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Figure 1. Mortality percentage of the adults of Rhyzopertha dominica exposed to the fumigation of
Mentha piperita (A) and Mentha spicata (B) essential oils
Columns followed by different letters are significantly different based on the Tukey test (P<0.05).

Bl s, Mentha spicata s Mentha piperita sls julul oo d5 Caaw a5 b g 0 (laosls oy 4 25 =) Jscl

Rhyzopertha dominica
Table 1. Probit analysis of data related to the fumigant toxicity of Mentha piperitaand Mentha spicata
essential oils against adults of Rhyzopertha dominica

Lethal concentrations with 95% confidence limits

XZ

Essential oil Tim(h) (nl/) Slope + SE (df = 4 Significant
LCso LCso LCgo
M. piperita 8.72 16.72 81.98 -
24 (6.02-10.69) (14.44-19.41) (53.71-189.79) 186+032  0.97 0.81
7.76 12.55 40.60 2.51+0.27 *
48 (6.08 - 9.19) (10.89 - 14.02) (34.18 - 52.13) 2.35 0.67
M. spicata 28.43 41.11 101.22 3.28+£0.35 x
24 (25.03 -31.22) (38.12-44.35) (85.32-130.55) 2.22 0.70
48 26.20 35.73 76.29 3.89 £ 0.37 2 40 0.66*

(23.32-28.59) (33.27-38.10) (67.77 - 89.96)
* Since the significance level is greater than 0.05, no heterogeneity factor is used in the calculation of confidence
limits.
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Table 2. Sublethal effects of LCs values of Mentha piperita and Mentha spicata essential oils on the
development and survival of immature stages (mean + SE) of Rhyzopertha dominica

Treatments Egg incubation Larval and pupal period  Development time Pre-adult survival

(day) (day) (day) (day)
M. piperita  7.076 £0.088 a 40.846 +0.374 a 47971+0375a  0.667 +0.061a
M. spicata 7.142+0.086 a 39.975+0.174 b 47.065+0.193b  0.733+0.058a
Control 6.456 + 0.065 b 34.174+0.474c 40.586 +0.458 ¢ 0.766 +0.054 a

Means followed by different letters in each column are significantly different (Paired bootstrap test, P<0.05).

(el 5 slae 93 55, Mentha spicata s Mentha piperita sls bl LCao jslie S iS5 &l 51-¥ Jsu
Rhyzopertha dominica Bl Glre sl + 50ke) jes Jsb 5 55705

Table 3. Sublethal effects of LCs values of Mentha piperita and Mentha spicata essential oils on the
reproduction period, fecundity, and adult longevity (mean = SE) of Rhyzopertha dominica

Treatments APOP TPOP Oviposition period Fecundity = Female adult longevity Male adult longevity
_ (day) (day) (day) (offspring) (day) (day)

M. piperita  3.263+0.103b 52.099 +0.577a 32.476+1.041a 82.471+3.803b 47.861+1.419b 45877 +1.695b

M. spicata 3,862+ 0.219a 51.773£0.994ab 26.090+0.992b 77.066 = 3.753 b 41130 +1.367 ¢ 38.345+1.253 ¢

Control 3.137+0.119b 43.132+0.683b 35.532+2.101a 131.45+8.087a 72.195 £ 3.946 a 59.601 £3.371a

Means followed by different letters in each column are significantly different (Paired bootstrap test, P<0.05).
APOP: Adult pre-ovipositional period; TPOP: Total pre-ovipositional period.

S L5 Jsd> slaancal 5,5 Mentha spicata s Mentha piperita sls bl LCao jslie S iS5 &l 51 -F Js
Rhyzopertha dominica (jlas slas+ . Kle)

Table 4. Sublethal effects of LCs values of Mentha piperita and Mentha spicata essential oils on the
life table parameters of Rhyzopertha dominica

Treatments GRR Ro r A T
(offspring per adult)  (offspring per adult) (day 1) (day %) (day)

M. piperita 40.819+6.969 b 26.092 +5.077 b 0.0502 +0.0033b 1.052+0.0034b 64.553+0.775a

M. spicata 39.039 +6.223 b 28.255 +4.997 b 0.0541+0.0030b 1.056+0.0032b 61.457 +0.403b

Control 65.419 + 10.780 a 48.105+8.708 a 0.0719+0.0038a 1.075+0.0041a 53.666 +0.791c

Means followed by different letters in each column are significantly different (Paired bootstrap test, P<0.05).
Ro: net reproductive rate; r: intrinsic rate of increase; A: finite rate of increase; T: mean generation time.
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Figure 2. Age-specific survival rate (lx) and age-specific fecundity (my) of Rhyzopertha dominica
exposed to the fumigation of Mentha piperita and Mentha spicata essential oils and control group
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Table 5. Anti-nutritional effects (mean+SE) of the LCso values of Mentha piperita and Mentha spicata
essential oils against Rhyzopertha dominica adults

Treatment Cl RCR RGR ECI FDI
(mg/mg) (mg/mg/day) (mg/mg/day) (%) (%)
Control 14803+ 1.52a 1.057+£0.109a 0.0169 £ 0.002 a 1.583 + 0.108 a -
M. piperita 8.334 £ 0.663 b 0.595+ 0.047b 0.0044 +0.002 b 0.753+0.199 b 49.06
M. spicata 11.286+1.011b 0.806 £ 0.072b 0.0071 +0.002 b 0.934 +0.341 ab 31.13
F2,18 =8.33 Fz,ls =8.33 F2,18 =9.61 F2,18 =3.40 -
ANOVA P =0.0027 P =0.0027 P =0.0014 P = 0.0559 -

Means in a column followed by different lowercase letters are significantly different (Tukey test; P<0.05). ClI,
ECI, PCR, RGR, and FDI are consumption index, efficiency of conversion of ingested food, relative consumption
rate, relative growth rate, and feeding deterrence index, respectively.

