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Abstract— Brown planthopper (Nilaparvata lugens Stal.) is one of rice plants' pests that attack from the nursery to the harvest stage. 

Controls carried out by farmers generally use synthetic insecticides. Reducing the impact caused by synthetic insecticides, an alternative 

that can be used to controlling the brown planthopper is by using botanical insecticide tuba root. Tuba root plants have been widely 

reported to control pests and contain the active ingredient rotenone. Rotenone works as a stomach poison and selective. This study aims 

to examine the ability of tuba root plant parts extracts (leaves, branches, and roots) with organic solvents to control brown planthopper 

pests in rice plants. The study was conducted in February-April 2019 at the Plant Pest Laboratory, Faculty of Agriculture, University 

of Riau. The study was conducted experimentally using a Completely Randomized Design (CRD) with three treatments and six 

replications to obtain 18 experimental units. The tuba root plant trial test consists of 3 levels: root extract, branch extract, and leaf 

extract with organic solvents. The parameters observed were the time of death of brown planthopper (hour), lethal meantime (LT50) 

(hour), daily mortality (%), and total mortality (%). The results showed that the application of root extract caused an initial death of 

2.33 hours after application, LT50 17.33 hours after application with a total mortality rate of 100%. Application of botanical insecticide 

tuba root is effective for controlling brown planthopper pests in rice plants because it causes the death of brown planthopper above 

80%. 
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I. INTRODUCTION

Rice plants are one of the primary food sources for 

Indonesia society. The need for rice every year continues to 
increase, along with increasing the population. Riau is one of 

the rice-producing provinces in Indonesia. According to the 

Central Statistics Agency of Riau Province [1], the harvested 

rice area in Riau Province in 2018 reached 93.755 ha with a 

productivity of 3.90 tons/ha and production of 365.293 tons 

of milled dry grain. 

The problems faced by farmers to produce high grain 

production are increasingly diverse. Some of the factors that 

become a problem include the narrowed area of land due to 

rice fields' conversion to plantations and the pest attacks. One 

of the pests that attack rice plants is brown planthopper 

(Nilaparvata lugens Stal.). 
Brown planthopper is the main and important insect pest of 

rice in Indonesia. Brown planthopper populations in Asia are 

grouped into three biotypes: East Asian, Southeast Asian, and 

South Asian. Brown planthopper is found in Indonesia 

belongs to the Southeast Asian biotype that is found in the 

Philippines, Thailand, Myanmar, Laos, Cambodia, and 

Malaysia [2]. 

Brown planthopper attack rice plants in all stages of growth, 

from seeding to harvest. These pests damage directly by 
piercing and sucking plant fluids [3] from phloem tissue [4], 

thereby reducing chlorophyll and leaf protein content and 

reducing the rate of photosynthesis [5]. Plants that are 

attacked become yellowed, withered and eventually cause 

symptoms of hopper burn or dry death [6]. 

Brown planthopper can cause very high damage under field 

conditions in a given time. Its cause of the BPC capable of 

causing maximum damage per individual insect and high 

fecundity. Brown planthopper's third and fourth instar 

nymphs have been reported to be more devastating among the 

different life stages [2]. Brown slope is also a vector of the 
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spread of grass dwarf and empty dwarf disease whose damage 

can be greater than the attack of brown planthopper itself 

[7],[8]. 

The attack of 4 brown planthopper imago/rice grove during 

the period of 30 days can reduce yield by 77%, during 

pregnancy reduces yield by 37% and fruit ripening period 

decreases yield by 28% [9]. Brown planthopper attacks in 

Indonesia in 2010 and 2011 reached 137,768 ha and 218,060 

ha. Damages include crop failure (“puso”), causing an 

average yield loss of 1-2 tons/ha [6]. While the area of brown 

planthopper attacks, especially in Riau Province in 2015, 
reached 77.2 ha [10]. Therefore, it is necessary to control the 

brown planthopper pest. 

Common control by farmers to suppress the population of 

brown planthopper is to use chemical insecticides. However, 

the use of chemical insecticides continuously and unwise 

makes a negative impact. Adverse impacts include 

environmental pollution, secondary pest outbreaks, natural 

enemy death, resistance, and resurgence [11]. 

