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Abstract 
The diamondback moth (DBM), Plutella xylostella, is a 

highly destructive cosmopolitan pest of cruciferous 

crops, causing severe economic losses worldwide. The 

research work aimed to evaluate the antifeedant 

activity of methanolic extracts of Ageratum conyzoides 

leaves and its emulsifiable concentrate (EC) 

formulations against diamondback moth larvae in both 

no-choice and two-choice bioassays under standard 

laboratory conditions. In both no-choice and two-

choice bioassays, a concentration-dependent reduction 

in feeding was observed when cauliflower leaf discs 

were treated with methanolic extract and its EC 

formulation was offered to the fourth-instar DBM 

larvae. The antifeedant index (AFI) values were 

positively correlated with different concentrations of 

crude extracts (R² = 0.992) and EC formulations (R² = 

0.941).  

 

Moreover, the EC formulation of foliar extracts showed 

a substantial deterrent effect on the feeding behaviour 

of diamondback larvae compared to crude extracts. 

Our results provide environment-friendly substitutes to 

synthetic chemical-based insecticides for the 

management of diamondback moth. 
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Introduction 
Plutella xylostella (L.) (Lepidoptera: Plutellidae), also known 

as the diamondback moth (DBM), is an oligophagous insect 

pest of worldwide distribution infesting economically 

important plants belonging to the Cruciferae family56,58. The 

diamondback moth is a devastating pest of Crucifer crops as 

it significantly damages their production13,59. The worldwide 

management cost of diamondback moth including an 

economic loss in agricultural production due to this insect, 

was estimated to be approximately US $4-$5 billion 

annually 24,58.The management of the diamondback moth is 

mainly reliant on chemical-based synthetic pesticides which 

led to the development of resistance against all major classes 

of pesticides and Bacillus thuringiensis (Bt) formulations in 

the agricultural fields45.  
 

In addition, the indiscriminate use of synthetic chemical 

pesticides has led to detrimental effects on the non-targeted 

organisms and the environment11,43. Hence, there is a 

compulsive demand to switch from conventional pesticides 

to an alternative sustainable approach for the management of 

diamondback moth. As a result, current pest control 

strategies for the management of diamondback moth have 

shifted the focus on the use of ‘botanical insecticides’ which 

provide an intriguing alternative to their chemical 

counterparts17 as they have diverse modes of action and are 

safe for non-target organisms, humans and the environment.  

 

Plants are rich in bioactive compounds and many of them 

have been demonstrated to possess insecticidal 

properties8,14,16,19. Many reports are available on the 

insecticidal properties of plant extracts against Plutella 

xylostella, Dysdercus cingulatus, Rhodnius prolixus and 

other insects12,15,46. Recently, certain weed plants have been 

reported to possess secondary compounds having repellent 

and insecticidal activity, which can be utilised in pest 

management programs as bio-insecticides20,55. Ageratum 

conyzoides (L.) (Family: Asteraceae), also known as 

“goatweed”, is a potential allelopathic weed which has been 

reported for various insecticidal activities23,54.  

 

A. conyzoides has been found to exhibit multiple biological 

activities against insect-pest such as antifeedant and 

repellent activity against Helicoverpa armigera38, 

precocious metamorphosis and prolonged development in 

Heliothis zea9, antijuvenile activity against mosquito, 

Anopheles stephensi and Culex quinquefasciatus40, 

larvicidal activity against Aedes albopictus26, insecticidal 

and histopathological effect against dengue vector, Aedes 
aegypti34 and acute toxicity against cowpea weevil, 

Callosobruchus maculatus (F.)7. This plant contains several 

secondary metabolites i.e. flavonoids, chromenes, 

benzofurans and terpenoids21,57. Moreover, the goatweed, A. 

conyzoides, is rich in precocene I, precocene II and coumarin 

compounds35. Precocene I and precocene II have been 

utilized as insect growth regulators through the induction of 
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juvenile deficiency hormones in insects3,5,36,52. Precocene II 

is reported to have cytotoxic effects on corpus allatum (CA) 

in insects, thereby eliminating the production of juvenile 

hormone10,41,47. Furthermore, precocene II is also reported to 

show a significant antifeedant effect against stored grain 

pests such as Trogoderma granarium, Leptinotarsa 

decemlineata, Sitophilus granaries, Tribolium confusum, 

Myzus51 and Spodoptera litura50. Recently, the aqueous, 

hexane and methanol extracts of the leaves of A. conyzoides, 

have been observed to deter feeding by P. xylostella larvae54. 

