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Table 1Analysis of variance of the effect of titanium nanoparticles on photosynthetic and non-
photosynthetic pigments

. . Chlorophyll ~ Chlorophyll Chlorophyll Degree of
Anthocyanin  Carotenoids total b a freedom
TiO, 0.002** 0.7** 0.431** 0.11** 0.1327 7
Error 0.000065 0.003 0.008 0.006 0.004 16

Carnotides (mg/ g F. W)

Total chlorophyll (ing/ g

*and **Significance effect at 1 and 5 percent probability level, respectively
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Fig 1 Investigation of the effect of titanium
nanoparticles on photosynthetic pigments in
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Fig 2The effect of titanium nanoparticles on the
amount of anthocyanin in rosemary

Table 2 Variance analysis of the effect of titanium nanoparticles on some biochemical compounds and
rosemary plant enzymes

Catalase Peroxidase Polyphenol H,0, Percenta_ge of Flavonoid Soluble Degree of

Oxidase restraint Sugar freedom
TiO,  0.153** 133.02** 0.001** 0.005** 278.64** 361.032 0* 7
Error 0.005 20.984 0.0000337 0.0000758 10.043 16.659 0.0000494 16

**Significant effect on probability level of one percent
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Fig 4 Investigation the effect of titanium
nanoparticles on the amount of oxygenated water in
rosemary
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Fig 3 Investigation the effect of titanium
nanoparticles on the amount of flavonoids in
rosemary
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Fig 5 Evaluation of the effect of titanium
nanoparticles on the soluble sugar in rosemary (in
each column, the averages that have at least one
common letter do not have a statistically significant
difference)
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Table 3 Comparison of the effect of titanium nanoparticles on some antioxidant enzymes in rosemary

Peroxidase
(Enzyme unit per mg

Polyphenol oxidase
(Enzyme unit per mg

Catalase
(Enzyme unit per mg

Treatment of

PErCentage  riianium nanoparticles

of restraint

of protein per minute)  of protein per minute) of protein per minute) (PPM)

0.13° 49° 0.4 40° Ti (0 ppm)

0.13° 51.47% 0.4 40 Ti (20 ppm)
0.13° 54.23% 0.5 48% Ti (40 ppm)
Jave 52.27% 0.4 46° Ti (60 ppm)
0.15° 61.07%° 0.6° 53 Ti (80 ppm)
0.15% 59.37° 0.8 62 Ti (100 ppm)
0.16° 68.27° 1° 66° Ti (200 ppm)
0.16° 63.13% 0.9® 58" Ti (400 ppm)
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Fig 6 Electron microscopy images (SEM) of sprayed rosemary leaves (titanium 400 ppm
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The use of nanotechnology can create new important applications in various fields of agricultural
resulting in improvement of plant yield, and increase of growth and photosynthesis. Using this
technology, the techniques in product management can be improved. The absorption rate of nanoparticles
varies in plants, depending on type of plant, chemical composition and size of particles. Nanoparticles of
titanium dioxide (TiO2) are widely used in agricultural industries to enhance plant growth properties. In
this case, the aim of this study was to study the effect of titanium dioxide nanoparticles on photosynthetic
pigments and some biochemical properties and antioxidant enzymes of Rosmarinus officinalis L. This
research was carried out in a completely randomized design with three replications in the greenhouse of
Sana Institute of Higher Education of Sariin 2017-2018. Different concentrations of titanium
nanoparticles in seven levels (0, 20, 40, 80, 100, 200 and 400 ppm) were sprayed onto rosemary plants in
three stages with a one-hour interval. The results showed that the contents of chlorophyll a, chlorophyll b,
total chlorophyll and carotenoids were increased by increasing the concentration of titanium
nanoparticles, since the highest total chlorophyll content and carotenoids were related to 200 ppm
nanoparticle titanium concentration. Also, the effect of titanium nanoparticle on the amount of soluble
sugar indicated that by increasing the concentration of titanium nanoparticles as 100, 200 and 400 ppm
nanoparticles, there was an increasing trend in this trait. In addition, there was a significant increase in the
amount of antioxidant enzymes studied in high concentration of titanium nanoparticles (80, 100, 200 and
400 ppm).Generally, the application of different concentrations of titanium nanoparticles affected some of
the antioxidant and biochemical properties of rosemary plants, so that in high concentrations of this
nanoparticle, the most increase was observed in comparison with the control sample.
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