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Table 1. Probit analysis of toxicity of some plant extracts to heonate larval penetration and one-day-old eggs of

Phthorimaea operculella under laboratory conditions.

Plant extract Growth stages LCys (ppm) L Csp (ppm) L Cq (ppm) SlopetS.EE  x¥(df)
Cotinus coggygria neonate larvee 254.47 37458 780.83 3.99+0.27 1.39(3)
(211.89-28354)  (344.09-414.94)  (631.55-1170.90)
ey 348.15 489.64 936.06 522+073 321(3)
(295.70-38392)  (454-533.19) (783.28-1302.60)
Valeriana officinalis  neonate larvae 75.08 170.74 613.28 468+0.31 147 (3)
(49.86-95.26) (142.41-21005)  (523.64-987.08)
ey 131.06 262.28 979.98 441+036  186(3)
(94.08-159.87) (224.92-312.00)  (681.76-1921.04)
Maclura pomifera neonate larvee 290.00 414.52 817.28 4.98+0.68 141(3)
(245.96-320.79)  (382.96-45340)  (679.47-1143.71)
egg 364.56 544,93 1169.56 5.03+0.66 190(3)
(295.82-410.35)  (498.63-602.91)  (940.19-1791.08)

95% fiducial limit (FL) is shown in parenthesis

Jai‘).ﬁ:)bgﬂ&bQ@jw.«\.:.1QL?}S)JY5‘5.5.76‘9)@L;Q;JL&&LAAJL&GJ\?}:;J;S))JMJA—Y J)J:—
Celu VY Ol Soe 3l a5 A&l 3T
Table 2. Percentage of repellencies caused by some methanolic extracts against neonate larval penetration of

Phthorimaea operculella into potato |eaves under |aboratory conditions after 72h

Plant extract Concentration (ppm) Mean repellency (%) + SE
Cotinus coggygria 80 92.33%+5.68
Valeriana officinalis 80 90.66% + 5.59
Maclura pomifera 80 83.33°+ 5.00

Different letter showed significant difference (P<0.01)
F(zy 9) =13.74
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Table 3.The mean number of laid eggs of Phthorimaea operculella on treated and non- treated tubers with some

plant extracts after 24, 48 and 72 hours (oviposition preference).

Tested Plant extract

The mean number of eggs+ S. E

Concentrations (ppm)

Cotinus coggygria 143
Valeriana officinalis 143
Maclura pomifera 143
Control -

23.33°+2.45

24 h 48h 72h
5.22° + 0.45 6°+ 0.59
3.33°+0.23 4.25°+0.32
6.66° + 0.64 12.33°+1.03
307+ 3.00 33.33%+ 3.02

* Means in columns with the same letter are not significantly different (p < 0.05)

F (3,32) =23.09

e S e (8355 850 SLa S iS5k o3 (ke (535 4,8 Cale Jsibe o jlae odinS 5 Bl 31-F s

ARalT Ll s WSS 5 05 by

Table 4. Effect of sub-lethal concentration (LC,s) of Valeriana officinalis methanolic extract on parasitism rate

of Trichogramma brassicae on one-day-old eggs of Phthorimaea operculella under laboratory conditions

Plant extract Concentration (ppm) % Mean dead eggstS. E % Mean hatched eggstS. E % Mean parazitism+S. E
Valeriana officinalis 131.06 2333 £2.71 10.01£0.71 66.66 *+ 3.52
Control - 5.00 £ 0.49 10.00™+0.72 85.00" + 4.76

*: Significant difference (P < 0.05).



