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Table 1. Description of the ecdysoid pesticides used

in research.
Trade name Effective Chemical group
substance
Atabron Chlorfluoresin  Benzoyl urea
Nimazol Azadirachtin ~ Molting hormone-
like compounds
Dimilin Diflubenzuron Benzoyl urea
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Table 2. Quality of compliance based on the T

index calculation.

Quality of compliance T index
Very toxic 0-30
Toxic 31-45
Slightly toxic 46-60
Non- toxic >60

S s CST 7 slow F oS (Rt )
wgld S 9 Sgergn
Fie S ChBE o sl ) e
S 5 Gyesn S IET () sl doys Ve A
Al 5 Bl o 02,8 a6 S eI b aa gl
ese om0 sy eslial ) okl
.(Robertson & Preider, 1992) . el O. elegans
c0diiS” Jale 0g 5 w3l e, glachile ag 5l e
3T 5LY oy bl Jlesl 1 oluysdbse i)
sk 4 oY sde Yo sl sbte ol (gl S eslatl
M.l Chle o 51 2l de ¥ s 4o
YO bbbl 5 Sy b iSCST @nisopliae
a0 5ls S 5l ) e 8 e VYO 51 e VO e
Add gab 4o 4l Y Sdess (Silicosec®formulation)
Cin 1 a3) (5SS (Sla o 4 0k Lo slas,Y
J}‘u’dt@i‘&fdjb-(ﬂéu\' gl 5 fa Sl
23 55Ul 53 s i ki Jima (o S A L8 L
Voo #r dCmshy g wsadi a3 Y2 Y (Las
P ETTAI JONUPUIC SO IINC. Y g e
DLl el 5 Cales Glajles Al S &l Doy se

sl ble LUyl 6l m g s il i 1SS

Cor l g e e gy b B eSys e
M. anisopliae@u Ol g L;La@;fj\oft\)y%
CiS loee ol (g m Db by s )3 5 4
T 30 i L ble SIeSS (gl b osls 13
D5 J5 55 aals LS Laws) o las s b I S
YO Y slas 53 5L S0 5o 65 By b s
A olbgyoygs s oy 000 i Cogby g wseda
S a o e a8 (6,8 o3I 03l L1 517
A el 55 Ve S e LSS 5 b les
Jgawl (S dilg> 50 lﬁbd‘f“T}ﬁSk

A gy PDB S Lo (g9, (G5 4l g oo
Jﬁéjjjyuﬁw@m):uuif@'!—dhw
Slain g5 glaciS T8 ool 4 Sl S g
Los 55 gk a3 YO E Y glas 53 48 £
ol b o3> iyg m omb (6y55 kil i 55 9 SDA S
GOB 25 el O il g g8 S S 03l Lis
5 A el S Gsie LS 1B s edd s
ol apay O3 e e OT Jplome 51 pad (o Vel
@:@QMQJasﬂé\QTQMﬁ'/~YTween 80
dww.xu\&rwjtwﬂ\uuu;ﬁg
goddesls jee a3 Jdo a5l oIy b
oo gl s ol 3 gl S| 50 O il
ool 555 oY 510 sl g CBlE a5 La ) s
SCble 53 ey gl Si0lsr oUly S0l gl s
b g8 el 5 ad e /Y Sl (S ST Calzses gla
clacbale g5l PDB slaleos (55, 0%V clale
235U 3 S Oog b s Jime 1S 0ST il
OO D s Cgby 5 gk i ,5 YO Y (slas
SN 3l ey BB 0305 L1 3 VFIA Slids) 0595 5 A ys
Sl S 5 Lasles 55 b sl (S5l Colw VA
Voo Goled U Sl s il 5 Calies
o e X Gk OB Sl sl
LSS L sl
G s dploo



RS

AR JLM.' uS,{ b)m crg.:.é.h .\.l? céw};bl.ﬁf » M} )LQA

o»mﬂjiff:O‘JBa)yG,quﬁfﬂjff
anglbs S b s, 280 b bglie 4 by e 0l

I AE

E= Oicripe + Owmetartizium (1-Oigrioe) Y 4yl
Xo= (O-E))/E
SR s Ls (o ST L 5 o S 1 el (51
L deloen ¥ bl ol
¥ oak,
SRE[LTso( 8 stowy Jole YL Ts0( (2" 52w s S 5
S obes Jals)]

