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Table 1- Some Physical and Chemical characteristics of the used soil

Mn Cu Fe Zn P K EC T - -3
mo.Kg OM (%) (ds.m) pH Siltcdws Clay w, Sand ;o Texture cdl
56 165 22 48 127 430 1.98 1.32 7.02 18 13 69 Sandy Loam
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Figure 1- UV-Vis spectrum related to Saffron, TiO2 nanoparticles and TiO2 nanoparticles sensitized with Saffron
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Table 2- Results of ANOVA of type of TiO2 NPs and concentration on parameters of plant

(Mean Square) <l o &0

(P sl as s
Var?:;res ¢ ()df)‘ ’ )1 F 03 Adedgs  JSLE S8l
Dry weight Fresh weight  Chlo. a GPX APX
TiO2 NPS psoli 35l 1.22" 2.03™ 1.05"  1.26*107* 2.15*10°"
Concentration clale 177 23.98™ 157"  2.62*10%™ 1.41*10°"
TiO2 NPs*concentration claléx .l 5 0.93" 6.20™ 032"  1.76*10%™ 3.28*107"
Error s 24 0.034 0.035 0.00029 7.5%10'1 1*108
(CV) lpsis oy - 10.21 1.87 0.56 7.23 10.49
oy woll as Mean Square cluye ggexe
Variables (df) P (g.100%) K (g.1007) Mn (ppm)  Zn (ppm)
TiO2NPs posls clydgil 1 5.21*102™ 3.06%102*" 0.0054™ 8.36™
Concentration clale 5 7.49%102™ 1.4™ 0.2976™ 18.21™
TiO2 NPs*concentration claléx it 5 1.11*102* 0.91" 0.1803™ 50.29™
Error s 24 2.75*103%™ 0.562 0.000101 0.8128
(CV) elpss oo - 2.55 4.25 0.73 5.35

** Significant at 1%
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Table 3- Mean comparisons of peroxides enzymes, chlorophyll a and dry and fresh weight of plant

T‘_°9‘~" - ' _ (APX) (GPX)  (Chlo.a) Freshweight Dry weight

itanium  Concentration (Unit) (Unit) (mg.gr'l) (g.pOt'l) (g.pOt'l)
i 0 561079  1*10° 9 2.10" 8.06° 1.199
- 1 8.6%10%°¢ 16*105h  3.35° 7.88¢ 2.61°
Filioll = 10 3.6%10%¢ 46%10°9 347 12.922 2.28°
12 8 50 2.3*10%¢ 8.6*105¢  3.36° 10.61° 1.02¢
58 100 53%104d  7%105f 3.46P 13.00° 2.15b
500 11%103°  4*105 9 351 9.38¢ 2.58°

R 0 561049 1*10% ¢ 2.10" 8.06° 1.19¢
¢8E 1 11*103° 96*105%  2.72f 9.09¢ 2.66°
4= 8 10 8*104 ¢  1.3*10%°  3.26° 12.56° 2.68°
55 5 50 7.6%104 ¢ 2.7%104°  3.29¢ 12.49° 2.45%
T8 100 9*104°¢  3.7%10%2  3.309 9.40¢ 2.260
= 500 2.4*10%2 93%105% 352 7.39" 0.80°

s s gme Sl g0l y3 (o lol ylai 5| st golie gy (lyld &S golael g 4
In each column, the numbers having the same letters are not statistically significant in the Duncan test.



WAA ol )l — 199,958 ) o ke FY als (S g of 4 pis  OF

0.00025
0.00020 -
0.00015 -
0.00010 -

GPX
(Unit g fresh weight)

wall

0.00005 - »
0.00000 .
Control nano-Ti02  dye-sensitized
nano-Ti02
(Treatment) s,Lo.s
% 0.0015 o
L ,
2 0.0010 - V/
> = /
Z 2
<= 00005 g %/ %
S 0.0000 % % | %

