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Although silicon is the second most abundant element in the earth's crust, its absorption 

is limited. Its use as a beneficial element can play a significant role in plant growth. 

This study was conducted to research the potential effects of Si application (K2SiO3 

with Four levels: 0 (Control), 50, 100, and 200 mg kg-1 soil) on the growth properties, 

chlorophyll content (Chll), number of flowers (NoF), and uptake of silicon (Si), 

potassium (K) and iron (Fe) by root and shoot of Viola tricolor L. Although the Si 

application did not cause a significant difference for Chll content. But a significant 

increase of the NoF (P ≤ 0.01) was observed for all used Si levels and increased from 14 

to 27 under Control to 200 mg kg-1 treatment, respectively. Si application significantly 

increased root and shoot uptake of K and Fe (P ≤ 0.01). Although the K uptake by roots 

declined (50 mg kg-1) or no significant difference (100 mg kg-1 and 200 mg kg-1), but 

shoot uptake of K witnessed an increasing trend from 50 mg kg-1  to 200 mg kg-1 and hit 

a peak at 200 mg kg-1 with 22% increase compared with control. The highest Fe uptake 

by root and shoot was observed under 200 mg kg-1 and 100 mg kg-1 respectively where 

the Fe uptake recorded a rise with 43% and 62% compared with control respectively. 

Based on our results, the Si application had positive effects on growth parameters and 

elements uptake in Viola tricolor L. 
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INTRODUCTION1  

ilicon (Si) has been categorized as a 

beneficial but not essential element for 

higher plants, and although comprised 

around 28% of the Earth’s surface (Liang et al. 

2015), as a result of its insoluble forms in soils, 

such as crystalline aluminosilicates, the deficiency 

of the Si is a realistic possibility (Yan et al. 2018). 

In a calcareous soil, the critical levels of Si were 

reported to be 80 mg kg-1 (Liang et al. 1994). From 

a worldwide perspective, the annual absorbed Si by 

plants in natural ecosystems is reported to be 

between 60 and 200 T molar, while the figures for 

crops and vegetables has observed significantly 

higher than wild plants with a range from 100 to 

500 kg Si ha-1 year-1 (Meyer and Keeping 2001; 

Conley 2002) that results in removing between 210 

and 224×106 tons Si from arable soils every year 

(Matichenkov and Bocharnikova 2001).   
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From a historical point of view, in 1804 and 

after measuring of Si content from a wide range of 

plant species, this had been determined that Si 

uptake varied among different species and 

Gramineae species had observed to accumulate a 

higher amount of Si than other species (de Saussure 

1804). Since 1950s, the Japanese farmers have 

been used the Si as a fertilizer in the paddy fields 

(Ma and Takahashi 2002). The majority of research 

on the Si uptake by crops and vegetables reported 

that the roots had absorbed the Si actively (Tamai 

and Ma 2003; Lianga et al. 2006; Rains et al. 2006; 

Henriet et al. 2006; Nikolic et al. 2007; 

Nanayakkara et al. 2008). This has been showed 

that a group of genes and proteins are accounted for 

Si transport throughout root and shoot of the wide 

variety of crops and vegetables (Ma and Yamaji 

2015). 

The positive effects of the Si fertilizers on the 

growth of shoot and root, yield, and biomass 

production of plants has been well-documented 

(Wang et al. 2001; Meyer and Keeping 2001; 

Ashraf et al. 2009; Guntzer et al. 2012; Liang et al. 

2015). From an agronomical point of view, the Si 

can be considered as an essential element for crops 
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like rice, wheat, barley, maize, and sugarcane that 

can increase the yield of crops significantly 

(Korndorfer and Lepsch 2001; Wang et al. 2001; 

Liang et al. 2015; Vulavala et al. 2016; Chagas et 

al. 2016; Smith et al. 2016; Katz et al. 2021), and 

the similar useful effects of Si application have 

been reported for vegetables (Liu et al. 2011). 

