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Table 1. Lethal effect (LCso) of diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su)
on egg stage of Tetranychus urticae after 5 days

Treatments

Dosages
(mg/L)

Slop+ SE

Interseps+5

X2 (df)

LCas

(95% CLs)

LCso

(95% CLs)

*Toxicity

index
(%)

*Relative
Potency

Ka

100.00
200.00
300.00
400.00
500.00
Control

1.88+0.58

-3.54+5

0.542(3)

(224.33-500.91)

236.60

466.67

(300.69-3290.90)

38.57

2.06

Si

31.25
62.50
125.00
250.00
500.00
Control

9.07+2.84

-2.97+5

1.932(3)

(56.07-196.6)

109.00

180.00

(120.1-260.02)

100

5.34

Di

200.00
400.00
800.00
1000.00
1200.00
Control

2.55+0.73

-5.85+5

0.206(3)

(84.24-920.04)

560.81

962.22

(145.96-1486.70)

18.70

Su

140.00
170.00
200.00
230.00
260.00
Control

1.89+0.51

-2.47+5

2.334(3)

(51.63-161.79)

130.0

201.22

(114.79-440.17)

89.45

4.78

*Toxicity and relative toxicity index based on LCsoand unit of compositions are milligrams per liter

&S o g 0y, G35, SW 3 58 5Ka) ;355 (S Koo 56 «(Di) a0 5L s &Sl (LCs0) S iS™ 51-Y Jur

CelVY 5 FA (YF I aa Tetranychus urticae

Table 2. Lethal effect (LCso) of diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su)
on 3" nymphal stage of Tetranychus urticae after 24, 48, and 72 hours

T e " i, iR,
000 2 oan A 59660 (56.%3%8.79) (222.?25320-6753.36) 3043 260
Ka w0 48 fome 2 11549 (0.3(2)-22;?09) (61.1277-335921.24) 8241 243
2000 72 138:038 13545 2054(3) (0.2?:11-6171.71) (21.;2-53;22.58) 15.59 261
250 2 BTEL aans 516 (11.2%2?;.59) (99.613292'%.72) 100 8.:56
S oo 48 TUERY aars 25000 (20.2?&2:1%.56) (9.5%%343.11) 100 750
ool 72 PR s 0109 (3.214(1'?12.48) (7.4329f61.56) 100 16.13
foop 2 244048 4735 2365() (281%21232.18) (71.8?1'074?0.14) 1168 1
Di 180%069000 48 2195048 39945 0513(3) (g 1%%2_;?555_7 0 (4912622_;37 050.90) 13.32 1
Comwl 72 2551051 43245 255003 (121.27%2-'38768.84) (3312%2—5’070.68) 6.19 1
1;18:88 24 0854029 115+ 1930(3) (6.662635547) (11.35-23;22.79) 81.93 7.01
su 2000 43 0856024 076+5  2658(3) (22.‘518-_277881) (4.598‘?53.44) 03.34 700
Conpl T2 062026 02845 L607() (10.33%?.15) (10.8322.93) 90.18 14.55

*Toxicity and relative toxicity index based on LCsoand unit of compositions are milligrams per liter
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Table 3. Lethal effect (LCso) of diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su)
on adult female stage of Tetranychus urticae after 24, 48, and 72 hours

