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ABSTRACT

In the present study, 6 pure monoterpene hydrocarbons were tested as single compounds and
mixtures for their toxicity against the second and third instars larvae and adults of Colorado potato
beetle (Leptinotarsa decemlineata Say). In order to measure the toxicity of compounds tested insects
were placed in glass Petri dishes, in which monoterpene hydrocarbons had been spraved. Tested
compounds used in 2 different doses, 5 and 10 mg/Petri dish. The majority of tested compounds
were found to be toxic to the larvae and adults; however, the percentage of mortality varied from
15 to 100%. In general, Limonene and Myreene showed strong toxicity against the second instars
larvae and adults. ¢-Pinene had relatively high toxicity against the adults. However, y-Terpinene
was more toxic against the second instars larvae. The toxicity of Camphene was low against all
developmental stages. In mixtures, y-Terpinene displayed antagonistic effects but other compounds
showed effects varying from no ocbservable to additive. According to the cutcome of this study these
6 compounds can be used as potential control agents against both larvae and adults of Colorado
potato beetle either as single compounds or in mixtures,

Key words: Botanical insecticides, potato key pest, Leptinotarsa decemlineta, monoterpene
hydrocarbons, pinenes

INTRODUCTION

The Colorado potato beetle, Leptinotarsa decemlineata Say, 1s one of the most destructive and
devastating insect pests in many countries all over the world and uncontrolled CBF
populations can completely defoliate potato plants and cause a complete loss of tuber production
{Hare, 1990). The Colorado potato beetle 1s a polyphagous pest and can feed on different species
of vegetables of the nightshade family such as potatoes, tomatoes, eggplants and peppers. The adult
beetles as well as their larvae can strip the plants of leaves and ruin an entire crop if left to their
own devices (Lawrence and Koundal, 2002; Kordali et «l., 2008). This insect has been
reported in Iran since 1983 and its distribution in the northwest of Iran is intolerable
{Khorram et al., 2010},

404



oJ. Entomol., 8 (5): 404-416, 2011

Chemical insecticides have been the primary means of controlling these kinds of pests but
because of many problems associated with the use of synthetic pesticides like resistance and
tolerance to these compounds, use of chemicals to protect agricultural products is imited and being
replaced by environmentally-benign alternatives (Subramanyam and Hagstrum, 1996). Hence,
there is a need to develop natural and safe bic-pesticides such as the methods used in Integrated
Pest Management (Park et al., 2003; Aslan ef al., 2004; Dadji et al., 2011; Mulungu et ¢l., 2011).
Thus, there 1s an increasing interest in research concerning with the development of new
alternative pesticides, such as insect growth regulators, fungal pathogens, toxic natural products
including plant essential ails, extracts and secondary metabolites.

Many scientists believe that plant extracts or individual compounds of them can be one of the
most efficient alternatives to pest controls (Hoffmann and Frodsham, 1993; Gonzalez-Coloma et al.,
1998, 2002, 2004; Zolotar et al., 2002; Scott et al., 2003, 2004), Natural products are relatively safe
to environment and mammalian health as compared with synthetic chemicals as a result of high
compatibility of organisms with natural compounds during thousands of years (Baier and Webster,
1992; Oparaeke and Kuhiep, 2008). For instance, it has been demonstrated that monoterpenes
which are important constituents of plant essential cils, are easily degradable in soil and water
(Keita ef al., 2000; Tapondjou et al., 2002),

Essential oils are natural products that contain natural flavors and fragrances grouped as
monoterpenes (hydrocarbons and oxygenated derivatives), sesquiterpenes (hydrocarbons and
oxygenated derivatives) and aliphatic compounds (alkanes, alkenes, ketones, aldehydes, acides and
alechols) that provide characteristic odors. Many essential ails 1solated from various plant species
belonging to different genera contain relatively high amounts of monoterpenes. Insecticidal
properties of numerous essential oils and some monoterpenes have been extensively studied against
various insect species (Kl Nahal ef al., 1989; Xie et al., 1995; Haque ef al., 2000; Isman ef al., 2001;
Kim and Ahn, 2001; Tune et al., 2000).

The aim of the present study is assess the toxicity of six monoterpene hydrocarbons as single
compounds and mixtures against the second and third instars larvae and adults of L.decemiineata
to find the efficiency of these compounds to control of L. decemlineata.

MATERIALS AND METHODS

Chemicals: The pure monoterpene hydrocarbons were commercially from Fluka, Sigma, Aldrich
and Bayer. The compounds tested for toxicity against Colorado potato beetle were Camphene
{(Fluka, purity 90-95%), Limonene (Fluka, purity 98%), Myrcene (Aldrich, purity 98%), a-pinene
(Fluka, purity 95-97%), p-pinene (Fluka, purity 95%), y-terpinene (Sigma, purity 95%) and
Thicdan ® (Bayer, WF 50%).

Insects: The second and third instars larvae and adults of L.decemiineata (Say) were collected in
April 2008 and 2009 from potatoe fields of Bojnord (situated in the northeast of Iran and 250 km
far away from Mashhad, the second biggest city in Iran), where this pest caused more than 30%
loss of potato yield and the use of synthetic insecticide was the most important mean of control.
Then they were reared in the laboratory at 25+£3°C, 7045 relative humidity and 16:8 (L:D) in the
laboratory of Plant Protection Department at Azad University of Mashhad from April to August of
each years. The adults and larvae cbtained from laboratory cultures stored in separate insect cages

including appropriate potato leaves. The number of collected insects was not enough for the
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experiment. So, they were kept as stock and their progeny was used for all experiments. All insects
from each farm were fed by potato leaves from the same farm during the time of rearing. Tests are

also carried out under the same condition and in the same laboratory.

