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ABSTRACT1

An investigation was initiated to examine the effects of nanoscale titanium
dioxide nano particles on some growth parameters and chemical constitutes of
Coriander. Coriander plants were sprayed twice with different concentrations of
titanium dioxide 2, 4 and 6 ppm, first one after 30 days from cultivation and the
second one was after 60 days .The results indicate that titanium dioxide (TiO 2 )
nanoparticles (NPs) lead to a significant increase in plant height, fruit yield and
number of branches. It also caused an increase in amino acids, total sugars, total
phenols, total indols and pigments.
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INTRODACTION
Coriander (Coriandrum Sativum L.), is an annual herb of the Apiaceae family and native of the
Mediterranean region, and it has been cultivated since human antiquity (1). The seeds are popular as a
spice and the finely ground seed is a major ingredient of curry powder. It contains essential oil and
linalool is the main component (2). Coriander is economically important since it has been used as a
flavouring agent in food products, perfumes and cosmetics. They are used medically as a drug for
indigestion, against worms, rheumatism and pain in joints (3). Titanium compounds enhance the yield
of various crops, by improving some essential elements content in the plant tissues and increases the
peroxidase, catalase, and nitrate reductase activities in plant tissues. TiO 2 nanoparticles encourage
spinach (Spinacia oleracea) seed germination and plant growth(4). TiO2 NPs can promote plant
photosynthesis and nitrogen metabolism and then greatly improve growth of spinach at a suitable
concentration (4-6).
These nanoparticles improved light absorbance and accelerated spinach growth (4,7). Nano-TiO2
improves plant growth by enhancing nitrogen metabolism (6) that promotes the absorption of nitrate in
spinach and accelerating conversion of inorganic nitrogen into organic nitrogen, thereby increasing the
fresh and dry weights. Effects of nano- TiO2 on the content of light harvesting complex II (LHC II) on
thylakoid membranes of spinach increases LHC II content (5,8). These promote energy transfer and
oxygen evolution in photosystem II (PS II) of spinach (8). It was found that nano-anatase TiO2
promotes antioxidant stress by decreasing the accumulation of superoxide radicals, hydrogen peroxide,
malonyldialdehyde content and enhances the activities of superoxide dismutase, catalase, ascorbate
peroxidase, guaiacol peroxidase and thereby increases the evolution oxygen rate in spinach
chloroplasts under UV-B radiation (7). The ability of nano-anatase TiO2 to improve the light harvesting
complex content of plants is highly comparable with the use of TiO2 -quantum dot (QD) assembly for
the conversion of solar energy. Uptake and distribution of QD through plant cells can be exploited for
efficient and increased solar energy trapping which might improve the photosynthetic efficiency of
plants and the photoluminescence property of quantum dots that can be used for cell imaging too (9).
The present study aims to investigate the effect of TiO 2 nanoparticles on growth, physiological
parameters and chemical constituents of coriander.
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MATERIAL AND METHOD
Field Experiment
Experiments were carried out at a Farm in Sakara, Giza , Egypt . During two successive
seasons, 2011/2012 and 2012/2013. Seeds were bought from the National Research Centre, Doki,
Giza, Egypt. The experimental plot area was 2 m x 4m The planting distance was 30 cm apart and it
was 50 cm between lines.
The soil chemical properties were determined according to (10,11) (Table 1).
Table (1): The soil chemical analysis for the two seasons.
measurements
Soil depth (Cm)
pH (1:2.5)
E.C. (mmhos/Cm)
Calcium
Carbonates (%)
Soluble cations
(meq/L)

Soluble anions
(meq/L)

