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Table 1. Mean percentage mortality caused by essential oil of sweet lemon peels against four
coleopteran stored product pests

Pest Concentration (ul/L air) Mortality%
Oryzaephilus surinamensis 600 90+5™"
Sitophilus oryzae 625 100+0
Rhyzopertha dominica 700 1000
Tribolium confusum 375 100+0

*ns: No significant (p<0.05)

oL BT 3 sdl St Hlgmr (S5 o e soad 0500 o gy i) (ol S S 4 25 =Y J gl
Table 2. Probit analysis of fumigant toxicity of sweet lemon essential oil toward four coleopteran
stored product pests

LCsoul/L air LCyoul/L air Slope Y P-

Pest  Number  g50, confidence limits) (95% Confidence limits) (£SE)  (df)  value
Oryzaephilus 240 208.29 563.31 2.96 0.71 0.87
Surinamensis (177.5-242.3) (441.4-839.2) 0.41) 3) ’
Sitophilus 240 248.99 617.73 3.24 0.46 0.92
oryzae (207.6-258.3) (500.2-900.4) 0.53)  (3) '
Rhyzopertha 240 328.66 632.93 4.5 2.48 0.47
dominica (293.3-362.6) (542.1-818.8) 0.66)  (3) '
Tribolium 240 257.12 358.37 8.88 2.16 0.54
confusum (244.6-271) (327.2-420.6) (1.36) 3) '
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DISEILS alied 5 EtS 6 g (o a4 T 35T
Gliy oS sll s VL Jess
Origanum ;e ,» (Rosmarinus officinalis L.
Lavandula angustifolia . s> & skul vulgare L.
cmmen .3 ,l> Ocimum basilicum L. ol , 5 Mill
Nikooei and ) L5 e 5 2556 Guios o
5,7 aid U esie 5 (Moharramipour, 2010
2 Sl lihiler S & S 5V Jas
>,1> Salvia mirzayanii Rech & o o lal 45
A Gl bll SE N Caen e Slidss s
5 e G el ss ey ol SBT ()
-5 (Shokri Habashi et al., 2011) of,Kes

4lLs 4k 65, 1, Carium copticum L. 0L il

Sagr gm 68 oler G bl QLS

3335 S (Sla imn ssba Sos 68 an a5l 2aS
Ol & 55 3,7 aid &8 o5l LCop peba
Sl 5L ol aae ssb 4 4l s e
ol sl (gl e sl b 1 b g baas 8
ot a5 dr g b 4SS s 55 etalie L6 s S
ol Col a5 Sl 5T 4l (gl ol druloes YL L
ol e it il LCop o )3 657 o el
03 a3 ga O (55 e gl SV slahle o 68
S L S T it ol i
465 ol 5 ol G 53 el 035 Ol L S
Joms il (628 Canlis iiS é_i..a).w ol o
Slads > LI ST jle a4 o 5T azd 5L

5 Ll e Olgea Sl oy DU 4 5 60


http://www.sid.ir

e god 0 e gy il (S 555 1 w5 Cvas 03UT ) (6, 5 i (Ghens 44

bl Faws 550 il

Oy 5 pmilel Chle 4 a5 b SuuSss do)s
Y S pelel Chle L Jgds) s e e Hles
S e 2 20 03 e fasle p 2l S AT &
Ol mls & Oboj 4w & 55 5 lesT 554
Sl &S agy e sl L2BL nlpl g5 Saus s
5 ke 8 SAuS s Aoy Il Cel cbile
L Lsls olas (Mishra and Tripathi, 2011) sb 5
51 C. reticulate 5,0 oy wilol Chile 150
S. Tr Mt S uf.\:.f))b o )30 /Y a4 /0D
3T aied sy 5 Aoy VMY & FAN I Oryzae
el Aoy Avow 0Y/Y I T, castaneum (Herbst)
sl

2 SHS 553 i Ol Sl e ele
aind 350 53 3 (/AYPL/em?) Ll YL clle
Lodd odalin doys AZ/SF L 5T aid 5 laalis
3l I 55 (S8 5 Ol e O3 el
S 595 uilel YL CLIE b ls e sl
oSole s oy Ve &8 53 ol WS Ol ke 5
a3l 550 Chle Sl I 20 SuuST s duys
(G ah GBIl wied Gl Ol 3 e el
FANFY FA/AQ 8V /9% s o,T aied 5 iS¢ gu
JV L;Lho}; BEREN S PAPLEN - SCSP SN ISTWA /i o il
SN Gk o 8 i sles S 51V 5 IIT dIT
Sl e Sladss s am S 5wl
wJﬁQBTd\‘_gj)@l:?‘_gthb|ﬁbvf.\;‘.fjj.s

