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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 0/00 +£0/00n 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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T. confosum 4 T. castaneum (s, Artemisia hausskenechtii «w ;> bl odd sbow| S u._.io\._..a -Yd s>
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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 do 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

T. confosum 3 T. castaneum g5, Achillae wilhelmsii 3,3 O3l g uilwl 0t slowl S - Kile ¥ J gt

(Celw) it sladly o lackle s

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 e b (ol e NN A ys S e 55 Sl 0905 polesl p b g

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

Yvy



FVA-YPY) AvaY Jle of o led & >

fdt'jlh r«.«}"' &:JLM‘"* 5 ;m. 5 MM 5

T. confosum y T. castaneum (s, Thymus danensis _5U> O.:a_ﬂ obal el sbwl WS J_.{L_.a -f Jgde

(col) ciliies glaobe; 5 odils s

Table 4- Percentage Mortality caused by Thymus danensis essential oil on T. castaneum and T . confosum
at different concentrations and times

Means of mortality% + 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+ 2/45¢ghi 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 +5/83abcde 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 66 +5/10bcde 72+7/35abc
100 0/00+0/00j  0/00 +0/00j 56 +6/00cdef 70 +8/94abcd 86 +2/45a

LI e b (gl e SN s )3 K rha 53 Sl 0051 bl wlie Gg ¥

*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
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(Ngamo et al., 2007) &S o a5 &S 5 o5 k5| ik
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adlas 5550 uilad oo Guios opl 3 ool oty pslis @ 4 55 L 45 (Akrami, 2008) ol 03 505 5,058 1a 2
ol LCs0 Dl LIS (b Cmms e Sl G 3 68 con il Sl i sdd 53 Gl lag
G odaad0LE 45 (Taghizadeh, 2007) coslos  1ea 2J 25 S YWY )0 wis gy, Thymus persicus

L5 o Ol Sl 03 g5 Gl ol 55 (LCsp = 89.29 pL/L) T. daenensis « S uilul a5 S S 53 il 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 @
bl LCsp Ol s b (Rattan, 2010) cosl sld S5 (2S00 Sae S 5 G Ol oy ihisen pdios o oS
Sl e I 1 0 1)y S WIVE Olieas T castaneum CSL. Ol i~ s, Artemisia sieberi oS
sl ol 695 G AVL e Galios ) 3 s 3550 A hausskenechtii Ll & s oS (Negahban et al., 2006)
b (Sefidkon et al., 2002) Ll Jsiem VA (2S00 (S 5 Aoy 53 OOt e ) 0 b 4y oS ol anils
Ao Eol Gy dw CidS Gl 2 2y S 00 Clale 5 ZP51 uS L Oleli o0 5l alS bl Sla 1S
ol pl @l AL 6,5 wen I M. longifolia oS L.l Js (Shaaya et al., 1997) 1& T. castaneum o 5 S
a;yc;lfé;)sg;eﬁf\:sloh;.l.o4S¢Ml4:;;15l)guu&gjwmgijfjlmlﬁﬁjﬂﬁjjﬁf\\ chle s
{(Chaubey, 2008) Ll o OLLS -yl

bl Sl a oS (sosba il e ot 458 g5 ol S s e Jole o2s il Oley oS 5ls OLAS Laesls
Slllas Wl g3 ol s Lladl Sl eslaal 5,50 glachale tl».'i 53 lal cele &5 Y s alS
>, 3o Elletaria cardamomum s Bunium persicam .5\l J\ ;s T. castaneum Gl oS (2009) Ol\Ses T
59 G s pioman 3413 Sillas (Moravej et al., 2009) A gart A olal Ol 5l el YY 51 s oy
ol SlaylS s s aw B s bl Oley Sl 5 Wles el Olo Sl i WS 55 jage Jole 1y pas bl Ol
bl eds aiilses LTsg Ol aid>s 53 ( Tripathi et al, 2000 ; Shaaya et al., 1997) 345 o odys - di>e
Kb o el VY 5 YA T confusum (s, Callistemon viminalis 5 Eucalyptus camaldulensis
T. confusum S35 «wys yuilal Sl Guios ol 53 odd acwlwe LTso Ol3e o 5ol Js (Hamze vi et al., 2011)
Al o andllas 5550 Sl i e 5 e L OVl O e &S AL e cel YN L

A Glp s sl et 68 5 s andlln 3550 ALS Ll Sler G 3 S das e 0L Rag
Gy Jams 5 0Ll 5l aLS €58 ol uilud LS 5 0o s S war s Lo il YL S Cas 455 53

3,8 5 eslizal 550 (Ll BT U 28 o e glaasl 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 oil 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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