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ABSTRACT
Antifeedant, malformations, and growth inhibition induced by leaves and seeds
methanolic extracts of Solanum elaeagnifolium against Spodoptera littoralis were
investigated. Seeds and leaves extracts were added to an artificial diet which was found
to have an inhibitory effect on the growth of the larvae. The highest growth inhibition
was recorded on larvae treated with seeds extract (59.68%) compared to leaves extract
(45.17%). The toxicity was demonstrated by a reduction of the weight do to the antifeeding activity, an elongation of the larval stadiums until development stopping and
larval mortality. The seeds extract shows strong antifeedant activity (28.50%) as
compared to leaves extract tested (6.64%). The larval mortality was caused by seeds
extract (100%) in response to exuviation difficulties. While, the leaves extract caused
various degrees of morphogenesis abnormalities in pupae, with mortality rate around
80%. Our results suggest that seeds methanolic extract of S. elaeagnifolium shows an
effective insect growth inhibiting and exhibits great promise in suppressing the
population of S. littoralis.

INTRODUCTION

T

he use of synthetic pesticides in agriculture
is the most widespread method for pest
control. But environmental and human
health problems related to the use of this kind of
pesticides have created an increasing pressure
against their use. In recent years, non-chemical
alternatives for pest control have been developed
and modern pesticides have become safer and more
specific, for example bio-pesticides extracted from
plants (Anarson et al. 1989; Butler and Henneberry
1990).
Solanum elaeagnifolium is an invasive and
noxious plant, originated from the United States
(Mkula 2006). It was spread in Tunisia in 1986 and
becomes very abundant (Guillerm et al. 1990). This
plant is known for its richness in Glyco-alcaloids,
substances synthesized in order to defend itself
against some plant pest (Friedman 2005) and
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Saponins (Mkula 2006), which are known by their
insecticidal activity (Oleszek et al. 1999).
In this work, we study the insecticidal effect of
S. elaeagnifolium on Spodoptera littoralis, a
noctuid moth pest which causes many damages on
many crops.

MATERIALS AND METHODS
Plant material and preparation of extracts
Solanum elaeagnifolium were collected from
Chott Mariem region. Seeds and leaves were
separated, dried at 40°C and powdered. Powdered
plant tissues (100 g) were macerated three times in
1000 mL of methanol for 24 h. Each extract was
filtrated through Whatman filter paper n°1 to
remove peel particles. After filtration, the methanol
extracts were let to evaporate at room temperature
during 48 h and stored at 4°C until tested.
Insects
Insects were obtained from a culture of S.
littoralis maintained under standard conditions of
temperature (25 ± 1°C), photoperiod (Light
16:Dark 8) and relative humidity (60-70%). Larvae
were reared individually in Petri dishes with small
artificial diet cubes based on 800 mL water, 20 g
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agar, 150 g chickpea powder, 40 g beer yeast, 5 g
ascorbic acid, 1 g benzoic acid and 1 g nipagin.
Feeding assays
Antifeedant activity of the S. elaeagnifolium
methanolic extracts against larvae was investigated.
In fact, newly emerged third instar larvae were
weighed and placed individually in Petri dishes.
Then, they were fed with disc of 1g of treated
artificial diet prepared from 0.6 g of each crude
extract mixed with 30 g of artificial diet. Each disc
was weighed before being presented to the larvae,
and reweighed and replaced by a new weighed disc
every 2 days. The feeding trial was conducted for 8
days in 10 replicates. The feeding deterrence (FD
%) was calculated using the formula of Isman et al.
(1990) :
FD % = (C - T) / (C + T) × 100
With C: Consumption of the control discs.
T: Consumption of treated discs.

The following criteria were adopted to categorize
the antifeedant index according to Liu et al. (2007):
FDI% < 20%: (-) No feeding deterrence,
50% > FDI% ≥ 20%: (+) Weak feeding deterrence,
70% > FDI% ≥ 50%: (++) Moderate feeding
deterrence,

