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Abstract: This study aimed to investigate the effect of nanoparticles and non-
nanoparticles of titanium dioxide on germination indices of Echinacea under
salinity stress. Experimental treatments included nano and bulk particles of
titanium dioxide at concentrations of 0, 10, 50, 100 and 150 mg/| and salinity
stress from NaCl at levels of 0, -3, -6 and -9 bar. The results showed that
Echinacea is sensitive to high salinity stress levels (-6 and -9 bar). The use of
nano and non-nano titanium dioxide treatment improved some traits under
severe salinity stress. The germination percentage did not occur at salinity lev-
els of -6 and -9 bar, but the addition of nano titanium dioxide with a concentra-
tion of 150 mg/l and 50 mg/l non-nano increased germination by 50.6%.
Application of nano titanium dioxide increased the seedling weight in control
by 1.28 mg to 4.26 mg in the treatment of 150 mg/l nanoparticles. The applica-
tion of nano and bulk titanium dioxide could significantly reduce the negative
effect of high salinity stress levels. This can be a valuable and hopeful solution
to solve the problem of salinity stress in Echinacea.

1. Introduction

Echinacea (Echinacea purpurea) is a perennial herbaceous plant of the
chicory family (Asteraceae) and is native to the rocky areas, highlands
and Atlantic plains of North America and Canada (Raman et al., 2004).
The most important medicinal property of this plant, a selected plant of
the World Health Organization, is to strengthen the immune system (Sun
et al., 1999). This plant contains valuable active ingredients such as
flavonoid compounds, alkaloids and chicoric acid (Sandra, 2004). The
most important substances in Echinacea are essential oils of borneol and
alpha-pinene (Faravani et al., 2016). In recent years, low rainfall and
uncontrolled withdrawal of groundwater resources in the country, fol-
lowed by an increase in groundwater salinity, has become a significant
problem for agriculture, which in addition to reducing fresh water
resources, has also increased soil salinity. Therefore, using new technolo-
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gies to eliminate and reduce the effects of salinity
stress on plants is inevitable. One of the advanced
technologies that can be used in this field is the use
of nanoparticles. Undoubtedly, by taking advantage
of nanotechnology as an emerging advanced technol-
ogy in the agricultural sector, desirable results can be
achieved, including ensuring food security and the
development of sustainable and environmentally
friendly agriculture in developing countries and
regions of the world (Kamali et al., 2018).

One of the most important nanoparticles that has
been widely used in various sciences is titanium diox-
ide nanoparticles. Titanium dioxide nanoparticles
appear to stimulate plant root and shoot growth by
stimulating plant metabolism and increasing cell divi-
sion. A study by Karami and Sepehri (2018) stated
that the application of titanium dioxide nanoparticles
improved the growth and photosynthetic perfor-
mance of barley under salinity stress. This improve-
ment was reported due to increased antioxidant
activity in the presence of nanoparticles. Navarro et
al. (2008) stated that nanoparticles might create new
larger pores in the seed coat that facilitate the entry
of water and oxygen and increase seed germination.
Faraji and Sepehri (2019) showed that the application
of titanium dioxide nanoparticles increased germina-
tion and morphological traits of wheat seedlings
under drought stress. Under moderate and severe
stress conditions, the application of titanium dioxide
and nitroprusside nanoparticles alone or in combina-
tion improved the average germination time of wheat
seeds by 56%. The positive effects of titanium dioxide
nanoparticles on increasing plant growth, antioxidant
enzyme activity, soluble sugars, amino acid and pro-
line content and reduction of H,0, and melonic dihy-
drogenase in beans under salinity stress have been
reported (Abdel Latef et al., 2018). Khan (2016)
reported a decrease in salinity stress in tomatoes by
foliar application of titanium dioxide nanoparticles at
a concentration of 20 ppm by improving agronomic
traits, leaf chlorophyll content, phenolic and antioxi-
dant capacity, antioxidant enzyme activity and fruit
yield. Titanium can act as a stimulant for the plant,
activating the immune system against stress. Feizi et
al. (2020) showed that application of 300 ppm of tita-
nium dioxide nanoparticles improved the mean ger-
mination time (MGT) and seed germination rate of
lentil by 39% and 62%, respectively. Nasir Khan (2016)
reported using 20 mg/lit nano-TiO, on tomato plant
improved activities of carbonic anhydrase, nitrate
reductase, SOD and POX and accumulation of proline
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and glycine betaine in salinity stress condition.