AY

yyray JLM.' “S'.'. ;D)LM 5W .\.l? céw};bl.ﬁf » M} )LQA

" No significant difference (P < 0.05).
..\_;\u\sij,\ﬁr.;aw,aw,bgt -
s Rafiee-Dastjerdi et al. (2013) s, K5 i ;s
Lavandula .95 s shul Jsluso)lae 51w s
Origanum vulgare Mill. s>} ,» @ngustifolia L.
Ol—s s g Fumaria officinalis L.s,—5 L3
A opl 4w hww s 55, Glycyrrhiza glabra L.
10 Slle 53 Olscp i 9 wss s shul o)lae S L
ST Jyl e 9,V 3 ado g 3 1y 50 o i
Cowpls 5> puises ol c,LJ BEH LR TE - TR T
A (S35 Ciktee OLaLS o5lae 555N 5 2SS
UF o &5 il o g ol s b L (e jm
93 - 55 Jsloe I Sleslanal a1 YU Lol o
15 S e
S S 555 S () G ol 53 el esdhe
s s aS Gle s (KT g OlalE o slas
@ua)wu,»d;bousw;waﬁaup
) B B e D SR S P B WL U PP
s o3 Peterson et al. (2000) oladss .aSlasils
S5 oS o g 5l ol ojlae SaiS 5 oot
Stophilus  zeamias «o 5 ais 555 LSS 0T
oy)lae S S )53 4 Loy 4o o) 4 Motschulsky
3335 50 DS 5 by o i3 g0 oS o) I Juol
Q;SMQ)guoTw)ﬁd\)awmpuoT
S35 048 555 Juale oLE ojluas 53 s jia sy 5
Cble 5548 u8s ST a8 Olil . les s sS e 5T
S S| o calaien 53 G5 LS 5 5l 0 5 00
S5 e oy WA 5V s s SaS e celu FA
oo b amlie )3 15 Vb (S8 53 bl oy dals
5 dslke P Sleslamal Ll 5 0 OT Cle 5 305 Ol Ol
25 @S AT S5 03 55 50 DS S ol ]
S Ay g, 6l OT i S 505 s
S sls oL Peterson et al. (2002) o ) mls b
G115 oL o T s 0 e 3 ol 0 )z 5 il

@l_ajT‘_sj_wyd));u\_:s)}Jua‘j_;

—x
S 03 ) o 3 Jole S Sl G o
Cade 5 0o 6T Oy OlE slaoslas 25755V
P oslas a2 4 505 Ol e Ao S35 45
45 oo o8 o las Lol ez g0 S oy S5
) i 53 2 (655 LCo0 Ol e o 2aS 28I L
el 03y ;K5 ALE e 53 51 5 S5 T
=S o i g i8S 9,¥ Cmol- Dua et al. (2008)
a8t 551 08 Cile olS aiy Sl ol o5las
LT gl 5 sl 3 g2 3558 50l 0V 53
6351 AE ASe i ol a5 JB 3L LaoT
O350 S e 534S 3l OLE sy p 3550 3T ot &
2L OT GV 250t ool 50 8 Cale o las
5 s> Filip et al. (2015) Lol prat Lo G
Ll s I 4T S5 ol e I Juol oslae ol 5=
Lot i clonty el (55 51 (8 i Jool 0jlas
b ol ez Sl it ol B 503 b S5
ol 5 e Gl 53 48 305 (S Ta ke 5 (05 S
Dl ol ok DU S 0T D55 0 500 (A5 2
S LS B (s p 53 alibe s oo 5 ol
A e i ol 555 AL Calises slaejlas
e 53 ader ol 4 S D)o el
sleo,les I Teimouri Bileh Savar et al. (2016)
Eucalyptus  camaldulensis  Dehn. . s LS|
¢S > (Melissa  officinalis L. a— g sl
J_;lf s Acanthophyllum  bracteatum  Boiss.
3550 st Jomm ds (S 9 |y Heracleum persicum Desf.
OLES e ol Gl 5| ol gl ksl 13 aalllas
A 5 s S ez 1 550 DALE o jlae o7 5
e B ST (65 g5 (S
635158 VY o )Lae 5ISharaby et al. 2009
TS 5 S (o (e S e Calibee Lo 2l
LS 5l ol oylze S 5ls 0Lits LadsT o

Iphiona scabra Cassini 4 Pithuranthos tortosus Desf.



e 05 o et (S (PSS 5 s 2)las (SIS 190 9 (TS OIST o1 10,00 9 (05 AY

5 g Officinalis

G. glabra o\ o e

Ol (n i oy oS Dl (653 055 e 5 S50
ol Hled b Slaeds (g5 3T (g5 jod g 5 S 51
Ajamhassani & eimees 5L s OLalE oyliae L
Sambucus T olals o Lae ,5Us Salehi (2004)
LS sArtemisa annua L. 3lsuS «bulus L.
S35 e S 5, Perocarya fraxinifolia Lam.
OLalS o jlae & sl ys 503 8 (5T e A
il 0t o35 sl 2alS s oV 5T, S