African cotton leaf worm are shown in Table 1. In
fact, only the seed extract has an antifeeding effect
on larvae of S. littoralis. However, this effect was
low and considered as a weak feeding deterrence
(50%> FD ≥ 20%).
Topical application action
The incorporation of methanol extract of leaves
and seeds in the artificial diet of S. littoralis has a
toxic effect on S. littoralis. It causes a high
mortality of larvae and pupae. In fact, a total larval
mortality was observed for seeds extract with no
effect on pupae. However, leaves extract caused
80% larval mortality and has no effect on larvae
(Table 2).
The development of larvae fed on artificial diet
treated by extracts of S. elaeagnifolium was
delayed. In the case of seeds, after more than one
month, 100% of larvae having a reduced size and
died because of a molting difficulty.
In the case of leaves, after 15 days of delay,
60% of dwarf pupae and 40% of malformed pupae
(persistence of the head capsule) were formed
(Figures 1, 2 and 3). After 9 days of delay, only
20% of dwarf adults were emerged from dwarf
pupae (Figure 3). For the control, all larvae became
normal adults
Relative growth rate

The relative growth rate (RGR) was calculated
every 2 days over the 10-days trial according the
formula of Zhang et al. (1993) as follows:

Figure 4 shows that these methanolic extracts
limited significantly (p≤0.05) the growth rates as
compared to the untreated control. In fact, seeds
extract has the highest effect on the growth of
S.littoralis larvae. Moreover, a significant effect
was also observed for leaves extract.

RGR(%) = final wt/initial wt/day

DISCUSSION

and expressed in mg/mg mean wt/day with wt:
weight.

Methanol extract of S. elaeagnifolium seeds and
leaves possess toxic effect on larvae and pupae of
S. littoralis and can inhibit the insect growth.
Similar results were observed by Markouk et al.
(2000) on Anopheles labranchiae larvae. The
higher mortality rate was observed in the case of
seeds extract on larvae. The toxicity was revealed
by ingestion. The same results were found on
Tribolium castaneum by Ben Hamouda et al.
(2015). This activity is mainly attributed to the
glycoalkaloids (solamargine, solasonine and
solasodine) causing the mortality of the insect
(Weissenberg et al., 1998). Furthermore, similar
results concerning inhibition of larval growth and
development were observed for seed and leaf

FDI% ≥ 70%: (+++) Strong feeding deterrence.

Statistical analysis
The experiment results were statistically analyzed
by the mean of one-way analysis of variance
ANOVA and when results were statistically
significant at p = 0.05, Student-Newman-Keuls test
was used.

RESULTS
Antifeedant activity
Results related to the feeding deterrent activity
of the two extracts tested against larvae of the

Table 1. Feeding deterrent activity of seeds and leaves extracts of S. elaeagnifolium against S. littoralis larvae.
Organs

Feeding deterrence (FD %)

Seeds

28,50 ± 5,09 (+)

Leaves

6,64 ± 6,04 (-)
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Table 2. Toxic activities of seeds and leaves extracts of S. elaeagnifolium against S. littoralis larvae and pupae.
Treatments

Larval mortality (%)

Pupal mortality (%)

Seeds Extract

100

0

Leaves Extract

0

80

Control

0

0

A

B

Figure 1: Dwarfing of larvae (A) and adults (B) treated
with leaves methanolic extract of S. elaeagnifolium.

extracts also on T. castanem (Ben Hamouda et
al. 2015). Moreover, Weissenberg et al. (1998)
have shown that glycoalkaloids extracted from
Solanum are the essential compounds inhibiting T.
castaneum larval development. Furthermore,
similar symptoms as dwarfing of larvae,
persistence of the old cuticule, pupal and larval
mortality were observed on S. littoralis larvae and
pupae treated with Cestrum parquii extract (Chaieb
et al. 2002).

Antifeedant chemicals play an important role in
the unsuitability of non-host plants as food for
insects. In the present study, methanolic extract of
seeds of S. elaeagnifolium causes a feeding
deterrence of 28.5%. This indicates that the active
principals present in this plant inhibit feeding
behavior of the insect or make the food unpalatable
resulting in feeding deterrence. Wink (2006)
showed that this feeding deterrence activity is
caused by glycoalkaloids and steroidal saponins
which are widespread in the genus Solanum.

Figure 3: Impact of larval feeding based on treated artificial diet
with leaves and seeds methanolic extracts of S. elaeagnifolium
on pupae morphology and adult emergence of S.littoralis.
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Figure 2: Morphological abnormalities of S.littoralis
larvae treated with leaves methanolic extract of S.
elaeagnifolium.

CONCLUSION
These results suggest two hypotheses: the
antifeeding activity of Solanum reduces the
caterpillars weight and consequently dwarf of
pupae was observed. Small size can also be
explained by of the hormonal balance disruption of
the insect causing early pupation. Therefore, seeds
and leaves methanolic extracts showed a strong
antifeedant activity and growth disturbance. The
obtained results suggest an interesting opportunity
to develop bioinsecticides based on S.
elaeagnifolium extracts for the control of this
serious lepidopteron pest and other pests that may
affect production.

