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Table 1- Chemical composition of the formulated myrtle essential oil

P RT* - w5 " e
Compound Composition Compound RT Composition
(%) (%)
Tricyclene 3.155 0.361 Bornyl acetate 10.073 0.277
Isoterpinolene 3.269 14.704 Linalyl formate 10.250 0.743
Camphene 3.498 1.055 a-Terpineol acetate 11.476 1.318
a-Phellandrene 3.744 0.344 Nerol acetate 11.669 0.273
a-Fenchene 3.858 13.135 a-Copaene 12.157 0.652
3-Carene 4.261 3.450 B-Bourbonene 12.395 0.145
Terpinolene 4.374 0.556 Methyl eugenol 12.902 0.318
tert-Butylbenzene 4.526 2.927 B-Caryophyllene 13.294 1.699
Isosylvestrene 4.584 4.420 Cedrene 13.450 0.310
1,8-Cineole (Eucalyptol) 4.674 18.029 Carane 13.596 0.369
y-Terpinene 5.058 0.864 Alloaromadendrene 13.743 0.284
Terpinolene 5.573 0.603 Cedrene 14.323 0.280
Linalool 5.862 4.712 y-Muurolene 14.581 0.237
d-Camphor 7.007 1.687 B-Cubebene 14.772 0.423
Menthone 7.325 0.607 Eremophilene 14.988 0.321
Borneol 7.425 1.419 a-Muurolene 15.141 0.286
4-Terpineol 7.716 1.038 y-Cadinene 15.523 0.420
a-Terpineol 8.087 2.426 B-Cadinene 15.602 0.874
Fenchyl acetate 8.389 0.403 Geranyl butyrate 16.357 0.372
2-Octen-1-ol, 3,7-dimethyl-  8.676 5.372 Caryophyllene oxide 17.244 0.952
2-1sopropyl-1-methoxy-4- 2-(3,8-Dimethyl-1,2,3,4,5,6,7,8-
methylbenzene 8.898 0.774 octahydro-5-azulenyl)-2-propanol 17.574 0.998
Linalyl anthranilate 9.018 0.974 y-Eudesmol 18.197 1.542
Geraniol 9.262 3.324 a-Eudesmol 18.995 0.555
2'6'%‘?tad'e”e' 2.6- 9.625 1.523 Bulnesol 19.149 0.845
imethyl-
Bornyl acetate 9.988 0.161 y-Eudesmol 19.567 0.640

*RT: Retention time (min.)
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Table 2- Percentage mortality (mean £SE) of the Sitophilus granarius adults exposed to different combinations of dose rates
of diatomaceous earth and Myrtus communis essential oil concentrations after 24 h exposure on wheat kernels

mileo! il w0yl S
Concentration (ul/l air) Dose rate (g/kg)
0.125 0.25 0.5 1.0 15
LCo (0) 0.00+0.00 i 0.51+0.50i 0.00+0.00i 0.51+0.50i 1.50+£0.96 i
LCio (1267) 11.00+1.08h 1050+0.64h 10.50+0.96h 140+091gh 17.0+1.29fg
LC20 (1790) 21.00+0.41ef 21.25+048ef 2350+064e 2450+0.64de 28.25+0.85d
LCso (3451) 5250+1.32¢c 54.00+187c 5425+175c 66.75+287b 73.25+22la

(32> 5 Jlois] gaws TUKEY-HSD (g051) 35,05 I gize O3] ot b aolita pué g y> (il (sl uSilio
Means with different letters are significantly different (Tukey-HSD; P<0.01).
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Table 3- Percentage mortality (mean £SE) of the Sitophilus granarius adults exposed to different combinations of dose rates
of diatomaceous earth and Myrtus communis essential oil concentrations after 48 h exposure on wheat kernels

il il gy S 5
Concentration (ul/l air) Dose rate (g/kg)
0.125 0.25 0.5 1.0 1.5
LCo (0) 0.00 £ 0.00 k 0.51 +£0.50 k 0.00 £ 0.00 k 0.51+0.50 k 0.51+0.50 k
LC1o (1267) 12.25+1.03j 1950+1.26if 23.0+£238hi 2450+2.22ghi 29.00+3.11gh
LC20 (1790) 2525+287¢ghi 31.75+293g 40.25+1.70f 66.25+2.06e 76.75 + 3.06 cd
LCso (3451) 72.00+3.03de 76.00+2.12cd 81.75+170bc 87.50+225ab 92.25+2.66a
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Means with different letters are significantly different (Tukey-HSD; P<0.01).
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Table 4- Percentage mortality (mean £SE) of the Sitophilus granarius adults exposed to different combinations of dose rates
of diatomaceous earth (g/kg grain) and Myrtus communis essential oil concentrations (ul/l air) after 72 h exposure on wheat

kernels
ol cdale dogild S 3
Concentration Dose rate (g/kg)

(ul/l air) 0.125 0.25 0.5 1.0 1.5

LCo (0) 0.00£0.00 h 0.00 £0.00 h 0.00+£0.00 h 1.04 £0.60 h 1.03+£0.59 h
LC1o (1267) 2350+350¢9 25.00 +3.79 fg 34.00 + 4.32 efg 35.00 +5.26 ef 42.00+£5.23¢
LC20 (1790) 55.00 +3.58 d 65.00 +3.65d 80.00+2.12c 86.75 +4.23 bc 92.00+3.39ab
LCso (3451) 77.25+3.22¢C 84.25 + 2.84 bc 98.25+1.18a 100 + 0.00 a 100 + 0.00 a
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Means with different letters are significantly different (Tukey-HSD; P<0.01).
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Table 5- Interactions of diatomaceous earth and Myrtus communis essential oil combinations, against the Sitophilus granarius
adults after 24 h exposure on wheat kernels

