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s 5587 51 (okms 5 O a) 53 i 2 e BT 1 Sitophilus oryzae (L.) (Coleoptera: Curculionidae) < » 4202
S35 6okl Syl sl as 536 5N 5 JalS o ko Al e 95 8 53 5 adls Slga (RS 0 e )0 sd o O guoes Olgar
<als (ME glaals o sdle all (Bagheri-Zenouz, 2010) dsb s <y3 5 g ‘(.vf (mr JS 3 bl OMe glagls
Olge Olgoay ESUis Sloms s 5 b33l (Sl o 2oy Saails Wi Glao e Jald 65U Y gz I (slos 28
(Ebrahimi, 2020) &, )| 3 ae 330 g5 2 i o 5 A1 5 o0

SLS 5 ol w2205 o o gmamn U SBT J 287 ol oy (ol (sla iS5 EST Sl eslinal Sl 55 b
o031 OBT Caglin dams 5 ka2 Sl g g0 5 Oladl oD Ldgs (o3 James S5 T Asle (gumte Sl ol 31
o 45 g e e glie (Je (ol (Curl et al., 2010; Khan & Khan, 2023; Barbosa et al., 2024) =l il
ok DU (gadaie sla s (bl sadle 3 (bl SV guame ST ST )3 Jsliie (250 p gans | S Ol gea
255 Ja0S OLS 5 b e o0l 3 (NQUyen et al., 2015; Holloway et al., 2016; Aulicky et al., 2022) .|
Al o (655 0 oWl BT J 28 5s LTHS Jl- e

Ol 5 ils (AE (sla el o sasay A DS 5 4 oV Sl o0 4l ) o a5 bl 4 a5 L
(Abdelgaleil et al., 2016; Draz et al., 2022; Khoobdel et al., 2022) wib o jus SLS 5 opl b 6T &y jsike
Sy S HiS Ceols  osdhe (Ocimum basilicum L.) ol , 5 (Citrus reticulate L.) 5,6 sla wilel ot (sl
(ol YV (b aS S0 p SS o S e VAN 5V FID (o 00 autiaS hale) LCoso e b g el JolS ol 2
Sl ok dals 055 4 o 3T Ul i 215 s Sl gme alS ol 0t Sy p SUS 0 8 e Veer il s
Wlsol (Ol 5 Sl bl 51 o e Sl oS e ¥ CBle Sl eslinal s Eagy s (Abo Arab et al., 2022)
Tp et JalS O i 55 do 5540 (VL ik (Lavandula angustifolia Mill.) _.ss & sl 5 (Nigella Sativa L.)
S ilal 53 3 5 50 DLS 5 &S Sl odd i 0T s ogMe (Al-Harbi et al., 2021) ol o3 57 sl Colu FA b
S i ol s LSS 5 Ll 0wt G 5 BB Comn b 5 S 5 o S g0 o s (LS
sl (Cardiet et al., 2012; Kim et al., 2013; Koutsaviti et al., 2018) cul sdtwy Sl 4 SLS 5 pl b s il
ol o » 5 ((Anethum graveolens L.) & 55 sla ilal Lsls oLz 4Kl 090k (Kim et al., 2013) ol ) Ses S b
b il o €13 i p 4l JolS” Dl i (655 (2 VU s (CUMINUM cyminUM L) 50,5 5 (Carum carvi L)
iy Sos han 53 zils g e Il 5 LTI IS tadlT e oS 055,18 I 5T o 51180T 13 35250 SLS 5 L1,
e LS 5 Olgea Jst 5-WT 5 Jgis 5-F (sed slacp 5 5525 45 Lsls olas (Wang et al., 2015) ol ,Kes
sl g Ak JBlS D i (55 il (gl (5 e b emis L3I (Dahlia pinnata Cav.) S 8 olS sl

