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Table 1. Probit analysis for the concentration-mortality response of adult stage of Tetranychus urticae to Menthe piperita essential oil
microcapsule

N df LCuo LCu LCso LCso Slope + X? P-value
SE
480 4 938.2 1303.3 1615.3 2365.6 3.23+0.31 0.65 0.72

(744-1112) (1089-1468) (1423-1809) (2138-2618)

*20 individuals per replicate, four replicates per concentration, six concentrations per assay

Tetranychus urticae (ks + -uKilo) Ciliseo ) o150 Job g9 JalS SUx S gumS9 Kao (il oS » § (Slacdalé Ol F1-Y Joua
Table 2. Effects of sublethal concentrations of Menthe piperita essential oil microcapsule on the length of various biological stages (mean
+ SE) Tetranychus urticae

Sub-lethal concentration

Sex Stage Control LCy LCy LCs F,df,P
Male
Egg (day) 4.24+0.09a 4.27+ 0.06a 4.27+0.08a 4.31+0.07a 1.25, 3; 50, 0.33
Larva (day) 2.12+0.12a 2.15+0.09a 2.14+0.12a 2.14+0.09a 11.21, 3; 50, 0.22
Protonymph (day) 2.17+0.13a 2.18+0.09a 2.18+0.11a 2.19+0.11a 9.56, 3; 50, 0.15
Deutonymph (day) 2.11+0.12a 2.13+0.09a 2.15+0.08a 2.15+0.08a 5.87, 3; 50, 0.16
Longevity (day) 10.18+0.17a 9.87 +0.18a 9.08+ 0.21b 8.15+0.19¢c 3.1,3,50,0.14
Total life span (day) 20.82+0.24a 20.61+0.22a 19.79+0.23b 18.93+0.27c 4.32, 3,50, 0.07
Female
Egg (day) 4.18+0.05a 4.21+0.06a 4.22+0.08a 4.22+0.07a 8.19, 3;150, 0.29
Larva (day) 2.13+0.09a 2.12+0.09a 2.15+0.11a 2.16+0.11a 6.29, 3;150, 0.12
Protonymph (day) 2.08+0.10b 2.13+0.07b 2.25+0.08a 2.32+0.09a 1.21, 3;150, 0.18
Deutonymph (day) 2.09+0.12b 2.14+0.11b 2.28+0.13a 2.34+0.12a 0.33, 3;150, 0.73
Longevity (day) 12.84+0.21a 12.05+0.28b 11.08+0.22¢ 9.89+0.21d 55.3, 3,150, <0.0001
Total life span (day) 23.32+0.29% 22.66+0.33b 21.94+0.32¢ 20.93+0.34d 33.5, 3,150, <0.0001

*Means within a row followed by the same letter are not significantly different (Tukey—Kramer P < 0.05).
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Tetranychus urticae
Table 3. Effects of sublethal concentrations of Menthe piperita essential oil microcapsule on biological
parameters (mean * SE) of Tetranychus urticae

Sub-lethal concentration

Parameter Control LC1o LCy LCs F,df, P
Oviposition period 10.72+0.12 a 10.43+0.11a 9.04.£0.09b 7.87+0.14c 41.3, 3,150, <0.0001
APOP? 1.01+0.03a 1.04+0.03a 1.09 £0.03a 1.11+0.03a 0.23, 3,150, 0.14
TPOP? 11.64+0.13a 11.68+0.14a 11.72+0.15a 11.74+0.15a 0.39, 3,150, <0.008
Total fecundity 56.74+0.31a 54.35+0.36a 41.35+0.29b 34.98+0.32¢c  24.6, 3,150, <0.0001

*Means within a row followed by the same letter are not significantly different (Tukey—Kramer P < 0.05).
APOP:adult pre-oviposition period
TPOP: total pre-oviposition period.
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Table 4. Population growth parameters (Meant SE) of Tetranychus urticae under the influence of
sublethal concentrations of Menthe piperita essential oil microcapsules and control

population parameters Control LCy LCy LC;
GRR (eggs/individual/Generation)  49.344+2.45a 42.35+£2.03b 32.67+1.87¢ 24.54+1.46d
R (eggs/individual/Generation) 39.87+2.32a 33.61+2.11b 22.36+1.69¢ 17.06+1.54d

r (day™) 0.2208+0.006a  0.2112+0.005a  0.2011+0.003ab  0.1925+0.003b
2 (day™) 1.266+0.005a 1.242+0.006a 1.231+0.007ab 1.208+0.007b
T (days) 16.66+0.11a 16.23+0.09b 15.84+0.07¢c 14.95+0.08d

*The data in the first row were calculated for each parameter using Bootstrap and 100,00 repetitions, and the data in the
second row were calculated using the main data. The mean of each row of the same letters does not have a significant
difference (Paired-bootstrap test, 100,000 repetitions)
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Figurel. Age-specific fecundity (mx) of Tetranychus urticae-offspring treated by sublethal concentrations
of essential oil microcapsule from Menthe piperita
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Figure 2. Age-specific survivorship (Ix) of Tetranychus urticae-offspring treated by sublethal
concentrations of essential oil microcapsule from Menthe piperita
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Abstract
Background and Objectives
Tetranychus urticae, as the two-spotted spider mite, is considered as one of the most
important and destructive herbivorous mites in farms and greenhouses, which is very
important to control due to its wide host range. The damage caused by agricultural pests
combined with the harmful effects of synthetic chemicals used in their control can be
mitigated or eliminated by using botanicals, which are derived from renewable resources
including a mixture of various bioactive ingredients. Therefore, finding a suitable alternative
way for controlling this pest is necessary by considering the resistance to acaricides, as well
as undesirable effects of chemical compounds. The present work aims to evaluate
microcapsule essential oil of Mentha piperita and its lethal and sublethal toxicity to T.
urticae.
Materials and Methods
Laboratory bioassays were used for evaluating the sublethal effects of peppermint essential
oil microcapsules on biological and population parameters of T. urticae. The life table
parameters of T. urticae were conducted on leaf discs under laboratory conditions at 25 +
2°C, 60 * 5% relative humidity, and a photoperiod of 16:8 (L: D) hours. Then, the duration
of each stage, developmental time, and survival were observed and recorded daily. In
addition, the raw data were analyzed based on age stage two-sex life table theory with MS-
Chart.
Results
Based on the results, microcapsules of Menthe piperita caused a significant reduction in
fecundity and longevity. Those treated with LCy, and LC3y had a significant reduction at net
reproductive rate, compared to those treated with LCyo and untreated ones. The intrinsic and
finite rate of increase reduced significantly in higher concentration compared to the control.
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In addition, the mean generation time decreased significantly at the upper dose, compared
with LC]_Q.

Discussion

Botanic acaricides can be wused for controlling Tetranychus urticae, and the
microencapsulated formulation of these products makes them more stable. Familiarity with
the chemical nature of the bio-active pesticide/acaricidal compound can be considered in
future research which can play a role in developing an effective and environmentally
friendly treatment against spider mites, leading to a decrease in reliance on synthetic
pesticides/acaricides. The results of this study can be used in designing the mentioned pest
management programs by considering the detrimental effects of M. piperita essential oil
microcapsule on some biological parameters of T. urticae.

Keywords: Biological parameters, Peppermint, Tetranychus urticae, Toxicity,
Microcapsule



