomach, and so on [27].  

 The least harmful impacts on the environment are anticipated from plant-based repellents 
since they deter pests by awakening their sensory systems before attacking the plants and are 
quickly degraded [29, 37]. Because they drive pests by stimulating their sense organs before 
the damage is done to plants, plants with repellent effects have little to no adverse 
environmental effects when employed for pest management. These plant extracts are 
biodegradable, affordable, and simple to prepare, making them potential replacements for 
synthetic insecticides in termite management techniques. The water extract may have an 
effect by contacting the insects' body walls. These substances may enter the insect's body 
system and obstruct average growth, leading to termite mortality. The results of [28], who 
assessed the antifeedant, toxicant, and growth-regulating effects of acetone leaf extracts of 
Curcuma longa and A. sativum against adults of T. castaneum, also agree with this 
conclusion. 

 According to Cynthia et al, African agriculture has long used plant parts and derivatives 
to control insect pests of stored goods, vegetables, soil, and human properties [26]. This result 
suggests that naturally occurring anti-termite compounds extracted from locally accessible 
plants have the potential to control the population of termites. The results of numerous studies 
on the use of plant extracts for agricultural and domestic pest management are encouraging 
for the preservation of both human and animal health [32, 33, 39]. Therefore, switching to 
bio-pesticides instead of synthetic insecticides has become a widely accepted and sensible 
strategy and is recommended. 

Table 3. Test of the impact of treatment recapitulation on termite mortality 

Treatment Termite Mortality (%) 
F= 0.99; p=0.4732 

Control 31.11 ± 21.44 
Water Leri 50% 75.56 ± 21.44 
Water Leri 100% 68.89 ± 21.44 
Leave : Water Leri (1:1) 57.78 ± 21.44 
Leave : Stems (1:1) 53.33 ± 21.44 
Stems : Water Leri (1:1) 62.22 ± 21.44 
Tubers : Water Leri (1:1) 42.22 ± 21.44 
Tubers : Leaves (1:1) 77.78 ± 21.44 
Tubers : Stems (1:1) 57.78 ± 21.44 

Note: There is no statistical difference between numbers separated by the same letter at p < 0.05 using 
DMRT 

3.3 Degree of damage  

Based on the results that can be seen in Table 4, a single treatment of leri water at 50% and 
100%, respectively, showed the highest degree of damage, namely 104.01% and 110.96%. 
Meanwhile, the combination treatment between stem: water leri offered the lowest level of 
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damage, which was 16.47%. Furthermore, the lowest damage level was found in tuber: stems 
(1:1), which was 13.88%. Meanwhile, the single blow done by [8] showed a high level of 
damage, namely 54.82% -94.07%. The results obtained are likely caused by the content of 
metabolites produced in each of these treatments. Insects will face two things to start their 
feeding activity, namely 1) first, there is a stimulus to initiate feeding activity (feeding 
stimulant), and 2) detection of the presence of foreign compounds (foreign compounds) that 
can inhibit feeding activity so that it can shorten or even stop feeding activity. Anti-feeding 
compounds are substances that, when tested on insects, will temporarily or permanently stop 
feeding activity depending on the potency of the essence. Compounds that act as anti-food 
are primarily found in the secondary metabolites of alkaloids, terpenoids, and phenolics [29], 
and these compounds are found in D. bulbifera L. [30]. This result causes the several 
treatments in this study to obtain low and high levels of damage. 