Bioassays using pure compounds: Glass Petri dishes (12 em widex2 em deep) were used as
exposure chambers to test the toxicity of pure commercial compounds against the second and third
larvae and adults of L.decemlineata. The 5 and 10 pL of liquid compounds were impregnated to
Whitman No.1 Paper which was placed on the bottom of Petri dishes, by an automatic pipette. The
solid compounds were solved primarily in ethanol (500 mg mL™ concentration) and then
10 and 20 uL of these solutions, correspending to 5 and 10 mg/Petri dishes, respectively were
impregnated to Whitman No.1 paper in each Petri dish by using an automatic pipette.
Ethancl was vaporized in atmospheric condition for 3 min. Then 15 larvae and adult of
L.decemlineata were placed on the filter paper, containing the appropriate amounts of potato
leaves. Thus, although there was no direct contact between the moncterpene hydrocarbons and
insects, the potate leaves had direct contact with these compounds. After that Petri dishes were
covered with a lid and transferred into incubator and then kept under standard conditions of
256+£3°C, 7045 relative humidity and 16:8 (L:D) photoperiod for 4 days. After exposure, the mortality
of the adults and larvae was counted at 48 and 96 h. Control treatments without monoterpene
hydrocarbons were treated in the same way. Kach experiment was replicated for 3 times at each

dose.

Data analysis: The results of mean mortality were subjected to one-way variance analyses
(ANOVA), using SPSS 10.0 software package. Differences between means were tested through LSD
and values of p<0.05, 0.01 and 0.001.

RESULTS

Toxicity of single compounds: The toxicity of six pure commercial monoterpene hydrocarbons
individually and combined with each other was determined against the second and third instars
larvae and the adults of Colorado potato beetles. Liquid moncoterpenes at 5 and 10 pl./Petr dishes
doses and solid menoterpenes at 5 and 10 mg/Petri dishes doses were applied for toxicity tests and
their toxicities were compared to control. The data showed that monoterpene hydrocarbons
exhibited varicus toxicities against the larvae and the adults depending on exposure times and
tested compounds.

Although the mortality generally increased with increasing doses of the compounds and
exposure times, there were some exceptions in the toxicity of Limonene on second instars larvae and
the toxicity of Myrcene, a-pinene and B-pinene on adult stage, where the toxicity of the compounds
in higher concentration was lower or equal with their toxicities in lower concentration (Table 1).
Limonene was more effective against the second instars larvae and adults; however it was found
to be less toxic against third instars larvae. Although y-terpinene was the most effective compound
against the second instars larvae, it was one of the least effective compounds against the third
instars larvae and adults. Myrcene and «-pinene were among the most effective compounds only
against adults but their toxicities on the third instars larvae were the lowest. f-pinene was the only
compound which showed high toxicity against all tested stages of Colorado potato beetle and its
toxicity was the highest against adults and lowest against the third instars larvae (Table 1). The
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Table 1: The toxicity of monoterpene hydrocarbons individually against second and third instars larvae and adults of Colorado potato

beetle
2nd larvae 3rd larvae Adults
Mean Mortality (%) Mean Mortality (%)* Mean Mortality (%)*
Compound Dose (mg) 48h 96h 8h 96h 48h 96 h
Camphene 5 1.7+1.7 3.4+1.7 3.4+1.7 6.8+3.4 6.8+5.1 10.2+1.7
10 18.7£1.7 22.1+£3 4% 17.04£3.4 255151 10.243.4 17.0+£3.4
Limonene 5 54,443, 4% %% 64, TH5, 1*** 27.241.7%*% 32.343.4%** 62,943 4% %% 66,345, 1***
10 51.0L£].7h** 50646, 8%%* 30.643 4%%*% 35,745, 1%%% 66345, 1 *¥** 68.0L1, TH%*
Myrcene 5 49,35, 1*** 54,43 4%%% 27.243.4%% 34.043.4%%*% 650,73 4x** 59,71, TH%*%
10 52,746, 8% %% 50.545. 1%** 32.345.1%** 42,545, 1%%* 64.6£5.1%%% 66.3+3.4%**
z-pinene 5 37.443.4% %% 40.8+1, T*** 3.4+1.7 5.1+3.4 68.0+3 4% %% 60, T+]1, T***
10 39145, 1 ** 44, 2L 4FFF 8.5+1.7 18.7£1.7 B8.0L5 . 1 *¥** 68.0L1, TH%*
-pinene 5 52, T4+3.4% %% 56,145, 1%** 42,543 4%** 47.643.4%** 66.3+1, Tx** 66,345, 1***
10 66,355, 1 ** G4, 7L3 . 4%%*% £H9 545 1%%% (2,045, 1%%*% (2,043 4x** 6461, TH%*
y-terpinene 5 64, T+3.4% %% 66,445, 1%** 10.2+1.7 20.4+5.1* 27.243 4%* 32343, 4%**
10 68.0L5. 1 ** (9. 7L3 . 4%%*% 22.143.4% 25.5£3.4%* 30.6L5. 1%** 35.7Lh. 1%%*%
Control - 1.7+1.7 1.7+1.7 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

* Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. @ MeantSE of three replicates, each set up with

15 insects

toxicity of camphene was very low against all developmental stages and in most of the cases its
toxicity was not significant. «-pinene and v-terpinene showed insignificant toxicity against the

third instars; however, their toxicity against other developmental stages were moderate or high
(Table 1).