Thus, the antifeedant effect of A. conyzoides leaves can be 

exploited for the management of insect pests. 

 

Although the use of plant extracts as a replacement for 

chemical pesticides may seem quite fascinating, several 

factors limit their usage in the agricultural field such as poor 

shelf life and easy degradation in the presence of sunlight48. 

Nevertheless, these drawbacks can be overcome by 

converting plant extracts into stable formulations. Pesticide 

formulations are crucial in delivering insecticides to their 

intended target, thereby enhancing their efficacy. The use of 

water-based ‘green pesticide’ formulations including micro- 

and/or nano-emulsions, has drawn considerable attention in 

recent years44. Emulsifiable concentrate (EC) is highly 

prevalent formulation due to its numerous advantages such 

as excellent storage stability, easy applicability, significant 

biological activity etc.1,22,44  

 

In a recent report, EC formulation prolonged the persistence 

of Sophora alopecuroides (L.) extracts under laboratory and 

field conditions for management of Asian citrus psyllid, 

Diaphorina citri39. Lina et al25 reported the insecticidal 

activity of EC formulation of Tephrosia vogelii and Piper 

aduncum fruit leaf extract against P. xylostella. Our research 

work aimed to assess the effect of an EC formulation 

developed from the methanol extract of A. conyzoides using 

a biodegradable solvent (methyl oleate) and a blend of non-

ionic emulsifiers. The bio-efficacy of crude methanol extract 

of A. conyzoides foliage and that of EC formulation on the 

feeding behaviour of P. xylostella has been evaluated. 

 

Material and Methods 
Material: Nonyl phenol ethoxylate (Emulsol PC25A and 

emulsol PC25N) was purchased from Kaiser Industries Ltd., 

Delhi.  Methyl oleate was purchased from Mohini Organic 

Pvt. Ltd., Mumbai. Methanol was purchased from S D Fine 

Chem Ltd., Mumbai. 

 
Insect Culture: The laboratory culture of Plutella xylostella 

(L.) was maintained in the laboratory inside a BOD 

incubator under standard conditions (25 ± 20 C temperature, 

65 ± 5% relative humidity and 14D: 10L photoperiod). 

 
Host Plant: All experiments were conducted using the 

cauliflower leaves cultivated in the field plots of the 

Department of Zoology, University of Delhi, Delhi (India). 

The seeds of cauliflower (Brassica oleraceae) (var. Poosi 

Special) were procured from National Seeds Bank, IARI, 

Pusa, New Delhi. The plants were raised regularly under 

pesticide-free conditions following standard farming 

practices. 

 

Test Plants: Fresh A. conyzoides leaves were procured from 

Rishikesh, Uttrakhand (India) during the flowering season in 

April. The collected leaves were washed thoroughly, air-

dried and pulverised to a fine powder using an electric 

grinder (Philips 600W). The obtained powder was weighed 

and kept in airtight containers till further use. 

 

Preparation of Methanol Extract: The methanolic extract 

was prepared as described by Vats et al54. Briefly, 100 grams 

of powdered leaves were weighed and dipped in 500 mL of 

methanol in a 1-litre conical flask and kept undisturbed for 

24 hours. The same procedure was repeated thrice and the 

pooled supernatant was filtered using Whatmann filter paper 

no. 1. The obtained extract was reduced on a rotary 

evaporator at 40-41 ºC under reduced pressure to remove the 

excess solvent and was further air-dried for 24 hours and 

refrigerated till further use. The phytochemical profiling of 

methanolic extract of A. conyzoides leaves using GC-MS 

analysis has been reported by Prajapati et al35.  

