
Effectiveness of Botanical Insecticide Mixture of Neem 

Seed Extract and Citronella Oil Against Cotton 

Bollworm (Helicoverpa armigera Hubner) and 

Armyworm  (Spodoptera litura Fabricius) 

Sujak
1*

, Subiyakto
1
, Dwi Adi Sunarto

1
 

1Indonesian Sweetener and Fiber Crops Research Institute, PO Box 199 Malang, Indonesia 
*Corresponding author. Email: sujakbalittas@gmail.com 

ABSTRACT 

Irrational use of synthetic insecticides can cause pollution of water, soil, air, and agricultural products; it 

affects the health of consumers and agricultural workers, as well as pest resistance and resurgence, killing 

beneficial animals, and pest outbreaks. Therefore it is necessary to find alternative solutions that are effective, 

efficient, and environmentally friendly. One of them is a plant-based insecticide from neem seed extract and 

citronella oil. This study aimed to determine the effectiveness of a mixture of botanical extracts of neem seed 

extracts (NSE) (75%) and citronella oil (CO) (25%) against Helicoverpa armigera and Spodoptera litura. The 

treatment consisted of a mixture of NSE and CO at various concentrations (1) 1.25 mL/L of water, (2) 2.5 

mL/L of water, (3) 3.5 mL/L of water, (4) 5 mL/L of water, (5) pure NSE with NSE concentration of 5 mL/L 

of water and (6) control. The study used randomized block design repeated four times, each repetition 

consisting of 25 second and third instars larvae. The results showed that the mixture treatment of neem seed 

extract and citronella oil at a concentration of 1.25 mL/L effectively caused mortality on both pests and was 

not significantly different when compared with higher concentrations and pure NSE.  
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1. INTRODUCTION 

Helicoverpa armigera Hubner and Spodoptera litura 

Fabricius are polyphagous pests. Both attack various 

commodities of major crops, including soybean, corn, 

tobacco, and vegetables. As yet, pest control is still 

dependent on synthetic insecticides. Irrational use of 

synthetic insecticides leaves insecticide residues in 

agricultural products and environmental pollution along 

with increasing production costs. The high expense of pest 

control started since the monetary crisis in 1997/98, where 

insecticides price rose 2-3 higher, which led to many 

traditional farmers cannot afford them. These have led to 

development of alternative insecticides that are relatively 

inexpensive, effective in killing pests, and environmentally 

friendly [1]. A promising alternative is to explore plants 

with insecticidal properties to be developed as botanical 

insecticides. Botanical insecticides have a great possibility 

to develop because Indonesia has a high diversity of 

plants, and that might contain active insecticide 

compounds. 

Botanical insecticides (botanicals) are chemicals with 

insecticidal properties extracted from plants. Botanicals 

allegedly cause little threat to the environment and almost 

none to plants, affect only targets insects, delaying insect 

resistance rate to chemical compounds, compatible with 

other pest control strategies, and produce healthy 

agricultural products free from synthetic insecticide 

residues due to the compounds that easily breakdown in 

nature [2]. The application of plant-based insecticides NSE 

is useful in controlling caterpillars and is compatible with 

biological control techniques and biopesticides [2-5]. The 

disadvantages of botanical insecticides, in general, it does 

not kill the pests instantly (slow effects), it is degraded 

easily under sunlight, and sometimes require repeated 

spraying because of its short residual period [6-8]. Also, 

according to some farmers, the botanicals like neem seed 

extract has low effectiveness, and it has an inconvenience 

pungent odor. 

These limitations can be overcome by increasing the 

formulation through the addition of other ingredients to 

remove odors and increase effectiveness. Citronella extract 

(Cymbopogon nardus L. Rendle) can act as a 

bioinsecticide, and it contains citronella and geraniol that 

have a characteristic odor that, in general, it is not favored 

by insects. The addition to NSE solution is expected to 

increase the effectiveness and eliminate the pungent odor 

caused by the neem seed extract solution [2]. Thus, this 

study aimed to improve the effectiveness of neem seed 

extracts and eliminate pungent odors by adding citronella 

oil with specific concentrations.  
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1.1. Materials and Methods 

The study was conducted at the Entomology 

Laboratory and the Screening House of Indonesian 

Sweetener and Fiber Crops Research Institute Malang, 

from January to December 2012. Based on previous study 

by Subiyakto et al. [9],  75% neem seed extract and 25% 

citronella oil were mixtureed with six concentrations as 

follows: 1.25, 2.5, 3.5, and 5 mL/L of water, pure NSE 

with NSE concentration of 5 mL/L of water as well as 

water as control. Randomized block design with four 

replications was used in this study. Second and third 

instars larvae of S. litura and H. armigera were reared on 

the laboratory conditions. Along with five tobacco plants 

individually planted in separate pots that were used for 

each treatment. These larvae were placed in a petri dish 

(25 larvae per treatment) and treated with insecticides by 

sprayed directly to the larvae. Larvae were transferred to 

tobacco plants that already sprayed with the same 

concentration. Mortality was assessed at 24, 72, 96, and 

120 hr after of insecticides application. The mortality was 

analyzed statistically and determine the significant 

differences from each treatment using Duncan’s Multiple 

Range Test DMRT) test with a 5% confidence level. 