YO g 0, 31 i 53 5 Jsldie ST 5 2013 OLLE Ol sieas 5w o, 5 5 (Carum copticum L.) olsj sls wlal
oo (Piri et al., 2020) o1 )Kan 5 5 o el g1 Lilad S 15 a5 5550 il Sla i g 55 A4S0 ko sldatal s |
S S e W)Y (s e A S VIV 577V LCoo pslie b o s 5 Usadt OT oces oS5 5 05 il
e 05 eilel e 03 gy 43 L3 ST 3,18 (Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae))
5,1 ais 5 (Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae))  iisS ¢Susm JoS Ol i (5,
Ziaee et al.,) o, Kes 5 Lo Lw s (Tribolium confusum Jacquelin du Val. (Coleoptera: Tenebrionidae))
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¥ VP Ol ) oyles V0 o ¢ AL ST Sl

so3g aome Caliee Ll d 50 S Sl Camez oL 0550 6l LTI Sla)lnl (e 5 () sladnial
S Wlesls Ol 1 (sl jtayy s (Price et al., 2011) 2,8 15 eslimal 340 LSl e SBT Sl i Sy pe o
ST Ol i smer 3 o) Sdminl b (65, S AiS 5 Sl gl ( SaiS ,odhe alE (sla uilul 1 oslizal
sl .Qafari et al., 2021; Elbehery & Ibrahim, 2022; Nouri Ganbalani et al., 2022) dzua g L1 &Y guams
Sz (0. basilicum) glow , gla milul I eslizal &7 Wsls oLz (afari et al., 2021) oK 5 (g i (Jle
et o SLj Jsdr 5 se) slaamial 3 (Mentha spicata L.) gls 5 (Origanum vulgare Mill.)
Sboti; ¢ So i (s5,Y sleyss Jsb Jels (Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae))
Joo M5 el 55l Camaz (IR0 G155 5 JalS Dl i e sk 5 65T505 cs a3 0090 b b Sl S
Oa b pl gl s o A ()l gme D st 1) (B) Camaz 2l ) alie &5 5 (GRR) Joe g el &5 (Ro)
5 L S Jols OS5 5 s 005 Sla ilil (2570 o D3 (i aligd J 557 50 oS mb o 257 ST b ma
I3 alas 5550 il Siags 5o COT Gladis Gl pasls 5 (S5 Jader 5 (i Slaaminl b (555 (S S 5 &)
o5 Sl glhand Sl e il (g 5 D315 (3870 phm (ol 55 o ediiees LU 3 205 S 4 (inen Ky
i Eoms aalllan 550 (S0 i ol L OT 53 5 g2 50 SLS 5 Szt LI 50 ) O 5

W g, 9 3lge
LS sl wilul

b5 Lt (ol 5 LIS il sl &S, 51 (CLcyminum) s o 5 5 (C. cOPLiCUM) 05 OWLS sla sl
bt i) ks (IgSS oy 53 s 455 ¥ (5los 53 gnsin T 28755 (lats Coy b o1 eslinal 0L
o geib 4 e (Agilent 7890B, Santa Clara, CA, USA) 58 1.5 sles S o8ams 51 eslizal b s il
€ S8 5y S O Cabbes 5 b (sb sy sl Gie oRils (557 0 oKl T s (Agilent 5977A)
2 g V) S ke 53 05,8 385 b Leill Jghes 5 g es S /Y0 5 e s /Y0 e ¥ s e (HP-5mS)
2 e /N S b ol 58 Ol 5oy ke Sl As Gy o83 45 o grochos 453 YO (5las 53 gloa 51 25 S S
s (Retention Time = RT) Sw,ls5L ool amlis L LS 5 oluks (Akhtari et al., 2022) i oslizul aiss
Wiley, New York, ) Wiley 7n.1 Juls oaws 55 3 5 50 (slailulsS” pla b ginad b5 ol o 5 glacad &S
< 5 el=il (Standard Reference Data, Gaithersburg, USA)NIST , (USA
Tt Aadigid (149 3
ool 15 55 3T iys b 4 syl Gime oSty (SalS 65 8 53 3 g0 AT S g akd adsl Comer
ErpS Y sl g SB S o) 0 ek ol 5 (655 4l b s el 5 shaes OT wlas oS (sl sl (Sadly
a3 YA RN Sles Lol o i, &SBU1 s s s b s Ll (gilelay Co b 1o 4 JelS 6 i sie O (s 3))
Cao et al., ) Lus 1S Kb Celu A 5 olds, Celo VF sy 0)5 5 doyd F0 F 0 s Cusby ¢ o sandes
A8 o3lizal bt lajT bl (g1 0555 4 b S B o i 51,2024
L ilw! gud a5 Coonws