2l 3 ot Sl Loy boslas ST wy 5o
oled SialasT a0 5 Cade oyluae 45 U odalive Guiows
9353 i3l o s3 635 0T a5 LB 3T e
I e B i SIS 5
1505957 o lae ,5b Jafarinodooshan et al. (2012)
3L Al B 5 s DL S Ol
PRSI J PP OIS E g g
23l Al aS 515 QLS pukises ol il T
Soslial 5 Cobls 3 gm (s gme CoM las 5 dals
035 LSy ety S e ys L o) 5T o) las
o3 il s 55 4 5 0d OT (1 o o 4L,
FALS S oo o sS 5 5s Jlasl Ly e 350
RORIRY

0Lt G o 5 odoal sy gl ¢ sazen )3
502 6T S ol w1 ol oylas o5 das
55 JoB (S s 5 Sass cools o 8 il
O 93 1S (e o (G ) e e (655
dr e o az g B S S LS ol e !
oslas LS () 53 mean g 4 S Cale ojlac
255) e B et SOl A3 Ol e 5 S
Ll e 4 LT sy (slalaSe LB sl Ll S S5 5
o8 eslanal 5y 5 T ol 2y J 1S glaasl 4 s
et iy ST Sl S Sy ke 4 53,8

ol sl 4 S | Blattella germnnica (L.)
el oS 5 by e 0T Slides 3 Suis’y 5o
a8 s sy S 5 &S Ol 5o (0sAiN)
Gl IS e s SR lao,luae Gises ol S
S 53 534S 3 w2 1 LK AT S5 sl e
3y ST Gl Lo 3 YY/P 5 VA s jan o e
shyls e C‘ﬁ.—w‘ Slrojlas . Ls g 0diS 555 il T
5 dSay il G 4 S (5 7S (S S 53 ST
158 5 oIS e 485,87 bl 6 ) 015 o
SIS 593 ;3 5 A e ol el |y ($3 50 SLS 5
L g5 on Ml L 5 0k 7 Szl (slaoslas oS
L5 6 S5 iliin o 53 1350 0315 i 3550 ol 4
o)las YU S )55 &ols Peterson (2001)
SLIT g 35 0 8 e a1 Jol 18
Ao 335548 A S iyl 58 oltul . d b odal
53 (SAES 593 Ao y3 B0/F cp o e Sl p 8 5 S
Lo gl L aaglin 53 48 b sdalie 2leST 550 23T
OT&Y:}IA;@IM\:&#;M)):
Gladeal 5 s o o Let oS 01 Sl eslizal 4 Ll
5 bl o s els S A o el Sl L olS o 1
5 Sl 034y lize 55 0T (6,8 05las iy, Syl o
PLS DL 5 0l 53 55 ol gy Ll ailate
33l ol by (S 555 Ol ol O 5 o ol i 3o
S (s oslas iy o IS ) sbansls S
Olas s sbian 5 OLALE Jiy5 5 5 by Lol 1 (o plina
2 sl s 53 m 15 e OLALS s
gl Calides Ol i
o aeslas gy 53 Gdos ol 3l ol mls
ﬁ‘:&&:b&%@.«jwu\ﬁékﬁ@;
$FA Lol Dds ) 050 lus Sl 55, 0 las an
> 5> oK 6T O il a3y Oy ge ol 4 sl VY
Rafiee-Dastjerdi et al. (2013) ;i gl . 5 Cale
Lo esssshwl Joloeo)lae SU5 —ujp o

F. o,—e20. wulgare s, =i}, angustifolia



AD WA o K5 B ylows qoniond sl (S5 320U 43 ans 5 g0

References

Ajamhassani, M. & Salehi, L. 2004. Effect ofthree non-cultivated plants on host preferenceoviposition rate of the
potato tuber moth (Phthorimaea operculella). Journal of Agricultural Science of Iran, 1(5): 112-119.

Allahverdizadeh, N.M. & Mohammadi, D. 2016. Bioactivity of Marrubium vulgare and Achillea millefolium leaf
extracts on potato tuber moth Phthorimaea operculella Zeller. Munis Entomology and Zoology,
11(1): 114-122.

