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Abstract
Emsen B., Yildirim E., Aslan A. (2015): Insecticidal activities of extracts of three lichen species on Sitophilus
granarius (L.) (Coleoptera: Curculionidae). Plant Protect. Sci., 51: 155–161.
Four different concentrations of extracts obtained from three lichen species (Lecanora muralis (Schreb.) Rabenh.,
Letharia vulpina (L.) Hue, and Peltigera rufescens (Weiss) Humb) were tested against adults of Sitophilus granarius (L.)
in Petri dishes. After treatments, mortalities of the adults were determined after 24, 48, and 96 h. Expectedly, higher
concentration and longer exposure time resulted in higher S. granarius mortality. Mortalities 96 h after treatments
with the highest concentration (20 mg/ml) of extracts of L. vulpina, P. rufescens, and L. muralis were determined as
100, 100, and 86.86%, respectively. However, there were no dead insects in the control group. Values of LC 50 after 96 h
for L. muralis, L. vulpina, and P. rufescens extracts were 0.666, 0.505, and 0.328 mg/ml, respectively.
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The wheat weevil, Sitophilus granarius (L.) (Coleoptera: Curculionidae), also known as grain weevil or
granary weevil, is a common economic pest all over
the world. S. granarius decreases the post-harvested
grain yield at storage significantly (Yildirim 2012).
Chemical insecticides are the method of choice for
controlling stored grain pests. A rapid and efficient
control of the pests is generally provided with chemical insecticides. Nevertheless, the chemical insecticides cause many environmental hazards and are
detrimental to human health (Liess & von der Ohe
2005; Frampton et al. 2006; Starks et al. 2012).
In order to overcome the undesirable effects of insecticide use, many researchers are looking for new
biological insecticides, which provide pest control
with minimal environmental hazards (Emsen et al.
2012a,b; Yildirim et al. 2012a,b, 2013).
Lichens can be a good source of biological insecticides. They contain many secondary metabolites
and are formed through symbiosis between fungi and
algae and/or cyanobacteria (Galun 1988; Brodo et
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al. 2001; Nash 2008). Many metabolites obtained
from approximately 60 lichen species are used in
antimicrobial, anticancer, antiallergen, immunological, and expectoral drugs (Kirmizigul et al. 2007). In
recent years, researchers have been focusing on the
secondary compounds of lichens commonly known
as lichen acids to be used as alternatives for chemical
insecticides (Emsen et al. 2012a; Yildirim et al. 2012a).
In addition, antiviral, antiprotozoal, antiproliferative,
analgesic, anti-inflammatory, and antipyretic activities of usnic acid, known as a secondary metabolite,
have been researched (Cocchietto et al. 2002; Ingolfsdottir 2002; Rattan 2010). However, to the
best of our knowledge, studies have not yet been
conducted to evaluate the insecticidal activities of
lichens against S. granarius. Therefore, the present
study was designed to evaluate the insecticidal effects
of four different concentrations of extracts of Lecanora
muralis (Schreb.) Rabenh., Letharia vulpina (L.) Hue,
and Peltigera rufescens (Weiss) Humb. against adults
of S. granarius under laboratory conditions.
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MATERIAL AND METHODS
Insects. The culture of S. granarius used in the study
was started using insects collected from the Erzurum
storage house. Wheat grains were purchased from
a local market and stored at –20°C. The wheat was
washed using tap water, and dried by heating before
use in the experiments in order to prevent infestation
by insects. S. granarius adults were reared in the
laboratory at 25 ± 1°C, 64 ± 5% relative humidity, and
12 h photoperiod in the Department of Plant Protection, Atatürk University, Turkey. The adults obtained
from laboratory cultures were kept in separate insect
cages that contained wheat diet.
Plant material and isolation of lichen extracts.
L. muralis, L. vulpina, and P. rufescens were collected
during the period June 2012–2013 from Erzurum,
Turkey. All samples were identified and stored in
the Kazim Karabekir Education Faculty at Atatürk
University, Erzurum. After collection, lichen samples
were dried under room conditions. Air-dried lichen
samples were pulverised and extracted by Soxhlet
extractor. Metabolites from each 30 g lichen sample
were extracted by using 300 ml of distilled n-hexane,
diethyl ether, acetone, and methanol solvents. Extractions by n-hexane and diethyl ether solvents
were conducted over two days at 25°C. Extractions
by acetone and methanol solvents lasted three days
and were conducted at 25°C. Thereafter, all extracts
were mixed together and the solvents of each extract were evaporated using a rotary evaporator in
order to obtain the total crude extract. Through this
process, total lichen extracts were obtained. Total
lichen extracts were then dissolved in 80% acetone.
The concentrations of the solutions for each lichen
species were 2.5, 5, 10, and 20 mg/ml. Extraction
of L. muralis, L. vulpina, and P. rufescens yielded
8.33, 7.50, and 6.62% (w/w) of lichen substances,
respectively. The yields were based on dry materials
of lichen samples.
Determination of the age of the adults. Four- to
six-day old S. granarius adults were used. Larvae
and pupa with wheat grain were placed separately in
Petri dishes. After adult emergence from pupa, they
were collected and used for the same tests.
Bioassays. To determine the toxicity of the extracts
against S. granarius adults, 33 adults were placed in
9 cm Petri dishes that contained 33 kernels of wheat.
The concentrations of the extracts used were 2.5,
5, 10, and 20 mg/ml with each Petri dish assigned
a single concentration. For each Petri dish 0.8 ml

