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SUMMARY

Lymantria dispar L. is the most devastating polyphagous pest of deciduous forests, orchards
and urban greenery. To prevent damages that L. dispar larvae cause in forestry, agriculture and
horticulture, mechanical measures and the use of biological insecticides are the most frequent-
ly applied practices. However, the use of conventional insecticides is inevitable in crop protec-
tion and forest management on smaller areas, especially in gradation years. However, inade-
quate use of these chemicals has led to disturbance of biocoenotic balance, outbreaks of some
previously less harmful organisms and pesticide residues in soil and watercourses in some
regions. To mitigate these consequences it is necessary to harmonize L. dispar control with
integrated management principles by applying selective and less toxic insecticides. Therefore,
the potential of botanical insecticides and antifeeding substances is gaining in importance.
The aim of this study was to assess the influence of ethanol extracts (1, 2 and 5%) of Ambrosia
artemisiifolia L, Erigeron canadensis L., Daucus carota L., Morus alba L. and Aesculus hippocasta-
num L. on the feeding intensity of L. dispar larvae, i.e. to evaluate their antifeeding activity under
the conditions of "no-choice” test. Ten larvae per repetition were placed in Petri dishes and
offered oak leaf slices (2 x 9 cm?/repetition) previously dipped in plant extract or ethanol (1, 2,
and 5%) for the control. Feeding intensity, expressed as a percentage of consumed leaf area (%),
was measured after 48 h. For assessing the antifeeding activity of plant extracts AFI was cal-
culated and the extracts were classified according to scale: no antifeeding activity, slight anti-
feeding activity, moderate antifeeding activity and strong antifeeding activity. Data were ana-
lyzed using a two-way ANOVA and Duncan's multiple range test. The results indicate that plant
species, i.e. the origin of extracts, had a significant influence on the feeding intensity of L. dis-
par larvae, while concentration and interaction (plant species x concentration) were not fac-
tors of influence. Ae. hippocastanum and M. alba extracts significantly reduced the consumed
leaf area (6.24, 18.93%, respectively), compared to the control (97.59%), while the extract of D.
carota had a phagostimulative effect (98.88%). Based on AFI values, Ae. hippocastanum extract
(87.10-89.05%) had a strong antifeeding activity, and M. alba medium-to-strong (64.33-71.37%).
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INTRODUCTION

Gypsy moth (Lymantria dispar L.) belongs to a group
of economically most important pests of deciduous
forests, but it is also very harmful in orchards and ur-
ban greenery, causing defoliation, especially in grada-
tion years and when protection measures are not ad-
equate (Almasi et al., 2004; Mihajlovi¢, 2004, 2008;
Tabakovié-Tosié, 2006; Kostié et al., 2008; McEwan
and Rieske, 2009).

To prevent losses that L. dispar larvae cause in for-
estry, agriculture and horticulture, mechanical meas-
ures and the use of biological insecticides (Bacillus
thuringiensis var kurstakii) are the most frequently
applied practices. However, the use of conventional
insecticides is inevitable in crop protection and for-
est management on smaller areas, especially in gra-
dation years. According to Kamaraj et al. (2008) and
Kaushik et al. (2009), inadequate use of these chem-
icals has resulted in disturbed biocoenotic balance,
outbreaks of some previously less harmful organ-
isms and presence of pesticide residues in soil and
watercourses in some regions. To mitigate these con-
sequences, it is necessary to harmonize pest control
strategies with the principles of integrated pest man-
agement, using selective and less toxic insecticides
(Kosti¢ et al., 2008). The Ministries of Agriculture
and National Environmental Protection Agencies
in most EU countries have developed programmes
for reducing the use of conventional insecticides in
which preference is given to non-chemical and bio-
logical preparations in agriculture, forestry and com-
munal hygiene (Bocarov-Stanéi¢, 2002; Vukovié et
al., 2002). Also, due to increased environmental de-
mands, the promotion of pest control agents of botan-
ical origin (plant-based insecticides) is gaining in im-
portance regarding the control of L. dispar in organic
and sustainable agriculture. Plant secondary metabo-
lites (terpenoids, alkaloids, saponins, polyphenols and
phenolic glycosides) and their derivatives are known
to be effective repellents for a number of harmful in-
sects (Milanovi¢, 2006; Erturk et al., 2006; Shields
et al.,, 2006). For L. dispar, repellent activity is espe-
cially common by plants with high alkaloid contents
(Dosktotch, 1980). In recent years, antifeeding effects
of various plant extracts have been studied by several
authors (Zabel et al., 2002; Milanovi¢, 2006; Kostié,
2008; Gvozdenacetal., 2010, 2011; Pavela, 2010). Ac-
cording to Simmonds (2000), more than 6,250 plants
have been tested for different insecticidal activities

