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Background and Objectives: Salinity stress is one of the factors that
reduced the growth and yield of crops. The response of C; and C, plants
to salinity stress and possible mitigation of the effects of this stress with
the application of silicon and nanosilicon may be different according to
the photosynthetic pathway of these plants. Therefore, this study was
conducted to compare the response of wheat as a C; plant and sorghum as
a C, plant to the effect of silicon and nanosilicon application on salinity
stress mitigation.

Materials and Methods: Two experiments were conducted in a
completely randomized design with factorial arrangement in pots filled
with soil at Sari University of Agriculture and Natural Resources in 2019.
The salinity factor was at two levels included 0 and 100 mM NacCl and the
silicon factor was at three levels included 0 and 2 mM potassium silicate
and 2 mM nanosilicon (SiO,)). Both forms of silicon were applied as
foliar application. Plant photosynthesis-related traits were measured after
13 days of treatments the next day the plants were harvested for growth
measurement and other biochemical assays.

Results: The results of this study showed that salinity caused a significant
reduction in fresh and dry weight of plants in both wheat and sorghum
plants. Application of silicon in wheat and application of nanosilicon in
sorghum caused a significant increase in fresh and dry weight of plants
under salinity. Application of silicon and nanosilicon had no significant
effect on stomatal conductance and transpiration of wheat and sorghum
plants under salinity. In wheat plants, silicon foliar application
significantly increased photosynthesis rate under salinity, but nanosilicon
had no significant effect. On the contrary in sorghum, the use of silicon
had no significant effect on the photosynthesis rate under salinity, but
nanosilicon increased the photosynthesis rate of sorghum plants. In
sorghum plant, under salinity conditions, the use of silicon and
nanosilicon reduced the amount of hydrogen peroxide contents by 21 and
30%, respectively, and the amount of lipid peroxidation by about 13 and
23%, respectively. However, the use of silicon and nanosilicon did not
indicated a significant effect on the content of hydrogen peroxide the
amount of lipid peroxidation wheat plants grown under saline condition.
The application of silicon in wheat plants increased 58% of the total fresh
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weight and 68% of the total dry weight of plants under salinity, although
the application of nanosilicon had no significant effect. The use of silicon
and nanosilicon increased the fresh and dry weight of sorghum plants
under salinity, but the additive effect was greater by application
nanosilicon, so that the total dry weight of sorghum plants under salinity
in nanosilicon treatment were 75% higher than plants without this
treatment.

Conclusion: This study showed that the use of silicon in wheat plants
under salinity improved photosynthesis and thus reduced the effects of
salinity on growth to some extent, but nanosilicon in this plant did not
have such an effect. Conversely, in sorghum plants under salinity, the use
of nanosilicon by reducing the amount of hydrogen peroxide and lipid
peroxidation, reduced the oxidative stress caused by salinity and increased
the photosynthesis rate of the plant, which led to more growth of plants
under salinity stress. Such cases were not observed with the use of silicon.
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Table 1. Some characteristics of sorghom and wheat varieties used in this experiment.
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Table 2. Some physical and chemical characteristics of soil used in this experiment.
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Table 3. Properties of Nano-Silicon particles used in this experiment.
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Table 4. Effect of silicon and naniosilicon on fresh and dry weight of wheat and sorghum under salinity stress.

(6ppS) 5055

(65 53 ¢ 5) S 035

Fresh weight (g) Dry weight (g)
o pS £ 505 pxS 555
A Wheat Sorghum Wheat Sorghum
Treatments
JTU adyy Js | [y JTU oy Js | o Js
=t Root Total ot Root  Total =t Root  Total ot Root  Total
Shoot Shoot Shoot Shoot
BY PO Wy S
0 mM Salinity
L
- 330" 383" 713 6.67° 483" 11.50° 049" 044 093" 111° 038 149"
Control
NS 6.16° 5.32*° 1148  7.90° 423 1214 1058 057° 163*  1.00° 029" 1.30°
Si
O Sk 5L
T 363 3.19°  6.83° 876° 495 1372  050° 0.30° 081° 189" 035 2.25°
NanoSi
Nyeshe Vor 550
100 mM Salinity
el c c c d b d c C C c ab C
1.92 2.41 4.34 3.38 3.22 6.60 0.34 0.25° 0.60 0.58 0.34 0.93
Control
O 3.09° 381" 6.90° 444° 432 8TT° 0.63° 038" 1.01° 071° 031® 1.02°
Si
058w 50
o S}J 1.88° 2.43° 4.31° 4.60° 4.46* 9.07° 0.34° 0.28° 0.62° 1.28° 0.34% 1.63°
NanoSi

