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8- Piperonyl butoxide (PBO)
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1- a-naphtyl acetate (aNA)

2 -B-naphtyl acetate (B-NA)

3- Fast blue RR salt

4- Fluka (Fluka, Buchs, Switerland).
5- 5, 5'- dithiobis-(2-nitrobenzoic acid)
6- Acetylthiocholine iodide
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Table 1. Probit analysis of phosalone toxicity in susceptible (Ard-S) and resistant (Esf-R) populations of

the Diamond back moth, Plutella xylostella

. LCso 95% CL of Slope a i
Population N (ug/ml) L Cso (+SE) x2 (df) RR P-value
Ard-S 200 28.92 72.44-112.12 3(0.57) 0.29 (3) 1 0.023

Esf-R 200 1591 1177-1974 2.9 (0.64) 0.9(3) 17.2(11.6-26.3) 0.031

2 RR: Resistance ratio = LCso of the resistant population/LCso of the susceptible population and their 95% confidence interval

of
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Plutella xylostella

Table 2. Effect of piperonyl butoxide (PBO), diethyl maleate (DEM) and triphenyl phosphate (TPP)
on phosalone toxicity in susceptible (Ard-S) and resistant (Esf-R) populations of the Diamond back

moth, Plutella xylostella

Population  Synergisis N L Cs0(%095C1)? Slope(SE) X2 (df) SR"(%95CI)
Ard-S without 200 92.2(72.44-112.12) 30.57) 0.293)
PBO 200 73.4(48.8-95.3) 30.9) 0.5@) 1.25(0.85-1.54)
DEM 200 71.9(1.3-93) 40.9) 0.83) *1.28(1.06-1.67)
TPP 200 67.737.1-84.1) 30.8) 13 *1.36(1.11-1.9)
Esf-R without 200 1591(1177-1974) 2.90.64 0.9Q)
PBO 200 1130(595.9-1635.1) 2.30.7) 0.72 3) 1.41.2-2.1)
DEM 200 680.4254-1324) 20.9) 1.8@3) *2.3(1.6-2.9)
TPP 200 921.5439.5-1305.4) 2.50.7) 09@ *1.83(1.1-2.4)

3 Cso(pg/ml), 95% confidence interval.

b Synergistic Ratio (SR) = LCso of insecticide alone/LCso of (synergist + insecticide) and their 95% confidence interval.
* The LCso of insecticide alone statistically different from LCso of (Synergist + insecticide) at 95% level (P < 0.05).

Plutella xylostella « wlod! culy 0 g palao 9 wlua SCuwrs 10 gl Sl 5T 059 culld - Jouo
Table 3. Specific activity of detoxification enzymes in susceptible (Ard-S) and resistant (Esf-R) populations

of the Diamond back moth, Plutella xylostella.

Special activity (SA)

Enzyme Substrate Es.R ArdS “Ratio
EST a-NA *0.47+0.005 *0.23+0.009 2
B-NA *0.21+0.007 *0.12+0.005 1.7
GST CDNB *2.72+0.002 *1.28+0.005 2.1

* Statistically significant at 95% level (P < 0.05).

@ Mean enzyme specific activity ratio (+ SE) =specific activity in resistant population/specific activity in susceptible

population

(Agonoscena  pistaciae  Burckhardt and
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Plutella xylostella

Table 4. Substrate specificities and kinetic parameters (mean + SE) of AChE from susceptible (Ard-S)
and resistant (Esf-R) populations of the diamond back moth, Plutella xylostella

Enzyme Substrate Ard-S Esf-R
Mean = SE
SA Km Vmax  Vmax/Km SA Km Vimax Vimax/Km
AChE ATC 0.57 0.6 0.058  0.096 052  "0.57 “0.051 *0.089

+0.08 +0.04 +0.01

+0.018 +0.1 +0.02 +0.005 +0.085

* Statistically significant at 95% level (P < 0.05),
ATC: Acetylthiocholine lodide
SA :Specific activity = SE (nmol/min.mg protein)
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Abstract
Background and Objectives
Diamond back moth, Plutella xylostella L. (Lepidoptera,Plutellidae), is the cosmopolite insect
pest of cruciferous plants causing significant injury to the plants of this family. Although many
integrated approaches have been proposed and developed for DBM management, the most
common method of controlling this pest is chemical control. Organophosphates (OPs) are
mainly used to control the agricultural pests in Iran, especially DBM. This study was
performed to determine and compare some toxicological and biochemical properties of
detoxification enzymes (ESTs and GST) and cholinesterase between two resistant (Esf-R) and
susceptible (Ard-S) field populations of P. xylostella.
Materials and Methods
The phosalone-susceptible (Ard-S) population was collected from Ardabil, Ardabil province,
Iran and the phosalone —resistant (Esf-R) population from Esfehan, Esfehan province, Iran.
The toxicity of insecticides was measured using a standard leaf-dip bioassay. To determine
the role of metabolic degradation as a mechanism for phosalone resistance in DBM, PBO
(piperonyl butoxide), TPP (triphenyl phosphate) and DEM (diethyl maleate) were bioassayed
for synergistic activity with phosalone (Kodwo and Tanaka, 2005). EST and GST assays were
determined based on the method of Van Asperen (1962) and Habig et al. (1974) with minor
modifications. AChE activity and its kinetic parameters were measured with two artificial
substrates, ATC and BTC, along with the modified method of Ellman et al. (1961). Statistical
analyses were evaluated by LeOra software (1978) through ANOVA followed by Tukey test.
Results
According to the bioassay results, the (Esf-R) population showed a significantly high
resistance to phosalone compared with Ard-S population (17-fold). Diethyl maleate (DEM)
and triphenyl phosphate (TPP), as glutathione S-transferase (GST) and esterase inhibitors,


https://www.researchgate.net/institution/Iranian_Research_Institute_of_Plant_Protection
https://www.researchgate.net/institution/Iranian_Research_Institute_of_Plant_Protection/department/Agricultural_Entomology_Research_Department
https://www.researchgate.net/institution/Iranian_Research_Institute_of_Plant_Protection/department/Agricultural_Entomology_Research_Department

Plant Protection (Scientific Journal of Agriculture) 45(2), Summer, 2022

increased phosalon toxicity on both resistant and susceptible populations, but the synergistic
ratio in the resistant population was higher than that of susceptible one. This confirms the
greater role of esterase and GST enzymes in phosalone resistance. Metabolic resistance
mechanisms to phosalone were surveyed by biochemical assays. The results indicated that
specific activities (SA) of GST, a-esterase and R-esterase were 2.1-, 2- and 1.7-fold higher in
the resistant populations than those of susceptible population, suggesting higher expression of
GST and esterase enzymes in resistant population. Furthermore, target site insensitivity was
surveyed by biochemical assay. Kinetic parameters of acetylcholinesterase (AChE) on the
hydrolysis of acetylthiocholine iodide (ATC) showed no change in the affinity of AChE of
resistant population to this substrate and the phosalone resistance mechanism was not related
to altered AChE active site.

Conclusion

The results distinctly indicated that metabolic detoxification mechanisms such as GST,
esterases created phosalone resistance in the Esf-R and AChE structure were not involved in
resistance. According to the result, use of synergists can be helpful for suppressing the
phosalone resistance.
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