Toxicity of two-compound mixtures: When monoterpene hydrocarbons were compared as
mixtures possessing two compounds, their toxicity in some cases was different from their toxicity
as single compounds. Camphene was only compound which did not show any effect on other
compeounds. In cther words, toxicity of Limonene, Myrcene, w-pinene, B-pinene and y-terpinene
were similar when they were tested indiwidually and mixed with Comphene. The same
situation was observed in Limonene+Myrcene, Myrcene+ty-terpinene and «-pinene+fi-pinene
mixtures. The effects of the Limonene+f-pinene mixture were additive but the mixtures of
Limonenetg-pinene and Limonene+y -terpinene showed antagonistic effect (Table 2). Although the
mixtures of Myreceneteo-pinene and Myreenetf-pinene had additive effects, the mixture
of Myrcenety-terpinene showed no observable effect. ¢-pinene+f-pinene mixture showed no
observable effect; however, the mixture of y-terpinene with each of these compounds
showed an antagonistic effect. When mixture toxicity 1s less than the toxicity of the
individual compounds used in the mixture, it means that these compounds have
antagonistic effects. In other words, they decrease the toxicity of each other. For additive
effects, mixture toxecity is higher than the toxicity of each compound but it is important to
consider that this value varies from case to case (Table 2-7). In general, camphene didn't have
any effects on other compounds and y-terpinene showed an antagonistic effect when it was mixed

with other compounds. The effects of Limonene and Myreene varied from no observable to additive

{Table 2).
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Tahle 2: The toxicity of Paired monoterpene hydrocarbons against the second larvae of Colorado potato beetle

2nd larvae
Mean Martality (%)=

Compound Dose (mg) 48 h 96 h Effects between compounds
Camphene+Limonene 5 56141, 7%%*% 6G3.041.7%%*% No observable effects

10 51.0+3 4%** 61.3+3 4%** No observable effects
Camphene+Myrcene 5 49343 4%%% 56143 4%%*% No observable effects

10 54446 8*** 50546 8%** No observable effects
Camphene+u-pinene 5 39143 4%%*% 42 513 4%%% No observable effects

10 30.145.1%%% 42 5+6.8%%*% No observable effects
Camphene+-pinene 5 51.043 . 4%** 57.845.1%%* No cbservable effects

10 66.3+].7*** 68.1+6.8%** No observable effects
Camphene+y-terpinene 5 63.045.1%%*% 64,741, 7% No observable effects

10 66.3+].7*** 60.7+8 5*** No observable effects
Limonene+Myrcene 5 54 543 4%%% 59541, 7%%*% No observable effects

10 50543 4*** 63.0+£3 4%** No observable effects
Limonene+g-pinene 5 42 515 1%%*% 44 243 4F%% Antagonistic effect

10 44,243 4%** 47645 1%** Antagonistic effect
Limonene+(-pinene 5 57.846.8%** 66445 1%** Additive effects

10 73141, TH** 60,746 8%** Additive effects
Limonene+vy-terpinene 5 61.341.7%%% 63.043 4%%% Antagonistic effect

10 64.7+6.8%** 66.4+8 5*** Antagonistic effect
M3reene+u-pinene 5 56141, 7%%*% 66,3451 %% Additive effects

10 50543 4*** 60,743 4*** Additive effects
Myrcenet-pinene 5 T1. 445 1*** 7314174 Additive effects

10 86.7+3 4%** 88.4+3 4*** Additive effects
Myrcenety-terpinene 5 66,416 §%%* 66 416 §%%* No observable effects

10 68.0+£3 4*** 68.0£] 7*** No observable effects
¢-pinene+{-pinene 5 52,741, 7%%*% 56145, 1%%*% No observable effects

10 64,643 4%** 66,345, 1%** No observable effects
w-pinene+y-terpinene 5 34,045, 1%** 40,843 4%** Antagonistic effect

10 37.443 4%** 42,543 4%** Antagonistic effect
B-pinenet+y-terpinene 5 51.041.7%%*% 52,743 4%%*% Antagonistic effect

10 64,641, T*** 61.345, 1%** Antagonistic effect
Control - 0.0+£0.0 1.74£1.7 -

* Sienificant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. *Mean+SE of three replicates, each set up with

15 second instars larvae

The mixture of Myreene+p-pinene had the highest toxcity against the second and third instars
larvae, followed by the Limonene+fi-pinene mixture that showed relatively high toxicity against
these developmental stages (T'able 2, 3). The least toxie mixtures to the second and third instars
larvae were Campheneta-pinene and a-pinenety-terpinene. It is important to notice that in
general, toxicity of mixtures against the second instars larvae was more than the toxicity of the
same mixtures against the third instars larvae (Table 2, 3).

Most.  of the mixtures had high toxicity on the adults and only mixtures of
Camphene+y-terpinene and Limonene+y-terpinene showed relatively low toxicity., The highest

408



oJ. Entomol., 8 (5): 404-416, 2011

Tahble 3: The toxicity of Paired monoterpene hydrocarbons against the third larvae of Colaorado potato beetle

3rd larvae
Mean Martality (%)°

Compound Dose (mg) 48 h 96 h Effects between compounds
Camphene+Limonene 5 25541, 7% 32.345 1 *** no ohservable effects

10 30.6+] . 7*** 37.4+3 4x%% no observable effects
Camphene+Myrcene 5 27.245.1%*% 34.0L£] . 7r** no ohservable effects

10 30.645 1%** 42545 1% no observable effects
Camphene+u-pinene 5 1.7£1.7 6.853.4 no ohservable effects

10 10.243.4 18.7+6.1 No observable effects
Camphene+-pinene 5 44,245 1%** 44,243 4%%% No observable effects

10 57.8+3 4%** 61.2+3 4x** No observable effects
Camphene+y-terpinene 5 11.941.7 22 1+£1.7% Mo observable effects

10 20.445.1* 25.5+6.8%* No observable effects
Limonene+Myrcene 5 32345 1 %% 37 4L THE*® Mo observable effects

10 37.4+3 4%** 44 245 1% No observable effects
Limonene+g-pinene 5 6.843.4 8.5£1.7 Antagonistic effect

