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(Dunkel & Sears, 1998) il o b me Oloy B cdls o 5l Ll s OV guams age SO Sl (oL Y]
wind 448 5 (Ferry et al, 2004 ) il o doys Yood o 350 (ool SN g (g5, SLT pl oyl 4S5 sba
SN paen (G ] 31 T. confusum (Du val) (Coleoptera: Tenebrionidae) s Tribolium castaneum (Herbst) > j
5ls ety Slg ol Wle e SV pama 4 3b5 Sl WVl S sbay il o Oler ol 53 U]
5 oS bt bl sl e Ol slaes,51 3 5 oM Lol 14 o 5 4 ST (Trematerra ef al., 2000) Aules o
.(Campbell & Runnion, 2003; Aitken, 1975) 1S . 3505 30 5s sl oY seame 40 3L S

Wb e oo LOT & Sl 5l end 0,83 OV pame 5l Cbli> 5 axdls Yo e Wy Ol bl ol
o 3o | Gl oY yame BT J xS ¢l WJle (Shukla, 2010 ; Jember et al., 1995; Jovanovic et al., 2007)
Jtzﬂ Lile oy S slge 3l o eslinad .(Lee et al., 2004; Isman, 2006) Lo e eslinal il oS
Coslie 5l ale 218 (a0l pe 53 5 el axdls QEAS rme 5 s b @l b o ks 5 by
Sy ol sla 536 .( White & Leesch, 1995; El-Kamali, 2009 ) s 55 jaedss> LS 5 b ol 5 s W o o
Ayvaz et al., 2008; Papachristos & Stamopoulos, ) sl 433 S &) 50 Llagp e il LS 54 ey
(2002

Lol OllselS iy 5o LS Cuslie 53 e Si2 OIS 4B el o das o 0L Slidss
sl sbadle 5 bl ot 5 (Isman, 2000; Yaldirim et @l., 2005; Kordali et al., 2006; Caglar et al., 2007)
Oty DS 5 al 3l oy 5 43,8 oye oS sl JSHES 05 5 3Se i S 6, by Slid
Isman, 2000; Pawar & Thaker, 2006; ) Llodss S Soxe WLl 55 o pasa b o e Gl wbe gl
Asteraceae ;S 3 Lamiaceae Olelas S el gl 55 bl gyl < sesl gl Ols 51 .( Abad et al., 2007
$hls Mentha o il saai S pSlul &S 5505 555 (6oL <laylS . Enan, 2001) Lyls (¢ i 3,58
335 g 4 sl 5wy ) 0Ll g Geslul Aas e 0lis Slid>s (Raja ef al., 2001) ke [2Se i LS 5
ol s wlid>s (Ahn eral, 1998) tzea iSe b Coolt ghls Js SIS 5 Jges Jsme Ll SLS 5
el O W5 e A ope ool @ bgpe fln wegs i QLS ESeie ool S s
Sle s Gl gaS Sl ol o s dS 53 aS(gysba ea g lar p Oludl g1 QLS l LS 5 (Hold et al., 2000)
oobys Gua=s (Moretti ef al., 2002 ;Iscan et al., 2002 ;Teixeira, 2004) Llacils > 5,8 Sl slasslas azdlxe
eSS (65,5laS LSSl 5 L pn s Gl ASe i oLl 4 Wlg e LS sla il (S5 ol
.(Isman, 2000; Regnault — Roger, 1997) » 5.
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oy 65 WM g Bl oo s ol et kgl Cga kS Yoo bl 03yt
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Table 1- Percentage Mortality caused by Mentha longifolia essential oil on T. castaneum and T. confosum at different concentrations