RGN PN

plpodd S5 juilul LCsp Lisls Olid 505 S qwyp )l
(Chaubey, 2011) g5 .aab . V/#4 ul/L air
5 L. Cuminum cyminum ;e o 5 wlwlLCsg Ol 5
S g e S5, I, Piper nigrun L. ol Jals
o> QL o5 dy s 3,5 3,80 5 OA pl/L air 5 +/7V
Po bl & S 0 e sad Sy il 5V o
s S 68 55 4 Cond S S 5 NiGUM
gl LCsp Ol sl 53 .Sl T At )
HI/L iS Susm JoS Sl i g5y JE 5 gy
Tandorost and Karimpour, ) A& 3,5 ,\YF air
AV 5500 I G gy eilal bl ) (2012
03 eslial 3y00 puilel 4 Cd (YL LS e
olel LCsp 0l (6,505 el 53 5,15 bl o
«ii ¢y, Labill. Eucalyptus globulus . s
Bagheri ) & 5,50, VVY/¥ T. confusumpl/L air »,T
bl LCsp Ol ol G s (et al, 2011
YOV/\ pI/L air a7 s S5y oped sodd Sy
Cow gy il 5wl Cnans oins OLis oS Ul 5,57 5
Coos D385 sl o 2 ST il g Cad o e 0]
3B Wlg e BT 65 6K (g, alibes glauilad
- olel ol S g il AE G5 5 s Syl
s S 33 AE 6 E S e ol el sl
ma LBl andls Ol iy gy Caltbes Jguad L oglie
Al 5l go CoiST Lisls O iz & p eJbe O i
@l 5 o7 Lld 4 LT OLS 5 5 0S5l e
3405 LS;M oS s, A o g S LS 5 caibie

.(Masotti et al., 2003)


http://www.sid.ir

144

WAF Jlo oY ol @ Al ¢ ALS ST Siliions

GO 3T 5l St ez 655 e sad gm0 oy il 1 (3L (S5 55 do s ¥ gt
Table 3. Percentage of the repellencies caused by sweet lemon peel essential oil against four
coleopteran stored product pests

Repellency (%)
. Concentration Time (h Mean repellency Repellency
Test insect (uL/cm?) ] ) &) 3 (3 h after treatment) class
. 0.1 26.6+6.6 26.6+6.6 26.6+6.6
S?J:{;:;pehr::iss 0.2 46.6£133  46.6+133  46.6+13.3 6165150 v
0.41 66.6£6.66  73.3£6.66  73.3+£13.3 ’ ’
0.83 86.6+13.3 93.3+6.6 100+0
0.1 13.34+6.6 13.3+6.66  33.3+£13.3
Sitophilus 0.2 13.3+6.6  26.6+13.3 33.3+6.6 a
oryzae 0.41 13.3+6.6 53.3+6.6 66.6+£6.6 49.9£9.6 1
0.83 46.6+6.6 60+6.6 66.6+13.3
0.1 40+0 40+0 46.6+6.6
Rhyzopertha 0.2 40+0 46.6+6.6  46.6+6.6 .
dominica 0.41 4050 46.656.6  46.6+6.6 48.3£1.6 m
0.83 53.3+6.6 53.3+6.6 53.3+6.6
0.1 60+0 80+0 80+0
Tribolium 0.2 800 86.6£6.6  86.6+6.6 88.3+4.1° \%
confusum 0.41 86.6+13.3 86.6+13.3 86.6+13.3
0.83 86.6+6.6 86.6+£6.6 100+0

* Different letter showed significant difference (P<0.05)
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Figure 1. Mortality of Sitophilus oryzae, Oryzaephilus surinamensis, Rhyzopertha dominica and
Tribolium confusum treated with sweet lemon Citrus limetta essential oil
Different letter show significant difference (P<0.05)
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Figure 2. Comparison of the percentage of the repellencies caused by sweet lemon peel essential oil
against four coleopteran stored product pests inl, 2 and 3 hours after treatment
Different letter indicate significant difference (P<0.05)
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Abstract

In this research, fumigant toxicity and repellency of essential oil of sweet lemon, Citrus limetta fruit
peels were investigated against sawtoothed grain beetle Oryzaephilus surinamensis, rice weevil
Sitophilus oryzae, lesser grain borer, Rhizopertha dominica and confused flour beetle, Tribolium
confusum. In fumigant toxicity assays, in addition to common bioassays and probit analysis of the
data, two indices of effective concentration and mortality were used for evaluating the essential oil
efficacy. In the first method, the minimum concentrations that caused effective mortality (over 90%)
were determined against the four pests. In the second one, two constant concentrations; low (0-50%
mortality) and high (50-100% mortality) were tested to evaluate different susceptibility of these four
insects. Repellency of the essential oil was estimated by applying four concentrations; 0.1, 0.2, 0.41
and 0.83 ul/cmz. LCsy values were 208.9, 248.99, 328.66 and 257.212 pl/L air for the pests,
respectively, demonstrating the more sensitivity of sawtoothed grain beetle. In the assays of the
concentration as an index, estimated concentrations for the species were 600 (100% mortality), 625
(95% mortality), 700 (100% mortality) and 375 pl/L air (92.5% mortality), respectively. In the assays
of the mortality as an index, the low concentration (175 pl/L air) caused 42.5+13.1, 20+0, 154+6.4 and
12.549.4% mortality and the high concentration (350 pl/L air) caused 72.5+4.7, 6546.5, 52.5+8.5 and
72.5+8.5% mortality, respectively. The mean repellencies of four concentrations at three hours after
treatment were 61.6+15.9, 49.9+9.6, 48.3+16 and 83.3+4.1%, respectively. The results of this research
revealed the average efficacy of citrus lemon peels essential oil for controlling these coleopteran
stored products pests.
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