WAY le ) o)l FY o o((65,5LaS” oo aloma) (S 500lS

983 3 0950981 9 0058 S BST0 io (TS 35 9 (TS DT gy
SELL T Wl b 4o Trichogramma brassicae Bezde. (e ww g3 3150

¥ . Y Y . . \ at
&)yéﬂ‘&ﬂw} @ﬁ‘é&c&)lﬁ-)ﬁa}a}(ﬂ@h* L;)LNB‘L;&

=

Ol DS LSS s i 5 (5555158 p e ol8ils ¢ AL st 5 il ¢ S jpol S 05,8 SLtils (S 9gmmo Ot g9 )
(Afshari@gau.ac.ir)

b ple s 5slsS pske oBils ( AE W5 0uSils ( SKi50lE 055 (g5 siS wlido t Ab,l wlid S Ble g gmiils Y
RAIR Ry

b e 5 SIoslS ke o8l ¢ AlE W g oSy ¢ (S 50lE 05 5 ¢ Kb pol — (65,5l pdign (i3S Bolo gty Y
Ol 08 5088

01t 0 8 okl oBils cp e atSils (S 05,5 Sbskeul ¥

VWAPNY/ Vs @)u \Y‘V/~\°/H:¢éb_,:'@)u

oS>

092905815 9 DHl0395 50 o 95 5l Lilidke SRS dw (FNAT 3 9 (FST SISl g oal 50
A 50 LG4 S0 i A qwy g (DKL T Wyl b 58 Trichogramma brassicae Bezde. ;g4
9 NIl Al Pl 2 2 YO 900« YO Cald dw 58 (9508815 S50 > 9l 9 2 Voo 900 FOo cdald
Jae 0930 Ol we (Goud 4 Ik § Wl SLBEST O3y 98 9 (wlod (23195 (9 4w 4 YT Cuow
Voo 390 cargn (ool § (0395 (9 95 B 50 LN 398 ke SIS .3 57 (w2 (S 0 g
Vore Cdald 09950 Ol jmo (GO iy HL SaS O3y 98 § W o0k 9 5§ S gu ) Cure KO T Ao 5d
Pl YO ctald ( Jolio 33 .00 7 594 ) (SLR0 pids iy Ao 30 AY/Y g0 95 o g0 OT Pl 2 2
Cmor 3 LA Ao 33 174/00 91+ 392 g0 i F 4 (oolod § (L0195 S 095 1S O9rg0gHI X
Al oy SV 0950 Ol o Il SRS O3 1955 . 5 o pdl g 18 DAL Ao 30 1+/00 9 ool (S y94 )
1" el ! g 318 Sl o 53 £1/T 9 00/A i § 4 1) BT i 3156 995909081350 § 510 48
0955 33 (cmilod 9 (3195 (99 95 B 33 DL O94 0 Sl gw J 5 (Mot g Olojle Sdinb 9" IS
31099091 KB  FNLS §1.090 05 dogi E 5130 10 OT 3l ooliiwl oyl gls 9 o8 5 I B piao S S0 yi>
3" yon (TN G RS0y 095 33 i i (loT § (NI S (oW 2 32 9092 T sl D398
2w b OT 5230k (099091 " T 51" (b 0392 Yo I3 4 (Sl (1 b .03 57 Suizdis " piao b

S35 ch 4og 4y (S0398 £ 05194 SADgy Sl ST il J 557 Sladeliy 93 5 e (S o sl

GG jo ot iS¢ i 0 g o il I ST M0 FI9Ads”

van Drische ) wsb s )5, sl OT 51 5 50 doio
alg e e iS'cT (@nd Bellows, 1996 ol gl aly 5l S b Oleds I Sblis

b b et e ST o as 13 3k Chlim (sl b Oliatis a2 SST e 1


mailto:Afshari@gau.ac.ir

e GBS ke FuisS 55 SsS Sl S1 y i0)) s 5 gLl v$

03,5051 5 (Talebi Jahromi, 2006) s ;5
05,5 31 (S jw (godiylsjL) Lo oS o o S
3L 53 5 315 SSat Sl S Sl o5l s
o b O e ol Lol e O ¥ 50 3 Ly N O
4o 5 LS 53 Rl e VO Bl a5 Sl s e
SiSs ke 55 o) (Talebi Jahromi, 2006) » 55
234 Soj5E 0 S ke o ey (Sl 25 Z3T e
(Afshari et al., 2016) 3, w jlos 4 Skl Ol