and times

Means of mortality% + SE

Time(Hour)
3 6 24 48 72
Insect (pL/Lair) Con
T. castaneum 7 0/00 £0/00n 0/00 £0/00n 24 £2/451m 34 +£2/45jkl 56 £4/00efg
8 0/00 +0/00n 0/00 +£0/00n 24 +2/451m 40 £3/16hijk 72 £3/74bcd
9 0/00 +£0/00n 0/00 £0/00n 28 +£3/74jklm 40+7/07 hijk 86 +£5/10ab
10 0/00 +£0/00n 0/00 £0/00n 38 +10/20hijkl 42+8/00ghij 86 £6/00ab
11 0/00 +£0/00n 0/00 £0/00n 52 +2.00Fgh 68 +3/74cde 100 = 0/00a
T. confusum 7 0/00 £0/00n 0/00 +£0/00n 18 +4/90m 28+6/63jklm 42 +5/83ghij
8 0/00 +£0/00n 0/00 £0/00n 26 +2/45klm 36 +5/10ijkl 62 +3/74def
9 0/00 +0/00n 0/00 +£0/00n 32 +5/83jklm 50+5/48fghi 82 +2/00bc
10 0/00£0/00n 0/00 +£0/00n 50+ 3/16fghi 64:+4/00def 86 +2/45ab
11 0/000/00n 0/00 £0/00n 50+ 4/47fghi 74 + 2/45bcd 100 = 0/00a

*Mean in the same column followed by the same letters are not significantly different as determined by the Duncan-test
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Table 2- Percentage Mortality caused by Artemisia hausskenechtii essential oil on T. castaneum and T. confosum at different
concentrations and times

Means of mortality% + SE

Time(Hour)
3 6 24 48 72
Insect Con .
(pL/Lair)
T. castaneum 30 0/00+0/001  0/00 +£0/001 32 +3/74hijk 36 +5/10ghij 42 £8/00fghi
40 0/00+0/001  0/00+0/.001 32 +3/74 hijk 38+ 8/60ghij 52 +4/90defg
50 0/00+0/001  0/00 +£0/001 32 +3/74hijk 50+ 4/47efgh 70 +3/16bcd
60 0/00£0/001  0/00+0/001 52 =+13/19defg 80+3/16bc 84 +4/00abc
70 0/00+0/001  0/00 +£0/001 60+5/48def 82+ 6/63abc 100+ 0/00a
T. confusum 30 0/00+0/001  0/00 +£0/001 16 +4/00k1 36 +4/00ghij 44 £5/10fghi
40 0/00+0/001  0/00 +£0/001 22 +6/63jk 42 +5/83fghi 52 +3/74defg
50 0/00+0/001  0/00 +0/001 28+3/74ijk 44+5/10fghi 66 £2/45cde
60 0/00+0/001  0/00+0/001 44 £10/77fghi 78 £6/63bc 84 +5/10abc
70 0/00+0/001  0/00 +0/001 66+6/00cde 88 +£5/83ab 100+ 0/00a

L1 b (gl e I s> S el s Sl 09051 bl lin g

*Mean in the same column followed by the same letters are not significantly different as determined by the Duncan-test

ol 5 lackle )5 T. confosum 3 T. castaneum s 5y Achillae wilhelmsii 3,3 Ol 3l g uilol 0k slow A5 0 Kile ¥ J gt

(Celw) e

Table 3- Percentage Mortality caused by Achillae wilhelmsii essential oil on T. castaneum and T. confosum at different
concentrations and times