Season 2011-2012
0-60
7.2
1.37

Season 2012-2013
0-60
7.5
0.6

7.1

7.4

K+

Na +

Mg +2

Ca +2

K+

Na +

Mg +2

Ca +2

0.97

2. 2

2.8

2.0

0.42

2.43

0.8

4.8

SO4 -2

Cl-

HCO3 -

CO3 -2

SO4 -2

Cl-

HCO3 -

CO3 -2

4.77

1. 1

1.2

3.21

1.25

2.8

_

_

Preparation of TiO 2 Nanoparticles
Titanium nanoparticles (TiO2 ) were prepared by laser ablation of a titanium plate (99.9% purity)
in 10 ml deionized water . Q-switched Nd: YAG (Quantel) pulse laser generating 8 ns pulses at the
wavelength of 1064 nm with a repetition rate of 10 Hz and the focused energy density was 400 mJ
cm_2 , using a 100 mm focal length lens on the metal plate immersed in water according to (12) .
Characterization of TiO2 Nanoparticles
Physicochemical properties of TiO2 nanoparticles were characterized via TEM imaging Fig. (1).
The images of the synthesized TiO2 nanoparticles reveal a spherical shape and an average particle size
of 19.5 to 20 nm.
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Fig (1): TEM imaging of the prepared TiO2 nanoparticles revealed a spherical shape of the particles,
with an average size of 20 ±2.0 nm (inset shows electron diffraction pattern).
Chemical Analysis
Total soluble sugars were measured by using phenol-sulfuric acid assay (13). The absorption was
then determined by spectrophotometry at 490 nm.
Total soluble amino acids were measured by using the nine-hydride color metric method, as
described by Rosen (14) and modified by Seliem et al (15).
Total soluble phenols were determined by using Ciocaltue colorimetric methods and Folin by
spectrophotometry at 730 nm wavelength (16).
Total soluble indoles were described by Larsen et al (17) and modified by Seliem et al (15) .It was
estimated colormetrically at 350 nm.
N, P , K and crude protein contents were determined according to Jackson (10).
Chlorophyll a (Chla), Chlorophyll b (Chlb) and Carotenoids contents were determined
according to the method described by Wettstein (18).
The absorbance of extract was determined spectrophotometrically at wavelengths 660 nm, 640
nm and 440 nm for Chla, Chlb and Carotene respectively.
Statistical Analyses
All statistical analyses were carried out by SAS version 9 software for all data R- Squared
values (R2 ) are considered significant (p-values <0.05) for the analysis of variance test (ANOVA).
RESULTS AND DISCUSSION
Growth and Yield
Generally, all growth and yield characters such as plant height, number of branches and fruit
yield were increased as a result of foliar spray with TiO2 nanoparticles (Table 2 ). The highest values
of plant growth and yield were obtained from the concentration of 6 ppm TiO2 nanoparticles 105.2 ,
106.5 cm and 31.5 , 26.96 g for first and second season, respectively. These results are respectively in
a agreement with those obtained by Zygmunt (19) who found that TiO2 nanoparticles had significant
and consistent effect on the growth of apple and sour cherry.
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Raskar et al (20) showed that TiO2 nanoparticles at the concentrations ranging from 10 to 40 ppm
enhanced seed germination, promptness index, and seedling growth. Results indicated that lower
concentrations were not harmful to the seed germination and early seedlings growth. However,
concentrations that are higher than 50μg mL-1 could inhibit seed germination and seedling growth in
onion.
Moaveni et al (21) found that the most yields perceived in some quality like (weight of spicules,
number of spicules and grain per m2 ) resulted from TiO2 nanoparticles at 0.03% concentration on
Barley.
Table (2): Effect of different concentrations of TiO2 NPs foliar spray on growth and yield (g/pl.) of
coriander during 2012 and 2013.
Number of
Plant height (cm)
Fruit yield (g/pl.)
Treatment
branches(Branch/Plant)
2011/ 2012 2012/2013 2011/ 2012 2012/2013 2011/ 2012 2012/2013
Control
69.13
75.3
4.8
5.2
16.38
19.11
2 ppm
82.6
87.2
5.5
5.8
19.95
22.8
4 ppm
100.4
103.3
6.7
6.6
23.23
26.88
6 ppm
105.2
106.5
6.9
7.4
31.5
26.96
R2
0.94
0.95
0.94
0.99
0.94
0.90
Pigment Content
The contents of chlorophyll-a, chlorophyll-b and carotenoids were significantly increased with
foliar application on coriander (Table 3 ) with varying TiO2 nanoparticles concentrations (2, 4 and 6
mg/L).Giving highly significant results at 6mg/L which resulted in 2.812n,2.229,n1.270 mg/g for the
first season and 2.833, 2.25, 1.287 mg/g for the second season for chlorophyll-a, chlorophyll-b and
carotenoids contents , respectively as compared with the untreated plants.
These results agreed with Moaveni et al (21) who reported that, TiO2 nanoparticles could gain the
amount of pigments and ease photosynthesis matter transportation by recovery in chlorophyll structure
and light sorption. Nanoparticles were prolonged the photosynthesis mechanism by transforming light
energy to active electrons and chemical activity, in chloroplast. This procedure increases
photosynthesis efficiency, motivates Rubisco activase complex and gains carbon photosynthesis in
Barley.
Table (3): Effect of different concentrations of TiO2 nanoparticles on chl.a, chl.b and carotenoids of
coriander plants during 2012 and 2013.
Treatment
Control
2 ppm
4 ppm
6 ppm
R2