10 11.9+1.7 20.443 4% Antagonistic effect
Limonene+(-pinene 5 47.645.1%** 51.045. 1%%* Additive effects

10 64,646 8%** 66.3+3 4¥+* Additive effects
Limonene+vy-terpinene 5 6.843.4 17.0£1.7 Antagonistic effect

10 17.0+5.1 18.7+1.7 Antagonistic effect
M3reene+u-pinene 5 32.34].7%%*% A2 5L 4x** Additive effects

10 40.8+3 4*** 47,651, 7F%* Additive effects
Myrcenet-pinene 5 (9. 745, 1%%% T1. 446 8% Additive effects

10 78.243 4F** 86.7+8 5% Additive effects
Myrcenety-terpinene 5 25 543.4%*% 35.7L] . Tr** Mo observable effects

10 32.3+].7*** 44 246 8*+* No observable effects
¢-pinene+{-pinene 5 44 241 7% 45943 4x** Mo observable effects

10 57.843.4%** 62,941, TFF* No observable effects
w-pinene+y-terpinene 5 3.4+3.4 5.1+1.7 Antagonistic effect

10 8.5+1.7 17.0+3.4 Antagonistic effect
B-pinenet+y-terpinene 5 37441 T A2 5L 4x** Antagonistic effect

10 52. 745, 1%** 57843 .4%%% Antagonistic effect
Control - 1.74£1.7 1.7+1.7 -

* Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. 2 Mean+SE of three replicates, each set up with
15 third instars larvae

toxicity belonged to Myrcene+a-pinene, followed by the Myrcene+p-pinene mixture. The toxicity
of other mixtures was similar and in general, it can be said that these compounds were more
effective against the adults of Colorado potato beetle individually and in mixtures in comparison
to their toxicity against other developmental stages (Table 4).

Toxicity of three-compound mixtures: When three monoterpene compounds were mixed,
results showed that effects between three compounds in mixtures possessing y-terpinene were
antagonistic. In other words, antagonistic effect of this compound on other compounds was
predominant effect (Table 5-7).
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Tahle 4: The toxicity of Paired monoterpene hydrocarbons against the adult of Colorado potato beetle

Adults
Mean Martality (%)°

Compound Dose (mg) 48 h 96 h Effects between compounds
Camphene+Limonene 5 1,243 4%%*% 66345, 1 *¥** Mo observable effects

10 68.0+£3 4*** 62,943 4x** No observable effects
Camphene+Myrcene 5 (9,746 %% (9. 746 8% ** Mo observable effects

10 66.3+£].7*** 64.6+1. 7% No observable effects
Camphene+u-pinene 5 64 645, 1 %% 66353 4x** Mo observable effects

10 G8.0+8 5%%% 69,71 THE® No observable effects
Camphene+-pinene 5 66,311, T*** 68.0+£3 . 4%%% No observable effects

10 64645 1%** 66.3+1.7F** No observable effects
Camphene+y-terpinene 5 25 543.4%*% 34.0L3 4x** Mo observable effects

10 30.6+] . 7*** 35,71, 7x%* No observable effects
Limonene+Myrcene 5 1,243 4%%*% B8.0L5 . 1 *¥** Mo observable effects

10 68.0+£3 4*** 66.3+3 4¥+* No observable effects
Limonene+g-pinene 5 £H9 545 1%%% (2,043 4x** Antagonistic effect.

10 61.246 8%** 62,945, 1%%% Antagonistic effect
Limonene+(-pinene 5 71445 1%** 73.143 . 4%%* Additive effects

10 66.3+£3 4%** 69,745, 1% Additive effects
Limonene+vy-terpinene 5 25 543.4%*% 27 28] TE* Antagonistic effect.

10 27.2+]1.7%* 28.943 4% Antagonistic effect
M3reene+u-pinene 5 O1.845.1%%* 93553 4x** Additive effects

10 95244 8*** 96.9+3 1 %% Additive effects
Myrcenet-pinene 5 88 443 4%%*% 91,845 . 1*** Additive effects

10 86,745 1%** 90.1+6 .8%** Additive effects
Myrcenety-terpinene 5 (9. 743 4%%% B6.3L] 7T*** Mo observable effects

10 62,945 1%** 68.0+5 1% No observable effects
¢-pinene+{-pinene 5 66343 %% B8.0L3 4x** Mo observable effects

10 68.043 . 4%** 68.0£1. 7F*% No observable effects
w-pinene+y-terpinene 5 40,845, 1*** 45,941, 7x** Antagonistic effect

10 51.043 4%** 54,443 4%%% Antagonistic effect
B-pinenet+y-terpinene 5 52,743 4%%*% B 45 1 *¥** Antagonistic effect.

10 56,145, 1%** 50,543 4% %% Antagonistic effect
Control - 1.74£1.7 1.7+1.7 -

* Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. 2 Mean+SE of three replicates, each set up with
15 adult insects

In general, the toxicity of three-compound mixtures on the second instars larvae was
higher than on the third instars larvae. The mixtures of Limonenet+Myrcene+f-pinene and
Camphene+Limonene+f-pinene showed the highest toxicity against the second and third
instars larvae, followed by the mixture of Myrceneta-pinene+fi-pinene. The lowest toxicity
against these developmental stages was associated with Myreene+a-pinene+y-terpinene mixture
{(Table B, 6).