Gohari et al. (2020) showed that the application
of titanium dioxide nanoparticles offset the adverse
effects of salinity stress on agronomic traits of
Dracocephalum moldavica. Application of 100 mg/I
titanium dioxide nanoparticles under salinity stress of
50 and 100 mM sodium chloride increased the activi-
ty of antioxidant enzymes and decreased H,0, con-
centration. The results of a study on the effect of
osmotic and salinity stress on germination and
seedling growth indices of Echinacea purpurea and
Cynara scoolymus showed that Echinacea is sensitive
to low and medium levels of salinity stress (Amiri et
al., 2010). Also, with increasing the intensity of
osmotic stress, the root length of Echinacea and
shoot length of both plants decreased until it
reached zero at the levels of -10 and -14 bar for
Echinacea and Artichoke, respectively (Amiri et al.,
2010). In a study on the effect of different osmotic
potentials of sodium chloride and calcium chloride
salts on the germination characteristics of Echinacea
seeds, it was observed that with increasing salt con-
centration, all germination traits significantly (p<5%)
are reduced, so that in the potential of -9 bar, the
percentage and rate of germination decreased by
50% and seed vigor by 83% (Ebrahimi Anjeshshi et
al., 2011). Lyu et al. (2017) stated that seeds soaked
in titanium dioxide nanoparticles showed a higher
germination rate, more root growth and improved
seedling growth. Nanoparticles can enter the seed
coat and increase the entry of water and nutrients
and improve seed growth. But their toxic effects also
occur in seeds. Younes et al. (2020) reported that the
application of 100 ppm of TiO, and ZnO nanoparticles
on three species of the Solanaceae family significant-
ly improved their germination traits and reduced
their average germination time. Kamali et al. (2018)
showed that at 75 mM salinity, foliar application of
titanium dioxide nanoparticles in 15 ppm treatment
increased the number of flowers in Petunia hybrida
plant from 5.6 to 9.3. Also, the highest shoot fresh
weight was observed in the treatment of 15, 20 and
40 ppm foliar application of titanium dioxide
nanoparticles.

According to research, it seems that the use of
nanotechnology can reduce the adverse effects of
salinity stress on seeds and plant growth. Therefore,
the present study was conducted to investigate the
effect of titanium dioxide nano and bulk particles on
seed germination and seedling growth of Echinacea
in modulating salinity stress conditions.
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2. Materials and Methods

In order to investigate the effect of nanoparticles
and non-nanoparticles of titanium dioxide on germi-
nation indices of Echinacea under experimental salin-
ity stress, an experimental study was performed in
the Laboratory of Medicinal Plants of the University
of Torbat Heydarieh, Iran. To perform the study, 100
grams of Echinacea seeds were purchased from the
Agricultural and Natural Resources Research Center
of Isfahan Province. The seeds were carefully
threshed and 2700 seeds were isolated for testing.
This experiment was conducted as a factorial layout
based on a completely randomized design with four
replicates.

Each of the experimental steps has 36 integrated
treatments, including nine levels of zero (control)
titanium dioxide concentration, 10, 50, 100 and 150
mg/| of nanoparticles and 10, 50, 100 and 150 mg/I
of bulk particles and four levels of salinity stress were
zero (control), -3, -6 and -9 bar in three replications.
In these experiments, sterile Petri dishes and filter
paper with a diameter of nine cm were used as the
culture medium (Top paper culture method or TP).

Exert treatment

The filter papers were wrapped in aluminum foil
for each stage of culture and disinfected in an auto-
clave at 120°C for 20 minutes. Seeds were disinfected
using 10-14% sodium hypochlorite for 30 seconds
and then washed thoroughly with distilled water
three times each time for three minutes until the dis-
infectant was completely removed from the seed sur-
face. The work surface and all utensils and utensils
used were disinfected using 70% ethanol.

In each Petri dish, 25 disinfected seeds were
placed at a suitable distance from the bed of filter
paper. Then 5 ml of the prepared solutions were
added and the lid of the Petri dishes was closed using
para film to prevent evaporation of the material and
the solution was not added until the end of the test
period. Petri dishes were placed in a germinator with
a temperature of 25°C and a humidity of 60% at 16/8
hours length in day/night.