of extract solution was used. The 0.8 ml of extract
solution was applied using an airbrush spray gun.
Mortalities of adults were determined 24, 48, and
96 h after exposure. A Petri dish sprayed with only
80% acetone solution was used as the control. There
were three replicates for each concentration and
exposure time combination and insecticidal activity
of extracts was expressed as percentage mortality
of the adults.
Statistical analyses. The differences among the
insecticidal activities of lichen extracts tested were
determined by the analysis of variance (ANOVA)
test using SPSS software. Duncan and LSD tests were
used for comparison of means.
The LC50 (median lethal concentration) values were
calculated following the method of Finney (Finney
1971). Probit analysis of concentration-mortality
data was conducted to estimate the LC 50 values and
associated 95% confidence limits for each treatment
using the EPA Probit Analysis Program.

RESULTS
Extracts were toxic to adults of S. granarius at different concentrations and exposure times. Maximum
mortalities were recorded after 96 h of exposure at
all concentrations (Table 1, Figures 2 and 3). There
were high positive correlations between concentration
and insecticidal effect; exposure time and insecticidal
effect (Table 2). For concentration-insecticidal effect
correlation, L. muralis had the lowest correlation
coefficient (0.446), whereas P. rufescens had the highest coefficient (0.513). For elapsed time-insecticidal
effect correlation, L. muralis had very high positive
correlation (0.832), whereas P. rufescens had the
lowest correlation of 0.739 (Table 2).
Extracts from the three species of lichens were toxic
to S. granarius adults (Tables 1 and 2). Treatments
with extracts of L. vulpina and P. rufescens resulted
in higher mortality of S. granarius adults compared
to L. muralis which caused low mortality (Table 1).
After 24 h exposure, the L. muralis 20 mg/ml extract treatment caused significantly higher mortality
than the control, the 5, 10, and 20 mg/ml extracts of
L. vulpina and P. rufescens also caused significantly
higher mortality (Table 1). Extracts of P. rufescens
caused no significant increase in mortality after
48 h of exposure. Mortalities caused by 5, 10, and
20 mg/ml extracts of L. vulpina and 10 and 20 mg/ml
extracts of L. muralis were significantly higher than
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Figure 1. Percentage mortality of Sitophilus granarius
exposed to extracts of three lichen species at different
concentrations. Each value is expressed as mean ± standard deviation (n = 3)