since 1985, while Parkash and Rao (1997) confirmed
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that about 870 herbal products with insecticidal or
repellent antifeeding effect were used in agriculture.
Botanical insecticides have many advantages, primari-
ly low toxicity and selectivity towards non-target, and
high toxicity to target organisms (Etrurk et al., 2006;
Kosti¢ et al., 2008). Also, unlike synthetic insecti-
cides, plant-based preparations contain many biolog-
ically active compounds, which make it unlikely that
insects would acquire resistance to the entire biolog-
ically active complex. Some previously reported find-
ings indicate the antifeedant or repellent activity of
the following extracts against L. dispar larvae: Mala-
lenca leucadendron (Doskotch, 1980), Robinia pseu-
doacacia L. (Barbosa and Krischik, 1987), Fraxinus
pennsylvanica Marsh, which is effective only under a
slight increase in population abundance (Markovié et
al., 1996); root of Jeffersonia dubia (Park etal., 1997);
the essential oil of Myristica fragrans Houtte with a
strong antifeeding but no toxic effect on larvae (Za-
bel et al., 2000); Origanum vulgare L., Buxus sempriv-
erans L. and Sambucus nigra L. (Erturk etal., 2006a),
Ocimum basilicum (Kostié et al., 2008), Morus alba
L. and Aesculus hippocastanum L. (Gvozdenac et al.,
2010, 2011).

The aim of this study was to assess the effect of eth-
anol extracts of three cultivated plants (Daucus carota
L., Morus alba L. and Aesculus hippocastanum L.) and
two weeds (Ambrosia artemisiifolia L. and Erigeron ca-
nadensis L.) on the feeding intensity of L. dispar lar-
vae, i.e. to evaluate their antifeedingactivity. The plants
for bioassay were chosen based on their registered anti-
feeding or phagostimulative activity to insects that be-
long to the order Lepidoptera. A basic assumption was
that similar effects would be achieved for this pest in-
sect as well.

MATERIAL AND METHODS

Extracts preparation

In this work, ethanol extracts of Ambrosia artemisii-
folia L., Erigeron canadensis L., Daucus carota L., Morus
alba L. and Aesculus hippocastanum L. were used. Plants
were collected during the vegetation period in 2009.
Only leaves were used for extracts of M. alba and Ae.
hippocastanum, while whole plants were used for the
other three species. Plant material (10.0 g) was extract-
ed with 70% ethanol (100.0 ml) as a solvent. The ex-
traction was carried out using ultrasonic bath at room
temperature for 1 hour. After filtration, 5 ml of liquid
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extract was used for extraction yield determination.
The solvent was removed by rotary evaporator under
vacuum, and dried at 60°C until constant mass. Dry
extracts were stored for the analysis in glass bottles at
4°C to prevent oxidative damage (Anonymous,1984).

Prior to application, the extracts were diluted in dis-
tilled water to concentrations of 1, 2 and 5%, and then
applied to oak leaf slices (30x30 mm) by soaking for 5
sec. Ethanol (1, 2 and 5%) was used for the control var-
iant. Leaves were then air-dried for 20 sec.

L. dispar rearing

Egg hatches of a field population of L. dispar were
collected from oak trees (Kupinovo site) during the
winter 0of 2009/10 and were kept refrigerated at around
3°C until the experiment was set. The eggs were sep-
arated from hatch and placed in glass tubes (@ 1 cm,
height 16 cm) (previously filled with water up to % of
volume) on a layer of cotton wool (making no contact
with water), and than closed with cotton wool cover to
prevent the larvae from leaving the tube after hatching.
The tubes with eggs were incubated at 22-25°C under
standard light regime for 3-5 days. After hatching, L,
larvae were isolated from tubes with a soft brush, placed
in Petri dishes, and daily fed with fresh Q. robur leaves
until the stage L,/ Ls.

“No-choice” test

The effect of extracts on the feeding intensity of L.
dispar larvae was assessed in a “no-choice” test in the
laboratory. Ten larvae (L,/L; ratio 1:1) per replication
were placed into Petri dishes (@14) containing two oak
leaf slices (30x30 mm) previously treated with plant
extracts or ethanol (1, 2, 5%) for the control. The ,,no-
choice” test was carried out at room temperature (22-
25°C) and under the standard light regime of 16:8 h
(L:D). Feeding intensity, expressed as a percentage of

consumed leaf area (%) was measured after 48 h. The
experiment was set up in four replications.