09 yo Coow Ho5'
ol e + dogily S 53 Mortality (%) S Sino S
Dose (g9/kg) + Concentration (ul/l air) SUG1 5 90 EXWXEY W) S Co-toxicity ~ Interaction
Expected Observed Interaction factor

0.125 + LC1o (1267) 9.75+1.70 11.0+1.08 Additive 12.82 Additive
0.125 + LCa0 (1790) 19.75+1.70 21.0+0.41 Additive 6.33 Additive
0.125 + LCso (3451) 50.25+1.71 525+1.32 Additive 4.48 Additive
0.25 + LC10 (1267) 10.26 £2.20 10.5 £ 0.64 Additive 234 Additive

0.25 + LC2 (1790) 20.26 £2.20 21.25+0.48 Additive 4.89 Additive

0.25 + LCso (3451) 50.76 £ 2.21 54.0+1.87 Additive 6.38 Additive

0.5 + LC1o0 (1267) 9.75+£1.70 10.5+0.96 Additive 7.69 Additive

0.5+ LCa0 (1790) 19.75+1.70 23.5+0.64 Synergist 18.98 Additive

0.5 + LCso (3451) 50.25+1.71 5425+ 1.75 Synergist 7.96 Additive

1.0 + LCuo (1267) 10.26 £2.20 14.0+£0.91 Synergist 36.45 Synergist

1.0 + LC20 (1790) 20.26 +2.20 245 +0.64 Synergist 20.92 Synergist

1.0 + LCso (3451) 50.76 +2.21 66.75 + 2.87 Synergist 315 Synergist

1.5 + LCao (1267) 11.25 +2.66 170+1.29 Synergist 51.11 Synergist

1.5 + LC2 (1790) 21.25+2.66 28.25 +0.85 Synergist 32.94 Synergist

1.5 + LCso (3451) 51.75 + 2.67 73.25+2.21 Synergist 41.45 Synergist
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Table 6- Interactions of diatomaceous earth and Myrtus communis essential oil combinations, against the Sitophilus granarius
adults after 48 h exposure on wheat kernels

209 30 Conow Hg5'8
owlwl Cale + aogilhd S1& 3 Mortality (%) S e OwSoR 1
Dose (g/kg) + Concentration (ul/l air) SURG1 5 90 sawissalive S Co-toxicity ~ Interaction
Expected Observed Interaction factor

0.125 + LCao (1267) 12.75+1.89 12.25+1.03 Additive -3.92 Additive
0.125 + LCz0 (1790) 225+2.38 25.25 £ 2.87 Additive 12.22 Additive
0.125 + LCso (3451) 61.25+2.99 72.0+3.03 Synergist 17.55 Additive
0.25 + LC10 (1267) 13.26 £2.39 195+1.26 Synergist 47.06 Synergist

0.25 + LCa0 (1790) 23.01+2.88 31.75+2.93 Synergist 37.98 Synergist

0.25 + LCso (3451) 61.76 + 3.49 76.0 £2.12 Synergist 23.06 Synergist

0.5 + LC1o0 (1267) 12.75+1.89 23.0+2.38 Synergist 80.39 Synergist

0.5 + LC20 (1790) 225+2.38 40.25+1.70 Synergist 78.89 Synergist

0.5 + LCso (3451) 61.25+2.99 81.75+1.70 Synergist 33.47 Synergist

1.0 + LCyo (1267) 13.26 £2.39 245+2.22 Synergist 84.77 Synergist

1.0 + LC2 (1790) 23.01+2.88 66.25 + 2.06 Synergist 187.92 Synergist

1.0 + LCsp (3451) 61.76 + 3.49 87.5+2.25 Synergist 41.68 Synergist

1.5 + LCao (1267) 13.26 +£2.39 29.0+3.11 Synergist 118.7 Synergist

1.5 + LCz (1790) 23.01+£2.88 76.75 + 3.06 Synergist 233.55 Synergist

1.5 + LCsp (3451) 61.76 + 3.49 92.25 + 2.66 Synergist 49.37 Synergist

el YY 51 e Sitophilus granarius Jols Of wis ade Myrtus communis (wilw!l b degildy S1a oS )5 (WiiSod 9 -V Joda
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Table 7- Interactions of diatomaceous earth and Myrtus communis essential oil combinations, against the Sitophilus granarius
adults after 72 h exposure on wheat kernels

)3995,9 Caow )9xfls
ol Clale + dogiby S8 5 Mortality (%) S sio S
Dose (g/kg) + Concentration (pl/1 air) SURG1 3 90 sawissalivn SoR 5 Co-toxicity ~ Interaction
Expected Observed Interaction factor

0.125 + LC1o (1267) 16.25 +£2.99 23.50 + 3.50 Synergist 44.61 Synergist
0.125 + LCa0 (1790) 36.50 + 6.87 55.00 + 3.58 Synergist 50.68 Synergist
0.125 + LCso (3451) 65.75 + 5.50 77.25+£3.22 Synergist 17.49 Additive
0.25 + LC10 (1267) 16.25 +£2.99 25.00 +3.79 Synergist 53.87 Synergist