Preparing saline and TiO, solution

To prepare the final solution of the treatments,
each level of titanium dioxide factor must be mixed
separately with each of the salinity stress levels in a
ratio of 1:1 to obtain a homogeneous solution and
then applied to the seeds. For this purpose, titanium
dioxide levels, as well as salinity stress, should be
prepared in double concentration to achieve the

desired concentration after mixing them; Therefore,
to prepare 100 ml of each of the concentrations of
20, 100, 200 and 300 mg/| of nanoparticles and non-
nano titanium dioxide, the amounts of 5, 25, 50 and
75 ml of stock solution, respectively. It was poured
separately and each of them was brought to a vol-
ume of 100 ml with the help of distilled water. To
prepare different concentrations of salinity, NaCl salt
made in Germany (Merck) was used based on
Richards method (Richards, 1954). Different salinity
levels were prepared with double concentration.
Then, 10 ml of titanium dioxide solution was mixed
with 10 ml of saline solution at the desired stress
level in a Beaker and homogenized.

Nanosized TiO, powder was AEROXIDE® TiO, P25,
supplied by Degussa GmbH Company. Specific sur-
face area of nanosized TiO2 was 50 m? g, average
primary particle size was 21 nm and purity was
>99.5%. The size of TiO, nanoparticles (Fig. 1) and
bulk particles (Fig. 2) were determined. In order to
gain accurately dispersed and stable TiO, suspensions
of each concentration, an ultra-sonication treatment
was applied to bulk and nanoparticles TiO, powders
dispersed in water for 15 minutes.

2nm

Fig. 1- Images of nanosized TiO, by Scanning Tunneling
Microscope (STM).

Fig.2- Image of bulk TiO, particles by Scanning Electron
Microscope (SEM).
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Measurement methods

Daily counting started from the day after planting
at a specific time and continued until the 21st day
(ISTA, 2009). Seeds with a root length of more than
two millimeters were counted as germinated seeds
(ISTA, 2009). At the end of the day, 10 seedlings were
randomly selected from each experimental unit and
the length of roots, stems and seedlings were mea-
sured and recorded using millimeter paper. The
stems and roots were separated and each was taken
in separate paper bags in an oven at 70°C for 24
hours and then weighed with a digital scale to the
accuracy 0.0001 g. To determine the germination
rate of Maguire formula (Maguire, 1982), the mean
germination time (MGT) (Matthews and Khajeh-
Hosseini, 2007) and the mean daily germination
(MDG) (Azimi et al., 2013) from the following equa-
tions used:

Germination rate (GR) = (a/1) + (b-a)/2 + (c-b)/3 +.... [n- (n-1)]/n (1)

Where GR indicates the germination rate in terms of
germinated seeds per day, a, b, c ... n indicates the
number of germinated seeds after N ... 3, 2, 1 day
after dewatering.

MGT = [3(F-X)I/(3 F) (2)

MDG = Germination% / total experiment days (3)

In Equation (2), MGT: mean germination time (days),
F: the number of new germinated seeds per day of
count X and X days of counting. Equation (4) and (5)
were used to calculate the seed vigor index (Vashith
and Nagarajan, 2010):

Vigor index | = germination % x seedling length in cm (shoot + seminal
root) (4)

Vigor index Il = germination % x seedling dry mass in mg (shoot + semi-
nal root) (5)

Data related to excel software were sorted and

processed and then statistical analysis of the data
was performed by SAS JMP software and compar-
isons of means were performed by Tukey test at 5%
probability level.

3. Results and Discussion

The results of data analysis of variance are report-
ed in Table 1. Application of titanium dioxide treat-
ment had a significant effect on all studied traits
except seed vigor index | and shoot length. The effect
of salinity stress was significant on all traits except
shoot, root and seedling weight. The results also
showed that all traits except shoot and seedling
weight, seed vigor index | were significantly affected
by the interaction of titanium dioxide and salinity
stress.

Effect of titanium dioxide on germination indices of
Echinacea under salinity stress

As shown in Table 2, the application of titanium
dioxide treatment improved the germination per-
centage and rate and mean daily germination com-
pared to the control. Application of titanium dioxide
nanoparticle increased the seedling weight from the
control with a value of 1.28 mg to 4.26 mg in the
treatment of 150 ppm nanoparticles. The application
of titanium dioxide had no effect on the shoot weight
of Echinacea. The results of this test are the same as
the experimental results performed by Tokalloo et al.
(2013) on barley and Feizi et al. (2013) on sage. All
experimental treatments significantly positively
affected shoot length, seedling weight, and root
weight compared to the control. The lowest root
length was related to the control and the concentra-
tion of 150 mg/l of non-nanoparticles had the best
performance, so that it increased the length of root,
stem and seedling about three times compared to
the control.

