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0525% Sl SO g <67 ;i Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae) (g sl Akl
el gn Loy 5 5 Lol cla gl cla Lol 3 503 Sl 5 1S Slyls s ki o ke @\.wlrvxf,@ﬂ csbals
Sl Al el 5o (65, AT Culab 5 ) s i 1 (B0 kit Sl 090 (KoOUSER, 2021) S7 o b
(Gourgouta et al., 2023) > 3& s LT gladss 25,0 5

bl O guame SBT Ol i ple g T s aik J 28 55 s, e oland gla 1S EST 5 eslizul
w5l I3 OLS 5 opl o3 28 3,8 Wl ol L (Zettler & Arthur, 2000; Guru et al., 2022) 354 o < guoms
Sl il g 5o 1y a8 515 50 Cou SBT 5 Caglie slul 5 o James (S5 JT (Olusl oDl Ldgs i I (g3dae
«(Tribolium castaneum (Herbst)) 5,7 ;s 5 is Cwslis (Jte 5l (Kim et al., 2017; Nayak et al., 2020)
slos iSTe i &S Ol e (o 4 T eI 4kt (Plodia interpunctella (Hubner)) »,T i oy
Sl g g0 11 Ja oS S 5 (B me e nl ol (Gautam et al., 2020) ol ot 518 L1 SBT S 55 5,0
Ay oo 4 (659w SBT Dl i J 28 55 LTHIS b= s s 5 Ol 8

Dl o Sl rs als 5 ;56 b o 53 5 DIy 612 057 Cono 5 S it 2 s s & P sl il
Regnault-Roger ) wlods b ,ne SBT ads Sy pe sladsl 3 olosd sla i 3T o Kl SLS 5 0 seay 3T
Gl 25 CST Ol gieas wil g oo VU oyl b s 4 a8 gla Ll (et al., 2012; Isman, 2020; Ebadollahi, 2023
Rajendran & Sriranjini, 2008; Campolo et al., ) ,1i& 56 olde sl glaes s Jols 3T Sl i () s
Conor (s (51 ool 0z )1 8 s I8 gladle js Al laulul 5 & 5 4 T el and Coules (2018
Achillea) ol,sks «(E. viminalis Labill ; Eucalyptus camaldulensis Dehnh) .z JS1 sla bl
s, (Saturejaintermedia C. A. Mey) .26 o5 ,» s (Cymbopogon nardus (L.)) s.J _ele «(filipendulina Lam.
Ebadollahi, 2017; Ebadollahi and Setzer, 2020a b; Gharsan et) &l ods &3 T eI 4kl JolS” Sl i
.(al., 2023

Lol a8 ie LIS a5l gkl 5 uﬂakﬁupg,rﬂp@t‘f&uwu N F el 5,8 O
Aol andllas wlul 5 eJle gl 5 .(Aungtikun et al., 2021; Dassanayake et al., 2021) coul e LS| 5l gla i st
Piper ) oL Jaé «(Eucalyptus globulus Labill) .z JST1 gl bl Lot (Ahmed et al., 2021) o,
)5 e 5 (Rosmarinus officinalis L.) s, ;, s (Melaleuca alternifolia Cheel) sl> <= ,5 «(nigrum L.
osMe [iSTe i LS 5 bl oSS sbas s 4 0 (MyZUS persicae (Sulzer)) sla s ai g5, LT 2870 i o),
S5 5 el andl s s outins |5 (6! 31 IS o o 53 51 s o e Sl oS (0T 3 e Ikl J2alS”
;ju@,&;Tl,aTWw)a,;;d\rb:;ﬁ,\s,;uwwwus;,u>ﬁ}}g”&\;\rﬁg‘jmd@
SBTJ S 55 oV oLl S iy Jas K 5 Calides olasd gl cals s 4 alE cla ilel (Ahmad, 2009)
S, 5l g yls s a4 LOT a8 i Sl 31 uilal o o5 2,5 Sy (Ebadollahi, 2023) s
Gaire et al., 2020; Yoon & Tak, ) 8" iy zals boT 4l 55 SBT Caslie 0l 5 anl il 531 Sl - San & gline
(2022

1, Synergistic
2, Antagonistic
3, Additive
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I, Synergistic Ratio (SR)

2, Consumption Index (CI)

3. Relative Consumption Rate (RCR)

4, Relative Growth Rate (RGR)

3, Efficiency of Conversion of Ingested Food (ECI)
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Table 1. Chemical composition of the essential oils of ajwain (Carum copticum C.B. Clarke), black
cumin (Carum carvi L.), and fennel (Foeniculum vulgare Miller)

