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Aims: In the current study we try to clarify the mechanism that might be involved in 

the ameliorating effects of Nano-silicon (NSi) and Silicon (Si) on faba bean (Vicia 

faba) plants grown under different levels of salinity stress that we found in a 

previous study.  

Study design:   Factorial completely randomized design Pot experiments were used 

with NSi and Si applied at 4 concentrations each (0, 1, 2 and 3 mM) and NaCl (0, 

50, 100 and 200 mM) were studied. 

Place and Duration of Study:  Experiments were carried out in the greenhouse of 

Faculty of Agriculture, Qassim University, Kingdom of Saudi Arabia during winter 

season of 2012/2013. 

Methodology:  Effects of NSi and Si on membrane characteristics, photosynthetic 

pigments, sugar content, free proline, antioxidant enzymes and mineral elements 

were investigated in NaCl stressed and non-stressed faba bean plants. The 

experiment was arranged in a factorial design with 4 replications at NaCl levels of 0, 

50, 100 and 200 mM. The tested NSi and Si concentrations were 0, 1, 2 and 3 mM 

for each. 

 

Results:  NaCl treatments caused an increase in proline content and in some 

enzyme activities, Chl a, b and carotenoids were decreased. Application of NSi 

caused a significantly increase in the activity of ascorbate peroxidase (APX), 

catalase (CAT) and peroxidase (POD) in plant leaves, but caused a decrease in the 

activity of superoxide dismutase (SOD) as compared to unstressed plants.  

Oxidative damage, produced by salinity stress, seemed to decrease in accordance 

with the increase in antioxidant enzymes activity under NSi and Si treatments, thus 

tolerance against salt stress was observed. The improvement of salt tolerance 

resulted from NSi and Si treatments was accompanied with improved membrane 
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stability, chloroplast formation and sugar accumulation. 

Conclusion:  Nano-silicon treatments can reduce the adverse effects of salinity on 

V. faba plants by enhancing the activity of antioxidant enzymes. 
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1. INTRODUCTION  14 
 15 

Faba bean (Vicia faba L.) is cultivated in the many regions of the world as a source 16 

of food for humans and animals. It is also traditionally used as a cover crop to recover 17 

nitrogen content and prevent erosion of the soil, and is appreciated for its good agronomic 18 

characteristics [1]. The high percentages of protein, carbohydrate, minerals and vitamins in 19 

faba bean seeds make it an important source of nutrition in many countries. Being rich in 20 

calcium, iron, thiamin, niacin tocopherols, and folic acid faba bean is recommended to 21 

strengthen the immune system [2]. In addition, faba bean plants increase the concentration 22 

of nitrogenous compounds in the soil and make it more fertile [3]. However, growth and 23 

metabolism of faba bean plants are affected by many abiotic stresses such as salinity and 24 

water deficit.  25 

Salinity is considered one of the main abiotic stresses which reduce growth and 26 

production of many crops [4]. There is a large area of the world adversely affected by high 27 

salt concentrations that have a negative impact on the yield of cultivated crops [5]. 28 

Therefore, most plants growing in saline conditions have various strategies to allow them to 29 

overcome salinity stress. The deleterious effect of salinity on plant growth is attributed to 30 

osmotic effect that makes it difficult for a plant to absorb water from saline soils, and/or to 31 

ionic effect resulting from accumulation of toxic salt ions to a level at which plants can not 32 

grow well [6]. Both of these components, osmotic and ionic effects, are harmful to growing 33 

plants because they can cause changes in cell membrane characteristics, water status, 34 

enzyme activities, protein synthesis and gene expression [7]. In addition, reactive oxygen 35 

species (ROS) such as superoxide,  hydrogen peroxide and hydroxyl radicals, can be 36 

produced in saline conditions to a high levels and accumulate in the chloroplasts and other 37 

organelles, leading to a disruption in the metabolism within plant cells through lipid 38 

peroxidation, protein oxidation and enzyme inhibition [8].  39 

In order to overcome the harmful effect of ROS, produced at salt stress conditions, 40 

an efficient antioxidant system, including antioxidant enzymes, should be developed in plant 41 



3 
 

cells. Among these antioxidants are the following enzymes: Catalase, Peroxidase 42 

superoxide dismutase and glutathione reductase [9]. In a previous study by Hernandez et al. 43 

[10] they found that salt stress conditions stimulated the stressed plants to activate their 44 

antioxidant enzymes in order to endure salt effect. It was found that ROS could harm the 45 

photosynthetic apparatus through the effect on chlorophyll structure, plasma membranes 46 

and protein formation [11, 12]. The accumulation of Compatible solutes such as sugars, 47 

amino acids, proline and other soluble compounds permits plants to maintain cell turgor 48 

pressure necessary for cell expansion during stress conditions; such compounds act usually 49 

as osmo-protectants [13]. Proline, in particular, is considered on of the protectants because 50 

it has the ablility to scavenge ROS and other free radical compounds, thereby ensuring 51 

membrane stabilization and preventing protein denaturation during severe osmotic stress 52 

[14]. The protective role of proline in plants under abiotic stress such as salinity or water 53 

deficit has been reported in several plant species [15]. 54 

The properties of nano-materials and their potential applications are increasing in various 55 

fields, especially agricultural biotechnology [16]. However, the investigations on behavior of 56 

nanometals such as nanosilica in plants and the mechanism of interaction, its influence, and 57 

agricultural application are still under rudimentary stage [17]. Based on current knowledge, 58 

Liang et al. [6] concluded that Si is not inert, but acts as a physical or mechanical barrier in 59 

plants. It is not only deposited in the cell wall, but is also actively involved in the metabolic 60 

and/or physiological activities, especially in plants subject to environmental stresses [6]. 61 

Generally, the ameliorative effect of bulk silicon sources varies genotypically among plant 62 

species and particle size [18]. Si (Atom No =14, Atom mass = 28.09, MP 1,410oC, density 63 

2.33 g cm-3) is a metalloid, exists in two forms either crystal plate or non crystal brown 64 

powder. Si is a relatively inactive element at room temperature. At higher temperatures, 65 

however, silicon becomes much more reactive and it combines with oxygen, nitrogen, sulfur, 66 

phosphorus, and other elements.  67 

Nanomaterials, because of their tiny size, may show unique characteristics. For 68 

example, they can change physico-chemicalproperties compared to bulk materials. They 69 

have greater surface area than bulk materials, and due to this larger surface area, their 70 

solubility and surface reactivity tend to be higher. Si nano-particles were found to increase 71 

the growth of different species i.e., maize (16), rice (17) and V. faba (19) plants. Therefore, 72 

we focus on the effect of nanosilica and its influence on faba bean physiology and metabolic 73 

defense compounds. Our previous study [19] revealed improved growth parameters and 74 

germination attributes in faba bean plants treated with Si and NSi, but the physiological and 75 

biochemical responses to Si and NSi were not well studied. Therefore, the current study was 76 
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established to examine the effect of nanosilicon (NSi) and silicon particles (Si), as a 77 

promising plant development regulatory substance to increase the salt tolerance of faba 78 

bean plants grown under salinity stress, and to clarify the mechanism that might be involved 79 

in the ameliorating effects of NSi and Si on faba bean plants grown under salt stress 80 

conditions. 81 

 82 

 83 

 84 
2. MATERIAL AND METHODS 85 

 86 

Pot experiments were carried out in the greenhouse during winter season to 87 

investigate the mechanisms that might be involved in the ameliorating effects of NSi and Si 88 

on faba bean plants grown under salinity stress conditions. The effect of NSi and Si on on 89 

characteristics of cell membrane, chlorophyll a and b, carotenoids, carbohydrates, 90 

antioxidant enzymes, free proline and mineral elements were investigated in NaCl stressed 91 

and non-stressed faba bean plants. The experiments were arranged in a factorial design 92 

with 4 replications at NaCl levels of 0, 50, 100 and 200 mM. The tested Si and NSi 93 

concentrations were 0, 1, 2 and 3 mM.  94 

 95 

2.1 Preparing and sowing of seeds 96 

 97 

Seeds of faba bean (Vicia faba L.) were obtained from authorized agriculture 98 

company and were sterilized with 10% sodium hypochlorite solution for 10 minutes, washed 99 

three times with distilled water, and coated with N-fixing bacteria (Rhizobium 100 

leguminosarum) using Tween 20 agent as an adhesive and scattering material. Identical 101 

seeds were then sown in plastic pots (30 cm inner diameter) filled with 10 kg sandy soil. 102 

Physical and chemical properties of the soil used in the study were recorded in Table (1). 103 

After sowing, irrigation was applied to supply seedlings with 100% available water, at two-104 

day intervals until the seedlings reached the third leaf stage. Seedlings were then thinned to 105 

3 plants/pot and pots were divided into four main groups for salt-stress treatments, with each 106 

group divided into seven subgroups for Si and NSi foliar application. Plants were fertilized 107 

with Sangeral complete fertilizer (Sinclair Horticulture LTD, England) in two equal portions; 108 

the first during the seedling stage and the second at the start of flowering stage. 109 

 110 

 111 



5 
 

 112 

 113 

 114 

Table (1). Physical and chemical analyses of the so il used in the experiment (19). 115 

Physical properties Chemical properties 

Particle size distribution: 

Sand (%)       92.3 

Silt (%)           6.2 

Clay (%)         1.5 

Soil texture  (Sandy) 

CaCO3 (%)  0.41 

OM (%)        0.26 

ES (dSm-1)     0.53 

Soluble anions (meq/l) 

CO32-       0.22 

HCO3-      0.86 

Cl-            1.83 

Soluble cations (meq/l) 

Ca2+             2.96 

Mg2+            1.68 

Na+              2.04 

K+                0.21 

Avail. elements (mg/kg) 

