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Abstract 
The larva of Plutella xylostella causes damage to cruciferous plants by feeding the 

tissue between the leaf surfaces. To increase the production of organic cabbage 

vegetables, it is necessary to develop botanical pesticides. This study aims to describe 

the effect of vermicompost with additives of various botanical pesticides on the 

intensity of the moth diamondback attack and cabbage yield. The pot experiment 

employed randomized block design, with six treatments including plants: (1) without 

vermicompost and pesticide (control), (2) with synthetic pesticide application (SP), (3) 

with the application of the mixture of vermicompost and neem (V+N), (4) with the 

application of the mixture of vermicompost and papaya (V+P), (5) with the application 

of the mixture of vermicompost and marigolds leaves (V+M), (6) with the application 

of a mixture of vermicompost and soursop leaves (V+S). Each treatment has five 

replications and three pot samples per replication. The results showed that at the end 

observation of attack intensity of P. xylostella, treating cabbage with marigold leaves 

(20.26%) and soursop leaves (17.50%) had the same effectiveness with synthetic 

pesticide (21.86%) and significantly different with the other treatments (P < 0.05) by 

intensity attack of 29.69% (neem leaves) and 24.31% (papaya leaves). Treating cabbage 

with either soursop leaves or marigold leaves increases the size of the cabbage head, 

marketable yield, fresh weight and dry weight of biomass total and significantly 

different from the other treatments (P< 0.05). The results suggest that application of 

vermicompost with botanical pesticide additives is effective to control P. xylostella in 

the production of organic vegetables. 
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Introduction 

 

The horticultural plant cabbage (Brassica oleracea L.) 

has been an economic role in Asia and Africa 

(Grzywacz et al., 2010). Cabbage yields are greatly 

influenced by environmental factors such as climate, 

pests and plant diseases, etc. The Plutella xylostella L. 

(Lepidoptera: Plutellidae) also known as 

diamondback moth is an important insect pest which 

is oligofag prominently to the family of Brassicaceae 

(Liu et al., 2002; Liang et al., 2003; Sarfraz et al., 

2006) and thus damage crops. The population of P. 

xylostella is influenced by abiotic and biotic factors 

such as rainfall, temperature, host plant, natural 

enemies and cultural methods, especially in vegetable 

crops. Their presence can cause high production 

losses leads to a decrease in income earned by 

farmers, thus threatening the sustainability of small 

farmers whose income is entirely dependent on their 

production (Sow et al., 2013). Chemical pesticides 

used to control P. xylostella populations can introduce 

undesired side effects on the environment, such as 

environmental pollution and the reduction of natural 

enemies of P. xylostella. It also endangers the farmers 

not only due to the possibility of improper handling 

but also the ever-increasing cost of pesticides (Talekar 

and Shelto ,1996; Dobson et al. 2002). Furthermore, 

the use of pesticides leads to the development of 

resistance in pest, results in the use of stronger and 

more toxic chemicals to kill pest on pest resurgence. 

The extensive use of pesticides is not a sustainable 

solution for pest control. Environmental friendly 

management using organic fertilizers against P. 

xylostella is an alternative way. The organic fertilizers 

can increase the populations of beneficial 

microorganisms in the soil that act as the natural 

enemies of P. xylostella.  

