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Table 1- Some physical and chemical traits of the soil used in the experiment

Shedy P SNBSS ol ol ke Cla bty ppliclil
Soil Texture & EC Total nitrogen ~ Phosphorus  Available potassium ~ Titanium concentration
o (dS m-1) (%) (mg/kg) (mg/kg) (mg/kg)
Loamy 509! 7.1 5.5 15 28 190 1.9
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Figure 1- Image of nanosized TiO2 by STM
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Figure 2- Topographic image of nanosized TiO2 by STM
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1. Chl a (ug/ml) =15.65 A666 - 7.340 A653
2. Chl b (pg/ml) =27.05 A653 - 11.21 A666

3. Chl (total) = Chl a + Chl b

4. Cxtc = 1000 A470 - 2.860 Ca - 129.2 Cb/245
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1- Scanning tunneling microscope
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Table 3- Triple interaction effects of salinityx anosized and bulk titanium dioxide xleveles of titanium dioxide on chloropyll a,
b, total chloropyll, cartenoid, leaf area, leaf and lateral shoot number in petunia
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Salinit . TiO2 Tt Sy Leaf
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(mM) d and shoot (em?) (ng/0.2g 1 (ng/0.2g (ng/0.2g (ng/0.2g

bulk n Numbe | umber fw) fw) fw) fw)
titanium (ppm) umbe
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0 0 0 2.66fgh  59.66jkl  236.56h-k 1.18bc 2.27k-n 2.96ab 1.34g-j
0 0 5 3.33d-g 103’666Cd 361.06c-f 0.98c-g 3.70cdef 2.12cde 1.57efg
0 0 10 5.33ab 120.33bc 429.(’156bc 1.52a 4.19bc 1.01h-1 3.18a
0 0 15 433bcd  83.00fgh  349.80d-g 1.12¢d 3.92b-¢ 1.37e-j 2.54bc
0 0 20 433bcd  94.33def  271.68f-i 0.53k-n 4.03abc 0.89i-m 1.38ghi
0 0 40 5.00abc  106.66cd  489.85b 1.10cde 4.45ab 1.41e-j 2.38bcd
0 1 5 3.33d-g  100.66de 435.(;)9bc 1.35ab 4.84a 1.65d-i 3.18a
0 1 10 3.66def  105.33cd  316.78e-h 1.05¢-f 3.49d-g 2.93ab 0.55n0
0 1 15 5.00abc 125.66b 608.67a 0.57j-n 2.74h-k 1.78c-h 0.96h-o
0 1 20 6.00a 148.33a  451.70bc 0.73h-k 4.10bed 3.55a 0.54 no
0 1 40 433bcd  93.66def  450.20bc 0.81ghi 2.98g- 0.78-n 2.20 bed
75 0 0 2.00h 38.00nop  152.18kl 0.62i-m 1.33qrs 2.36bcd 1.01 g-n
75 0 5 2.33gh  51.33k-n  215.25ijk 0.64i-m 2.53i-1 1.10-1 0.420
75 0 10 3.33d-g  43.66l-p  395.00b-e  0.96d-g 1.80n-r 1.26f-k 0.54no
75 0 15 3.33d-g  39.00nop  257.46g-j 0.67ijkl 2.44j-n 2.36bcd 2.07cde
75 0 20 3.33d-g  46.33l-p 149.50k1 0.52lmn 3.37efgh 0.68j-n 0.64no
75 0 40 3.66def  65.66ijk  323.56e-h  0.89fgh 2.45-m 0.20mn 2.24bcd
75 1 5 2.66fgh  68.00h-k  206.20ijk  0.60ijk-n 3.82b-¢ 0.421lmn 1.40fgh
75 1 10 4.00cde  78.00f-hi  279.95f-i 0.62ij-n 3.71c-f 1.07h-1 2.64ab
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150 0 15 3.00e-h  40.33m-p  149.04kl 0.80ghi 1.510-s 0.81jk-n 0.69mno
150 0 20 2.00h 40.33m-p 74.041 0.53k-n 2.18k-n 0.79jk-n 1.30g-k
150 0 40 2.00h 67.66h-k  244.24h-k  0.46mn 2.35-n 1.62d-i 0.731-0
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150 1 10 3.00e-h  57.33j-m  203.20ijk 0.66i-m 2.101-p 0.78jk-n 1.23g-m
150 1 15 3.00e-h  47.66l-0  235.63h-k 0.56j-n 1.40p-s 0.63jk-n 0.76k-o
150 1 20 3.33d-g  58.00jkl  185.40ijk 0.56j-n 3.10f- 1.88c-g 1.22g-m
150 1 40 3.00e-h  66.33h-k  363.75c-f 0.57j-n 0.94s 0.08n 0.85i-0
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level using LSD test.
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Table 5- Triple interaction effects of salinityx nanosized and bulk titanium dioxide xleveles of titanium dioxide on leaf and
shoot weigth and some traits related to flower in Petunia