N               19.2 

P                 8.3 

Fe               2.4 

 

pH                  8.01 

 

Soil suspension (1 soil : 2.5 water) 

 116 
 117 
At the fourth leaf stage, irrigation solutions containing one of four levels of NaCl (00, 118 

50, 100 or 200 mM) were used and were repeated after two weeks. To avoid osmotic shock 119 

due to high concentrations, plants were started with lower salt concentrations, then, salt 120 

concentration was increased on a daily basis until each group reached the concentration 121 

determined for it. Plants were then irrigated with tap water every three days with the addition 122 

of sodium chloride to the irrigation water every two weeks (each pot received 300 ml). Each 123 

pot was washed with 500 ml distilled water 2 days before the irrigation with saline solutions 124 

to prevent the increase in osmotic potential resulting from the accumulation of salts by the 125 

succession of irrigation procedures. Sodium silicate (Na2SiO3), as source of Si, and silicon 126 

nano-particles (NSi) were purchased from Sigma-Aldrich Company, St. Louis, MO, USA with 127 

a purity of 99.5%, through SOMATCO chemical company in Riyadh, Saudi Arabia. Just at 128 

the end of each salt treatments, foliar application of Si (35 µm),  or NSi (40 nm) in 129 

concentrations of 0, 1, 2, 3 mM was performed using a small pressure pump (60 psi) after 130 

adding Tween 20 (0.5%) as a wetting agent. The nano particles or Si were suspended 131 

directly in distilled water and dispersed by ultrasonic vibration (100W, 40 kHz) for 30 min. 132 

Small magnetic bars were placed in the suspension for stirring before use to avoid 133 

aggregation of the particles. Different doses of particles suspensions were prepared as 134 

(mM). Each plant received 100 mL of deionized water as well as the solutions of Si and NSi. 135 

The experiment consisted of 28 treatments (4 salt treatments with 3 Si treatments, 3 NSi 136 
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treatments and water as control) and arranged in a factorial completely randomized design 137 

with 4 replicates for each treatment to make a sum of 112 pots. Si treatments were 138 

represented by Si1, Si2 and Si3; while NSi treatments were represented by NSi1, NSi2 and 139 

NSi3. 140 

 141 

 142 

 143 

2.2 Measurements 144 

 145 

Three weeks after the second application of Si or NSi (about 100 days after germination), 146 

three replicates were taken from each treatment, and the following parameters were 147 

measured: 148 

 149 

2.2.1 Determination of membrane characteristics 150 

Lipid peroxidation (LP), electrolyte leakage (EL), and memberane stability index (MSI) 151 

were determined as followes: 152 

 153 

2.2.1.1 Lipid Peroxidation 154 

Lipid peroxidation was determined by measuring the amount of MDA according to 155 

Unyayar et al. [20]. About 0.5 g of leaf tissues from control and treated groups were cut into 156 

small pieces and homogenized by the addition of 5 ml of 5% trichloroacetic acid (TCA) 157 

solution (using UP200 Ultra homogenizer; Hielscher Ult. Tech., Germany). The 158 

homogenates were then transferred into fresh tubes and centrifuged at 12,000 rpm for 15 159 

min at room temperature. Equal volumes of supernatant and 0.5% thiobarbituric acid (TBA) 160 

in 20% TCA solution were added into a new tube and boiled at 96 oC for 25 min. The tubes 161 

were transferred into ice-bath and then centrifuged at 10,000 rpm for 5 min. The absorbance 162 

of the supernatant was measured at 532 nm and corrected for non-specific turbidity by 163 

subtracting the absorbance at 600 nm, 0.5% TBA in 20% TCA solution was used as the 164 

blank. MDA contents were calculated using the extinction coefficient of 155 M-1 cm-1. Values 165 

of MDA contents were taken from measurements of three independent samples, and SD of 166 

the means were calculated. 167 

 168 

2.2.1.2 Electrolyte leakage 169 

Ion leakage was determined as electrical conductivity (EC%) according to Hassanein et 170 

al. [2]. Leaf samples were cut into discs of uniform size and placed in 10 ml of double-171 

distilled water at 40°C for 30 min, and its conduct ivity recorded (C1) using conductivity meter 172 
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(Jenway 470 portable conductivity meter). Then it was kept in a boiling water bath (100°C) 173 

for 15 min and its conductivity also recorded (C2). The percentage of electrolyte leakage 174 

was calculated according to this formula: EC (%) = (C1/C2) × 100. Where C1 and C2 are the 175 

electrolyte conductivities measured before and after boiling, respectively. 176 

 177 

2.2.1.2 Membrane stability index 178 

The membrane stability index (MSI) was determined by placing certain weight (200 mg) 179 

of leaf fresh material in 10 ml deionized water in test tubes. Two sets of the test tubes are 180 

prepared. One set was heated at 40°C for 30 min in a water bath and, then, the electrical 181 

conductivity (C1) was measured using a conductivity meter (ME977-C, Max Electronics, 182 

India). The second set of the tubes was boiled at 100°C in a boiling water bath for 10 min 183 

and then, the conductivity (C2) was measured again. The MSI value was calculated using 184 

the following equation as described by Premchandra et al [21]: 185 

MSI = [1 – (C1/C2)] x100 186 

 187 

 188 

2.2.2  Determination of  Photosynthetic pigments 189 

 190 

The photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) were 191 

determined spectrophotometrically according to Metzner et al. [22]. A known fresh weight 192 

(500 mg) of leaves was homogenized in 85% aqueous acetone for 5 min. The homogenate 193 

was centrifuged and the supernatant was made up to known volume with 85% acetone and 194 

measured against a blank of pure 85% aqueous acetone at 3 wavelengths of 452.5, 644 and 195 

663 nm using spectrophotometrically (Shimadzu, RF-5301PC, Japan). Taking into 196 

consideration the dilution made, it was possible to determine the concentrations of the 197 

pigment fractions (chlorophyll a, chlorophyll b and carotenoids) as g /ml using the following 198 

equations: 199 

 200 

Chlorophyll a = 10.3 E 663 - 0.918 E 644  201 

Chlorophyll b = 19.7 E 644 - 3.87 E 663 202 

Carotenoids = 4.2 E 452.5 - (0.0264 chl a + 0.426 chl b). 203 

Pigments then were calculated on the bases of mg/g fwt. 204 

 205 

 206 

2.2.3 Determination of soluble sugars 207 
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One gram of the dried leaf materials was homogenized with 80% ethanol then 208 

placed in a boiling water bath for 15 minutes. After cooling, the extract was filtered and the 209 

filtrate was oven dried at 60oC then dissolved in 50 ml of distilled water to be ready for 210 

determination of soluble sugars. Soluble sugars were then determined by the anthrone 211 

sulfuric acid method described by Scott and Melvin [23]. Briefly, One ml of the extract was 212 

mixed with 9 ml of anthrone sulphuric acid reagent in a test tube and heated for 7 min at 213 

100°C. The absorbance was read spectrophotometrical ly (Shimadzu, RF-5301PC, Japan) at 214 

620 nm, against a blank containing only distilled water and anthrone reagent. All data were 215 

calculated as mg 100 g−1 Dwt of leaves. 216 

 217 

2.2.4 Determination of free Proline 218 

Free proline content was determined colorimetrically in aqueous sulfosalicylic acid 219 

as described by Bates et al. [24]. Briefly, lyophilized plant material (0.1 g) was homogenized 220 

in 10 ml of 3% aqueous sulfosalicylic acid and the homogenate filtered through Whatman #2 221 

filter paper. Two ml filtrate was reacted with 2 ml acid-ninhydrin (C9H6O4) and 2 ml of glacial 222 

acetic acid (C2H4O2) in a test tube for 1 h at 100oC, and the reaction terminated in an ice 223 

bath. The reaction mixture was extracted with 4 ml toluene, mixed vigorously with a test tube 224 

stirrer for 15–20 s. After 1 h, toluene was added and absorbance at 520 nm was measured 225 

by using spectrophotometer (Shimadzu, RF-5301PC, Japan). The standard curve for proline 226 

was prepared by dissolving proline in 3% sulfosalicylic acid to cover the concentration range 227 

0.5–10 µg ml-1. The proline concentration of the extract was determined from the standard 228 

curve and calculated on a dry weight basis. 229 

 230 

 231 

2.2.5 Determination of antioxidant Enzyme activitie s 232 

 233 

2.2.5.1 Enzyme extraction 234 

The samples were prepared as described by Mukherjee and Choudhuri [25]. Fresh 235 

leaf samples were submersed for 5 min in liquid nitrogen. The frozen leaves were kept at -236 

80°C for further analyses. Enzymes were extracted b y grinding weight of 500 mg fresh leaf 237 

materials, using a mortar and pestle, in 5 ml of extraction buffer solution containing 50 mM 238 

potassium phosphate buffer (pH 7.6) and 0.1 mM Na-EDTA. The homogenate was 239 

centrifuged at 15,000 g for 15 min and the supernatant fraction was used to assay for the 240 

various enzymes. All steps of enzyme extraction and preparation were performed at 4°C. 241 

 242 
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2.2.5.2 Superoxide dismutase (SOD) 243 

SOD was assayed using tetrazolium reagent according to Karanlık [26]. The method 244 

depends on measuring the absorbance of the nitro-blue tertazolium (NBT) color at 560 nm 245 

wavelength. One unit of SOD activity was defined as the amount of enzyme which causes 246 