Figure 2. Percentage mortality of Sitophilus granarius
according to the treatment times of extracts of three lichen species. Each value is expressed as mean ± standard
deviation (n = 3)

those in the control. After 96 h of exposure, all lichen
extracts resulted in significantly higher mortalities
than the control (Table 1).
Based on data for all concentrations, toxicity of
extracts of the three lichen species on S. granarius
in decreasing order was P. rufescens > L. vulpina >
L. muralis. At the highest concentration (20 mg/ml),
insecticidal activities (cumulative mortalities) of
P. rufescens, L. vulpina, and L. muralis extracts on
S. granarius were 81.47, 80.13, and 58.91%, respectively (Figure 1).
The highest cumulative mortalities after 24, 48,
and 96 h of exposure were caused by P. rufescens
extract. After 96 h of exposure, insecticidal activities

(cumulative mortalities) of P. rufescens, L. vulpina,
and L. muralis extracts on S. granarius were 92.16,
87.36, and 76.25%, respectively (Figure 2).
The rapid ability of insecticides in killing pests is
important in postharvest loss mitigation. After 24 h
exposure, although the extracts with concentration
of 2.5 and 5 mg/ml obtained from L. muralis failed
to exert any mortality effects, the extracts with all
concentrations of L. vulpina and P. rufescens began
to show insecticidal activity against S. granarius (Table 1 and Figure 3). Cumulative mortalities after 24,
48, and 96 h of exposure and cumulative mortalities
of treatments with different concentration of lichen
extracts on S. granarius were given in Figures 1

Table 1. Mortality effects of three lichen species extracts on Sitophilus granarius adults
Treatment

Lecanora muralis

Letharia vulpina

Peltigera rufescens
Control
a

Concentration
(mg/ml)

Mean mortalitya
24

b

48b

96b

2.5
5

0.00 ± 0.00D
0.00 ± 0.57D

2.02 ± 0.57E
3.03 ± 0.00E

68.68 ± 1.52D
69.70 ± 4.58D

10
20

21.21 ± 3.00BCD
38.38 ± 3.05B

28.28 ± 2.08D
51.51 ± 3.60BC

79.79 ± 1.1CD
86.86 ± 0.57BC

2.5
5

10.10 ± 1.52CD
27.27 ± 5.29BC

21.21 ± 6.08DE
36.36 ± 3.60CD

81.81 ± 1.00BC
81.81 ± 1.00BC

10
20

31.31 ± 2.51BC
66.66 ± 7.00A

39.39 ±3.60CD
73.73 ± 1.52A

85.85 ± 0.57BC
100.00 ± 0.00A

2.5
5

17.17 ± 3.21BCD
29.29 ± 2.08BC

32.32 ± 3.21CD
35.35 ± 2.08CD

10
20

65.65 ± 1.52A
68.68 ± 3.05A

67.67 ± 2.30AB
75.75 ± 2.64A

92.92 ± 0.57AB
100.00 ± 0.00A

–

0.00 ± 0.00D

0.00 ± 0.00E

0.00 ± 0.00E

86.86 ± 1.15BC
88.88 ± 0.57ABC

mean ± standart deviation of three replicates, each set-up with 33 adults; bexposure time (h); values followed by different
capital letters in the same column differ significantly at P < 0.01
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Concentration-mortality data for each extract were
subjected to probit regression analysis in order to
determine LC50 values for 24, 48, and 96 h after exposure (Table 3). Among the three lichen samples, the
most potent insecticidal lichen was P. rufescens with
LC 50 value of 0.328 mg/ml for 96 h after exposure.
Whereas, the least potent lichen was L. muralis with
LC 50 value of 0.666 mg/ml for 96 h after exposure.
Based on LC50 values of lichen extracts at 24, 48, and
96 h after exposure, the strength of the three species of lichens in decreasing order is P. rufescens >
L. vulpina > L. muralis (Table 3).

Table 2. Correlation between different variables and three
lichen species extracts
Mortality–Con- Mortality–Expocentrationa
sure timea