- C. copticum C. canvi F. vulgare
|dentified Components RT Area % RT Area % RT Area %
a-Pinene - - 6.992 0.52 6.932 0.74
R-a-Pinene - - 7.109 0.59 - -
Sabinene - - - - 8.465 0.3
B-Pinene 8.490 0.57 8.496 2.39 - -
B-Myrcene 8.933 0.11 8.898 0.33 8.998 0.36
Cymol 10.215 26.16 10.151 31.96 - -
p-Cymene 10.378 2.65 - - - -
3-Ocimene - - - - 10.485 0.17
Limonene 10.565 0.25 10.448 1.48 10.262 18.95
y-Terpinene 11.276 25.36 11.177 39.89 - -
Fenchone - - - - 11.916 1.97
Neo-allo-ocimene - - - - 13.140 0.1
Camphor - - - - 13.409 0.1
Estragole - - - -- 14.800 5.41
Cuminic aldehyde - - 15.764 0.28 - -
Carvol - - - - 16.196 0.51
2-Methyl-3-phenylpropanal - - 16.265 7.73 - -
4-Ethylbenzyl alcohol - - 16.977 0.16 - -
Anethole - - - - 17.106 70.98
2-Caren-10-al - - 17.233 151 - -
Thymol 17.431 43.07 - - - -
S-(-)-1-Phenylpropanol - - 17.460 1.50 - -
Cuminol 18.031 0.84 17.396 4.43 - -
Carotol 23.953 0.36 20.047 6.23 - -
Total 99.37 99.00 99.59

RT is Retention time (minute).

3L 4t JolS Sl i (5 ok 035 5 015 31y sla el o 31 sdeTumzay (slaosls Cos 42205 s
o) eill (LCs0) dep 5 01 oS o Lol jslae .l ol 0315 OLES Y U 55 Celw VY 5 FA OYF lagls) 5o =
a ki 5T 0 8 5 ads Sea tYAF 5 /000 VY e Dt 8515 b me 5> Celu VY 5 FACYF I ey ol
025 bl Cor (LC0 s lin o 55 0 Oliabl 50k GLo gred pude 5 (oo Cor p3lie S5l 3l 4 a5 L S0 ke
(LC30) deoys ¥ oS glaclale pslin 350 55 solie Lgy ool 03 5 1y 2ol 331 Ol il 31 L (6505 i y sbas ol
(Y ) Al odalin o il oy
05 2 A9 S VR g Jlaailss anes JolS Ot (6,8 513 o 5me 55 Zela YF 51y 035 bl LCs0 lutie
o G5l el LCoo 3l 23l 280 8 5 2l Soo +/70% b il o i Sl 58, YL 5 0lej ol 1L S5 5
05 1 Ads S IR S VY VAL e sl ates ol Ol i (658515 (5 5me 53 Sl VY 5 FA GYF
el 6 o (6815 8 me 53 Ol e a3 el sdalie O35 5 ol 015 (la il 3 o aoT dilon s L5
¥ s 53 0 61,1 LCr0 jpalie 4 4z 5 b i 3T olS O ol 1531 o 50 Sl VY w0 sl YF 1450 5
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Table 2. Probit analyses of the mortality of the saw-toothed grain beetle (Oryzaephilus surinamensis
L.) adults exposed to ajwain (Carum copticum C.B. Clarke), black cumin (Carum carvi L.), and fennel
(Foeniculum vulgare Miller) essential oils after 24, 48, and 72 h

Essential oil Time Lethal Concentrations with 95% confidence limits (uL/g) Xf Slope £ SE  Sig. RP
(h) LCso LCso LCeo (df=3)
24 0.495(0.448 - 0.540) 0.701(0.645-0.766) 1.636(1.399 - 2.019) 0.885 3.481+0.295 0.829 2575
C. carvi 48 0.411(0.373-0.446) 0.555(0.515-0.597) 1.156(1.027-1.345) 2.498 4.019+0310 0476 5252
72 0.298(0.267-0.326) 0.394(0363-0.424) 0.778(0.703-0.888) 6.210 4.333+0.357 0.102 481
24 0.858(0.737-0.986) 1.492(1.294-1.756) 5.776(4.381-8.409) 3.351 2.181+0.187 0034 1210
C.copticum 48  0.485(0.195-0.779) 0.860(0.502 - 1.580) 3.480(1.804 - 25.002) 13.705 2.111+0.172 0.003 2:099
72 0.355(0.128-0.566) 0.603(0.332-1.011) 2.205(1.238-11.587) 14.281 2.277+0.182 0003 2:993
24 0.907(0.761-1.072) 1.805(1504-2.262) 9.684(6.533-17.062) 5.169 1.756+0.172 0.160 1-000
F.vulgare 48  0.577(0.124-1.107) 1.012(0.478-3.217) 3.992(1.760 - 321.367) 23.958 2.151 +0.175 <0.001 1784
72 0.395(0.227-0.553) 0.613(0.421-0.874) 1.793(1.179-4.321) 9.625 2.750+0.207 0.022 2:945

