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Table 1- Characteristics of Iranian isolates used in the study

Fungus Place collected  Isolate code colony color Spore shape

B. bassiana Saravan IRAN 441C White Spherical to nearly
spherical

M. anisopliae Saravan DEMIDO1 Gray Spherical to nearly
spherical
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Table 2. Lethal dose of B. bassiana, M. anisopliae, and B. thuringiensis isolates on saw-toothed beetle and Fourmoth larvae

Pathogen Pest AIC  Square k LCs (Spores per ml) (95% Distribution
level) Function
. . 2.51x10"
B bassiana O. surinamensis 0.3 0-34 (1.18x10%and 4.45x10°) Logestic
' . 1.49x10* Logestic
E. kuehniella 0.76 0.64 (9.53x10%and 2.48x10%)
. . 2.46x10°
M. anisopliae O. surinamensis 045 061 (5.47x10%and 5.36x10%) Logestic
' . 3.49x10° Log-Log
E. kuehniella 0.93 0.69 (4.06x10%and 1.62x10%)
. . 2.69x10°
B, haringiensis O. surinamensis 0.39 0.57 (7.72x1 0%and 5.28x1 04) Log-Log
' . 6.29x10° Log-Log
E. kuehniella 0.39 0.71 (2.28><102and 6.06><104)




(FYY-YAV) AVAA Jl f ojleds MY

]
1 ]
o ] o8
5% e
o o
b= 2
- 535’ - A
At A2
A ] o]
,55\HwH“HWH“HWHWH‘ ,\jz_h“““WH“HW“““‘
36 38 40 42 44 46 48 50 38 42 45 48 52 55 59
Log(Dose) Log(Dose)
a (&
o 1]
Q\ﬁw B'@A
R;;A
% Y
B o0 a
3 e
A
® (W
A
A ] W
» o T
36 38 40 42 44 46 48 50 38 42 45 48 52 55 59
Log(Dose) Log(Dose)
18 18
& ] o 1
5% ] o8
= =
o o
e R
A A ]
Q1 o
B W77
38 42 45 48 52 55 59 38 42 45 48 52 55 59
Log(Dose) Log(Dose)
¢ g

M.) 13&1%s aded io (B.bassiana) jlaail ks aded 1@l 5,¥ 5 Sglite gbajd 5o (Gg,) SAiS Ao 00 0oy - ISS

5,0 o s 1o (B. bassiana) 3,1 oy 13 (B. thuringiensis) )l34|%s aldig (anisopliae

(B. thuringiensis) 5, s 15(M. anisopliae)

Fig. 1. 50% lethal time at different doses on larvae: a: Saw-toothed beetele (B. bassiana),b: Saw- toothed beetle (M. anisopliae),
c:Saw-toothed beetle (B. thuringiensis) d: flour moth
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Table 3 - Comparison the mean of germination percentage of M. anisopliae and B. bassiana Fungi under mixing with B. thuringiensis
Pathogenic fungi Bacterial Concentration germination percentage+SE

250 93.5+1.5a

B. bassiana 750 90.5+1.6b
1000 85.25+0.5¢

250 91.540.5¢

M. anisopliae 750 88.5+1.7¢c
1000 83.25+0.5¢e

Pk A3, (O
slckle U byl kil 5 ;s M. anisopliae 3 B.bassiana sz, ks LS Sl anslis o
2 LB e L35 o Jad cpl elad o o3 S g2 & sl 3 B thuringiensis (s ;SU —iluses
P sedes A Ol5en 45 (g sbas 3513 393y Sl pae DslE w5, 50 B. thuringiensis s ;SU cilise slacble
T8 s L Sl o3 Lasles L ) YU B. thuringiensis s ;SLYor slackle 5 B. bassiana gl
o chle 2l Bk sl el es g cla..ﬂ A oeb o2 B. thuringiensis 5 Jo 55 jseal Voo Clle s
ol alS B. thuringiensis s ;SU 31 eslewsl Lkl & 5> B. bassiana s M. anisopliae G)G 33 Pakeene LS
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B. thuringiensis s ;S\ 4 LYl Ll 4 ;5 M. anisopliae 9 B. bassi szt o s Ay Sl Ao =8 gubm
Table 4 - Comparison the mean of mycelial growth of M. anisopliae and B. bassiana Fungi under mixing with B. thuringiensis
Pathogenic fungi Bacterial Concentration mycelial growth +SE