50% inhibition of the photochemical reduction of NBT. 247 

 248 

2.2.5.3 Catalase (CAT) 249 

Catalase activity was determined spectrophotometry by monitoring the 250 

disappearance of H2O2 according to the method of Cakmak and Marschner [27]. 251 

 252 

2.2.5.4 Ascorbate peroxidase (APX) 253 

The activity of ascorbic acid peroxidase was determined spectrophotometry by 254 

measuring the absorbance at 290 nm and estimating the consumption of ascorbate 255 

substrate. One unit of APX activity was defined as the amount of enzyme required to 256 

consume 1 mol ascorbate min-1 [27]. 257 

 258 

2.2.5.5 Glutathione reductase (GR) 259 

GR activity was determined spectrophotometry by measuring the absorbance at 260 

wavelength 340 nm. This method depends on the oxidation of NADPH by the enzyme. One 261 

unit of GR activity was defined as the amount of enzyme that oxidized 1 mol NADPH min-1 262 

[27]. 263 

 264 

 265 

2.2.6 Determination of nutrient elements 266 

Nitrogen (N), phosphorus (P), sodium (Na), potassium (K), and calcium (Ca) 267 

analysis, dried shoot samples were ground to pass a 20-mesh sieve and digested with a 268 

mixture of H2SO4-HClO4 using microwave energy, a modified technique of Lachica et al. 269 

[28]. 270 

In a mixture of sulfuric and perchloric acid total nitrogen was determined by the 271 

micro-Kjeldahl method [29]. For total inorganic phosphorus estimation, 0.5 g of plant material 272 

was extracted in 8 ml trichloroacetic acid (6%) and centrifuged for 15 min at 18000 X g. 273 

phosphate in supernatant was determined colorimetrically after adding 5 mol sulphuric acid, 274 

2.5% ammonium molybdate and 0.25%  1,2,4-aminonaphtholsulphonic acid solution. After 275 

15 min incubation at 37oC the absorbance was measured at 660 nm [30]. For Measurements 276 

of Na+ and K+ concentrations, the leaves were dried in 60οC for 48 h. Then 1 gr of leaves 277 
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was powdered and burned in 560οC to obtain ash then ashes digested in 10 ml of 1N HCL. 278 

The concentration of Na+ and K+ in the digested samples was determined using a flame 279 

photometer (Model 420, Sherwood, Cambridge, UK) as described by Yousufinia et al. [31]. 280 

Calcium was measured on acid-digested samples by atomic absorption spectrophotometry 281 

in a Perkin Elmer Analyst 800 (Perkin Elmer Inc.,Wellesley, MA) spectrophotometer 282 

equipped with a PE6017 lamp, and measured at 422.7 nm [32]. 283 

 284 

2.2.7 Statistical analysis 285 

The collected data were analyzed statistically using Factorial Completely 286 

Randomized Design (FCRD) and analysis of variance according to Gomez and Gomez 287 

(1984) [33] with the aid of COSTAT computer program. Treatment means were compared 288 

using the least significant difference test (LSD) at 5% level. 289 

 290 
 291 
  292 
 293 
3. RESULTS AND DISCUSSION 294 
 295 
 296 
3.1 Lipid peroxidation and Electrolyte Leakage  297 

 298 

Data registered in Table (2) indicated clearly that electrolyte leakage (EL), lipid 299 

peroxidation (LP) and membrane stability index (MSI) of salt stressed Vicia faba leaves 300 

showed different patterns of response when treated with NSi and Si. It was clear that the 301 

different concentrations of NaCl caused a significant increase in EL and LP, as determined 302 

by the amount of Malon dialdehyde (MDA) produced, comparing with the control plants. The 303 

results illustrated remarkable increase in Malon dialdehyde content and ion leakage level in 304 

response to 100 and 200 mM NaCl. Maximum values of electrolyte leakage and lipid 305 

peroxidation were registered at the 200 mM NaCl treatment. However, the application of NSi 306 

and Si caused a significant decrease in the EL and LP of the stressed plants as compared 307 

with those of the control. In contrast, the MSI of plant leaves was decreased when plants 308 

were exposed to NaCl. NSi and Si treatments, on the other side, significantly increased the 309 

MSI of salt treated faba bean plants. 310 

Values of electrolyte leakage (EL) and membrane stability index (MSI) can be used 311 

to predict indirectly cell membrane damage caused by salt stress [34]. The stimulation effect 312 

of saline water on the value of MDA and EL % might be attributed to injury of plasma 313 

membrane. That damage caused by ROS which could induce Lipid peroxidation and 314 
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consequently Electrolyte leakage [35]. Extensive membrane damage and change in 315 

membrane integrity, resulting from salinity stress, are shown as increase in lipid peroxidation 316 

and electrolyte leakage leading to decrease in MSI values. 317 

Reduction of MDA levels and EL% in response to NSi and Si treatments might be 318 

due to induction of antioxidant responses that protect the plants from oxidative damage, 319 

increased membrane stability and tolerance of plants which in turn enhanced scavenging of 320 

harmful free radicals [36] and elevated ca uptake that protects the plant from the oxidative 321 

damage by silicon treatments [37]. On the other side, NSi and Si treatments appeared to 322 

have a positive effect on cell membranes and repair the damage mediated by salt stress to 323 

plasma membrane. This conclusion was evident from the significant increase in MSI and the 324 

significant decrease in EL of NSi and Si treated faba bean plants as compared with control 325 

plants. Similar results were obtained by Hamada [38], who found that brassinolide modifies 326 

membrane structure and stability under stress conditions.  327 

In the present study, the decrease in lipid peroxidation, indicated by MDA content, in 328 

NSi or Si treated plants may be considered as a mechanism for the improved stability of cell 329 

membrane in salinity stressed plants in response to nanosilicon or silicon treatments. Lower 330 

lipid peroxidation, lower electrolyte leakage and higher membrane stability have also been 331 

reported in salt-tolerant genotypes of rice [39] and sugarcane [40] grown under salt stress 332 

conditions. 333 

 334 

Table (2): Effects of nano-silicon (NSi) and silico n (Si) on electrode leakage (EL), lipid 335 

peroxidation (LP) and membrane stability index (MSI ) of faba bean plants grown under 336 

different levels of salinity stress. 337 

 338 
Silica 
treatments 

Salinity levels (mM)  
  00        50       100     200   00       50      100       200   00      50       100       200 

Electrolete leakage (%)  
(EL %) 

Lipid pero xidation  
(MDA µg/g fwt) 

Memberane stability 
index (MSI %) 

Cont 13.5 15.4 19.8 20.5 6.41 7.92 9.52 12.2 86.5 84.6 80.2 79.5 
NSi1 11.6 14.2 17.3 18.6 5.23 6.23 8.53 10.2 88.4 85.8 82.7 81.4 
NSi2 10.4 11.3 15.2 17.8 4.82 5.42 7.31 7.63 89.6 88.7 84.8 82.2 
NSi3 13.2 14.7 14.6 18.7 5.14 5.55 7.13 8.24 86.8 85.3 85.4 81.3 
Si1 11.2 13.8 16.6 18.2 5.12 6.06 8.26 9.85 88.8 86.2 83.4 81.8 
Si2 10.4 11.5 14.4 17.3 4.24 5.21 7.08 7.43 89.6 88.5 85.6 82.7 
Si3 10.0 11.1 13.7 16.8 4.32 5.04 6.55 7.22 90.0 88.9 86.3 83.2 
LSD (5%) 1.41 2.33 2.16 1.45 0.55 0.62 1.24 1.45 2.56 2.14 2.22 1.57 
 339 

 It is well known that, the deterioration of cell membrane is one of the physiological 340 

responses to salt stress. Oxidative stress, generated due to the presence of NaCl stress, 341 

promotes lipid peroxidation and causes a simultaneous increase in electron leakage and 342 
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decrease the MSI. These physiological interferences and membrane disturbances could be 343 

mitigated by the addition of silicon and nano-silicon through the activation of antioxidant 344 

enzymes that scavenging the reactive oxygen species (ROS), as discussed later. 345 

 346 
 347 

3.2. Photosynthetic pigments 348 
 349 
The present results showed that chl a, chl b, carotenoids (Table 3), total chlorophyll  350 

(Fig.1) contents and chl a:chl b ratio (Fig. 2) were all significantly decreased in faba bean 351 

leaves as salinity stress increased. The decrease in pigment concentrations of salt treated 352 

plants was more observed in the absence of NSi and Si treatments. Data in the table 353 

indicate clearly that the 50 mM salt treatment caused a slight increase in chl a, and chl b and 354 

carotenoid content as compared with salt untreated control (Table 3). This observation was 355 

true either with or without Si and NSi treatments. At this salinity level, the most observed 356 

increase in total chlorophyll (Chl a + b) content was recorded under NSi2 treatment (Fig. 1). 357 

In this regard, Chookhampaeng [41] found that chlorophyll content increased in pepper 358 

plants under low levels of salinity. One reason of that was the thicker leaves produced under 359 

salt stress. Increases in leaf thickness tended to compensate slightly for the negative effects 360 

of salinity on leaf chlorophyll [41]. 361 

 362 

 363 

Table (3): Effects of nano-silicon (NSi) and silico n (Si) on chlorophyll a (Chl a), 364 

chlorophyll a (Chl a) and carotenoids (Carot.) of f aba bean plants grown under 365 

different levels of salinity stress . 366 

 367 
Silica 
treatments 

Salinity levels (mM)  
  00       50       100      200   00       50      100      200   00      50       100      200 