For assessing the antifeeding activity of plant ex-
tracts, AFI (antifeeding index) was calculated accord-
ing to Farrar et al. (1989):

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

AFI- Antifeeding index; C- consumed area in the
control variant (%); T- consumed area in treatments (%)

The criterion according to Liu et al. (2007) was ap-
plied to categorize the plants:

AFI <20% - no antifeeding activity (=)

50%> AFI = 20% - slightly antifeeding activity (+)

70%> AFI 2 50% - medium antifeeding activity (++)

AFI 2 70% - strong antifeeding activity (+++)

Statistical analysis

The data for consumed leaf area (%) were subjected
to a two-way analysis of variance (ANOVA) to evalu-
ate the effect of two factors (plant species and concen-
tration) and their interaction. Duncan's multiple range
test was used to assess the significance of differences be-
tween treatments, but only for the factor that had sig-
nificant influence on feeding intensity. All tests were
performed at the level of significance of 95% (STATIS-
TICA.10).

RESULTS

Two-way ANOVA

The results of the two-way ANOVA (Table 1) indi-
cate that only plant species, i.e. the origin of extract,
had a statistically significant effect (source of variation)
on the percentage of consumed leafarea (F=334,967**,
P< 0.01). Concentration and interaction of the two fac-
tors (plant species x concentration) were not factors of
influence (F=0.707 and 0.731, respectively, P>0.05).

Table 1. Two-way ANOVA for the effect of different plant species, concentrations and their interaction on feeding intensity

of L. dispar larvae

Source of variation df MS F
Plant species 109056 5 21811.2 334.967*
Concentration 92.1 2 46 0.707 NS
Plant species x concentration 475.9 10 47.6 0.731 NS
Error 3581.3 S5 65.1

NS-P>0.05, *P<0.05; ** P<0.01; SS-sum of sqares; df-degrees of freedom; MS-median;

307



Sonja Gvozdenac et al.

The effect of plant extracts on consumed
leaf area (%)

The area of oak leaf slices consumed by L. dispar lar-
vae differed significantly depending on plant species (Ta-
ble 2). Regardless of extract concentration, the highest
percentage of consumed leaf area after 48 h was recorded
in the variants with leaves treated with D. carota extract
(98.88%), control (97.59%), E. canadensis (96.89%) and
A. artemisiifolia (90.05%), and differences were not statis-
tically significant. However, larval feeding in treatments
with oak leaf slices soaked in the extracts of M. alba and
Ae. hippocastanum was highly significantly reduced, re-
gardless of concentration. Larvae consumed only 18.93%
of leaf area in the treatment with M. a/ba extract and
6.24% in the treatment with Ae. hippocastanum, and the
difference between these two treatments was also highly
significant. The results indicate that M. alba and Ae. hip-
pocastanum extracts, regardless of their concentration, re-
duced the feeding of L. dispar larvae as expressed by the

percentage of consumed leaf area in the ,,no-choice” test.

Antifeeding activity of plant extracts

According to AFI values (Table 3), the extract of
Ae. hippocastanum (87.1-89.05) had strong (+++) an-
tifeeding activity against L. dispar larvae, regardless of
concentration. The antifeeding effect of M. alba ex-
tract applied at concentrations of 1% (64.33%) and 2%
(66.97%) was medium (++), while it was strong (+++)
at 5% concentration (71.37%). The extracts of 4. ar-
temisiifolia, E. canadensis and D. carota were not found
to demonstrate antifeeding activity at any applied con-
centration (AFI ranged from 0.34 to 7.21%).

Table 3. Antifeeding activity of the tested ethanol extracts

AFI Antifeeding
activity

Plant species

1% 2% 5% (1;2;5% conc)
A. artemisifolia 721 422 0.80 -——-
E. canadensis 120 3.16 0.78 -—=
D. carotta 050 1.14 0.34 -

87.10 87.78 89.05 +++ +++ +++
64.33 66.97 7137 ++ +++++

Ae. hippocastanum
M. alba

DISCUSSION

Polyphagous herbivorous insects are usually exposed
to awide range of different potential hosts. The selection
of asuitable host plant depends on its physical and chem-
ical characteristics. Unfavoured species possess quan-
titative defense mechanisms, which include anatomi-
cal, morphological and chemical characteristics such as
low nutrient content (Lazarevié et al., 2002) and pres-
ence of antifeeding components with repellent or pha-
godeterrent activity (Markovié et al., 1996). A plant-de-
rived compound that possesses antifeeding activity can
be used to control target pest insects (Mansson, 2005).