One of the high-quality organic fertilizers is 

vermicompost, produced by the activity of earthworm, 

forms integral sustainable agriculture (Calabi-Floody 

et al., 2018). During the vermicompost manufacturing 

process, earthworm release excretion which increases 

the quality of vermicompost. Earthworm casts are rich 

in nutrients that increase the population and activity of 

microorganisms in the soil, however, the activity of 

earthworm can negatively affect pathogens. The 

vermicompost is healthier than other organic 

fertilizers such as conventional compost using organic 

waste and manure from the animal residue 

(Asgharnia, 2003; Lazcano and Domínguez, 2011), 

however, the quality of vermicompost is varying 

depending on the raw material use and 

vermicomposting process. The increasing demand for 

organic products has created an impetus to find 

pesticides that are safer, more effective and 

biodegradable. Many tropical medicinal plants have 

been used for plant protectionism. The plants of 

different families, genera, and species are contained 

sources of bioactive organic compounds. The 

compounds of alkaloids, sesquiterpene, lavonoids, 

limonoids, phenols, coumarins, stilbenes derived from 

plants are known to have toxic, antifeedant, repellent, 

and plant growth regulators against various types of 

food crop pests and horticulture (Mwanauta et al., 

2014). Pesticides derived from natural ingredients 

have been attracted tremendous interest because they 

are environmentally friendly. They can substitute 

synthetic pesticides in pest management (Thakore, 

2006; Glare et al., 2012; Dutta, 2015). Further, natural 

enemies will still exist or not die because of the 

management of plant-based pesticides (Schmutterer, 

1997). Plant pesticides positively influence the 

development of integrated pest management systems 

as pest control. Research and application in 

agriculture that uses plant extracts is a step to protect 

plants and the environment from chemical pesticides 

(Prakash and Rao, 1997). In addition to low levels of 

mammalian toxicity, they have a minimal impact on 

non-target organisms, readily available and more cost-

effective than chemical pesticides (Prakash and Rao, 

1997). Further, botanical pesticides only focus on 

pests and have no impact on natural enemies, which is 

a beneficial condition for agroecosystem 

sustainability. 

However, the effectiveness of a different types of 

botanical pesticides varies because they exhibit a 

range of biological activities, namely repellents, 

insecticides, fungicides, nematicides, and bactericides 

(Isman, 2006). Each type of botanical pesticide 

contains different active compounds, thus, their 

mechanism in controlling plant pests are different. 
This research focused on the use of botanical pesticide 

as a vermicompost additive to enhance its effects in 

reducing the activity of pest. This study aimed to 

illustrate the effect of vermicompost with additives of 

various botanical pesticides on the attack intensity of 

diamondback moth and the cabbage yield. 

 

Material and Methods 
 

A pot experiment was conducted in January - May 

2018 at the greenhouse of the Faculty of Agriculture, 
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University of Islam, Malang, East Java, Indonesia 

with an altitude of 545 meters above sea level and 

temperature ranged from 22.7oC to 30oC. We adopted 

randomized block design, with six treatments 

including plants: (1) control: without application of 

vermicompost and pesticide, (2) with application of 

synthetic pesticide (SP) only (3) with application of 

vermicompost and neem leaves (V+N) mixture (4) 

with application of vermicompost and papaya leaves 

(V+P) mixture (5) with application of vermicompost 

and marigolds (Tithonia diversifolia) leaves (V+M) 

mixture and (6) with application of vermicompost and 

soursop leaves (V+S) mixture. Each treatment had 

five replications, with three pot samples per treatment 

for observation. Each pot had one cabbage plant. Thus, 

there was 90 pots in this experiment. 

The making of vermicompost was carried out in the 

compost laboratory of the Faculty of Agriculture, 

University of Islam Malang. The materials used for 

making vermicompost were organic residues (cow 

dung, vegetable residue from traditional markets, and 

leaves litter) as earthworm feed and cocopeat as 

bedding, vermicomposting bin and earthworm 

Lumbricus rubellus as decomposers. Materials from 

organic residues were mixed evenly. The bedding was 

placed at the bottom and at the top of the 

vermicomposting bin. Earthworm feed was placed in 

the middle. The vermicomposting process lasted for 

four weeks while maintaining the media moisture 

content of 80%. After the vermicomposting process, 

the earthworms L. rubellus were separated from 

vermicompost. Furthermore, the vermicompost was 

composted aerobically for 14 days with the addition 

of fishbone mill and eggshell flour. Prior to use, all of 

the botanical pesticides leaves (neem, papaya, 

marigold, and soursop leaves) were dried and 

chopped. After that, they were mixed with the 

vermicompost by 2.5 wt% (weight percent) of 

vermicompost which used in each treatment.  