P 992y 3 la il - . & 5 o 7o
S N o
S99 13 $ldgry  pgwlid AT J5 dlusd Flower 2 s L5
. . Flower Corolla
Salinity nanosized and TiO2 Diameter Length Flower Fresh Shoot
(mM) bulk titanium  concentration (mm) (mm) Number Weight Fresh Weight
dioxide (ppm) (® ©
0 0 0 49.40a-f 31.870pq 7.66¢-] 11.676.e-j 13.28a-d
0 0 5 48.00c-h 44.89bc 8.00e-1 12.00e-1 11.95a-f
0 0 10 48.87b-g 40.73e-h 10.00cde 14.00c-¢ 12.86a-¢
0 0 15 54.00ab 43.41cd 11.33bed 15.33b-d 14.86a
0 0 20 51.27a-d 38.66f-k 12.33abc 16.33a-c 14.55a
0 0 40 46.00d-j 41.95de 11.66bcd 16.67b-d 14.31ab
0 1 5 54.33a 40.90efg 13.00ab 18.33a 10.22d-j
0 1 10 50.23a-¢ 47.95a 10.00cde 17.00ab 11.17b-g
0 1 15 47.16c-1 38.66f-k 13.33ab 14.00c-e 12.39a-e
0 1 20 46.50c-j 32.70nop 11.66bcd 17.33ab 7.42ijkl
0 1 40 46.43¢-j 47.29ab 14.33a 15.67b-d 15.25a
75 0 0 41.48d-j 30.00qr 5.66ijk 9.67i-k 8.74fg-k
75 0 5 44.41j-n 34.35mn 6.66h-k 10.67h-k 8.00g-k
75 0 10 46.39fg-k 37.41jkl 7.46f-j 11.33f-k 9.76e-j
75 0 15 48.00c-h 41.00ef 9.33d-g 13.33d-g 10.52¢-1
75 0 20 43.00h-1 38.77f-k 7.66¢-] 13.67e-j 13.70abc
75 0 40 43. 40h-1 42.00de 8.66e-h 12.67¢-h 12.28a-¢
75 1 5 51.81abc 37.14jkl 7.66¢-] 14.00c-e 10.43c-1
75 1 10 43.37h-1 39.421j 5.66ijk 11.67¢-j 11.05b-h
75 1 15 48.14c-h 46.47ab 8.00e-1 9.67i-k 7.78hijk
75 1 20 36.53n0 40.96ef 9.66def 12.00e-i 6.23kl
75 1 40 44.98e-k 38.50g-1 10.00cde 13.67d-f 10.23d-j
150 0 0 32.670 28.66r 5.00k 9.00k 5.64kl
150 0 5 38.63lmn 36.25Im 6.86h-k 10.67h-k 5.44kl
150 0 10 42.63i-m 33.38no 5.33jk 9.33jk 4.371
150 0 15 40.00k-n 28.12r 5.661jk 9.67i-k 7.05jkl
150 0 20 43.86gh-1 31.480pq 5.00k 9.00k 7.53ijkl
150 0 40 44.511fghijk 38.09i-1 7.00g-k 11.00g-k 13.26a-d
150 1 5 32.430 30.47pqr 6.00ijk 9.67i-k 4.331
150 1 10 45.82¢-j 36.65klm 5.33jk 10.00i-k 8.53g-k
150 1 15 40.3k-n 39.33fj 5.66ijk 9.330jk 6.97jkl
150 1 20 37.54mno 38.30i-1 6.79h-k 9.67i-k 6.25kl
150 1 40 43.40h-1 38.33h-1 5.66ijk 10.67h-k 10.18d-j

515 )3 0 Jleas! o 13 LSD 9051 51 oolitl b (gl (sine cdMib] sl po S yidio gy (sl g yo jd &S oo ke
Means, in each column, followed by similar letter are not significantly different at the 5% probability level using LSD test.
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Introduction: Titanium is the ninth most abundant element and the second most transition metal found in the
earth’s crust (about 6.320 ppm). There has been a rising demand for nanotechnology-based products in recent
years, particularly in areas directly related to humans. Nanotechnology has many applications in agricultural
research, such as in reproductive science and technology, the transfer of agricultural and food waste to energy

and other helpful by-products through enzymatic nanobioprocessing.

