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Abstract
Effects of foliage extracts of goat weed, Ageratum conyzoides (Family: Asteraceae) on feeding, oviposition and egg hatchability
of diamondback moth, Plutella xylostella were assessed under standard laboratory conditions. Bioassays using aqueous, meth-
anol and hexane crude extracts were conducted in no-choice and choice conditions. The larval feeding on 0.5% hexane extract
treated leaf surface reduced to more than half relative to control in the choice condition; however, complete inhibition of feeding
was recorded at 2% and higher concentration of extract. In no-choice bioassays, the larval feeding consistently decreased with
increasing concentration of the hexane extract. Larval feeding on methanol extract treated leaves was also significantly reduced,
although in the concentration dependent manner in both choice and no-choice bioassays. Likewise, the aqueous extract also
reduced larval feeding at 3%, 4% and 5% concentrations of extracts in both no-choice and choice bioassays. The Antifeedant
Index (AFI) for hexane extract was 100 at 2% concentration, while AFI values were 78.4 and 41.5 for 5% concentration of
methanol and aqueous extracts, respectively. The egg laying on the leaf surface treated with hexane and methanol extracts was
significantly reduced in the concentration dependent manner, as compared to the control in both choice and no-choice bioassays.
However, the aqueous extract did not affect egg laying. The egg hatchability was completely inhibited at higher concentrations of
the hexane extract, but not at any concentration of the methanol and aqueous extracts. The oviposition Deterrent Index values for
the hexane and methanol extracts were statistically similar, however. These results indicate that the crude hexane and methanol
extracts of A. conyzoides foliage could potentially be used for the management of diamondback moth.
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Introduction

The diamondback moth (DBM), Plutella xylostella
(Lepidoptera: Plutellidae) is an invasive species which is consid-
ered to have European origin but now distributed throughout the
world. This is one of the most destructive pest of crucifer plants
(Li et al. 2016a; Thorsteinson 1953; Zalucki et al. 2012). DBM
has also been reported to infest pea plant, Pisum sativum (L.)
(Fabaceae) in Kenya (Henniges-Janssen et al. 2014).
Management cost along with economic loss in crop production

due to this insect has been estimated US $ 4-US $5 billion an-
nually (Furlong et al. 2013; Li et al. 2016b; Verkerk and Wright
1996; Zalucki et al. 2012). Chemicals control strategies for the
management of this pest has failed to produce a satisfactory
result, since insect has developed resistance to all the classes of
insecticides (Agboyi et al. 2016; Furlong et al. 2013; Talekar and
Shelton 1993). This insect has also been reported to develop field
resistance against biopesticide, Bacillus thuringiensis (Shelton
et al. 1993; Tabashnik et al. 1990). Moreover, indiscriminate
use of insecticides has led to environmental hazards (Mahmood
et al. 2016). Therefore, this is necessary to search an alternative
approach for the sustainable management of DBM.

Plants are important natural sources of bioactive compounds
and many of them have been reported to possess insecticidal
properties (Boulogne and Petit 2012; Isman 1995; Kraikrathok
et al. 2013; Morallo-Rejesus 1986). These secondary

* Ashok Kumar Singh
singhak.du@gmail.com

1 Insect Behaviour laboratory, Department of Zoology, University of
Delhi, Delhi 110007, India

https://doi.org/10.1007/s42690-019-00042-5
International Journal of Tropical Insect Science (2019) 39:311–318

/Published online: 29         August       2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s42690-019-00042-5&domain=pdf
http://orcid.org/0000-0001-9775-3700
mailto:singhak.du@gmail.com


compounds may provide an alternative to the chemical control
(Ibrahim et al. 2004). Ageratum conyzoides (Asteraceae), also
known as ‘goatweed’, has been reported to cause adverse effect
on the biology of insects like the ovarian inhibition in
Dysdercus flavidus (Fagonee and Umrit 1981), precocious
metamorphosis and delayed development in Heliothis zea
(Bowers and Feldlaufer 1982), acute toxicity against
Callosobruchus maculatus (Bouda et al. 2001) and antijuvenile
ac t iv i ty agains t Anopheles s tephensi and Culex
quinquefasciatus (Saxena et al. 1994). These findings indicate
presence of bioactive compound in A. conyzoides that may be
exploited for insect control. There is hardly any report about the
bioactivity of A. conyzoides on behavioural responses of
P. xylostella. Any information regarding bioactivity of
A. conyzoides againstP. xylostellamay be helpful in developing
alternative strategy to chemical control. With this objective,
present study was initiated to evaluate the effect of
A. conyzoides foliage extracts on feeding and oviposition be-
haviour of P. xylostella.

