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Figure 1. FTIR spectrum analysis of ordinary sulfur, alginate, alginate/sulfur composite and
alginate/sulfur/hexythiazox composite
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Figure 2. Electron microscopy images (SEM) of ordinary sulfur powder (A), Nano sulfur centrifuging

at 3000 rpm (B), Nano sulfur centrifuging at 12000 rpm (C), alginate powder (D), (Al/S) composite
(E) (Al/He/S) composite (F)
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Table 1. Probit analysis data of Tetranychus urticae adult treated with hexythiazox, nano sulfur, (Al/S)
composite and (Al/He/S) composite in 24, 48 and 72h after treatment

Treatments Time (h) LCso(95% CL) LCo (95% CL) Intercept  Slope+SE X2

Hexytiazox 5.40 (3.70- 12.50)  20.70 (10.10-93.90)  4.60 2.19+0.78 0.24
Nano sulfur Y 20.34 (11.90- 655)  18.12(9.80-136.30) 3.04 2.64+0.75 1.75
(Al/S) composite 15.57 (10.90- 446)  89.98 (76.30-198.00)  4.30 1.33 £0.97 0.01
(Al/He/S) composite 3.84 (2.00- 4.90) 13.85(11.80-78.90)  4.07 1.21 +£0.62 4.36
Hexytiazox 4.90 (2.80-8.20)  2850(13.50-637.30) 414 1.60£0.54 0.25
Nano sulfur 18 12.37 (8.00- 44.80) 52.60 (20.40- 671.00)  4.80 0.90+0.68 0.17
(Al/S) composite 11.06 (6.60- 43.50) ©8:10(22.10-698.00) 439 0.81+0.64 0.08
(Al/He/S) composite 2.80 (1.70-3.90)  11.15(6.40-80.90) 4.05 2.13+0.65 0.72
Hexytiazox 4.46 (2.40- 7.08) 25.00 (12.50-484.3) 4,09 1.60+0.54 0.49
Nano sulfur L, 594(440-12.00) 176.80 (88.90-230) 421 1.11#0.67 0.49
(Al/S) composite 9.87 (7.90-11.00) ~ 2920(15.60-556.0) 47 0.89+ 0.64 0.16
(Al/He/S) composite 2.43 (1.15- 3.40) 11.17 (6.20-148.50) 4.26 1.93+ 0.65 0.05

Hexytiazox ml/L, Nano sulfur gr/L, (Al/S) composite gr/L, (Al/He/S) composite gr/L
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Table 2. Mortality percentage (Mean £ SE) of adult Tetranychus urticae treated by different
concentrations of hexythiazox, nano sulfur, (Al/S) composite and (Al/He/S) composite in 24, 48 and

Treatments Time O0ml/L 2.00 ml/L 3.20 ml/L 5.10 ml/L 8.00 ml/L 12.70 ml/L P<(0.0(;l
(h) ;F (4,15

24 00 15.30+0.33°C  24.00+0.33 ¢ 42.00+0.33"8 57.30+0.66%  66.60+1.00% 17.22
Hexythiazo> 48 00 24.00 +0.33°8¢  30.60 +0.30°®  48.60 +0.33 "B 62.00+ 0.33%A 70.00+0.50% 25.15

72 0+0  24.00 £0.33°¢ 35.30+0.338 48.60 +0.66"®  68.60+ 0.33* 73.30 £0.57% 42.8
P>0.00; F(9, 25) - 93.94 40.7 21.7 23.8 92.4

Ogr/L  1.50gr/L 2.20gr/L 3.20gr/L 4.80 gr/L 7.10 gr/L

24 00 4.40+0.335P 13.30£0°¢P 20.00+0.57°¢ 24.00+0.33"5¢  40.00+1.50% 37.2
Nanosulfur 48 00  6.60+057%°  15.30+0.33°C 20.00 £0.57°¢  24.00 £0.33°8¢  35.30+ 0.33%8 14.14

72  0+0  6.60+057% 15.30+0.33¢C 26.60 + 0.57°¢  26.60 +0.57"B 35.30+ 0.33%8 24.5

24 00 11.06+2.20°P  15,50+2.20°C 19.90+3.80°¢ 31.06+2.20% 36.60+£3.0328 10.39
(Al/S) 48 0x0 15.50 + 2.20°¢  19.90+3.80C 28.80 £2.20®®  33.30 +0.00%® 35.50+ 2.20%8 384
composite 72 00 17.70£ 2.20°C  22.20+2.20%BC  28.80 + 2.20°® 355 0+2.20°8 4220+ 2.20%® 15.65
P<0.00; F(o,25) - 25.8 53.7 35.8 20.8 21.56

Oml/L  2.01ml/L+0.75 3.10ml/L+1.10 4.50ml/L+1.60 6.30ml/L+2.40  8.90ml/L+3.60g
gr/L gr/L gr/L gr/L r/lL

24 00 22.2042.20°®  28.80+2.20°8 48.80+2.20® 68.80+2.20% 75.50+2.20% 24.7
(Al/He/S) 48 00 28.80 £2.20°®  33.30 +3.80°®  48.80+2.20°8 68.80+ 2.20%A 75.50 £2.20% 69.8
composite 72 00  31.06+2.20%  39.90+3.80% 57.70 £2.02°A8 71,06+ 2.20°*  82.20 +2.20°A 44.6
P<0.00; F(o,25) - 203/8 134.12 154.46 56.04 37.56

Means followed by the same lower case letter in each column and upper case letter within each row are not
significantly different using Tukey-Kramer (HSD) test at P <0.05.
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Abstract

In the present study, the effect of hexytiazox, nano sulfur, alginate/sulfur (Al/S) and
alginate/sulfur/hexytiazox (A/H/S) composites were examined on adult famale of two-spotted spider
mite Tetranychus urticae Koch (Acari: Tetranychidae). The diameters of sulfur nanoparticles and
sodium/sulfur alginate and sodium/sulfur/hexithiazox alginate 300-60 nm were obtained using electron
microscopy (SEM). Analysis of FT-IR spectra of sulfur alginate/sulfur (Al/S) and
alginate/sulfur/hexytiazox (A/H/S) composites were performed, in the sulfur spectrum, only two peaks
870 and 3435, and in the alginate spectrum 1630, 1457 and 1341 peaks were observed. The highest
mortality was obtained 24, 48 and 72 hours after application in the composite (Al/He/S) treatment with
LCso values of 3.48, 2.80 and 2.43 g/, respectively. Also the lowest mortality was observed 24 hours
after using nanosulfur treatment with LCs value of 20.34 g/l and in 48 and 72 hours in nanosulfur and
alginate/sulfur (Al/S) composite treatment with LCso values of 12.37 and 9.87 g/l, respectively.
Hexithiazox treatment with a concentration of 12.7 ml/l after 72 hour aplication showed the highest
mortality (70%). Based on the results of this study, composite (Al/He/S) can be recommended in the
preparation of commercial acaricide formulations and use in T. urticae integrated management
program.

Key words: Alginate, Mortality, Two-spotted spider mite, Nano sulfur, Hexytiazox.

*Corresponding author: Sh.aramideh@Urmia.ac.ir


mailto:Sh.aramideh@Urmia.ac.ir