Ol 51 hyls oS 5 oL ST el SR ) aonil
Slshls oS 5 ol KT sl SR>Y Sy s ST
el 03 52 (G 5 o
oW
JrB5 oo 9 (Ggergn S ST 55175
95

Sl5 mma OOl a8 515 lis Wil yly 4 o o
53 aalllan ) g0 Sl gt 1 o3 ) e w53
Df =2 M=), sulijast o adon 5l 2,18 <50
el 5 (Of = 2 Ms = 0/153) o sohne A3 (112
LS 3T Calies glasles 55 (DF = 2 Ms = 73/03) T
SLCLE b 53T g5 5 osdle a)ls sy ()50
23 Sl Ot )3 ) Jlesl mla s 55 LT
a5 ol aalllas 5 0 Sl gt il
5 (DF =2MS=0/667) s s L3, DF = 2Ms= 172/75)
Sl isls 0L (Df = 2 Ms = 114/4) T asls
SNK' o5,y 5l eslinnl U Cadies slajled 5o la el
53 0T s & Lud 4w lis (Student-Newman-Keuls)
el 0l C):\‘ Jsde

gy e u,;)u\_;tﬁu);«_(mot_u@l_:s
3 AYL ol Hles o blale ploi )2 M. anisopliae
L 8os o Sl 2y oS e 15 gl 28 ST L

sl Sl oUlg e iSTCST Cble Ol e 215

E) LTso L T10) oS cla uLAJ 9 (LCq LCs) LY

Losls fuloxi

Mjssuaa‘:%\ﬁ@jjbéj_{dl_ﬁjé\ﬂ
i SpT s bl o Csin (o 55 e
(Gomez & Gomez, 1984) Lii fisASINVX
e 9SS a3 500 clle (LTsg) Olej Low ste
Oy S 5 S esliul U (LCsp/ LDgoe LCoy/ LDgo)
ples (Stokes et al., 2000) Lk 03] pads S
GENMOD SAS s, jl eslial U s Jodout 5 4y o
.(SAS Ingtitute, 1990) . el
i Ao OluS” 35 9 M. anisopliae g6 &al S
T 95 595 LS

A3 7B b (s SIS () s

olaiT sy angls S 5 Saeyem b 25T
o s gLt &S sl g,Y e 58 e 55,
SLS 5 g el Sl Jool S 4 4 55
Al el ¥ e gl s Y ol 55 S e A
JUS RIS PUP T ] R el sl oY sl Ll
s

1L CSO M. anisopliaeb

2-L CSO Atabron

3-L CSO Diflubenzuron

4-L CSO Nimazol

5L CSO M. anisopliaeb + I—CSO Atabron

G'LCSO M. anisopliaeb + I—CSO Diflubenzuron

7'I—CSO M. anisopliaeb + I—CSO Nimazol

8-L DSO Diatomaceous

9-L D50 Diatomaceous +L CSO Atabron

10-L D50 Diatomaceous +LC50 Diflubenzuron

11-L D50 Diatomaceoust L CSO Nimazol

12-L D50 Diatomaceous + LCSO M. anisopliaeb

13-L D50 Diatomaceous +LC50 M. anisopliaeb + LCSO Atabron
14-L D50 Diatormoeousl- CSO M. anisopliaeb + LCSO Diflubenzuron
15-L DSO Diaxomaoeousl— CSO M. anisopliaeb + I—CSO Nimazol

ST ko
YL]@.‘)‘}_:.IQXZJJ\_E‘JJ}_AJ:&)G_?J_AJJ_E‘
by o sl 3530 058 o = E sl 1 3 13 s
=OIGRIDE‘G)uj‘\—Ajlin§L‘$QﬂaJQ>Jp}léms\_z