0.25 + LCa0 (1790) 36.50 + 6.87 65.00 + 3.65 Synergist 78.08 Synergist

0.25 + LCso (3451) 65.75 £5.50 84.25+2.84 Synergist 28.14 Synergist

0.5 + LC10 (1267) 16.25 +£2.99 34.00 £4.32 Synergist 109.23 Synergist

0.5+ LCz0 (1790) 36.50 + 6.87 80.00 +2.12 Synergist 118.35 Synergist

0.5 + LCso (3451) 65.75 + 5.50 98.25+1.18 Synergist 49.43 Synergist

1.0 + LCao (1267) 17.29 £3.59 35.00 +5.26 Synergist 102.43 Synergist

1.0 + LC20 (1790) 37.54 +7.47 86.75 +4.23 Synergist 131.09 Synergist

1.0 + LCso (3451) 66.79 £6.10 100 + 0.00 Synergist 49.72 Synergist

1.5 + LCuo (1267) 17.28 + 3.58 42.00+5.23 Synergist 143.05 Synergist

1.5 + LC2 (1790) 37.53 +7.46 92.00 +3.39 Synergist 145.14 Synergist

1.5 + LCso (3451) 66.78 + 6.09 100 + 0.00 Synergist 49.74 Synergist
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Table 8- Progeny production (mean = SE) and their percentage mortality (+ SE) in the Sitophilus granarius by using different
dose rates of diatomaceous earth in combination with different concentrations of Myrtus communis essential oil

ol cdale W g 0350 Jol5 &l b
dogilid S 5 Essential oil Progeny production® Dead adults (%)
Dose (g/kg) concentration Jol s 093 Jaud Jol Jws 29 Jawd
(ul/ Tair) 1st generation  2nd generation 1st generation  2nd generation
Control - 84.37 +£10.95 243.3 £15.83 1.28 £0.55 2.74 £0.67
LCo (0.0) 59.65+5.87a° 210.81+21.69a 9.94 £0.37 12.54 + 3.47
0.125¢ LC1o (1267) 554+1.63b 25.07+3.64b 100+ 0.0 100+ 0.0
' LC20 (1790) 6.13+1.44b 2465+294b 100+ 0.0 100+ 0.0
LCso (3451) 556+ 1.73b 15.17 +£2.13b 100+ 0.0 100+ 0.0
LCo (0.0) 48.68+481a 181.85+17.88a 11.92 +0.41 23.76 £ 4.57
0.5 LCuo (1267) 5.67+1.01b 25.31+351b 100+ 0.0 100+ 0.0
LC20 (1790) 6.94+1.35b 30.14 £4.16b 100+ 0.0 100+ 0.0
LCso (3451) 6.15+1.49b 16.19+2.48b 100+ 0.0 100+ 0.0
LCo (0.0) 31.25+3.76a 155.7+14.52 a 22.94 £0.34 35.41+4.81
05 LCuo (1267) 3.32+0.82b 17.22+3.11b 100+ 0.0 100+ 0.0
LC20 (1790) 3.19+0.94b 13.29+254b 100+ 0.0 100+ 0.0
LCso (3451) 2.36 +0.66 b 9.92+2.16b 100+ 0.0 100+ 0.0
LCo (0.0) 2781+368a 123.64+11.88a 22.19+£0.65 3429 £5.15
10 LC1o (1267) 0.0+00b 0.0+£00b - -
LC20 (1790) 0.0£00b 0.0+00b - -
LCso (3451) 0.0+00b 0.0+£00b - -
LCo (0.0) 12.31+26a 60.39+£5.49a 32.43 £1.27 45.83 £6.37
L5 LC1o (1267) 0.0+00b 0.0+£00b - -
LC20 (1790) 0.0+00b 0.0+£00b - -
LCso (3451) 0.£0.0b 0.0+00b - -
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& Number of emerged adults (alive + dead) in each container, 45 and 90 days after removing the parental adults from treatment

containers
b Percentage dead adults calculated based on progeny production

€ For each dose rate, means with the same letters are not significantly different

9 For each dose rate, ANOVA was carried out with four essential oil concentrations as treatments

_‘)L (ulaﬁ%)lg _LOﬂ 6J9:.u__.u: =Ad) 6uw _Loﬂ 6J9§9JL_~J 60:54»)
5 ¥) (455bs n i) Jgsssldie 5 (nge) Jos3 e Josil > cpmels

ool oo s OS5 s ) (e ) Jolge (i85 (Y

& )

O en 35392 y90 (il Lol (lial by gt @l 3o
il o5 o ¢ 950 51 45)ke 3)90 uilwl (olard ©lS 5



YVl a0gils S b s 5 ) o (o pia Cadlnd 90590 0bS iliol (g1 booid S 33 (il 5 3 il

89y 850 Slaiss pldl agilbs aSB — alS slo il !
2 29 Jolb Glpebl GiiSan g5 51U Cul (5905 8l o
olS sl b dogilbd S S5 a8 uid oold L Limey ol
CuBl (S g S pAS Adied JolS Ol a9 S po (59 3590
O 9 03 395 d90 &y Sl TA I g oS Sl s 51095 p0
Voo (o 290 slaclale g gy o 5V p3) el VY ]
b cillas (FO) jo (0ye g (Shud ol b &S duwy oy

