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Abstract

Background and objectives: Salinity stress is one of the most significant abiotic stresses that
impede agricultural production. It is often accompanied by oxidative stress due to the generation
of reactive oxygen species (ROS). Mitigating the effects of environmental stress on plants through
the use of growth-promoting compounds is of particular importance. In this context, silicon
sources, such as potassium silicate, play a critical role in modulating salinity stress in plants. By
enhancing plant resistance to salt stress, potassium silicate can contribute to improved growth and
performance in areas with saline soils. These compounds promote cellular ion balance under
adverse conditions and improve water uptake and retention in plants, thereby reducing ion leakage
and the detrimental effects of salinity stress.
Methodology: The present study aimed to investigate the effect of potassium silicate on the
growth and physiological and biochemical characteristics of goldenrod in a factorial design based
on a completely randomized design with the factor of salinity stress at three levels (0, 60, and 120
mM) and foliar application of potassium silicate at three levels (0, 50, and 100 mg/l) under
greenhouse conditions. Foliar application was carried out three times at 15-day intervals. The first
foliar application was performed at the 4-leaf stage. After the second foliar application, salinity
stress was induced by applying 200 milliliters of sodium chloride solution to each pot for 40 days.
To prevent salt accumulation in the pots, all pots were rinsed with non-saline water after every 4
irrigations with saline water. The morphological variables investigated include wet and dry weight
of shoots and roots and plant height and other traits including plant pigments (chlorophyll a, b
and total), relative leaf water content, ion leakage rate, proline, sodium and potassium absorption
rate of roots and it was the aerial parts that were measured in the middle of the golden grass
flowering period.
Results: Salinity stress caused yield reduction, and potassium silicate moderated the negative
effects of salinity stress and improved plant growth conditions. The evaluations showed that the
salinity of 120 mM caused a decrease in the fresh weight of shoot (28%), dry weight of shoot
(29%), fresh weight of root (38%), dry weight of root (37%), total chlorophyll (40%), the relative
content of leaf water (17%), root potassium (14%) and leaf potassium (16%) and increased ion
leakage (23%), proline (13%), root sodium (256%), sodium leaves (325%). Potassium silicate,
especially 100 mg/l, moderated salinity stress by increasing plant weight, chlorophyll, leaf water,
and potassium content in leaves and roots and reducing sodium accumulation in leaves and roots
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and ion leakage.

Conclusion: The general results of the research showed that increasing the intensity of salinity
stress had negative effects on the growth and functional characteristics of golden grass and
potassium silicate in the volume of 50 to 100 mM caused the adjustment of salinity stress by
increasing the quantitative and qualitative performance (biochemical and phytochemical) of
golden grass. Therefore, to cultivate the golden grass plant, it should be noted that the water or
soil used does not contain salts such as sodium and chlorine, or soil conditioners or growth
stimulants should be used for the production and cultivation of this plant.
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Table 1- Physicochemical characteristics of the experimental soil

Parameter Value
Organic matter (%) 4.9
Total nitrogen (%) 0.11
Absorbable phosphorus (mg.kg) 145
Absorbable potassium (mg.kgt) 255
Organic carbon (%) 0.59
Silt (%) 47
Clay (%) 27
Sand (%) 26
EC (dS.mY) 0.011
pH 7.1
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Figure 1- Solidago virgaurea plants treated with different salinity or potassium silicate levels at vegetative growth

1: Without salinity or potassium silicate (control), 2: Without salinity and with potassium silicate (50 mg.I"), 3: Without salinity and with potassium
silicate (100 mg.I™), 5: Salinity (60 mM) and potassium silicate (50 mg.I™), 6: Salinity (60 mM) and potassium silicate (100 mg.I%), 7: Salinity (120
mM) without potassium silicate, 8: Salinity (120 mM) and potassium silicate (50 mg.I"%), and 9: Salinity (120 mM) and potassium silicate (100 mg.I")
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Table 2- ANOVA of salinity and potassium silicate effects on plant height and Solidago virgaurea weight traits

M.S.
S.0.V. d.f. Heiaht Shoots fresh Shoots dry Root fresh Root dry
g weight weight weight weight
Salinity stress (S) 2 1459™ 22.81" 23.46™ 56.23" 5.03"
Potassium silicate (P) 2 347 262.18™ 6.11" 8.18™ 0.75™
SxP 4 13.6™ 69.76" 0.1 0.15™ 0.04ns
Experimental error 16 12.7 0.59 0.07 0.17 0.02
C.V. (%) - 4.32 2.23 2.88 4.05 4.67
", ", and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3- Means comparison of salinity and potassium silicate effects on plant height and Solidago virgaurea root

fresh or dry weight
Treatment Height (cm) Root fresh weight (g) Root dry weight (g)