 The combination of these treatments increases the effectiveness of the two active 
substances in controlling C. cynocephalus, one of which may be to suppress the condition of 
the target termites. Economically, the combination treatment can increase the efficiency of 
termite control because it takes a smaller quantity to get the same control effect. Thus, 
vegetable insecticides can also be used as an alternative for controlling C. cynocephalus, 
where the application is combined by mixing. This condition is presumably because D. 
bulbifera contains several active ingredients, such as alkaloids capable of providing toxic 
properties to termites by inhibiting eating [31]. Alkaloids can be an antibacterial by 
interfering with the constituent components of peptidoglycan in bacterial cells so that the cell 
wall layer is not formed entirely and causes cell death. In addition, D. bulbifera aquadest 
extract and leri water also contain phenolic and steroid compounds. Phenol, triterpenoid, 
alkaloid, and steroid compounds are active ingredients as pest control agents. These 
compounds cause biological activities such as toxic food inhibition, antiparasitic, and 
pesticides. These active chemicals harm the termites' symbiotic system by eradicating 
bacteria and flagellate protozoa in termite intestines [21]. 

Botanicals are non-toxic, safe for the environment, renewable, and biodegradable, albeit 
some are not as effective as chemicals. However, the extensive use of chemical insecticides 
frequently results in hazards of insect resistance development and residues that harm both 
people and the environment. Consequently, botanical insecticides, based on natural plant 
components, will become a potential use. These products are selective, effective, and 
toxicologically safe. Many reports have demonstrated the effectiveness of natural chemicals 
against insects [32]. 

Table 4. Recapitulation test measuring the degree of damage and the impact of treatment 

Treatment 
Degree of damage (%) 
(F= 21.96; p=0.0000) 

Control 100.00abc ± 11.87 
Water Leri 50% 104.01ab ± 11.87 
Water Leri 100% 110.96a ± 11.87 
Leave : Water Leri (1:1) 61.04cd ± 11.87 
Leave : Stems (1:1) 14.58e ± 11.87 
Stems : Water Leri (1:1) 16.47e ± 11.87 
Tubers : Water Leri (1:1) 66.74bcd ± 11.87 
Tubers : Leaves (1:1) 49.52de ± 11.87 
Tubers : Stems (1:1) 13.88e ± 11.87 

Note: There is no statistical difference between numbers separated by the same letter at p < 0.05 using 
DMRT 

3.4 Test weight loss  

The single treatment of leri water at 50% and 100%, respectively, showed the highest test 
weight reduction, 52.82%, and 56.38%. Meanwhile, the combination treatment between 
stem: water leri offered the lowest test weight reduction, 8.34%. Furthermore, the lowest test 
weight loss was found in tuber: stems (1:1), which was 6.87% (Table 5). Meanwhile, the 
single treatment carried out by Oksari et al showed a high reduction in test weight, which 
was 29.73% - 47.95% [8]. The compound content contained in the treatment provides a 
feeding inhibition for termites, thereby affecting termite feeding activity. Low weight loss of 
the bait medium indicates a high level of feeding activity inhibition. At first, termites will 
adapt to the living environment, so termite feeding activity is still low. If forced, termites will 
eat the food provided. If termites cannot adjust to the live environment provided, the termites 
will die. Termites that can adapt to the living environment provided will carry out feeding 
activities. 

 The amount of media weight loss at the feeding is used as an indicator to see the toxicity 
of D. bulbifera and water leri. The value of the feed media's ability to promote weight 
reduction decreases as D. bulbifera extract and leri water are added in more significant 
quantities. Compared to bait media that didn't receive the extract (the control), this result 
demonstrates that the rate of termite ingestion of the provided bait media is low. This 
circumstance fits the research findings [33]. The treatment of the highest loss of media feed 
weight was in the combination of control and sawdust, with an average loss of 28.76%, while 
the treatment of the lowest weight loss of feed media was in the powder treatment. 4 g of 
soursop leaves and 10 g of sawdust, with an average weight loss of 9.99% of the feed 
medium. This result indicates that it is suspected that there is a compound that inhibits dry 
wood termites from eating the bait. Some plants can repel insects by making them avoid the 
crops because of their taste or fragrance, while others influence insects' oviposition behavior 
by preventing them from laying eggs [1]. The plants may also reduce calling behavior and 
growth by acting as antifeedants and inhibitors. The most crucial factor in the search for novel 
and safer pest control techniques is feeding inhibition in insect pests [34].  

