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Figure 1- Mean Comparison of height (a) and stem diameter (b) of Tagetes patula L. plants under NaCl

salinity and silver nanoparticles spraying (Non-identical letters indicate a significant difference at 5%
level using DMRT test, The lines on the columns of the graphs show the standard deviations).
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Table 1- Variance analysis of growth and morphological traits of Tagetes patula L. under NaCl salinity and silver nanoparticles treatment.

i e 3131 a5 Sl plis| Bl b ol L sl aiyy Jsb 58 sl JS L
S.0.V. Df. Stem height Stem diameter Number of side branches Root length Number of flowers Flower diameter
S 3 129.66™ 1.077™ 17.416™ 77.61™ 68.333™ 3.811™
Salinity
aJ&};L' Kk Fk Kk Kk Kk Kk
3 84.712 0.918 8.791 165.29 19.667 1.732
Silver nano
o, Uk be
SRS 9 3.174" 0.185" 0.430" 11.87° 2.556" 0.047"
Salinity*Silver nano
o
48 1.076 0.047 0.239 7.931 1.167 0.121
Error
G S
T - 7.22 6.71 9.31 5.78 15.17 7.43
Cv.

Slagme BN 555 T/ 50 /00 Jlez s 53l e B 5 g s NS e
*, **and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.
o o3 gL g NaCl (g 9 Hlasd )3 (5 anr 5850500 Slae Guilisly 4558 =Y Jgur

Table 2- Variance analysis of physiological traits of Tagetes patula L. under NaCl salinity and silver nanopatrticles treatment.

Oyt mle @33l 4 5 505 JS e 055 5 s s b s Sl P JS Jes s
S.0.V. Df. Fresh weight of flower  Dry weight of flower ~ Flower =~ Blossom emergence RWC EL Total chlorophyll
S0 3 17.00™ 0.561™ 77.18™ 390.60™ 1015.30™ 1417.41™ 415.36™
Salinity
a)i}};l.: Kk ns *k Kk * *k Kk

3 6.68 0.016 2.80 16.27 172.99 227.04 14.66

Silver nano

0,2 Uk be

e 9 0.494" 0.001" 457" 26.86™ 12.76™  11.05™ 8.62"

Salinity*Silver nano

(Error) Ua 48 0.536 0.0011 0.307 0.594 44.53 59.34 3.94

CV) ©lpis s 2 - 5.7 7.08 7.66 5.12 8.83 16.55 11.01

Sl g GV 555 g /0N 5 0/00 Jk:;—lcla..q):)b&u;b‘u.s\ 359 NS 5 sk

*,** and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.
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Figure 2- Mean comparison of lateral branches number of Tagetes patula L. plants under NaCl salinity and
silver nanoparticles spraying (Non-identical letters indicate a significant difference at 5% level using DMRT
test, The lines on the columns of the graphs show the standard deviations).
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Figure 3- Mean comparison of number (a) and diameter of flower (b) of Tagetes patula L. plants under NacCl

salinity and silver nanoparticles spraying (Non-identical letters indicate a significant difference at 5% level
using DMRT test, The lines on the columns of the graphs show the standard deviations).
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Figure 4- Mean comparison of root length of Tagetes patula L. plants under NaCl salinity and silver

nanoparticles spraying (Non-identical letters indicate a significant difference at 5% level using DMRT test,
The lines on the columns of the graphs show the standard deviations).
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Figure 5- Mean comparison of fresh (a, b) and dry (c) weight of flower (b) of Tagetes patula L. plants under
NaCl salinity and silver nanoparticles spraying (Non-identical letters indicate a significant difference at 5%
level using DMRT test, The lines on the columns of the graphs show the standard deviations).
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Figure 6- Mean comparison of flower vase life of flower (b) of Tagetes patula L. plants under NaCl salinity
and silver nanopatrticles spraying (Non-identical letters indicate a significant difference at 5% level using
DMRT test, The lines on the columns of the graphs show the standard deviations).
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Figure 7- Mean comparison of bud emergence of flower (b) of Tagetes patula L. plants in NaCl salinity and
silver nanoparticles spraying (Non-identical letters indicate a significant difference at 5% level using DMRT
test, The lines on the columns of the graphs show the standard deviations).
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Figure 8- Mean comparison of RWC of Tagetes patula L. plants under NaCl salinity and silver nanoparticles

spraying (Non-identical letters indicate a significant difference at 5% level using DMRT test, The lines on the
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Figure 9- Mean comparison of ion leakage of Tagetes patula L. plants under NaCl salinity and silver

nanoparticles spraying (Non-identical letters indicate a significant difference at 5% level using DMRT test,
The lines on the columns of the graphs show the standard deviations).
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Figure 10- Mean comparison of total chlorophyll of Tagetes patula L. plants under NaCl salinity and silver
nanoparticles spraying (Non-identical letters indicate a significant difference at 5% level using DMRT test,
The lines on the columns of the graphs show the standard deviations).
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Abstract

Salinity is one of the main environmental stresses that affect the establishment of seedlings and the
performance of landscape plants. The application of silver nanoparticles in abiotic stresses in several ways
improves the tolerance of plants against stresses. For this purpose, to investigate the effect of silver
nanoparticles on the growth, and morpho-physiological traits of French Marigold under salinity stress, a
factorial experiment was conducted under a completely randomized design with 4 replications. The first
factor included salinity treatment at 4 levels (0, 25, 50 and 100 mM) and the second factor was the foliar
application of silver nanoparticles at four levels (0, 10, 50, and 100 mg L™1). In this study, the treatment of
silver nanoparticles at 50 mg/L without salinity (0 mM) resulted in the maximum height of the plant (20
cm), the diameter of the stem (3.98 mm), the diameter of the flower (65 5.5 mm), the number of flowers per
plant (11), the number of side branches (8), the relative water content (86.40%) and the lowest ion leakage
(30.36%). Increasing the salinity level from 0 to 100 mM led to smaller plants with less pigment content
and reduced growth traits. Weekly application of nanosilver not only significantly improved all evaluated
parameters but also partially reduced the destructive effects under salinity conditions (50 and 100 mM).
This gradual effect of nanosilver was more prominent when it was applied at a concentration of 50 mg L,
so that the foliar application of nanosilver increased the ornamental characteristics of Marigold, including
the number of lateral branches (by 25.81%), the number of flowers (by 27.27%), flower diameter (by
10.27%) and fresh and dry weight of flowers (by 10.29 and 28.68%, respectively) under salinity stress
conditions. Also, the present results showed that Marigold is sensitive to high salinity (100 mM) and is not
able to produce large flowers under high salinity conditions. In general, the use of silver nanoparticles was
useful in improving salinity tolerance in French Marigold and its application may stimulate the defense
mechanisms of plants against salt toxicity.

Keywords: Marigold plant, Relative Water Content, Silver nanoparticles, Salinity stress.
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