Table 1 - Analysis of variation of nano and bulk titanium dioxide particles on germination and seedling traits of Echinacea

Source of S'eed S.EEd Seedling Root Shoot  Seedling Root Shoot Me'an Mgan. Germination I

L df vigor vigor X . X daily germination Germination
variation length length length weight weight weight I . rate

Il | germination time

Tio, 8 117638 ** 25137.69Ns 158.72 ** 50.52 ** 58.85** 6.99Nns  0.72**  5.53Ns 1.77 ** 21.47 ** 1.32%* 781.92 **
Salinity 3 4829442 ** 84607.21 ** 829.73 ** 508.05** 94.85** 574ns  0.52ns  8.74Ns 17.50 ** 20.06 ** 48.48 ** 7542.51 **
TiO2x Salinity 24 434076 ** 26985.32ns  43.58 ** 3576 ** 13.92** 563ns  0.44**  434ns 1.31 ** 11.50 ** 0.84 ** 587.40 **
Error 72 36544 24260.7 8.85 6.47 2.82 4.35 0.23 4.13 0.27 0.85 0.21 121.93
Total 107

Ns, *, and **: No significant, significant at 5 and 1% probability, respectively.
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Table 2 - Effect of titanium dioxide particles on germination traits of Echinacea under salinity stress

Tio, Vigor Vigor Seedling Root Shoot Seedling Root Shoot '\él:if; Germination Germinat-
concentration  index index length length length weight weight weight S rate ion
me/! I ! (mm)  (mm)(mm) (mg) e (mg) ST (eed/day  (4)

0 601.46ab 107.05 a 7.16 ¢ 3.19¢ 3.97b 1.28b 0.16 b 1.12a 2.03b 1.75b 42.66 b
N10 826.53a 181.13a 16.79ab 6.83 ab 9.95a 2.82ab 0.84a 1.98a 3.19a 2443 67.00 a
N50 648.57ab  171.00 a 15.50 b 5.24 bc 10.25a 2.97 ab 0.89a 2.08a 2.79a 2.59a 58.33a
N100 574.85b 161.40a 14.00b 4.09 bc 9.89a 2.60 ab 0.44 ab 2.15a 293a 2.75a 61.66 a
N150 605.16 ab 282.37a  15.05b 5.29 bc 991a 4.26a 0.49 ab 3.76a 296 a 2.56a 62.00 a
B10 811.69ab 19543a 16.97ab 6.67 b 10.31a 2.95ab 0.80a 2.15a 3.19a 2.75a 64.33a
B50 762.01ab 167.62a 17.82ab  5.97bc 1193 a 2.57 ab 0.40 ab 2.17a 3.11a 2.60a 65.33a
B100 769.84ab 181.81a 14.17b 3.89 bc 10.27 a 2.56 ab 0.43 ab 2.13a 333a 2.81a 70.00 a
B150 768.81ab 168.33a  20.32a 10.04 a 10.27 a 2.54 ab 0.42 ab 212a 3.20a 2.82a 67.33a

Means, in each column, followed by same letter are not significantly different at the 5% probability level, using Tukey Test. n=nano,

b=bulk

The effect of salinity stress on germination indices of
Echinacea

The results reported in Table 3 show that
Echinacea had the highest germination percentage at
the level of zero and salinity stress -3 bar, but with
increasing salinity stress, the germination percentage
decreased significantly. At the stress level of -9 bar, it
decreased by 37.5% compared to the control. The
highest germination percentage was related to the
control treatment and decreased significantly with
increasing salinity stress levels, so that it decreased
by 2.5 times compared to the control at -9 bar.

Miri and Mirjalili (2013) stated that one of the
ways to priming seed is to use NaCl salt solution with
salinity 1 dS m, which in saline areas improves
seedling growth rate by up to 20%. They stated that
at 1 dS m? salinity the germination rate of Echinacea
is 57.7% but with increasing the amount of NaCl to 6
dS m™ salinity the germination rate decreases to
about 9.8%.