Trichogramma ..o sla 555 ege 385 s &
b iS5 CaT 3T gans 5o BT o550 5 J 287 50
3L Slallan T el 5 5 o sl S 525
LSS ST Gl SIS )l 0kl
Trichogramma cacoeciae Marchal ,, s;
S Ml Ol sl slaslae wlal 5 aS7 sl Ol
S (A (gloodisS olas 09 8 51) 0,58 S35 94
(Hassan et al., 1998) sl s ;008" 25 20
Comezr 50 DLl Ao o 5 5 el 05558 ¢ blae o
Trichogramma galloi Zucchi 45 5,Y 5 =
2 $S< s (Consoli et al,, 2001) s §
O30 sk 5 S Te it 315 Sl 0l K
il o T galloi 555 5 (nS 2 0yl 5L)
ol aols (Ko Ol 035 0803 03 o5 el 5 53
i Lo $39) S kSl S8l o 53 150 Sl
53 Lal e bl (it 315555 e S5k Aoy
Sols e ssban by (Shs 5o ) S s sl o
(Costaetal., 2014) si5 zals

Sy cadies sla 250 i cwled Coow anlllas
Trichogramma platneri Nagarkatti ,,s;
90 jaud asbal,lS sla i ST i 0 S s Ol
il e o sl ) ol Sl s 2 L
o mls (e (Brunner et al.,, 2001)
Jol e Sl 5 55 (555 o345 oS 515 Ol w2

2555 JoS Dl i sae Jsb 5 s A Ao 555 HLL

548 oo My ol O (glaonbiladl b 257 E3TL s
5 G 565 0) SaiiS S5 5 (gl gomma et o
2 ($o3Tsl3 05z 5 rae dsb 207 o) Siis 5
o 28 3T cutonn b 5T 3 353 g0 3l e s
L Laacasb Sl ad0) glds (slaaid 5 oo o) 32 b
5 555 5 Lsd o b Oliadis 0 515 (04T a0 e
a5 B s 1 LT et g L L
.Johnson and Tabashnik, 1999)

Trichogrammatidae cesl sl L_a 43}
g e e 4 o gladks 5500t ) 058 5 &
el Jolye 5 g andis ST 51 i |y 8T o80T s
a3 ool Coenl Sl e s 3 (S
55 .(Knutson, 1998) s sy 55, ST 2 s
Trichogramma . sls, 53 3l 65 V4 ol Jls
23 M5 dl ST J 287 ) ghate a4 Lis Calbee Ll )
3550 0 3n DBk 35 9 Sl o ¢ SCS cay 0555 65
,»(Consoli et al., 2010) 15,8 sl 3 oslizl
Gblie 3l i ol sl g3 315 81 08T 35 01 )
G4 LadT Ol 514 ulodd 3,158 Calides
o0l s Trichogramma brassicae Bezd.
<5 ! .(Ebrahimi et al., 1998) wit 4 &
Obl o g 5 9o L;urﬁ)tg_w;it); dlw aan
G sl sl Ol Jled Slalkl Lo 5 Ol
oS o3 st S 5L SUT J a8 ) e 5 b oo
Helicoverpa armigera (HUbner) c, o 52
L 5 (a5 iy adesr Sl Gk 5150 53
(Afshari etal., 2014) 5 .5 » ¢ 5lula,

S L Sl iSTe te oS LSes s
T e LS L S il o el 5 (1S
LaoT &8 e Eel Sl i 53 3l il o5 S Juul
O 50 5 L Ol ol S50 53 (iSTe i pl 548 oo
S ke 5 Sl s ge dop3 Ar S 500,

4?—&)3')&&)3(;)&5'/\/0—\ Q‘ﬂ@@éo)};



vy WAY le ) o)l FY o o((65,5LaS” oo aloma) (S 500lS

(s soi s oS ade O pan y ASTe fi 5)
O A Al ol s 3 605 Dbl 505
5SS SIS Pl sl Jhasi 3 Jds
2 AS e 53 ol ()l 0¥ pe b SiS 5
o n 2o 335 o) (el $ 5 g3 S S s