The  three-compound mixture toxicity on the adults of Colorade potato beetle
displayed the highest values among the three developmental stages tested. The mixtures of
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Tahle 5: The toxicity of mixture of three monoterpene hydrocarbons against the second larvae of Colaorado potato beetle

2nd larvae
Mean Mortality (%)*

Compound Dose (mg) 48 h 96 h Effects between compounds
Camphene+Limonene+Myrcene 5 59,5+, TH*% 69, T+3 4% ** Additive effects

10 61.343.4% %% 66,445, 1%** Additive effects
Camphene+Limonene-+u-pinense 5 A7. 65, 1 ** 44, 243 4F%% Antagonistic effect

10 45,041, TH** 52, T+], T*** Antagonistic effect
Camphene+Limonene+3-pinene 5 61.3+1, TH** 68,041, T*** Additive effects

10 78.243. 4%%* 76543, 4%%* Additive effects
Camphene+Limonene+y-terpinene 5 56,145, 1% %% 57.843 4%** Antagonistic effect

10 59,543, 4% %% 59,545, 1*** Antagonistic effect
Limonene+Myrcene-+x-pinene 5 49,343, 4% %% 59,543, 4%** No observable effects

10 B2, T, TH** 62,041, TH** No observable effects
Limonene+Myrcene+H3-pinene 5 63.0L£].7h** G8.041, TH%* Additive effects

10 78,243 4*%* 81.6+3 4*** Additive effects
Limonene+Myrcene+y-terpinene 5 49,345, 1% %% 51.041, T*** Antagonistic effect

10 51.0L3. 4% ** 52,043 4%%*% Antagonistic effect
Mpyrcenete-pinene+{-pinene 5 56, 1L3. 4% ** G4.6L3 475 Additive effects

10 66,35, 1% %% 73141, TR** Additive effects
Myrcene+e-pinene+y-terpinene 5 30.6+1, TH** 34,043, 4%** Antagonistic effect

10 34.0L3. 41 ** 37441, THE® Antagonistic effect
¢-pinene+{3-pinene+y-terpinene 5 49,345, 1 ** 51.043 . 4%%*% Antagonistic effect

10 59,543, 4% %% 61.3+5, 1*** Antagonistic effect
Control - 0.0+0.0 1.7+1.7 -

* Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. * Mean+SE of three replicates, each set up with

15 second instars larvae

Table 6: The toxicity of mixture of three monoterpene hydrocarbons against the third larvae of Colorado potato beetle

3rd larvae
Mean Mortality (%)*
Compound Dose (mg) 48h 96h Effects between compounds
Camphene+Limonene+Myrcene 5 37.4+3 4x%% 42 545 1 ¥** Additive effects
10 42545 1% 47 643 4¥% Additive effects
Camphene+Limonene-+u-pinense 5 11.9+£1.7 17.0£1.7 Antagonistic effect
10 17.0£3.4 28.0L].7** Antagonistic effect
Camphene+Limonene+3-pinene 5 B2, T+l T*%% 56.14+5.1%%% Additive effects
10 68.0+3 4¥** T1 445 1%%* Additive effects
Camphene+Limonene+y-terpinene 5 3.4E3.4 15.3+1.7 Antagonistic effect
10 11.9+£1.7 15.383.4 Antagonistic effect
Limonene+Myrcene-+x-pinene 5 27.243 4%* 34,043 4%%% No observable effects
10 32.3+1.7¥%* 40.8+5 1 %% No observable effects
Limonene+Myrcene+H3-pinene 5 6463 4x** 66345 .1 *** Additive effects
10 T3.1£1, 7% 79.045.1%%* Additive effects
Limonene+Myrcene+y-terpinene 5 6.8+3.4 17.0+3.4 Antagonistic effect
10 17.0+1.7 20.4+1. 7% Antagonistic effect
Mpyrcenete-pinene+{-pinene 5 51.0L3 4x** 56 1L3 4x** Additive effects
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Tahle 6: Continued

3rd larvae
Mean Martality (%)°
Compound Dose (mg) 48h 96h Effects between
10 68.0£1. TF** 73.14£1.7%%* Additive effects
Myrcenete-pinene+y-terpinene 5 1.7£1.7 1.7£1.7 antagonistic effect
10 51£1.7 11.943.4 Antagonistic effect
-pinene+(-pinene+y-terpinene 5 6.8+3.4 10.2+5.1 Antagonistic effect
10 11.9+5.1 17.0+1.7 Antagonistic effect
Control - 1.7+1.7 1.7+¢1.7 -

* Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. 2 Mean+SE of three replicates, each set up with
15 third instars larvae

Table 7: The toxicity of mixture of three monoterpene hydrocarbons against the adult of Colorado potato beetle

Adults
Mean Mortality (%)*

Compound Dose (mg) 48 h 96 h Effects between compounds
Camphene+Limonene+Myrcene 5 T6.5+1, T*%* 79,943 .4%%% Additive effects

10 T3. 143 4%%* 73145 1%%* Additive effects
Camphene+Limonene-+x-pinene 5 56,143, 4% %% 50,543 4% %% Antagonistic effect

10 61,245, 1 ** (2,043 4x** Antagonistic effect
Camphene+Limonene+3-pinene 5 TH.5LG 8% ** TH.ELG. 1 *** Additive effects

10 69,73, 4% %% T3.1£3 . 4%%* Additive effects
Camphene+Limonene+y-terpinene 5 17.0+3.4 20.44+5.1% Antagonistic effect

10 20.4+5.1*% 25.5+6.8%*% Antagonistic effect
Limonene+Myrcene-+x-pinene 5 68.0+6.8%*% 69,745, 1%%% No observable effects

10 66.343.4% %% 68.043 4% %% No observable effects
Limonene-+Myrcene-+3-pinene 5 81.6L3 41 ** 86,75 1 *** Additive effects

10 79.9+], THE* 83.3+3 4¥** Additive effects
Limonene+Myrcene+y-terpinene 5 18.7+3.4 27.243 4%* Antagonistic effect

10 25.5+1. 7% 28.9+1.7%* Antagonistic effect
Myrcene+e-pinene+(-pinene 5 81.643.4% %% 86.7+5.1%%* Additive effects