Chl a (mg/g fwt)  Chl b (mg/g fwt ) Carot. (mg/g fwt)  
Cont 1.41 1.46 1.02 0.66 1.05 1.08 0.87 0.52 0.62 0.77 0.72 0.35 
NSi1 1.53 1.66 1.28 1.06 1.28 1.31 1.18 1.05 0.78 0.81 0.66 0.45 
NSi2 2.12 2.18 1.87 1.25 1.78 1.79 1.36 1.16 0.94 0.98 0.78 0.48 
NSi3 1.66 1.72 1.46 1.01 1.25 1.28 1.05 0.88 0.55 0.58 0.52 0.38 
Si1 1.45 1.48 1.15 1.04 1.12 1.14 1.02 0.77 0.71 0.79 0.73 0.41 
Si2 1.89 1.92 1.53 1.11 1.25 1.28 1.07 0.82 0.75 0.82 0.75 0.45 
Si3 1.52 1.61 1.36 1.09 1.16 1.12 0.97 0.78 0.65 0.72 0.68 0.37 
LSD (5%) 0.22 0.18 0.17 0.11 0.12 0.14 0.16 0.14 0.11 0.15 0.10 0.11 
 368 
 369 

 370 
Increasing salinity levels from 50 to 100 and 200 mM significantly decreased 371 

chlorophyll a, chlorophyll b and carotene contents. At 200 mM of NaCl, Chla, Chl b and 372 

carotene decreased by about 50%, 50% and 44%, respectively, as compared with control 373 
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treatment. The application of Si and NSi as foliar spray alleviate the deleterious effect of 374 

salinity on the chlorophyll content. Application of 2 mM of Si or NSi produced the highest 375 

values of chlorophyll a, b and carotene as compared to the other treatments or control 376 

(Table 3). At no salt treatments, Si2 and NSi2 treatments caused an increase in Chl a by 377 

about 34% and 50%, respectively, Chl b by about 20% and 30%, respectively and carotene 378 

by about 20% and 50%, respectively, as compared with silicon untreated plants. It seems 379 

that, at any salt treatment Si and NSi treatments decrease the harmful effect of salinity 380 

stress on chlorophyll content. The reduction in leaf chlorophyll content under NaCl stress 381 

has been reported in early studies on V.faba [12], Zea maize [42] and green bean [43]. In 382 

this regard, Yuvakkumar et al. [42] found that total chlorophyll content of maize was 383 

increased by (13–17%) when treated with nanosilicate. 384 

 385 

 386 
Fig. (1): Effects of nano-silicon (NSi) and silicon (Si) on total chlorophyll (Chl a +b) content of 387 

faba bean plants grown under different levels of salinity stress.  388 

 389 
The decrease in chlorophyll content under salinity conditions is reported by Yasar et 390 

al. [43] and might have been due to salt-induced increase in the activity of the chlorophyll 391 

degrading enzyme, chlorophylase [44]. In this concern, a decrease in cholorophyll content 392 

(chl. a, b and total chl) of fennel plants under salt stress was observed [5]. The results 393 

obtained in this study are in agreement with those of Azooz et al. [12] for V. faba. The 394 

decrease in chlorophyll content of salt-stressed faba bean plants that associated with the 395 

increase in proline content (Table 5) is reliable with the suggestion that nitrogen might be 396 

redirected to the synthesis of proline instead of chlorophyll. In addition, Djanaguiraman and 397 
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Ramadass [45] ascribed the decrease in pigment content of salt-stressed rice plants to the 398 

increase in the activity of chlorophyllase or to the disruption of the fine structure of the 399 

chloroplast, as well as to the instability of the chloroplast membrane and pigment-protein 400 

complex. In this regard, Sevengor et al. [46] attributed the reduction in leaf chlorophyll 401 

content under NaCl stress to the destruction of chlorophyll pigments and to the instability of 402 

the pigment-protein complex.  403 

 404 

In the present study NSi or Si reduced the damage effects of salt stress on 405 

photosynthetic pigments through decreasing the electrolyte leakage and increasing the 406 

membrane stability index MSI (Table 2) compared with those of the control. Moreover, the 407 

chlorophyll content may be protected probably because of the high antioxidant enzyme 408 

activities that increased with NSi and Si and prevented degradation of leaf chlorophyll [46; 409 

47]. The results showed that nano Si could stabilize the integrality of chloroplast membrane 410 

and protect the chloroplasts from salt stress. Therefore with nano Si treatment, content of 411 

chlorophyll (a + b), was higher than the control (Fig. 1). In fact, NSi can improve structure of 412 

chlorophyll and can facilitate manufacture of pigments and protect chloroplasts from ageing 413 

[48]. However, bulk Si effects on pigments was not as significant as nano Si, as the grain 414 

size of nano Si is much smaller than that of bulk Si, which entered Faba bean cells more 415 

easily.  416 

 417 

 418 

 419 
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Fig. (2): Effects of nano-silicon (NSi) and silicon (Si) on Chl a/Chl b ration in faba bean plants 420 
grown under different levels of salinity stress.  421 

 422 
 423 

It was found that ROS produced by salt stress affect cellular membranes and cause 424 

a destruction of chroroplasts [12], while scavenging capacity during salt stress was 425 

increased with NSi and Si, exhibited as increased of antioxidant enzymes activity. 426 

Ameliorative effects on salinity stress may be attributed to silicon supplements included 427 

reductions in tissue Na content, maintenance of chloroplast cell membrane integrity, 428 

reductions in lipid peroxidation and lignification, and increases in ROS scavenging capacity. 429 

These findings are in accordance with those reported by Lei et al. [49] and Gao et al. [50] in 430 

a study on the effects of different concentrations of nano particles on the spinach traits, 431 

concluded that, chlorophyll amounts in treatment with nano particles showed significant 432 

increase, and it was 17 times of control amount. In another study, Yang and Hong [51] found 433 

that nano TiO2 increased protein and chlorophyll content of leaves more than bulk particles.  434 

 435 

 436 

3.3 Soluble sugar contents 437 

Effects of salt treatments and NSi or Si on soluble sugar contents of V. faba plants 438 

are shown in (Fig. 3). It was clear that total soluble sugars decreased with increasing NaCl 439 

concentration, to produce the lowest value of soluble sugars at the highest level of salt 440 

concentration, as compared with those of salt unstressed plants. In this regard the 200 mM 441 

NaCl resulted in a decrease of about 36% in the soluble sugar content as compared to 442 

unstressed plants. NSi and Si applications caused significant increases in the content of 443 

soluble sugars in faba bean plants. The maximum content of soluble sugars was estimated 444 

at moderate level of NaCl (100 mM) particularly with NSi2 and Si2 treatments compared with 445 

that determined in control plants. In this concern, NSi2 and Si2 treatments resulted in an 446 

increase of about 86% and 89%, respectively, in plants treated with 100 mM of NaCl. 447 

It was clear that soluble sugar content of plant leaves decreased significantly in salt-448 

stressed V. faba plants compared to the unstressed plants. Similar results showing 449 

inhibitions in sugar formation under salinity stress were recorded in earlier studies [52] and 450 

[53]. The decrease in soluble sugar content and the reduction in photosynthetic pigment 451 

concentration under salt stress conditions were directly proportional to the applied 452 

concentration of NaCl in the growth media. These findings may lead to the conclusion that 453 

NaCl inhibits photosynthetic activity or increase partial utilization of carbohydrates in other 454 

metabolic pathways. Generally, NSi and Si enhanced the accumulation of sugars in salt-455 
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treated V. faba plants and alleviate the inhibitory effects of salt stress on sugar formation 456 

[47]. 457 

It is well known that organic solutes play a major role in the mitigation of salt stress. 458 

Accumulation of these compatible solutes reduces osmotic potential in the cytoplasm and 459 

contributes to maintaining water homeostasis among several cellular compartments. Among 460 

all organic solutes, soluble sugars and proline represent the most osmotically active organic 461 

solutes. A strong correlation between soluble sugar accumulation and salt tolerance has 462 

been widely reported [12; 47]. In this regard, the enhancement effect of silicon on 463 

carbohydrate biosynthesis, especially soluble sugars, was found to be the main organic 464 

osmotica in a number of glycophytes when exposed to salt stress conditions [2]. This effect 465 

highlights another possible mechanism by which silicon plays a positive role in alleviation of 466 

the harmful effects of salt stress. Subjecting water stressed faba bean plants to silicon 467 

synergistically increased the amounts of soluble sugars than in untreated stressed ones 468 

which indicated that accumulation of these compounds by silicon plays a key role in retaining 469 

the water capacity of stressed cells which thereby can tolerate severe drought and salinity 470 

stress [36], [54] and [55]. 471 

 472 
 473 
 474 

 475 

 476 
Fig. (3): Effects of nano-silicon (NSi) and silicon (Si) on total soluble sugars in faba bean 477 

plants grown under different levels of salinity stress 478 
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 479 
 480 
 481 
 482 

 483 
3.4 Antioxidant enzyme activities 484 
 485 

The effect of NSi and Si treatments on the activity of antioxidant enzymes in faba 486 

bean plants, grown at different concentrations of NaCl, is presented in Tables (4 and 5). The 487 

recorded date showed a progressive increase in the activity of enzymes SOD, CAT, POD 488 

and APX with increasing salinity level in the growth media, whereas the activity of GR 489 

significantly decreased with increasing NaCl concentration as compared with those recorded 490 

for control plants. Adding Si or NSi had significant effects on the activity of all enzymes 491 

under salt stress (Table 4 and 5). With increasing Si treatments a gradual increase in the 492 

activity of SOD, CAT, POD and APX was observed regardless of salinity treatment. 493 

Whereas, with NSi the highest increase in enzyme activity was observed under NSi2 494 

treatment above which activities of the enzymes tended to decrease. The addition of Si or 495 

NSi markedly decreased the GR activity as compared with control treatment. 496 

 497 
 498 

Table (4): Effects of nano-silicon (NSi) and silico n (Si) on SOD, CAT and POD 499 

antioxidant enzyme activities of faba bean plants g rown under different levels of 500 

salinity stress . 501 

Silica 
treatments 

Salinity levels (mM)  
  00        50      100      200   00       50      100      200   00       50      100      200 

SOD 
(unit g −1 FW) 