2385

by 59y 9 3Mg0

53 WAF 5 \AY cladlw b 5o
il ¢ (St 330l 05 8 05 I ST oK leST
B el 08T b mlie 5 (6555158 pske
JS s T, brassicae ;. gadsl cmax
)T glasl e (g0t ol 4 S slaes
e 8! 3l Anagasta kuehniella Zeller)
K3 5 s g 08 S Ol b DU Laas (go sl
Cisb ) ¢ b 4 53 YORY (slas b i )5 5 $SSI
S el V7 Slily) Soy95 5 oo 7o RO ol
Sl 5 ke g . Z3L Sy Ol cpl lapsss
L 0T 0 S5 5 )55 51 (BLS Cmpmesr il
e it Do 4 555 s i daee Lyl 5
el L;lAJf.iLejT B v.:ww S slay 555 9 S3L anslsl
&G 055 ol Glaiala3T . S 15 eslinl 550
e Ll 53 5 (LT BINder) | g, oens
IREES PHEY
b S0 >

(EC 10%) 05, o 51 5a 5 (DF 80%) K 55
ol Lapls L o iy aallan ol 53 e3lizal 5 50
oS s glacS s ca L IS Y
sassT s 0L 8 sl ) e 8
Cmal s 4 53 (012 08 8 o S 5 (05
3 S oo ol 3,8 OG5 ST il &y ke
bl w56 ey ol 0 oSS IS Jels

A 5250k 55 S Te e 3 ol e kiS5

1- Sinochem ningbo

Trichogramma exigum Pinto & Platner
Suhetal., 2000) csls i 5

)T Gl e So pd Slapss s s 3
Js—l=s 03,5Anagasta  kuehniella (Zeller)
Sdbony s Sper S il 0 ml slaiSe st
eslas by 55 Hlos 5o plda s jhl S
s £ 4 sTrichogramma pretiosum Riley
03054580 5 5 03585 S STs im oS 0o Ui s
s g D51 s s 4 (U8 (glaodisSTo oy 255 30
sl Ly e Sl 5> 5 0 5535 nl S0 oS
5,5 TUta absulata (Meyrick) ( . 54 5
Vianna et al., 2009) ;.5 i 5 oslizu

e 2 SesT U e 4o 55 0l ml s
el o oLl Glalllae Lal 880 5 (sl 5
(Najafi-Navai et al., 1995 Bahrami et al., 2010)
5Ll A8 i 53 (Sl SIS e
ol &S sl ol T, brassicae |55 0,584
BEYTO SR PR R (W[ U P I PR KW
e S i 09 & )3 180 i 53 ol () s
SlaiSe im0y, 8 5 el sy s " ees
OO LS sl copl pls s gunaab ) 5
L S8 S b (2 STe i 33 Ol e 055535 5
255 g ST b BT S5 g 587 slaasl
(Afshari etal., 2014) sus s~ T. brassicae

5 bt Lo Kaly il &g o 4 a5 L
Y amme 3 4y 50558 p S IS 53 5 e
o ey Sla iS50t il Sl anllan (ki
L5l sla 2STe i Ol 5 5T ol ade
Uil o sy s 5 90l Sl 1 aank Ol
5 i Saie 53 Ol 3 Dladllas ol 5 -
S5 s ) Sla (S il ol 5T
<Hosseini Bai et al., 2006) T. brassicae | ,s;
Ol 3l «(Karimi Malati and Hatami, 2010

O30 81 S0 5 )03 05 gla iSTe i 3G (go o 5



e GBS ke FuisS 55 SsS Sl S1 y i0)) s 5 gLl YA

Sle ot S8 5 A1 s st 3 S
b G ¥ S sl 0l Lay 55 Ol
sde ¥ sy s lus Habas 5 ol bslas
Sl alasT sl o) a8 15 T 54
Lt ailes 5 QLSS oSG Olsien 585 i
Sl jgy a .J._i:;:jw s axkas ¢S5l el
Ol e O gt 35T (gla) ke So g o 3de Voo
S8 by 58 slesl 53 148 Ol geas Jue ST (g)ldie
ol e 03 L 555 03 5 6,8 e sl 28 8
DhaladT gad 685 0553 o35 el sl b
S Lot S 0SSl g 5 B 8 o )5
saoslas cadgd s oyl sms o Jeue T 1S5
0555 b a8yl (B Sao R 5 ol slad )
o 53 ISl ey 058 Jime dyd- 5 0955 @
Do a Ol oo o3 (oo bS Gla i g4 )
S SalasT slaad J 0553 53y Cdn Jilis
L s gd 6,5 o310l 0T Oddan 3L Ol jee b Lkis o
o Jsb cosla s 5 (slay s 8 e 385 Olej
osle sl 3 ("“:'"‘.J"Jl% S8 gosle 5 5 JulS sla 85
..b_sjf Caloal g dnlses
Soilodl o %0 38 ol Ol i 018 1 8
((lod o) OIS0 pi>

