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Influence of silicon and nano-silicon on germination, growth
and yield of faba bean (Vicia faba L.) under salt stress

conditions

Aims: The present study was conducted to evaluate the effects of Silicon (Si) and
Nano-Silicon (NSi) for ameliorating negative effects of salinity on germination,
growth and yield of faba bean (Vicia faba L.).

Study design: Factorial completely randomized design Pot experiments used with
Si and NSi applied at 4 concentrations each (0, 1, 2 and 3 mM) and NacCl (0, 50,
100 and 200 mM) were studied.

Place and Duration of Study: Experiments were carried out in the greenhouse of
Faculty of Science, Princess Nora Bint Abdulrahman University, Kingdom of Saudi
Arabia during winter season of 2010/2011

Methodology: Si and NSi applied at 4 concentrations each (0, 1, 2 and 3 mM) and
NacCl (0, 50, 100 and 200 mM) were studied. Germination characteristics such as
germination percentage (GP), germination rate (GR) and mean germination time
(MGT) were measured. Vegetative growth including plant height, leaf area and fresh
and dry weights was also studied. Yield and its components were determined.
Nutrient elements (N, P, K, Ca and Na) in the seeds were also determined.
Results: Results showed that salinity had deleterious effects on seed germination,
plant growth and yield. N, P, Ca and K in seeds decreased at salinity stress but Na
increased. Application of Si and NSiO2 significantly enhanced the characteristics of
seed germination. Among the treatments, 2mM of Si or NSiO2 improved GP, GR
and MGT. The harmful effect of salt stress on vegetative growth and relative water
content (RWC) was also alleviated by the addition of Si and NSi which caused
significant increases in plant height, fresh and dry weights, RWC and total yield.
Seed quality, represented by nutrient elements, was also improved by application of
Si and NSi.

Conclusion: Itis concluded that the application of Si was beneficial in improving
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the salt tolerance of Vicia faba plants.
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1. INTRODUCTION
Salinity is a major stress condition at present [1] and is one of the most serious

environmental problems influencing crop growth [2] and together with drought continues to
be one of the world's most serious environmental problems in agriculture. This problem is
particularly serious in arid and semi-arid regions of the world [3]. Salinity causes not only
differences between the mean yield and the potential yield, but also causes yield reduction
from year to year. It affects seed germination and plant growth directly through its interaction
with metabolic rates and pathways within the plants [3]. Among nutrient elements, silicon (Si)
is regarded as one of the most beneficial elements for the plant life [4]. The ability of Si to
ameliorate the negative effect of salt stress on plant growth is well documented [5]. Several
investigators have reported that silicon enhanced salt tolerance of many crop species [6] and
[7]. It was found that Si application improved growth and yield through improving plant water
status, changes in ultra-structure of leaf organelles, activation of plant defense systems and
mitigation of specific ions [8].

Nano-particles have become a centre of attraction for researchers because of its
unique physico-chemical properties compared to their bulk particles [9]. Recently, nano-
compound materials have given a lot of attention by the agricultural researchers [10] and
[11]. Because of their tiny size, nano materials show unique characteristics. For example,
they can change physico-chemical properties compared to bulk materials. They have greater
surface area than bulk materials, and due to this larger surface area, their solubility and
surface reactivity tend to be higher [12]. Nano-silicon (NSi) is one of the useful nano
materials which are reported to have a beneficial effect in modern agriculture [13]. However,
understanding the mode of action of nanoparticles on plant growth and development is still
insufficient. Bao-shan et al. [14] observed that nano-silica (NSi) improved growth and quality
of Larix seedlings. NSi showed the highest amount of mean height, root collar diameter,
main root length and the number of lateral roots of seedlings. Suriyaprabha et al. [15] found
that NSiO2 enhanced the germination and the growth of soybean under salinity stress.