Sutrisno [12] reported that brown planthopper in Indonesia 

has been resistant to BPMC, carbofuran, MIPC, and 

imidacloprid insecticide. Melhanah et al. [13] also reported 
that brown planthopper from Central Java Province, selected 

in the laboratory for four generations, was resistant to fipronil 

chemical insecticide. Imidacloprid chemical insecticide also 

triggers the resistance of brown planthopper 13-234 times the 

recommended dose. Sublethal doses of imidacloprid tend to 

increase the number of brown planthopper populations in the 

field [14]. Nanthakumar et al. [15] also stated that the brown 

planthopper resurgence triggers a shorter period of 

development and growth of brown planthopper and an 

increase in the proportion of macropterous forms. Given its 

damaging effects, the use of chemical insecticides to control 
brown planthopper pests must be reduced. Another alternative 

in controlling brown planthopper pests that are more 

environmentally friendly is needed, namely by using 

botanical insecticides. 

The botanical insecticide is an insecticide whose primary 

ingredients are from plants. Botanical insecticides, which are 

made from active secondary metabolites of plants, can 

provide one or more biological activities, influence aspects of 

physiology and pest behavior, and meet the requirements for 

use in controlling plant pests [16]. One type of plant that has 

potential as a source of botanical insecticide is the tuba root 

plant (Derris elliptica Benth.) [17]. 
Tuba root plants belong to the type of Fabaceae 

(Leguminosae) [18] whose leaves, roots, and branches can be 

botanical insecticides. A plant's effectiveness as a source of 

botanical insecticide is influenced by one part of the plant [19]. 

Different parts of plants have different toxicity to pests. 

Active compounds contained in tubal roots include 

dehydrotenone, deguelin, elliptone, and rotenone [20]. 

Rotenone levels are distributed in all parts of tuba root plants, 

such as branches, stems, leaves, and most roots [21], [22]. 

Rotenone compounds contained in tuba roots are 0.3-12% 

[23]. Rotenone compounds are widely reported in agriculture 
as an insecticide because they are a contact poison and 

stomach poison against insect pests [23], [24]. 

Rotenone active ingredients work as stomach poisons and 

selective contact poisons against insects [23]. The mechanism 

of insecticide stomach poison is by killing the target insect by 

entering into digestion through food that is eaten. Insecticides 

enter the digestive organs of insects and are absorbed by the 

intestinal wall. They are transplanted into the nerve center of 

insects and respiratory organs and poison stomach cells [25]. 

Several research results have been reported about the 

effectiveness of tuba root extracts with water solvents in 

controlling pests that attack several cultivated agricultural 

commodities. Test application of tuba root extract with a 

concentration of 1 g / l of water can cause mortality of 100% 

snail pests [26], tuba root concentration of 30 g / l of water 

causes total mortality of Paracocus marginatus white bug 
nymphs 95% [27]. The application of 0.6% tuba root extract 

effectively controlled Aphis glycines aphids by 91.66% [28]. 

Tuba root extract with a concentration of 10 g / l of water can 

control the brown planthopper pest in rice plants by 90% in 

the laboratory [29]. Meanwhile, a study on tuba root extract 

with organic solvents has been conducted by Kinansi et al., 

showing that ethanol extract of tuba root is effective in killing 

50% of Periplaneta americana 6,505 hours at a concentration 

of 3 g / 100 ml of water [30]. 

The botanical insecticides were made by the maceration 

method, which aims to get the plant extracts that usually use 
certain solvents, one of which is methanol. The use of 

methanol solvents aims to accelerate the release of extractive 

substances contained in these plants. Atun states that 

methanol has the advantage of having a lower boiling point to 

evaporate at lower temperatures [31] quickly. 

Research on the utilization of tuba root as a botanical 

insecticide with water solvents has been widely reported. 

However, tuba root biopesticides with organic solvents to 

control the brown planthopper pest in lowland rice plants have 

not been widely reported. Therefore it is necessary to conduct 

studies and research related to the potential of tuba root 
(Derris elliptica Benth.) as a botanical insecticide to control 

the brown planthopper (Nilaparvata lugens Stal.) in rice 

plants (Oryza sativa L.). 