250 3.38£0.41a
B. bassiana 750 3.11+0.17b
1000 2.96 £0.32 ¢
250 3.32+0.15b
M. anisopliae 750 3.14 £0.41b
1000 2.78 £0.27d

(T) 6J\S/jhu gl (C
SSL L byl bl s s M. anisopliae 5 B. bassiana sz, OBl yarls 1 Sle aslis ok
slackle s g B. thuringiensis s ;SU S Aas e OLLS eb ol 0 dss S [ Jed>= ;> B. thuringiensis
M. anisopliae s B. bassiana k_;LaE)G sl Gl asls aS(ghsba ol sz s e sl oy 3 se
chle il bbb sl cl s g Ol (glyls B thuringiensis s ;SU L DYl Lyl 5 s lackle plos o
o2l o VL &S6) sbay ool el allS B. thuringiensis s ;SU S eslaal byl i 3 T e ls ke zobe
55 el Ve Bl Lo LYl bl s o Bl Ly o xS s Yorokhle Lo bYesl Ll s s,
ks b sl Lz B LSk oS5 kST yatls il 5 b sl el 055y B. thuringiensis s ;SU 2 Jos
5 B bassiana ¢ )5 53 0yl yon b BY) il i 51 Sl 5550 bl 1S oS il gl Sy box|

sl 6,8 50 M. anisopliae

B. thuringiensis s ;S\ 4 bYs| Lyl 5 ;5 M. anisopliae 4 B. bassiana b s (T) yasls p&Kile amslis —0 J gt

Table 5 - Comparison the mean of Index (T) of M. anisopliae and B. bassiana Fungi under mixing with B. thuringiensis
Pathogenic fungi Bacterial Concentration Index (T)+SE Mixing quality

250 75.47 £0.47a

B. bassiana 750 73.04 £0.04b  Compatible
1000 68.76 £0.32 d
250 77.89 £0.14 b

M. anisopliae 750 76.14 £0.31 b Compatible
1000 73.01 £0.23d

B. thuringiensis s ;S L M. anisopliae y B. bassiana 6\.@6 LB flae of 3
B. szl 6 S sl 8 (g5, B. thuringiensis & ;SU Gl s ST L oS i S )y 0 slatens
Sl Sais Ol Samlbms fas sbalis gaid 5,0 o s s,Y sy M. anisopliae 3 bassiana

Wl 03 8 3 Vs 53 Ol s 4 s S ailons SR el ( iidls
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Al slasled SR el 5 St 0y 1 Jgar
Table 6. Lethal time and SR index of the combined treatments

Store pests Treatments LT, LTs LTy SR
S LCs, B. bassiana + LCs, Bt 649 1282 17.75 1.18
§' LCso M. anisopliae + LCsy Bt 577 13.88 20.21 1.05
g_ LCso M. anisopliae + LCsy B. bassiana 526 13.33 19.62 1.05

3
LCsg B. bassiana + LCs, Bt 026 145 531 2.94
LCso M. anisopliae + LCsy Bt 031 149 558 2.86

ppjaruyony “J

LCso M. anisopliae + LCsy B. bassiana 0.16  1.17 624  3.64

AL bl e g 5 e SIS il Wl 4S5 B thuringiensis s ;S O\ J gl @b‘ ool
"’U‘”}.’ ")T °ji%”‘:‘ r":" ts"\":‘) “'L"j‘ S LCSO B. bassiana T LCSOBt Lol J‘-.’.‘f:“ BE L;‘“""ﬁ’.jj":“‘”

