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Introduction

Salinity stress is one of the limiting factors for plant growth and production in arid and semi-arid regions of the world.
The use of potassium silicate as the second most common element in soil is one of the strategies used to reduce the effects
of environmental stresses such as salinity. Considering the increasing challenge of water and soil salinity and its limiting
effects on the growth, development, and production of faba bean, the aim of this study was to investigate the effects of
potassium silicate on improving germination and growth indices, and to determine the tolerance threshold of faba bean
seeds to salinity stress.

Materials and Methods

A factorial experiment was conducted based on completely randomized design with four replications at the Laboratory
of llam University, Iran, in 2024. The experimental factors were included potassium silicate at four levels (0, 50, 100,
and 150 mg.I"%) and five levels of salinity stress (0, 1, 4, 8, and 10 dS.m™). The germination criterion was the protrugen
of a radicle length up to 2 mm. At the end of the experiment, germination indices (germination percentage, germination
rate, seed vigor index) and seedling growth (root and seedling dry weight and length) were measured.

Results and Discussion

The application of potassium silicate under non-salinity stress conditions (salinity of 0 and 1 dS.m*) had no significant
effect on the germination percentage of faba bean seeds; however, the germination percentage increased by 20.7, 23.8,
and 26.7 percent with the application of 150 mg.I of potassium silicate under salinity stress conditions of 4, 8, and 10
dS.m, respectively. The germination rate of faba bean seeds under non-salt stress conditions was not affected by
pretreatment with potassium silicate. The germination rate of faba bean seeds with application of 150 mg.l" of potassium
silicate under salinity stress conditions of 8 and 10 dS.m* was 23.9 and 26.7 percent higher than without its application,
respectively. Under non-salinity stress conditions, application of 100 mg I potassium silicate increased the vigor index
of faba bean seeds by 25.4% compared to the control. Under salinity stress conditions of 8 dS.m, application of 50 and
150 mg I* potassium silicate improved the vigor index of faba bean seeds by 73.7% and 79.0%, respectively. Salinity
stress at levels of 1, 4, 8, and 10 dS.m™ reduced the length of faba bean rootlets by 21.8, 39.7, 44.2, and 60.0%,
respectively, compared to the absence of salinity stress. The highest shoot dry weight (0.414 g.plant ™) was observed with
the application of 100 mg.I potassium silicate under non-salt stress conditions, which was 8.5% higher compared to the
control. Under 10 dS.m™ salt stress conditions, the application of 100 and 150 mg.l* potassium silicate improved the
shoot dry weight of faba bean by 86.5 and 66.5% compared to the control. The highest root dry weight (0.419 g.plant™)
was observed with the application of 100 mg.I" potassium silicate under no salt stress conditions, which was 11.5% higher
compared to control. Under 10 dS.m salt stress conditions, the application of 100 and 150 mg I** potassium silicate
improved the dry weight of faba bean root by 60.1 and 65.6% compared to the control. According to the Moss and
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Hoffman’s equation, the tolerance threshold to salinity stress in faba bean based on relative germination without the
application of potassium silicate was 0.52 and its decreasing slope was 5.48. The threshold of tolerance to salinity stress
in faba bean with the application of 50, 100, and 150 mg.I"t of potassium silicate was 0.62, 0.22, and 1.32 and its
decreasing slope was 5.5, 93.4, and 22.4, respectively. Based on the three-parameter sigmoid model, the salinity stress
that reduced bean seed germination by 50% by applying different amounts of 0, 50, 100, and 150 mg.I"! of potassium
silicate was 8.75, 9.41, 9.38, and 10.10 dS.m, respectively.