CAT 
(µM H2O2 oxidized g −1 

FW) 

POD 
(O.D g−1 FW min −1) 

Cont 29.1 35.1 64.1 52.5 4.41 4.02 3.56 3.24 2.25 4.33 4.46 3.16 
NSi1 34.3 36.6 66.5 60.6 5.12 6.82 7.11 5.64 2.88 4.75 5.75 3.65 
NSi2 40.2 42.5 71.2 62.5 5.76 7.45 8.45 6.55 3.05 5.12 5.96 4.32 
NSi3 28.6 30.7 60.4 48.5 4.14 5.16 7.06 5.14 2.62 4.23 4.67 3.12 
Si1 30.4 36.5 67.3 53.3 4.56 6.12 7.68 5.12 2.45 4.65 5.11 3.57 
Si2 34.7 38.2 69.2 58.2 4.64 6.86 7.94 5.34 2.87 4.87 5.32 3.84 
Si3 36.3 40.5 69.8 55.2 4.86 7.11 8.12 6.45 3.11 4.46 5.65 4.11 
LSD (5%) 2.88 2.12 2.45 3.62 NS 1.05 2.12 1.44 0.66 0.45 0.32 0.44 
 502 

 503 

It is well known that salinity stress causes generation of excessive reactive oxygen 504 

species (ROS), which leads to cell toxicity, membrane dysfunction and cell death [41]. Plants 505 

have developed enzymatic and nonenzymatic mechanism to scavenge ROS [2]. Among the 506 

active oxygen species superoxide is converted by SOD enzyme to H2O2, which is further 507 

scavenged by CAT and APX. Over expression of the APX gene in plants has showed 508 

improvement in protection against oxidative stress [43]. In the present study we found that 509 
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the activities of antioxidant enzymes, SOD, POD and APX, in V. Faba plant leaves were 510 

enhanced when plants subjected to salinity stress condition. These results are in agreement 511 

with those of Hassanein et al. [53], who observed that salt stress increased the activities of 512 

antioxidant enzymes in leaves of Zea mays plants. In addition, Farag [56] reported that in 513 

pea (Pisum sativum), high concentrations of NaCl (110–130 mM) enhanced the activities of 514 

cytosolic and chloroplastic SOD. Increased activity of these antioxidant enzymes is 515 

considered to be a salt-tolerance mechanism in most plants [57]. 516 

 517 

 518 

 519 

 520 

 521 

 522 

 523 
Table (5): Effects of nano-silicon (NSi) and silico n (Si) on APX andGR antioxidant 524 

enzyme activities and proline content of faba bean plants grown under different levels 525 

of salinity stress. 526 

Silica 
treatments 

Salinity levels (mM)  
  00         50       100     200   00        50       100     200   00        50       100     200 

APX 
(mM ascorbate g −1 FW 

min −1) 

GR 
(µg g−1 FW) 

Proline  
(mg per 100 g DW) 

Cont 0.22 0.30 0.48 0.37 0.52 0.44 0.35 0.27 3.22 5.34 7.75 6.14 
NSi1 0.37 0.41 0.49 0.38 0.47 0.39 0.33 0.25 3.11 4.01 5.66 6.01 
NSi2 0.45 0.48 0.62 0.48 0.43 0.35 0.29 0.26 2.82 4.12 5.98 6.06 
NSi3 0.26 0.35 0.50 0.40 0.52 0.45 0.33 0.30 3.27 4.50 6.14 6.15 
Si1 0.28 0.34 0.52 0.39 0.50 0.41 0.30 0.31 3.20 3.35 5.11 6.34 
Si2 0.32 0.37 0.56 0.42 0.45 0.40 0.26 0.28 2.24 3.88 5.29 6.84 
Si3 0.36 0.43 0.58 0.46 0.40 0.38 0.24 0.24 2.11 3.96 5.88 6.98 
LSD (5%) 0.12 0.24 0.16 0.04 0.05 0.03 0.05 0.03 0.03 0.46 0.34 0.02 

 527 
 528 

The present results showed that salt stress caused a decrease in GR activity. GR 529 

deactivation by salt stress may be a result of prevention of new enzyme synthesis [6]. GR 530 

activates the glutathione-ascorbate cycle and converts GSSG to reduced glutathione (GSH) 531 

[58]. In addition, GR regulates GSH/GSSG ratio and supplies GSH for GPX and DHAR, 532 

which convert H2O2 to H2O and reduce oxidized ascorbate, respectively. The changes in GR 533 

activity (Table 5) and lipid peroxidation (LP), as pointed out by the increase in MDA 534 

concentration (Table 2), in plants exposed to different levels of salinity stress and treated 535 

with NSi and Si were recorded. The GR activity gradually decreased with increasing NaCl 536 

concentration, whereas lipid peroxidation showed a gradual increase with increasing salt 537 
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concentration as compared with control plants. In this regard, the maximum reduction in GR 538 

activity that reached 43% of that of the controls plants, and the maximum increase in MDA 539 

(LP) content which reached 77.7% of that of the control plants, was detected in faba bean 540 

plants treated with 200 mM NaCl (Table 2).  541 

It seems that nanosilicon could alter the activity of antioxidative enzymes in plant 542 

organs to improve the salt tolerance. Results in Tables (4 and 5) showed that application of 543 

Si or NSi caused an increase in the activity of SOD, POD, APX and CAT in V. Faba plants 544 

and this could ameliorate the effect of salinity. High activity of CAT in Si and NSi treated 545 

plants under salt stress suggests that the treated plants possess a better scavenging ability. 546 

The present study was consistent with the results reported by Mazorra et al. [58]. The effect 547 

of Si on the antioxidant enzymes activity under salt stress has been reported by Liang et al. 548 

[59] who described an increase in SOD activity in salt-stressed barley leaves and increases 549 

in SOD, GPX, CAT and GR activity in salt-stressed barley roots. In the present study, 550 

applying Si to Faba bean under NaCl stress significantly increased SOD, POD, APX and 551 

CAT activity. In another study, it was found that applying Si and nSi to plants under salt 552 

stress could increase antioxidative enzymes activity which played great role to 553 

counterbalance salinity damages [47] and [60]. In this regard Helaly et al. [61] reported that 554 

SOD, CAT and POX activities were increased significantly in banana plants when the 555 

nanoparticles doses increased. Moreover, Bao-shan et al. [62] tested nanoparticle silicon 556 

dioxide (NSi) on growth of Changbai larch (Larix olgensis) and soybean plants and observed 557 

that NSi showed the highest activity of nitrate reductase, superoxide dismutase, catalase 558 

and peroxidase. In contrast to our results, Rubinowska et al. [36] reported that at interaction 559 

of both salinity and NSi the rate of GR reduction was high. It was indicated that NSi might 560 

have toxic effects or it can stimulate salinity effects. Although there was a report on toxicity 561 

of NSiO2 on Arabidopsis thaliana, but these toxicity was not stronger as other nanoparticles 562 

such as N-ZnO and N-Fe3O4 [63]. 563 

 564 

 565 
 566 

3.5 Proline content 567 
 568 

Analysis of the proline content of V. Faba showed that NaCl application significantly 569 

increased free proline contents while under Si treatment, the free proline contents of plant 570 

leaves markedly decreased but NSi treatment enhanced the accumulation of proline (Fig. 4). 571 

Proline content increased with increasing salinity level up to 100 mM of NaCl then, tended to 572 

decrease at 200 mM of NaCl (Fig. 4). At 100 mM of NaCl proline content increased in silicon 573 

untreated plants by about 140% as compared to 0 mM NaCl control treatment (Table 5). Si 574 
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and NSi treatment decreased proline accumulation particularly when plants were not under 575 

salt stress. While at salt stress Si and NSi seemed to enhance proline accumulation.   576 

 577 
 578 
 579 
 580 
 581 
 582 

 583 
Fig. (4): Effects of nano-silicon (NSi) and silicon (Si) on free proline content of faba bean 584 
plants grown under different levels of salinity stress. 585 

 586 
 587 
Our results showed that the accumulation of proline in V. faba plants was linked with 588 

the increase in salinity stress level. These findings were in agreement with those obtained by 589 

Rahimi et al. [5] who reported that proline accumulation, in response to environmental 590 

stress, such as salinity stress and water stress, protected plant cells via osmotic adjustment 591 

effect by balancing the osmotic pressure of the cytosol with that of the vacuole and the 592 

external environment [5]. In this regard, proline accumulation could be a protective response, 593 

because of the osmoregulation role of proline that prevents water deficit stress under high 594 

salinity, and also because of its capability to scavenge the active radicals, produced at salt 595 

stress conditions, and stabilize the protein [15]. In addition, proline accumulation was 596 

reported to serve as a nitrogen storage compound and thus protects the cellular structure 597 

[5]. 598 

The amount of free proline in sole Si treated plants were however similar to that of 599 

control treatments. The free proline contents significantly increased under NaCl stress, while 600 



21 
 

Si caused a reduction in free proline contents. Various earlier studies reported that proline 601 

contents significantly increased in many species such as common bean [64] and soybean 602 