Sig. and RP are significant and Relative Potency, respectively. Relative Potency = (the most LCs value)/(LCso
value of the other essential oil) (Valizadeh et al., 2021)
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Table 3. Combined effects of the LCsoand LCso values of ajwain (Carum copticum C.B. Clarke), black
cumin (Carum carvi L.), and fennel (Foeniculum vulgare Miller) essential oils on the mortality of the
saw-toothed grain beetle (Oryzaephilus surinamensis L.) adults after 24 h

Mortality (%)

Treatments A B Expected Observed Syr;;g:)stlc
A+B (A+B)
LCsoof C. carvi (A) + LCso of C. copticum (B) 25 275 52.5 77.5 0.68S
LCso of C. carvi (A) + LCso of C. copticum (B) 25 475 725 85 0.85 A
LCso of C. carvi (A) + LCso of C. copticum (B) 50 275 775 80 097 A
LCso of F. vulgare (A) + LC3o of C. copticum (B) 325 275 60 80 0.75 A
LCso of F. vulgare (A) + LCso of C. copticum (B) 325 475 80 775 1.03A
LCso of F. vulgare (A) + LCao of C. copticum (B) 52.5 275 80 85 094 A
LCao of F. vulgare (A) + LCzo of C. carvi (B) 325 25 57.5 725 0.79 A
LC3o of F. vulgare (A) + LCso of C. carvi (B) 325 50 825 80 1.03 A
LCso of F. vulgare (A) + LCzo of C. carvi (B) 52.5 52 77.5 82.5 0.94 A

S and A indicate the synergism and additive effects between tested agents, respectively.
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Table 4. Nutritional indices of the saw-toothed grain beetle (Oryzaephilus surinamensis L.) adults
exposed to LCsovalues of ajwain (Carum copticum C.B. Clarke), black cumin (Carum carvi L.), and
fennel (Foeniculum vulgare Miller) essential oils

Treatments Cl RCR RGR ECI
(mg/mg) (mg/mg/day) (mg/mg/day) (%)
Control 58.28 + 7.06? 11.66 £ 1.412 0.071 + 0.0062 0.63 £ 0.07%
C. carvi 4523 +2.34° 9.05 +0.47° 0.039 + 0.003¢ 0.44 £ 0.03¢
C. copticum 41.45 + 3,08 8.29 +0.61b¢ 0.049 +0.004° 0.60 + 0.07%
F. vulgare 36.99 £0.73° 7.40 £0.15° 0.054 +0.002° 0.74 £0.022
C. carvi+C. copticum 43.89 +1.70° 8.78 £ 0.34° 0.042 + 0.003 0.48 + 0.04%¢
C. carvi+F. vulgare 36.70 £ 1.49¢ 7.34 £0.30° 0.045 + 0.002" 0.62 + 0.04%
C. copticum+F. vulgare 44.64 +1.41° 8.93 +0.28° 0.048 +0.002° 0.53 +0.01°
C. carvi+C. copticum+F. vulgare 36.88 +2.12¢ 7.38 £0.42¢ 0.027 +0.003¢ 0.52 + 0.06"
ANOVA (df =7, 40) F=7.950 F =5.300 F =10.500 F=6.010
P <0.0001 P =0.0004 P <0.0001 P <0.0001

Cl: Consumption index, RCR: Relative consumption rate, RGR: Relative growth rate, and ECI: Efficiency of
conversion of ingested food. Means Different letters in each column indicate differences of corresponding means
according to the Tukey's test (P< 0.05).
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Abstract

Due to several side-effects of chemical pesticides' utilization and necessity of the introduction of
efficient and eco-friendly alternatives, the insecticidal effects of ajwain, cumin, and fennel essential oils,
separately and in combination, were investigated against the saw-toothed grain beetle in the present
study. Chemical analyses of the essential oils revealed that thymol (43.07%) and cymol (26.16%) in
ajwain, y-terpinene (39.89%) and cymol (31.96%) in cumin, and anethole (70.98%) and limonene
(18.95%) in fennel essential oils were dominant. The 50% lethal concentration (LCso) values of cumin,
ajwain, and fennel essential oils were decreased from 0.701, 1.492, and 1.805 ul/g in 24 h to 0.394,

0.603, and 0.613 pl/g after 72 h, respectively. The combined use of the studied essential oils increased
their toxicity and the mortality of pest; so the mixing of 30% lethal concentrations (LCso) of ajwain and
cumin essential oils had a synergistic effect on the mortality of insect pest. In other combinations, an
additive effect was observed in the toxicity of essential oils. Nutritional indices of the pest including
consumption index, relative consumption rate, and relative growth rate, influenced by separate and
combined application of essential oils, were significantly decreased compared to the control group. The
relative growth rate of the pest showed the greatest reduction by ajwain+cumin+fennel essential oils'
treatment compared to others. The results of the present research showed that it is possible to use ajwain,
cumin, and fennel essential oils, separately and in combination, to manage saw-toothed grain beetle.
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