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Table 1- Results of bioassay test of H. hebetor in contact method

b iSomic  LCo LG g cum lilan,s  BleSy hdcuw ki cgo

Insecticides (mifl) — (min) Chi squre df Hetero Slop£SE HQ
Abamectin 0.276 1.38 0.006 5 0.01 0.749+0.688 0.43
Proteus 0.0086 0.037 0.0643 5 0.03 0.815+0.93 3.33
Sirinol 0.369 6.621 3.102 5 0.52 0.419+0.85 0.301

E. kuehniella g,¥ vt j (inbojl @i -Y Joia
Table 2- Results of bioassay test of E. kuehniella larvae
b iSomic LC0 [ Con B cums @dlilan,y  B16S bdcwd Hhd ey

Insecticides (M) (mI/l)  chi squre df Hetero  Slop+SE HQ

Abamectin  0.179  0.490 7.976 4 1.99 1.199+0.34 1.22

Proteus 0.982 2.155 4.07 4 1.018 1.53540.409 1.46

Sirinol 0.004 0.138 0.577 4 0.14 0.361+0.3 0.53
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Table 3- Survival rate (SR) of H. hebetor treated with different insecticides in poisonous-host method

Sy Jol e
1 iS5yl Stages  #55  Vg¥ V¥ YoV opdd adb »
Insecticides Jolge Egg L1 L2 L3 Pupa Female Male
Factors
1 _ SR (LCso) 1 092 091 091 075 0.46 0.29
Abamectin SR (LCx0) 1 1 1 091 o076 047 027
SR (LCso) 1 094 092 091 080 0.40 0.32
Proteus
SR (LCx0) 1 095 095 087 080 0.25 0.32
Sirinol SR (LCs0 ) 1 098 097 097 083 0.51 0.34
SR (LCs0) 1 096 09 088 085 0.50 0.38
Control Water 1 098 093 092 092 0.67 0.25

d..:LeS ‘_;:9) »® Lt @ 90w b [XW) )l.e*? H. hebetor )5«.’) ;13.3 L—v.w.’ -£ Jg»
Table 4- Survival rate (SR) of H. hebetor treated with different insecticides in contact method

Sy Jol e
L )iS'd pwi Stages 55 VoY YooY YooY o ok 3
Insecticides Jolge Egg L1 L2 Ls Pupa Female Male
Factors
) SR (LCso) 1 0.86 0.80 0.80 0.80 0.47 0.31
Abamectin
SR (LCs0) 1 0.85 0.80 0.80 0.80 0.47 0.33
SR (LCso) 1 0.75 0.63 0.63 0.63 0.31 0.32
Proteus
SR (LCa0) 1 084 075 075 0.75 0.40 0.35
. SR (LCs0) 1 0.87 082 082 082 0.49 0.35
Sirinol
SR (LCs0) 1 0.87 0.83 083 0.83 0.48 0.35
Control Water 1 0.98 0.93 0.92 0.92 0.67 0.25
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Table 5- Longevity (days) of different stages of H. hebetor treated with insecticides in contact method

by Jalye 3 oS! B2 oIY Jg o a2l Bodld 4 5o
Life stages Dose Abamectin Proteus Sirinol Control Analysis
5 LC3o 1.85+0.03° 1.88+0.03° 1.54+0.05¢ 1.99+0.012 F3354=2143.71 Sig=0
E = 1a=
99 LCso  1.93£0.02° 1881008  1.50+0.05° 19910012 | wem2457.29Sig=0
Y e oY LCso 1.01+0.012 1.01+0.03? 1.01+0.012 1.01+0.042 F3.354=0.01 Sig=0.99
L1 LCso 1.03+0.012 1.01+0.012 1.01+0.012 1.03+0.012 Fs,046=0.24 Sig=0.995
Y o 0¥ LCso 1.01+0.012 1.01+0.03? 1.01+0.032 1.01+0.012 Fs.33=0.3 Sig=0.82
L. LCso 1.01+0.012 1.02+0.012 1.03+0.012 1.01+0.012 F3.315=0.38Sig=0.76
¥ e gyY LCao 1.96+0.022 1.96+0.022 1.96+0.012 1.97+0.022 F3330=3.27 Sig=0.021
Ls LCso 1.89+0.032 1.95+0.022 1.96+0.022 1.97+0.022 F3317=165.75 Sig=0
oy LCso 4.44+0.052 4.52+0.052 4.35+0.05° 4.32+0.05° Fs,220=205.79 Sig=0
Pupa LCso  4.460.05° 3.94+0.10° 4.67+0.042 43240050  Fean=1874.20Sig=0
JolS 6 i LCso 15.10+0.49P 13.87+0.42¢ 15.99+0.57P 17.4520.492  F;3330=750.65 Sig=0
Adult LCso 14.36+0.42° 14.14+0.52b 14.61+0.45b 17.45+0.492  F337=1169.59 Sig=0
Esb 5l U8 olygn LCao 10.24+0.062 10.35+0.072 9.87+0.07° 10.28+0.062 Fs330=752.40 Sig=0
Pre adult LCso 10.45+0.06° 9.75+0/10¢ 10.20+0.07° 10.28+0.06°  F3317=1024.04 Sig=0
Jolre Jobo ggeme
s LCso 20.67+1.02P 18.81+1.01¢ 21.80+1.02% 25.8440.79%  Fs33=692.40 Sig=0
Total |0ngevity LCso 2031:|2097b 15.93+1.09¢ 20731096b 25.84+0.792 F3,317:1326-20 5i9=0