Therefore, Si can be considered as an essential 

element for a few species named silicophiles 

(Hodson and Evans 2020). 

Mutual interaction between Si and 

macronutrients, such as nitrogen (N) (Detmann et 

al. 2012; Wu et al. 2017; Haddad et al. 2018; Gou 

et al. 2020), phosphorous (P) (Kostic et al. 

2017; Neu et al. 2017; Zhang et al. 2019) 

potassium (K) (Kaya et al. 2006; Mali and Aery, 

2008; Barreto et al. 2017; Yan et al. 2021), as well 

as, micronutrients, such as iron (Fe) (Nikolic et al. 

2019; Hernández-Apaolaza et al. 2020; Becker et 

al. 2020), zinc (Zn) (Bityutskii et al. 2014; Huang 

and Ma 2020), manganese (Mn) (Greger et al. 

2018; de Oliveira et al. 2019), and copper (Cu) (Li 

et al. 2008; Khandekar and Leisner, 2011) in soils 

and plants have been studied widely. This has been 

reported that Si increased the K uptake in both root 

and shoot of crops (dos Santos Sarah et al. 2021; 

Yan et al. 2021), and under oxidative stress 

situation, with stimulation of antioxidants enzymes, 

can alleviate the negative consequences of lipid 

peroxidation derived under K deficiency situation 

(Chen et al. 2016) that can be explained by 

expression of K+ transporter genes, such 

as OsHAK5, OsAKT1, and OsSKOR by Si (Yan et 

al. 2021). The uptake of Fe in rhizosphere and root 

apoplast has been strongly affected by Si 

availability for plant’s roots (Hernández-Apaolaza 

et al. 2020) where the bioavailability of Fe is 

increased as a result of an Fe-Si complex and 

maintaining the redox potential in both root 

apoplastic and xylem fluids (Stevic et al. 2016). 

This is observed that by expression of genes 

involved in Fe uptake, Si application can mitigate 

the Fe deficiency in crops (Nikolic et al. 2019). 

Both greenhouse and field research have 

demonstrated the positive effects of Si on the plant 

growth and resistance under biotic and abiotic 

stress (Jones and Handreck 1967; Epstein 1999; 

Rodgers-Gray and Shaw 2004; Ashraf et al. 2009; 

Barakatain et al. 2013; Pontigo et al. 2015; Adrees 

et al. 2015; Coskun et al. 2016; Yin et al 2019). 

This is suggested that the beneficial role of Si in 

terms of improving biotic stress-resistance among 

plants rooted in the amorphous silica components 

(Cheng 2008), although other defensive 

mechanisms by Si components in the higher plants, 

such as production of lignin, phenolic compounds, 

and phytoalexins have been reported, as well (Ma 

and Yamaji 2006). The role of Si to improve the 

tolerance of higher plants against abiotic stress 

such as trace elements, considered to be with 

stimulation of the roots’ oxidizing capacity (Ma 

and Takahashi 2002), releasing phenolic exudation 

by roots (Kidd et al. 2001), and increasing trace 

elements binding to cell walls (Liang et al. 2007). 

 Viola tricolor L. (known as Pansy or violets) 

is one of the most popular species of viola genus in 

Iran, and this can be found in almost all space 

green, such as park, garden, and squares in urban 

environments of major cities. Beside the beauty, its 

medical benefits as a result of various s types of 

cyclotides and anti-oxidant capacity of Viola 

tricolor L. have been documented. According to 

traditional medicine, all parts of the violet, 

including its leaves, flowers, seeds, roots, and 

flowering branches, are used medicinally. Violet is 

moist, spicy, cold and slightly bitter and has 

properties such as: anti-inflammatory, expectorant, 

stimulant, anti-tumor diuretic, anti-rheumatic, 

laxative, antimicrobial, diaphoretic, capillary wall 

stabilizer and blood purifier. The syrup prepared 

from the infusion of violet flowers can be used to 

treat cough (Svangard et al. 2004; Witkowska-

Banaszczak et al. 2005; Tang et al. 2010; 

Khoshkam et al. 2016). Because of considering the 

importance of balanced nutrition management of 

Viola tricolor L. in order to enhance the quality of 

extracted components of this medical herb, the 

current experiment as one of the first studies had 

been conducted to investigate the potential effects 

of different Si concentrations on the growth 

properties and uptake of Si, K and Fe by shoot and 

root of Viola tricolor L. 

