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Introduction: Nanotechnology is actually one of the new technologies that has recently entered the agricultural field.
Nanoparticles are atomic or molecular assemblies with minimum dimensions between 1-100 nanometers. One of the first
effects of reducing the size of particles to below 100 nanometers and converting them into nanoparticles is an increase in
surface area to volume, which causes more atoms to be placed on the surface compared to the volume, and subsequently
changes the physical and chemical properties of the particles. In the meantime Nanosilver is known as a stress factor in plants
due to its unique properties such as small size and high specific surface area, which can cause plant damage by inducing
oxidative stress. increasing the resistance to abiotic stresses in some plants is done through external application of various
organic compounds. In this study, the role of sodium hydrosulfide (NaHS) and sodium nitroprusside (SNP) in reducing the
negative effects of nanosilver on the physiology, growth and yield of soybean cultivar Williams was investigated.

Materials and Methods: this experiment was conducted at the research field of faculty of agriculture, Shahrood university of
technology. the studied traits were shoot dry matter, yield, chlorophyll a and b relative water content, stability of plasma
membrane, flavonoid, anthocyanin and leaf soluble sugar. The experiment was carried out as a factorial experiment in a
randomized complete block design with three replications with three levels of nanosilver (0, 1.5 and 3 g/L), three levels of
NaHS (0, 0.5 and 1 mM) and two levels of SNP (0 and 120 uM) in 1402. after testing, the obtained data was analyzed by SAS
statistical software (version 9.1). the comparison of means was done based on minimum mean difference test (Isd) at 5 %
probability level .the shape of the mold was studied using excel software .

Results and Discussion: The results showed that nanosilver reduced yield, relative leaf water content, and pigment
concentration, while the combined use of NaHS and SNP reduced stress-induced damage by increasing the levels of
protectants such as flavonoid, anthocyanin, and soluble sugars. In the treatment containing 3 g/L of silver nanoparticles, 0.5
mM sodium hydrosulfide, and no sodium nitroprusside, the chlorophyll a content of 0.78 mg/g fresh leaf weight showed the
lowest value among all treatments. The highest soluble suger content was recorded in plants treated with 1.5 g.L* silver
nanoparticles. The amount of flavonoid in plants sprayed with 1.5 g.L"* nanosilver was significantly increased as the amount
of this trait in the application of 0.5 mM and non - consuming sodium hydrosulfide increased 0.0771 and 0.0769 g/g fresh
weight of leaves and increased 48 percent. The highest amount of anthocyanin was observed in 0 and 1.5 g.L™* of nanosilver
without using sodium hydrosulfide. OtherOther treatment compounds decreased this trait significantly compared to the
control. Nanosilver caused a decrease in plasma membrane stability. the stability of plasma membrane in the leaves of the
control plants was 71.55 percent which was reduced by 1.5 g.L* of nanosilver , which was not statistically significant .the
doubling of nanosilver infection with 3 g.L* had a significant negative effect and mean value was 61.6 percent. The shoot dry
matter content in the control plants was 109.6 g.m2. in the effect of spraying of plants with 1.5 g.L"* nanosilver and non -

consumption of sodium nitroprusside and sodium hydrosulfide to 99.5 g/m2 and by infecting plants with 3 g/L nanosilver



with a significant drop of 51.7 g.m. The highest grain yield (420.3 g.m?) was obtained in the treatment without nanosilver
and with the use of 1 mM NaHS, which showed a 36% increase compared to the control (270 g.m"?). Overall, the application
of NaHS and SNP under nanosilver stress conditions left effective protective effects and can be suggested as an efficient
approach for managing stresses caused by heavy metals in plants.
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Table 1- Soil characteristics of the test site
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Table 2- Analysis of variance (mean square) of the effect of Silver nanoparticles, sodium hydrosulfide and sodium nitroprusside
on chlorophyll a and b, carotenoids, grain yield and aerial dry matter soybean plant
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S.0.vV df Shoot dry matter Grain yield Chlorophyll  Chlorophyll Carotenoid
a b

K 2 39.966 1815.505 0.000364 0.00624 0.00038

Repetition

o, iigls 2 9774.511** 124884.94** 0.0460** 0.1880** 0.15477**

Nanosilver (a)

UV ISP 2 9383.143** 9167.706** 0.0261** 0.00487* 0.00012

NaHS (b)