Means of mortality% + SE

Time(Hour)
3 6 24 48 72
Insect (pL/Lair) Con
T. castaneum 30 0/00+0/00k  0/00+0/00k 24 £ 9/27ij 38 +9/27fghi 56 +£6/00cdef
40 0/00+0/00k  0/00+0/00k  38=+3/74fghi 50+ 6/32defg 58 +3/74cde
50 0/00+0/00k  0/00+0/00k 44+ 8/72efg 66 £5/10bcd 78 £3/74ab
60 0/00£0/00k  0/00+0/00k 54 +8/12cdef 66 +8/72bcd 86 +£2/45a
70 0/00£0/00k  0/00+0/00k  60£5/48cdefg 68 +5/83bc 100 +4/04a
T. confusum 30 0/00+0/00k  0/00+0/00k 18 +£3/74jk 32 +3/74ghij 48 £2/00fg
40 0/00+0/00k  0/00 +0/00k 20+4/47j 38 +4/90fghi 50+ 3/16cdefg
50 0/00+0/00k  0/00 +0/00k 26 +2/45hij 46+4/00efg 66 £2/45bcd
60 0/00+0/00k  0/00+0/00k 32+ 5/83ghij 48 £3/74defg 68 £5/83bc
70 0/00+0/00k  0/00+0/00k  42+3/74efgh 54 £5/10cdef 80+ 6/32ab

L1 b (gl e I Aoy S el s Sl 09051 polul bl Gy

*Mean in the same column followed by the same letters are not significantly different as determined by the Duncan-test
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Table 4- Percentage Mortality caused by Thymus danensis essential oil on T. castaneum and T . confosum at different concentrations
Means ofa:lr‘ljotrlg;isty% +SE
Time(Hour)
6 24 48 72
Insect (uL/Lair) Con
T. castaneum 50 0/00+0/00j  0/00+0/00j 30 +0/00hi 36+ 2/45ghi 44 +4/00fgh
60 0/00+0/00j  0/00 +0/00j 36+ 5/10ghi 42 +3/74fgh 56 +2/45cdef
70 0/00+0/00j  0/00 +0/00j 42 £3/74fgh 52+ 3/74fgh 64 +4/00cde
90 0/00+0/00j  0/00 +0/00j 50+ 7/07efg 68 +5/83abede 72 +4/90abc
100 0/00+0/00j  0/00 +0/00j 544+4/00cdefg 68 +£7/35abcde 82+3/74ab
T. confusum 50 0/00+0/00j  0/00 +0/00j 18 +£3/74ij 30 +5/48hi 38 +6/63fgh
60 0/00+0/00j  0/00+0/00j 26 +6/78hi 38 +6/63fgh 42 +4/90fgh
70 0/00+0/00j  0/00 +0/00j 26 +5/10hi 40+10/00fgh 5448/72cdefg
90 0/00+0/00j  0/00+0/00j 50£7/07efg 6645/10bcde 72+7/35abc
100 0/00+0/00j  0/00 +0/00j 56 +6/00cdef 70 +8/94abcd 86+2/45a

LI0 on b (gl me I Loys S el 3 oSSl Og051 bl wlie g

*Mean in the same column followed by the same letters are not significantly different as determined by the Duncan-test
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Table 5- Estimated LCs, of essential oils from Mentha longifolia, Thymus danensis, Achillae wilhelmsii and Artemisia
hausskenechtii on Tribolium castaneum and T.confusum after 24h

L X? LCso 95%

Essential oil Insect N (df=3) Slope+SE (uL/L) Confidence limit
Lower Upper

M. longifolia T. castaneum 250 2/12 3/89+1/21 11/59 10/23 17/73
T. confusum 250 1/05 5/07 +£1/23 10/67 9/80 12/80

T. daenensi T. castaneum 250 0/01 2/06 +0/73 89/29 74173 159/14
T. confusum 250 1/30 3/66+0/77 92/77 82/79 114/28

A. wilhelmsi T. castaneum 250 0/16 2/55+0/63 55/40 47197 69/52
T. confusum 250 0/78 1/95 £ 0/67 98/71 71/73 440/73

A. hausskenechtti T. castaneum 250 2/40 2/62 +0/64 60/64 52/46 79/92
T. confusum 250 4/06 3/74 £ 0/69 62/25 55/79 74/19
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Table 6- Estimated LTS5, of essential oils from Mentha longifolia, Thymus danensis, Achillae wilhelmsii and Artemisia hausskenechtii
on Tribolium castaneum and T.confusum