The most favorable composition of nutrients, secondary
metabolites and other biochemical compounds is certain-
ly contained in the primary host. According to Shields et
al. (2006), L. dispar best develops on species belonging to
the genus Quercus (Jankovi¢, 1958), especially Q. robur,
Q. cerris (Milanovi¢, 2006) and/or Q. rubra. Previous re-
search by Gvozdenac et al. (2010, 2011) has also indicat-
ed that L. dispar larvae feed most intensively on Q. robur
as their primary host, which was confirmed in this work.

Table 2. The effect of plant extracts on feeding intensity (consumed leaf area - %) of L. dispar larvae after 48 h

Consumed leaf area (%)

Plant extract Concentration F value
Average
1% 2% 5%

A. artemisifolia 84.46 + 17.68 aA 89.67 £ 12.23aA 96.03+ 4.28aA  90.05A 0.839 NS
E. canadensis 9996 + 0.04aA 91.60 + 4.14bA 99.11 £ 156aA 96.89 A 12996
D. carotta 98.56 + 2.83aA 99.84+ 2.83aA 98.25+ 3.06aA 98.88 A 0.016 NS
Ae. hippocastanum 6.73+ 5.88aC 635+ 6.85aC 5.65+ 1.08aC 6.24C 0.043 NS
M. alba 21.18 + 14.1 aB 1930+ 4.78aB 6.30 + 14.08 2B 1893 B 0.173 NS
Control (S % ethanol)* 9758 + 3.18aA 9759+ 3.52aA 97.60 + 2.14aA 9759 A 1.084 NS
Average (%) 68.03a 6739 a 68.822a

F value 76.92 ** 164. 81 ** 205.35 **

The results are Means+SD; Mean values with the same lowercase letters indicate the same level of significance in rows-between concentra-
tions (#=0.05); Mean values with the same uppercase letters indicate the same level of significance in columns-between plant species (¢=0.05);
NS P>0.05, *P<0.05; ** P<0.01;

*The results are presented only for the 5 % ethanol control since there were no significant differences in consumed leaf area between treatments
with 1,2 and 5 % ethanol
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The reduced feeding intensity of L. dispar larvae on
leaves treated with the extracts of Ae. hippocastanum
in our work is in consistence with data reported by Er-
turk et al. (2006), who pointed out a strong antifeed-
ing activity of this species on L. dispar larvae, and by
Gvozdenac et al. (2010, 2011). According to Markovi¢
et al. (1996), antifeeding effect is due to the presence
of esculin, which is also a main component of Fraxi-
nus ornus, another well known antifeedant for L. dis-
parlarvae.

The ethanol extract of M. alba also expressed anti-
feeding activity in our bioassay. These results are con-
sistent with reports from laboratory feeding tests on
the development of L. dispar larvae (Miller and Han-
son, 1994), which suggested that plants from the ge-
nus Morus were unsuitable for larval development and
even indicated a high mortality of younger larvae and
reduced feeding intensity by fifth instars” caterpillars.
Antifeeding activity, whether repellent or phagodeter-
rent, is probably based on a high content of glycosides.
According to Pelletier (1996) over 250 glycosides have
been isolated from M. alba leaves, out of which nine
belong to the group of deoxynojirimycin that was con-
firmed to have inhibitory effect on phytophagous lar-
vae of Spodpotera frugiperda, also a member of the or-
der Lepidoptera.

L. dispar larvae in our study expressed a feeding
affinity towards oak leaves treated with 4. artemisi-
ifolia extract, especially at 5% concentration. Simi-
lar results were presented by Pavela and Chermen-
skaya (2004) in an experiment with 18 plant spe-
cies, showing an absence of antifeeding effect of A.
artemisiifolia on S. littoralis larvae. The active com-
ponents detected in A. artemisiifolia leaves are trit-
erpene derivatives (ALPHA-amyrin acetate and BE-
TA-amyrin acetate) and caffeic acid derivatives, i.e.
chlorogenic acid and 3.5-dicaffeoylquinic acid (Ta-
mura, 2004), while Rugutt et al. (2001) detected the
presence of sesquiterpenic lactones ambrosin, isabe-
lin, psilostachyin, cumanin and peruvin with con-
firmed biological activity.