 The scale of damage severity concerning control (Table 1), the findings of this study 
were categorized as belonging to the mild to severe attack category. This result appears to be 
because the compounds used in each treatment differ, changing how termites are attacked. 
According to many authors, an antifeedant is anything that stops an insect from consuming 
as much. Antifeedants were categorized as behavior-modifying compounds by Isman et al. 
due to their direct impact on insect taste organs [35]. This definition excludes toxins that are 
toxic to insects at levels below lethal or compounds that prevent an insect from feeding by 
disrupting its nervous system. 

 Related investigations demonstrated that botanical powder treatment served as an 
oviposition-deterrent, prevented oviposition, and decreased egg production by weakening 
adult bruchids, killing the hatchling larvae [34]. In a related study, several investigations 
showed the ability of botanical insecticides to lower the production of F1 progeny in various 
insects. However, a botanical combination that works synergistically to control insects has 
not yet been thoroughly investigated [36]. The toxicity of phytochemical compounds or plant 
crude extracts against insects manifests itself in several ways, including altering behavior, 
acting as a repellent substance, preventing growth, preventing oviposition, preventing eating, 
reducing fecundity and fertility, engaging in fumigation activity, and forming a mulch barrier 
[37]. Various formulations of organochlorines and organophosphates, as well as other 
synthetic insecticides with long environmental retention times, are the mainstays of termite 
control. As a result, it's essential to look for sensible termite control methods, including 
botanical extracts, which can be both secure and kind to the environment. Insecticidal, 
repellant, or antifeedant properties have been reported for various plant-based chemicals 
against termites and other insect pests [38]. It is possible to utilize single or combined 
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damage, which was 16.47%. Furthermore, the lowest damage level was found in tuber: stems 
(1:1), which was 13.88%. Meanwhile, the single blow done by [8] showed a high level of 
damage, namely 54.82% -94.07%. The results obtained are likely caused by the content of 
metabolites produced in each of these treatments. Insects will face two things to start their 
feeding activity, namely 1) first, there is a stimulus to initiate feeding activity (feeding 
stimulant), and 2) detection of the presence of foreign compounds (foreign compounds) that 
can inhibit feeding activity so that it can shorten or even stop feeding activity. Anti-feeding 
compounds are substances that, when tested on insects, will temporarily or permanently stop 
feeding activity depending on the potency of the essence. Compounds that act as anti-food 
are primarily found in the secondary metabolites of alkaloids, terpenoids, and phenolics [29], 
and these compounds are found in D. bulbifera L. [30]. This result causes the several 
treatments in this study to obtain low and high levels of damage. 

 The combination of these treatments increases the effectiveness of the two active 
substances in controlling C. cynocephalus, one of which may be to suppress the condition of 
the target termites. Economically, the combination treatment can increase the efficiency of 
termite control because it takes a smaller quantity to get the same control effect. Thus, 
vegetable insecticides can also be used as an alternative for controlling C. cynocephalus, 
where the application is combined by mixing. This condition is presumably because D. 
bulbifera contains several active ingredients, such as alkaloids capable of providing toxic 
properties to termites by inhibiting eating [31]. Alkaloids can be an antibacterial by 
interfering with the constituent components of peptidoglycan in bacterial cells so that the cell 
wall layer is not formed entirely and causes cell death. In addition, D. bulbifera aquadest 
extract and leri water also contain phenolic and steroid compounds. Phenol, triterpenoid, 
alkaloid, and steroid compounds are active ingredients as pest control agents. These 
compounds cause biological activities such as toxic food inhibition, antiparasitic, and 
pesticides. These active chemicals harm the termites' symbiotic system by eradicating 
bacteria and flagellate protozoa in termite intestines [21]. 

Botanicals are non-toxic, safe for the environment, renewable, and biodegradable, albeit 
some are not as effective as chemicals. However, the extensive use of chemical insecticides 
frequently results in hazards of insect resistance development and residues that harm both 
people and the environment. Consequently, botanical insecticides, based on natural plant 
components, will become a potential use. These products are selective, effective, and 
toxicologically safe. Many reports have demonstrated the effectiveness of natural chemicals 
against insects [32]. 