The highest germination rate was observed in the
control treatment and with increasing the intensity

of salinity stress, the germination rate decreased sig-
nificantly. Seeds that are exposed to salinity stress
face water shortage, resulting in a decrease in germi-
nation rate and percentage under the influence of
salinity (Kafi et al., 2005). Seed and impaired storage
protein synthesis reduce seed germination (Vigot,
2009). In addition, the toxicity of sodium and chlo-
rine ions in salinity stress play an important role in
reducing seed germination (Hanslin and Eggen,
2005). In a study on the effect of different osmotic
potentials of sodium chloride and calcium chloride
salts on the germination characteristics of Echinacea
seeds, it was observed that with increasing salt con-
centration, all germination traits significantly (p< 5%)
are reduced, so that in the potential of -9 bar, the
percentage and rate of germination decreased by
50% and seed vigor by 83% (Ebrahimi Anjeshshi et
al., 2011). The inhibitory effects of sodium chloride
on seed germination may be due to its direct effect
on embryo growth. The researchers found that fetal
axis elongation was severely inhibited by high levels
of sodium chloride in the irrigation solution. On the

Table 3 - Effect of salinity stress on germination traits of Echinacea

L Vigor Vigor Seedling Root Shoot Seedling Root Shoot Mean daily Germination -
Salinity . R L Germination
(bar) index index length length length length length length  germination rate (%)
Il | (mm) (mm) (mm) (mg) (mg) (mg) (seed) (seed/day)
0 335.32¢c  198.97 ab 21.76a 11.71a 10.05 b 2.53a 0.71a 1.81a 3.76 a 431a 78.37 a
3 1288.88a 245.66a 18.04 b 6.01b 12.06 a 342a 0.39a 3.03a 343a 2.80 b 72.14 a
6 741.65b  159.21ab 11.41c 2.68c¢c 8.73 ¢ 249 a 0.49a 1.99a 2.70b 197¢c 56.74b
9 464.78 ¢ 114.43 b 10.02 ¢ 2.36¢C 7.72c 247 a 0.57a 1.90a 1.95¢ 1.17d 41.03c

Means, in each column, followed by same letter are not significantly different at the 5 % probability level- using Tukey Test. n=nano,
b=bulk.
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other hand, sodium chloride, due to inhibition of
water uptake by seeds, slows down vital activities in
the seed and increases rooting time (Mohammadi et
al., 2011).

The mean daily germination trait had the best
performance at zero and -3 bar the salinity stress
level, but decreased significantly with increasing the
stress level and reached the lowest level at -9 bar. No
significant difference was observed between stem
levels in shoot weight, root weight and seedling
weight. However, numerically, yield in shoot weight
and seedling weight at the level of 3-bar stress
showed a slight increase compared to the control,
which decreased with increasing stress intensity. The
highest shoot length was observed at the level of -3
bar salinity stress, which was higher than the control.
The root length in control had the highest value and
decreased sharply with increasing the stress level, so
that the root length at the level of -9 bar drought
load was reduced about 10 times compared to the
control. Seedling length was highest at zero stress
level, but with increased stress level to -9 bar,
seedling length was reduced by half. The results of
research on sage showed a decrease in root and stem
length with increasing osmotic stress (Stephanie et
al., 2005). The results of studies on sage and ten
species of medicinal plants showed the negative
effect of salinity stress on plant length (Fallahi et al.,
20009).

The best seed vigor index | was seen at the stress
level of -3 bar, which was not significantly different
from the control level and -6 bar. But compared to
the -9 bar stress level, it was about 2 times higher.
Seed vigor index Il had the best performance at -3
bar stress and a significant decrease was seen at -6
bar level. Seed vigor index Il in control and -9 bar
stress had the lowest value (Table 3).

Interaction of titanium dioxide and salinity stress on
germination indices of Echinacea

As can be seen from the results reported in Table
4, the use of titanium dioxide treatment increased
the germination percentage at high salinity stress
condition. In the absence of nano titanium dioxide at
-6 and -9 bar level salinity stress, no germination
occurred at all, but with the application of titanium
dioxide, the germination percentage increased signif-
icantly in the mentioned stress intensities. So that in
the control treatment with salinity stress -9 bar ger-
mination was zero; however, in the treatments of 50
mg/| non-nanoparticles and 150 mg/l nanoparticles
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at the same stress level, germination was observed
50.66%.

Contrary to the results of the present experiment,
Zheng et al. (2005) reported that titanium dioxide
nanoparticles absorb more water in spinach seeds,
thus accelerating seed germination. Khot et al. (2012)
pointed out that the main reason for the increase in
plant growth rate in response to titanium dioxide
nanoparticles is the production of sterile radiation
oxygen, which increases seed resistance to stress and
improves water and oxygen penetration in accelerat-
ing germination.