Sl iSo i Sl 5550 55 saxie glaS)15 3529 L
DSy dige 5D 0l plol Glalllas dogils b SB 4 LS
Jdies S3gane (oS 5 odlaal 155 (iSeyis Jole g3 nl
CLle (£0) jgi0 e § (Fled bawgi 01 plol 3idos ) calex
&9, Cuminum cyminum L. cw oy (il (LCo5) oaiisS 5
93 U (50 9 Mb (o) pAS g9y 32 pAS A JolS Ol
sl 6% ptalesl el oM 003,8 (B)les e 3l ey o
Olios Caogily ase 5l Slpl degils S1S LCos jlade s
iy 4 dogily S1B g alS il wl LCos polie a i b
33 (a5 3l il Cwd s pl o o SV/OD g YYE/YE
oS 5 aS o i ol b awyp wolwl g dogild S LCos
o g Cadld )y Cuold (2L uilwl b dogildy S
SB 5l Sy oolatiol S yawe 51035 lals Lo g3 AL gy
Tribolium o)l jo,8 4 ade alS Lulwl g aoplos
Slaass plo 51L(VF) caol o )18 50 castaneum (Herbst)
SB iSeyie 2l Gl @ ol e dine ul 53 00 plos]
Ol ade Allium sativum L. < uslul b oS 5 53 4egild
(FY) 5, 0,8 asins o Sitophilus oryzae (L.) sy adus JolS
Carum . \Ls; ol wl g 09 oSy Sa S Oll )y
Jol8 cly s (45, a0gilby SB L S5 45 «copticum (L.)
oy (¥5) a8 aii b o T. confusum du Val o, a_i
(Sas0w) SIS 5 (o) dagles S 5 S0yt a1lS
5 (VA 9 YY) @ aded JolS it (59 )50 uill b oS5 5
(0) (S bl s b SssSilis dogiles S i 5
oS sla_als ool (F5 5 FF) o) Son 5 ol 35a o)L
x5 S5 Gl B WS s (Al (slo il
ol bl 1515 e aegils sl @l b et oles i3l
g ) @l b 5l (o ol duglie sind (I3 1, acSs
Clelal 5 bl clad pen 5 ool b a5 (YA) o)
wipd 45 A3 oo LS lond bl @ Akl 59y )50 il
—obbw S5 sles pln 0 @y aded b alie 3 paS
Al o ypolie Ylaisl 3y50 ilwl

(TA) 5 ad 215 Mg g9y obplonl alidia Buios S5 5
Sl ssaliie bl 1 oolyasl eslarwl Sl jo ks s ades

oy il (plond SLS 5 g5 (V1) 28bioe oo sl 3590
dlgo clale folds olS ) balyd 5 oLl o (codl8l Cuxbyo 4
(o2l 5 an b J8) olS (ctgy 0y (Sloj 0y93 b Juad o ptuod
o (Vo) ey loj g (F) eolaiwl 5y50 alS plusl (V¥ 4 0)
b bl GLuS 5 l5ee g £95 50 0l sdaliie slacugles L]
S s 368
P olej Wi 5 Gl wl cbale @ ogly SLS o iliel L
bl 53938l 9 <Ly il al ()ssime pobo a5 NS (5 yme
u_.ilfo)_..b u_g.l)lf u,.ul)sl el (LCso clale j» o9 4.3) u.mLf
G agly S 50 Gluw o 555 sds LS degly S
DB 5 JsSISs) b Cla) aegils b SLS il oges oy
Cales 3 5 Slyis o o ) e ol o 5SS ol
i iRl el 53 Gl ol ang B (393000 o] S e
(Opred 9 oo Gloj A3lg )3 0 puia > S bl g e
b olej 2y )3 o 0 (63909 o Oliwe 3 il il 2ol
oy ly adale [ (il jhb sxe 1 gel ol e o i3l
SIS 2p0y> (loj o (IS oo digi il yr090S s
P UL Gl e 4 b d il wl 399 b degilsy slaSE
P9 e S ye &y Colod

Lmoi YL sy 5l ool wl dogild S 56 agy WS
oSy B 59y il (S0 sl () 48 35 0 polpl3ll
55 BLS gl sl (YO ¢ VA) 5l ke U (gLl oM
Sl b 8K gl 5 0l odlil (sbodyghd 55y ol Sas
Jod JB Sloj ©ae Bk dr g BB (iSopuis Sl 4 i,
plw g 3855 pl gols 3udo 0 5b 5L LQ'O] sYb slacdale 4
2ade lp clio b JS slagbyy J (So S0
&ye—o 4o LCitrus sinensis L. &y, ulwl (VYY) Ko
wu_mf n_La.»}_w )foscj).n &9y cu,Jsilf b G.S).s oala !
odla il Ciygo 43 g Sy | Rhyzopertha dominica
ol aous ol D dmnsoS Il 31 ey dagils S L oS5
5) AL bl b S 5 5> ooliil 5)50 (5 35 £95 45 a3 o
9 O QS €95 $9) Ml oo ((TA) g5 & aily 3l 5
9L el ol 51380 31 S 5 eali il j> iSe i Jole
iy D1 3590 53 daate (Sl 1S g2y b &S WS s