Table 4. Recapitulation test measuring the degree of damage and the impact of treatment 

Treatment 
Degree of damage (%) 
(F= 21.96; p=0.0000) 

Control 100.00abc ± 11.87 
Water Leri 50% 104.01ab ± 11.87 
Water Leri 100% 110.96a ± 11.87 
Leave : Water Leri (1:1) 61.04cd ± 11.87 
Leave : Stems (1:1) 14.58e ± 11.87 
Stems : Water Leri (1:1) 16.47e ± 11.87 
Tubers : Water Leri (1:1) 66.74bcd ± 11.87 
Tubers : Leaves (1:1) 49.52de ± 11.87 
Tubers : Stems (1:1) 13.88e ± 11.87 

Note: There is no statistical difference between numbers separated by the same letter at p < 0.05 using 
DMRT 

3.4 Test weight loss  

The single treatment of leri water at 50% and 100%, respectively, showed the highest test 
weight reduction, 52.82%, and 56.38%. Meanwhile, the combination treatment between 
stem: water leri offered the lowest test weight reduction, 8.34%. Furthermore, the lowest test 
weight loss was found in tuber: stems (1:1), which was 6.87% (Table 5). Meanwhile, the 
single treatment carried out by Oksari et al showed a high reduction in test weight, which 
was 29.73% - 47.95% [8]. The compound content contained in the treatment provides a 
feeding inhibition for termites, thereby affecting termite feeding activity. Low weight loss of 
the bait medium indicates a high level of feeding activity inhibition. At first, termites will 
adapt to the living environment, so termite feeding activity is still low. If forced, termites will 
eat the food provided. If termites cannot adjust to the live environment provided, the termites 
will die. Termites that can adapt to the living environment provided will carry out feeding 
activities. 

 The amount of media weight loss at the feeding is used as an indicator to see the toxicity 
of D. bulbifera and water leri. The value of the feed media's ability to promote weight 
reduction decreases as D. bulbifera extract and leri water are added in more significant 
quantities. Compared to bait media that didn't receive the extract (the control), this result 
demonstrates that the rate of termite ingestion of the provided bait media is low. This 
circumstance fits the research findings [33]. The treatment of the highest loss of media feed 
weight was in the combination of control and sawdust, with an average loss of 28.76%, while 
the treatment of the lowest weight loss of feed media was in the powder treatment. 4 g of 
soursop leaves and 10 g of sawdust, with an average weight loss of 9.99% of the feed 
medium. This result indicates that it is suspected that there is a compound that inhibits dry 
wood termites from eating the bait. Some plants can repel insects by making them avoid the 
crops because of their taste or fragrance, while others influence insects' oviposition behavior 
by preventing them from laying eggs [1]. The plants may also reduce calling behavior and 
growth by acting as antifeedants and inhibitors. The most crucial factor in the search for novel 
and safer pest control techniques is feeding inhibition in insect pests [34].  

 The scale of damage severity concerning control (Table 1), the findings of this study 
were categorized as belonging to the mild to severe attack category. This result appears to be 
because the compounds used in each treatment differ, changing how termites are attacked. 
According to many authors, an antifeedant is anything that stops an insect from consuming 
as much. Antifeedants were categorized as behavior-modifying compounds by Isman et al. 
due to their direct impact on insect taste organs [35]. This definition excludes toxins that are 
toxic to insects at levels below lethal or compounds that prevent an insect from feeding by 
disrupting its nervous system. 