An important effect of titanium compounds on plants used for improvement of yield (about 10-20%) in
various crops. Other effects of titanium on plants are increasing contents of some essential elements in plant
tissue; an increase in enzyme activity such as peroxidase, catalase, and nitrate reductase activities in plant tissue,
and research has shown increased chlorophyll content in paprika (Capsicum anuum L.) and green alga (Chlorella
pyrenoidosa). Nanotechnologyapplication is now widely distributed throughout life, and especially in
agricultural systems. Nano particles, because of their physicochemical characteristics, have been considered the
potential candidates for modulating the redox status and changing in seed germination, growth, performance, and
quality of plants.nano-TiO2 has shown to be potential for agricultural application because of its photocatalytic
disinfection and photobiological effects. Also,stalinizationof soils or waters is one of the world’s most serious
environmental problemsin agriculture. During initial exposure to salinity, plants experience water stress, which
in return reduces leaf expansion. during long-term exposure to salinity, plants experience to ionic stress, which
can lead to premature senescence of adult leaves, which led to a reduction in the photosynthetic area available to
support plants growth.However,a few studies have been done on the effects of nanoparticles on ornamental
plants. Nanosized TiO2 is a frequently used nanoparticle, consequently there has been an exponential increase in

data collection on the effects of TiO2 nanoparticles on different species. There is much less information on the
effects of nanoparticles on plants compared to animals. Studies of the effects of TiO2 nanoparticles on plants
provide information about the positive and stimulating effects as well as any negative impact. In this study,
weaimedto findout the phytotoxicity or positive effects of different concentrations of Bulk TiO2 and nanosized
TiO2 on plant growth of Petunia hybridain salinity stress.

Material and Method: experiments were done to assess the effect of different concentrationsof bulk and
nanosized TiO2 on petunia growthin salinity stress in a factorial test based on completely randomized design
with 3 replications in agriculture faculty of Ferdowsi University, Mashhad. There were 3 factors, includingl-
three concentrations (0, 75 and 150 mM) of NaCl, 2- bulk and Nanosized titanium dioxide and 3- six
concentrations (0, 5, 10, 15, 20 and 40 ppm) of TiO2. Titanium dioxide treatments for foliar application was
applied 5 times with intervals of seven days (three times before, and twice after starting salinity stress). The
experiment was performed at the College of Agriculture, Ferdowsi University of Mashhad. during the flowering,
flower number, corolla length, flower diameter and flower fresh weight were measured. At the end of the
flowering phase, parameters such as leaf area, shoot and leaf fresh weight, lateral shoot number, leaf number,
chlorophyll a, b, total and cartenoidwere measured. The data were subjected to Analysis of Variance, was done

using Mstat-C statistical. The means were separated, using LSD test.

Results and Discussion: Results showed that interaction of salinity, bulk and nanosized titanium dioxide and
titanium dioxide concentrationsweresignificanton total chlorophyll, cartenoides, biomass, leaf area and flower
number. The highest amount of total chlorophyll concentrations was measured in 20 and 40 ppm TiO, and 5 ppm
Nano treatments, respectively. The highest leaf area (608 cm?) was in 15 ppm Nano treatment. Among levels of
nano TiO,,foliar application with 5 ppm had the best flower diameter in general, foliar application of nano
titanium dioxide and titanium dioxide have been effective in improving the effects of salinity stress. In addition,
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the use of titanium dioxide in the highest level (40 ppm) and use of nano titanium dioxide in less concentration
in Petunia plant had better effect on morphological traits. An important effect of titanium compounds on plants
used for various crops is yield improvement. The positive effects of TiO, could be probably due to the
antimicrobial properties of engineered nanoparticles, which can enhance strength andresistance of plants to
stress.
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