Hassan et al. js, slhs  2laiT ol s
5 i 34 &S5 b s 4 L2 leiT slad 8 (1998)
9 e ki 4 iy Sl glallle s 4l s e 4
22 gt 2T ST o ay JelST 5k b s e
03,9 5,8 lie OT j5 (bl clad J cials Hls
Celuwaw b 93 Sl ar Liole 3T Gladl J ¢ apw . Ll
L i 5,8 g 0L 5% 53 5 BU1 Ll
368 e L) s 5 P e s 8 oSCis
0355 as (e3le 5 5 51 3151 (g slune Cod 4 5 Sl 50
O A iz (iSTe ke s ol anie T ile3T g4l
S S8 4 03 0 51 3 S el YF B
ST cpl 3§ sl S Ao ys 5 5 oled

S ol dd Cdn 3l iSTehe Chle a gl 50

w33 0y K55 50 bl opl o dd oL
03505818 5B sl g g Ver 50 (YO Sl
Lol 3yl VO 500 (YO bl a5
00 YOIl s ble ol sags @l .05 S L8
JEAPI O YT [ PR K EP I A PIC PR P
BOECO®) o 3t &S5 (s 4 155 30 5181 Kt ]
Sl e Vo s 53 61 b 5 Lds ails
o s Glas Ble UG wps 8 o i ST
AU s eslial e OT jlctalis jlas )3 . Liyd
2553 = a3l 3550 Sl S Te e Calibes glalile
35 wsp 5 sy 4w« 1. bDrassicae
Ao AiET e OT 51 ol O g (G4 AE
(2195 o) 570 yi>

Haseeb and s, Lol o tolasT ool 5o
S i J e 2 Lo Vee el (2002) Amano
NV S N USRI G P I S PPN = g
Sty 405 035 LS 0T 0 Je cdglos 91 055
3 G Jpdonn U di 035 b ) b lits 050
AT Cnas [iSe i w aieTusys Ve e OT
s ebe g3l 50 e L) 5s8) ) GbP e
S 88 ol e (03Le 5 5 31,30 51 (g sloe o
S 033 Olijr o3 e Vo L (sl el
,\J_;,:Ag;:‘w,ujvotw)\@u:ﬁuﬂddgg.\;
5 3dime s aalad ¢Sl oslizal L ) ailas 5 d S
Sad 53 o b 0 s st ¢S5 Sl eslizal by S
S5t ks g Sty Sl e Je ST 25 ST
Aot S 51 o)l s GOl s b S
Jee OT 5 aals Hles 5 .S a0 dss 0T 51,505 6
i oslitul 13e Ol gea 3870 ho 3l (gle duoys Ve
St (ST i Gl bl a6l il T ol 5o
s ) yas)ode P gl rt.\fﬁsu:iujh;d,s
a:LA)JJs\ﬁ\jléjwwy(ubjzjljrf
YE Sl o it 4 8 5 s ST Ol siea (s g
S a3 03, gla 56 sl (sl

@l):li}@buxn}é?jawjb}ui)w%



v WAY le ) o)l FY o o((65,5LaS” oo aloma) (S 500lS

SEBL) Ol °3J—Iﬁj—éj\ o= g_)l.;J.;.A Lga)'l_? LSLAV_‘»J
sl o Celw YF Sde as (iSTe i J sdoee
Il e 3 4 13 055, 8 sosle (sla 55
s S 5 oled bOT ezl
SobT Juboxi 9 4 x5

L ol Sl b o LIB s Lot lesT ples
ggﬁbu)ariﬂj_ﬁ&feﬁap))wm
Sleslawl L Laesls . s rbu‘ (Al Hles o sdle
(SAS Institute, 2003) SAS 9.1 LT 53le
N B A BV G P PRPI R
L) ey Jlasl o )3 LSD &503T 51 eslizal b
5 5 eslizal Microsoft Excel 2007