VEeo oylinali oY oyl ¥ wls (g5 y5LiS 2luo 9 pole) LS clilis ay i

YVY

P el VW Jhe bl paS aded Jol8 Olpde (bl p)55kS
Dibsfy ol dulia S5, 42313 1B (S 5 (Sl ) B yne
@ dag b &S e gLt (YA) o) 5 (Sl @ls b sl
3)90 Sl plp )3 pAS At b Cungliie Yleinl 35 2l A5
Ol @S 4 dagi b Bl e plle g A &) S o3l
PSS Glyie IS sk 4 g0 slah)lS plw g oS
9 4ol b SE asle iy s Jolge 5l gl yail solat wl s
Sls asle) ewsgize (S b cowl (Son 2L sla il wl
3 bl 4 lwy cowl g iliS ol o) lubb (g
oS 5 030zl Lol A8l ol o (o308 5 YU (glmjo 51 o3litiol 50
) Sl o8 Eal (ol Jooly S, i Lase 5§

Lles Byl g 0l us Uy acodgise

9 YO CusdS 5l s dyg0 (uilil g dogily SB 5l S 5 eolal
5 &) g g5 lowd Bg)b 5l el )i Bds 5l 5, A
b 6)3Kess gl B G o8 dgng pis 5zl (g0 o) Ve
GMS y g gl 3855 )0 opl 2939 bl 0ad )l el VY
PFL s 53 paiS a2l Wi @y adied 3)90 )3 395 @l
PSS 3 oS 05 /YO YO (slais Ly (oS 5 sliylos
Sy sy p1e oS o i dae VSl jlais jo) b sdalis
@ Jo My o )d 3 g @ amied Jge S35 pae (YA)
el (dogldy S (8l 31 s 4 Mao) JolS ol s
Do ISl Cs (o sl s lacures U 0y )5 dales

9 Al 0 AV=YYY=VA o)los & Jladss )b donis dlde oyl
b @lio 9 (65)gliS pole oltily oty wliliel jl oslizal |

10-

11-

3955 51 oxSslr bl g ol pgo S8 1 0gde 390 il
ool 3)ly a3 5 dm Sacumes S Jlansl da gl
(YA) o)) Sed g gl puls AUy .Cawl 03 oy 51 ]y < ylus

S35l

u.w;]) )‘)3 Oy Ao 530 (ghe)yd Mo ):‘."’9&)“’ J?“'D d‘ﬁ s
YY) cbale oS5 slayled o yme o celw YA J 8l

2SO LY lapy Ldjge bl lon i) g See

e g S 5 335 &S sl 01b plol 55

&l

Abbott W.S. 1925. A method for computing the effectiveness of an insecticide. Journal of Economic Entomology
18: 265-267.

Adarkwah C., Obeng-Ofori D., Prozell S., Asante V., Hérman V., Ulrich C., and Scholler M. 2017a. Toxicity and
protectant potential of Piper guineense (Piperaceae) and Senna siamea (Fabaceae) mixed with diatomaceous earth
for the management of three major stored product beetle pests. International Journal of Pest Management 63: 128-
139.

Adarkwah C., Obeng-Ofori D., Ulrich C., and Scholler M. 2017b. Insecticidal efficacy of botanical food by-products
against selected stored-grain beetles by the combined action with modified diatomaceous earth. Journal of Plant
Diseases and Protection 124: 255-267.

Aleksic V., and Knezevic P. 2014. Antimicrobial and antioxidative activity of extracts and essential oils of Myrtus
communis L. Microbiological Research 169: 240-254.

Andrade E.H.A., Alves C.N., Guimaraes E.F., Carreira L.M.M., Maia J.G.S. 2011. Variability inessential oil
composition of Piper dilatatum L.C. Rich. Biochemical and Systematic Ecology 39: 669-75.

Appel A.G., Moar W.J., and Tanley M.J. 1999. Water loss and mortality of adult cowpea weevils (Coleoptera:
Bruchidae) exposed to desiccants and desiccating environments. Environmental Entomology 28: 979-982.
Athanassiou C.G., Kavallieratos N.G., Vayias B.J., and Panoussakis E.C. 2008. Influence of grain type on the
susceptibility of different Sitophilus oryzae (L.) populations, obtained from different rearing media, to three
diatomaceous earth formulations. Journal of Stored Products Research 44: 279-284.

Athanassiou C.G., Arthur F.H., Opit G.P., and Throne J.E. 2009. Insecticidal effect of diatomaceous earth against
three species of stored-product psocids on maize, rice, and wheat. Journal of Economic Entomology 102(4): 1673-
1680.

Athanassiou C.G., Kavallieratos N.G., and Meletsis C.M. 2007. Insecticidal effect of three diatomaceous earth
formulations, applied alone or in combination, against three stored-product beetle species on wheat and maize.
Journal of Stored Products Research 43(4): 330-334.

Athanassiou C.G., Kavallieratos N.G., Tsaganou F.C., Vayias B.J., Dimizas C.B., and Buchelos C.Th. 2003. Effect
of grain type on the insecticidal efficacy of SilicoSec against Sitophilus oryzae (L.) (Coleoptera: Curculionidae).
Crop Protection 22: 1141-1147.

Athanassiou C.G., and Steenberg T. 2007. Insecticidal effect of Beauveria bassiana (Balsamo) Villemin



Yi\Y

e 40gilo S b oS 5 50 (T (S0 i olad 90550 oS bl (g1 ool S i ( Slxsy 9 Lilo

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

26-

27-

29-

30-

31-

32-

33-

(Ascomycota: Hypocreales) in combination with three diatomaceous earth formulations against Sitophilus granarius
(L) (Coleoptera: Curculionidae). Biological Control 40: 411-416.