Materials and methods

Diamondback moth was reared in the laboratory on cauliflower
(Brassica oleraceae: Brassicaceae) leaves under standard condi-
tions in a Biological Oxygen Demand Incubator (BOD), main-
taining 25 ± 2 °C temperature, 65 ± 5% Relative Humidity (RH)
and 14 Dark (D): 10 Light (L) photoperiod regime. The cauli-
flower (varietyPoosi special) seeds were obtained fromNational
Seeds Bank, Indian Agriculture Research Institute, Pusa, New
Delhi. These seeds were grown in the field plots of Zoology
Department, University of Delhi, India under pesticide free con-
dition, following standard farm practices. The freshly excised
leaves of these plants were used to maintain culture of
P. xylostella, and also for conducting various bioassays.

Preparation of foliar extracts

The young leaves of A. conyzoideswere collected in April from
Rishikesh, Uttarakhand, India. The collected leaves were thor-
oughly washed with water and air-dried under the shade inside
a roommaintaining at 40 °C. The dried leaves were ground into
a fine powder form in an electric grinder (Philips HL1643/04).
The powdered material was stored in refrigerator for prepara-
tion of extracts. Later, aqueous extract was prepared by immers-
ing 10 g of leaf powder in 100 ml of distilled water in a glass
beaker, and kept at room temperature for 24 h. Next day, beaker
was shaken and liquid suspension was filtered through
Whatman paper (No. 1) to obtain 10% aqueous extract. The
methanol and hexane leaf extracts were prepared by immersing
100 g of leaf powder in 500 ml of the respective solvent (meth-
anol or hexane) in separate conical flasks. These were kept
undisturbed for 24 h at the normal room temperature. The flasks

were shaken and the liquid suspension was decanted in the
glass beaker. The process was repeated three times, each time
immersing with respective solvent for 24 h, and liquid suspen-
sion was pooled in the same beaker every time. The filtrate was
subsequently filtered using Whatman filter paper (No. 1) that
was evaporated in Rotary Evaporator (Büchi Rotary
Evaporator, Model R-200) at 40 °C under reduced pressure.
The obtained crude extracts were refrigerated for further use.
However, the aqueous extract was always prepared fresh every
time before use.

The control solution for methanol extract was prepared by
mixing 9.0 ml of water and 1 ml of methanol, whereas, for
hexane extract this was 8 ml of water and 2 ml of hexane. One
gram of crude methanol or hexane extract was dissolved in
10 ml of control solution for preparation of stock solution.
Different concentrations of extracts (5%, 4%, 3%, 2% and
1%) were prepared by serial dilutions of stock solution. One
drop (50 μl) of Triton Xwas added in the extract as emulsifier,
before use.

Antifeedant bioassays

Feeding bioassays were conducted in no-choice and choice
conditions. In no-choice feeding bioassays, circular leaf discs
(2.5 cm dia) were cut using sharp edged razor from freshly
excised cauliflower leaves, obtained from the Departmental
plot. These discs were dipped in respective extract concentra-
tions for 5 s and air dried for 5 min. A single leaf disc, control or
treated, was placed in the centre of a Petri dish (9 cm dia × 4 cm
ht), lined with a moist tissue paper. Five overnight moulted
fourth instar DBM larvae, starved for 4 h, were released on
the leaf disc. The Petri dish was transferred to the BOD incu-
bator set at standard conditions (25 ± 2 °C, 65 ± 5% RH, 14D:
10 L). After 18 h of feeding, the leaf discs were taken out, and
the area consumed by larvae was measured using a graph sheet.
Each experiment was replicated five times with different
batches of larvae for each extract concentration along with the
control. The choice bioassays were performed in similar way,
except both the control and treated leaf discs were placed in the
same Petri dish at a distance of 3 cm.

The Antifeedant Index (AFI) was calculated using formula
(Isman 1992):

AFI ¼ C−T=Cþ Tð Þ � 100;

where, C and T represent control and treated leaf area con-
sumed by the larvae respectively.