*Toxicity

Treatments I(Dr:)];e;gl_ei Time (hr.) Slopt SE  Interseps+5 X2 (df) LC25(95% CLs) (gsl_o/f"ré)l_s) irggsx *Fi ?L?l‘;/e
20000 24 274£050 45545 5.6100) (91;3??;3625.05) (3112521-273’16.69) 2625 221
@ BB N g amm EEL BN wa
2090 72 158:037  -1.89+5  0598(3) (1.5%2_5277) (91.32?2'32,63) 27.82 350
5250 24 PR Bems a%m® 95 (5080-222.96) 100 8.43
S 25000 48 BAR ams 30 (zo.igigg.ezt) (40.%3-61'%3%).85) 100 6.69
G 7 M ems om0 genfe im0
40000 2 274:031 5435 08%0) (411?5170({.61859.80) (86.;2?1()213.19) 1185 !
Di 8000 48 208:047 38645 108B3) (g i 6 31.7010?5&'82) 14.94 1
tzgfﬁ.f%? 2 206£048  -358+5  0.139G3) (90.8?23?1.66) (344.521471-63:7.20) 7.94 1
L0 24 094:028  -135+5  3.828(3) (33.88<55-i2111_20) (5_514%‘13-4828_07) 86.64 731
su 200 48 0.93:0.25  -103+5  3.323(3) a o %) (2825?2-;384) 87.84 5.87
20000 72 095:024  -069+5  6.537(3) - e 5 (42%;2_145) 8552  10.76

*Toxicity and relative toxicity index based on LCsoand unit of compositions are milligrams per liter
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Figure 1. Mean mortality of Tetranychus urticae egg after 5 days with diatomaceous earth (Di),

nanosilica (Si), kaolin (Ka), and sulfur (Su) and their combination at 95% confidence level with
Tukey test. Similar letters above each column haven't significant difference.
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Figure 2. Mean mortality of adult famle of Tetranychus urticae after 24, 48, and 72 h with

diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su) and their mixing at 95%
confidence level with Tukey test. Similar letters above each column haven't significant difference.



........ mu\)}};LLM}JLJJB ‘)K‘Q‘)&«A}w

22)=8.525, P=0.001, F(10, 22)=11.073,
(v JK2)(P=0.001, F(10, 22)=22.700, P=0.001
Sladgd b L& SPINS Ty

SO S e me S oSl alis 5
S LCso b ok Hles slaeS s () sl (s1aI s
4 ekt ls 5 588 5 I Sk sb e 5l
t—'[eS'[)'\ oslaiu! LJ})VJ‘A&:GBJJ‘K;)GBQ‘ ui:))
b aS (o5 e =T s 03 sl olis @\:j PRGNS
S 5 S 5 LCs0 )b o ¢ By 33 A 3 145
C u.a;—‘.w JL«:‘ 9 AL J.p‘a— ngbdu oMl dals
Glp 1y dals [l 6 &S sheis oSSke s

B 5 ¥ sladsier) das o o 5 (S 2 o

315 0L S5 0e3T S eslizal b a5 S0ke 4uslie
LY Hles Cole VY 5 FA OYF Ol 4w 2y oS
b 56 o Bl osle a8 do o ade S il L5 578

(Y Jg.:/) J)‘J

9 WPl ¢ Khwel ogilbd Tl LM
SIAT9D 55 31 A4S Pguw Cyw 0393 Al O 5 o5
Sl gljles @bl 4 I ol m
S0 WT Lo 5558 5 5187 ¢Sk 56 e il
a5 S ol ol glaSgs 5Ll as P oo
Cilbee (glajlas 31 86 DUl n Ao ys 20 Oliebl
VY 5 FA COYF Sldn slaS055 56 487 p g o o) 32 (65
F(10, ) ela

bl

S 9 5)\.36_1” oM |

100
O024h O48h m72h

2z ©
g 80 a
g 70
w 60 b b .
® 50 be ab bc
g 40 abc cd bc abc
< bed ab b
S 30 |ape cd cd a b b abc
a 20 bc bc be ax A ¢ C

alll Nl Kl & °

) Al
S ¥ > o & N S
N ) S S oY D N S & ¥ S
& & ¢ ¢ ¢ & o“f’ K% Oi’ &
& N N NI ¥ v W
¥ N $ S &
VAN AN AN d@ N
N\ % N Y &
Treatment

S 56 oD 0 5L 3 &Sl sla)las L sl VY 5 FA YF 51 g1aST 93 5,06 &nya)ﬁﬁ)wdxiﬂf—“ﬁ

S 5 05031 LTA0 el o 3 LT L3l 5 (SU) 3 88 5 (Ka) o 5157 «(SD)

Figure 3. Mean mortality of 3 nymaphal stage of Tetranychus urticae after 24, 48, and 72 hours with
diatomaceous earth (Di), nanosilica (Si), and kaolin (Ka) and sulfur (Su) soil treatments and mixing
them at 95% confidence level with Tukey test. Similar letters above each column haven't significant

difference.