Barney, JN., Hay, A.G. & Weston, L.A. 2005. Isolation and characterization of alelopathic volatiles from
mugwort (Artemisia vulgaris). Journal of Chemical Ecology, 31: 247-256.

Daoubi, M., Deligeorgopoulou, A., Macias-Sanchez, A.J., Hermamdez-Galan, R., Hitchcock, P.B., Hanson, J.R.
& Collado, 1.J. 2005. Antifungal activity and biotransformation of diisophorone by Botrytis cinerea.
Journal of Agricultural and Food chemistry, 53: 6035-6039.

Dua, V K., Alam, M.F., Panday, A.C., Rai, S., Chopra, A.K., Kaul, V.K. & Dash, A.P. 2008. Insecticidal activity
of Valeriana jatmansi (Valerianacea) against mosquitos. Journal of the American Mosqguito Control
Association, 24(2): 315-318.

Fenemore, P.G. 1988. Host plant location and selection by adult potato moth, Phthorimaea operculella
(Lepidoptera: Gelechidae), in the field in eastern Ethiopia. Journal of Pest Management, 47: 109-113.

Gebhardt, C. & Vakonen. J. 2001. Organization of genes controlling disease resistance in the potato genome.
Annua Review of Phytopathology, 39: 79-102.

Golizadeh, A. & Zalucki, M.P. 2012. Estimating temperaturedependent developmental rates of potato
tuberworm, Phthorimaea operculélla (Lepidoptera: Gelechiidae). Insect Science, 19: 609-620.

Jafari, M., Saber. M., Bagheri, M. & Gharekhani, G. 2014. Effects of Emamectin Benzoate and Methoxyfenozide
on Functional Response of Trichogramma brassicae (Hym: Trichogrammatidae). Journal of Applied
Researches in Plant Protection, 2(2): 59-70.

Jafarinodooshan, A., Shamszadeh, M., Sami, M.A. & Khalili. M. 2012. Effect of the stinking assa extract on
parasitism and mortality rate of Trichogramma wasp as carob moth egg parasitoids (Trichogramma
brasicae) in vitro. National Congress of Pomegranate, 605-609.

Jensen, A., Hamm, P., Schreiber, A. & DeBano, S. 2005. Prepare for tuber moth in 2005. Potato Progress, 5: 1-4

Khorrami, F., Rafiee-Dagtjerdi, H., Hassanpour, M. & Esmaeilpour, B. 2014. The lethal and sub-lethal effect of
essential oils of Lavandula angustifolia L. And Origanum vulgare Mill. on life table parameters of
PhthorimaeaoperculellaZeller(Lepidoptera:  Gelechiidae). Iranian Journal of Agricultural Pest
Management, 1(2): 41-51. (In Persian)

Khorrami, F., Vaizadegan, 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, doi:10.1080/03235408.2018.1458412.

Knutson, A. 1998. The Trichogramma Manual. B-6071. Texas Agricultural Extension Service, Texas A&M
University, 42 pp.

Naimov, S., Dukiandjiev, S. & de Maagd, R.A. 2003. A hybrid Bascillus thuringiensis deltaendotoxin gives
resistance against a coleopteran and a lepidopteran pest in transgenic potato. Plant Biotechnology
Journal, 1:51-57.



e 05 o et (S (PSS 5 s 2)las (SIS 190 9 (TS OIST o1 10,00 9 (05 e

Peterson, C.J. 2001. Insect repellents for natural origin: catnip and osage orange, pp:103-110, Ph.D. dissertation,
lowa State University, Ames.

Peterson, C., Fristad, A., Tsao, R. & Coats, J.R. 2000. Osgjin and Pomiferin, two isoflavones purified from
Osage Orange fruits, tested for repellency to the Maize Weevil (Coleoptera: Curculionidae). Journal
of Environmental Entomology, 29(6):1133-1137.

Peterson, C., Zhu, J. & Coats, J.R. 2002. Identification of components of Osage Orange fruit (Maclura pomifera)
and their repellency to German Cockroaches. Journal of Essential Oil Research, 14:233-236.
Rafiee-Dastjerdi, H., Khorrami, F., Razmjou, J., Esmaielpour, B., Golizadeh, A. & Hassanpour, M. 2013. The
efficacy of some medicina plant extracts and essential oils against potato tuber moth, Phthorimaea

operculella (Zeller) (Lepidoptera: Gelechiidag). Journal of Crop Protection, 2(1): 93-99.