.. . . =
=OMetarhizium‘_;-]@3))-‘u:'5°J-*:"'Qkﬁj‘ﬂjd-;f



5 5 lont )5 1 40573 1o 5 5311z (190,90 0 S 3 i s 5151 alllan 31, 5 o Yo

M. anisopliae@ugo,juh EUWERCA I W R
Ayl LMl b g es g L8 5L
QSLA‘_;-IMT F slow ZoB o 9 o blgS
Wb I g S o Mo

50 5 ey G 5 addllas 550 sl 1S EST
JESBREENC ST RUUSESNIC S
aad Gl do )3 Qe 500 JlediiS slacble Wsy b >
(F Jgudo) s denlous 810 &y goo 40l e

S o 45 olass Lo, S (sl e sS e 0L
D s 53 T s o8 s dlons Wl ok 2257 1a 5,Y
&S 55 59 VIVY Jldae LTsp o 2eS .ol 0k 0315 OLES
eSS s o diles ad oo il A V0 B 6l
Cble 534S 35 59, )V /AP angls &S LTl
Sl g 2 53 e 8 e 1 YO

YO CLl 3 e shes L) 5l o SR e
Al V00 50 ,UT 5 Jajles Dl 1 20 5o 1) e
23 (st A5 35 ke ple S VL dgsles 2 s
S La 58T bl 2l sl deders bl
o b 5 0 BlE B K5 (e Sl g Ol
» M) 685 jasla . cb o als T2 4
g DS 5l 5 VL JgSles Hles glaclals el
T el ps cile AT asls Ks (6 s
Wbl e LS s G LaST 5 e gla i S
VO 50 e 53 685l asle o 5V &6 sbay
S daslas 0o e VO 5 06T 2 5o 2l e
S el de Ve Chle 3T Lasls oy xS U
OLis s (M Hob 4 s o leas (257 25T jles
iy aalllan 355 6la S EST Glac bl plos o5 5l

s sla i csT L M. anisopliae LY Loyl i 5T asli 5 s sabase iy ) saml 550l 52 UKJLJ s s Y J g

Table 3. The comparisons the mean of spore germination, mycelial growth and T index of M. anisopliae in terms

of mixing with ecdysoids pesticides.

Pesticides

Concentrations (ml/l)  Spore germination (%) mycelial growth (cm) T index

250 93.5+1.5a 3.38+0.41a 75.47a
Atabron 750 90.5+ 1.6b 3.11+0.17b 73.04b
1000 85.25+0.5d 2.96+0.32¢c 68.76d
250 91.54+0.5¢c 3.32+0.15b 73.86b
Dimilin 750 88.5% 1.7¢ 3.14+0.41b 71.42¢c
1000 83.25+0.5e 2.78+0.27d 67.16d
250 96.5+0.5a 3.45+0.21a 77.89a
Nimazol 750 94.25+1.5a 3.44+0.15a 76.09a
1000 90.25+0.5b 3.02+0.12b 73.01b

O. elegans sl s,¥ g9, as 5L Su)&;;pu(:w cM.anisopIiae@B odiS ol slas —F Jgus

Table 4. Lethal concentration values of M. anisopliae, ecdysoids pesticides and diatomaceous earth against

larvae of O. elegans.

Treatments L Cs0 (95% fiducial limits) LCq (95% fiducid limits)  Slope X% et
Atabron 647.6,(576.5-718.72) 1231.7(1159.3-1251.4) 1.16+0.78 0.89
Dimilin 797.6,(694.7-831.2) 1659.3(1591.6-1739.2) 1.21+0.09 0.67
Nimazol 696.6,(624.1-768.7) 1568.4(1491.7-1597.4) 1.05+0.11 0.51
M. anisopliae 5.69x 10°,3.87-9.12)x 10° 2.5x 10"1.4-3.21)x10"  0.4+0.06 0.46

L Dgo(95% fiducial limits) L Dgg(95% fiducial limits) Slope X et

Diatomaceous earth ~ 759.8(688.9-830.7)

1269.7(1238/1-1328.9)

0.002¢0.007 061
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Table 5. LT50 values M. anisopliae, ecdysoids pesticides and diatomaceous earth against larvae of O. elegans.