Figure 4: Effect of seeds and leaves methanolic extracts of
S. elaeagnifolium on the relative growth rates of S.littoralis
larvae. (a), (b) and (c): Different letters differ significantly
according to the test of Student-Newman-Keuls (p ≤ 0.05).

Ben Hamouda et al.

REFERENCES
Arnason J.T. Philogen B.J.R. Morand P. (1989)
Insecticides of Plant Origin. ACS, Symposium
Series No. 387, American Chemical Society,
Washington, D.C. USA, pp: 213
Ben Hamouda A. Chaieb I. Zarrad K. Laarif A.
(2015) Insecticidal activity of methanolic
extract of silverleaf nightshade against
Tribolium castaneum. International Journal of
Entomological Research, 3 (1): 23-28.
Butler G.D. Henneberry T.J. (1990) Pest control on
vegetables and cotton with household cooking
oils and liquid detergents. Southwest.
Entomology, 15 : 123-131.
Chaieb I. Ben Halima-Kamel M. Ben Hamouda
M.H. (2002) Malformations caused by the
addition of Cestrum parquii (Solanaceae) dry
extract in the artificial diet of Spodoptera
littoralis
and
Helicoverpa
armigera
(Lepidoptera,
Noctuidae).
International
Mediterranean Group pf Pesticide Research,
Sousse, April 24-26.
Friedman M. (2005) Analysis of biologically active
compounds in potatoes (Solanum tuberosum),
tomatoes (Lycopersicon esculentum), and
jimson weed (Datura stramonium) seeds.
Journal of Chromatography A, 1054: 143-155.
Guillerm J.L. Le Floch E. Maillet J. Boulet C.
(1990) The invading weeds within the western
Mediterranean basin. In: Biological invasions
in Europe and the Mediterranean basin, Di
Castri F., A.J. Hansen and M. Debussche
(Eds.). Kluwer Academic Press, Dordrecht, pp:
61- 84.
Isman M.B. Koul O. Luczynski A. Kaminski J.
(1990) Insecticidal and antifeedant bioactivities
of neem oils and their relationship to
azadirachtin content. Journal of Agricultural
and Food Chemistry, 38: 1406-1411.

Journal sponsorship
Azarian Journal of Agriculture is grateful to
the University of Maragheh and its faculty members for
their ongoing encouragement, support and assistance.

74

Vol 2 Issue (3): 71-74

Liu Z.L. Swee H.G. Shuit H.H. (2007) Screening
of Chinese medicinal herbs for bioactivity
against Sitophilus zeamais Motschulsky and
Tribolium castaneum (Herbst). Journal of
Stored Products Reserach, 43: 290-296.
Mkula N.P. (2006) Allelopathic Interference of
Silverleaf Nightshade (Solanum elaeagnifolium
Cav.) with the Early Growth of Cotton
(Gossypium hirsitum L.). Master degree in
Agronomy. Faculty of Natural and Agricultural
Sciences, University of Pretoria, Pretoria. 100
pp.
Markouk M. Bekkouche K. Larhsini M. Bousaid
M. Lazrek H.B. Jana M. (2000) Evaluation of
some Moroccan medicinal plant extracts for
larvicidal
activity.
Journal
of
Ethnopharmacology, 73: 293-297.
Oleszek W. Junkuszew M. Stochmal A. (1999)
Determination and Toxicity of Saponins from
Amaranthus cruentus Seeds. Journal of
Agricultural and Food Chemistry, 47: 36853687.
Weissenberg M. Levy A. Svoboda J.A. (1998) The
effect of some solanum steroidal alkaloid and
glycoalkaloides on larvae of the red flour
beetle, Tribolium Casteneum, and the tobacco
hornworm. Phytochemistry, 47: 203-209.
Wink M. (2006) Importance of plant secondary
metabolites for protection against insects and
microbial infections. In: Advances in
Phytomedicine Series, Volume III, Naturally
Occurring Bioactive Compounds, edited by Rai
M. Carpinella M.C. Elsevier, Oxford, 502 pp.
Zhang M. Chaudhuri S.K., Kubo I. (1993)
Quantification of insect growth and its use in
screening of naturally occurring insect control
agents. Journal of Chemical Ecology, 19(6):
1109-1118.