The type of soil used in this study was Inceptisol with 

Nitrogen content (0.18%), organic matter content 

(2.20%), pH (5.68), carbon (1.69), P-Bray 1 (17, 46 

mg / kg), K2O (28.40 mg kg-1), C/N ratio (9.35), sand 

content (28.4%), silt content (34.5%), and clay content 

(37%) with textured clay loam. The growing media 

used were a mix of soil and cow dung with a ratio of 

4:1 and a total weight of 10 kg. The vermicompost was 

applied at a dose of 200g per pot. The vermicompost 

application was divided into two parts. One hundred 

grams of vermicompost was incorporated into the 

growing media one week before transplanting. The 

other one hundred grams was sprayed as liquid 

organic fertilizer by mixing 100 g vermicompost in 

one liter water for one week and vermicompost 

solution was filtered and sprayed on the leaves surface 

to control Plutella xylostella when the age of cabbage 

plant was three weeks after transplanting with 3-day 

intervals. Cabbage seeds were sown for 21 days, then 

transplanted into the growing media. There was one 

cabbage plant per pot. Cabbage plants were 

introduced to P. xylostella caterpillar (n=3 per plant, 

their instar phase) at the age of two weeks after 

transplanting. During growth, cabbage was watered 

every day until field capacity. The control treatment 

(SP) used 10 kg of soil with the application of N-P-K 

fertilizer (15-15-15) with a dose of 500 kg ha-1 (2.5 g 

per pot). Dupont Prevaton, a common synthetic 

pesticide for P. xylostella, was used in the control 

treatment (SP).  

The percentage scale of damage caused by P. 

xylostella is categorized in Table 1. The variables 

observed were the attack intensity of P. xylostella 

caterpillar pests, namely by the formula: 

 
I = ∑ (n x v) x 100 % 

N x Z 

 

Remark: 

I: Intensity of attack (%) 

n: Number of samples on the score damage 

v: Score damage to the sample 

N: Total number of sample 

Z: Highest score of categories attack  
 
(Angraeny et al.., 2018; Hamid et al., 2018) 
 
Table-1. Categories of attack intensity of P. 

xylostella 

Score Damage Damage Percentage (%) 

0 0 

1 1-25 

2 26-50 

3 51-75 

4 76-100 

Source: Angraeny et al. (2018); Hamid et al. (2018) 
 

The observed yield variables consisted of fresh weight 

of total biomass by plant, dry weight of total biomass 

by plant, the weight of marketable yield and head 

diameter of cabbage per plant.  
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The collected data were statistically confirmed using 

analysis of variance (F Test) at P < 0.05 and treatment 

was determined by Tukey test (P < 0.05) using Minitab 

Version 14.12. Microsoft Excel was employed for 

statistical analysis of data. Correlation analysis was 

performed to determine the effect of the intensity of 

pest attacks on crop yields. The result of correlation 

analysis was tested by F test (P< 0.05). 

 
Results 
 
Effect of vermicompost in combination with 

various botanical pesticides on attack intensity of 

Plutella xylostella 

Vermicompost in combination with various botanical 

pesticide additives significantly affected the intensity 

of pest attacks on cabbage in all observations. Table 2 

shows almost all treatments using vermicompost with 

biopesticide additives had lower significantly attack 

intensity than the control and synthetic pesticide 

treatments. However, the SP treatment shows either 

lower or not different attack intensity with some 

treatments added vermicompost mixture with 

botanical pesticide at 26-34 dap. The treatment of 

vermicompost mixture with additives of neem leaves 

(V + N) at the beginning of growth from the age of 16-

24 dap tends to have the lowest attack intensity but not 

significantly different from the treatment of V + P, V 

+ M, and V + S. 