MATERIALS AND METHODS  

The current study directed under four treatments of 

different Si levels including 0 (as control), 50, 100, 

200 mg kg-1 of Si derived from potassium silicate 

(K2SiO3) in completely randomized design with 

three replications was conducted under greenhouse 

conditions. The location of the study was the 

central research greenhouse of Soil Sciences 

Department of the University of Tehran. Soil 

samples collected from top 30 cm of a clay loam 

soil of the research filed belonged to Agriculture 

and Natural Resources Faculty of the University of 

Tehran (35.811274, 50.990593). In order to provide 

a suitable mineral-organic bed to grow Viola 

tricolor L., all soil samples were air-dried and 

passed through the sieve (2mm), followed that 

mixed with vermicompost and sand with the ratio 

of 0.33:0.33:0.33 for soil, vermicompost, and sand. 

Basic soil properties that had been analyzed and 

measured by standard methods (Ryan 2001), 

presented in table 1.  

To provide the Si for plants and boost plant growth, 

many Si sources have been taken as Si fertilizers 

including soluble potassium or sodium silicates, 

slag-based silicate, and slow-releasing potassium 
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silicate manufactured from feldspar (Liang et al. 

2015). In the current research, Si was prepared 

from the K2SiO3 with the Si:K ratio of 1:2.3 from 

Iran Silicate Industries. Experimental treatments 

consisted of four levels soil Si concentrations 

(including 0, 50, 100, and 200 mg kg-1 used in 3 kg 

pots as a completely randomized block design with 

four replications. Moreover, the pH of K2SiO3 

solution was measured before adding to pots, and 

was adjusted from 11.3 to 7.8 by acetic acid 

(CH3COOH) (Nath, 2016). During incubator phase, 

the irrigation was done with use of distilled water 

regularly to maintain the range between 0.65 and 

0.75 field capacity (FC). Since Si was supplied 

from K2SiO3 that also included K, the amount of 

added K was homogenized in all treatments using 

potassium chloride (KCl) to equalize the conditions 

of all treatments compared with control as the 

baseline.  

The basal nutrients were provided using complete 

fertilizer of Yara Company with the elemental ratio 

of N:P2O5:K2O being 20:10:20 respectively. After 

four months, the growth properties and plant 

responses including the wet and dry weights of the 

shoot (SWW and SDW), flower number (NoF), 

chlorophyll content (Chll), the uptake of shoot and 

root of Si, K, and Fe had been measured (ShSi, RSi. 

ShK, RK, ShFe, RFe, respectively) (Emami, 1996) 

were measured. In addition, the number of flowers 

in every pot recorded. Statistical analysis of 

recorded data was done using SAS 9.2 software 

and the comparison of means was determined by 

Duncan’s multiple-range tests at 0.05 probability 

levels (P˂0.01). 

RESULTS AND DISCUSSION   

Results of ANOVA analysis have been presented in 

table 2. Based on the provided results, there were 

significant differences between applied Si levels on 

the all studied parameters, except Chll content 

where this parameter recorded the highest residual 

value proportion, as well. Additionally, the effects 

of Si in all treated levels on the SWW parameter 

was less significant (P˂0.05) than other studied 

parameters (P˂0.01). 

The comparison of the means results presented in 

table 3. With increasing the Si level, the SWW 

compared with the control experienced a significant 

increase (P ≤ 0.05) under 200 mg kg-1 treatment. 