Chlorophyll a
Chlorophyll b
Carotenoids
2011/ 2012 2012/2013 2011/ 2012 2012/2013 2011/ 2012 2012/2013
2.690
2.750
2.040
2.137
0.952
1.023
2.714
2.758
2.080
2.156
0.973
1.084
2.768
2.798
2.147
2.185
1.131
1.186
2.812
2.833
2.229
2.25
1.270
1.287
0.97
0.94
0.97
0.92
0.92
0.98

Total Amino Acids and Total Sugars Content
The foliar application of coriander with TiO2 nanoparticles at 2, 4 and 6 mg/L had a
significantly increased with Total amino acids and total sugars content as compared with control ones
(Table 4 ).
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The highest values for total amino acids and total sugars were determined for the plants treated
with 6 mg/L 0.645, 1.254 and 0.734 1.206 as compared with 0.095 and 0.176 for amino acid 0.720 and
0.750 mg/g for sugars for control plants in the first and the second seasons respectively. These finding
agreed with those of Lopez et al (22) who found that Sprays containing Ca 2+, Mg2+ or Ti4+ on peach tree
in several combinations, and that containing titanium increased tree performance (branch elongation,
flowering and fruit set intensities) and fruit size, fruits from Ti-treated trees showed better behavior in
the Total amino acids and total sugars content. Titanium application significantly increased iron,
copper and zinc concentrations in the peel and calcium concentration in the peel and flesh.
Table (4): Effect of different concentrations of TiO2 nanoparticles on amino acids contents and
sugars contents of coriander plants during 2012 and 2013.
Treatment
Control
2 ppm
4 ppm
6 ppm
R2

Amino acid
2011/ 2012
2012/2013
0.095
0.176
0.252
0.274
0.370
0.446
0.645
0.734
0.96
0.94