Oviposition bioassays

Both no-choice and choice bioassays were performed with
freshly emerged male and female moths. These moths were
released in a mating cage for 24 h and used for oviposition
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bioassays next day. Oviposition cage was made of a rectangu-
lar plexiglass (45 cm × 20 cm × 20 cm) with windows
(10 cm × 10 cm) on side walls, covered with muslin cloth.
The cage had also an opening (14 cm × 14 cm) in the middle
of the front wall, fitted with a muslin cloth sleeve to facilitate
the handling of moths. The bottom of the cage was lined with
tissue paper. The oviposition cage was marked in 3 equal
sectors, i.e. two sides and middle. Two diet cups having
10% sucrose solution, soaked in cotton swabs were placed
on cage floor for feeding of the adults. Freshly excised tender
cauliflower leaves of same size were painted on both sides
using a fine hair brush with the plant extract of desired con-
centration and air dried at room temperature for 5 min.
Similarly, the leaf surfaces painted with control solution
served as control. Bouquet of leaf, applied with either extract
or control solution, was prepared by dipping its petiole into
water, filled in a reagent bottle to prevent wilting. The mouth
of bottle was plugged with cotton. In choice bioassays, both
control and treated leaf bouquets were placed inside the ovi-
position cage at opposite end sectors. Five pairs of mated male
and female moths were released in the cage just before the
onset of dark phase. The oviposition cage was kept in BOD
incubator set at standard conditions (25 ± 2 °C, 65 ± 5% RH,
14D: 10 L). After 24 h, bouquets of treated and/or control leaf
were removed, and eggs laid were counted separately. The
experiments were replicated five times, each replicate with
fresh 5 pairs of males and females from different batches of
the stock culture. The sides of the treated and control leaf
bouquets were randomized in the oviposition cage during
the experiment to avoid the side effects. The Oviposition
Deterrent Index (ODI) was calculated, described by Huang
and Renwick (1994), as follows.

ODI ¼ Cn−Tn=Cnþ Tnð Þ � 100;

where, Cn and Tn represents number of eggs laid on control
and treated leaves, respectively.

Similar procedure was adopted for no-choice bioassays,
except that single leaf bouquet was placed, either control or
treated, at centre of the oviposition cage.

Egg hatchability bioassays

The leaf containing overnight laid eggs was removed and cut
into pieces with sharp edged razor, each piece having 20 eggs.
The leaf pieces were dipped separately into respective extract
concentrations or control solution for 20 s, and air dried at
room temperature for 5 min. Each leaf piece with eggs was
placed in a plastic container (10 cm × 10 cm), lined with a
moist blotting paper and kept in BOD incubator as mentioned
earlier. The containers were inspected twice daily at 8 a.m. and
8 p.m., for 5 days to record egg hatched. Each experiment was
replicated five times with different batches of eggs.

Statistical analysis

Experimental data were subjected to one way analysis of var-
iance (1 way-ANOVA) followed by Tukey’s pair-wise multi-
ple comparison test, if ANOVA indicated a significant effect.
2- way ANOVA was used to test the effect of two factors
followed by Tukey’s test, if ANOVA indicated a significant
difference (F values obtained were described only for the in-
teraction between the concentration and the extract type). In
choice bioassays, paired t-test was used to compare control
and treatment groups (antifeedant and ovipositional bioas-
says). All statistical analyses were performed on the computer
using Sigma Stat 2.0, Jandel Scientific Software, 1995.

Results

Effect on feeding Reponses

The difference in mean area consumption by DBM larvae on
aqueous, methanol and hexane extract treated leaf disc was
statistically significant as compared to control, in both no-
choice and choice bioassays (P < 0.05; Tables 1 and 2).
There was also a positive correlation of extract concentrations
with antifeedant index (AFI) values (Methanol: R2 = 0.911;
Hexane: R2 = 0.807) (Table, 3a, 3b; Figs. 1, 2). The AFI value
at 2% concentration of the hexane extract was 100, since no
consumption of leaf was recorded (Table 3b). However, AFI
values did not differ significantly between aqueous and meth-
anol extracts, applied on leaf surface at different concentra-
tions (F (4, 40) = 0.744; P > 0.05; Table 3a).

Effect on ovipositional responses

Concentration dependent deterrent effect of the aqueous,
methanol and hexane crude foliage extracts was observed on
the oviposition behaviour of P. xylostella females, in both no-
choice and choice bioassays as compared to control (P < 0.05;
Table 4a,b). There was no difference between the eggs laid on
leaf surface treated with aqueous andmethanol extracts (F (10,
72) = 2.579; P > 0.05; Table 4a). However, a significant dif-
ference between the eggs laid on methanol and hexane treated
leaf surface was observed at higher concentrations (P < 0.05;
Table 4a). The ODI values were positively related with
concentrations of both methanol and hexane extracts.
However, when data were subjected to 2-way ANOVA, ODI
values were not significant between different concentrations
of methanol and hexane extracts (F (4, 40) = 1.242; Table 5).

Effect on egg hatchability

The ovicidal effect of hexane extract on the hatchability of
P. xylostella eggs was observed. Hatchability significantly
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decreased at lower concentrations of extracts as compared to
control, and was completely inhibited at 4% and 5% concen-
tration of hexane extract (Table 6). However, inhibition effect
of aqueous and methanol extract on the hatchability was not
observed in this study.