 

Development of Emulsifiable Concentrate (EC) 

formulation: The details of the methods for developing EC 

formulation are reported earlier by Prajapati et al35. 5% 

(w/w) emulsifiable concentrate (EC) formulation from 

methanolic extract of A. conyzoides was done by using a 

biodegradable solvent, methyl oleate and emulsifiers 

Emulsol PC25A Emulsol PC 25 N. Briefly, a mixture of 

blended emulsifiers and biodegradable solvents was mixed 

in a methanolic A. conyzoides extract to obtain a clear 

solution of EC. The developed EC was dispersed in hard 

water (342 ppm) to check the blooming.  

 

Physico-chemical parameters like stability (cold stability 

and ATS stability), pH, emulsion stability and flash point of 

developed EC were studied and results showed that the 

developed EC passes all standard parameters. Finally, the 

obtained EC formulation was further tested for its 

antifeedant effect against the larvae of P. xylostella. 

 

Preparation of Extract Concentrations: To obtain a 10% 

stock solution, 10 mL of control solution (which was 

prepared by combining 1 mL of methanol, 9 mL of distilled 

water and a drop of emulsifier Triton X) was used to dissolve 

1g of crude extract. Using a control solution, all extract 

concentrations (5%, 4%, 3%, 2% and 1%) were prepared by 

serial dilution.  

 

Preparation of Emulsion from developed EC: 0.5%, 

0.4%, 0.3%, 0.2% and 0.1% emulsions were prepared by 

serial dilutions from 5% stock solution of EC using distilled 

water. 

 

Feeding Bioassays: Antifeedant bioassays were performed 

in no-choice and choice test conditions to study the feeding 
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responses of larvae of P. xylostella as described by Vats et 

al54. 

 

No-Choice Bioassays: Cauliflower leaves, Brassica 

oleraceae var botrytis (Poosi spl.) were cut into circular 

discs (2.5 cm diameter), dipped into methanol extract and 

EC formulation respectively and air dried at room 

temperature. A single cauliflower leaf disc, treated or control 

was placed in the centre of a plastic Petri dish (9 cm diameter 

x 4 cm height) aligned with a moist filter paper to maintain 

the turgidity of the leaves. Five pre-starved fourth instar P. 

xylostella larvae were introduced on the leaf disc for feeding. 

All the Petri dishes were transferred to BOD incubator 

maintained at standard conditions (25 ± 20 C temperature, 65 

± 5% relative humidity and 14D: 10L photoperiod). The leaf 

discs were taken out after 18 hours of feeding and the 

consumption of the leaf area by the larvae was quantified 

using graph paper. Five replicates of each experiment were 

conducted with crude extract concentration, EC formulation 

and the control leaf disc (without extract). 

 
Two-Choice Bioassays: Two-choice bioassays were 

conducted in a manner similar to no-choice bioassays, with 

the exception that both treated and control leaf discs were 

kept in the same Petri dish simultaneously. The antifeedant 

index was determined using the two-choice tests which are 

regarded as more sensitive than no-choice tests3.  

 

The Antifeedant Index (AFI) was determined using 

following formula18: 

 

AFI = (C-T / C+T) x 100 

 

where C and T denote the control and treated leaf areas 

larvae consumed respectively. 

 

Statistical Analysis: The experimental data obtained from 

feeding bioassays were analyzed using Sigma Stat 2.0. The 

raw data was subjected to one-way analysis of variance 

(ANOVA) and means were separated using Tukey’s 

pairwise multiple comparison test so as to test the significant 

differences between concentrations of a particular treatment 

type and/or control. Student’s t test was performed for 

antifeedant test to compare significant difference between 

control and respective treatments. R2(square of Pearson 

correlation coefficient) was computed to establish linear 

relationship between different extract and EC formulation 

concentrations with antifeedant Index values using MS 

Excel program.  

 

Results and Discussion 
Application of plant extracts and semiochemicals mediating 

the behaviour of insects offers a promising opportunity for 

the control of notorious pests in agricultural fields and 

storage conditions. In lepidopteran insect pests, the larval 

feeding on leaves and fruiting structures causes maximum 

damage and hence, natural plant extracts and various 

formulations affecting the feeding behaviour of larvae are 

gaining wide attention as they offer a safer alternative to 

harmful insecticides in the pest management programs. In 

our previous report, foliar extracts of ‘goatweed’, Ageratum 

conyzoides, have been observed to cause significant 

antifeedant effect against the larvae of Plutella xylostella54. 