Athanassiou C.G., Vayias B.J., Dimizas C.B., Kavallieratos N.G., Papagregoriou A.S., and Buchelos C.Th., 2005.
Insecticidal efficacy of diatomaceous earth against Sitophilus oryzae (L.) (Coleoptera: Curculionidae) and Tribolium
confusum Jacquelin du Val (Coleoptera: Tenebrionidae) on stored wheat: influence of dose rate, temperature and
exposure interval. Journal of Stored Products Research 41: 47-55.

Campolo O., Romeo F.V., Malacrind A., Laudani F., Carpinteri G., Fabroni S., Rapisarda P., and Palmeri V. 2014.
Effects of inert dusts applied alone and in combination with sweet orange essential oil against Rhyzopertha dominica
(Coleoptera: Bostrichidae) and wheat microbial population. Industrial Crops and Products 61: 361-369.

Deans S.G., Svoboda K.P., Gundidza M., and Brechany E.Y. 1992. Essential oil profiles of several temperate and
tropical aromatic plants: their antimicrobial and antioxidant activities. Acta Horticulturae 306: 229-32.

Djilani A., and Dicko A. 2012. The Therapeutic Benefits of Essential Oils. Nutrition, Well-Being and Health, Eds
J. Bouayed and T. Bohn (2012) InTech, Janeza Trdine 9, 51000 Rijeka, Croatia. pp. 155-178.

Fava A., and Burlando B. 1995. Influence of female age and grain availability on the oviposition pattern of the wheat
weevil Sitophilus granarius (Coleoptera: Curculionidae). European Journal of Entomology 92: 421-426.

Ferng S.F., and Lee L.W. 2002. Indoor air quality assessment of daycare facilities with carbon dioxide, temperature,
and humidity as indicators. Journal of Environmental Health 65: 14-18.

Freo J.D., Dias de Moraes L.B., Santetti G.S., Gottmannshausen T.L., Elias M.C., and Gutkoski L.C. 2014.
Physiochemical characteristics of wheat treated with diatomaceous earth and conventionally stored. Ciéncia e
Agrotecnologia 38(6): 546-553.

Ghafouripoor H. 2019. Insecticidal and repellency effect of five essential oils and their integration with
diatomaceous earth in control of saw toothed grain beetle, Oryzaephilus surinamensis (L.). M.Sc. Thesis, University
of Mohaghegh Ardabili. Ardabil, Iran. 93 pp. (In Persian with English abstract)

Goudarzvande Chegini S., Abbasipour H., Karimi J., and Askarianzadeh A. 2017. Fumigant toxicity of the essential
oil of caraway, Carum carvi on the tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). Journal
of Plant Protection 31(1): 172-178. (In Persian with English abstract)

Hossain A.M., and Salehuddin S.M. 2013. Analytical determination of nicotine in tobacco leaves by gas
chromatography-mass spectrometry. Arabian Journal of Chemistry 6: 275-278.

Isikber A.A. 2010. Fumigant toxicity of garlic essential oil in combination with carbon dioxide (CO3) against stored-
product insects. In: Proceedings of the 10" International Working Conference on Stored-Product Protection. Berlin,
Estoril, pp. 371-376.

Kavallieratos N.G., Athanassiou C.G., Pashalidou F.G., Andris N.S., and Tomanovi T.L. 2005. Influence of grain
type on the insecticidal efficacy of two diatomaceous earth formulations against Rhyzopertha dominica (F.)
(Coleoptera: Bostrychidae). Pest Management Science 61: 660-666.

Khorrami F., Valizadegan O., Forouzan M., Soleymanzade A. 2018. The antagonistic/ synergistic effects of some
medicinal plant essential oils, extracts and powders combined with diatomaceous earth on red flour beetle, Tribolium
castaneum Herbst (Coleoptera: Tenebrionidae). Archives of Phytopathology and Plant Protection 51: 685-695.
Korunic Z. 1998. Diatomaceous earths, a group of natural insecticides. Journal of Stored Products Research 34: 87-
97.

Koruni¢ Z., Liska A., Luci¢ P., Hamel D., and Rozman V. 2020. Evaluation of diatomaceous earth formulations
enhanced with natural products against stored product insects. Journal of Stored Products Research 86, doi:
0rg/10.1016/j.jspr.2019.101565

Lyon W.F. 2011. Granary and Rice Weevils. Ohio State University Extension Fact Sheet. HY G-2088-97. Available
in: http://ohioline.osu.edu/hyg-fact/2000/2088.html (visited 6 October 2020).

Mansour N.A., El-Defrawi M.E., Tappozada A., and Zeid M., 1966. Toxicological studies of the Egyption cotton
leaf worm Prodenia litura. VI potentiation and antagonism of organophosphorus and carbamate insecticides. Journal
of Economic Entomology 59(2): 307-311.

Mason L., and McDonough M. 2012. Biology, Behavior, and Ecology of Stored Grain and Legume Insects. Stored
Product Protection, Eds D.W. Hagstrum et al. (2012) Manhattan, KS: Kansas State University. pp. 7-20.

Messaoud C., Laabidi A., and Boussaid M. 2012. Myrtus communis L. infusions: the effect of infusion time on
phytochemical composition, antioxidant and antimicrobial activities. Journal of Food Science 77(9): 941-947.
Michalaki M.P., Athanassiou C.G., Kavallieratos N.G., Batta Y.A., and Balotis G.N. 2006. Effectiveness of
Metarhizium anisopliae (Metschinkoff) Sorokin applied alone or in combination with diatomaceous earth against
Tribolium confusum Du Val larvae: Influence of temperature, relative humidity and type of commodity. Crop
Protection 25: 418-425.