Turn to SDW, the increasing of the Si 

concentration, led to a growth of SDW figures 

compared with control treatment where the highest 

rise belonging to the 200 mg kg-1 treatment which 

the aforementioned increase was 7.68 gr that 

witnessed a significant difference (P ≤ 0.01) 

compared with control. Moreover, SDW under the 

50 mg kg-1 treatment observed a significant 

disparity (P ≤ 0.01). However, there was no 

significant difference between treatments of 100 

and 200 mg kg-1 for SDW (Table 3). Observed 

results showed with usage of Si, the NoF recorded 

significant difference compared with control 

treatment (P ≤ 0.01) where the maximum NoF 

belonging to 200 mg Si kg-1 soil (27 flowers), while 

there was not observed any considerable 

differences between Si different levels and Chll 

content. Our results indicated that with usage of Si, 

the uptake of Shsi increased significantly, compared 

with control treatment (P ≤ 0.01), and the highest 

Table 1. Some physicochemical properties of soil used in this study 

Soil property Value Soil property Value 

pH 7.7 P (mg kg-1) 20 

ECe (dS/m) 1.8 K (mg kg-1) 520 

Total N (%) 0.3 Fe (mg kg-1) 6.7 

O.C (%) 4.51 Zn (mg kg-1) 2 

Soil texture Class Sandy loam Mn (mg kg-1) 6.2 

    

Table 2. Variance analysis results under different levels of Si of studied parameters 

Mean square Value 

Source of 

Variation DF SWW1 SDW2 NoF3 Chll4 Sh5 Si Sh6 K Sh7 Fe R8 Si R9 K R10 Fe 

Treatment 3 178.15* 4.44** 122.56** 
28.87 

ns 
47.03** 0.78** 110422.5** 31.19** 0.19** 265713.7** 

Residual 9 30.48 0.6 4.43 13.11 0.04 0.04 613.37 0.02 0.02 348.69 

C.V (%) - 13.87 12.31 10.06 6.24 2.43 5.14 6.14 1.19 3.68 1.87 

Notes: * and **: Significant at P ≤ 0.05 and P ≤ 0.01 respectively. ns: not significant. 1: shoot wet weight. 2: shoot dry weight. 3: 

number of flowers. 4: chlorophyll. 5: plant Si. 6: plant K. 7: plant Fe. 8: root Si. 9: root K. 10: root Fe. 
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measured ShSi uptake was 11.99% belonged to 200 

mg kg-1. This was observed that Si applied recorded 

a significant effect on RSi (P ≤ 0.01), although the 

Si treatments had declined the RSi compared with 

the control treatment. The Si application had risen 

the ShK in all treated Si significantly compared 

with the control (P ≤ 0.01). In this regard, the 

highest ShK uptake was belonged to the 200 mg kg-

1 treatment with a figure with 4.58%. In spite of 

aforementioned results, there was not recorded 

significant difference between treatments of 50 and 

100 mg kg-1 of Si for ShK. Although the RK under 

the 100 mg kg-1 treatment had not witnessed 

considerable difference compared with control, the 

200 mg kg-1 treatment rose the RK significantly (P 

≤ 0.01). Our results showed that with application of 

Si, ShFe of Viola tricolor L. increased considerably 

in all treatments compared with control (P ≤ 0.01) 

where the highest ShFe uptake was observed under 

the 100 mg kg-1 soil, with a number 644.25 mg kg-

1. Meanwhile, there was no significant difference 

between treatments of 50 and 200 mg kg-1 

treatments. Finally, the application of Si fertilizer 

resulted in increasing RFe in all levels compared 

with control (P ≤ 0.01), and the highest RFe uptake 

was observed under 200 mg kg-1 treatment.  