1.2. Our Contribution 

This paper presents the effectiveness of a botanical 

insecticide mixture of neem seed extract and lemongrass 

oil on pests of cotton worms and armyworms. The use of 

botanical insecticide produced in the form of a mixture of 

neem seed extract and lemongrass oil turned out to be 

effective in killing cotton worms and armyworms. Thus 

the discovery of this type of botanical insecticide can 

provide options for farmers to use environmentally 

friendly insecticides. 

1.3. Paper Structure 

This paper organized as follows. The first part is an 

introduction that introduces the need for this research 

activity to be carried out. The second part is in the form of 

a background which discusses the results of research on 

the effectiveness of botanical insecticides, a mixture of 

neem seed extracts and lemongrass oil against cotton 

worms and armyworms. Finally, the last part is the 

conclusion. 

 

2. RESULTS AND DISCUSSION 

After one day of the insecticide exposure, the 

percentage mortality of H. armigera larvae not 

significantly different on a few treatments (Table 1). As in 

the treatment with NSE 75% + CO 25% ratio, 42.32% 

mortality was observed in NSE concentration 3.5 mL/L, 

whereas the lowest was in NSE concentration 5 mL/L, 

which caused mortality 22.68%. The larval mortality on 

NSE 100% is not significantly different from the NSE and 

CO mixture (NSE 3.5 mL/L).  

Mortality of H. armigera tended statistically similar 

between all of SNE and CO treatments on 72, 96, and 120 

hr after application. After five days of exposure, there 

were no significant differences in larval mortality recorded 

between the combination of NSE and CO at a 

concentration of 1.25 mL/L and 5 mL/L with NSE 100%. 

Hence, the effectiveness of NSE and CO with a 

concentration of 1.25 mL/L is equally effective as other 

concentrations.  

Table 2 shows that all tested combinations and 

concentrations caused more than 50% mortality of H. 

armigera on all application tests, which repeated three 

times. The results indicated that even the lowest 

concentration of NSE (1.25 mL/L) had a similar mortality  

rate with higher concentrations. Thus, this experiment 

demonstrated that the efficiency of the lowest tested 

concentration not significantly different compared to other 

Table 1 The mortality rate of different concentrations botanicals against second and third instar H. armigera under 

laboratory conditions 

Treatments 

NSE 

concentrations 

(mL/L) 

No. of 

exposed 

larvae 

Mean percentage mortality of 2nd and 3rd instar 

after 

24 hr 72 hr 96 hr 120 hr 

NSE 75% + CO 25% 1.25 25 26.68ab 69.32  b 74.68  b 84.00   b 

NSE 75% + CO 25% 2.5 25 30.68ab 76.00  b 78.68   b 82.68   b 

NSE 75% + CO 25% 3.5 25 42.32b 76.00  b 81.32  b 86.68   b 

NSE 75% + CO 25% 5 25 22.68ab 82.68  b 88.00  b 90.68  b 

NSE 100% 5 25 42.68b 69.32  b 77.32   b 86.68   b 

Control - 25 2.67a 18.68 a 20.00  a 21.32  a 

Percentage mortality followed by different letters in the same column are significantly different at 5% DMRT confidence level 
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concentrations.  

The treatments on day one after application did not 

show a significant effect on S. litura mortality rate (Table 

3). The mixture of NSE and CO with 2.5 mL/L 

concentration caused 64% of mortality 96 hrs after 

application (HAA), and it is increased steadily to 78.68% 

(9696 HAAHAA) and 84% (120 HAA). The same trend 

showed on mixture treatment with NSE concentration 

level of 3.5 mL/L, which had a 38.68% mortality rate at 3 

DAA and increased almost half of it on the 9696 

HAAHAA (72%) and became the highest mortality rate at 

120 HAA (89%). These results showed that 2.5 mL/L of 

NSE concentration had an immediate effect on S. litura 

mortality rate than higher-level concentration. 

In all treatments of botanical insecticide on 96 and 120 

HAA showed a consistent effect on larvae mortality. 