II. MATERIAL AND METHOD 

The study was conducted at the Pest Laboratory of the 

Faculty of Agriculture, University of Riau, Pekanbaru City, 

Riau Province. This research was conducted for three months, 

from February to April 2019. The materials used are rice 
seeds of IR-42 variety, brown planthopper imago, manure, 

extracts of tuba root plants (from leaves, branches and roots), 

methanol, water, sterile aquadest, and 1000 ml volume plastic 

cups. The tools used in this study are analytical scales, rotary 

evaporator, thermohygrometer, stir bar, Whatman filter paper, 

container size 26 x 20 cm, 500 ml hand sprayer and 1000 ml 

Erlenmeyer, label paper, aspirator, knife, filter, scissors, 

gauze, roll tissue, flashlight, camera, and stationery. 

The study was conducted experimentally using a 

Completely Randomized Design (CRD) with three treatments 

and six replications to obtain 18 experimental units. The 
treatment, including tuba leaf extract, tuba root extract, and 

tuba branches extract.  

A. Research Implementation 

1) Feed Provision: The rice seed used is IR-42 variety 
obtained from the Indonesian Center for Rice Research in 

Subang, West Java. Seeding of rice seeds is carried out in 26 

x 20 cm plastic containers. Rice seeds are planted in a 
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container filled with water until it is moist, then left until the 

rice seeds germinate. Seeding is carried out for 14 days. 14-

day-old rice seedlings that already have 3-4 leaves, ready to 

be used as brown plant hopper feed [32]. 

2)  Propagation of brown planthopper: Brown 
planthopper imago was taken from the affected paddy rice 

plant in Jaya Pura Village, Bunga Raya District, Siak Regency, 

Riau Province. Brown planthopper was taken directly at the 

base of the stem of rice plants using an aspirator (Fig. 1). 

Brown planthopper taken from the field is propagated in a 

plastic container that has contained IR-42 variety of rice seeds 
aged 14 days after seedling. Rice seedlings are used as brown 

plant hopper hosts and maintained to obtain offspring until the 

amount is sufficient for the treatment of as many as 180 birds; 

water is added every day to taste. Propagation of brown 

planthopper is done until the 1-day old imago is obtained. 

Propagation is carried out until the F2 generation (within 2 

months). 

 

 

Fig. 1 Brown planthopper imago in the field 

3) Making tuba root extracts with organic solvents: Tuba 

root plants which are used as sources of extracts are leaves, 

roots and twigs taken from community gardens in Tapung 

District, Kampar Regency, Riau. Leaves, roots and branches 
took to the Plant Pest Laboratory, then dried for 1 week. The 

dried leaves, roots, and branches are then cut into small pieces 

with a size of ± 2 cm and mashed using a blender. The fine 

tuba root flour is filtered using a 0.5 mm mesh sieve (Fig. 2). 

Furthermore, the obtained tubal root flour is stored. 

 

   
Fig. 2 Tuba root plant flour from leaf tissue (a), branch (b) and root (c) 

 
Tuba root powder extraction was carried out using 

methanol (polar) solvent with maceration method. Extraction 

process by maceration method, each extract of tuba root plant 

parts (leaves, twigs and roots) was put into the Erlenmeyer 

containing flour and methanol at a ratio of 1: 4 and stirred 

using magnetic stirrers for 6 hours, then macerated (soaking) 

for 24 hours [33]. Next, filtered using a Buchner funnel based 

on filter paper and the filtrate was evaporated using a rotary 

evaporator at a temperature of 78°C so that 100% of tuba root 

extract was obtained. The extraction results were further 

diluted using distilled water to obtain each treatment of tubal 

root concentration (Fig. 3). The extraction process can be seen 

on the flowchart (Fig 4). 

 

   
Fig. 3 The process of making extracts from tuba root plant flour 

 

4) Application of tuba root extract treatment from different 

plant tissues: Application of extracts of tuba root plant parts 

of 1% each is made 12 hours after the brown planthopper 
imago infestation. Before making an application, first, do a 

calibration. Calibration is done by filling a 100 ml hand 

sprayer with water until it is full, then spraying it evenly on 

the rice plants. The amount of water left in the hand sprayer 

is calculated. The volume of water before spraying is reduced 

by the volume of water left in the hand sprayer to obtain the 

spray volume. Calibration was repeated 3 times and averaged 

(Fig. 5a). Each extract part of the tuba root plant according to 

the treatment concentration of 1% with a spray volume of 4 

ml was sprayed on all parts of the rice plant that had been 

infested with brown planthopper in the laboratory (Fig. 5b). 
After the application is made, it is observed every 1 hour for 

72 hours. 