Growth properties and chlorophyll 

Based on the obtained results from our research 

(figure 1), the Si application improved significantly 

the SWW (P ≤ 0.05), SDW, and NoF (P ≤ 0.01) of 

the Viola tricolor L., but the Chll content had not 

been witnessed significant difference. Similar 

results have been reported by other researchers 

(Liang et al. 2015; Vulavala et al. 2016; Chagas et 

al. 2016; Smith et al. 2016; Katz et al. 2021). 

   Ahmad et al. (2007) studied the impact of Si 

treatments on reducing the side-effect of water 

deficiency stress (drought) in wheat. They reported 

that Si increased wet and dry matter, as well as, the 

height of shoot and root. Meanwhile, growth was 

limited by increasing drought and reducing the 

amount of FC. Chen et al. (2019) reported that with 

addition of Si the detrimental effects of cadmium 

(Cd) toxicity alleviated significantly in 

hydroponically-cultured rice, and the wet weight of 

seedling increased, they also showed there was a 

strong correlation between content of Si in rice, 

tolerance against Cd toxicity, and enhancement of 

water absorption. Baybordi (2012) investigated the 

effect of Si usage on the fresh leaf weight, seed 

yield, and the photosynthesis power of canola 

under salinity stress conditions. He showed that Si 

fertilizer increased the leaf area index, the power of 

light absorption, photosynthesis level, and the 

weight of leaves. 

   Alzahrani et al. (2018) reported that application 

of Si supported growth of wheat seedling 

beneficially under drought, salt and Cd stress, and 

enhanced photosynthesis gas exchange. In addition, 

Mohaghegh et al. (2010) observed that Si had 

caused beneficial effects on the growth, yield, and 

improving resistance to biotic and abiotic stresses 

in cucumber. Zhu et al. (2004) obtained similar 

results in their research, where they applied of Si 

fertilizer and observed an increase in the shoot dry 

weight of two different varieties of cucumber. Sun 

et al. (2002) indicated that optimized nutrition of Si 

solution resulted in the increased growth, dry and 

wet weight, and volumetric enlargement of roots, 

following that led to the increase in the total 

absorbent surface. 

   Barakatain et al. (2013) directed a research about 

the possible effects of resource and method of Si 

application on the physiologic properties of 

Gerbera flower (Gerbera jamesonii L). They 

mentioned that flower numbers increased 

significantly (P˂0.05) compared with the control 

treatment. Wang et al. (2019) reported that Si 

improved phosynthetic performance by optimizing 

thylakoid membrane protein components in rice 

under drought stress. They observed Si treatment 

Table 3. Effect of different levels of Si on studied parameters 

Si level  control 50 mg kg-1 100 mg kg-1 200 mg kg-1 

SWW1 a35.20 a34.32 ab40.77 b48.83 

SDW2 ab5.76 a5.27 bc6.55 c7.68 

NoF3 a14.75 b18.75 c22.5 d27.75 

Chll4 b60.47 a55.07 a56.40 b60.1 

Sh5 Si 
a3.70 b8.35 bc9.04 d11.99 

Sh6 K a3.51 b3.92 b4.08 c4.58 

Sh7 Fe 
a262.50 ab353.25 d644.25 ab354.00 

R8 Si 
d14.31 c13.85 a8.26 b11.14 

R9 K b3.56 a3.31 bc3.76 bc3.78 

R10 Fe 
a808.75 cb926.25 b883.25 d1379.00 

Means followed by the same letters are not significantly different (P ≤ 0.05) by Duncan’s Multiple Range Test.  1: shoot wet weight. 2: 
shoot dry weight. 3: number of flowers. 4: chlorophyll. 5: shoot Si. 6: shoot K. 7: shoot Fe. 8: root Si. 9: root K. 10: root Fe. 
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delayed chlorophyll-protein complexes degradation 

of rice seedling under drought stress. The similar 

results about positive effects of Si application on 

the biomass production and photosynthesis process 

reported by other researchers (Wang et al. 2015; 

Xu et al. 2015; Yin et al. 2015).   