Lol aials . oslil pui p 4ol 0395 4w b S5 JalS Sl o 51e0L5 5 o 025 Gl uilol (255 oo (g0 2 51 2
5o oelel 1) mds S VOY/0Y b 9976 glaclale (s acnloes oz, 35, 4 5 4l ol T el
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s 3t 58 10 5 gbay uilal a1 55 de e bale 5ol 4 e Slo ¥ kS 4l GBS S (glo pls Solakas s
S Ll ol (laded Cop b B s JI5 0dd e (Slo ladelS il as Slo delS SlabsS (555 s S
Aals (slaog S 53 Lks s I5n 4 3585 BB b Oy oty oDl Og b (sla g 55 s uilod Syl 5 5 51 (55 sl
S5 g o ¥ 5 b 8 plowl dali ol pan 4y ke £ 55 ba 5 LejT ikt 1SS ba il lac ol 03 ST BLS1 oy Jor! o plos
38 g Sy gt Sl FA 5 Y Sl ol s Ol ke Sl s
T Al Farer rddu]yd g j SS9 (59, L mill 51

digho)sy aw b eSS JolS o ko sde Yoo Il (8T (Sij g slaamial b 555 bauilul (S0iS 5 51 gy 61
D3 G s S Wiy s VE/YA 5 tLCa0) OS5 5 o 025 lagmill Aoy ¥o 0isS Sl 56 Comi i
(oodla 03)) i p S Y (sl (6 e Sle ¥ 5 5 o3 b a0 (S Sl ole 5 5ot ko 2 e Zolu YF 1 oy b S
My aalst JolS St aen &80 0l b Citlinn ) ol 4 Loy pe gl 5 el (slagsed sl & ks Jize
(§ sk 31 3 (Sloosi3 5 a5 by 0553 U3b) Fok 51 IS ol o (s S8 S 505 (gt (8 0bbblosly (slaosls Sl 555
th) Glal o s Slao ks F Al eslizal (osle 5 JalS” Dl i pes Jsb 31315 (8 5 o3 0y 95 Jgb) ap 513l
maoel 53557 5 6l (oo A 5 w;)“.um\.lféur,'.; 3l 6M) (glal- o= on (553T315 55 5 (X o 53 Slaodis & 5
(Chi & Liu, 1985) us eslizul <3T Sk Jad> sl
B2 g JolS Ol gt 1085 (5 pas L (5 Bapuilus! 51
(& 2ds S W /™Y s VE/YA C 5 (LCa0) 0L 5 jomw 0 25 Sla milol ooy ¥ 0uziS” glacbale (gladis A & !
LC30JJ_:LL=\g(:.x.p\’“)g:,éTJ.«\lef':.:-..x.&sw)jq}\fuq-Q)rpgc}ja%&&lfc\fbLg\qiﬁéuu.a;'-wé})
@de Vo5 8 Cn s (Wals 5 uilul gl a8 e &y sm ) odile 0§ O i (el YF 1 5 0ls Lo La il
M 055 355 3l a5 I8 ol Sl i 055 s Jimte (able 13)) g0 0k 5 93 sl S a Sl P s p s b
(CD O jemn ol Jolis ST (glasdis (gla sl b pnd azan ¥ 51 dns 20l 3T (slgmil 53 odile 3L (gl 055 5 ok osls
dpmloms 25 Jaulgy Sl eslizal b (ECD) o o3, 5 glde a5 2 5 (RGR) (o 35 7 5 «'RCR) (s O e &5
«Waldbauer, 1968) ..x

Cl=F/A
RCR =F/TA
RGR = G/TA
ECI =G/F

e oSt 035 oS o) 4085 053 Jsb 3 S i S 055 (Kb w554 G 5T F A sy ol )3
LPLZWM\;G& ((:thsl:.a) QM 093 d)lﬁ)b cﬁwf&b&j)}(j))) 414&3' 09> ‘((’va'k*“) au\.fbaJ)}é
‘-L.; DJ}TJ: J‘.’.) 4.]9;‘) J‘ a:Lﬂ.’ZM‘L(FDID) 4-14:!3 j-b)\b)\a.
FDI = [(C - T)/C] x 100
(Isman et al., 1990) dib e Jles 5 dals slaoy S 55 oddosy o (5ldé 035 eSole e ja T 5C 0T j3 &

Lodld &y 30
el 5 o= 55 S 53 S 0 53T o3litnl b 039 Jlo i L5 51 OW5 5 e 05 Sl uilul st li Coaw Slaesls

ch.w).s S 5 05051 Sleslizal b g odd [uilly a4 20 b uilol (Gladiids Cdled 5 2ol Cvos 1 ol slaosls L