Moras A., Pereira F.M., Oliveira M., Lorini I., Schirmer M.A., and Elias M.C. 2006. Diatomaceous Earth and
Propionic Acid to Control Sitophilus oryzae and Oryzaephilus surinamensis Rice Stored Grain Pests. In: Proceedings
of the 9™ International Working Conference on Stored Product Protection. Sao Paolo, pp. 823-828.
Morone-Fortunato 1., Montemurro C., Ruta C., Perrini R., Sabetta W., Blanco A., Lorusso E., and Avato P. 2010.



https://doi.org/10.1016/j.jspr.2019.101565
https://doi.org/10.1016/j.jspr.2019.101565
http://ohioline.osu.edu/hyg-fact/2000/2088.html

VPer limali ¥ oylos F'O al> o((559LinS @aluo g pole) lolS cbilis 4y i YV

34-

35-

36-
37-

38-

39-

40-

41-

42-
43-

44-

45-

Essential oils, genetic relationships and in vitro establishment of Helichrysum italicum (Roth) G, Don ssp. italicum
from wild Mediterranean germ plasm. Industrial Crops and Products 32: 639-49.

Ormancey X., Sisalli S., and Coutiere P. 2001. Formulation of essential oils in functional perfumery. Parfums,
Cosmetiques, Actualites 157: 30-40.

Pierattini E.C., Bedini S., Venturi F., Ascrizzi R., Flamini G., Bocchino R., Girardi J., Giannotti P., Ferroni G., and
Conti B. 2019. Sensory quality of essential oils and their synergistic effect with diatomaceous earth, for the control
of stored grain insects. Insects 2019, 10, 114; doi:10.3390/insects10040114

Rees D. 2007. Insects of Stored Grain, a Pocket Reference (2™ edition). CSIRO Publishing, Australia. 77 pp.
Reihani M., Yazdanian M., and Afshari A. 2014. Enhancement of Insecticidal efficacy of Sepidan (a processed
kaolin) in combination with a formulated plant essential oil against adults of the Rice weevil. In: Proceedings of the
National Conference on Modern Topics in Agriculture. Tehran. (In Persian)

Reihani M., Yazdanian M., and Afshari A. 2016. Enhancing insecticidal efficacy and remedying dilatory effect of
diatomaceous earth Sayan® against adults of the rice weevil, Sitophilus oryzae (L.), in combination with myrtle
essential oil, Myrtus communis L. Applied Researches in Plant Protection 5(1): 65-78. (In Persian with English
abstract)

Rigaux M., Haubruge E., and Fields P.G. 2001. Mechanisms for tolerance to diatomaceous earth between strains of
Tribolium castaneum. Entomologia Experimentalis et Applicata 101: 33-39.

Scora R.W. 1973. Essential leaf oil variability in green, variegated and albino foliage of Myrtus communis.
Phytochemistry 12: 153-155.

Subramanyam Bh., and Roesli R. 2000. Inert Dusts. Alternatives to Pesticides in Stored-Product IPM, Eds Bh.
Subramanyam and D.W. Hagstrum (2000) Kluwer Academic Publishers. pp. 321-380.

Tallarida R.J. 2000. Drug Synergism and Dose-Effect Data Analysis. Chapman & Hall/CRC, USA. 264 pp.

Yang F.-L., Liang G.-W., Xu Y.-J., Lu Y.-Y., and Zeng L. 2010. Diatomaceous earth enhances the toxicity of garlic,
Allium sativum, essential oil against stored-product pests. Journal of Stored Products Research 46: 118-123.

Ziaee M., Ebadillahi A., and Wakil W. 2019. Integrating inert dusts with other technologies in stored product
protection. Toxin Reviews, https://doi.org/10.1080/ 15569543.2019.1633673

Ziaee M., and Moharramipour S. 2012. The combination effects of diatomaceous earth and Cuminum cyminum
essential oil against Sitophilus granarius. In: Proceedings of the 20" Iranian Plant Protection Congress, Shiraz, p.
370.

Ziaee M., Moharramipour S., and Francikowski J. 2014. The synergistic effects of Carum copticum essential oil on
diatomaceous earth against Sitophilus granarius and Tribolium confusum. Journal of Asia-Pacific Entomology 17:
817-822.



https://doi.org/10.1080/

Journal of Plant Protection — (529l &alio 9 pole) (LS cblis @ yid
Vol. 35, No. 2, Summer 2021, P. 203-216 AL A Yo¥oT15 o AFee bl ¥ oleds O als

Chemical Composition of Myrtle Essential Oil and its Insecticidal Activity in
Combination with Diatomaceous Earth against Adults of the Granary Weeuvil,
Sitophilus granarius (L.)