P

B. (s SL + B. bassiana G,)B 2t Gl Gib Sl (65,8 wly K Olgea sl fl"d‘ Slaess CL.»
S ol Ol Comer Ol pdd Sldlae Sl o (3l BB L (gL ol J xS Co sde > thuringiensis
2> Sdadily 5 Dol S Sy on JolS Sl ie b 1 S 5 oY e 5 S el o il les
Sk + B bassiana g5 O il 32508 Gails cnl oedle sl LIS L gLl bl o ke
Syd e Bl O sons Lol 3 5,8 4 Cons 551 o s g obailuis aiig Y ne IS 4 o< B thuringiensis
S 3 B\ >4 B, thuringiensis s ;SL + B. bassiana G)G wﬁbT o5 51 s S e (ol e
(Wraight & 358 ji3e sl o3 s e & G 555Y Comer U5 55 ol B. bassiana 5o
Ol Oliie o Dl sl .ol e Jolo S o me 3 55,8 515 0l ol esdle Ramos,2002,2005)
Johnson et al., 1992; Johnson & ) s 5 Ll 555 5,¥ (YL slaesly Lyl s 5 5 86 5,8 a8 daas
oY gl A e gl e 60l 0N 5 VY dslas JialS aslas ol s (Goettel, 1993; Inglis et al., 1996
I PR s g sy aid S pu

Carruthers et al., 1985; ) 533 o 3340 Y les 5 B. bassiana J xS Jowily o5 cils L js b a2l
sl b Ols5 sl B. bassiana  i5 | .(Ferron et a.l, 1991; Vestegarrd et al, 1995; Ekesi et al., 1999
5 b eag 3 Bobassiana yiy Sl sl Sl 60,08 glaal s Bt 6 SL gl slad s e b
S5 513 2B Glas sl B yme 53 eled Gaob 3 6L 4 S (5 Dlos BT S a0l

Solos SrS S Ul s sy 2 Sl U2 Sy s S e 55 0l 4 S
S o 3 S Lpdn JAS U Rl 4 e w3 03 S pane 1 S Jole Sl e ehnse
Wil 1S R0 5 el (S s Ol il W plas 1 Sl Juls s oS s 030 Ol
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Jolws oS o SIA 51 (S5 s cpl 5 el slaasl (Jacques & Morris, 1981) das oo L5 21531
b padse Gl 5 Ol L BESN WS pmil Dlidd S ol Bt 5 B bassiana iy G355
(Sandner & Cichy, 1967; Costa et al, 2001; Ma et al, 2008) LS .

Dan 5 sy e Olgsas 5,05 355 B bassiana s Bt oy  Soewes blie I 31 gadsze i)l S
B. bassiana « s 55l &5 S g Sl 21531 Cm g0 (Zea mays) 53 Bt 5l eslinad o5 51y 55158 (1447)
S s $35Y xS, ¢ B. tenebrionis 5 B. bassiana strain GHA -y Soan Llize 1 immen 355
Sl o o sart 53 (g3date SlagilSe (Wraight & Ramos, 2005) ol o 35155 wesaw 53118
“Css e sl ahols gud SV b am S 1y e e DI ST Glede ol ods &1L Bt 5 B. bassiana g jos
@ 348 gl (g i Ol B. bassiana a5 5> «Lles S u‘;)\)th Cdlad 5 E6 S 55 sl p o RUSTNTSIEY
o301 e Lol wins slas,Y 5 b 5l .(Wraight & Ramos, 2005) 3,15 w5 o 5l 6Scnl 51 b 0 IS5 58
553 e 3l (Ma et al., 2008) Ls,sl Cowsas 035, b Sere b 2l SL Sisie B bassiana gl 4
(s 03,5 J5ve LBt (558U 5 das o SRl 1 Bl bassiana sl 4 gl (Ko S 48 ol 0dd 5518
Miranpuri & ) 335 . b o« e.ajﬂ Ol Camex 53 6Saen oS Col By, ool 4 318
.(Khachatourians, 1991