L o 1S S g JalS Sl (55, M. spicata s M. piperita gls julul sl iass mls 4 4 5 L
odd IS 5 s p ) adle 53 (1S 6Ssu 55 (AE Gl bl Sl (S (B Te e ol il e 5 B
LCs0 sl b j2usS ¢S g JolS” &l 2 (o5, (Apium graveolens L.) .5 57 uilul st Conen cJlie (61 s
o) 0 il 2 Cams ctilie g3 s (Ebadollahi, 2018) el oz 218 colu YF b 2d » 2)s Soe 0¥/0)
2 A5 S VWA aele YF LCsp jliie b 2uiS ¢S oS Ol i (g5, (Satureja intermedia C. A. Mey) b
M. Gla bl (s Comn bl 255 s b pes o nen (Ebadollahi & Setzer, 2020) 1s )18 2
R. S, laabyse o) 2 2ds S 010 5 +/MY wele YF LCso ,se L s s+ M. spicata , piperita
Sldie b M. piperita sl oot Coem K5 ass 53 (WU et al., 2023) cul oas 3,15 dabieshanensis
3lie (Jl= ol L .(De Souza et al., 2022) coul o &5 IS5 5,6 S 655 2 2ds e VV/0 wels YF LCoso
polie b (ad o 2d s S BV 5 VPIVY I sa) Lol iasi 43 M. spicata s M. piperita sls .ilul aels Y LCso
3 il Ll e S e (gl sl Cos 53 Ol iy o 5 45 il o Sosline 0Ol Oolallas s ol 35T 5 bl
sl s ol 5 oblae Ll s L 5l ulel ol olesd gl 5o S8 30 Julse 5 andllan 3550 3T 45 055 & slite
(Wu et al., 2023) wib Calises
iy Jol e e b il oo il o ALS Gla bl Jro iSTe i LS 5 L Dl el e o IS sbe
@ ool (Naseri etal., 2017) 555 LoT e 5 &8 0 Oljn 2l s Gleoi) (2alS Eoly amss 43 5 0ks f ok 1 J3
le)ss dob (@i fu 85 Ol Do ladae ol 3l o 5o M. SpiCALA 5 M. piperata s pwlul o bl G
Sl 5 5250535 Ugb Rl ol (tass LAl b puan b 258 ST g £k 51 i sled 5 52 5 (S dd 5 650Y
Nouri Ganbalani ) el eis 18 0L 5 N5 gy 5 lawy a1y 5 05 o jwlal 56 Cou 2utS Su g
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Abstract

The lesser grain borer, Rhyzopertha dominica (F.), with a worldwide distribution, is among the
important pests of stored products, which causes significant economic damage to cereal grains such as
wheat and rice. The lethal and sub-lethal effects of essential oils extracted from two species of the
Mentha, including Mentha piperita L. and Mentha spicata L., on biological and life-table parameters
and nutritional indices of R. dominica at 28+1°C, 60+5% relative humidity, and 14:10 h (light:darkness)
photoperiod were evaluated in the current study. Results indicated that both essential oils were toxic to
the adults of R. dominica, in which M. piperita essential oil with lower LCso (16.72 and 12.55 ul/l,

respectively) had more fumigant toxicity compared toM. spicata essential oil (41.11 and 35.73 pl/l,
respectively) after 24 and 48 h. The egg incubation period and development time of immature stages
were increased by essential oils' treatments. Female fecundity and adults longevity along with
population parameters of the pest, including r (intrinsic rate of population increase), Ro (net reproductive
rate), GRR (gross reproductive rate), and A (finite rate of population increase), exposed to the essential
oils were decreased. Nutritional indices, including consumption index, relative consumption rate, and
relative growth rate, of pest treated with essential oils were also significantly reduced compared to the
control group. Results revealed that M. piperita and M. spicata essential oils, as available and eco-
friendly botanical agents, possess significant potential for the management of R. dominica.

Key words: Botanical agents, life-table parameters, nutritional indices, toxicity

Citation: Ebadollahi, A. (2025).Lethal and sublethal effects of essential oils of two Mentha species on the biological and
nutritional characteristics of the lesser grain borer, Rhyzopertha dominica. Plant Pest Research, 14(4), 17-30. Doi:
https://doi.org/ iprj.2025.29287.1617

*Corresponding author: ebadollahi@uma.ac.ir
BY

Journal of Plant Pest Research is published by University of Guilan
This journal is an open access journal licensed under the Creative Commons Attribution 4.0 International license (CC BY 4.0)


https://orcid.org/xxxx-xxxx-xxxx-xxxx