[65] under salt stress condition. Current results also suggest that proline contents decreased 603 

with Si application, which show the favorable role of Si in mitigating the adverse effects of 604 

salt stress on plants. It was thus concluded that addition of Si and nSi is beneficial in 605 

hydroponically grown plants as it significantly improves growth attributes and effectively 606 

mitigate the adverse effects of NaCl induced salt stress. However, further studies are 607 

needed for understanding the mechanism of physiological or biochemical roles of Si in 608 

higher plants. Crusciol et al. [54] found that silicon increased proline (a key solute in osmotic 609 

adjustment) content in stressed plant tissue. In this regartd, Helaly et al. [61] found that total 610 

proline was increased significantly in banana plants when the nanoparticles doses 611 

increased.  612 

 613 

3.6 Nutrient elements content  614 

Data in Table (6) indicated clearly that the low values of N, P and Ca content of plant 615 

shoots were recorded by plants growing under salinity when compared with control or plants 616 

grown under low saline soil. A gradual reduction in N and Ca concentrations were recorded 617 

with increasing salinity level. The reduction in element concentration was more pronounced 618 

at the highest salinity level. In this regard, the 200 ppm of NaCl reduced the N% and Ca% by 619 

about 25% and 19%, respectively, as compared with control plants. On the other side, P% 620 

and K% in plant shoots increased with increasing salinity level up to 100 ppm then 621 

decreased at 200 ppm of NaCl, while Na% increased progressively with increasing salt level 622 

in the growth medium to reach its maximum at 200 ppm of NaCl. Therefore, K/Na ration 623 

decreased at high salt concentration as compared to non salinized plants. The negative 624 

effect of salinity stress on nutrient elements of bean plants was reported by Matijević et al. 625 

[66]. 626 

 627 

Table (6): Effects of salt stress and silicon treat ments on mineral contents of faba 628 

bean plants. 629 

 ppm  N%  P% Ca%  ppm  K%  Na% K/Na 
 
Salt 
treatments 

00 2.39 0.26 1.37  
Salt 
treatments 

00 2.95 2.61 1.14 
50 2.17 0.28 1.27 50 3.23 2.83 1.16 
100 2.03 0.31 1.11 100 3.52 2.92 1.24 
200 1.79 0.22 0.86 200 2.46 2.97 0.83 

LSD5%  0.11 0.04 0.16 LSD5%  0.46 0.26 0.28 
  N%  P% Ca%   K%  Na% K/Na 
 
Silicon 

Con 2.16 0.22 1.19  
Silicon 

Con 2.72 3.67 0.76 
NSi1 2.21 0.29 1.19 NSi1 3.27 2.82 1.26 
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treatments NSi2 2.22 0.32 1.17 treatments NSi2 3.38 2.69 1.25 
NSi3 2.05 0.25 1.02 NSi3 2.80 2.44 1.14 
Si1 2.03 0.25 1.21 Si1 3.09 2.85 1.08 
Si2 1.98 0.29 1.23 Si2 3.17 2.76 1.15 
Si3 2.04 0.28 1.08 Si3 2.69 2.43 1.20 

LSD5%  0.05 0.05 0.06 LSD5%  0.15 0.23 0.14 
 630 
It is obvious from the data in Table (6) that all Si treatments caused an observed 631 

reduction in N% and Na% in plant shoots. While P, Ca, K, and Na concentrations increased 632 

with Si application. On the other side, low and medium levels of NSi (NSi1 and NSi2) caused 633 

a significant increase in N, P and K contents.  The increase in K/Na ratio with the application 634 

of NSi may be attributed to the enhancing effect of nanosilica on the uptake of K or to the 635 

reduction in the absorbtion of Na. These results were agreed with those reported by Hanafy 636 

Ahmed et al. [67] on wheat. Phosphorus (P) tended to accumulate in the faba bean plants 637 

grown under low and moderate saline conditions but was reduced at strongly saline 638 

compared to control values. It might be due to an adaptation mechanism developed by the 639 

plants to overcome osmotic stress caused by salinity while further decrease in P might be 640 

related to the antagonistic relation between salt ions and P [68]. Potassium content was 641 

lower in plant shoots grown under high salinity levels than those grown in non saline 642 

conditions, while K accumulated at low levels of salinity.  643 

As for the interaction effect of salinity stress and silicon treatments on nutrient 644 

composition of faba bean shoots, it is clear from the data recorded in Table (7) that Si 645 

treatments did not cause significant changes on N% of shoots under salt treatments, while 646 

NSi treatments showed an observed increase in N% of shoots under salinity stress 647 

particularly at 50 ppm of NaCl. Moreover, P and Ca concentrations in shoots of salt treated 648 

faba bean plants were also enhanced by the application of Si and NSi treatments. The most 649 

effective treatments in this regard were Si2 and NSi2, which produced the highest percent 650 

increase in P and Ca of salt stressed shoots (Table 7).  651 

 652 

 653 
 654 
Table (7): Effects of silicon (Si) and nano-silicon  (NSi) on N, P and Ca percentages in 655 

faba bean plants under different levels of salinity  stress. 656 

 N (%) P (%) Ca (%) 
 00 50 100 200 00 50 100 200 00 50 100 200 
Con 2.45 2.22 2.11 1.85 0.22 0.23 0.24 0.18 1.52 1.27 1.11 0.85 
NSi1 2.43 2.32 2.15 1.94 0.26 0.29 0.33 0.25 1.46 1.28 1.12 0.90 
NSi2 2.46 2.38 2.10 1.88 0.30 0.32 0.38 0.28 1.36 1.30 1.17 0.86 
NSi3 2.30 2.26 2.11 1.52 0.25 0.28 0.30 0.19 1.20 1.15 1.04 0.65 
Si1 2.42 2.00 1.91 1.80 0.24 0.26 0.28 0.20 1.44 1.40 1.12 0.91 
Si2 2.32 1.99 1.85 1.79 0.27 0.32 0.34 0.22 1.41 1.36 1.22 0.95 
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Si3 2.38 2.03 1.96 1.80 0.28 0.30 0.32 0.23 1.26 1.15 1.02 0.87 
LSD5% 0.02 0.07 0.06 0.04 0.03 0.05 0.03 0.03 0.06 0.04 0.05 0.04 

 657 
 658 

In addition, K concentration in salt stressed shoots was increased significantly by the 659 

application of Si and NSi as compared with salt stressed shoots without Si or NSi treatments 660 

(Table 8). Again, the most pronounced effect was recorded at Si2 and NSi2 treatments. At 661 

which K% in the 50 ppm NaCl treated shoots was increased by about 10% and 11% at Si2 662 

and NSi2 treatment, respectively, as compared with the values obtained at 50 ppm NaCl in 663 

the absence of Si or NSi. The analogous increase in K content at 100 ppm NaCl were about 664 

37% and 47%, respectively. While the corresponding increases at 200 ppm NaCl were about 665 

6% and 28%, respectively. Contrary, Na concentration in salt stressed shoots was 666 

significantly decresed by Si and NSi applications. A gradual decrease in Na, of salt stressed 667 

shoots, with increasing Si or NSi concentrations was observed. The most reduction in Na 668 

was recorded at Si3 and NSi3 treatments, at which the Na% was decreased by about 37% 669 

and 32%, respectively at 50 ppm NaCl treatment, and by about 37% and 34%, respectively, 670 

at 100 ppm treatment and by about 36% and 48%, respectively, at 200 ppm treatment as 671 

compared with salt treated plants without Si or NSi application. In this regard, Liang et al., 672 

(2007) [59] reported a significant increase in K uptake and decrease in Na uptake under salt 673 

stress when Si was included because of increased activity of plasma membrane H-ATPase. 674 

K/Na ratio was significantly lower under salinity stress when Si was not applied. Silicon 675 

application enhanced K/Na selectivity ratio in Faba bean shoots thus enhancing pod and 676 

shoot yield. Application of Si in the salinity soil increased the K/Na. The exclusion of Na+ 677 

ions and a higher K/Na ratio in bean plants grown under saline conditions have been 678 

confirmed as important selection criteria for salt tolerance [69].  679 

 680 

Table (8): Effects of silicon (Si) and nano-silicon  (NSi) on K, Na and K/Na ration in 681 

Faba bean plants under different levels of salinity  stress. 682 

  K (%) Na (%) K/Na 
 00 50 100 200 00 50 100 200 00 50 100 200 
Con 2.86 3.11 2.66 2.24 2.88 3.74 3.95 4.11 0.99 0.83 0.67 0.55 
NSi1 2.88 3.30 3.88 3.02 2.75 2.88 2.89 2.77 1.05 1.14 1.34 1.09 
NSi2 3.32 3.45 3.90 2.87 2.60 2.72 2.88 2.58 1.28 1.27 1.36 1.11 
NSi3 2.67 3.15 3.26 2.12 2.45 2.55 2.62 2.14 1.09 1.24 1.24 0.99 
Si1 2.95 3.21 3.89 2.30 2.76 2.82 2.86 2.95 1.07 1.14 1.36 0.78 
Si2 3.21 3.42 3.65 2.38 2.60 2.77 2.80 2.90 1.23 1.23 1.30 0.82 
Si3 2.82 3.02 3.44 2.28 2.24 2.37 2.45 2.65 1.26 1.27 1.42 0.86 
LSD5% 0.44 0.12 0.25 0.11 0.15 0.25 0.18 0.26 0.16 0.11 0.14 0.23 

 683 
 684 
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Application of Si significantly increased the contents of P and K, and the K/Na ratio and 685 
decreased Na ion contents of salt-affected plants. Therefore, the results shown in Table (6) 686 
agree with experimentations of Faba bean by Abdelhamid et al. [69] which indicate that salt 687 
tolerance is associated with an enhanced K/Na discrimination trait. The ability of plant to limit 688 
Na transport into the shoot is critically importance for the maintenance of high growth rates 689 
and protection of the metabolic processes in elongation cells from the toxic effects of Na. 690 
Sodium content was higher in plants grown under saline soil condition; however Si 691 
application significantly reduced Na content in shoot of Faba bean plants. Increased K 692 
content and reduced Na in shoot may be one of the possible mechanisms of increased 693 
salinity tolerance by Si application in Faba bean plants [70]. In this regard, X-ray analysis 694 
revealed silicon deposits in unique silica filled cells of leaf margins located mainly 695 
near hydathodes and around trichome bases and along the leaf margins [71]. This 696 
leaf silica deposition may function in leaf strengthen, reduction in transpiration, and 697 
increasing biotic and abiotic resistance [72]. 698 
 699 