Sl 129y macds 1 999.320** 71.38 0.00633* 0.000261 0.00148*

SNP (c)

s il guog a3l 4 6089.0171** 11364.65** 0.03364** 0.007736** 0.00323**

a*b

3log gk mades 0,83l 2 5998.717** 12477.3%* 0.00620* 0.002953 0.000815

a*c

Dl pr0ym madus s il gug )t 2 112.655* 1636.4 0.003344 0.001538 0.00033

b*c

2 g dudlgag jdudito gl 4 2570.826** 3541.28** 0.004863** 0.00555** 0.000197

log g s

a*b*c

oz 34 30.263 730.831 0.001281 0.000998 0.000270

Error




(%) @y gy CV 5.024 1313 371 5.33 2.48

Al e doyd gy 9 S g )3 (e S T
*and ™ are significant at the 1 and 5 percent levels, respectively.
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Table 3- Comparison of the average effect of the interaction of Silver nanoparticles, sodium hydrosulfide and sodium
nitroprusside on some physiological and agronomic traits of soybean plant
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(2 3 p5) (3Y50 ko) (¥ 509,552) Shoot Grain Chlorophyll a Chlorophyll b
Nanosilver NaHS SNP dry matter yield
(gL (mM) (M)
0 0 0 109.600¢ 270.03b¢ 0.9880cd 0.651b¢
120 70.1001 193.450%f 1.011% 0.623¢
05 0 97.667f 288.32° 0.927¢f 0.701®
120 115.467¢ 292.02° 0.902f¢ 0.7182
1 0 227.5332 420.262 1.008% 0.7082
120 154.833° 310.16° 1.012% 0.706%
15 0 0 99.500f 208.414 0.983bcde 0.595¢
120 139.933°¢ 209.024 1.013% 0.609¢
0.5 0 100.100° 150.97f 1.028% 0.577%
120 139.600° 225,94 1.0552 0.579d
1 0 87.0009 151.74f9 1.0052¢ 0.702®
120 127.033¢ 198.50¢% 0.948¢def 0.596¢
3 0 0 51.700% 93.43" 0.840M 0.473¢"
120 61.9001 116.089" 0.8439" 0.536°f
0.5 0 98.867f 160.64¢f 0.783 0.489feh
120 82.7009 138.999 0.933¢ef 0.442"
1 0 74.833M 119.519" 1.017% 0.453¢"
120 132.667% 158.48°f 1.0572 0.501%
LSD 5% 9.128 44.858 0.0594 0.0525
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The presence of a common letter in each column indicates no significant difference.
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Figure 1- Comparison of the average effect of the interaction of Silver nanoparticles and sodium hydrosulfide on soybean leaf
carotenoids. The presence of a common letter indicates no significant difference.
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Figure 2 - Comparison of the mean effect of sodium nitroprusside levels on soybean leaf carotenoid. The presence of a common letter
indicates no significant difference.
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Figure 3 - Comparison of the average effect of sodium hydrosulfide levels on the relative soybean leaf water content. The presence of a
common letter indicates no significant difference.
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Table 4- Analysis of variance (mean aquare) of the effect of Silver nanopatrticles, sodium hydrosulfide and sodium nitroprusside
on relative leaf water content, plasma membrane stability, flavonoid, anthocyanin and leaf soluble sugar soybean plant
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S.0.vV Df Relative Plasma Flavonoid  Anthocyanin Leaf
leaf water membrane soluble
content stability sugar
S5 2 3247 10.084 0.000095 0.000218 0.000225
Repetition
oyiigl 2 30.25 481.91** 0.01245** 0.1508** 0.01057**
(a) Nanosilver
PURWIRV ISR 2 116.0522** 28.65 0.00036 0.0041 0.000058
(b) NaHS
Dlog gy mades 1 16.604 30.066 0.00049** 0.0024 0.000012
(c) SNP
PURVRW RIS 4 8.804 11.019 0.000274** 0.0252** 0.000093
a*b
Slogygyis pubwito gl 2 1.185 3.191 0.00003 0.0185** 0.00023
a*c
Dlog g mares Fmade il gugyiun 2 3.116 2.465 0.00075** 0.0168* 0.0000617
b*c
o il g oo i gil 4 6.251 6.616 0.000857 0.00676 0.000102
by 9,
a*b*c
Lo 34 12.077 15.455 0.000057 0.00318 0.000159
Error
(%) &l cups .CV 4.58 5.83 17.26 7.37 21.23
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*and ™" are significant at the 1 and 5 percent levels, respectively.
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Figure 4- Comparison of the average effect of Silver nanoparticles surfaces on the stability of the Soybean leaf plasma membrane. The
presence of a common letter indicates no significant difference.
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Figure 5- Comparison of the average effect of Silver nanoparticles and sodium hydrosulfide on Soybean leaf anthocyanin. The presence
of a common letter indicates no significant difference.
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Figure 6 - Comparison of the average effect of Silver nanoparticles and sodium nitroprusside levels on Soybean leaf anthocyanin levels.
The presence of a common letter indicates no significant difference.
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presence of a common letter indicates no significant difference.
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