In the present laboratory studies, the methanol extracts of A. 

conyzoides leaves and its emulsifiable concentrate (EC), 

both showed significant deterrent effect on the feeding 

behaviour of P. xylostella larvae. 

  

In no-choice bioassay, the quantity of leaf area fed by P. 

xylostella larvae decreased with increasing concentrations of 

the crude methanol extract (F5, 29 = 48.64, p<0.05) and EC 

formulations (F5, 29 = 47.33, p<0.05) (Table 1). In both cases, 

the mean leaf area consumption was significantly reduced (p 

< 0.05) on all the treated leaf discs as compared to the control 

leaf disc. Similar results were evident in two-choice 

bioassays, as the larvae consumed a significantly higher 

(P<0.05) percentage of leaf area on control discs in 

comparison to leaf discs treated with different 

concentrations of crude methanol extracts and EC 

formulations.  

 

Even at lower tested concentrations of 1% methanol extract 

and 0.1% EC formulation, the mean leaf area consumed was 

nearly half as compared to the respective controls i.e. 97 

mm2 and 48.4 mm2 and the feeding reduced further at higher 

doses (Table 2). A positive correlation between the 

antifeedant index (AFI) values and different concentrations 

of crude extracts (R² = 0.9921; F4, 24: 25.92) and EC 

formulations (R² = 0.9415; F4, 24: 36.76) of A. conyzoides 

was obtained (Table 3, Fig. 1 A and 1 B). 

 

Table 1 

Feeding response of P. xylostella larvae in no-choice conditions 

 Leaf Area Consumed (mm2) 

Crude Extract Concentration Control 1% 2% 3% 4% 5% 

Mean ± S.E1. 122.2± 5.3a 83.0 ± 2.6b 80.8 ± 3.1b 67.4 ± 2.5bc 53.0 ± 3.5cd 50.8 ± 4.5d 

EC Formulation Control 0.1% 0.2% 0.3% 0.4% 0.5% 

Mean ± S.E1. 135.0 ± 6.9a 92.6 ± 4.7b 84.8 ± 6.9b 72.2 ± 7.5bc 47.0 ± 3.8c 17.8 ± 3.4d 

Note: 1Means followed by different lowercase superscripts differ significantly (p<0.05) between control and treatments for Crude 

extract and EC formulation. Data was statistically analyzed by one-way ANOVA and means were separated by Tukey’s pairwise 

multiple comparison test 
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Table 2 

Feeding response of P. xylostella larvae in choice conditions 

Leaf Area Consumed (mm2) 

Crude Extract Concentration Mean ± S.E1 EC Formulation Concentration Mean ± S.E1 

Control (C) 

1% 

97.4 ± 6.2a 

51.8 ± 2.2b 

C 

0.1% 

82.0 ± 6.0a 

48.4 ± 5.9b 

C 

2% 

108.0 ± 7.9a 

43.0 ± 3.3b 

C 

0.2% 

102.4 ± 6.5a 

33.6 ± 2.7b 

C 

3% 

111.8 ± 6.5a 

34.2 ± 4.1b 

C 

0.3% 

100.2 ± 3.4a 

33.4 ± 2.1b 

C 

4% 

122.2 ± 7.4a 

23.0 ± 3.6b 

C 

0.4% 

115.2 ± 9.0a 

12.8 ± 3.2b 

C 

5% 

130.4 ± 4.1a 

11.6 ± 1.4b 

C 

0.5% 

118.6 ± 8.1a 

5.8 ± 1.6b 

Note: 1Means followed by different lowercase superscripts differ significantly (p<0.05) between control and treatments for Crude 

extract and EC formulation. Data was statistically analyzed by student’s t-test 

 

Table 3 

Antifeedant Index for crude methanol extract and EC Formulations of A. conyzoides foliage  

against fourth instar larvae of P. xylostella 

Antifeedant Index 

Crude Extract 

Concentration 

1% 2% 3% 4% 5% 

Mean ± S.E1. 31.41± 2.6a 42.64 ± 4.3ab 52.93 ± 5.8bc 68.85 ± 4.1cd 83.45 ± 2.3d 

 EC Formulation 

Concentration 

0.1% 0.2% 0.3% 0.4% 0.5% 

Mean ± S.E1. 26.29 ± 6.2a 50.31 ± 3.8b 51.30 ± 3.1b 82.0 ± 4.3c 90.14 ± 3.0c 

Note: Means followed by different lowercase superscripts differ significantly (P<0.05) between concentrations of each treatment. 