Faba bean (Vicia faba L.) is widely grown in many parts of the world as a source of
protein for both human and animal nutrition [16]. It is also traditionally used as a cover crop
to recover nitrogen content and prevent erosion of the soil, and is appreciated for its good
agronomic characteristics [17]. In addition to its high contents of protein and carbohydrates,

V. faba is also rich in fiber, vitamins and minerals, and has a hypocholesterolaemic effect
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[18]. Although faba beans are consumed less in Western countries, they are one of the main
sources of protein and energy for much of in Africa, Asia and Latin America [19]. Although
there are a lot of references regarding interaction between salinity and silicon in higher
plants, there is currently little information available about the possible beneficial effects of
nano-silicon application to reduce salt stress damages in faba bean. Moreover, to the best of
our knowledge, this is the first report on the application of nano-silicon in comparison to bulk
silicon as potential agents for ameliorating salinity-induced plant stress on seed germination

and growth characteristics of faba bean (Vicia faba), as a model for leguminous plants.

2. MATERIAL AND METHODS

Pot experiments were carried out in the greenhouse during winter season of
2010/2011, to investigate the effect of silicon particles (Si) and silicon nanoparticles (NSi, 40
nm) on germination, vegetative growth, and yield of faba bean (Vicia faba L.) plants grown
under salt stress conditions. The experiment was arranged in a factorial design with 4
replications at NaCl levels of 0, 50, 100 and 200 mM. The tested Si and NSi concentrations
were 0, 1, 2 and 3 mM.

2.1 Germination

The effects of NaCl, Si and NSi treatments on seed germination of faba bean were
tested. The experiment was conducted at laboratory and arranged in completely randomized
design (CRD) with 3 replications including 100 seeds in each replicates. Seeds were surface
sterilized by dipping in 10 percent sodium hypochlorite solution for 10 minutes, then rinsed
with sterilized distilled water and air-dried at an ambient temperature of 27°C in the
laboratory. Flat trays, of about 600 cm?’ size and 5 cm depth (a nursery seedling raising
trays) with a single sheet of paper in the bottom to cover the drainage holes and filled with
clean sand freely draining soil, were used. In each tray, 100 seeds were sowed in even rows
at 2-3 cm depth, seeds were then covered with a little more sand. Si (in the form of Na,SiO3
) and NSi at 3 concentrations each (1, 2 and 3 mM) and NaCl (50, 100 and 200 mM),
besides water as control treatment, were added gently to the trays and then placed in 25+2
°C and 14/10 light/dark condition. Distilled water was applied to trays to prevent seed
dryness. Germinated seeds were counted daily for 10 days and germination percentage
(GP) was calculated in the last day. Calculating percentage germination Gp= (NG/NT) x100,
where NG is the number of seeds germinated and NT is the total number of seeds.
Germination rate (GR) is the number of seeds germinated per day and was calculated

according to Naseri et al. [20] following the equation: GR = NG/DI, where, NG = number of
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germinated seeds in each count, and DI days to count. Seeds with 2 mm radical length
considered as germinated seeds. The mean germination time (MGT) was calculated for
each seed lot using the formula cited by Ellis and Roberts [21] given below:

MGT = Z NG.DI/T
where, NG is the number of seeds newly germinating on the " day of germination testing;
DI is the days from the beginning of germination and T is the total number of seeds

germinating during the experiment[20].

2.2 Preparing and sowing of seeds

Seeds of faba bean (cv. RM) were obtained from authorized agriculture company
and were sterilized with 10% sodium hypochlorite solution for 10 minutes, washed three
times with distilled water, and coated with N-fixing bacteria (Rhizobium leguminosarum strain
Z25) using Tween 20 agent as an adhesive and scattering material. Identical seeds were
then sown in plastic pots (30 cm inner diameter) filled with 10 kg sandy soil. Physical and
chemical properties of the soil used in the study were recorded in Table (1). After sowing,
irrigation was applied to supply seedlings with 100% available water, at two-day intervals
until the seedlings reached the third leaf stage. Seedlings were then thinned to 3 plants/pot
and pots were divided into four main groups for salt-stress treatments, with each group
divided into seven subgroups for Si and NSi foliar application. Plants were fertilized with
Sangeral complete fertilizer (Sinclair Horticulture LTD, England), in two equal portions; the
first during the seedling stage and the second at the start of flowering stage. The fertilizer
consists of macro elements, total nitrogen 20% N (4.4% Ammonia - 5.8% Nitrate - 9.8%
Urea), Phosphorus (20% P,0s), Potassium (20% K,0), Mg (0.012%) Sulphur (0.04%) , and
microelements (mg/kg) Fe (70), Zn (14), Cu (13), Mn (13), B (12) and Mo (12).