Effect of vermicompost in combination with 

various botanical pesticides on cabbage yield  

Significant differences in cabbage yields were 

observed for the treatments (P <0.05). Overall, 

vermicompost with marigold (V + M) and soursop (V 

+ S) leaves gave the highest yield characteristics 

compared to the other treatments (Fig 1). 
 
Effect of Plutella xylostella attack intensity on the 

yield of cabbage  
The attack intensity of the P. xylostella pest affects the 

yield parameters of cabbage. Fig 2 shows the 

relationship between the attack intensity of 

P.xylostella with the yield parameters of cabbage 

plants. The last observation gave a negative 

correlation coefficient (r). This means that the higher 

intensity of P.xylostella pests reduces plant yield. The 

attack intensity of P. xylostella pest had the greatest 

influence on the fresh weight of total biomass per plant 

with a value of r = -0,928, significantly affected the 

marketable yield (r = -0,862) and dry weight of total 

biomass per plant (r = -0,639). This decrease in yield 

was due to the high pest infestation which caused the 

leaves to perforate, hence the fresh and dry weight of 

total biomass of cabbage plant decreases. The P. 

xylostella attack also reduced marketable yield, 

because P. xylostella also attacked cabbage head. 

 

Table- 2. Attack intensity of P. xylostella at various plant ages due to application of vermicompost with 

additives of various botanical pesticide 

Treatments 
Observation of Attack Intensity of P. xylostella (%) 

16 dap 18 dap 20 dap 22 dap 24 dap 26 dap 28 dap 30 dap 32 dap 34 dap 

Control 22.41 b 35.07 d 30.38 b 28.21 c 24.49 b 27.36 c 28.11 c 25.43 b 26.34 d 32.60 d 

SP 31.48 c 30.27 c 33.52 b 27.58 c 26.16 b 24.50 bc 24.83 bc 22.06 b 18.93 a 21.86 ab 

V+N 16.74 a 17.01 a 20.13 a 21.92 ab 14.96 a 23.49 bc 22.26 b 24.03 b 24.23 cd 29.69 c 

V+P 19.67 ab 17.11 a 19.53 a 19.30 a 22.78 b 19.81 b 25.89 bc 20.96 ab 19.78 ab 24.31 b 

V+M 17.76 a 18.99 ab 19.14 a 26.96 bc 16.26 a 25.38 bc 24.18 bc 24.29 b 23.81 cd 20.26 ab 

V+S 18.53 ab 21.11 b 22.34 a 17.92 a 14.80 a 10.00 a 9.79 a 14.10 a 22.84 bc 17.50 a 

HSD 5 % 4.20  4.04  6.75  4.74  5.50  5.75  5.09  6.86  3.21  4.91  

HSD 5 % 4.20  4.04  6.75  4.74  5.50  5.75  5.09  6.86  3.21  4.91  

Means followed by different letters in the same column are statistically significant different at Tukey- test, P=0.05; 

* = significant; ns = non-significant at Dunnet test, P=0,05 

SP = Sinthetic Pesticide; V+N = Vermicompost + Neem Leaves; V+P = Vermicompost + Papaya Leaves; V+M 

= Vermicompost + Marigold; V+S = Vermicompost +Soursop 
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Fig-1: Characteristics of yield of cabbage at harvest (90 dap) on various botanical pesticide compare to 

synthetic pesticide and control (without pesticide) 

 
Effect of Plutella xylostella attack intensity on the 

yield of cabbage  
The attack intensity of the P. xylostella pest affects the 

yield parameters of cabbage. Fig 2 shows the 

relationship between the attack intensity of 

P.xylostella with the yield parameters of cabbage 

plants. The last observation gave a negative 

correlation coefficient (r). This means that the higher 

intensity of P.xylostella pests reduces plant yield. The 

attack intensity of P. xylostella pest had the greatest 

influence on the fresh weight of total biomass per plant 

with a value of r = -0,928, significantly affected the 

marketable yield (r = -0,862) and dry weight of total 

biomass per plant (r = -0,639). This decrease in yield 

was due to the high pest infestation which caused the 

leaves to perforate, hence the fresh and dry weight of 

total biomass of cabbage plant decreases. The P. 

xylostella attack also reduced marketable yield, 

because P. xylostella also attacked cabbage head. 
 