Discussion

The leaf extracts ofA. conyzoides strongly inhibited feeding of
P. xylostella larvae. The larvae took ‘test bite’ and maintained
feeding, if it was the control leaf. By contrast, both in no-
choice and choice bioassays, larvae stopped feeding after ini-
tial ‘test bite’ and moved away if the leaf was smeared with an
extract. Thereafter, larvae showed wandering behaviour in the
Petri dish. However, after a period of starvation, larvae accept-
ed the treated leaf disc and resumed feeding. The feeding of
DBM larvae on cauliflower leaves has been attributed to glu-
cosinolates, which act as the feeding stimulant (Badenes-
Pérez et al. 2011, 2013). Such responses are mediated by
sensory receptors, located on mouth parts of larvae
(Chapman 1995). The inhibition of larval feeding may be
either due to the masking of stimulant compounds in leaf,
which provide neural inputs to brain for initiation of feeding,
or due to presence of deterrent chemicals in the extract that
inhibit feeding. Such antifeedant effect from the extracts of
other plants, belonging to Asteraceae family, has also been
reported earlier against many lepidopterans (Facknath and

Lalljee 2008; González-Coloma et al. 2005; Passreiter and
Isman 1997; Susurluk et al. 2007; Tandon et al. 1998) and
coleopteran pests (Amelot et al. 2003). The crude hexane ex-
tract of A. conyzoides has been found to strongly suppress the
feeding ofHelicoverpa armigera larvae with a deterrent index
(DI50) of 0.21 (Ragesh et al. 2016). However, such deterrent
effects of the non-polar extract of A. conyzoides were not
observed against Spodoptera litura larvae (Singh and Rao
2000). This may be because of differences in susceptibilities
of various insects towards goatweed plant extracts. Such sus-
ceptibility differences of closely related insect species towards
extracts of the same plant have also been observed in earlier
studies (Champagne et al. 1992; Isman 1993; Xie et al. 1994).

Reduced egg laying by P. xylostella females on host cauli-
flower leaf surface treated with all the tested extracts, i.e.
aqueous, methanol and hexane of A. conyzoides foliage were
observed. This may be either due to the presence of repellent
in the extract, restricting arrival of female moths on oviposi-
tion substrates, or due to the presence of deterrent chemicals in
the extracts that inhibit egg laying by gravid females on arrival
or both. Such reduction in egg laying by Callosobruchus
maculatus females was observed, when the volatile oil from
dried leaves of A. conyzoides was applied on cowpea
(Gbolade et al. 1999). Liu et al. (2005) also recorded a signif-
icant reduction in egg laying by P. xylostella females on cab-
bage leaves smeared with the methanol foliage extract of
Chrysanthemum morifolium (Asteraceae) in a choice bioas-
say. Also, olfactometer bioassay revealed that this reduction

Table 1 Feeding responses of last
instar Plutella xylostella larvae on
Brassica oleraceae
(Brassicaceae) treated with aque-
ous and methanol extracts of
Ageratum conyzoides foliage

Conc. (%) Leaf Area Consumed*(Mean ± S.E)

No-choice Choice

AA MA AA MA

Control 126.0 ± 5.9aA 123.6 ± 6.1aA Control

1%

67.0 ± 4.6a

65.8 ± 2.5a
93.4 ± 8.8a

46.6 ± 4.5b

1% 114.4 ± 6.2abA 82.0 ± 2.4bA Control

2%

72.6 ± 4.2a

56.4 ± 6.5a
105.8 ± 6.9a

36.2 ± 4.4b

2% 100.4 ± 5.8bcA 75.4 ± 4.3bcA Control

3%

72.8 ± 4.8a

52.6 ± 3.7b
108.6 ± 9.7a

28.8 ± 3.2b

3% 81.8 ± 6.1cdA 68.4 ± 2.3bcdA Control

4%

90.2 ± 8.4a

43.0 ± 2.6b
104.6 ± 7.6a

28.0 ± 4.0b

4% 71.6 ± 3.6dA 54.8 ± 6.4cdA Control

5%

96.6 ± 11.1a

38.6 ± 2.7b
127.0 ± 5.9a

15.2 ± 2.8b

5% 69.8 ± 2.9dA 49.6 ± 6.5dA

Means followed by different lower case superscripts differ significantly between control and treatments in no-
choice tests, and at each concentration in choice tests. Means followed by upper case superscripts in no-choice
tests do not differ significantly

AA, MA: Aqueous and Methanol extract of A. conyzoides leaves; S.E: Standard Error)