 

 
Fig. 4 Flowchart of tuba root extracts 

a b c 
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Fig. 5 Stages of implementing tuba root insecticide application. a) Calibration 

of the treatment and b) 1% concentration of the treatment 

B. Observation Parameters 

1) First time of death of brown planthopper (hour): 
Observations were made by calculating the time needed to 

turn off the earliest brown planthopper. Observations are 

made 1 hour after application and continued every 1 hour later. 

2)  Lethal meantime (LT50) (hour): Observations were 
made by calculating the time needed for each treatment to kill 

50% of the brown planthopper imago population. 

Observations were made every 1 hour after treatment was 

given up to 50% of the population of brown planthopper 

imago that died from each experimental unit. 

3) Daily mortality (%): Observations were made by 
counting the number of brown planthopper imago that died 

every day after being given treatment. According to 

Natawigena [34] the percentage of daily mortality can be 

calculated using the following formula: 

 �� �
���

�
� 100% (1) 

Note: 

MH =  Percentage of daily mortality 

a =  Number of brown planthopper imago treated 

b =  The number of brown planthopper living 

 
4) Total Mortality (%): Observations were made by 

calculating the percentage of the total population of brown 

planthopper imago that died until the end of the observation. 

According to Natawigena [34] the percentage of total 

mortality can be calculated using the following formula: 

 �� �
�


� 100% (2) 

Note: 

MT =  Percentage of total mortality 

c =  The number of died brown plant hopper imago  

d =  Number of brown planthopper imago treated 

C. Data Analysis 

Observational data were analyzed statistically using 

Analysis of variance (ANOVA) with F test at 5% alpha level. 

If the treatment has a significant effect followed by further 

testing, the Least Significant Difference (LSD). 

III. RESULT AND DISCUSSION 

A. First time of Death of Brown Planthopper (Hour) 

The results of variance showed that the treatment of 

botanical insecticides from several parts of the tuba root plant 

significantly affected the initial time of death of brown 

planthopper in rice plants in the laboratory. LSD further test 

results at the level of 5% can be seen in Table 1. 

TABLE I 

THE AVERAGE FIRST TIME OF DEATH OF BROWN PLANTHOPPER AFTER 

APPLICATION OF BOTANICAL INSECTICIDE FROM SEVERAL PARTS OF THE 

TUBA ROOT PLANT (HOURS) 

Part of Tuba Root Plant Average (hour) 

Root 2.33 a 
Branch 4.83 b 

Leaf 7.33 c 
Note: The number on the lane followed by lowercase letters are not 

significantly different according to the LSD test at the 5% level. 

 

Table 1. shows that the treatment of botanical insecticides, 

tubal roots, roots, branches, and leaves caused the initial death 

of brown planthopper to be significantly different from all 

treatments. Treatment with botanical insecticide tubal roots of 
the roots, branches, and leaves can show an influence on the 

initial death of brown planthopper with a time span of 2.3-

7.33 hours. This shows that botanical insecticides on the roots 

of the fallopian roots, branches, and leaves can kill brown 

planthopper at different times. 

Botanical insecticide treatment of tubal roots of the root 

causes the early death of brown planthopper, which occurs at 

the fastest 2.33 hours after application and is significantly 

different from the treatment of tuba roots in the branches and 

leaves. Whereas in the treatment of the branch, the first death 

occurred at 4.83 hours after application and was significantly 

different from the treatment of the leaves with an initial death 
of 7.33 hours after application. Botanical insecticides of the 

root part give a faster influence on killing brown planthopper. 

This is presumably because secondary metabolites contained 

in botanical insecticides in the tuba roots have more roots than 

in the leaves and branches. According to Kuncoro [21], 

rotenone levels are spread in all parts of the tuba root plant, 

such as branches, stems, leaves, and roots. However, most are 

in the roots [22]. Rotenone is chemically classified into the 

flavonoid group [25]. In addition to rotenone, tubal roots also 

contain deguelin, toxicarol, alkaloids, saponins, and 

polyphenols [20]. Rotenone compounds contained in tuba 
roots are 0.3-12% [23]. 

