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1- Terpenoids
2- Acetylcholinesterase
3- Glutathione S-transferase
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5- Binary mixture
6- Additive

7- Synergistic

8- Antagonistic

9- Chi-squared test
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1- Diallyl trisulfide

2- Diallyl disulfide

3- 1,8-Cineole (monoterpenes)

4- Aromadendrene (sesquiterpenes)
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Table 1- Final concentrations of the pesticides against the red palm weevil
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Main concentrations (microliters per milliliter) used in the final bioassay tests
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Tested treatments ‘J"_" 9% < aE Pl & ”’w -
First Second Third Fourth Fifth
concentration concentration concentration concentration concentration
"w "“‘L“_] . 5.00 10.00 20.00 40.00 80.00
Garlic essential oil
2ldlgcs oo 2.00 4.00 6.00 10.00 16.00
Dially! trisulfide
algecsa o 2.00 4.00 6.00 10.00 16.00
Diallyl disulfide
B “‘JL“,I . 5.00 10.00 20.00 40.00 80.00
Eucalyptus essential oil
J*‘*‘f"\” 3.00 5.00 10.00 15.00 20.00
1,8-Cineole
0es) 3.00 5.00 10.00 15.00 20.00
Aromadendrene
Ll slS el (o)l 8
Imidacloprid commercial 0.006 0.012 0.024 0.048 0.096
form
WLl el SIS 03k
|m|dac|0pr|d technical 0.003 0.006 0.012 0.024 0.048
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2- 1-chloro-2,4-dinitrobenzene
3- Acetylcholine iodide
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1- Eppendorf® Centrifuge 5810R
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1- 5,5-dithiobis-2-nitrobenzoic acid
2- Triton X-100

3- Inhibition rate

4- Blank sample

5- Inhibition concentration 50%
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Table 2- Pobit parameters of the tested treatments against the red palm weevil

(5 (o 2 ylg Sue) (Sl slacdale
Lethal Concentratons (UL mL™) s + ha Cud i .
3550 S, kogi LCxs LCs LCoo - PEESCY V(B K PR
PR | — _ _ PA I . F
sl s YU as) o -Yhas) as-Yiuas) Line (o] 4 3) Jloss! ;
Tested treatments (ol (ol (ol slopexStandards ¥ (df) Pvalue  value
(Upper limit-  (Upper limit-  (Upper limit- Error
lower limit) lower limit) lower limit)
HW 9.23 23.61 140.69
P
Garlic essential oil (5.35-13.00) (17.30-33.29)  (81.33-392.80) 2:21+039 L3763) P<0.0001  210.60
HWawcs e 2.75 5.01 15.64
- : 1.81+0.33 2.74 (3 P<0.0001 286.87
Diallyl trisulfide (1.85-3.52) (4.00-6.134) (11.57-26.31) ©)
LWgw el 6> 2.33 4.64 17.13
i B 1.506+0.31 1213 P<0.0001 195.90
Diallyl disulfide (1.39-3.14) (3.54-5.81) (12.11-32.40) ©)
i 12.46 33.41 217.64
Eucalyplus esseniel - (7.46-17.47)  (2419-51.26)  (1.33-392.80) 242040 082(3) P<0.0001  299.00
oi
stz As) 4.26 7.83 24.87
P @.9b544) 626061  (18.26.4229) 2.28+0.39 1.08 (3) P<0.0001 9571
ptislag)] 3.68 7.84 33.06
Aromadendrene (211-499)  (5.97-10.06)  (21.78-75.21) 183:0.37 36309 P<0.000L  97.02
Lyl lal (o)l p 3
gl )b 0.012 0.025 0.101
Imidacloprid (0.008-0.016)  (0.019-0.032)  (0.068-0.191) 3.40+0.52 115@3) P<0.0001 35137
commercial form
JISS ool
alpslSlaay! 0.009 0.004 0.040 4.140.62 323(3) P<0.0001  263.10

imidacloprid tecnical  (©007-0012)  (0.200-0.005)  (0.027-0.077)

substance

boyd b ogbyd o 69y @goms (LCs0A+LCr0B) 451590 bWAT sl amd Covomw yl5u0 —F Jgu
Table 3- Relative toxicity of binary mixture (LCsoa + LCso,s) of the pesticides against red palm weevil

Wl gd LYAT CIls 4> o oadlise il

(A) Y o (B)Y o
Ma Ms Me Mo 2 in bi
Pesticide 1 (A) Pesticide 2 (B) * The °bser"r‘:l?xetfjﬁgt in binary
,\_,.LAJWL;;J,._J'IJs L)yl Tes] JSGSS 00ls
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Jgerhg) 50.00 50.00 2500 40.00 9.00 Synergistic 153l o
1,8-Cineole
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Diallyl Imidacloprid technical 50.00 46.67 26.66 40.00 6.67 Synergistic /8l
disulfide substance
0pley) 50.00 50.00 25.00 36.67 5.44 Synergistic /8l
Aromadendrene
3 _A - .
Ao 50.00 50.00 2500 36.67 5.44 Synergistic _lsilos
1,8-Cineole
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Ma and Mg are the percentage of mortality observed in the first and second pesticides, respectively. Me indicates the percentage of

expected mortality during the binary mixture of the first and second pesticides. Mo represents the percentage of mortality observed
during the binary mixture of the first and second pesticides.
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Introduction: Today, the control of Rhynchophorus ferrugineus Olivier (Coleoptera: Curculionidae) as
quarantine and destructive pest of date plantation due to the inner parts of the tree trunk is limited to chemical
control that indiscriminate application of different types of pesticides such as imidacloprid has caused the
resistance of this insect. In this study, the lethal effect of botanical compounds including garlic essential oil and
its secondary metabolites (diallyl disulfide, diallyl trisulfide) and eucalyptus essential oil and its secondary
metabolites (1,8-cineole, aromadendrene) on enzymatic activity (general esterases, glutathione S-transferase,
acetylcholinesterase in red palm weevil were studied and compared with imidacloprid (commercial form and
technical substance).