   Generally, reported results derived from 

aforementioned researches about the enhancing of 

the shoot and root growth, the yield of the crops 

and vegetables, and stimulation of photosynthesis 

process in the presence of Si in soil, can be 

explained as a consequence of improving the 

mechanical capability of stem and leaves to 

sunlight absorption and heighten capacity of 

photosynthesis (Samuels et al. 1993). The Silicic 

acid concentration in soil solution is a key factor 

that can determine the level of Si uptake by roots 

where its concentration is not depended on the total 

Si concentration in the soil solution, and its 

concentration is a function of soil pH and clay 

content (Henriet et al. 2008). Si stimulate the 

plasma membrane H+-ATPase activity, and 

enhance water absorption by root system 

simultaneously (Romero-Aranda et al. 2006; 

Liangb et al. 2006). Although the portion of Si 

absorption and transportation is a function of plant 

species and Si concentration in soil (Sahebi et al. 

2015), however, with presence of Si into the shoot 

of plants, this element can prevent the deformation 

of the chlorenchyma and the epidermis, and can 

improve the plant growth (Soares et al. 2012).  

Elements uptake 

   Results derived from our research (figure 2) 

showed that the Si application increased the uptake 

of ShSi, RSi. ShK, RK, ShFe, RFe of the Viola tricolor 

L., significantly (P ≤ 0.01). Our results were in line 

with results of other studies (Barreto et al. 2017; 

Nikolic et al. 2019; Hernández-Apaolaza et al. 

2020; dos Santos Sarah et al. 2021; Yan et al. 

2021). 

   The number of studies that investigated about 

effect of Si on K uptake have mainly focused on 

this subject under environmental stress (Barreto et 

al. 2017; Yan et al. 2021), and there has been 

recently a growing interest in the significance of Si 

for K uptake under K deficiency in soils (Chen et 

al. 2016; dos Santos Sarah et al. 2021). For 

example, this is reported that with application of Si 

fertilizer, K uptake by soybean leaves had been 

increased under K deficiency in the soil (Miao et al. 

2010). On another hand, a few researchers have 

reported that Si fertilizer did not recorded any 

significant effect on K uptake in the maize and 

sorghum, but improved the physiological activities, 

such as water use efficiency and photosynthesis 

 
Figure 1. Effect of Si different levels on the SWW, SDW, NoF, and Chll parameters (means followed by the same letters are 

significantly different (P ≤ 0.05) by Duncan’s Multiple Range Test) 
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(Chen et al. 2016; dos Santos Sarah et al. 2021). 

Mirabbasi et al. (2013) studied about the effects of 

different concentrations of K2SiO3, nano-silica, and 

calcium chloride (CaCl2) on the uptake of K, Ca, 

magnesium (Mg), chlorophyll content index, and 

the number of buds in Asian Lilium (Brunello). 

They reported that there is a significant difference 

(P ≤ 0.05) between treatments in terms of Ca 

content in shoot and leaf, K in leaf, and Mg in the 

shoot. Peyvast et al. (2009) investigated on the 

potential effects of Si treatments on the nutrients 

absorption in lettuce, their result proved that by 

increasing Si nutrition, amount of K and N in the 

whole plant increased.  

   The amount of Si as plant-available form 

(H4SiO4) in the soil solutions ranged from 0.1 to 

0.6 mM (Yan et al. 2018). This element is uptake 

from soil solution and then is used as SiO2 

phytoliths in the cell walls and lumen (Hodson and 

Evans, 2020), although different plant species have 

various abilities in term of Si uptake where its 

amount varies between 1% and 10% (Epstein 

1999), and this can be considered as a possible 

reason for different reactions of various plant 

species under Si fertilizer application (Coskun et al. 

2016). Application of Si stimulates K uptake and 

this can rise xylem hydraulic conductance as a 

result of decreasing osmotic potential in xylem. 

After that, water use efficiency will be increased 

which followed by improving massive movement 

of elements such as K inside plants (Fournier et al. 