L 13 gme +/00 rhawr 53 LSD g3l L cines S xia na b G s Bl 45 O a glaesls
Means followed by the same letter within each column are not significantly different according to a least significant
difference (LSD) test (P<0.05)

VAY



Ol)Sed g 5Ldgly; dgoe [ oo (S5 12 9Shewnil 9 o9l 32,65 51

05 s 5 pkE DALE 8y 53 0 5Kkun 56 5 O 5Kchons 5 g 53 5 (S5 4 SN )3 (5w 55 SBAIIK ) Ol s 5 Kils deglis 0 gk
Table 5. Comparison of means of photosynthetic pigments in response to salinity in present or absent of silicon
and nanosilicon in wheat and sorghum.

a Jobs IS b Jsss I Jes s g 55 5,8
s slas Chlorophyll a (ug g* FW)  Chlorophyll b (ug g* FW)  Total chlorophylls  Carotenoids (ug g™ FW)
Treatments pS $ 5o S 5 o5 poS ST p1S8 ¢ 5o
Wheat Sorghum Wheat Sorghum Wheat  Sorghum Wheat Sorghum
Ny o 5555
0 mM Salinity
el a c 2 C a c b c
1.32 0.65 0.25 0.20 1.57 0.85 3.82 3.39
Control
°fs'j‘“~‘“ 1.00° 0.86" 0.33° 0.26° 1.33° 1.13° 3.13° 418"
i
s L
O 0.57° 0.88° 0.18° 0.26° 0.76° 1.14° 2.52° 429
NanoSi
Ve e Ver (5,55
100 mM Salinity
Jals
1.36° 1.21° 0.24% 0.38° 1.61° 1.60° 4.84% 5.96°
Control
°"S‘_““ 1.22° 0.91° 0.27° 0.30° 1.49° 1.22° 452 473
i
s L
O 5 117 0.93° 0.24° 0.30° 1.41° 1.23° 4.43° 4.36°
NanoSi

s s pre 0/00 ehas 5o LSD & ye31 b cieos S de b b~ S s Bld 45 O a glaesls
Means followed by the same letter within each column are not significantly different according to a least significant
difference (LSD) test (P<0.05)
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Table 6. Comparison of means of photosynthetic parameters in response to salinity in present or absent of
silicon and nanosilicon in wheat and sorghum.

G Sl Colia e g3 ;.)Tu_éf.a.»s&bls w;’jéj:za
- Stomatal Photosynthesis Water use efficiency Relative water
Sles (Tn: ?gﬂg':?) conductance rate (mmol H,0 m?s* content
Treatments (mmol m?s™?) (umol m?s?) Mmol CO,) (%)
N R ST pxS 5o kS S P £ 505 prS

Sorghum  Wheat  Sorghum  Wheat  Sorghum Wheat  Sorghum Wheat Sorghum  Wheat
oo Soo (5555

0 mM Salinity
L
- 4.70° 254° 29826 4638  16.84°  3.42°  0003°  00013°  88.26°  86.75"
Control
¢"<S'j"*““ 2.66° 2.31* 18229 3993  11.98 242  0004™  00010®  90.19*  85.80°
I

DSt
”N“ S’f 318" 221 23242" 4216  13.70"™ 282"  0.004™  00012*  84.15°  88.00°
anool

g den Ver (g5
100 mM Salinity

w 2.30° 1.29° 11258  26.12° 1354  0.94°  0.006®  0.0008°  87.88" 85.81°
Control
¢"<S'j"*““ 1.90° 1.84  81.97°  34.96®  14.20™ 205" 0007  0.0010® 8959 8524
I

DSt
”N“ S’f 2.31° 152°  99.01°  27.38°  1561®  1.14° 0006®  0.0007°  8225° 8544
anool

L 13 gme +/00 rhawr 53 LSD g3l L cites S xia oa b G s Bl 45 O o glaesls

Means followed by the same letter within each column are not significantly different according to a least significant
difference (LSD) test (P<0.05)
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Fig. 2. Effect of salinity on A- soluble peroxidase activity, B-soluble protein, C-malon dialdehyde and
D-peroxide hydrogen in wheat and sorghum in peresent or absent of silicon and nanosilicon.
bar=standard error. Means followed by the same letter are not significantly different according
to a least significant difference (LSD) test (P<0.05).
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