I, Consumption Index

2, Relative Consumption Rate

3. Relative Growth Rate

4, Efficiency of Conversion of Ingested Food
5. Feeding Deterrence Index
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TWOSEX-MSChart ;i 3l 5 51 eslizal b 5 o 513, S5 5L Ve, v oty gy 5l oslizl b 3T S L5

(Chi, 2022) sas LT 4 o
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B il o2 o 5150
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O 03 i3 (Aoyn /FY) LS 5 5 5 s 5 (Ao yn Y/FY) a0 S 55 (6la o 5 5 S (o yn YY/Y ) Lok g 5 53 50
5 (Ao N1/P2) i 5L (4o 3 V4/40) el (o3 Y /9Y) dalIT s S (s s YINA) oo ¢ 5 LS 5
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Table 1. Chemical composition of Cuminum cyminum and Carum copticum essential oils

s Formula and C. cyminum C. copticum
|dentified Components classification RT ! % RT i %
a-Thujene CioHisMH 6.726 0.19 - -
a-Pinene CioH16M" 6.938 8.05 6.955  3.87
B—Pinene CioHieMH 8.649 21.18 - -
B-Myrcene CioH16M" 8.969 0.31 8.935 1.40
Carene CioHisMH 9.536 0.30 - -
Cymol CioHisMH 10.056 19.90 10.096 32.5
Limonene CioH1eMH 10371 1.23 - -
y-Terpinene CioH16 ™M™ 11.166 11.69 11.246 20.74
p-Cymenene CioHieMH 11.945 1.19 - -
1,8-Cineo|e Ci10H180 oM - - 11.411 0.35
Linalool CioHigOOM 12248 012 12.265 0.11
4-Terpineol CioHisOOM 14434 043 14393 0.82
Terpineol CioHisO%M 14817 013 15.034 0.24
Cuminic aldehyde CioH120%M 15864 20.61 - -
(S)-Carvone Ci1oH140 M - - 16.722  0.41
Phellandral CioHicO M  16.923  0.58 - -
Thymol CioH1,0 M - - 17.014 28.39
Carvacrol CioH1 O™ 17461 033 17.638 3.04
Eugenol C1oH120, ° - - 18.794 0.11
Methyl cumate CuH10,°  19.137  0.29 - -
Cumic acid Ci1oH1,0,° 20.791 2.78 - -
B-Farnesene CisHas SH 20.871 0.11 - -
Zingiberene CisHa4 1 21392 198 - -
Curcumene CisHaq SH 21460 0.11 - -
Caryophyllene oxide CisHaq SH 23.606 021 - -
Carotol CisH260 0s 23.858 0.23 - -
Nerolidol CisHxsO %5 34.666  0.24 - -
Monoterpene Hydrocarbon (MH) 64.04 58.51
Oxygenated Monoterpene (OM) 22.20 33.36
Sesquiterpene Hydrocarbon (SH) 241 -
Oxygenated Sesquiterpene (OS) 0.47 -
Others (O) 3.07 0.11
Total 92.19 91.98

RT is Retention Time. The compounds with lower than 0.10 were not shown.
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Carum copticum 5 Cuminum cyminum s ulul st e 3l o Tuns a5 (slaosls Cusy 4 52 =Y J gl
Sitophilus oryzae | ol i 53,

Table 2. Probit analysis of data obtained from the fumigant toxicity of Cuminum cyminum and Carum
copticum essential oils against adults of Sitophilus oryzae

Time  Lethal concentrations with 95% confidence limits (ul/I) X2

Essential oil (h) = = o Slope £ SE (df = 2) Sig.
C-ominim 54 (66.4794;2880.39) (94.7160? f§7.41) (184.%3?5%36.73) 394£045 092 092
_ 48 (59.3616;5752.26) (81.5857:1;2.17) (151.%28-'%5.79) 448+046 252 064"
o COPHIEUT 24 (118.350-.%9.56) (163.32-'123.27) (295.23%221.80) 431+052 100 0.91*
48 123.36 155.60 274.43 520+£053 197 0.74*

(11313 - 131.43) (147.93-163.08)  (248.86 - 316.30)

* Since the significance level (Sig.) is greater than 0.05, no heterogeneity factor is used in the calculation of
confidence
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Table 3. Sublethal effects of Cuminum cyminum and Carum copticum essential oils on the biological
parameters (mean + SE) of Sitophilus oryzae