*Leaf area consumption was calculated as mm2 (millimeter) by graph paper
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in the oviposition was due to the repellent effect of the meth-
anol extract of C. morifolium (Liu et al. 2005, 2006).
Oviposition deterrent effects (ODE) of A. conyzoides crude
hexane extract were also reported on Helicoverpa armigera
females (Ragesh 2011). Hough-Goldstein and Hahn (1992)
reported deterrent effect of aqueous extracts of Tanacetum
vulgare (Asteraceae) on egg laying of P. xylostella. Such
ODE on oviposition of diamondback moth has been also been
recorded in earlier studies from plant extracts of Chinaberry
(Chen et al. 1996), Neem (Charleston et al. 2005) and Yam

bean (Basukriadi and Wilkins 2014). The inhibition occurs
through chemoreception for which the receptors are located
on the antennae, proboscis, ovipositor and tarsi of insects,
transmitting signals to the central nervous system for informa-
tion processing (Schoonhoven et al. 2005). Present study
clearly indicates that A. conyzoides possesses chemicals that
inhibit feeding of larvae and oviposition of gravid P. xylostella
females.

The effect of hexane extract of A. conyzoides on hatching
of P. xylostella eggs indicates the presence of inhibitory com-
pounds in extract that adversely affect development. Such
ovicidal activity of essential oil from foliage of Artemisia

Table 2 Feeding responses of last instar Plutella xylostella larvae on
Brassica oleraceae (Brassicaceae) treated with hexane extract of
Ageratum conyzoides foliage in no-choice and choice bioassay

Conc.(%) Area Consumption (mm2) (Mean ± S.E)

a. No-choice bioassay

Control 115.2 ± 4.3a

0.5% 59.0 ± 2.6b

1% 28.8 ± 2.3c

2% 21.2 ± 2.2c

3% 10.0 ± 1.7d

4% 4.8 ± 1.0d

5% 3.8 ± 1.0d

b. Choice bioassay

Control 100.2 ± 4.4a

0.5% 42.4 ± 5.6b

Control 110.6 ± 9.2a

1% 8.6 ± 5.4b

Control 115.0 ± 6.0a

2% 0.0 ± 0.0b

mm2 - millimeter square

Means followed by different lower case superscripts differ significantly
between control and treatments in no-choice tests, and at each concentra-
tion in choice tests

S.E: Standard Error

Table 3 Antifeedant Index (AFI) for aqueous, methanol and hexane
extracts of Ageratum conyzoides foliage against last instar Plutella
xylostella larvae

a. AFI

Conc (%) Mean ± S.E

AA MA

1% 0.57 ± 4.3aA 32.53 ± 7.5aA

2% 13.19 ± 7.4abA 48.60 ± 6.9aA

3% 16.12 ± 3.8abA 56.81 ± 6.5abA

4% 34.94 ± 3.3bcA 57.00 ± 6.0abA

5% 41.48 ± 5.7cdA 78.36 ± 4.2bA

b. AFI

Conc (%) Mean ± S.E

HA

0.5% 41.30 ± 6.2a

1% 84.37 ± 10.0b

2% 100.0 ± 0.0b

– –

AA, MA: Aqueous and Methanol extract of A. conyzoides leaves; S.E:
Standard Error)

HA: Hexane extract of A. conyzoides leaves

(−) Higher concentrations of hexane extract not included in Table 3b

Fig. 2 Correlation between Antifeedant Index values and different
concentrations of hexane extract of A. conyzoides foliage

Fig. 1 Correlation between Antifeedant Index values and different
concentrations of methanol extract of Ageratum conyzoides foliage
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abrotanum L. and Tanacetum vulgare L., both belonging to
Asteraceae, on P. xylostella egg has also been observed by
Sangha et al. (2017). Ovicidal effect has also been reported
from lipid extract of A. conyzoides onDysdercus flavidus eggs

(Fagonee and Umrit 1981) and neem oil on Dysdercus
koenigii eggs (Bhathal et al. 1991).

Present study shows that A. conyzoides has a potential for
its use in the management of P. xylostella. Its antifeedant
property will deter larval feeding, and reduce damage to the
plants. Moreover, oviposition repellent and deterrent effects of
the extract will reduce the number of eggs laid on plant sur-
face, which along with its ovicidal effect will decelerate the
population growth rate and in turn, reduce future damage.
However, experiments have to be conducted in Greenhouse
to assess the influence of environment factor and implication
of the effect of these extract/s on benefic insects for its appli-
cability in the field. This management system for DBMwill be
environmental friendly and sustainable with minimum chance
of the insect developing resistance to plant derivatives.
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