Al o 70 prdaws 5D I3 e OS] saimd LS (D) )3 dliie i By *

*Different letters within each row show significant differences at P<0.0 5 (Tukey test).
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Table 6- Longevity (days) of different stages of H. hebetor treated with insecticides in poisonous host method

Sy Sl 0 3 oeSelsf e Jo o sl o3l & o
Life stages Dose Abamectin Proteus Sirinol Control Analysis
PEX; LCso 1.86+0.03° 1.78+0.04¢ 1.70+0.04¢ 1.99+0.012 F3,400=1119.56 Sig=0
Egg LCso 1.9320.02° 1.86+0.03¢ 1.79+0.04°¢ 1.99+0.01a F3384=868.84 Sig=0
Vo gyY LCso 1.01+0.012 1.03+0.012 1.03+0.012 1.01+0.01#8 F3.400=0.014 Sig=0.998
L1 LCso 1.02+0.012 1.01+0.01° 1.01+0.01° 1.01+0.01° F3.383=0.198 Sig=1
Y o gyY LCso 1.04+0.01P 1.03+0.04P 1.71+0.042 1.01+0.01° F340,=1123.312 Sig=0
L2 LCso 1.01+0.012 1.03+0.01° 1.03+0.01° 1.01+0.01° F3375=0.182 Sig=0.90
Y o )Y LCso 3.56+0.05° 1.97+0.02¢ 2.61+0.05° 1.97+0.02¢ F3.360=27105.60 Sig=0
Ls LCso 1.95+0.02¢ 1.98+0.01° 2.74+0.042 1.97+0.02° F3365=14453.96 Sig=0
0y LCao 4.86+0.04° 4.64+0.07° 6.68+0.05° 4.32+0.05¢ Fs324=30419.21 Sig=0
Pupa LCso 5.61+0.052 5.27+0.04° 4.81+0.04¢ 4.32+0.05¢ F3324=9774.21 Sig=0
JolS 0 i LCao 9.08+0.22¢ 12.39+0.34° 12.78+0.43" 17.57+0.05°  F3324=7368.16 Sig=0
Adult LCso 11.93+0.39° 11.63+0.33° 10.12+0.21¢ 17.57+0.052 F3224=6766.95 Sig=0
Eob il B olyg LCzo 12.42+0.07° 10.34£0.07¢ 13.78+0.08? 10.28+0.06¢ F3324=38456.24 Sig=0
Pre adult LCso 11.47+0.06° 11.08+0.06¢ 11.24+0.09° 10.28+0.06¢ F3.324=4416.91 Sig=0
Jolye Job oo
s LCs0 18.70+0.56°¢ 16.44+0.72¢ 23.42+0.86° 25.95+0.792 F3324=4841.73 Sig=0
Total longevity LCso 19.32+0.80¢ 20.12+0.67° 18.19+0.58° 25.95+0.79° F3324=4649.08 Sig=0