. Concentration LT (days) 2

Fungal species (95% Fiducial Limits) Slope(+SE) X e
1000 11.88(11.23-12.37) 1.14+0.13 0.32
Atabron 1250 9.8(8.92-10.3) 0.96+0.21 0.53
1500 9.6 (8.51-10.1) 0.85+0.18 0.47
1000 11.63 (11.15-12.01) 1.14+0.09 0.81
Dimilin 1250 10.3(9.33-1062) 0.98+0.07 0.49
1500 8.14 (7.83-8.90) 0.84+0.15 0.93
1000 9.03 (8.01-9.85) 0.95+0.06 0.71
Nimazol 1250 9.93 (8.69-10.22) 0.83+£0.04 0.68
1500 7.72 (7.12-8.29) 0.67+£0.09 0.34
10° 8.38 (7.86-8.88) 0.16+£0.03 0.19

M. anisopliae 5.0x10° 8.34 (7.83-8.85) 0.16+0.03 0.193
5.0x 10 6.05 (5.7-6.39) 0.22+0.04 0.13
Distomaceous earth 1000 15.73 (13.69-16.38) 1.96+0.17 0.52
1250 10.86 (9.14-11.72) 1.37+0.09 0.49
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Table 6. The SR index and lethal time (LT, LTso & LTgg) Of the integrated treatments (M. anisopliae, ecdysoids

pesticides and diatomaceous earth).

Treatments LTy LTso LTgo SR index
I—CSO M. anisopliaeb 0.73 4.26 10.49 -
I—CSO Atabron 7.16 15.12 21.3 -
I—CSO Diflubenzuron 6.89 14.57 20.56 -
L CsoNimazol 6.62 13.96 19.69 -
L Cs0 M. anisopliaeb + L Cs0 Atabron 0.56 2.04 6.42 2.09
LCSO M. anisopliaeb + LCSO Diflubenzuron 0.47 221 6.64 1.93
LCsom. anisopliasb T L Cso Nimazol 0.27 1.71 5.44 2.49
LDSO Diatomaceous 7.14 1476 2070 -
L Dsg piatomaceous +LCso Atabron 6.49 12.82 17.75 1.18
L DSO Diatomaceous +L CSO Diflubenzuron 5.77 13.88 20.21 1.05
L Dsg piatomaceoust L Cso Nimazol 5.26 13.33 19.62 1.05
I—DSO Diatomaceous + I—CSO M. anisopliaeb 0.32 417 7.67 1.02
L D50 Diatomaceous +L CSO M. anisopliaeb +L CSO Atabron 0.26 145 531 2.94
I—DSO Diatomaceous"'LCSO M. anisopliaeb + I—CSO Diflubenzuron 0.31 1.49 5.58 2.86

I—DSO Diatomaceous"'LCSO M. anisopliaeb + I—CSO Nimazol 0.16 117 6.24 3.64
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Abstract

The aim of this study was to evaluate toxic and synergistic effects of ecdysoids compounds and
diatomaceous earth on their integrated control along with the entomopathogenic fungus, Metarhizium anisopliae
on date palm horned beetle larvae. In this study, the evaluated ecdysoids were Atabron, Dimilin and Nimazol.
The fungal mycelium growth and spore germination were evaluated to checking the consistency of the ecdysoids
compounds by extract medium mixing method. Then, the toxicity of compounds individually and in conjunction
with pathogen M. anisopliae was evaluated by bioassay method. Studies revealed that mycelial growth and spore
germination of M. anisopliae occurre in all ecdysoids compounds. The highest compatible index was 76.89 for
concentration of 500 microliters per liter of Nimazol extract and the lowest level consistent with the
incorporation of Dimilin in 1000 microliters per liter concentration. The combination of ecdysoids compounds
with fungal pathogen M. anisopliae had synergistic effect on larval developmental stage of date pam horned
beetle. The synergistic effect of Nimazol was higher. The use of diatomaceous earth showed mortality of horned
beetle larvae with average lethal concentration equal to 1269.7 mg per liter. It also has synergistic effects on
toxicity of fungal pathogen M. anisopliae and anti-synthesis chitin componds. The most powerful synergistic
effects were observed in terms of mixing 50 percent lethal concentrations of diatomaceous earth, Nimazole and
M. anisopliae.

Keywords: Metarhizium anisopliae, ecdysoid, diatomaceous earth, compatibility, synergism