Roknabady, M.K., Samih, M.A., Jafarinodoshen, A., ZiaiiMeadboni, M.A. & Ziaadeinei, M. 2013. The Effect of
Gum Extract and Natural Sex Pheromone Traps of Carob Moth Ectomyelois ceratoniae Zeller (Lep.
Pyralidae) on Pest Damage and its Eggs Parasitism by Trichogramma brassicae Bezdenko. Journal of
Agricultural Science and Sustainable Production, 4(1):67-83 (In Persian)

Rondon S. 1. 2010. The potato tuberworm: A literature review of its biology, ecology, and control. American
Journal of Potato Research, 87:149-166.

Sharaby, A., Abdel-Rahman, H. & Moawad, S. 2009. Biological effects of some natural and chemical
compoundson the potato tuber moth, Phthorimaea operculella Zell. (Lepidoptera: Gelechiidae). Saudi
Journal of Biological Sciences, 16: 1-9.

Sporleder, M., Kroschel, J., Quispe, M.R.G. & Lagnaoui, A. 2004. A temperature-based simulation model for
the potato tuberworm, Phthorimaea operculella Zeller (Lepidoptera: Gelechiidag). Environmental
Entomology, 33: 477-486.

SPSS, 2007. Spss 16 for windows user's guide release- Chicago Spssinc; Chicago/USA.

Teimouri Bileh Savar, A., Noori-Ghanbalani, G., Rafiee-Dastjerdi, H., Zargarzadeh, F. & Mardani Talaee, M.
2016. Study of efficacy of Melissa officinalis L., Heracleum persicum Desf., Acanthophyllum
bracteatum Boiss. and Eucalyptus camaldulensis Dehn. extracts on Phthorimaea opercullela. MSc.

thesis, University of MohagheghArdabili. (In Persian  with  English  summary).



AY Biocontrol in Plant Protection. Vol. 6(1), 2018

Lethal and deterrent efficacy of three plants extracts on the potato tuber moth, Phthorimaea operculella

Zeller and influence on percent parasitism of Trichogramma brassicae

Fereshteh Khorrami®, Asmar Soleymanzade®, Maryam Forouzan? Hossein Noori®, Maryam Alikhani*

1. Young Researchers and Elite Club, Urmia Branch, Islamic Azad University, Urmia, Iran

2. Plant Protection Research Department, West Azarbaijan Agricultural and Natural Resources Research Center,
AREEO, Urmia, Iran

3. Iranian Research Institute of Plant Protection, Agricultural Research Education and Extension Organization
(AREEO), Tehran, Iran

4. Department of Plant Protection, Faculty of Agriculture, Urmia University, Urmia, Iran

Corresponding author: Fereshteh Khorrami, email: fkh.khorrami @gmail.com

Received: Feb., 19, 2018 6(1) 77-87 Accepted: Mar., 13, 2019

Abstract

Phthorimaea operculella Zeller (PTM) is one of the most destructive pests of potato both in the field and
store. The present study was conducted to assay lethal and deterrent activities of methanolic extracts of Maclura
pomifera (Raf.) Schnied, Cotinus coggygria Scop and Valeriana officinalis L. on different growth stages of P.
operculella. The most effective extract was also investigated on parasitism rate of Trichogramma brassicae
Bezdenko. The experiments were carried out under laboratory conditions at 26 + 1 °C, 65 + 5 RH and a
photoperiod of 8:16 (L:D). V. officinalis exhibited the highest efficacy against eggs and neonate larval
penetration of potato tuber moth, which elicited L Csy values equivalent to 262.28 and 170.74 ppm, respectively.
The most repellent extract against neonate larval penetration was V. officinalis followed by C. coggygria and M.
pomifera (% repellency= 92.33, 90.66 and 83.33%, respectively). Oviposition preference trials after 24, 48 and
72 h demonstrated that the three methanolic extracts showed anti-ovipostional activity against PTM females and
they preferred to oviposit their eggs on non-treated tubers. Additionally, there was no adverse effect of sub-lethal
dose of V. officinalis on percent parasitism of T. brassicae (66.66%).
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