Salinity stress (mM NaCl)

0 88.442 12.992 4.002

60 83.56° 10.01° 3.13°

120 76.11° 8.02¢ 2.51¢
Potassium silicate (mg.I%)

0 76.11¢ 9.26° 2.890

50 83.56° 10.722 3.312

100 88.442 11.042 3.442

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 4- Means comparison of salinity x potassium silicate effects on Solidago virgaurea shoots fresh or dry

weight
Salinity stress Potassium silicate (mg.I* Shoots fresh weight (g Shoots dry weight (g
(mv)
0 35.27° 10.33°
0 50 39.072 11.532
100 39.202 11472
0 29.73¢ 8.77°
60 50 34.60% 10.33°
100 33.93° 9.97°
0 23.03f 6.73¢
120 50 28.23¢ 8.23¢
100 29.90¢ 8.70%

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5- ANOVA of salinity and potassium silicate effects on chlorophyll and Solidago virgaurea biochemical

M.S.
S.O.V. d.f. Chlorophyll  Chlorophyli Total Relative leaf lon .
Proline
a chlorophyll water content leakage
Salinity stress (S) 2 0.15™ 0.04™ 0.36™ 523" 166.7""  1481™
Potassium silicate (P) 2 0.04™ 0.014™ 0.11* 1377 30.4™ 38m
SxP 4 0.001"™ 0.0007" 0.002" 8.2m 2.7m 216"
Experimental error 16 0.003 0.0004 0.005 3.1 4.12 67
C.V. (%) - 5.41 5.49 4.47 2.12 5.42 4.48

", *, and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 6- Means comparison of salinity and potassium silicate effects on chlorophyll, relative leaf water content,
and Solidago virgaurea ion leakage

Treatment Chlorophyll a (g.mg*  Chlorophyll b (g.mg* Total chlorophyll Relative leaf water  lon leakage
of leaves) of leaves) (g.mg! of leaves) content (%) (%)
Salinity stress (mM NaCl)
0 1.25% 0.422 1.802 89.892 34.11°
60 1.12° 0.39° 1.63° 83.67° 36.44°
120 0.99° 0.29° 1.40°¢ 74.67° 41.892
Potassium silicate (mg.l")
0 104b 0.32° 1.48P 78.22° 39.332
50 1.162 0.392 1.672 84.892 37.22b
100 1178 0.382 1.682 85.112 35.67°
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 7- Means comparison of salinity x potassium silicate effects on Solidago virgaurea proline content

Salinity stress (mM) Potassium silicate (mg.I%) Proline (uM) of leaves
0 169.33¢
0 50 184.33°
100 175.33«
0 178.67%
60 50 174.67
100 175.67%
0 209.332
120 50 199.67%
100 186.67%¢

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 8- ANOVA of salinity and potassium silicate effects on sodium and potassium absorption in Solidago

virgaurea
M.S.
S.O.V. d.f. Root sodium Leaf sodium Root potassium Leaf potassium
content content content content
Salinity stress (S) 2 109™ 58.1" 132.2™ 100.5™
Potassium silicate (P) 2 11.66™ 8.73" 23.25™ 43.81™
SxP 4 3.08™ 3.43™ 1.09m 2.25"
Experimental error 16 0.28 0.24 3.37 0.75
C.V. (%) - 8.61 12.01 8.15 2.53

ms,* and ™ non-significant, significant at 5, and 1% probability levels, respectively.
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Table 9- Means comparison of salinity and potassium silicate effects on potassium absorption by Solidago
virgaurea roots

Treatment Root potassium (mg.g?)
Salinity stress (mM NaCl)
0 26.33?
60 22.56°
120 18.67¢
Potassium silicate (mg.I%)
0 20.67°
50 23.56°
100 23.33?

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 10- Means comparison of salinity x potassium silicate effecs on sodium and potassium absorption in
Solidago virgaurea

Salinity stress Potassium silicate (mg.I" Root sodium content Leaf sodium content Leaf potassium
(mM) Y (mg.g™) (mg.g™) content (mg.g)
0 2.73¢ 1.57¢ 35.33%
0 50 2.67° 1.47¢ 39.332
100 2.63° 1.60¢ 39.002
0 7.77° 5.03° 31.33¢
60 50 6.07¢ 4.03¢ 34.33
100 5.17¢ 3.33¢ 36.67°
0 11.972 9.032 29.33f
120 50 9.00° 5.77° 31.00¢
100 8.03¢ 5.07° 33.33¢

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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