Control

dye-sensitized
nano-Ti02

nano-Ti02

(Treatment) s,Lo.s

Ol o8] (& 9 (GPX) jlasus Ty JoSUE (W glaes 35T Collad po oilis ST (63 153550 #1531 a5lur il 51 (uSilao dung Lo Y IS5
(APX) jlamws Ty
Figure 3- Mean comparison of simple effects of Nano TiOz2 types on a) GPX and b) APX enzymatic activity
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Figure 4- Mean comparison of simple effects of Nano TiOz2 types on dry weight of plant
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Table 4- Mean comparisons of some of macro and micro nutrients
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Figure 5- Mean comparison of simple effects of Nano TiO2 types on Mn content in shoots plant
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Introduction: Increasing the production rate became considerable for farmers in various ways. Modern
technologies, such as biotechnology and nanotechnology could play an important role in increasing the
production and improving the quality of agricultural products. Research into the direct application of
nanotechnology into agriculture is set to increase in the future. One of the most remarkable plant growth factors
is its nutrition. Titanium plays a beneficial role in increasing and stimulating plants growth. Titanium's usage in
nutrition solution or spraying on the plant will increase the biomass and growth of different plant species. With
respect to Nano technology enhancement in recent years the application of nano-particles is increasing. All the
positive effects of titanium dioxide depend on its ability to absorb light and the main disadvantages of this
combination are the low ability to absorb visible light from the sun and absorbing more UV light. It is possible
to improve its effectiveness due to the high proportion of sunlight in the visible range by absorbing the visible
light of nano-particles. To achieve this goal a layer of color will be added on the surface of the nanoparticles,
which is called the nanoparticle sensitization by color. Due to the absorption of light by titanium dioxide nano-
particles, especially ultraviolet radiation, it is assumed that the creation of a color layer on these nano-particles
increases the antibacterial and fungal properties of these nanoparticles. As a result, the goal of this experiment is
to investigate the possible increase in light absorption and increase the yield of the sorghum plant by titanium
dioxide nano-particles of Dye-Sensitized, which, some of the parameters were investigated by treating the seeds
of the plant with both nanoparticles.

Materials and Methods: This research was performed in three replications in a completely randomized
design with factorial arrangement and with 12 treatments containing 6 concentrations of titanium dioxide nano-
particles (0, 1, 10, 50, 100 and 500 mg.L™), 6 concentration of titanium dioxide nanoparticles of Dye-Sensitized
(0, 1, 10, 50, 100 and 500 mg.L?). Fresh and dry weight of plants, plant nutrients content (Phosphorus,
Potassium, Manganese, and Zinc), activity of ascorbate peroxidase and guaiacol peroxidase and chlorophyll
content parameters have been measured.

Discussion and Results: The saffron compounds have significant peaks in the UV-Vis spectrum. The
spectrum of titanium dioxide nanoparticles has a specific peak in the ultraviolet range (Area between
wavelengths of 200-400 nm) however there is no trace of absorption in visible areas. The spectrum of the saffron
solution has two identifiable peaks at 328 and 258 nm, and a double peak at 466 and 442 nm. The observed peak
at 258 nm is related to the combination of Picrocrocin, which is the same colorless bitter substance found in
saffron. The dual peaks range between 400-500 nm and the peak appearing at 328 nm are related to the
carotenoids found in saffron. Crocin also has similar peaks which are likely to be overlapping with trans-
isomeric peaks and not separable. The Spectrum of titanium dioxide nano-particles covered with saffron color
also represents two peaks at 322 and 260 nm, and a peak at 430 nm with a specific shoulder at 458 nm. What
comes from the comparison of two saffron peaks alone and saffron coated on titanium dioxide nano-particles is
that the Crocin molecules contained in saffron are attached to nano-particles. According to the results, dry
weight and enzymatic activity of Guaiacol peroxide and Ascorbate peroxide showed a significant increase
compared to the control and had the highest performance respectively at concentrations of 10, 100 and 500 mg.L"
Lof titanium dioxide nano-particles of Dye-Sensitized, and showed 1.25, 2.7 and 3.28 fold. The amount of plant
nutrients such as phosphorus, potassium, manganese, and zinc at concentrations of 10, 100, 500 and 50 mg.L"
Ytitanium dioxide nanoparticles of Dye-Sensitized had a 72.34, 42.85, 73.95 and 28.17 percent increase, except
fresh weight and chlorophyll a. Chlorophyll a at a concentration of 500 mg.L*of both nano-particles showed the
highest amount, but the fresh weight, unlike other parameters, showed the best performance with normal
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nanoparticles.
Conclusion: It seems that these nano-particles, by coloring, intensify light-related reactions compared to
normal nano-particles, which results in better performance.
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