Materials and Methods: Adults (Male and female) of R. ferrugineus (red palm weevil) were collected from
infected date palm plantations in Saravan (lran) and transferred to the laboratory for propagation (25+3°C,
60+£5% relative humidity, 12:12-h light: dark cycle). Bioassay tests were performed on larvae of the same age
(2nd instar). The toxic effects of all compounds were investigated separately and in binary mixtures. The
bioassay experiment was performed using a topical-fumigant method in three replications (10 larvae per
replicate) in a completely randomized design. Two pl of different lethal concentrations (LCs) of chemicals were
poured on the anterior part of the 2nd instar larval thorax and they were transferred to 8 cm Petri dishes. The
mortalities were recorded 24 hours after treatment. Lethal concentrations of LC2s and LCso were calculated using
SPSS software version 21. Then, binary mixtures of LCys and LCso concentrations (LCas+LCas, LCso+LCos,
LCso+LCso) of the studied compounds were performed to investigate the additive, synergistic, and antagonistic
effects with a similar bioassay method. Enzymatic assays were performed using conventional methods. The
effect of these binary mixtures, as well as LCys and LCsp values of the individual status of each toxic compound
on the activity of the mentioned enzymes, were evaluated 24 hours after treatment. Lethal concentrations (25 and
50%) and inhibition concentration of 50% of acetylcholinesterase (ICso) activity were calculated using the probit
model and SPSS (v. 21). Scatter diagrams and regression lines between different concentrations of chemicals for
inhibition of acetylcholinesterase were calculated with Sigma Plot software version 12.3. Also, the comparison
between lethal concentrations was performed using the ratio of lethal concentrations and 95% confidence
interval. In addition, the mean comparison between the data obtained from biochemical experiments with SPSS
software (v. 21) and the Tukey test was performed at a 5% level.

Results and Discussion: The LCys and LCs values of garlic essential oil, diallyl disulfide, diallyl trisulfide
were calculated as "9.23 and 23.61", "2.33 and 4.64 ","2.75 and 5.01 "uL mL; for eucalyptus essential oil, 1,8-
cineole, aromadendrene were as "12.46 and 33.41", "4.26 and 7.83", "3.68 and 7.84 " puL mL" and for
commercial form and technical substance imidacloprid were as" 0.012 and 0.025 "and" 0.009 and 0.004 pL mL-
!, respectively. Results showed that the binary mixtures of LCso+LCs including "diallyl trisulfide+imidaclopride
technical substance", "diallyl trisulfide+aromadendrene”,"diallyl trisulfide+1,8-cineole”,"diallyl
disulfide+technical substance imidacloprid”,"diallyl disulfide+aromadendrene™,"diallyl disulfide+1,8-cineole™
had synergistic effects. The results showed a significant increase in general esterases and glutathione S-
transferase activity in the larvae treated with the individual status and binary mixtures. A significant decrease in
acetylcholinesterase activity was observed in all treatments. Results showed that the lowest and highest
concentrations of the studied toxic compounds for 50% inhibition of acetylcholinesterase activity were obtained
by 0.328 mg ml? of "diallyl trisulfide+1,8-cineole" and 4.485 mg ml of garlic essential oil, respectively. In
addition, the results showed that the highest (80.30%) and lowest (6.50%) levels of acetylcholinesterase
inhibition were obtained by 2 pl ml* of "diallyl trisulfide+1,8-cineole” and 0.1 ul ml* of the commercial form of
imidacloprid.

1, 2 and 4- Former M.Sc Student, Assistant Professor and Associate Professor, Department of Plant Protection, Faculty
of Agriculture, University of Zabol, respectively.

(*- Corresponding Author Email: n.sahebzadeh@uoz.ac.ir)

3- Associate Professor, Department of Plant Protection, Faculty of Agriculture, University of Guilan

DOI: 10.22067/JPP.2021.32849.0



[ala}

oy 2l sagb 5 s iloanibant S8 oLyl 51 el ol Tunasl 3 (GALS (g Sl i (B G

Conclusion: Despite the better control of red palm weevil after treatment with imidacloprid compare to
botanical insecticides (essential oils and secondary metabolites), however, the resistance to this pesticide has
been demonstrated because of long-term exposure. Therefore, according to the results of the synergistic effects
of secondary metabolites together or even with imidacloprid, a decrease in the activity of detoxifying enzymes,
as well as acetylcholinesterase, was observed, which may indicate the key point that these enzymes have not
been able to eliminate these binary mixtures from the hemolymph of red palm weevil, so they could play an
effective role in the management of this pest. Therefore, it can be hoped that plant essential oils can control red
palm weevil in palm plantation alone or in binary mixture together or with other conventional pesticides. Further
studies are needed to make a more confident decision in this regard. One of the problems of plant essential oils
as well as their secondary metabolites is the low stability of these compounds in the environment, so one of the
issues that can be paid more attention to is increasing their stability in the environment and how to release them
in the environment, which can be done with various formulations such as nanoformulations, in particular,
assume to solve this problem. Therefore, the study of the stability and formulation of plant essential oils and
their secondary metabolites in the environment is a topic that should be considered in future research to be able
to implement the potential ability of these compounds in agricultural pest management in practice.

Keywords: Binary mixture, Botanical insecticide, Detoxifying enzyme, Synergy, Toxicity