Sl La (i STe b Cans (guluaids | shate 4
4le E=100-(100-M)XR adayf, 51 aosT™ g5
o=l s .(Overmeer and van Zon, 1982) .z
j‘ﬁc)l_n&l_b)j?}jﬁjgﬂ -L.AJAIM 14.19;.‘)
Sbed ol (Ahaw Hled 53 0l 4w Ll slanSs
S35 550l (OT dmlons (g1 o 45 Al o dals
ol sodle )55 il 4 el an L slagss
e Aald las )3 et 5L g4l oSolbe e
el Olo i 351kl ol 1 ¢ s o3 8
03,5 Jler o' S 1" Jldde elul o iSTs b
VALY oty o oo ya T ilids gluaid
S 5 e B o3 A BAY ¢ ae S o
(Sterk et al., 1999) ,ss c1s,544

W
b 50 yix (0165 St

slacbale a5 5l Olid il ,ly s 2 mb
355 5 Oy 50 s Ka (sl [iS o o Cilies

}PéUJf}@Lﬁobjcﬁ)\;ww)jjb

1- Total effect

Lsg 5553 2L Comer &G (solo oS
Sl 53 4 s S eslinal 1SS Ol e
0l 053 sl y 5 Olos Sl e Jlai] SaiS 5
PE R RPN RIS PRS RLI AL TN R,
Sl ) Lds sme ilelT gdldsue ¥ s
5 QLSS S Ol peas 5y S &S5 (sl SialeT
L.euo)umj‘)b_:@)v@jo}lﬁ)jL;thfjjo&d}lé
ks (5, S0l S ale3T 55 o osls 2,5 i
Ol il 9 ol 4 5L Sass U5y 9.9
S0 Jalome 513 53

SV e a0 i Ol sl o35 sl SRle3T 5o
LaoT 0g,5 sla, o) 45 Slaj (m O a3k
Knutson, 1998) sy S st sal> e s
sladsl > godalin 3w 5 (Saber et al., 2004
o3LaT i 1 Ushomn 033 008 o ot &5, 50 3
LA 03 55 B0 s, g0 CBE 55 ASTe e (ges
Gold an Sk slaps ol ladd g o shie
Voosldes 9 b osls 5 &{;QMQQQ}:«
v.éJ;.x_p\H ngbwijﬁ)}bqufﬁafjﬁ
5 iy 3o G (gl 4 (L3 gy Ol e (ol 430k
CTL 28T i Jdoms 51 3 il ey Sle
(S i Chle ja )3) L e 8 (ali) lade
DSS Ol e o a3k (slapsws 51 BV e o pes
J'\Q.\_:,C,L;yﬁuu:ﬁ.(.uuu;,u;ﬁ
uéﬂ)zubjsbagiovugc&fofbd}lzﬂ
s 8 oS S jpba b am S 131 0L
S5 Gl T A oK s 5o 68l oy a ¢
F5 el ol el g 5 glay ) sla Oy
3 8 sl s e wljg, LT o

ol am il slaeds b wepss SRalejT 5o
0953 Objee (0 43 515L) Wl 5 056 (slaeses Ol e
plasil o g Sl il 03 5 5,3 [iST0 phom sl
O 5op 8 byl alin oS 5 sbay (asbasT oyl
o slapis bl ozl S ) OT planil
sl a0 LT O0d 5k Ol s Ol e



e GBS ke SusS 55 SasS Sl 0, s 5 (L8l

(S XS 5 SN eble o3 JulS” O i 310k
S agdis s (685 g5 e g1 R (61 1y i
Sl s Jyb 05 50 bl Ko T Jus T
ool Sl 505 et Sl SO i 5 e3le 5 5 JalS
sl il (g)ls gae sba dals 4 Sl 1) skile 0l
F3, 116= 119.5, $F3’ 116= 23.3, P< 0.01 gr.:SJSA.g)
@L:} ol (F3 116= 11.54, P< 0.01 ,P<0.01
JolS Sl pae b o) Jper) b o Soe (g lin
Lo g dis 6lay o) e Sl Sy 55 g o0l 5
FeS Sl b als b aslie o 035505581 S
A ol S ST e B glac il o Ll
F 8B s5 e Jsb (LA 5 s (65l sme D
VO gy 50 b1 K8 53 505 V0V 4 dali 5 55, FAY
el 53 555V Slesle slaysis we Jsb s plga
Lay 2l ol ol g o VO g5 6158 5 5, VY
3535 bt 3 eske la 555 st Sl S0k 2l
39505 ¢35 e V/PY & dald 55 54, 9o (33 ke ARYAUS