Table (1). Physical and chemical analyses of the soil used in the experiment.

Physical properties Chemical properties

Particle size distribution:
Sand (%) 92.3

Silt (%) 6.2

Clay (%) 15

Soil texture (Sandy)

CaCO3 (%) 0.41
OM (%)  0.26
ES (dSm-1) 0.53

pH 8.01

Soluble cations (meq/l)

Ca2+ 2.96
Mg2-+ 1.68
Na+ 2.04

Soluble anions (meg/l)

CO32- 0.22
HCO3- 0.86
Cl- 1.83

Avail. elements (mg/kg)
N 19.2
P 8.3
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K+ 0.21 Fe 2.4

Soil suspension (1 soil : 2.5 water)

At the fourth leaf stage, irrigation solutions containing one of four levels of NaCl (0,
50, 100 or 200 mM) were used and were repeated after two weeks. To avoid osmotic shock
due to high concentrations, plants were started with lower salt concentrations, then, salt
concentration was increased on a daily basis until each group reached the concentration
determined for it. Plants were then irrigated with tap water every three days with the addition
of sodium chloride to the irrigation water every two weeks. Each pot was washed with 500 ml
distilled water 2 days before the irrigation with saline solutions to prevent the increase in
osmotic potential resulting from the accumulation of salts by the succession of irrigation
procedures. Just at the end of each salt treatments, foliar application of Si (as Si,SO3) and
NSi (40 nm) in concentrations of 0, 1, 2, 3 mM was performed using a small pressure pump
after adding Tween 20 (0.5%) as a wetting agent. The experiment consisted of 28
treatments (4 salt treatments with 3 Si treatments, 3 NSi treatments and water as control)
and arranged in a factorial completely randomized design with 4 replicates for each

treatment to make a sum of 112 pots.

2.3 Measurements

Three weeks after the second application of Si and NSi (about 100 days after
germination), three replicates were taken from each treatment, and the following parameters
were measured:
2.3.1 Growth characters: plant height (cm); number of leaves/plant; leaf area (cm*plant)
using leaf area meter; fresh and dry weights (g). Dry weights were recorded after oven

drying at 70°C until constant weight.

Relative water content (RWC) was determined according to Bae et al.[22] as followes:
Replicates of leaves were weighed for fresh weight (FW) and immediately soaked for 4 h in
distilled water at room temperature under constant light, and the turgid weight (TW) was
recorded. The leaves were then dried at 70°C and weighed to determine the dry weight
(DW). The relative water content was calculated by substituting the following equation:

Relative water content (%) = (FW-DW) / (TW-DW) x 100

2.3.2 Yield and its components: At harvest time (nearly 150 days after sowing), number of
pods/plant, number of seeds/plant, dry weight of pods (g), dry weight of seeds (g) and

shelling percentage were recorded for each treatment. Harvest index was obtained
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according to Kobraee et al.[23] by dividing economic yield (grain dry weight) by biological
yield (plant dry matter) multiplied by (100 * 0.25).

2.3.3 Elemental determination: Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca)

and sodium (Na) were determined in dried samples of faba bean seeds as followes:

2.3.3.1 Nitrogen. In a mixture of the sulfuric and perchloric acid total nitrogen was

determined by the micro-Kjeldahl method [24].

2.3.3.2 Phosphorus. For total inorganic phosphorus estimation, 0.5 g of plant material was
extracted in 8 ml trichloroacetic acid (6%) and centrifuged for 15 min at 18000 g. phosphate
in supernatant was determined colorimetrically after adding 5 mol sulphuric acid, 2.5%
ammonium molybdate and 0.25% 1,2,4-amino- naphthol-sulphonic acid solution. After 15

min incubation at 370C the absorbance was measured at 660 nm [25].