Extracts of E. canadensis are known as effective at-
tractants due to their high contents of secondary me-
tabolites, primarily sesquiterpenoid lactones. The re-
sults of this work showed that the extract of E. ca-
nadensis increased the attractiveness of primary host
leaves, although the same extract was found by Tvedten
(2006) to be repellent for Popillia japonica Newman.
Also, Cao et al. (2004) pointed out a negative effect on
the survival and eclosion of Diaeretiella rapae McIn-
tosh adults. In this work, more intensive larval feeding

was recorded in treatment with D. carota extract than
in the control. Due to a high content of sesquiterpens
in it, this plant is known as an attractant for a number
of beneficial insects of the family Chripsohidae (Mill-
er and Hanson, 1994), lacewings, ladybugs, hover-
flies, mini-wasps, (Pirate/Damsel/Big-eyed Bugs), as-
sassin bugs, as well as pests such as Papilio machaon L.
(Hagen, 2003).

Since medicinal herbs contain many biologically ac-
tive substances and complexes, it is difficult to define
which one has antifeeding activity without a detailed
chemical analysis (Pavela, 2010). In this paper we as-
sessed only the antifeeding activity (repellent or pha-
godeterrent) of several chosen plant species, while fur-
ther studies are required to clarify the biochemical ba-
sis of these effects.
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Antifiding aktivnost nekoliko
biljnih ekstrakata za gusenice
Lymantria dispar L.
(Lepidoptera: Lymantriidae)

REZIME

Lymantria dispar L. je ekonomski najznacajnija polifagna stetocina listopadnih Suma, vocnja-
ka i urbanog zelenila. Mehanicke mere i upotreba bioloskih insekticida su najcesce primenjiva-
ne mere zastite s ciliem smanjenja Steta koje prouzrokuju gusenice svojom pojavom. Medutim,
na manjim povrsinama, a posebno u godinama gradacije, neizostavna je upotreba konvencio-
nalnih insekticida u zastiti bilja i Sumarstvu. Visegodisnja neodgovarajuca primena ove grupe in-
sekticida je dovela do narusavanja ravnoteze u biocenozi, prenamonZenja ranije manje tetnih
organizama, pojave rezistentnosti stetnih vrsta na insekticide, kao i prisustva rezidua pesticida
u zemljistu i vodotokovima. U cilju smanjenja Stetnih posledica neophodno je uskladiti suzbija-
nje sa principima integralnog pristupa smanjenju brojnosti gubara, primenom selektivih i ma-
nje toksi¢nih insekticida. Naime, sve vise se istrazuje potencijal botanickih insekticida i antifiding
sredstava. Cilj ovog rada je bio da se proceni uticaj etanolnih ekstraktata Ambrosia artemisiifolia
L, Erigeron canadensis L, Daucus carota L, Morus alba L. i Aesculus hippocastanum L. na intenzitet
ishrane gusenica L. dispar, kao i njihove antifiding aktivnosti u uslovima “no-choice” testa. Ogled
je realizovan u laboratorijskim uslovima. Po 10 larvi po ponavljanju je stavljeno u petri-posude i
ponudena su im po dva isecka lista hrasta (2 x 9 cn?/ponavljanju), potopliena u biljine ekstrakte,
odnoso u 1, 2 i 5% rastvor etanola u kontroli. Intenzitet ishrane, iskazan preko procenta konzu-
mirane povrsine, je meren nakon 48 h. Za procenu antifiding aktivnosti, izracunat je AFI (@ntifee-
ding index), a biljni ekstrakti su kategorizovani prema ve¢ utvrdenoj skali: nema, slabo, srednje i
jako antifiding dejstvo. Podaci su statisticki obradeni dvofaktorijalnom analizom varijanse, uz pri-
menu Dankanovog testa visestrukih poredenja. Rezultati rada ukazuju da je znacajan uticaj na
konzumiranu povrsinu lista imalo poreklo bilinog ekstrakta, dok koncentracija i interakcija dva
faktora (bilina vrsta x koncentracija), nisu statisticki znacajno uticale na vrednost konzumirane
povrsine. Ekstrakti Ae. hippocastanum i M. alba statisticki su znacajno smaniili procenat konzumi-
rane povrsine (6.24, 18.93%, respektivno) u poredenju sa kontrolom (97.59%), dok je ekstrakt D.
carota ispoljio fagostimulativni efekat (98.88%). Na osnovu AFI vrednosti, ekstrakt Ae. hippocasta-
num (8710-89.05%) je ispoljio jaku antifiding aktivnost, a M. alba srednju do jaku (64.33-71.37%).

Kljuéne reci: Gubar; biljni ekstrakti; antifiding; insekticidi
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