Discussion 
 
The vermicompost in combination with various 

botanical pesticide additives was effective in reducing 

the intensity of pest attacks on cabbage compared with 

control (without pesticide). But for comparing with 

synthetic pesticide, age 26-34 dap found some 

treatments of vermicompost with botanical pesticide 

additives show higher effectiveness. Lazcano and 

Domínguez (2011) reported that vermicompost from 

various raw materials had a higher nutrient content 

than conventional compost which can directly 

influence plant growth. The indirect effect of 

vermicompost increases plant resistance to pests and 

diseases attack. The use of vermicompost in the soil 

can increase microbial activity because vermicompost 

was made from the fragmentation of organic matter by 

earthworm ingestion (Lazcano et al., 2008; Ravindran 

et al., 2015). Increasing the population and activity of 

beneficial microbes can reduce pest and disease 

attacks on plants.  
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Fig-2: Correlation between attack intensity of P. 
xylostella (%) at age 34 dap and yield parameters 

of cabbage 

 
The addition of botanical pesticide material in the 

vermicomposting process increases the effectiveness 

of vermicompost in controlling pests and plant 

diseases. Conventional pesticides are synthetic 

ingredients that kill or deactivate pests. In contrast, 

botanical pesticides contained substances that control 

pests by non-toxic mechanisms. The natural product 

compounds were called limonids. Limonids in the 

neem are azadirachtin, salanin, meliantrion and 

nimbin. These active compounds have been shown to 

inhibit insect growth. They do not kill insects, but 

repel, disrupt their growth and reproduction. Natural 

substances in botanical pesticides work like growth 

regulators that can resist and attract pests such as 

pheromones, which can interfere with growth and 

cause mating disruption (Gupta and Dikshit, 2010; 

Mikami and Ventura, 2008). Extracts of neem in the 

study showed significant results on fecundity, pupal 

weight, other biological and reduced appetite of P. 

xylostella (Ahmad et al., 2012). Another study showed 

that the neem bioinsecticide affected the fecundity 

reproductive rates and reduced the emergence of 

adults in the surviving generation of H. Armigera 

(Ahmad et al., 2015). 

At the end of the observation period, the treatment of 

vermicompost with soursop and marigold (Tithonia 

diversifolia) leaves gave the lowest attack rate. Jama 

et al. (2000), reported that the application of green 

manure T. diversifolia could improve soil fertility. 

Comparison between green biomass from T. 

diversifolia and shrubs, a litter of trees, namely T. 

dirversifolia, has high nutrition. The content of T. 

dirversifolia at dry weight, studied in East Africa, has 

3.5% Nitrogen (N), 0.37% Phosphorus (P), and 4.1% 

Kalium (K). Besides containing high nutrients, the 

traditional use of T. diversifolia has been validated 

through scientific studies (Goffin et al., 2002; 

Oyewole et al., 2008; Afolayan et al., 2016). 