) skr) oy pl g g YOU O35 90 81 S 5

) sy alST gyl ey sbas T sl
(Fe, 4= 431.9, P< 0.013F6, = 128.8, P< 0.01
oSole 48 305 0L (1 JSC8) s ke (s lie s
et s3 sl s 5 JelS Dl e 5 5 e o
g 5 e dalS S (g5ls ey e bas Lac bl
3éfj..4~\.¢):\~~ Li;'»)‘gi;);&«stfmggbg;]élé
5 5 Jl Dl Came 53 1 DU o G
L Ol i gadi 1 6L Olals s S slewl esle
L sl 3 055 gm0 g1 S0 s 42T Joe OT
05 B S LBl 3L 55y 508 oo
S (ssba s 35l JolS Sl i e 5 5 e s
Cble s do )y VY 51 5 JelS Sl ke e 5 S
bl 55 Ao y3 VEIV 4 03 s 561 Sa ol g g YO
en 53 03ke (Sa) 555 e 5 5 e ko plas Voo
Yb/Vj\jaﬁjjrjujQwuﬁjag&lbéub
bl st s YA belas YO cble s dsys

() JK8) s Sl g pl g 0 VO
3 e Jl8 O i o3 Ve Sl 4 4 g

Q)Aéjﬁ&djbgujgi:}gmw'\-‘}“&u-\-)‘q.&ﬁ

100 + mMale OFemale
80 A
S
£ 60 -
P
E
S 40 -
>
20 4
0 S
N Q Q Q Q QO QO
Co“\‘ o‘\q") 0056 015 . ﬁ‘orfj : %‘\0‘) W0
%0(0& %\&‘0& o \):(0 ) 06\0‘3’ \6\06\0 6\9‘6
ey 2 oSN N < O
‘(\e‘f‘ V\eﬁ* X\@k
Treatments

o0k 9 5 (S 3983 (Hlto S ) w0 § &5 0 o 30 aSile 3 LI 9 0950981 3B (097 Cumw W)
T. brassicae
Figure 1. Effect of oral toxicity of hexaflumuron and thiodicarb on mortality percentage (+ SE) of
adult males and females of T. brassicae
*Means followed by the same letters are not significantly different, P<0.05 and LSD test). Digits are
insecticide concentration in ppm
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Table 1. Sublethal effects of hexaflumuron on T. brassicae after adults feeding on different concentrations
of insecticide

Treatments Male longevity

Female longevity

Mean of daily oviposition

(days) (days) (eggs/female/day)
Control 4.13 + 0.60° 10.0 + 0.80° 20.73+3.1°
Hexaflumuron 250 ppm 1.33 +0.09° 1.47 +0.09° 8.57 +1.2°
Hexaflumuron 500 ppm 1.30 + 0.08° 1.46 +0.09° 8.28 +1.2°
Hexaflumuron 750 ppm 1.07 +0.05" 1.30 +0.08" 7.63 +1.05"

*Means within a column followed by same letters are not significantly different, P<0.05 and LSD test).
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Figure 2. Effect of contact toxicity of hexaflumuron and thiodicarb on mortality percentage (+ SE) of
adult males and females of T. brassicae
*Means followed by the same letters are not significantly different, P<0.05 and LSD test). Digits are
insecticide concentration in ppm
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Table 2. Sublethal effects of hexaflumuron on T. brassicae after adults contact with residuals of different
concentrations of insecticide

Treatments Male longevity

Female longevity

Mean of daily oviposition

(days) (days) (eggs/female/day)
Control 3.93+0.32° 10.8 £ 0.67% 16.83 +3.1°
Hexaflumuron 250 ppm 1.40 +£0.75° 1.77 £ 0.90° 521 +2.1°
Hexaflumuron 500 ppm 1.20 + 0.64° 1.70 £ 0.90° 460+1.9°
Hexaflumuron 750 ppm 1.07 +0.50° 1.37+£0.75° 3.44+18°

*Means within a column followed by same letters are not significantly different, P<0.05 and LSD test).
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Table 3. Effect of treatment of parasitized host eggs on means (= SE) of adult emergence and female
(%) of T. brassicae