M. Yazdanian!*- M. Reihani?
Received: 09-03-2021
Accepted: 14-06-2021

Introduction: The granary weevil, Sitophilus granarius (L.), is one of the most destructive insect pests of
stored grains worldwide. The larvae feed inside the grain kernels. Larvae and adults feed from grain kernels such
as wheat, barley, buckwheat, rice, maize, millet, oat, and rye. This pest causes heavy damages especially to wheat
and barley kernels. Due to the negative side effects of chemical pesticides on human health and environment,
efficacy of substitution compounds with acceptable insecticidal effects have been evaluated extensively during
past two decades. Diatomaceous earths and plant essential oils are amongst the most important substitution
compounds that having delayed effects and instability, respectively, and cause problems during their application.
Using the two insecticidal agents in combination is a method for solving this problem. Plant essential oils are
odorous and volatile compounds that present only in 10% of plant species. Myrtle (Myrtus communis L.) essential
oil has shown significant effects on different human and plant pests and pathogens, including insecticidal effects.
Diatomaceous earths, in the other hand, are inert dusts that absorb insect cuticle lipids and as a result, disrupt the
waterproofing nature of the integument. Treated insects with diatomaceous earths finally go to death due to losing
their body water content. These materials are not toxic to mammals that is an important privilege in comparison
to conventional insecticides. Due to the economic importance of the granary weevil in Iran and the limitations of
the application of diatomaceous earths and plant essential oils, in the present research insecticidal efficacy of the
diatomaceous earth Sayan® in combination with myrtle essential oil was evaluated against adults of this pest.

Materials and Methods: GC-MS analysis carried out using a Varian CP-3800 gas chromatograph equipped
with a Varian Saturn 2200 ion trap mass spectrometer (Helium as carrier gas; current rate 1:100 ml/min.; pressure
10 psi, and injection volume of 0.1 pl; with VF-5ms capillary column, 30 m x 0.32 mm, and 0.25 pm inner
diameter; injector and detector temperatures 220 and 300°C, respectively). The granary weevil adults were initially
obtained from a colony in Entomology laboratory, Plant Protection Department, Gorgan University of Agricultural
Sciences and Natural Resources and reared on wheat kernels (Gonbad cultivar) for three generations (26 + 2 °C,
65 + 5% R.H., and L:D 16:8). Seven-day old adults of forth generation were used in bioassays. All experiments
carried out on kernels of Gonbad cultivar under above mentioned conditions. In myrtle essential oil dose-setting
bioassays, concentration causing 20 and 80% mortality (ul/l air) were determined. In each Petri dish (7 cm in
diameter; 50 mL), a filter paper (Whatman no. 1; 2 cm in diameter) was attached to the inner part of the lid as
evaporation surface. The two halves of petri dishes were sealed with parafilm to prevent essential oil loss.
Experiments were repeated four times and adults mortalities were counted after 24 h. Adults that did not move
their legs and antennae after a gentle poking with a fine pin were considered as dead individuals. After doing and
collecting data via final bioassays, LC1o, LC2, and LCsg values were estimated by using probit analysis (1267,
1790, and 3451 uL/L air, respectively). In combination effects experiments, five dose rates of 0.125, 0.25, 0.5, 1.0
and 1.5 g Sayan®kg grain in combination with myrtle essential oil at four concentrations of LCo, LC1o, LCz, and
LCso (equal to 0.0, 1267.0, 1790.0 and 3451.0 pL/L air, respectively) were assessed. Adults’ mortalities were
recorded after 24, 48, and 72 h of exposure. To determine progeny production at F1 and F2 generations, dead and
alive adults were counted and removed from treatment containers after the 72 hand containers were left at the same
conditions for 45 and 90 days more. After these periods, emerged adults were counted and recorded as dead or
alive. Probit analyses were done using PoloPlus ver. 2.0 software. Mortality data were analyzed using one-way
ANOVA as factorial (dose rate x essential oil concentration). Means were separated using Tukey-HSD test at o=
0.01. Synergistic and/or antagonistic interactions were determined using Tallarida (2000) method and co-toxicity
factor was proposed by Mansour et al. (1966).

Results and Discussion: In myrtle essential oil, 46 compounds were identified that 1, 8- cineole (eucalyptol)
(18.029%)), Isoterpinolene (14.704%), and a-Fenchene (13.135%) showed the highest amounts. Application of
Sayan® alone did not result in notable mortality even after 72 h, so that at the highest dose of 1.5 g/kg it was 1.03%.
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Application of Sayan® in combination with myrtle essential oil increased the mortality of adults significantly, so
that after 48 and especially 72 h, it was highly notable and increased from 12.25% using LC10-0.125 g/kg after 48
h up to 92.50% using the LCso-1.5 g/kg. After 72 h, mortalities of adults using the combination of LCso with 0.5,
1.0, and 1.5 g/kg were 98.25, 100, and 100%, respectively. Interaction between Sayan® in combination with myrtle
essential oil, especially after 48 and 72 h, was mainly synergistic. After 45 days, progeny production using the
combination of 0.125, 0.25, and 0.5 g/kg of Sayan® with LCo, LC2, and LCsp of essential oil was very low (max.
7 adults), but their mortality was 100%. Combination of 1.0 and 1.5 g/kg of Sayan® with different concentrations
of essential oil resulted to no progeny production. Compared to the combination treatments, percentage mortality
of progenies using the Sayan® alone was much lower. The same trend was observed for progeny production after
90 days.

Conclusion: Results of this study indicated that application of the diatomaceous earth Sayan® in combination
with the myrtle essential oil significantly increased the insecticidal efficacy of Sayan® and remedied its delayed
effect (it decreased the exposure interval form about more than 14 days down to about 72 h) (p < 0.0001). This
indicates that due to the synergistic interactions, application of the two insecticide agents in combination can
remedy the delayed effects of Sayan® and instability of myrtle essential oil that could be considered in control of
the granary weevil.

Keywords: Chemical components, Diatomaceous earth, Myrtle essential oil, Sitophilus granarius, Synergistic
effect