 700 
 701 
4. CONCLUSION 702 
 703 

The present study revealed that when faba bean plants were subjected to salt stress 704 

conditions the plants might not be able to overcome the oxidative damage. Meanwhile, 705 

nanosilicon and silicon treatments enhanced the activity of antioxidant enzymes, thus 706 

reduced the oxidative damage and decreased the absorption of Na ions in NaCl-salt stress 707 

conditions. The increase in the degree of salt tolerance induced by NSi and Si was also 708 

reflected by the improvement in the contents of photosynthetic pigments and carbohydrates 709 

in the presence of salinity. Therefore, data of this study provide an additional evidence for 710 

the stimulatory effects of nanosilicon to induce salt tolerance in faba bean plants. The results 711 

also highlight the role of NSi in regulating salinity responses, and indicate that nanosilicon 712 

could protect faba bean plants against the hazardous effect of salinity. There were no 713 

meaningful differences between the silicon (Si) and nanosilicon (NSi) applications; both 714 

forms of silicon were effective at lower levels in most measured characteristics. 715 

 716 
 717 
REFERENCES 718 
 719 
1. Kopke U, Nemecek T. Ecological services of faba bean. Field Crops Res. 2010; 115:217–720 

233. 721 
2. Hassanein RA, Hashem HA, Khalil RR. Stigmasterol treatment increases salt stress 722 

tolerance of faba bean plants by enhancing antioxidant systems. Plant Osmics J. 2012; 723 
5: 476-485. 724 

3. Hungria M, Vargas MA. Environmental factors affecting nitrogen fixation in grain legumes 725 
in the topics, with an emphasis on Brazil. Field Crops Res. 2000; 65: 151-164. 726 

4. Ashraf M, Foolad MA. Improving plant abiotic-stress resistance by exogenous application 727 
of osmoprotectants glycine betaine and proline. Environ Exp Bot. 2007; 59: 206–216. 728 



25 
 

5.  Rahimi R, Mohammakhani A, Roohi V, Armand N. Effects of salt stress and silicon 729 
nutrition on cholorophyll content, yield and yield components in fennel (Foeniculum 730 
vulgar Mill.).  Intl J Agric Crop Sci. 2012; 4 (21):1591-1595. 731 

6. Liang Y, Zhang W, Qin C, Youliang L, Ruixing D. Effect of exogenous silicon (Si) on H+-732 
ATPase activity, phospholipids and fl uidity of plasma membrane in leaves of salt-733 
stressed barley ( Hordeum vulgare L.). Environ Exp Bot. 2006; 57: 212–219. 734 

7. Prakash D, Upadyay G, Pushpangadan P. Antioxidant potential of some under – utilized 735 
fruits. Indo-Global J Pharm Sci. 2011; 1: 25-32. 736 

8. Sabra A, Daayf F, Renault S. Differential physiological and biochemical responses of 737 
three Echinacea species to salinity stress. Scientia Hort. 2012; 135: 23-31. 738 

9. Eyidogan F, Öz MT. Effect of salinity on antioxidant responses of chickpea seedlings. 739 
Acta Physiol Plant. 2007; 29: 485-493. 740 

10. Hernandez JA, Jimenez A, Mullineaux P, Sevilla I. Tolerance of pea plants (Pisum 741 
sativum) to long term salt stress is associated with induction of antioxidant defenses. 742 
Plant cell Enviorn. 2000; 23: 853-862. 743 

11. Heidari M, Golpayegani A. Effects of water stress and inoculation with plant growth 744 
promoting rhizobacteria (PGPR) on antioxidant status and photosynthetic pigments in 745 
basil (Ocimum basilicum L.). J Saudi Society Agricult Sci. 2012; 11: 57-61. 746 

12. Azooz MM, Alzahrani AM, Youssef MM. The potential role of seed priming with ascorbic 747 
acid and nicotinamide and their interactions to enhance salt tolerance in broad bean 748 
(Vicia faba L.). Aust J Crop Sci. 2013; 7: 2091-2100. 749 

13. Ruiz-Carrasco K, Antognoni F, Coulibaly AK, Lizardi S, Covarrubias A, Martinez EA, 750 
Molina-Montenegro MA, Biondi S, Zurita-Silva A. Variation in salinity tolerance of four 751 
lowland genotypes of quinoa (Chenopodium quino) as assessed by growth, 752 
physiological traits, and sodium transporter gene expression. Plant Physiol Biochem. 753 
2011; 49: 1333-1341. 754 

14. Szabados L, Savouré A. Proline: a multifunctional amino acid. Trends Plant Sci. 2010; 755 
15: 89-97. 756 

15. Ben Ahmed C, Ben Rouina B, Sensoy S, Boukhriss S, Abdullah F. Exogenous proline 757 
effects on photosynthetic performance and antioxidant defense system of young olive 758 
tree. J Agricult Food Chem. 2010; 58: 416–422. 759 

 16.  Suriyaprabha R, Karunakaran G, Yuvakkumar R, Rajendran V, Kannan N. Silica 760 
nanoparticles for increased silica availability in maize (Zea mays L) seeds under 761 
hydroponic conditions. Curr NanoSci. 2012; 8:1–7. 762 

 763 
17. Debnath N, Das S, Seth D, Chandra R, Bhattacharya SC, Goswami A. Entomotoxic 764 

effect of silica nanoparticles against Sitophilus oryzae (L.). J Pest Sci. 2011; 84: 99–765 
105. 766 

18. Kulikova ZL, Lux A. Silicon influence on maize, Zea mays L. hybrids exposed to 767 
cadmium treatment. Bull Environ Contam Toxicol. 2010; 85: 243–250. 768 

19.  Abdul Qados, AM. Influence of silicon and nano-silicon on germination, growth and yield 769 
of faba bean (Vicia faba L.) under salt stress. Amer J Exp Agric. 2014; (accepted for 770 
publication). 771 

20. Unyayar S, Celik A, Cekic FO, Gozel A. Cadmium-induced genotoxicity, cytotoxicity and 772 
lipid peroxidation in Allium sativum and Vicia faba. Mutagenesis. 2006; 21: 77-81. 773 

 21. Premchandra GS, Saneoha H, Ogata S. Cell membrane stability, an indicator of drought 774 
tolerance as affected by applied nitrogen in soybean. J Agr Sci Camb. 1990; 115: 63-775 
66. 776 

22. Metzner H, Rau H, Senger H. Untersuchungen Zur Synchronisier barkeit einzelner 777 
Pigmentmangel-Mutanten Von Chlorella. Planta. 1965; 65: 186-194. 778 

23. Scott TA, Melvin EH. Anthrone colorimetric method. In: Whistler RL, Walfrom ML (ed.) 779 
Methods in Carbohydrate Chemistry. Academic Press, New York, London, 1956; Vol 1, 780 
p 384. 781 



26 
 

24. Bates LS, Wladren RP, Tear LD. Rapid determination of free proline for water-stress 782 
studies. Plant Soil. 1973; 39: 205-207. 783 

 25. Mukherjee SP, Choudhury MA. Implications of water stress induced changes in the 784 
levels of endogenous ascorbic acid and hydrogen peroxide in Vigna seedlings. Physiol 785 
Plant. 1983; 58: 166-170. 786 

 26. Karanlik S. Resistance to salinity in different wheat genotypes and physiological 787 
mechanisms involved in salt resistance. Ph.D. thesis, institute of natural and applied 788 
science, university of cukurova, Adana, 2001; p.122. 789 

27. Cakmak I, Marschner H. Magnesium deficiency and high light inteN-Sity enhance 790 
activities of superoxide dismutase, ascorbate peroxidase and glutathione reductase in 791 
bean leaves. Plant Physiol. 1992; 98: 1222–1226. 792 

28. Lachica M, Aguilar A, Yanez J. An´alisis foliar.M´etodos utilizados en la Estaci´on 793 
Experimental del Zaid´ın C.S.I.C. (II). Anna Edafol Agrobiol. 1973; 32:1033–1047. 794 

29.  Bremner JM. Nitrogen. In Methods of Soil Analysis, Part 3: Chemical Methods; Sparks, 795 
D.L. (ed.); Soil Science Society of America: Madison, Wisconsin, 1996; pp. 1085–1121. 796 

30. Sacala E, Demczuc A, Grazys E, Spiak Z. Effect of salt and water stress on growth, 797 
nitrogen and phosphorus metabolism in Cucumis sativa L. seedlings. Acta Soc Bot Pol. 798 
2008; 77 (1): 23-28. 799 

31. Yousufinia M, Ghasemian A, Safalian O,  Asadi A. The effect of NaCl on the growth and 800 
Na+ and K+ content of barley (Hordeum vulgare, L.) cultivares. Ann Biol Res. 2013; 4 801 
(1): 80-85. 802 

 32. Tejera NA, Campos IR, Sanjuan J, Lluch C. Effect of Sodium Chloride on Growth, 803 
Nutrient Accumulation, and Nitrogen Fixation of Common Bean Plants in Symbiosis with 804 
Isogenic Strains.  Journal of Plant Nutrition. 2005; 28: 1907–1921. 805 

33. Gomez KA and Gomez AA (1984). Statistical procedures for agricultural research. P. 806 
680. John Wiley & Sons Inc., Singapore.. 807 

34. Ali B, Hayat S, Hasan SA, Hayat Q, Yadav S, Fariduddin Q, Ahmad A. A role for 808 
brassinosteroids in the amelioration of aluminium stress through antioxidant system in 809 
mungbean (Vigna radita L. Wilczek). Environ Exp Bot. 2008; 62: 153-159. 810 