Conclusions

It can be concluded that the faba bean plant is sensitive to salinitySeed priming with potassium silicate at concentrations
of 100 and 150 mg.I™* effectively mitigates salt stress in faba bean and significantly enhances the plant's tolerance to
salinity.
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Table 1- Analysis of variance for the effects of pretreatment with potassium silicate on faba bean seed germination indices
under salinity stress conditions
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Fig. 1- Effects of pretreatment with potassium silicate on the germination percentage of faba bean seeds under salinity
stress conditions
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Table 2- Effects of pretreatment with potassium silicate on germination and growth indices of faba bean seedlings under
salinity stress conditions
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* Means followed by the same letters are not significantly different according to Least Significant Difference (LSD) test
(p<0.05).
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Fig. 2- Effects of pretreatment with potassium silicate on the vigor index of faba bean seeds under salinity stress
conditions
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Table 3- Analysis of variance of effects of pretreatment with potassium silicate on faba bean seedling growth indices under
salinity stress conditions
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Fig. 3- Root length of faba bean seeds under salinity stress conditions
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Fig. 4- Correlation between germination indices and seedling growth
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Fig. 5- Effects of potassium silicate on relative germination of faba bean seeds under salinity stress based on the Maas
& Hoffman, 1977; equation
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Table 4- Parameters of the Maas & Hoffman, 1977; equation for relative germination of faba bean seeds to potassium
silicate under salinity stress
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100 493"+ 0.53 0.22"+ 0.62 0.82 9.10
150 4.22"+ 0.50 1.32°+ 0.61 0.78 8.74
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*, and " Significant at 5 and 1% probability levels, respectively; ™: non significant
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Fig. 6- Germination process of faba bean seeds under the effects of pretreatment with potassium silicate and salinity
stress using different experimental models
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Table 5- Parameters of different models obtained for bean seed germination under the effects of pretreatment with
potassium silicate and salinity stress

ke Jow g9 Model Ymax+ SE Erate +SE = EC50+ SE Eo+ SE
Potassium
silicate
wles Joe Exponential decay ~ 89.337+ 2.49 0.077+0.01
0 Seed Jow Logistic model 84.987+ 1.97 2247+ 037 9.377+0.43
SxdseSew Jo  Sigmoidal model 92.76"+6.35  -3.507+0.78 8.757+0.57
58 Joe Gompertz model 97.297+ 9.26 -4.947+1.41 10.28™+ 0.41
sled Joo Exponential decay 93.947+ 4.27 0.077+0.01
50 St Joo Logistic model 88.797+ 3.83 2.53"+0.87 9.717+0.79
S99 Jas  Sigmoidal model 91.00™+ 6.35 -2.58"+0.97 9.417+0.54
558 Joe Gompertz model 92.36"+ 7.46 -3.24"+1.32 10.52™+ 0.50
wles Joe Exponential decay ~ 97.48™+ 3.84 0.06™+0.01
100 Seted Jow Logistic model 92.747+ 3.15 2.647+0.75 9.877+0.63
GoigeSw Joe  Sigmoidal model 100.327+10.26  -3.46"+1.35 9.387+0.79
FaelS Jow Gompertz model 106.10"+ 17.31  -5.09™+2.70 10.917+ 0.67
les o Exponential decay ~ 94.777+ 3.98 0.05"+0.01
150 S Joo Logistic model 89.98"+ 2.54 3.79"+1.16 10.30"+0.52
$359e5s Jos  Sigmoidal model 91.36™+ 3.52 -2.16™+0.65 10.107+0.37
Pl Joe Gompertz model 92.18"+4.19  -2.687+0.89 11.037+ 0.50

*
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, and ™ Significant at 5 and 1% probability levels, respectively, ™: non significant
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Table 6- Evaluation of different models obtained for faba bean seed germination under the effects of pretreatment with
potassium silicate and salinity stress

“’m“" WL“ Je g9 Model Adj R RMSE AIC AlCc
Potassium silicate

b Je Exponential decay 0.89 6.67 -17.97 -17.27

0 S 2o Logistic model 0.93 5.29 -20.59 -19.09

CMSgeSaw Lo Sigmoidal model 0.93 5.14 -21.19 -19.69

5yl Jse Gompertz model 0.93 5.11 -21.30 -19.80

el Jso Exponential decay 0.73 11.46 -7.14 -6.43

50 St 2o Logistic model 0.77 10.61 -6.68 -5.18

EMS5eSw Jdo Sigmoidal model 0.78 10.21 -7.44 -5.94

FyelS e Gompertz model 0.79 10.06 -7.74 -6.24

s Jde Exponential decay 0.76 10.35 -9.18 -8.47

100 St Jdo Logistic model 0.83 8.80 -10.41 -8.91

S35 9o Jdo Sigmoidal model 0.81 9.23 -9.47 -7.97

5yl Jse Gompertz model 0.80 9.38 -9.14 -7.64

el Jro Exponential decay 0.68 10.84 -8.26 -7.55

150 S o Logistic model 0.83 7.86 -12.68 -11.18
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