Data was statistically analyzed by one-way ANOVA and means were separated by Tukey’s pairwise multiple comparison test 

 

 
Figure 1: Correlation between (A) the Antifeedant Index (AFI) for crude methanol extract and  

(B) EC Formulations of A. conyzoides foliage 

 

P. xylostella larvae showed lower consumption of treated 

leaf discs in both choice and no-choice bioassays as 

compared to control leaf discs of cauliflower. The feeding of 

larvae on cauliflower leaf discs could be due to presence of 

bioactive compounds acting as feeding stimulant such as 

glucosinolates and flavonoids53 and/or lack of feeding 

deterrents against P. xylostella. On the other hand, reduced 

consumption of extract and EC formulation smeared leaf 

discs by the larvae could be due to masking effect on the 

feeding stimulants or due to contact phagodeterrent effect 

with increasing doses of different extracts as well as EC 

formulations.  The obtained antifeedant index values suggest 

that feeding inhibition is positively dose-dependent. Such 

effect might be due to presence of different feeding deterrent 

compounds in methanol extract and EC formulation, which 

might have acted either individually or synergistically to 

deter the larval feeding29,30,32, by interfering with the insect’s 

central nervous system28 or damaging the digestive system6.  

The primary mechanisms of functioning of antifeedant 

compounds are through their effect on gustatory receptors 

(GR). Lepidopteran insects have diverse form of GR 

proteins involved in processes like chemosensation, host 
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selection and adaptation2. Binding of GR to ligands leads to 

generation of multiple downstream cellular changes that 

cause change in feeding behaviour of insects2. Thus, 

perception of feeding deterrent compounds by taste sensilla 

such as medial and lateral sensillum of the larval maxillary 

glands may cause reduced feeding and consumption and 

ultimately may retard growth and disrupt 

development31,37,42. Although the antifeedant compounds act 

directly on the GR proteins expressed at gustatory receptor 

neurons (GRNs) of taste sensilla in insects, a few of them act 

through antagonizing the action of γ-amino butyric acid 

(GABA) at the neuronal ends and thus induce feeding 

deterrence.  

 

Messchendorp et al27 observed that the sensory input 

received by a medial deterrent cell of gustatory system 

directly caused antifeedant effect in Pieris brassicae. In a 

recent report, the bioactive compound Precocene I isolated 

in chloroform extracts of Desmosstachya pinnata (L.) not 

only deterred feeding by Spodoptera litura larvae, but also 

caused damage to their gut tissue50. Precocene II was 

reported to have antifeedant effect in no-choice bioassay 

with Mexican beetle, Epilachna varivestis49. Ageratum 

conyzoides is reported to have a feeding inhibitory effect 

against stored grain insect pests Tribolium castaneum and 

Sitophilus oryzae4. 

 

In the present study, the results of feeding bioassays with EC 

formulation indicate that feeding deterrence increased and 

thus provided better bio-efficacy than crude extract. 

Moreover, significant deterrent effect of EC formulation on 

larval feeding is evident comparatively at very low doses. 

The insecticidal activity of EC formulation of Piper 

aduncum fruit and Tephrosia vogelii leaf extract was 

reported against P. xylostella25, but no such report on the 

antifeedant effect is available. The foliar extracts of A. 

conyzoides and its formulations exhibit greater potential for 

management of P. xylostella and thus, these could be further 

investigated to develop eco-friendly biopesticides for green 

agriculture33. Also, field studies are required to determine 

stability and safety of EC formulation for use by the farmers. 

 

Conclusion 
The present study suggested that the weed plant extracts and 

their EC formulation have significant inhibitory effect on the 

feeding behaviour of P. xylostella larvae under laboratory 

conditions. The emulsifiable concentrate formulations 

appear to be promising eco-friendly and safer alternatives to 

synthetic pesticides for the management of diamondback 

moth. However, further studies are required to test their 

efficacy and safety under field conditions.  
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