Based on the results of research that has been done, it can 

be seen morphological changes and changes in the behavior 

of brown planthopper imago after being applied with the 

botanical insecticide tuba roots. After the application of tubal 

root botanical insecticides, the initial symptoms of brown 

planthopper death are inactive insects such as before being 

treated if touched will fly and fall, the brown planthopper 

imago that died of changing color to black. According to 

Kardinan [35], evaluating the effects of insecticide poisoning 

on insects is to see the physical response and behavior of test 

insects after contact with the applied insecticide. In this study, 
secondary metabolites in tubal root botanical insecticides can 

kill brown planthopper as contact poisons and stomach 

poisons, namely through spraying on rice plants and brown 

planthopper. Kardinan [23] supports this by showing that 

tubal roots are a contact poison and stomach poison against 

insect pests. 

B. Lethal Mean Time (LT50) (hour) 

The observation of lethal meantime (LT50) after analysis 
of variance showed that the treatment of botanical insecticides 

a b leaf 
root branch 
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from several parts of the tuba root plant significantly affected 

the time needed to kill brown planthopper pests by as much 

as 50%. BNT further test results at the level of 5% can be seen 

in Table 2. 

TABLE II 

LETHAL MEAN TIME (LT50) AVERAGE OF BROWN PLANTHOPPER AFTER 

THE APPLICATION OF BOTANICAL INSECTICIDES FROM SEVERAL PARTS  

OF THE TUBA ROOT PLANT 

Part of Tuba Root Plant Average (hour) 

Root 17.33 a 
Branch 26.00 b 
Leaf 33.50 c 

Note: The number on the lane followed by lowercase letters are not 

significantly different according to the LSD test at the 5% level. 

 

Table 2 shows that botanical insecticides from different 

parts of the tuba root significantly affect the lethal mean time 
(LT50) of brown planthopper. The treatment of botanical 

insecticides on the roots of the tuba causes lethal mean time 

(LT50) in brown planthopper with a range of 17.33-33.50 

hours after application. Botanical insecticides from the root 

part are the fastest treatment in killing 50% of brown 

planthopper (17.33 hours after application) and significantly 

different from other treatments. Botanical insecticides from 

the branches part are significantly different from leaves, with 

lethal mean time (LT50) of brown planthopper 26.00 and 

33.50 hours after application. 

The time needed for botanical insecticide tubal roots in the 

root to kill 50% brown planthopper faster than other 
treatments. This is presumably because the amount of 

secondary metabolite compounds found in root extracts is 

higher than that found in branches and leaves so that the 

occurrence of brown planthopper death is as much as 50%. 

Martono et al., [36], stated that the effectiveness of a plant-

based ingredient used as botanical insecticides is very 

dependent on the material used. So that the high secondary 

metabolites contained in the root section cause the faster of 

brown planthopper lethal mean time. 

C. Daily mortality (%) 

The observations results on the percentage of brown 

planthopper daily mortality with botanical insecticides in 

different parts of the tuba root plant cause different mortality. 

Daily mortality of brown planthopper can be seen in Figure 6. 

 

 

Fig. 6 Daily mortality of brown planthopper after application of botanical 

insecticides from tuba root plant parts 

Figure 6 shows that the application of botanical 

insecticides from the roots part causes daily mortality of 

brown planthopper, which is different in each treatment. Daily 

mortality in the application of tubal root insecticide can kill 

brown planthopper in the range of 33-55% on the first day, on 

the second day the range is 25.33-40% and on the third day 

there is a decrease of 5-15%. Observation on the first day on 

the treatment of botanical insecticide from the root part can 

kill the brown planthopper by 55%, followed by treatment of 

branches and leaves that can cause mortality of 40%, and 33%, 

respectively. 
The difference in daily mortality is due to different parts of 

the tuba root plant that used as the source of botanical 

insecticides. Botanical insecticide treatment from the roots 

part can cause the highest daily mortality on the first day. This 

is because the rotenone compounds contained in the roots are 

higher than the branches and leaves, so it works optimally as 

a contact poison and stomach poison. According to Kardinan 

[23], the active ingredient of rotenone works as a stomach 

poison and contact poison which is selective to insects. 