2.3.3.3 Potassium and Sodium. For Measurements of K and Na concentrations, the leaves
were dried in 60°C for 48 h. Then 1 g of leaves was powdered and burned in 560°C to obtain
ash then ashes digested in 10 ml of 1IN HCL. The concentration of K and Na in the digested
samples was determined using a flame photometer (Model 420, Sherwood, Cambridge, UK)
[26].

2.3.3.4 Calcium. For calcium (Ca) analysis, dried samples were ground to pass a 20-mesh
sieve and digested with a mixture of H,SO,4-H,O, according to Lachica et al. [27].Calcium
was measured on the acid-digested samples by atomic absorption spectrophotometry in a
Perkin Elmer Analyst 800 (Perkin Elmer Inc., Wellesley, MA) spectrophotometer equipped
with a PE6017 lamp, and measured at 422.7 nm.

2.4 Statistical analysis

The collected data were analyzed statistically using factorial completely randomized
design and analysis of variance (ANOVA) according to Gomez and Gomez [28] with the aid
of COSTAT computer program. Treatment means were compared using the least significant
difference test (LSD) at 5% level.

3. RESULTS AND DISCUSSION

3.1 Seed germination

It is well known that seed germination provides a suitable foundation for plant growth,

development and vyield. In the present experiment application of NSi enhanced seed
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potential by increasing the characteristics of seed germination (Table 2). Parameters of seed
germination were increased with increasing levels of NSi up to 2 mM. Among the treatments,
application of 2 mM of NSi proved best by giving the highest values for percent seed
germination, germination rate and germination mean time.

The collected results revealed that germination of faba bean seeds was strongly
affected by both salt and silicon treatments. Increased salt concentration caused a decrease
in germination percent (Table 2). Strong reduction in germination (-18%) was observed
mainly at the highest level of salt concentration as compared to control treatment.
Conversely, all treatments of Si and NSi increased germination percentage (GP) of the
seeds under 0% NacCl treatment with most increase in GP at Si2 and NSi2 treatments.

Table (2): Effect of silicon and nano-silicon on germination (%), germination rate,

mean germination time of faba bean seeds under different levels of salinity stress.

Silica Salinity levels (mM)
treatments | o0 50 100 200 | 00 50 100 200 | 00 50 100 200
GP (%) GR (day) MGT

Cont 88.6 86.5 80.4 726 821 7.42 465 252 313 334 355 3.87
Si1 92.3 904 853 822 932 823 553 345 274 3.04 3.26 3.45
Si2 946 91.3 86.7 835 852 7.82 485 303 292 325 346 3.56
Si3 90.4 885 84.6 788 7.74 684 416 235 344 342 353 3.92
NSil 93.3 922 905 865 975 882 576 385 252 275 3.14 3.35
NSi2 95.1 98.7 91.1 885 864 806 511 362 284 294 3.32 345
NSi3 92.8 90.2 85.6 847 7.81 685 438 305 3.36 347 3.45 3.76

LSD (5%) 2.24 268 475 866 111 175 086 0.70 055 0.48 0.32 NS

Mean of main effects

mM Germination characteristic
Treat GP GR MGT
00 92.4 8.67 2.99
Salt 50 01.1 7.72 3.17
treatments 44 86.3 4.92 3.38
200 82.4 3.12 3.62
LSD 5% 5.16 3.22 0.25
00 82.0 5.70 3.47
Sil1 87.6 6.63 3.12
Silicon Si2 89.1 6.06 3.29

treatments Si3 85.6 5.27 3.58
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NSil 90.6 7.05 2.94

NSi2 93.4 6.36 3.14
NSi3 88.3 5.52 3.51
LSD 5% 3.55 1.05 0.35

At 50 mM salinity, NSi2 was the only treatment that increased GP (+4%) while other
treatments did not show any significant change as compared to control treatment. It is well
observed that the exogenous application of Si or NSi decreased the reduction of germination
resulted from salt treatments. In this regard, earlier studies showed that high concentration
of salts have an adverse effect on germination of seeds. In addition, many investigators have
reported retardation of seed germination at high salinity [29]. The adverse effects of high
concentration of salts on seed germination may be attributed to the osmotic retention of
water and to specific ionic effects on the protoplasm of the embryo. It has been found that
germination percentage was reduced with high NaCl concentrations [30].

