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Abstract

Introduction

Salinity stress leads to ion toxicity and osmotic stress. Salinity stress through the osmotic mechanism,
due to the reduction of the osmotic potential of the soil solution, causes disturbances in transpiration
and photosynthesis. The mechanism of action of ionic toxicity is also related to ion absorption and
changes in physiological processes caused by toxicity, deficiency or change in the balance of mineral
elements. In the last decade, the tendency to use metal nanoparticle compounds in agriculture and
horticultural sciences has become popular. Researchers believe that silver nanoparticles are absorbed
faster by plants due to their small size and high solubility, therefore, by using these materials, optimal
conditions for plant growth are created and stress conditions are prevented in the plant.

Materials and Methods

The experiment was conducted in the greenhouse of Horticultural Science Department, Faculty of
Agriculture located in Khorramabad city, Lorestan province in 2021. The experiment was conducted
as a factorial in the form of a completely randomized design with four replications. The first factor
was included salinity treatment at four levels (0, 25, 50 and 100 mM NacCl, respectively equivalent to
0.067, 2.450, 5.440 and 9.520 dS m™) and the second factor was foliar application of nanosilver at 4
levels (0, 10, 50 and 100 ppm). Salinity treatments were started gradually with the application of low
concentration of salt after establishing the plants in the pot. Nano silver foliar spraying was applied
weekly for 5 times until the flowering stage. Foliar spraying with silver nanoparticles was done in 3
stages of four leaves, full growth and flowering.
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Results and Discussion

In this study, application of nanosilver increased the quantitative and qualitative characteristics of
parsley, including the fresh weight of the flower (by 2.23%). Nanosilver in concentrations of 10 and
50 mg/liter increases the relative content of leaf water (7.70%), the content of total phenol (5.96%),
the content of total flavonoids (34.91%) and the amount of potassium in leaves (4.055 %) under
salinity stress conditions. Additionally, the lowest amount of sodium leaf (0.162 %), ion leakage
(25.44 %) and malondialdehyde (21.56 %) was observed in this treatment. Researchers believe that
silver nanoparticles are absorbed faster by plants due to their small size and high solubility, therefore,
by using these materials, optimal conditions for plant growth are created and any stressful conditions
are prevented in the plant. Silver nanoparticles with suitable size and remarkable chemical stability
remain in constant shape and size in solutions.

Conclusion

Based on the results observed in this study, the treatment of silver nanoparticles in concentrations of
10 and 50 ppm in the conditions of salinity stress, relative water content of leaves, potassium content
of leaves, fresh and dry weight of flowers and time of budding and flowering were increased, while
ion leakage, malondialdehyde, proline, total phenol and flavonoid content, and sodium content of
leaves were decreased. Therefore, it can be stated that the application of silver nanoparticles in the
form of foliar spraying at levels of 10 and 50 ppm can reduce the negative effects caused by salinity
stress and improve the ornamental characteristics of parsley in 25 and 50 mM of salinity stress.
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Table 1. Variance analysis of traits of T. patula in NaCl salinity and silver nanoparticles treatment.

Mean squares

SO.V. Df.  RWC Electrolyte vMpa lowl Total Proline
leakage phenol flavonoids
Salinity 3 1015.30" 1417.417 9.97" 9.64" 1.00" 27.617
Silver nano 3 17299 227.04™ 0.657"" 0.553™ 0.11" 11.83"
tble
ﬁ::]'g'ty Silver 9 1276™ 11.05™ 0196"  0.232" 0.046™ 1.16™
Error 48 4453 59.34 0.026 0.01 0.030 0.24
CV. - 8.83 16.55 8.35 3.21 0.45 4.32

*, ** and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.

Table 2. Variance analysis traits of T. patula in NaCl salinity and silver nanoparticles treatment.

Mean squares

SOV. Df. Na K Bu_ddlng FIO\_/ver|ng Flowe_r fresh Flow_er dry
time time weight weight
Salinity 3 1907 1368  390.60 408.18" 17.00" 0.561"
Silver nano 3 0063 0577 1627 1651 6.68" 0.016™
Salinity*Silver nano 9 0.015 0439 26.86 5.54 0.494" 0.001"™
Error 48  0.005 0.11 0.594 0.453 0.536 0.0011
CV. - 2.31 4.33 5.12 10.11 5/7 7.08
*, **and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.
(a) (b)
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Figure 1. Effect of salinity stress (a) and nanosilver application (b) on RWC of T. patula
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Table 3. Mean comparison for the effects of foliar application with nanosilver and salinity stress on
MDA, electrolyte leakage, total flavonoid content and proline of T. patula

Treatments Traits

Salinity Nanosilver MDA (ug g* Electrolyte Total phenol content Proline (umol g™

(mM) (ppm) F.W.) leakage (%) (mg GA/g F.W.) F.W.)

0 0.825% 40.64%" 0.895" 2.759

10 0.448° 38.21M 1.059" 1.67

0 50 05751 30.36" 1,259 2219

100 0.874° 39.53™ 1.229 2.43"

0 0.886°" 45.30% 1.91% 5.36™

10 0.925° 41.59% 1.627 3.97%

25 50 0.929° 38.09%" 1.88° 3.19"

100 1.009° 42.29% 1.99¢ 3.66%"

0 1.390¢ 50.89" 2.16™ 6.24%®

10 1.194% 48.50% 2.20 3.59™

50 50 1.062% 44.35% 2.16™ 3.87%

100 1.185% 49.09¢ 2.30° 3.56™

0 3.105° 64.71° 3.16° 6.75°

10 2.024° 55.94% 2.2 4.38%

100 50 2.110° 53.35™ 3.30° 4.88%

100 2.603° 61.67% 3.20° 5.75%

*Mean in each column and for each day with the same letter is not significantly different at 1% of probability level.
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Figure 2. Effect of salinity stress (a) and nanosilver application (b) on total flavonoid content of T. patula
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Table 4. Mean comparison for the effects of foliar application with nanosilver and salinity stress on
sodium, potassium, budding time and flowering time of T. patula.

Treatments Traits
Salinity Nanosilver Sodium Potassium Budding time Flowering time

(mM) (ppm) (%) (%) (Day) (Day)
0 0.195" 2.809 572 67°

0 10 0.177" 4.055° 56.5% 70°

50 0.162" 3.143® 55°¢ 69°

100 0.170" 2.857" 45.75" 65°

0 0.405™ 2.010 55°¢ 63

25 10 0.346%" 2.263% 48.5" 64°
50 0.399" 2.355™ 50f 62%

100 0.395" 2.259" 44" 2%

0 0.783% 1.995¢ 479" 61°f
50 10 0.568°" 1.715% 52.25¢ 59.5
50 0.613% 2.08% 53% 589"

100 0.811% 1.549% 45' 59¢

0 1.0932 0.990¢ 54 57'

100 10 0.836" 1.87% 54/5% 589"
50 0.922% 2.085% 44" 589"

100 1.002% 1.133% 43 57'

*Mean in each column and for each day with the same letter is not significantly different at 1% of probability level.
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Figure 3. Effect of salinity stress (a, ¢) and nanosilver application (b) on flower fresh and dry weights of T.
patula.
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