Tagitinins is the main bioactive of T. dirversifolia as 

constituents were identified as sesquiterpene lactones 

(Ferreira et al., 2005; Goffin et al., 2002). The results 

of the study of Pavela et al. (2018) showed that control 

of oviposition inhibitors against myths was use in T. 
diversififolia. It contains tagitinin C, the parent 

molecule of this class of secondary metabolites that 

has antifeedant activity on the caterpillar Chlosyne 

lacinia (Lepidoptera) (Ambrosio et al., 2008). On the 

other hand, the control of the trips attack to suppress 

the intensity of the attack of green laugies and reduce 

the population was use soursop (Annona) leaves 

because contain active chemical compounds of 

acetogenin. Acetogenin is also insecticidal (anti-

insect-worm) and appetite-lowering (Ansante et al., 

2015; Ribeiro et al., 2015; Gonçalves et al., 2017; 

Souza et al., 2017). Annona also has a higher content 

of flavonoids and phenols. Thus, it has the potential to 

be developed as botanical insecticides (Freitas et al., 

2014).  
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Amalia and Yusa (2018) also reported that soursop 

leaf extract (Annona muricata) was effective as a 

biopesticide material to control leaf caterpillars (P. 

xylostella) for pomegranate rose apples. Secondary 

compounds (allelochemicals) that are synthesized and 

accumulated in plant parts can produce the best 

insecticidal compounds, called Annonaceae (Ribeiro 

et al., 2017). Acetogenins (ACG) from the 

Annonaceae plant has a chemical structure that has the 

potential as an insecticide or acaricidal (Blessing et 

al., 2010). In soursop leaf, 18 types of acetogenic 

proven to be cytotoxic in vitro have been found. They 

are potential mitochondrial poisons that inhibit 

cellular energy production (Isman and Grieneisen, 

2014). Biopesticide compounds are highly selective 

against the target organisms. Therefore, the natural 

predators of the targeted organisms. 

This, in turn, enables the plants to carry out 

photosynthesis optimally and increase the crop yields 

(Qamar et al., 2017). Baidoo et al. (2012) reported that 

the reduction in pest attack significantly increased the 

yield of cabbage without the use of chemical 

insecticides. Marigold and soursop contain naturally 

occurring biopesticides which interfere with the 

growth of insects regulate plant growth, or substances 

that repel or attract pests, such as pheromones (Koul, 

2004; Isman, 2006). The vermicompost application 

significantly increased plant growth and yield 

compared to control for all yield parameters measured 

(Fig. 1). Several previous studies also reported similar 

results; vermicompost exerts a positive influence on 

plant growth and yield. The addition of vermicompost 

to the growing-medium increase the growth and yield 

of cabbage, broccoli, mustard Pakcoi (Nurhidayati et 

al., 2016; 2017; 2018). Vermicompost application 

also suppressed the growth of many parasitic fungi, 

such as Pythium, Rhizoctonia and Verticillium. 

Vermicomposts also suppressed plant-parasitic 

nematodes and enhance the activity of vesicular 

arbuscular mycorrhizae (Atiyeh et al., 2002; Arancon 

et al., 2003). This is because vermicompost can 

improve soil quality, increase the availability of macro 

and micro nutrients and microbial activity. The 

vermicomposting process produced high-quality 

organic fertilizer to stimulate growth, induce flowers 

and help ripen fruit in plants. Nurhidayati et al. (2017) 

reported that the addition of fish meal, eggshell flour 

and biopesticides improved the quality of 

vermicompost thereby enhancing the effect of 

vermicompost on plants. Plant growth can be supplied 

with plant growth regulators (PGR) found in 

vermicompost. Vermicompost also provided 

hormonal activity due to the content of the humic 

substances of vermicompost (Lazcano and 

Domínguez, 2011).  
 

Conclusion 

 

The application of vermicompost with botanical 

pesticide additive had a significant effect on the 

intensity of P. xylostella attacks. Treating cabbage 

with a mixture of vermicompost and botanical 

pesticides leaves lower the attack intensity compared 

to control (without vermicompost and pesticide) and is 

effective as substitute of the synthetic pesticide in 

coventional cabbage cultivation. Among the various 

additives, marigold and soursop leaves are most 

effective based on crop yields and insect attack 

intensity. The results suggest that the application of 

vermicomposts with botanical pesticide additives is 

effective for controlling P. xylostella in the production 

of organic vegetables. 
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