Data indicate also that Si and NSi treatments enhanced germination attributes.
These results agree with the findings of Adhikari et al. [31] who reported that application of 8
g/ L of NSi increased rice GP, GMT and Gl significantly as compared with untreated control
plants. Other studies reported better germination of rice seeds [32] and corn grains [33]
when treated with nano-silicon, the stimulation effect of NSi on corn germination was more
pronounced than that induced by conventional Si [34].

The present study showed also that GR decreased with increasing salinity level,
while Si and NSi treatments improved GR, either in presence or absence of NaCl
application. At 200 mM NacCl, the decrease in GR of Si and NSi untreated seeds reached
about 51% as compared with control (Table 2). It is well observed that Si and NSi
treatments overcome the harmful effect of salinity stress on GR. Most improvement in GR
was recorded at Sil and NSil treatments, followed by Si2 and NSi2, while Si3 and NSi3
caused a significant decrease in GR as compared with control treatment. At 200 mM NacCl,
Sil and NSil improved the GR of faba seeds by about 37% and 53%, respectively, as
compared with GR values at same NaCl treatment without Si or NSi. In this regard, Haghighi
et al. [11] showed that germination speed index of tomato seeds was decreased with
increasing salinity. It is well known that the activities essential for seed germination need to
have enough water for faster germination. If the water absorption is impaired as in the case
of salinity, germination goes slowly [20]. In a previous study, seed germination and growth
rate of soybean [33] and cucumber [34] seeds were enhanced with increasing available Si

and NSi content in salt stress conditions. In this concern, Si and NSi were reported as
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activators for the expression of defense genes during salt stress [35]. The positive effect of
Si and NSi in seed germination could be attributed to reduced oxidative damages induced by
salt stress. Lipid peroxidation, which is a result of salinity stress, was inhibited by Si because
it causes an increase in some scavenging ROS enzymes like SOD and catalase [36] and
[37]. In earlier studies, [38] and [39] found that seed germination rate was higher with NSi
than with bulk Si, most probable because nanoparticles could penetrate into the seed coat
and exert a helpful effect on the process of germination, while the bulk particles, having a
larger size, cannot easily enter the same pathway, therefore may accumulate in the pores of
a seed coat and clog up water and oxygen transition.

On the whole, lower mean germination time (MGT) represents earlier germination.
The results recorded in Table (2) revealed that salt treatments delayed the germination time
of faba bean seeds and thus MGT exhibited higher value than that of control treatment. With
Si or NSi, salt-treated seeds had lower values of MGT than that recorded for salt-treated
seeds without Si or NSi treatments. Thus, exposure of seeds to 1 or 2 mM of Si bulk or Si
nanoparticles obtained the lowest MGT but higher concentrations did not improve it. The
present results indicate that Sil and Si2 reduced MGT in salt-untreated seeds by 13% and
6% in comparison to the untreated control, respectively. Similarly, NSil and NSi2 reduced
MGT by 19% and 10%, respectively. While, Si3 and NSi3 treatments did not contribute to a
reduction of MGT as compared with the control (Table 2). In this regard, Zheng et al. [40]
reported significantly positive effect of nanosized elements on MGT of spinach seeds.

Recent studies [41] and [42] found that application of NSiO2 significantly enhanced
seed germination, mean germination time, seed germination index, seed vigour index and
seedling fresh and dry weight. Reasons for that enhancement are reported by Lei et al. [43]
as increasing seed ability of absorbing and utilizing water and fertilizer, promoting seed
antioxidant system, reducing anti-oxidant stress by reducing superoxide radicals and
increasing activity of some enzymes such as superoxide dismutase, ascorbate peroxidase,

guaiacol peroxidase, and catalase [43].