L X’ LTs, 95%

Essential oil Insect N (df=3) Slope+SE (Hour) Confidence limit
Lower Upper

M. longifolia T. castaneum 250 12/02 3/65+0/97 26/93 4/56 46/13
T. confusum 250 7/65 3/92+0/85 26/51 11/38 38/59

T. daenensi T. castaneum 250 7/48 2/60+ 0/49 30/15 15/62 50/94
T. confusum 250 6/11 2/86+0/34 27/69 22/88 32/80

A. wilhelmsi T. castaneum 250 9/99 3/11+0/68 25/86 9/87 43/49
T. confusum 250 5/24 2/68+0/36 36/26 30/17 43/41

A. hausskenechtti T. castaneum 250 6/07 3/98+0/52 23/10 19/05 26/85
T. confusum 250 4/41 4/20+ 0/55 21/10 17/31 24/58

Eow

o 3 I3l SR 3T ks 655 s a Wl St e s S w0l el S 55 L el e,
Bachrouch Lee et al., 2001; Tripathi et al., 2000) Kle3 sai 5158 (5305 cpaiizes |y uilul clale 31 omy ge 5
bl gl 5 T castaneum &S Cwsle= O, 8aa 5 o SLe 3> 53 .(Shakarami ef al., 2004; et al., 2010;
o-lal LCsp Sgysbay AL oo Lol Gdmt 53wy 3,50 Acchausskenechtii Ll 51 xS Al aucheri
Ge2s ol 55 Js (Shakarami et al,, 2004) ol acsleadsn 1 0 23y So VYV sl >l s, Al aucheri
predes SlilS bl asl e a2 o e SGRA/PY e i ol (s, AL hausskenechtii .l LCsg
YA 5 548 A hausskenechtii .ol 5 (Sefidkon et al., 2002 ) ,56eS 5 05,9 A aucheri jilul o jse 3l 50
S b ey aeys s Gl LASe i e sl iy (ol 3 Oldie (Jalili Heravi, 2007) Aib o J grem
bye Guis ol 55 Al hausskenechtii & 5§ iy Coan oS Ay o b3 4 (Batish ef al., 2008) A5ls o J sowes VA
clls s s bl byl Cele YA C3IS Sl dw Achillea wilhelmsii (oLl (6 S5 Gz 53 A5L S 5 opl &
53 &S ((Calmasur et al.,, 2005) ails Slils dw )3 Av T confusum osle oS Ol o gl a2 0 21l S K
& LlS g Sl plddied ot sl SUB o (s 2 e S Ve CBlE s Sl G L el
Uil Ll 58 LS 68 K0 e el 5 sfs sy LIS Sssons A2 oS o gn esle 3 kol e
(Ngamo et al., 2007) &S o 35 &S 5 o5 k5| ik
S Al Ke OVYAY il T, castaneum s 5, Thymus kotschyanus y.ilal LCsp Ol 5 o0 S| Dlallan bl
G5 ol S35 G S kS Caaw Bl GudS 55wy 3530 Tl daenensis &8 ilul 4 Cud &S Sl 035 158
2 A9, 1/0F Ol 4 T castaneum s, 1y M. longifolia 5Ll LCsy jldde Game ol pizman Cool atils sl
adlas 5550 uilad Cosann Guios opl 3 ool oty p3lis 4 4 55 L «S (Akrami, 2008) ol 03 505 o055 1oa 2]
ol LCs0 0l LIS (b fmms e 3l G 3 68 con lol Sl iy sdd 53 Gl o
Coos s la30lis oS ( Taghizadeh, 2007) Cowlos s 1sa 23 5 2ds S YWY 5] aii g9, Thymus persicus