Brown planthopper is plant-sucking and liquid-sucking 

insects [5]. The mechanism of insecticide stomach poison is 
by killing the target insect by entering into digestion through 

food. Insecticides enter the digestive organs of insects and are 

absorbed by the intestinal wall, and they are transplanted to 

the nerve centers of insects and respiratory organs and poison 

stomach cells [25]. This is also supported because the 

treatment of botanical insecticides in the roots part gives a 

lethal meantime (LT50) of 17.33 hours after application, 

faster than other treatments, so that daily mortality on the first 

day becomes higher. 

The second and third daily mortality in the treatment of 

botanical insecticides from all sources has decreased. This is 
because the number of living brown planthopper decreases. 

This is also because botanical insecticides from plant-based 

matter have disadvantages such as biodegradability. Dadang 

and Prijono [16] support that there are some deficiencies of 

botanical insecticides, including the low botanical 

insecticides persistence, so that repeated applications are 

needed when the population of pests is high. 

D. Total mortality (%) 

Observation of the total mortality of brown planthopper 
after analysis of variance shows that the treatment of botanical 

insecticides in some parts of the tuba root plant significantly 

affects the total mortality of brown planthopper. LSD further 

test results at the level of 5% can be seen in Table 3. 

TABLE III 

TOTAL MORTALITY OF BROWN PLANTHOPPER AFTER APPLICATION  

OF BOTANICAL INSECTICIDES FROM VARIOUS PARTS OF THE TUBA ROOT 

PLANT (%) 

Part of Tuba Root Plant Average (hour) 

Root 100,00 a 
Branch 80,00 b 

Leaf 73,33 c 
Note: The number on the lane followed by lowercase letters are not 

significantly different according to the LSD test at the 5% level. 

 

Table 3. shows that the botanical insecticide test for some 

parts of the tuba root plant had a significant effect on the total 

mortality of brown planthopper. Botanical insecticide 
treatment from the root causes total mortality of brown 
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planthopper by 100% and significantly different from the 

branches and leaves. Botanical insecticide from the branches 

part showed total mortality of 80% and significantly different 

from the leaves with mortality of 73.33% until the end of the 

observation. This is due to the influence of the poison ability 

and brown planthopper's response to the botanical insecticide 

of the root parts, which has high rotenone toxin content 

compared to other treatments. This is supported by Yoon [20] 

that the most critical toxic substance contained is rotenone. 

Besides, there are deguelin, toxsicarol, alkaloids, saponins, 

and polyphenols in the tuba root plant.  
Gunawaty's research results [37] showed that the 

application of tuba root powder extract with a water solvent 

with a concentration of 10% causes mortality of stinky rice 

bug as much as 98%. Tuba root extract with a concentration 

of 10 g can control the brown planthopper pest in rice plants 

by 90% in the laboratory [29]. The results of research Kinansi 

et al. [19] also showed that the ethanol extract of tuba plant 

roots effectively killed 50% P. americana at 6.505 hours at a 

concentration of 3 g / 100 ml, while LT90 at 11.372 at a 

concentration of 9 g / 100 ml. The results of Adharini's 

research [38] also showed that spraying the ethanol extract of 
tuba plant roots in termites with a concentration of 5% gave 

results as good as spraying a concentration of 10% because 

termite mortality reached the same mortality of 100%. 

The application of botanical insecticide from the root part 

is effective in controlling brown planthopper. This is due to 

the total mortality of brown planthopper has been able to 

reach 100%. These results are consistent with the opinion of 

Dadang and Prijono [16], botanical pesticides to be effective 

as pesticides if the treatment with these extracts can result in 

a mortality rate of over 80%. 

IV. CONCLUSION 

The conclusion based on the results of this study showed 

that the tuba roots from the roots part are the best to be used 

as botanical pesticides against brown planthopper pests in rice 

plants. The application of root extract caused an initial death 

of 2.33 hours after application, 17.33 hours after application 

of lethal meantime (LT50), with a total mortality rate of 100%. 
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