3.2 Vegetative growth

Data in Table (3) indicated that the highest salinity level decreased plant height, leaf
number and leaf area by about 13%, 35% and 39%, respectively, as compared with control
treatment. Similarly, increased levels of NaCl corresponded with decreased plant fresh and
dry weights (Table 4). The lowest values of growth parameters were recorded at the highest
level of salt concentration (200 mM). While at low salt stress (50 mM) no significant effect on
fresh and dry weights was observed. It is also clear that relative water content (RWC) was

decreased significantly with NaCl treatments. Similar trend was observed for plant fresh and
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dry weights. These results are in agreement with those reported by Hanafy Ahmed et al.
[44]. The recorded suppression of plant growth under saline conditions was ascribed to
decreased availability of water and/or to toxicity of sodium chloride [45]. Reduced dry weight
under salinity stress was attributed to inhibition of food formation and translocation, inhibition
of some metabolic processes, inhibition of chloroplast formation, production of ethylene and
abscisic acid, and decreasing nutrient absorption [46].

Recorded data showed that Si and NSi increased plant height, number of leaves
and leaf area as compared with Si untreated control plants. Growth parameters increased
with 1 and 2 mM of Si or NSi treatments either under normal condition or salinity stress
condition. Most effects of Si and NSi were observed at low levels of salt stress (Table 3).
Under higher level of salt stress (200 mM) only Si2 and NSi2 treatments improved plant
height and leaf area.

Fresh and dry weights increased with Siland Si2 but did not chang significantly with
higher levels (Table 4). Similarly NSi1 and NSi2 improved fresh and dry weights either in the
presence or absence of salt stress. The increase in fresh and dry weights under NSi
treatments was more observed than that recorded with Si treatments. It was clear that Si3
and NSi3 had no significant effects on fresh and dry weights as compared with control
treatment. Moreover, Si and NSi treatments increased significantly RWC (Table 4). The
hazardous effect of 50 and 100 mM salinity levels on growth parameters was alleviated with

Si and NSi treatments.

Table (3): Effects of silicon and nano-silicon on plant heights, number of leaves and

leaf area of faba bean plants grown under different levels of salinity stress.

Silica Salinity levels (mM)

treatments [Top 50 100 200 | 00 50 100 200 | 00 50 100 200

Plant height (cm) No. leaves/plant Leaf area/plant (cm?)
Cont 843 852 79.3 737 281 27.6 227 185 595 584 520 364
Sil 89.6 884 825 76.6 322 327 253 216 658 648 554 426
Si2 91.2 93.3 845 808 355 346 278 225 674 668 578 467
Si3 96.5 958 88.2 835 375 358 296 23.7 683 685 607 492
NSil 93.6 948 857 785 356 354 30.1 245 665 658 618 486
NSi2 995 98.2 90.1 855 398 375 337 274 712 698 632 495
NSi3 86.4 84.6 764 744 315 30.7 248 20.2 616 608 538 411

LSD (5%) 455 554 463 528 363 452 205 216 458 423 259 3838

Mean of main effects
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mM Growth parameters

Plant height No. leaves Leaf area
Salt 00 91.6 34.3 657.6
treatments 50 91.5 335 649.9
100 83.8 27.7 578.1
200 79.0 22.6 448.7
LSD 5% 3.12 3.42 66.5
00 80.6 24.2 515.8
Sil1 84.3 27.9 571.5
Silicon Si2 87.5 30.1 596.8
treatments Si3 91.0 31.7 616.7
NSil 88.2 314 606.8
NSi2 93.3 34.6 634.3
NSi3 80.5 26.8 543.3
LSD 5% 3.12 2.35 45.6

It was clear that, water content of 50 and 100 mM NaCl treated plants was increased
with Si3 and NSi3 treatments. In this regard, Gong et al. [47] reported improved water
economy and dry matter yield of wheat plants by Si application. Bradbury and Ahmad [48]
reported that salt tolerance of wheat (Triticum aestivum) and mesquite (Prosopis juliflora)
could be markedly enhanced by the addition of small amounts of soluble silicon. Some
evidence shows that silicon may involve in the osmotic adjustment of many plant species
[49]. In this regard, Shahzade [50] reported that in Vicia faba the treatment of 75 and 100
mM NaCl plus 1 mM silicon increased biomass to 14% and 18% compared with the salt
treatment without silicon.