10 85,041, TH** 91.843 . 4%*% Additive effects
Myrcenete-pinene+y-terpinene 5 51.0L3. 4% ** 5781 . Tr** Antagonistic effect

10 5055, 1 ** 5055 1 *** Antagonistic effect
-pinene+(-pinene+y-terpinene 5 56, 1+1, TH*% 50,543 4% %% Antagonistic effect

10 57.8+1, TH*% 61,241, 7%%% Antagonistic effect
Control - 1.7+1.7 1.7+1.7 -

* Significant at 0.05; ** Significant at 0.01; *** Significant at 0.001 according to Control. @ MeantSE of three replicates, each set up with
15 adult insects

Limonene+Myrcene+fi-pinene and Myreene+ta-pinene+p-pinene showed the highest toxicity on the
adults, followed by Camphene+LimonenetMyrecene and Camphene+Limonene+f-pinene mixtures
that had relatively high toxicity against this growth stage. The lowest toxicity against adults was
related to the mixtures of Camphene+Limonene+y-terpinene and Limonene+Myrcene+y-terpinene,
where the toxicity of mixtures was less than 30% (Table 7).
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DISCUSSION

The results of this study showed that monoterpene hydrocarbons tested as single compounds
and mixtures exhibit insecticidal activity against three tested developmental stages of Colorado
potato beetle; however, the toxicity of the different compounds on the three growth stages varied.
Among the tested single compounds, f-pinene showed relatively strong toxicity against both larvae
and adults and Limonene and Myrcene had relatively high toxicity against the second larval stage
and adults. y-terpinene was the most toxic compounds among tested compounds against the second
larvae and ¢-pinene was the most toxic compound against only adults.

In recent years, several studies were reported on the fumigation toxicity of some pure
monoterpenoid constituents on various insect species and in their majority it has been stated that
different constituents of monoterpenes can be one of the best and safest alternatives for synthetic
insecticides (Prates et al., 1998; Papachristos et al., 2004; Kordali et al., 2007). There is only one
study done on the effects of monoterpenes and essential cils on the Colorado potato beetle
{(Kordali et al., 2007) but no report was found in related literature on the effects of mixtures of pure
monoterpene hydrocarbons. In this respect, this is the first report on the toxicity of monoterpene
hydrocarbons as single compounds and in mixtures that provides some information on the possible
interactions between the different compounds of the monoterpene hydrocarbon group.

It has been stated previously that moncterpenes possess varying insecticidal activities on the
various insect species and that, in general, some monoterpene hydrocarbons such as Limonene,
Myrcene and «¢-pinene and p-pinene were found to be more toxic (Don-Pedro, 1996; Lee et al.,
1997, 2003, 2004; Kordal ef al., 2007). The present results are in agreement with previous reports,
especially the results presented by Kordali ef af. (2007). Lee et al. (2003) studied the fumigation
toxicity of 22 monoterpenocids to several stored product insects and indicated that some compounds
like Camphene and y-terpinene are more effective on larval stages than adults. Kordali et al.
{(2007) showed that the toxicity of Comphene against different developmental stages of Colorado
potato beetle was low to moderate and y-terpinene showed high toxicity against the second instars
larvae and adults. Those results are supported the results of the present study, where the toxicity
of Comphene was relatively low against all developmental stage of this key pest and y-terpinene
had high toxicity only on the second developmental stages of tested insect. Likewise, strong toxicity
of Menthone, 1,8-cinecle and Limonene against Rhyzopertha dominica (F\) and Tribolium
costaneum (Herbest) have been shown by Prates et al. (1998). The result of this study also showed
that Limonene was one of the most effective compounds against the Colorado potato beetle. In
addition, similar results have been presented by Kordali ef al. (2007) on a¢-pinene, f-pinene and
Limonene where they exhibited high toxiaity against this key pest. Similarly, it has been shown
that ¢-pinene and v-terpinene, that exhibit more toxic effects on adults and the second instars
larvae of Colorado potato beetles in the present study, also caused over 90% mortality against
Sttophilus granartes (Kim and Ahn, 2001).

When Comphene was mixed with only one cother compound, had no effect or at least no
measurable effect in comparison with other five compounds. This suggests that Comphene did not
interact or had a very low antagonistic effect on other compounds. Limonene and Myrcene showed
additive effects in mixtures possessing f-pinene but effects of these compounds on 4 other
compounds varied from antagonistic to additive effect and thus there 1s no definite answer as to
what the exact effects of these compounds are. y-terpinene showed a low or moderate antagonistic
effect when it was mixed by other compounds; however, its antagonistic effect was more observable
when it was mixed with two other compounds. Although a-pinene and B-pinene showed additive
effects in mixtures consisting of two or three compounds, antagonistic effects of y-terpinene was
much stronger than the additive effects of these compounds. y-terpinene influenced the effects of
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other compounds 1n mixtures possessing two or three single compounds and decreased the toxicity
of other compounds but the magnitude of this decrease differed between cases.

It is important to consider that these data are not enough to derive an exact conclusion on the
effects of single compounds on each cther in mixtures. In order to understand the interaction
between different compounds it 1s probably better to analyze the compounds and find some
information about the chemistry of single compounds and possible chemical reactions between
compounds when they are mixed. It is possible that the chemical structure of compounds changes
during interaction with other compounds and produce metabolites which are more or less toxic than
original compounds (Stankowvie et al., 2004; Denloye et al., 2006; Alyokhin ef al., 2007; Baker et al.,
2007). In addition, evaluation of the effects of mixtures possessing four or more single compounds
will probably produce more precise data on the possible interactions between these toxic compounds.