2005; Romero-Aranda et al. 2006; Nardini et al. 

2010; Kanai et al. 2011; Liu et al. 2011). This is 

documented that with increasing K concentration in 

the xylem sap of Si-fed plants was accompanied by 

up-regulated transcript levels of SKOR genes 

(SKOR1 and SKOR2) mitigating K exudation from 

root cortex cells into the xylem and down-regulated 

transcript levels of AKT1 and HAK5, and this can 

maintain the high level of K in the xylem (Chen et 

 

Figure 2. Effect of Si different levels on the shoot and root uptake of Si, Fe, and K (means followed by the same letters are 

significantly different (P ≤ 0.05) by Duncan’s Multiple Range Test) 
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al. 2016). Additionally, this is mentioned that the 

rise of K uptake across shoot of plants as a result of 

applied Si fertilizer can be related to the enhanced 

activity of H+-ATPase pump in the plasma 

membrane of the root beside improving water use 

efficiency (Datnoff et al. 2001).  

   Pavlovic et al. (2013) reported Si application 

increased the Fe uptake by cucumber’s roots and 

enhanced the binding pool of Fe in roots apoplast 

of cucumber followed by more mobilization of Fe 

in apoplast. In contrast, Becker et al. (2020) 

showed application of Si fertilizer as silicic acid led 

to decline of Fe uptake by leaves of rice regardless 

from Fe concentrations and forms. However, 

Nikolic et al. (2019) reported used Si caused that 

Fe uptake increase in barely.  Hernández-Apaolaza 

et al. (2020) observed although Si usage resulted in 

initial Fe-deficiency in cucumber, but later 

supplement of Fe was increased significantly 

compared with control treatment.   

  Si-ameliorative effect to increase Fe uptake by 

leaves of plants was demonstrated to be related to 

the species plants and pH-dependent (Bityutskii et 

al. 2018). In addition, increasing uptake of Fe by 

roots of vegetables can be explained as a result of 

genes expression involved in organic acids 

biosynthesis, such as ICD for citric acid and MDH 

for malic acid (Pavlovic et al. 2013). The main 

useful effect of Si to provide higher level of Fe for 

plants can be related to distribution of Fe from root 

toward shoot of the plants because of Fe-

mobilizing compounds including citrate in shoots 

and catechin in roots (Bityutskii et al. 2014). 

Moreover, with addition of Si to the soil, Fe 

bioavailability can increase as a result of Fe-Si 

complex formation and stabilizing the redox 

potential in root apoplastic and xylem fluids, 

therefore, this process facilitate Fe translocation 

from root to shoot via the xylem (Stevic et al. 

2016). In the shoot, Si can stimulate the expression 

of CsNAS1 gene, and considerable accumulation of 

nicotianamine. Moreover, CsYSL1 the encoding 

transporter involved in phloem loading/unloading 

of the Fe–NA complex can be expressed as a result 

of Si application, so this situation enhances the 

remobilization and retranslocation of Fe from older 

to younger leaves (Pavlovic et al. 2016). 

CONCLUSIONS 

The results of our research showed that Si 

application in all applied levels caused significantly 

positive effects on the SWW (P ≤ 0.05), SDW (P ≤ 

0.01), and NoF (P ≤ 0.01) compared with control. 

However, Si treatments did not show any 

significant effect on the Chll content. With 

increasing Si concentration, the ShSi presented an 

increasing trend, while the reverse was true for RSi. 

Similar trend was observed for ShK and RK where 

with rising Si concentration in soil samples, the 

uptake of K by shoot increased, but the root K 

uptake maintained almost steady. Based on our 

results, the highest ShFe and RFe uptake were 

observed in 100 mg kg-1 and 200 mg kg-1 

treatments. In conclusion, Si application can be 

suggested as a nutritional element for Viola tricolor 

L. to improve the growth properties, as well as 

increase K and Fe uptake. 
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