Treatments Control C. cyminum C. copticum
Developmental time (day) 38.24+0.25b 43.32+0.25a 42.174+0.32a
Preadult survival (day) 0.833+0.049a 0.717 £0.059 a 0.767 £ 0.054 a
APOP (day) 3540+0.133¢c  4.261+0.112b  4.897+0.201a
TPOP (day) 41.922+0.314b  47.612+0413a  47.378+0509a
Oviposition period (day) 42572 +1449a  23.935+1.320c  27.843+1.218D
Fecundity (offspring) 256.799 £ 12.821a 86,570 +5.391c  140.249 +8.138 b
Female adult longevity (day) 60.073+1.983a 31.586+1.661c  38.583+1.285D
Male adult longevity (day) 49.824+2376a  29.474+1.694c  35787+1711b

Means followed by different letters in each raw are significantly different (Paired bootstrap test, P < 0.05). APOP:
Adult pre-ovipositional period; TPOP: Total pre-ovipositional period.
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Table 4. Sublethal effects of Cuminum cyminum and Carum copticum essential oils on the life table
parameters of Sitophilus oryzae

Treatments Control C. cyminum C. copticum

GRR (offspring per adult) 148.928 +20.988a  48.129+8.048b  76.017 +18.079 b
Ro (offspring per adult) 102.704 +17.044a 33.105+5.816 b 44.418 +8.682 b
r (day ") 0.0827 £0.0033a 0.0605+0.0031b  0.0642 +0.0037 b
A (day ™) 1.0862 £ 0.0036a  1.0624 +0.0033b  1.0663 + 0.0038 b
T (day) 55.829+0.529a  57.576+0.686a  58.806 + 0.795a

Means followed by different letters in each raw are significantly different (Paired bootstrap test, P < 0.05). GRR,
gross reproductive rate; 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 rate (my) of Sitophilus oryzae at
control group and the treatment of Cuminum cyminum and Carum copticum essential oils
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Table 5. Anti-nutritional effects (mean £ SE) of Cuminum cyminum and Carum copticum essential oils
on the adults of Sitophilus oryzae

Cl ECI FDI
Treatment %) RCR (mg/mg/day) RGR (mg/mg/day) %) %)
Control 12.019+ 1.671a 0.859+ 0.119a 0.0162 £0.0021a 2.035% 0.272a -
C. cyminum 5.704 +0.459 b 0.408 +0.033 b 0.0069 + 0.0007b  1.689+0.093 a 49.99
C. copticum 4.480 + 0.559 b 0.320+0.039 b 0.0060 £0.0013b 1.796+0.199a  59.72
Fzylgz 14.80 Fzylg =14.81 F2,18 =14.10 F2,18 =0.77 -
ANOVA P = 0.0002 P = 0.0002 P = 0.0002 P = 04772 ;

Mean values in a column followed by different lowercase letter are significantly different based on the Tukey's
test (P< 0.05). CI, 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.
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Abstract

The rice weevil, Sitophilus oryzae (L.), is one of the most damaging pests of cereal grains such as
rice, wheat, barley, and corn in Iran and many countries worldwide. In the present study, the insecticidal
activities of cumin and ajwain essential oils on the rice weevil were assessed. The chemical composition
analyses of essential oils showed that B-pinene, cumin aldehyde, cymene, and y-Terpinenein cumin
essential oil and cymene, thymol, y-Terpinene, and a-pinene in ajwain essential oil were the dominant
compounds. The 24-hour LCs values of cumin and ajwain essential oils were evaluated as 100.89 and
172.48 ul/l, respectively. Treatment of rice weevil adults with LC3o values of cumin and ajwain essential
oils (74.28 and 130.31 pl/l, respectively) significantly increased the developmental time of the pest's
immature stages. The pre-oviposition period of adults and the total pre-oviposition period significantly
increased with the application of essential oils compared to the control group. The fecundity and
longevity of male and female adults, along with various population parameters, including the intrinsic
rate of increase (r), net reproductive rate (Ro), gross reproductive rate (GRR), and finite rate of increase
(A) were diminished upon exposure to the essential oils.. The nutritional indices of the pest including
consumption index, relative consumption rate, and relative growth rate also reduced under the influence
of LCs values of cumin and ajwain essential oils. Therefore, cumin and ajwain essential oils are
recommended for further research as efficient and eco-friendly natural pesticides to replace hazardous
chemical agents in rice weevil management.
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