Larval mortality ranged from 68-78.68 % on 96 HAA and 

increased to 78.68-89% on 120 HAA. NSE 75% + CO 

25% treatment on 1.25% concentration level was actively 

causing S. litura armyworm mortality and did not 

significantly different when compared with higher 

concentration levels and NSE100% treatment.  

The treatment of mixture NSE 75% + CO 25% with 

1.25% concentration level had higher efficiency with 84% 

mortality for H. armigera and 80% for S. litura, which 

were not significantly different from treatment using 

higher concentration treatment (5 mL/L) (Table 1 and 2). 

Pesticide formulations can be said to be effective if they 

can kill ≥80% of test insects [1]. Based on these criteria, 

NSE 75% + CO 25% can be classified as an effective 

botanical insecticide formula. The addition of clove oil or 

citronella oil into the neem seed extract formula containing 

azadirachtin active ingredient apparently can reduce NSE 

100% of 5 mL/L concentration level usage, and does not 

reduce its effectiveness level as a botanical insecticide. 

This result may be caused by citronella oil, which contains 

active insecticidal compounds such as citronellal, 

citronellol, and geraniol. The most abundant compound is 

Table 2 Effect of combination of neem seed extract and citronella oil with different concentrations against H. 

armigera under laboratory conditions.  

 

Treatments 

NSE concentrations 

(mL/L)  

Application (% mortality) 

I II III 

NSE 75% + CO 25% 1.25 69.3b 65.6b 84.6b 

NSE 75% + CO 25% 2.50 72.6b 65.6b 83.3b 

NSE 75% + CO 25% 3.50 69.9b 69.3b 87.9b 

NSE 75% + CO 25% 5.00 81.3b 60.6b 91.3b 

NSE 100% 5.00 75.6b 68 b3 87.6b 

Control - 19.3a 12.3a 21.6a 

Percentage mortality followed by different letters in the same column are significantly different at 5% DMRT confidence level 

Table 3 The mortality rate of different concentrations botanicals against second and third instar S. litura under 

laboratory conditions 

Treatments 

NSE 

concentrations 

(mL/L) 

No. of 

exposed 

larvae 

Mean percentage mortality of 2nd and 3rd instar 

after 

1 day 3 days 4 days 5 days 

NSE 75% + CO 25% 1.25 25 1.32a 28.00ab 68.00b 80.00b 

NSE 75% + CO 25% 2.50 25 13.32a 64.00c 78.68b 84.00b 

NSE 75% + CO 25% 3.50 25 12.00a 38.68b 72.00b 89.00b 

NSE 75% + CO 25% 5.00 25 17.32a 61.32c 70.72b 82.00b 

NSE 100% 5.00 25 17.32a 50.68bc 68.00b 78.68b 

Control - 25 2.68a 6.68a 6.68a 13.32a 

Percentage mortality followed by different letters in the same column are significantly different at 5% DMRT confidence level 
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35% citronella and 35-40% geraniol. Citronella has 

dehydration and repellent poison properties against insect 

pests [10]. NSE 75% + CO 25% at a concentration of 1.25 

mL/L was considered quite effective in causing the 

mortality of H. armigera and S. litura caterpillars. 

Essential oils such as clove oil and citronella oil are known 

as an insect repellent, but they also act as contact 

pesticides and fumigants against certain insects [11,12]: 

Willis [13] also reported that neem insecticide + essential 

oils (citronella) mixture is found work effectively in 

controlling main cocoa pests Helopeltis sp and 

Conopomorpha cramerella with efficacy values >60% and 

increase 24.4% cocoa production. Clove oil can also be 

used to control pests on clove and cabbage [14,15]. 

Generally, plants that have potential as botanical 

insecticide have a bitter taste (containing alkaloid and 

terpene) with a strong and spicy scent, so it disliked by 

pests Uhan [16]. Adding citronella oil to the neem seed 

extract formula can reduce the pungent odor caused by the 

neem seed solution odor. The more compositions of 

citronella oil added to the formula causes the spicy and 

robust scent of neem solution to decrease, and the aroma 

of citronella oil become more dominant. The addition of 

25% citronella oil to NSE considered sufficient enough to 

reduce the pungent odor compared to the previous 

invention formula NSE 100% (comparison). The inclusion 

of citronella oil did not effect the efficiency of NSE in 

controlling H. armigera and S. litura compared to using 

pure NSE.  

3. CONCLUSION 

Mixture of 75% NSE + CO 25% at a concentration of 

1.25 mL/L effectively causes mortality for both 

caterpillars (Helicoverpa armigera and Spodoptera litura), 

and not significantly different when compared with 

treatments with higher concentrations (2.5 mL/L, 3.5 

mL/L, 5 mL/L) and 100% NSE.  
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