Treatments Adult emergence (%) Female (%)
Control 94.40 + 1.06° 57.20 £ 1.70°
Hexaflumuron 250 ppm 83.60 + 2.24° 64.30 + 2.10™
Hexaflumuron500 ppm 57.00 +2.13° 68.5 + 2.83%"
Hexaflumuron750 ppm 37.10 + 2.75¢ 69.8 + 2.22%
Thiodicarb 250 ppm 30.60 + 2.86° 64.80 + 2.0™
Thiodicarb 500 ppm 18.50 + 2.08° 65.60 + 3.37°
Thiodicarb1000 ppm 11.90 + 2.60" 73.90 + 4.51°

*Means within a column followed by same letters are not significantly different, P<0.05 and LSD test).
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Figure 3. Effect of host eggs treatment on mean (x SE) of daily parasitism by T. brassicae
*Means followed by the same letters are not significantly different, P<0.05 and LSD test). Digits are
insecticide concentration in ppm
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Table 4. Classification of tested insecticides toxicity against T. brassicae under laboratory conditions
according to the IOBC classes of toxicity

. *Mortality Parasitism reduction  Total effect IOBC class of
Bioassay method (%) %) ©® toxicity
oral Thiodicarb 100 - 100 4

Hexaflumuron 30.2 +3.5 61.85 73.5 2
Contact Thiodicarb 100 - 100 4

ontac Hexaflumuron  30.55 + 3.8 83.45 80.5 3
p diopi Thiodicarb 87.3+2.3 51.3 93.8 3

repupadipping oy aflumuron  60.55 + 3.2 45.4 78.1 2

*Means of female mortality percentage after 24 h and correcting by Abbott formula (Abbott, 1925).

2: Slightly harmful; 3: Moderately harmful; 4: Harmful
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Abstract
Background and Objectives
Conservation of the natural enemies is an important approach to develop a biological control
program. Knowledge of the side-effects of insecticides on parasitoids and using reduced-risk
chemicals is a principal tool for integrating biological and chemical methods to pest management
in agricultural ecosystems. Because of the important role of Trichogramma brassicae in
lepidopteran pests control in agricultural ecosystems of Iran, this study was carried out to
investigate lethal and sublethal effects of three concentrations of two insecticides, thiodicarb and
hexaflumuron on this parasitoid under laboratory conditions.
Materials and Methods
Thiodicarb was prepared at three concentrations of 250, 500 and 1000 ppm and hexaflumuron
was prepared at concentrations of 250, 500 and 750 ppm, and their effects were assessed through
three exposure methods, including contaminating adult’s food (honey solution 10%) with
insecticides, adult’s residual contact, and dipping parasitized (in prepupa stage of parasitoid) and
unparasitized host eggs into insecticide solutions. Lethal effects on adult and immature stages of
parasitoid and some sublethal effects such as male and female longevity and mean of daily
oviposition were assessed for each insecticide/concentration.
Results
Thiodicarb at all three concentrations and in both oral and contact exposure method caused 100%
mortality in both male and female adults. Dipping parasitized host eggs in 2000 ppm concentration of
thiodicarb caused 87.3% mortality in wasp prepupa population. In contrast, 750 ppm hexaflumuron in
oral and contact exposure methods caused 30.2 and 30.54% mortality in adult female population,
respectively and 60.55% mortality in wasp prepupa. Dipping unparasitized host eggs in highest
concentration of thiodicarb and hexaflumuron resulted in 55.8 and 43.6% reductions in parasitism
rate, respectively. Dipping unparasitized host eggs into both insecticide solutions reduced their
parasitism significantly. Hexaflumuron in both oral and contact bioassay tests reduced significantly
male and female longevity and mean of oviposition, but there was no significant difference among
three concentrations of this insecticide.
Discussion
According to the "total effect" and IOBC categories of toxicity, thiodicarb was found to be a
"harmful" insecticide in both oral and contact exposure methods. Therefore, its application is not
recommended in fields. Lethal effect of hexaflumuron was significantly lower than thiodicarb,
categorized as a "slightly harmful" and "moderately harmful" insecticide in oral and contact exposure
methods, respectively. However, because of high total effect of hexaflumuron on T. brassicae, using
other less-toxic insecticides is recommended in IMP programs of lepidopteran pests, especially cotton
boll worm.
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