In terms of germination rate, the application of
titanium dioxide increased the germination rate at
high levels of salinity stress compared to the control
and the treatment of 10 mg/l of non-nanoparticles
maintained the germination rate during increasing
salinity stress. However, under non-stress conditions,
the concentration of 150 mg/| of non-nanoparticles
had a higher performance than all experimental
treatments.

The mean germination time in Echinacea seeds
decreased with increasing salinity stress level. Due to
this, a limited number of seeds germinated at high
salinity stress levels in the first days of the experiment
and during the counting days, due to severe salinity,
the germination process stopped; however, at low
stress levels, the germination process continued until
the last days of counting, which increased the mean
germination time at low salinity stress levels.

The application of titanium dioxide caused the
mean daily germination during the increasing process
of salinity stress to be higher than the control. In gen-
eral, increasing the salinity stress level from zero to -
9 bar reduced the mean daily germination; however,
among the experimental treatments, 150 mg/|
nanoparticles and 50 mg/l non-nanoparticles were
able to better inhibit the decrease in germination
mean due to increased salinity stress.

According to the results reported in Table 5, the
best treatment for stem weight was 150 mg/I|
nanoparticles at a stress level of -3 bar. No significant
difference was observed between other experimen-
tal treatments; However, treatments of 100 mg/|
nanoparticles and 150 mg/| of non-nanoparticles had
6 times higher shoot weight at the stress level.
Application of titanium dioxide treatment increased
root weight compared to control at high stress levels.
There was no significant difference in non-nano and
control treatments at different levels of salinity stress
in seedling weight.
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Table 4 - Interaction effect of titanium dioxide particles and salinity on germination traits of Echinacea

. . Mean dail Mean germination Germination rate Germination
Tio, (mg/1) Salinity (bar) germination (syeed) tirﬁe (day) (seed/day) (%)
0 0 4.06 ab 6.46 c-g 4.31 abc 85.33 ab
-3 3.87 a-d 9.04 abc 2.57 d-i 81.33 a-d
-6 0.19fg 0.42h 0.11 jk 4.00 fg
-9 g0 ho kO g0
10n 0 3.55a-e 7.28 a-g 3.04 c-g 74.66 a-e
-3 3.49 a-e 7.36 a-g 2.92 c-h 73.33 a-e
-6 3.36 a-e 8.95 a-d 2.39f-i 70.66 a-e
-9 2.34 b-e 9.48 ab 1.41 h-k 49.33 b-e
50n 0 3.87 a-d 5.39fg 4.57 ab 80 a-d
-3 2.98 a-e 7.06 b-g 2.54 e-i 62.66 a-e
-6 241 a-e 6.99 b-g 2.26 f-i 50.66 a-e
-9 1.90 ef 8.90 a-d 1.23jk 40.00 ef
100n 0 412 a 6.43 c-g 492 a 86.66 a
-3 3.49 a-e 6.42 c-g 3.19 b-f 73.33 a-e
-6 2.22 de 8.43 a-e 1.63 g-j 46.66 de
-9 1.90 ef 8.39 a-f 1.26ijk 40.00 ef
150n 0 3.36 a-e 484 ¢ 4.09 a-d 69.33 a-e
-3 3.11 a-e 7.34 a-g 2.58 d-i 65.33 a-e
-6 2.98 a-e 7.58 a-g 2.26 f-i 62.66 a-e
-9 2.41 a-e 10.18 a 1.31ijk 50.66 a-e
B10 0 3.49 a-e 5.72 efg 4.33 abc 70.66 a-e
-3 3.55a-e 6.98 b-g 3.02c-g 74.66 a-e
-6 3.17 a-e 8.63 a-e 2.32 14 66.66 a-e
-9 2.15de 9.08 abc 1.31ijk 45.33 d-e
B50 0 3.80 a-d 7.13 b-g 4.56 ab 80.00 a-d
-3 2.85 a-e 8.53 a-e 2.045 f-i 60.00 a-e
-6 3.36 a-e 8.60 a-e 2.36 f-i 70.66 a-e
-9 241 a-e 9.40 abc 1.41 h-k 50.66 a-e
100b 0 3.42 a-e 5.96 d-g 3.93 a-e 72.00 a-e
-3 4.00 abc 7.37 a-g 3.36 b-f 84.00 abc
-6 3.61 a-e 8.20 a-f 2.66 d-i 76.00 a-e
-9 2.28 cde 10.18 a 1.30ijk 48.00 cde
150b 0 412 a 6.67 b-g 5.03a 86.66 a
-3 3.55a-e 7.37 a-g 2.95cg 74.66 a-e
-6 2.98 a-e 9.10 abc 1.99 f-i 62.66 de
-9 2.15de 9.06 abc 1.321jk 45.33 de