Treatment
Lecanora muralis

0.446b

0.832b

b

0.739b

Letharia vulpina

0.510b

Peltigera rufescens

0.513

0.764b

a

Pearson correlation coefficient; bcorrelation is significant at
the 0.01 level

and 2, respectively. Insecticidal activities after 96 h
of treatment were recorded as 100, 100, and 86.86%
at maximum concentration (20 mg/ml) of extracts
obtained from L. vulpina, P. rufescens, and L. muralis,
respectively. (Table 1 and Figure 3).
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Many chemical insecticides are broad-spectrum
killing both target and non-target organisms, which
could comprise invertebrates and vertebrates. Less
than judicious application of pesticides results in
conversion products of the pesticide or the pesticide
itself remaining in food, soil, water, and air. Even
though some pesticides are not viewed as toxic,
many of them could cause deleterious effects on
the nervous system, and could have carcinogenic
influences and even mutagenic (Liess & 2005; Frampton et al. 2006; Starks et al. 2012). Based on the
afore-mentioned hazardous effects of pesticides,
natural insecticides that are highly efficacious and
are of reduced risk, such as lichen extracts, should
be sought for the control of pests. Many of the detrimental effects of traditional pesticides on human
health and the environment would be reduced by a
more widespread use of reduced risk pesticides such
as natural insecticides.
Biological insecticides derived from plants and
microorganisms are used against many pests including insects (Lacey et al. 2009; Kim et al. 2010; Raudonis et al. 2010; Sharifian et al. 2013). Extracts
and secondary metabolites of lichens have been
demonstrated as effective biological insecticides
against pests such as S. granarius (Emsen et al. 2012a;
Yildirim et al. 2012b), Sitophilus zeamais (Yildirim
et al. 2012a), and Leptinotarsa decemlineata (Emsen
et al. 2012b). However, before the current study,
there were no reports on the insecticidal effects
of L. muralis, L. vulpina, and P. rufescens extracts
against S. granarius.
Our data suggest that the extracts isolated from
the three different lichen species investigated might
have different toxicity, and this could be attributed to
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Table 3. The LC50 values (mg/ml) of three lichen species extracts on adults of Sitophilus granarius
Treatment
Lecanora muralis

Letharia vulpina

Peltigera rufescens

Exposure time (h)

LC50 (limits)

24

23.022 (19.329–30.083)

2.987 ± 0.420 (2.163–3.811)

48

18.671 (15.864–23.282)

2.626 ± 0.307 (2.025–2.227)

96

0.666 (0.028–1.641)

0.717 ± 0.212 (0.302–1.133)

24

13.454 (11.079–17.413)

1.744 ± 0.218 (1.317–2.172)

48

9.776 (7.950–12.581)

1.450 ± 0.203 (1.053–1.848)

96

0.505 (0.045–1.175)

1.063 ± 0.270 (0.534–1.591)

24

8.560 (7.197–10.343)

1.749 ± 0.208 (1.343–2.156)

48

6.231 (4.977–7.672)

1.439 ± 0.200 (1.047–1.832)

96

0.328 (0.011–0.910)

1.139 ± 0.321 (0.510–1.768)

differences in their chemical composition differing
major or minor components. Previous studies have
demonstrated that the toxicity of extracts isolated
from lichen samples against pests was related to
their secondary components (Emsen et al. 2012a;
Yildirim et al. 2012a).
Based on our data, the extracts of L. vulpina and
P. rufescens were more toxic against adults of S. granarius than were the extracts of L. muralis. L. vulpina
and P. rufescens have compounds that show insecticidal activity and have the potential for being used
as biological insecticidal agents against S. granarius.
References
Brodo I.M., Sharnoff S.D., Sharnoff S. (2001). Lichens of North
America. New Haven & London Yale University Press.
Cocchietto M., Skert N., Nimis Pl., Sava G. (2002).: A review on usnic acid. An interesting natural compound.
Naturwissenschaften, 89: 137–146.
Emsen B., Yildirim E., Aslan A., Anar M., Ercisli S. (2012a):
Insecticidal effect of the extracts of Cladonia foliacea
(Huds.) Willd. and Flavoparmelia caperata (L.) Hale
against adults of the grain weevil, Sitophilus granarius
(L.) (Coleoptera: Curculionidae). Egyptian Journal of
Biological Pest Control, 22: 145–149.
Emsen B., Bulak Y., Yildirim E., Aslan A., Ercisli S. (2012b):
Activities of two major lichen compounds, diffractaic acid
and usnic acid against Leptinotarsa decemlineata Say,
1824 (Coleoptera: Chrysomelidae). Egyptian Journal of
Biological Pest Control, 22: 5–10.
Finney D.J. (1971): Probit Analysis. 3rd Ed. London, Cambridge University Press.
Frampton G.K., Jansch S., Scott-Fordsmand J.J., Rombke
J., Van den Brink P.J. (2006). Effects of pesticides on soil
invertebrates in laboratory studies: A review and analysis