Al o 70 pdaws 43 I3 cime VBT saimd LS Cydy pa )3 dldie b g s *
*Different letters within each row show significant differences at P<0.05 (Tukey test).
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Table 7- Total pre Ovipositin period (TPOP) and Ovi-day of H. hebetor treated with insecticides in contact and poisonous-
host methods

wlod (g, pgowme (3ljmo (9,
L 1355 puis 39 Contact method Poisonous-host method
Insecticide  Dose  ($3ye59 0,99 3050 5l IS 0,93 35T 0593 (S52,859 I JB oy
Ovi-day TPOP Ovi-day TPOP
Abamectin LCso 13.93+0.18¢ 12.4940.11° 7.46+0.07f 14.63+0.07°
LCso 13.17+0.35 13.26+0.13? 10.06+0.42¢ 13.96+0.09
LC 12.75+0.259 13.05+0.07° 12.2540.24° 12.30+0.07°
Proteus 30
LCso 15.87+0.41° 11.44+0.15f 11.35+0.21° 13.25+0.06°
.. LC 18.19+0.122 11.92+0.08° 13.20+0.07° 16.02+0.092
Sirinol 30
LCso 16.01+0.17¢ 12.45+0.08° 8.75+0.07¢ 13.05+0.07¢
Control water  17.80+0.31° 12.15+0.06¢ 17.91+0.312 12.19+0.05¢

LCs  F3200=6973.77 F3,200=1685.49 F3105=24134.52 F3,105=25187.17
Analysis LCso  F3194=2467.44 F3,194=2475.72 F3,204=11814.12 F=3204=5619.20
Total Fe,410=2422.19 Fe,410=896.97 Fe,410=1060.02 F6,410=3295.59

Sl 20 o )3 )b me BB skimdLis Cady ya > dlie pi By
*Different letters within each column show significant differences at P<0.05 (Tukey test).
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Table 8- Female and male Longevity, eggs laid and sex ratio of H. hebetor treated in contact method

B iS50 pais 39 53k yos oS 50 daxi u*“’ Lo
Insecticide  Dose Female L. Male L. total egg ("’/‘_” )
Sex ratio(F/M)
. LCso 28.91+0.02° 20.44+0.14° 93.91+1.49¢ 0.58
Abamectin
LCso 27.760.18° 20.16+0.21°¢ 113.89+3.11¢ 0.61
Prot LCso 27.75+0.26° 20.17+0.18¢ 71.05+2.03f 0.53
roteus
LCso 27.55+0.22¢ 20.34+0.23°  156.22+10.86° 0.49
Siinol LCso 30.31+0.17° 19.74+0.15° 177.01+1.48° 0.57
irino
LCso 28.47+0.20° 19.89+0.15¢c  172.26+5.18° 0.57
Control water 30.21+0.342 21.08+0.252 227.47+3.302 0.58
Analvsis F6,342=1282.90 F6,232=193.67 F6,331=230.56 _
Y Sig=0 Sig=0 Sig=0

Sl e A0 pdaws )3 )b gme BB sximdLis Cady ya > dlde pi By
*Different letters within each column show significant differences at P<0.05 (Tukey test).
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Table 9- Female and male Longevity, eggs laid and sex ratio of H. hebetor treated in poisonous host method

DS i

N 3 0ol yos JEgoe 50 A (p/03k0) Lo Cannn
| ticid Dose Female L. Male L. total egg Sex ratio(F/M)
nsecticide
Ab . LC30  23.08+0.10% 18.56+0.19° 36.14+0.64f 0.64
AMECUN | ey 25041049  2079:0.25°  47.54:3.60¢ 0.61
broess | LC30  2571031°  2001:0.19°  88.41:3.13° 0.61
LC50  25.16+0.16b  18.8140.20F  87.47+1.47¢ 0.61
siing | LC30  3023:026  2202:0.15  9348+151° 0.55
irino
LC50  22.85:0.17¢  19.6240.30°  66.17+0.71¢ 0.54
Control  water 30.36%0.358  21.1240.25°  227.47+3.33% 0.58
. F6,345=6118.79  F6,230=1136.19 F6,302=697.65
Analysis -
Y Sig=0 Sig=0 Sig=0