Means, in each column, followed by same letter are not significantly different at the 5 % probability level, using Tukey Test. n=nano,

b=bulk

Feizi et al. (2012) stated that titanium dioxide
treatment had no significant effect on shoot dry
weight, seedling, vigor index | and Il of wheat;
However, the application of titanium dioxide at all
levels caused a significant increase in root dry weight
and the highest root dry weight was observed in the
treatments of 2 and 500 mg/l non-nanoparticles and
100 mg/I nanoparticles.

There was a significant difference between con-
trol treatment and different concentrations of titani-
um dioxide in shoot length, especially at high salinity
stress levels. In general, in all treatments, -3 bar level

salinity stress increased stem length.

Studies on seedling length also showed that the
application of titanium dioxide had a significant posi-
tive effect on non-use at high stress levels and in
most experimental treatments at the level of -3 bar
the salinity stress compared to the non-stress state,
seedling length increased shows. Treatment of 150
mg/| non-nanoparticles in the process of increasing
salinity stress from zero to -9 bar was able to main-
tain the root length to a higher value. The results of
Paravar and Omidi (2014) and Motevasel et al. (2014)
showed that with increasing salinity stress, seedling
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Table 5 - Interaction effect of titanium dioxide particles and salinity on seedling traits of Echinacea

. Salinity Vigor Vigor Shoot Root Seedling See(l:lling Rgot ShF)ot
Tio, (mg/l) . . length length length weight weight weight
(bar) index Il index |
(mm) (mm) (mm) (mg) (mg) (mg)
0 0 1622.13 ab 215.28 ab 19.03 b-g 10.03 b-e 9.00 b-g 2.52b 0.45 ab 2.07b
-3 783.73 d-i 21292 ab 9.63 ghi 2.73d-g 6.90 fg 2.61b 0.20 ab 2.41 ab
-6 kO b0 i0 g0 ho b0 0.00 b b0
-9 kO b0 i0 g0 ho b0 0.00 b b0
10n 0 149.85 jk 174.94 ab 19.70 b-f 11.70b 8.00 c-g 2.30b 0.81ab 1.49b
-3 1663.06 a 188.41 ab 22.70 bed 9.30 b-f 13.40 abc 2.56b ab0.41 2.15b
-6 923.46 c-h 166.25 b 13.13 d-h 4.16 b-g 8.96 b-g 2.34b ab0.38 1.95b
-9 569.73 f-k 194.92 ab 11.64 fgh 2.18 efg 9.45 b-g 3.08 ab 0.75 ab 2.33b
50n 0 135.36 jk 197.22 ab 16.93 b-h 7.23 b-g 9.70 a-g 2.46 b 0.85 ab 1.61b
-3 1414.00 abc 183.61 ab 22.76 bed 7.80 b-g 14.96 a 2.91ab 0.38 ab 2.53 ab
-6 597.13 f-k 157.61b 11.75 fgh 2.90d-g 8.85 b-g 3.06 ab 0.88 ab 2.18b
-9 447.80 g-k 145.54 b 10.55 fgh 3.03c-g 7.51 efg 2.45 ab 0.45 ab 2.00b
100n 0 169.84 ijk 219.93 ab 19.60 b-f 7.03 b-g 12.56 a-e 2.54b 0.65 ab 1.88b
-3 1243.73 a-e 195.29 ab 17.00 b-h 4.23 b-g 12.76 a-e 2.67b 0.30ab 2.36 ab
-6 437.20 g-k 133.38b 8.10 hi 1.33fg 6.73 g 2.77b 0.33 ab 2.44 ab
-9 448.64 g-k 97.02b 11.31 fgh 3.78 b-g 7.52 efg 2.42b 0.50 ab 1.92b
150n 0 160.93 ijk 173.66 ab 23.16 bc 11.23 bc 11.93 a-g 2.48b 0.71ab 1.77b
-3 944.00 c-h 681.26 a 14.43 c-h 4.86 b-g 9.56 a-g 9.71a 0.70 ab 9.01a
-6 840.40 c-h 154.45b 13.36 d-h 2.86 d-g 10.50 a-g 2.44b 0.25 ab 2.19b
-9 475.33 g-k 120.09 b 9.26 hi 2.20 efg 7.66 d-g 2.40b 0.32ab 2.08 b
B10 0 139.44 jk 188.77 ab 19.63 b-f 10.86 bcd 8.77 b-g 2.67b 0.83 ab 1.84b
-3 1632.40 a 202.61 ab 21.86 b-e 9.13 b-f 12.73 a-e 2.70b 0.48 ab 2.22b