 Related investigations demonstrated that botanical powder treatment served as an 
oviposition-deterrent, prevented oviposition, and decreased egg production by weakening 
adult bruchids, killing the hatchling larvae [34]. In a related study, several investigations 
showed the ability of botanical insecticides to lower the production of F1 progeny in various 
insects. However, a botanical combination that works synergistically to control insects has 
not yet been thoroughly investigated [36]. The toxicity of phytochemical compounds or plant 
crude extracts against insects manifests itself in several ways, including altering behavior, 
acting as a repellent substance, preventing growth, preventing oviposition, preventing eating, 
reducing fecundity and fertility, engaging in fumigation activity, and forming a mulch barrier 
[37]. Various formulations of organochlorines and organophosphates, as well as other 
synthetic insecticides with long environmental retention times, are the mainstays of termite 
control. As a result, it's essential to look for sensible termite control methods, including 
botanical extracts, which can be both secure and kind to the environment. Insecticidal, 
repellant, or antifeedant properties have been reported for various plant-based chemicals 
against termites and other insect pests [38]. It is possible to utilize single or combined 
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botanical pesticides. Vegetable insecticide action has a more significant anti-pest effect due 
to its synergistic potential in hybrid form. The two main objectives are using less insecticide 
and making it difficult for resistance to develop [39].  

Table 5. Recapitulation test of the therapy's effect on weight loss 

Treatment Weight loss (%) 
F= 12.93; p=0.0000 

Control 51.67 ± 7.90ab 
Water Leri 50% 52.82 ± 7.90ab 
Water Leri 100% 56.38 ± 7.90a 
Leave : Water Leri (1:1) 32.48 ± 7.90abcd 
Leave : Stems (1:1) 7.89 ± 7.90d 
Stems : Water Leri (1:1) 8.34 ± 7.90cd 
Tubers : Water Leri (1:1) 35.76 ± 7.90abc 
Tubers : Leaves (1:1) 26.10 ± 7.90bcd 
Tubers : Stems (1:1) 6.87 ± 7.90d 

Note: There is no statistical difference between numbers separated by the same letter at p < 
0.05 using DMRT. 

4 Summary 

The findings revealed that the combination had the best mortality, test weight reduction, and 
degree of damage found in the variety of stem (50%): leri water (50%), which were 62.22% 
(equal to corrected mortality of 45.16%), 8.34%, 16.47%, respectively. The combination of 
these extracts efficiently inhibits dry wood termites, according to this result.  
 
The study was supported by the Indonesian Ministry of Education, Culture, Research, and Technology 
under grant number 074/E5/PG.02.00.PL/2023 for Penelitian Kerjasama Antar Perguruan Tinggi 
(PKPT). 
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botanical pesticides. Vegetable insecticide action has a more significant anti-pest effect due 
to its synergistic potential in hybrid form. The two main objectives are using less insecticide 
and making it difficult for resistance to develop [39].  

Table 5. Recapitulation test of the therapy's effect on weight loss 

Treatment Weight loss (%) 
F= 12.93; p=0.0000 

Control 51.67 ± 7.90ab 
Water Leri 50% 52.82 ± 7.90ab 
Water Leri 100% 56.38 ± 7.90a 
Leave : Water Leri (1:1) 32.48 ± 7.90abcd 
Leave : Stems (1:1) 7.89 ± 7.90d 
Stems : Water Leri (1:1) 8.34 ± 7.90cd 
Tubers : Water Leri (1:1) 35.76 ± 7.90abc 
Tubers : Leaves (1:1) 26.10 ± 7.90bcd 
Tubers : Stems (1:1) 6.87 ± 7.90d 

Note: There is no statistical difference between numbers separated by the same letter at p < 
0.05 using DMRT. 

4 Summary 

The findings revealed that the combination had the best mortality, test weight reduction, and 
degree of damage found in the variety of stem (50%): leri water (50%), which were 62.22% 
(equal to corrected mortality of 45.16%), 8.34%, 16.47%, respectively. The combination of 
these extracts efficiently inhibits dry wood termites, according to this result.  
 
The study was supported by the Indonesian Ministry of Education, Culture, Research, and Technology 
under grant number 074/E5/PG.02.00.PL/2023 for Penelitian Kerjasama Antar Perguruan Tinggi 
(PKPT). 
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