160

Slope ± standard error (limits)

using species sensitivity distributions. Environmental
Toxicology and Chemistry, 25: 2480–2489.
Galun M. (1988): Lichenization. In: Galun M. (ed.): CRC
Handbook of Lichenology. Boca Raton, CRC Press: 153–169.
Ingolfsdottir K. (2002). Usnic acid. Phytochemistry, 61:
729–736.
Kim J.S., Roh J.Y., Choi J.Y., Je Y.H. (2010): Influence of
two FPLC fractions from Beauveria bassiana SFB-205
supernatant on the insecticidal activity against cotton
aphid. Biocontrol Science and Technology, 20: 77–81.
Kirmizigul S., Koz O., Boke N. (2007): Constituents of apolar extracts including essential fatty acids of some Turkish
lichens. Chemistry of Natural Compounds, 43: 462–464.
Lacey L.A., de la Rosa F., Horton D.R. (2009): Insecticidal
activity of entomopathogenic fungi (Hypocreales) for potato psyllid, Bactericera cockerelli (Hemiptera: Triozidae):
Development of bioassay techniques, effect of fungal
species and stage of the psyllid. Biocontrol Science and
Technology, 19: 957–970.
Liess M., Von der Ohe P.C. (2005): Analyzing effects of
pesticides on invertebrate communities in streams. Environmental Toxicology and Chemistry, 24: 954–965.
Nash T.H. (2008): Lichen Biology. Cambridge, New York,
Cambridge University Press.
Rattan R.S. (2010): Mechanism of action of insecticidal
secondary metabolites of plant origin. Crop Protection,
29: 913–920.
Raudonis L., Duchovskiene L., Valiuskaite A., Surviliene
E. (2010): Toxicity of biopesticides to green apple aphid,
predatory insects and mite in an apple-tree orchard.
Zemdirbyste-Agriculture, 97: 49–54.
Sharifian I., Hashemi S.M., Darvishzadeh A. (2013): Fumigant toxicity of essential oil of Mugwort (Artemisia
vulgaris L.) against three major stored product beetles.
Archives of Phytopathology and Plant Protection, 46:
445–450.

Plant Protect. Sci.

Vol. 51, 2015, No. 3: 156–161
doi: 10.17221/101/2014-PPS

Starks S.E., Hoppin J.A., Kamel F., Lynch C.F., Jones M.P., Alavanja M.C., Sandler D.P., Gerr F. (2012): Peripheral nervous
system function and organophosphate pesticide use among
licensed pesticide applicators in the agricultural health
study. Environmental Health Perspectives, 120: 515–520.
Yildirim E. (2012): Pests of stored product and their control
methods. 3rd Ed. Erzurum, Atatürk University Agricultural Faculty Press: 123.
Yildirim E., Emsen B., Aslan A., Bulak Y., Ercisli S. (2012a).
Insecticidal activity of lichens against the maize weevil,
Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae). Egyptian Journal of Biological Pest Control, 22:
151–156.

Yildirim E., Aslan A., Emsen B., Cakir A., Ercisli S. (2012b):
Insecticidal effects of Usnea longissima (Parmeliaceae)
extract against Sitophilus granarius (Coleoptera: Curculionidae). International Journal of Agriculture and
Biology, 14: 303–306.
Yildirim E., Emsen B., Kordali S. (2013): Insecticidal effects
of monoterpenes on Sitophilus zeamais Motschulsky
(Coleoptera: Curculionidae). Journal of Applied Botany
and Food Quality, 86: 198–204.
Received December 12, 2014
Accepted after corrections March 31, 2015

Corresponding author:
Dr Bugrahan Emsen, Karamanoğlu Mehmetbey University, Kamil Özdağ Faculty of Science, Department of Biology,
Karaman, 70200, Turkey; E-mail: bugrahanemsen@gmail.com

161