6 G o o oas Ao e Sl sb L5 85

(¢ S8 s,ls 1,

sy Ol Sy 0037 51 eslizal b b 5 S0le awslie
LMl s Col VY 5 FA OYF Ol 4w 2 j3 &S



o) VY Jle ) opled VY s ¢ alS BT Sl

ke 56 (D) 4 55 S LCo0 L ok s 5 5 (655 03k (516053 3,6 487 (63 yod e 57 ke —F Uil
ol i b 03 g 3T 3l eslimal b a5V 31 da ol3sl i) 4 dald Hles b awlin 45 (SW) 5 58 5 (Ka) o 5157 «(Sh)

Table 4. Mean oviposation preference of female Tetranychus urticae treated with LCso of
diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su) in compration with control
treatment by choice method after 7 days using paired t-test

Mean £SE C
Treatment Dosages  No. pest Oviposition inde t(df) P
Treatment Control X
Ka LCso 4 21.20+0.58 36.60+1.36 0.57 -9.44(4) 0.001
Si LCso 4 16.60+0.50 39.20+1.06 0.42 -37.66(4) 0.000
Di LCso 4 30.00+0.31 37.60+1.28 0.79 -7.38(4) 0.002
Su LCso 4 16.20+0.37 37.40+1.72 0.43 -11.77(4) 0.000

Sl 5 «(D) 40 3 51 LC80 b ok Jles 5 (555 03le (148055 7,6 457 (553 paind g 7 S0ke =0 U
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Table 5. Mean oviposation preference of female Tetranychus urticae treated with LCsg of
diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su) in compration with
control treatment by non-choice method after 7 days using paired t-test

Mean +SE

Treatment Dosages  No. pest Oviposition incci:ex t(df) P
Treatment Control
Ka LCso 4 19.80+0.37 37.40+1.91 0.52 9.74(4) 0.001
Si LCso 4 15.40+0.50 36.20+1.77 0.42 -14.93(4) 0.000
Di LCso 4 23.00+0.89 36.20+1.65 0.63 -9.47(4) 0.001
Su LCso 4 15.00+0.54 35.80+1.65 0.41 -16.76(4) 0.000
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Figure 4. Mean oviposation preference of female Tetranychus urticae treated with LCso of

diatomaceous earth (Di), nanosilica (Si), kaolin (Ka), and sulfur (Su) in compration by non-
choice method after 7 days. Similar letters above each column haven't significant difference.
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Abstract

Two spotted mite, Tetranychus urticae Koch. is one of the most important plant pests. Chemical
pesticides are used to control this pest, which increases pesticides residual, eliminates natural enemies
and contaminates groundwater. In this regard, the effect of diatomaceous earth, silica nanoparticles,
kaolin and micronized sulfur and their mixing on different biological stages of two spotted mite were
evaluated in laboratory condition. The results of probit analysis showed that the LCso of nano silica
was equal to 180.00 mg/L after five days for egg stge. For third nymphal and adult stages the LCso
were 30.51 and 43.01 after 72 hours respectivly. In studying the effect of mixing the compounds, the
highest lethal effect against eggs, 3" nymphal stage and adult mites was obtained by mixing sulfur and
nanosilica. Comparison of the average effect of diatomaceous earth, nanosilica, kaolin, sulfur
treatments and their combination on leaf chlorophyll index showed that the highest index was in sulfur
treatment (42.53). Also, the least oviposation and production of offspring was observed in mixing of
sulfur with nanosilica. Due to the significant effect of sulfur and nanosilica mixing, thus, it can be used
in integrated pest management program against eggs, 3 nymphal stage and adult of this pest.
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