L5 o DMl Sl 03 g5 Gl ol 55 (LCsp = 89.29 pL/L) T. daenensis &S uilul a5 Sl S 53 bl 28
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«S A3 (Sajjadi & Khatamsaz, 2003) -pio 51 i 505 laai 58 a0 s oUs cpiusl 53 Jged 035 i o @
Ll LCs Ol ks b (Rattan, 2010) ol sl S5 [2Se dim a8 5 G Olgiots _dlisee s Lo g5
Sl o I 1) 5 ) S WNVE Olse o T. castaneum 8\.- Ol i sy Artemisia sieberi olS
sl ol 695 G AVL Caas Galios ) 3 sz 3550 A hausskenechtii Ll & s oS (Negahban et al., 2006)
b (Sefidkon ef al., 2002) A5l J g VA [ESe i oS 5 dsys 53 O] e ) o i 4 oS ol a3l
Ao ol S e SBIS Sl e & 5 2l Se 00 chle 3 ZPST US L Slelia o5 Sl AL il LIS
ol pl @l AL 6,5 men I M. longifolia oS L.l Js (Shaaya et al., 1997) 1& T. castaneum o 5 S
o5y LS 5 s OVl of e oS ol axils 1) Sl e g e CBIS 51 e ea 1) 5 1y S V) clle s
{(Chaubey, 2008) Ll o OLLS -yl

ol e A oS sysba Lil e o i 555 3 ol DU s ege ale as Sl Ly oS sl 0L Laesls
Slllas Wl g3ose opl 5 Llazill S eslanal 5,5 lackle plod 5o aomlal el 5 Y s IRy
3,30 Elletaria cardamomum s Bunium persicam .5\l J\ ;3 T. castaneum ks S (2009) Ol T
50 G s piomen 3413 Sillas (Moravej et al., 2009) A gars 2l Ol sl el YY 51 e ey
ol Sl s Gay aw U as uilad Ol il il 5 Wles ged Oly @l i Dli 537 sage Jole |y s bl Ol
bl eds aiiles LTsg Ol aid>s 53 .( Tripathi et al, 2000 ; Shaaya et al., 1997) 345 o odys pdi>e
Kb o el VY 5 YA T confusum (s, Callistemon viminalis 5 Eucalyptus camaldulensis
T. confusum S5, w5 yilal Sl Geiosd ol 53 odd aulwe LTsg Ol o0 5ol Js (Hamze vi et al., 2011)
Al e andllas 5550 Sl i 5 e s OVl of cle &S AL e cel VIV L

A8l g el 5T i 658 53 g andllas 3550 ALE Sl Sl o 5l 48 das e Ol iash oyl =
oz dame 5 0Ll (6l (ALS 65 nl bl SLS 5 005 ot oS w3 L andls (VL kS oo 65 5

3,5 15 szl 550 (Ll BT U 28 o e gbaasl 3 Ll 5 e
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Abstract

The effects of four plant essential oils of Mentha longifolia, Thymus deanensis, Achillea
wilhelmsii and Artemisia hausskenechtii were investigated on adult stage of Tribolium castaneum and
T. confusum. The essential oils were prepared using water distillation method. Essential oils were used
in five concentrations and five replications. The concentration selected based on primary experiment
for each essential oil. Mortality rate of insects were recorded after 3, 6, 24, 48 and 72 hours. Results
showed that the longer exposure of insect to-essential 0il and the higher concentration of essential oil,
increased mortality of the two beetle species in-all treatments. There was significant difference
among mortality effect of the essential oils. The LCs, value of M.longifolia after 24 hours for T.
castaneum and T. confosum were 11.59 and 10.67 pl/l,;, respectively, while the values of LCs, were
89.21 and 99.79 for T. daenensis, 55.40 and 98.71 for A. wilhelmsii and 60.64 and 62.25 pl/l,, for A.
hausskenechtii, respectively. The least LTs, recorded was in A. hausskenechtii essential oil with 23.10
and 21.10 hours against 7. castaneum and T. confusun, respectively. Results showed that these
essential oils can be as safe botanical pesticides for control of storage pests.
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