The mitigation effect of Si under saline conditions on plant growth is reported in the
literature [6]. According to Ma and Yamaji [51], the positive effect of Si is because of its
deposition in the roots, apoplastic bypass flow decreases and provides binding sites for
metals, resulting in decreased uptake and translocation of toxic metals and salts from roots
to shoots. In an earlier study, increased K uptake and decreased Na uptake by addition of Si
in bean was the major mechanisms responsible for better growth of plants under salinity
[50].
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Table (4): Effects of silicon and nano-silicon on fresh weight, dry weight and water

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

Silica Salinity levels (mM)
treatments | oo 50 100 200 | 00 50 100 200 | 00 50 100 200
FWt (g) DWt (g) RWC (%)

Cont 31.3 321 26.3 222 6.25 6.33 563 481 923 845 752 604
Sil 33.7 335 298 245 713 6.86 6.06 534 945 905 80.6 67.4
Si2 355 343 313 265 9.08 812 782 6.16 957 91.7 848 73.7
Si3 378 351 328 279 985 924 875 6.76 934 928 825 70.2
NSil 364 349 312 285 865 872 7.86 6.27 923 904 854 741
NSi2 39.2 382 351 30.1 115 104 9.18 756 96.2 925 86.6 78.6
NSi3 325 310 283 232 785 7.26 594 558 93.7 90.6 833 734
LSD (5%) 225 215 226 212 233 245 208 118 160 211 327 3.18
Mean of main effects

mM Growth parameters

Fwt Dwt RWC

Salt 00 35.2 8.62 94.1
treatments 50 34.2 8.13 90.4

100 30.7 7.32 82.6

200 26.1 6.07 71.1

LSD 5% 2.15 0.85 4.27

00 27.9 5.76 78.1

Sil 30.4 6.35 83.3
Silicon Si2 31.9 7.79 86.5
treatments Si3 33.4 8.65 84.7

NSil 32.8 7.87 85.6

NSi2 35.7 9.66 88.5

NSi3 28.8 6.67 85.3

LSD 5% 2.46 1.15 2.44

Data in Tables (3 and 4) showed clearly that, low concentrations of Si and NSi were

more effective on plant growth at all salinity levels than high ones. These results agree with
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Parveen and Ashraf [8], who found that exogenously applied Si significantly enhanced plant
water use efficiency (WUE), and slightly increased photosynthetic rate under saline stress
condition in wheat and maize. This is likely due to the role of silicon in the enzyme activities

and biochemical processes in plant tissues [11].

3.3 Yield components

Yield components of faba bean including number of pods per plant, number of seeds
per pod and the weight of one hundred seeds play an important role in determining the final
crop yield. In the present study, data registered in Table (5) revealed that increasing salinity
level caused a gradual decrease in number of pods and seeds per plant and the weight of
100 seeds. Similarly, salinity stress significantly reduced pod and seed weights per plant but
increased shelling percentage (Table 6), the reduction was much greater at salinity level of
200 mM than at 100 or 50 mM. In this concern, 200 mM NaCl treatment caused a reduction
of about 54%, 45% and 46% in number of pods, number of seeds and 100 seed weight as
compared with control, respectively. Reductions in pod weight per plant and seed weight per
plant at 200 mM were severe and reached about 50% and 51% as compared to control,
respectively. In contrast, shelling percentage increased under salinity stress and showed a
high value at 100 mM of NaCl, under which shelling percentage increased by about 35%
over control treatment. The reduction in yield attributes may be attributed to the inhibiting
effects of salinity on some metabolic processes in plant tissues [46]. It was found that at the
high salinity level, salts may build up in the apoplast and dehydrate the cell and inhibit
enzymes in cytoplasm involved in carbohydrate metabolism, or may exert a direct toxic

effect in chloroplast and photosynthetic processes [45].