IG5 @2 S 5 )Y (ollcsy o eps3 0AS SYb L B, bassiana S slew Sl I AL S sae
Iy B.bassiana + Bt jl 1580 Al g5 e 50 r..,,...l_ia bl e Pl sl 0595 5 (6L el ST s aS (les gy
Sas ke Sk g B i clled gy 353 GlassY 8L Sl Sl Jeols S 5l s s 5
a 3555 3 J 1 3T S e 5 (olew Bl S5 S e wed 5 08 gl 18 olSaus w5 8L 35 5l e
{(Furlong & Groden, 2001) .S v.as\f'a S s a1

B. bassiana s B. thuringiensis g’ s 5 Ses 1 oo U,‘SV.J S a s Gl el olias o
lie (slapite et a3 Lol ding il cens ool Sl Gl plie B 4 5 (650 e A
O Kiass plo Sldlas 53 placsls e ol il wils ol oL 5 gslize Sl KLl5 e aS 5505 5425
.(Sandner & Cichy ,1967; Lewis & Bing ,1996; Costa et al. ,2001) ol ol sdalice

S8 o 350 Ol mdbcsew 55N s Serratia entomophila s ;SG s M. anisopliae G)G e Jlie ol A
Cloutier ) ol ol 5,158 Bt (5 5L L 2 o2 &S olew 3 ol les VL gl ilisee Dlalllas s o a S
(& Jean, 1998; Costa et al., 2000; Hough-Goldstein et al., 1991; Zehnder & Gelernter, 1989

L_;Laau,':Sg,.'aT W5 Sl e son ) 31 uls e e OSGl Bt 5 B. bassiana 58 L YU Jeily 4 4> 5 L
S SlFl il o s daen 303 ause Ll 05 S G S Ll @ pon Dpjie 5 LS Sl S35
e B bassiana S o 5N DUT adl Sy e 55 1 O 58 &S sl ) clle Olpe 2alS OG
elss 5 an3ls (5 Fa il So553 BU &S I 3 ol 5 5V b OF 31 (Goy55 5 3,5 o 13 ame Jolge b oo
S o oal 3 SUT 55 (6l 35l se 3 (ol 03 1 lie IS (30l Gl 10 315 oeols S
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Abstract

The most common stored pests of date palm in Khuzestan province are Ephestia kuehniella
Zeller and Oryzaephilus surinamensis (Linnaeus). Considering the importance of using microbial
control agents in the integrated management of date palm pests, the interaction of these pathogens
on control of these pests was investigated. In this study, we investigated the lethal concentration,
compatibility and interaction effects of Bacillus thuringiensis and pathogenic fungi Metarhizium
anisopliae and Beauveria bassiana on populations of two species of pest. For this purpose, after
larvae infestation using selective isolates tested and 10 days elapsed using combined cumulative
mortality data of 50 and 99% for saw-toothed beetle larvae and the flour moth was calculated.
Among the tested cases, the lowest L.Csy was for M. anisopliae on moth larvae with 3.49%10°
spores/ml. The highest amount of LCs, belonged to B. thuringiensis on saw-toothed beetle larvae
equivalent to 2.69x 10* spores/ml. The highest mortality time of 50% for B. thuringiensis was 7.07
days. The lowest time of 50% lethality was 4.69 days for saw-toothed beetle larvae affected by
B. bassiana. Spores of B. bassiana and M. anisopliae at all concentrations showed good
computability with B. thuringiensis On the other hand, with increasing concentration of
B. thuringiensis, the amount of compatibility index decreased. B. thuringiensis had synergistic
effects in all treatments but the highest synergistic effect was observed in LCs
B. bassiana + LCsy Bt mixing on moth egg. Given the high compatible potential of
B. bassiana and Bt, the possibility of exploiting this synergy is highly efficient to produce
biocontrol.
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