A3l e 70 Jleas] mdaws (5 I3 cme BMS] saimd a5 Cydy pa )3 dliie puf g s *
*Different letters within each column show significant differences at P<0.05 (Tukey test).
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Effect of Lethal and Sub-lethal Concentrations of Three Insecticides on Some
Growth Parameters of Parasitoid Wasp, Habrobracon hebetor by Contact and
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Introduction: Population growth and the high food demand have led to more efforts to increase agricultural
production. With making chemical pesticides, farmers were encouraged to use much chemicals, but their
destructive effects on the environment, human and other organisms have been later revealed. Parasitoids are
important natural enemies of crop pests. Most of them belong to order hymenoptera and superfamily
Ichneumonoidea. The Braconidae is a family of parasitoid wasps and one of the richest families of insects.
Nowadays, parasitoid wasp, Habrobracon hebetor Say has been widely used against lepidopteran larvae.
Habrobracon hebetor is a well-known gregarious, idiobiont, ectoparasitoid of the larvae of a wide range of
economically important moths infesting stored grains ,nuts, and fruits as well as field crops worldwide. Due to

overuse of chemical pesticides for larvae controlling, determining the side effects of insecticides on the
biocontrol agents such as parasitoids is required.

Materials and Methods: In the present study, we investigated the side effects of three insecticides on H.
hebetor by direct (contact) and indirect (poisonous-host) methods. After rearing this parasitoid on the laboratory
host, Ephestia kuhniella Zeller (Lep.; Pyralidae), the lethal and sub-lethal concentrations of insecticides were
evaluated. Bioassay experiments were carried out under laboratory condition (25+2°C, 60+5% RH, 16L: 8D
photoperiods) in five replicates and each replication included 30 parasitoids in contact method and 15 flour moth
larvae in poisonous-host method. The lethal concentrations of these insecticides in contact method on the
parasitoid were determined to be 1.38, 0.037 and 6.621 ml/L and on flour moth larvae were 0.490, 2.155 and
0.138 ml/L, respectively. For contact method, different concentrations of insecticides were applied on all inner
sides of transparent plastic cup (4.5%8 c¢cm) and air-dried. 15 pairs of 24-hours old parasitoids were introduced
inside each cup. After 24 hours, one pair of alive parasitoids was introduced into cup with four last instar host
larvae to oviposit. The host larvae were replaced daily. The parasitoid characteristics such as longevity and
survival rate of different stages, TPOP and Ovi-day, the number of deposited eggs and sex ratio were then
recorded. As to poisonous-host method, whole wheat flour (10 g) was mixed with 3.5 ml of each tested
concentration of insecticides per each experimental set. After 72 hours, alive larvae were transferred in a plastic
cup with one pair of H. hebetor wasp for 24 hours. Then, each larva was transferred separately in a petri dish
with untreated flour. Different growth factors of parasitoids such as longevity and survival rate, TPOP and Ovi-
day, the number of deposited eggs and sex ratio were recorded. Estimated LCs and LCso were considered as
sub-lethal and lethal concentrations in all experiments, respectively.

Results and Discussion: In contact method, the highest survival rate of pre-adult stages and adult female
were observed in Sirinol treatment at lethal concentration, after control. In poisonous-host method, the highest
survival ratio of the pre-adult stages belongs to Sirinol and in adult female the highest survival ratio was
observed in lethal concentration of Sirinol. The lethal concentration of Proteus reduced pre-adult longevity of the
parasitoid significantly, followed by lethal and sub-lethal concentration of Sirinol. Lethal and sub-lethal
concentrations of Proteus also exhibited a significant reduction of total longevity. In poisonous-host method, all
concentrations of all insecticides generally induced highly significant differences for ovi-day compared with that
of control (17.91 days), as the shortest value was recorded for sub-lethal dose of Abamection (7.46 days) and the
longest period was found for sub-lethal dose of Sirinol (13.2 days). In poisonous-host method, the longest TPOP
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was observed in sub-lethal concentration of Sirinol (16.02 days), followed by sub-lethal concentration of
Abamection (14.63 days), and the shortest period was recorded in sub-lethal concentration of Proteus (12.3
days), after control (12.19 days). On the other hand, in contact method, the longest ovi-day and TPOP were
observed in sub-lethal concentration of Sirinol (18.19 days) and lethal concentration of Abamection (13.26
days), respectively. The shortest adult female longevity was observed in lethal concentration of Proteus (27.55
days) in contact method and lethal concentration of Sirinol (22.85 days) in poisonous-host method. In all
treatments, the number of deposited eggs was significantly reduced compared with control. The largest reduction
in egg deposition was recorded for sub-lethal concentration of Proteus (71.05 eggs) in contact method and sub-
lethal concentration of Abamection (36.14 eggs) in poisonous-host method, compared with control (227.47
eggs). It seems that Sirinol is suited to be used as a component of IPM alongside with H. hebetor.
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