35. Kassab OM, Orabi SA, Abo Ellil AA. Physiological response to potassium application in 811 
fodder beet plant grown under water stress. Australian Journal of Basic and Applied 812 
Sci. 2012; 6: 566-574. 813 

36. Rubinowska K, Pogroszewska E, Laskowska H, Szot P, Zdybel A, Stasiak D, Kozak D. 814 
The subsequent effct of silicon on physiological and biochemical parameters of 815 
Polygonatum multiflorum (L.) All.‘Variegatum’ cut shoots. Acta Sci. Pol., Hortorum 816 
Cultus. 2014; 13, 167-178. 817 

 37. Salwa A, Orabi B, Mekki B, Sharara FA. Alleviation of Adverse Effects of Salt Stress on 818 
Faba Bean (Vicia faba L.) Plants by Exogenous Application of Salicylic Acid. World 819 
Applied Sciences Journal. 2013; 27: 418-427. 820 

38. Hamada K. Brassinolide in crop cultivation. In: Macgregor P (ed) Plant Growth 821 
Regulators in Agriculture. Food Fertility Technology, Central Asia Pacific Region, 1986; 822 
pp.190-196. 823 

39. Tijen D, Ismail T. Comparative lipid peroxidation, antioxidant defense systems and 824 
proline content in roots of two rice cultivars differing in salt tolerance. Environ Exp Bot. 825 
2005; 53: 247-257. 826 

 40. Gomathi R, Rakkiyapan P. Comparative lipid peroxidation, leaf membrane 827 
thermostability, and antioxidant system in four sugarcane genotypes differing in salt 828 
tolerance. Inter J Plant Physiol Biochem. 2011; 3: 67-74. 829 

41. Chookhampaeng S. The effect of salt stress on growth, chlorophyll content proline 830 
content and antioxidative enzymes of pepper (Capsicum annuum L.) seedling. Eur J Sci 831 
Res. 2011; 49: 103-109. 832 



27 
 

42. Yuvakkumar R, Elango V, Rajendran V, Kannan NS, Prabu P. Influence of Nanosilica 833 
Powder on the Growth of Maize Crop (Zea mays L.). Inter J Green Nanotechn. 2011; 834 
3(3):180-190. 835 

43. Yasar F, Ellialtioglu S, Yildiz K. Effect of salt stress on antioxidant defense systems, lipid 836 
peroxidation, and chlorophyll content in green bean. Russian J. Plant Physiol. 2008; 55: 837 
782-786. 838 

44. Nazarbeygi E, Yazdi HL, Naseri R, Soleimani R. The effects of different levels of salinity 839 
on proline and A-, B- chlorophylls in canola. Amer-Eurasian J. Agric. Environ. Sci. 2011; 840 
10: 70-74. 841 

45. Djanaguiraman M, Ramadass R. Effect of salinity on chlorophyll content of rice 842 
genotypes. Agricult Sci Digest. 2004; 24: 178-181. 843 

46. Sevengor S, Yasar F, Kusvuran S, Ellialtioglu S. The effect of salt stress on growth, 844 
chlorophyll content, lipid peroxidation and antioxidative enzymes of pumpkin seedling. 845 
African J Agric Res. 2011; 6: 4920-4924. 846 

 47.  Siddiqui MH, Al-Whaibi MH. Role of nano-SiO2 in germination of tomato Lycopersicum 847 
esculentum seeds Mill.). Saudi J Biol Sci Jan. 2014; 21(1): 13–17. 848 

 48. Morteza E, Moaveni P, Farahani HA, Kiyani M. Study of photosynthetic pigments 849 
changes of maize (Zea mays L.) under nano Tio2 spraying at various growth stages. 850 
SpringerPlus 2013, 2: 247-252. 851 

49. Lei Z, Mingyu S, Xiao W, Chao L, Chunxiang Q, Liang C, et al. Antioxidant stress is pro-852 
moted by nano-anatase in spinach chloroplasts under UV-B radiation. Biol Trace Elem 853 
Res. 2008; 121:69-79. 854 

 50. Gao X, Zou C, Wang L, Zhang F. Silicon decreases transpiration rate and conductance 855 
from stomata of maize plants. J Plant Nutr. 2006; 29: 1637–1647. 856 

51. Yang F, Hong FS. Influence of nano-anatase Tio2 on the nitrogen metabolism of growing 857 
spinach. Biol Trace Element Res. 2006; 110: 179–190. 858 

52. Younis MF, Hasaneen MNA, Ahmed AK, El-Bialy DMA. Plant growth, metabolism and 859 
adaptation in relation to stress condition XXI. Salinity and nitrogen rate effects on 860 
growth, photosynthesis, carbohydrate content and activities of antioxidant enzymes in 861 
Lactuca sativa transplents. Aust J Crop Sci. 2008; 2: 83-95. 862 

53. Hassanein RA, Hassanein AA, Haider AS, Hashem HA. Improving salt tolerance of Zea 863 
mays L. plant by presoaking their grains in glycine betaine. Aust J Basic Appl Sci. 2009; 864 
3: 928-942. 865 

54. Crusciol CAC, Pulz AL, Lemos LB, Soratto RP, Lima GPP. Effects of silicon and drought 866 
stress on tuber yield and leaf biochemical characteristics in potato. Crop Sci. 2009; 49: 867 
949–954. 868 

55. Abdalla MM. Beneficial effects of diatomite on the growth, the biochemical contents and 869 
polymorphic DNA in Lupinus albus plants grown under water stress. Agric Biol J N Am. 870 
2011; 2: 207-220. 871 

56. Farag AA. Increasing tolerance of Vigna sineN-Sis L. to salt stress using an organic acid 872 
and a polyamine. M.Sc. thesis. Ain Shams University, Cairo, 2009. 873 

57. Hu L, Li H, Pang H, Fu J. Responses of antioxidant gene, protein and enzymes to 874 
salinity stress in two genotypes of perennial ryegrass (Lolium perenne) differing in salt 875 
tolerance. J plant physiol. 2012; 169: 146-156. 876 

58. Mazorra LM, Nunez M, Hechavarria M, Coll F, Sanchez-Blanco MJ. Influence of 877 
brassinosteroids on antioxidant enzymes activity in tomato under different 878 
temperatures. Biol Plant. 2002; 45: 593-596. 879 

59.  Liang Y, Sun W, Zhu YG, Christie P. Mechanisms of silicon mediated alleviation of 880 
abiotic stresses in higher plants: a review. Environ Poll. 2007; 147:422–428. 881 

60.  Wang X, Wei Z, Liu D, Zhao G. Effects of NaCl and silicon on activities of antioxidative 882 
enzymes in roots, shoots and leaves of alfalfa. Afric J Biotech. 2011; 10: 545-549. 883 



28 
 

61. Helaly MN, El-Metwally MA, El-Hoseiny H, Omar SA, El-Sheery NI. Effect of 884 
nanoparticles on biological contamination of in vitro cultures and organogenic 885 
regeneration of banana. Aust J Crop Sci. 2014; 8:612-624.  886 

62. Bao-shan L, Shao-qi D, Chun-hui L, Li-jun F, Shu-chun Q, Min Y. Effects of TMS 887 
(nanostructured silicon dioxide) on growth of Changbai larch seedlings. J Forest Res. 888 
2004; 15:138-140. 889 

63. Lee SK, Sohn EY, Hamayun M, Yoon LY, Lee IJ. Effects of silicon on growth and salinity 890 
stress of soybean plant grown under hydroponic system. Agroforest Syst. 2010; 80: 891 
333-430. 892 

64. Khadri M, Tejera NA, Lluch C. Alleviation of salt stress in common bean by exogenous 893 
abscisic acid supply. J Plant Growth Reg. 2006; 25: 110–119. 894 

 65. Chon SU, Park JH, Choi WY, Jung SY. Differential physiological responses of soybean. 895 
Korea Soybean Dig. 2003; 20: 17–27. 896 

66. Matijević L, Romić D, Maurović N and Romić M. Saline irrigation water affects element 897 
uptake by bean plant. Eur. Chem. Bull. 2012; 1: 498-502. 898 

67.  Hanafy Ahmed AH, Harb EM, Higazy MA, Morgan ShH. Effect of Silicon and Boron 899 
Foliar Applications on Wheat Plants Grown under Saline Soil Conditions. Inter J Agric 900 
Res. 2008; 3: 1-26. 901 

68. Bulut F, Akıncı S. The effect of salinity on growth and nutrient composition in broad bean 902 
(Vicia faba L.) seedlings. Fresenius Environmental Bulletin, PSP, 2010; Volume 19 – No 903 
12.  904 

69. Abdelhamid MT, Shokr M, Bekheta MA. Growth, root characteristics, and leaf nutrients 905 
accumulation of four faba bean (Vicia faba L.) cultivars differing in their broomrape 906 
tolerance and the soil properties in relation to salinity. Comm Soil Sci Plant Anal. 2010; 907 
41(22): 2713-2728. 908 

 70. Hellal FA, Abdelhameid M, Abo-Basha DM, Zewainy RM. Alleviation of the adverse 909 
effects of soil salinity stress by foliar application of silicon on faba bean (Vica faba L.). J 910 
App Sci Res. 2012; 8(8): 4428-4433. 911 

71. Frantz JM, Locke JC, Datnoff L, Omer M, Widrig A, Sturtz D, Horst L, Krause CR. 912 
Detection, distribution, and quantification of silicon in floricultural crops utilizing three 913 
distinct analytical methods. Comm. Soil Sci. Plant Analysis. 2008; 39: 2734-2751. 914 

72. Postek MT. The occurrence of silica in the leaves of Magnolia grandiflora L. Botanical 915 
Gazette. 1981; 142(1): 124–134. 916 

 917 
 918 