-6 896.00 c-h 282.26 ab 13.60 c-h 4.60 b-g 9.04 b-g 3.04 ab 0.78ab 2.25b
-9 579.04 f-k 108.09 b 12.81 e-h 2.10 efg 10.70 a-g 2.41b 0.12b 2.28b
B50 0 200.85 ijk 213.36 ab 24.83 b 10.80 bcd 14.03 ab 2.66b 0.66 ab 1.99b
-3 1166.80 a-f 155.04 b 19.33 e-g 6.83 b-g 12.83 a-e 2.68b 0.37 ab 2.31b
-6 1044.00 a-g 173.58 ab 14.93 c-h 2.80d-g 12.13 a-g 2.49b 0.21ab 2.27b
-9 636.40 e-j 128.49b 12.20 e-h 3.46 b-g 8.73 b-g 2.46 b 0.35ab 2.11b
100b 0 114.96 jk 198.16 ab 15.93 b-h 7.80 b-g 8.13 c-g 2.74 b 0.78 ab 1.96b
-3 1451.60 abc 215.37 ab 17.30 b-h 4.20 b-g 13.10 ad 2.56b 0.34 ab 2.22b
-6 1003.06 b-g 199.90 ab 12.96 e-h 2.13 efg 10.83 a-g 2.61b 0.30ab 2.31b
-9 509.74 g-k 113.80b 10.50 fgh 1.43fg 9.03 b-g 2.34b 0.29 ab 2.04b
150b 0 324.68 h-k 209.42 ab 37.06 a 28.70 a 8.36c-g 2.41b 0.70 ab 1.71b
-3 1300.66 a-d 176.44 ab 17.33 b-h 5.03 b-g 12.30 a-f 2.38b 0.30ab 2.07b
-6 933.60 c-h 165.46 ab 14.90 c-h 3.33c¢c-g 11.56 a-g 2.66b 0.29 ab 2.37 ab
-9 516.30 g-k 122.01b 11.98 fgh 3.10cg 8.87 b-g 2.71b 0.38 ab 2.32b

Means, in each column, followed by same letter are not significantly different at the 5 % probability level- using Tukey Test. n=nano,

b=bulk

length, root length and seedling dry weight
decreased.

In Seed Vigor Index Il, all treatments containing
titanium dioxide, salinity stress -3 bar made a signifi-
cant positive difference compared to the control, but
in the conditions without stress, the control had bet-
ter performance. At high salinity stress levels, the
application of titanium dioxide significantly increased
the seed vigor index Il compared to the time of non-
use.
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4. Conclusions

Investigation of the main effect of titanium diox-
ide treatment in testing the effect of nano and non-
nano titanium dioxide on germination of Echinacea
under salinity stress showed that the use of this
treatment in all concentrations, measured indices
(except increased seed vigor indices) increased com-
pared to the control treatment. Echinacea tolerated
salinity stress up to -3 bar in germination percentage,
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mean germination time, shoot length, seed germina-
tion index | and Il, and sometimes even at -3 bar
stress observed better yield than the control. But ger-
mination rate, root and seedling length were strongly
affected by salinity stress. The interaction of titanium
dioxide and salinity stress treatments showed that
although in the increasing trend of salinity stress
intensity all studied traits were significantly reduced
compared to non-stress conditions, but the applica-
tion of titanium dioxide treatment in nano and non-
nano state in -6 and -9 bar salinity improved signifi-
cant yield of Echinacea seeds and seedlings in all
traits compared to the control. Therefore, the posi-
tive effects of using titanium dioxide in mitigating the
negative effects of salinity stress on the seeds and
seedlings of Echinacea can be a useful and promising
solution to solve this problem. Further research is
needed to determine the physiological and molecular
effects of this substance on the metabolism of plant
resistance to salinity stress.
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