In conclusion, the development of natural or biclogical insecticides will help decrease the
negative effects of synthetic chemicals such as residues in products, insect resistance and
environmental pollution (Nassar and Abdulah, 2005). In this respect, natural insecticides may also
be effective, selective, easily bio-degradable and relatively low pollution for environment
{(Ramasubramanian and Regupathy, 2004). In the present study, the majority of the compounds
examined as single compounds or mixtures were found to be toxie against different developmental
stages of Colorado potato beetles hut in general, the toxicity of these compounds on the adults were
higher than the toxicity of same compounds against larval stages. This may be related to the
physiology of insects in different developmental stages. Therefore, in the light of the present results,
it can be suggested that these compounds and/for the plant essential oils which contain a high
enough content of these compounds can be used as new insecticidal reagents against
L.decemlineata, Colorado potato beetle. However, further studies need to be conducted to evaluate
the cost and safety of these reagents.

ACKNOWLEDGMENT

This research was supported by Azad University of Mashhad, Agriculture-Jahad Organization
of Mashhad and Sabziran Agaricultural Institiute as a regional project. We thank personals of the
laboratory of Mashhad Azad University to rear Colorado potato beetle.

REFERENCES

Alyokhin, A., G. Dively, M. Patterson, C. Castaldo, D. Rogers, M. Mahoney and J. Wollam, 2007,
Resistance and eross-resistance to imidacloprid and thiamethoxam in the Colorado potato beetle
Leptinotarsa decemlineata. Pest Manage. Sal., 63: 32-41.

Aslan, I., H. Ozbek, S. Kordali, O. Calmasur and A. Cakir, 2004, Toxicity of essential cil vapours
obtained from PFistacta sp. to the granary weevil, Stiophilus granaries (L.) (Coleoptera:
Curculionidae). J. Plant Dis. Protect., 111: 400-407.

Baier, A-H. and B.D. Webster, 1992. Control of Acanthoscelides obtectus Say (Coleoptea:
Bruchidae) in Phaseolus vulgaris L. seed stored on small farms-1. Evaluation of damage.
J. Stored Prod. Res., 28: 289-293,

Baker, M.B., A. Alyokhin, A.H. Porter, D.N. Ferro, 5.K. Dastur and N. Galal, 2007. Persistence and
inheritance of costs of resistance to imidacloprid in Colorado potato beetle. J. Econ. Entomol.,
100: 1871-1879.

Dadji, GAF., J L. Tamesse and F.F. Boyom, 2011, Adulticidal effects of essential oils extracts from
Capsicum annuum (solanaceae) Fiper nigrum (piperaceae) and Zingiber officinale
{zingiberaceae) on Anopheles gambiae (Diptera-Culicidea), vector of malaria. J. Entomol.,
8: 152-163.

414



oJ. Entomol., 8 (5): 404-416, 2011

Denloye A.AB., K.O Teslim and O.A. Fasasi, 2006. Insecticidal and repellency effects of smoke
from plant pellets with or without D-allethrin 90 EC against three medical insects. . Kntomol.,
3: 9-15.

Don-Pedre, K.N., 1996, Investigation of single and joint-fumigal insecticidal action of citrus peel
all components. Pestic. Sci., 46: 79-84.

El Nahal, A K.M., G.H. Schimidt and E.M. Risha, 1989, Vapours of Acarus calamus oil-A space
treatment for stored-product insects. J. Stored Prod. Res., 25: 211-216.

Gonzalez-Coloma, A., A. Guadanoe, C. Gutierrez, K. Cabrera, E. de La Pena, G. de La Fuente and
M. Reina, 1998, Antifeedant Delphinium diterpenoid alkaleoids. Structure-activity relationships.
J. Agric. Food Chem., 46: 286-290.

Gonzalez-Coloma, A., F. Valencia, IN. Martin, J.J. Hoffman, L. Hutter, J.A. Marco and M. Reina,
2002. Silphinene sesquiterpenes as model insect antifeedants. J. Chem. Kcol., 28: 117-129.
Gonzalez-Coloma, A., M. Reina, A. Guadano, K. Martinez-Diaz and J.G. Diaz ef al.,, 2004.

Antifeedant Cyy diterpene alkaloids. Chem. Biol,, 1: 1327-1335.

Haque, M.A., H. Nakakita, H. Tkenaga and N. Sota, 2000, Development-inhibiting activity of some
tropical plants against Sittophilus zeamais Motschulsky (Coleoptera: Curculionidae). J. Stored
Prod. Res., 36: 281-287.

Hare, J.1D., 1990. Ecology and management of the Colorado potato beetle. Annu. Rev. Entomol.,
35: 81-100.

Hoffman, M.P. and A. Frodsham, 1993. Natural Enemies of Vegetable Insect Pests Comparative
Extension. Cornell University Press, Ithica, USA., [SBN-13: 9781577532521, pp: 63.

Isman, M.B., A.J Wan and C.M. Passreiter, 2001. Insectical activity of essential oils to the tobaceco
cutworm, Spodoptera litura. Fitoterapia, 72; 65-68,

Keita, S.M., C. Vincent, J.P. Schmit, 3. Ramaswamy and A. Belanger, 2000, Effect of various
essential cils on Callosobruchus maculatus (F) (Coleoptera: Bruchidae). J. Stored Prod. Res.,
36: 355-364.

Khorram, M.S., R F.P. Abad, M. Yazdaniyan and S. Jafarnia, 2010. Digestive alpha-amylase from
Leptinotarsa decemliineata (Say) (Coleoptera: Chrysomelidae); response to pH, temeperature
and some mineral compounds. Adv. Environ. Biol., 4: 101-107.

Kim, D.H. and Y.J. Ahn, 2001. Contact and fumigant activities of constituents of Foeniculum
vulgare fruit against three coleopteran stored-product insects. Pest Manage. Sci., 57; 301-308.