2011/ 2012
0.720
0.916
1.156
1.254
0.97

Sugars
2012/2013
0.750
0.970
1.108
1.206
0.96

Total Phenols and Total Indoles
In case of total phenols, the highest values were 1.90 and 2.03 mg followed by 1.838 and 1.96
for 6 and 4 mg/L TiO2 nanoparticles as compared with 1.60 and 1.67 for control treatment , in the first
and the second seasons respectively (Table 5 ).
Concerning indoles content, similar trend had been obtained by getting the highest values 2.20
and 2.24 my followed by 2.10 and 2.15 mg for 6 and 4 mg/L TiO 2 nanoparticles as compared with
1.87 and 1.76 mg for control treatment in the first and the second seasons respectively ( Table 5 ).
Generally , the contents increased as the concentration of TiO2 nanoparticles has been raised.
These results are in accordance with that reported by Zheng et al (4) who found that nanosized TiO2
contributed to water absorption by spinach seeds and as result accelerated seed germination. An earlier
study of Feizi et al (23) showed the highest germination of wheat seed percentage (98%) in 2 mg L-1 of
nano sized TiO2 concentrations. The results of Mahmoodzadeh et al(24) found that Higher
concentrations of TiO2 (2000 ppm) improve the germination and root growth for Canola seeds.
Table (5): Effect of different concentrations of TiO2 nanoparticles on phenols and indoles of
coriander contents plants during 2012 and 2013.
Treatment
Control
2 ppm
4 ppm
6 ppm
R2

2011/ 2012
1.604
1.785
1.838
1.901
0.90

Phenols
2012/2013
1.668
1.867
1.96
2.03
0.93

2011/ 2012
1.870
2.033
2.104
2.2
0.96

Indoles
2012/2013
1.758
1.99
2.149
2.242
0.96

Nitrogen Content
Application of 4 mg/L of TiO2 nanoparticles on coriander exhibited the highest content of
nitrogen 2.5% and 2.75% for the first and the second seasons respectively as shown in (Table 6 ). The
control treatment resulted in the lowest nitrogen content 1.54% and 1.69% for the first and the second
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seasons respectively as compared to other treatments during both seasons. These findings are in
accordance with the observations of Yang et al (6).
Phosphorus Content
Data in (Table 6) showed that, the highest content of phosphorus 0.546 and 0.6006% for the the
first and the second seasons respectively, resulted from application of 6 mg/L of TiO2 nanoparticles.
While control treatment resulted in the lowest phosphorus content 0.414 and 0.455 % in the two
successive seasons, respectively, These results are in accordance with those reported by Bieleski et
al(25) who found that the titanium treated plants have higher concentrations of P, Fe, Cu, Mn, and Zn in
the leaves as compared to the control plants.
Potassium Content
The data in (Table 6) cleared that, among different exposure treatments on coriander, exhibited
the lowest content of potassium, 4.8, 5.28 % for control .However, exposure to 6 mg/L gave the
highest potassium content 6.7 and 7.37 % as compared to the other treatments for the first and the
second seasons respectively.
Protein
Data on protein content as shown in (Table 6 ) resulted in the highest content of protein 17.215
and 19.28 % for the first and the second seasons respectively, while revealed that application of 6
mg/L TiO2 nanoparticles on control plants had the lowest protein content 9.63 and 10.59% as
compared to the other treatments in the two successive seasons, respectively.
Table (6): The effect of different concentrations of TiO2 nanoparticles foliar spray on N, P, K (%) and
protein of coriander during 2012 and 2013.
N

P

K

Protein

treatment 2011/2012 2012/2013 2011/2012 2012/2013 2011/2012 2012/2013 2011/2012 2012/2013
Control

1.54

1.694

0.414

0.4554

4.8

5.28

9.63

10.593

2 ppm

2.1

2.31

0.468

0.4642

5.5

6.05

13.13

14.443

4 ppm

2.5

2.75

0.494

0.542

6.3

7.13

15.62

17.18

6 ppm

2.75

3.08

0.546

0.6006

6.7

7.37

17.21

19.28

R2

0.97

0.98

0.98

0.92

0.98

0.95

0.97

0.98

CONCLUSION
TiO2 nanoparticles had significant effects on the total chlorophyll-a, chlorophyll-b, carotenoids,
sugars, aminoacids, indoles, phenols, nitrogen, potassium, phosphorus, yield and plant growth
characteristics of coriander. The results of this work show strong evidence for the high efficiency of
this new nanofertilizer on plant growth enhancement. These powerful and inexpensive NPs could
replace traditional methods of plant growth enhancement. Further developments in nanotechnology in
this sector could have large-scale economic implications and multiple benefits for consumers,
producers, and farmers.
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