Kordali, 8., I. Aslan, O, Calmasur and A. Cakir, 2006. Toxicity of essential oils isolated from three
Artemisia species and some of their major components to granary weevil, Sttophtlus garanarius
(1.} (Coleoptera: Curculionidae). Ind. Crops Pred., 23: 162-170.

Kordali, S., M. Kesdek and A. Cakir, 2007. Toxicity of monoterpenes against larvae and adults of
Colorado potato beetle, Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae). Ind. Crops
Prod., 26: 278-297.

Lawrence, P.K. and K.R. Koundal, 2002. Plant protease inhibitors in control of phytophagous
insect. Elect. J. Biotechnol., 5: 93-109,

Lee, B.H., P.C. Annis, F. Tumaalii and W.S. Choie, 2004, Fumigant toxicity of essential cils from
the Myrtaceae family and 1,8-cineocle against 3 major stored-grain insects. J. Stored Prod. Res.,
40: 5b3-h64.

Lee, S., C.dJ. Peterson and J.R. Coats, 2003, Fumigation toxicity of monoterpencids to several stored
product insects. J. Stored Prod. Res., 39: 77-85,

Lee, 5., R. Tsao, C. Peterson and J.E. Coast, 1997, Insecticidal activity of monoterpenoids
to Western corn rootworm (Coleoptera: Chrysomelidae), twospotted spider  mite
{Acari: Tetranychidae) and house fly (Diptera: Muscidae). J. Econ. Entomel., 90: 883-892,

415



oJ. Entomol., 8 (5): 404-416, 2011

Mulungu, L.S., B. Ndilahomba, C.J. Nyange, M.W. Mwatawala, J K. Mwalilino, C.C. Joseph and
C.A. Mgina, 2011. Efficacy of Chrysanthemum cinerariaefolium, Neorautanenia mitis and
Gnidia kraussiana against larger grain borer {(Prostephanus truncaius horn) and maize weevil
(Sitophilus zeamays motschulsky) on maize (Zea mays L.) grain seeds. J. Entomol., 8: 81-87,

Nassar, M.I. and A.M. Abdulah, 2005. Assessment of buxus chinensis cil and precocene II for the
control of the red palm weevil, Rhynchophorus ferrugineus (Oliv.) (Coleoptera-Curculionidae)
and the palm beetle, Pseudophilus testaceous (Gahan) (Coleoptera-Cerambycidae). J. Entomol.,
2:1-8.

Oparaeke, A.M. and G.C. Kuhiep, 20086, Toxicity of powders from indigenous plants against
Sitophilus zeamats motsch on stored grains. J. Kntomeol., 3: 216-221.

Papachristos, D.F., K.I. Karamanoli, D.C. Staocpoules and U. Menkissoglu-Spiroudi, 2004, The
relationship between the chemical composition of three essential oils and their insecticidal
activity against Acanthoscelides obtectus (5ay). Pest Manage. Sei., 60: 514-520.

Park, LK., 5.G. Lee, D.H. Choi, J.D. Park and Y.J. Ahn, 2003. Insecticidal activities of constituents
identified in the essential cil from leave of Chamaecyparis obtuse against Callosobruches
chinensis (L.) and Sttophilus oryzae (L.). J. Stored Prod. Res., 39: 375-384.

Prates, H.T., J.P. Santos, J M. Waquil, J.1D. Fabris, A.B. Oliveira and J. K. Foster, 1998. Insecticidal
activity of monoterpenes against Rhyzophera dominica (F) and Tribolium castaneum (Herbst).
J. Stored Prod. Res., 34: 243-249,

Ramasubramanian, T. and A. Regupathy, 2004, Evaluation of indoxacarb against pyerthroid
resistant population of Helicoverpa armigera hub. J. Entomol., 1: 21-23.

Scott, .M., H. Jensen, J.G. Seott, M.B. Isman, J.T. Arnason and B.J.R. Philogene, 2003. Botanical
insecticides for controlling agricultural pests: Piperamides and the Colorade potato beetle
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae). Arch. Insect Biochem. Physiol.,
54: 212-225.

Scott, .M., H. Jensen, R. Nicol, L. Lesage and R. Bradbury et al., 2004. Efficacy of Fiper
{Piperaceae) extracts for control of common home and garden insect pests. J. Econ. Entomoal.,
97: 1390-1403.

Stankovie, 5., A. Zabel, M. Kostic, B. Manojlovic and 5. Rajkovie, 2004, Colorade potato beetle
[Leptinotarsa decemlineata, (Say)] resistance to organophosphates and carbamates in Serbia.
J. Pest Se1., 77: 11-15.

Subramanyam, B. and D.W. Hagstrum, 1996. Integrated Management of Insects in Stored
Products. Marcel Dekker Ine., New York, USA., ISBN-13: 9780824795221, pp: 426.

Tapondjou, LL.A., C. Adler, H. Bouda and D.A. Fontem, 2002, Efficacy of powder and essential ail
from Chenopodium ambrosioides leaves as post-harvest grain protectants against six-stored
product beetles. J. Stored Prod. Res., 38: 395-402,

Tunc, 1., B.M. Berger, F. Erler and F. Dagli, 2000. Owicidal activity of essential oils from five plants
against two stored-product insect. J. Stored Prod. Res., 36: 161-188.

Xie, Y.S.,, P.G. Fields, M.B. Isman, W.EK. Chen and X.Zhang, 1995. Insecticidal activity of
Melia toosendan extracts and toosendanin against three stored-product insects. J. Stored. Prod.
Res., 31: 259-265.

Zolotar, R.M., Al Bykhovets, Z.N. Kashkan, Y.G. Chernov and N.V. Kovganko, 2002,
Structure-activity relationship of insecticidal steroids. VII. C-7-oxidized p-sitosterol and
stigmasterols. Chem. Nat, Comp., 38: 171-174.

416



	JE.pdf
	Page 1