Table (5): Effects of silicon and nano-silicon on number of pods/plant, number of
seeds/plant and 100 seed weigh of faba bean plants grown under different levels of

salinity stress.

Silica Salinity levels (mM)

treatments 09 50 100 200 | 00 50 100 200 | 00 50 100 200

No. pods/plant No. seeds/plant 100 seed weight (g)
Cont 08.2 06.7 04.8 03.1 20.2 187 153 104 242 245 235 132
Sil 08.8 07.3 055 04.2 224 204 16.7 122 255 252 245 155
Si2 11.4 099 073 049 265 235 198 153 282 265 253 154

Si3 084 06.4 051 039 233 17.7 159 131 261 252 242 146
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NSil 105 085 065 047 222 213 166 127 258 257 240 151
NSi2 121 112 094 06.2 284 242 203 16.6 290 268 246 138
NSi3 09.2 08.1 06.2 044 242 205 154 118 258 248 232 128
LSD (5%) 2.04 212 211 214 323 265 227 218 9.12 6.15 6.38 9.55

Mean of main effects

mM Yield attributes
No.pods/plant No. 100 seed Wt
seeds/plant
Salt 00 9.82 23.88 263.7
treatments 50 8.34 20.92 255.2
100 6.45 17.14 241.8
200 4.48 13.15 143.4
LSD 5% 1.66 245 26.8
00 5.73 16.15 213.5
Sil 6.45 17.92 226.7
Silicon Si2 8.37 21.27 238.5
treatments Si3 5.95 17.54 225.2
NSil 7.55 18.20 226.5
NSi2 9.72 22.37 235.5
NSi3 6.97 17.97 216.5
LSD 5% 2.12 2.16 15.15

On the other side, Si and NSi applications, particularly at 1 and 2 mM, increased all
yield components and decreased shelling percentage either in saline treated or untreated
plants (Tables 5 and 6). In this regard, Si2 treatment caused an increase in the number of
pods per plant, number of seeds per plant and weight of 100 seeds by about 46%, 32% and
12%, respectively, as compared to control (Table 5). The corresponding increases with NSi2
treatment were about 70%, 39% and 10%, respectively. Concerning dry weights of pods and
seeds, the Si2 treatment caused an increase of about 24% in pod dry weight and about 28%
in seed dry weight, while NSi2 treatment caused an increase of about 32% and 37% in pod
dry weight and seed dry weight, respectively. In this concern, silicon was reported to
enhance growth and yield of many of higher plants particularly under biotic and a biotic
stresses. A number of possible mechanisms are proposed by which Si can increase
resistance of plants against salinity stress the major yield limiting factor in arid and semiarid

areas [19].
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Table (6): Effects of silicon and nano-silicon on weight of pods/plant, weight of

seeds/plant and shelling% of faba bean plants grown under different levels of salinity

stress.
Silica Salinity levels (mM)
treatments | oo 50 100 200 | 00 50 100 200 | 00 50 100 200

Pod dwt (g/plant) Seed dwt (g/plant) Shelling (%)
Cont 164 146 111 8.2 131 114 081 6.3 201 219 271 232
Sil1 18.2 164 127 93 147 13.1 096 7.4 19.2 20.1 244 204
Si2 206 17.2 142 103 169 13.7 10.7 8.3 179 20.3 246 194
Si3 17.8 153 114 8.9 144 119 083 7.1 19.1 222 272 202
NSil 19.1 168 142 105 156 13.3 106 8.5 18.3 20.8 253 191
NSi2 222 178 153 112 184 142 118 8.8 171 202 228 214
NSi3 204 163 138 9.7 16.7 126 105 7.7 18.2 226 239 20.6
LSD (5%) 206 132 211 188 225 115 127 155 20 182 216 244
Mean of main effects

mM

Pods Dwt Seed Dwt Shelling%

Salt 00 19.24 15.68 18.55
treatments 50 16.34 12.88 21.15

100 13.24 9.94 25.04

200 9.73 7.72 20.61

LSD 5% 2.66 2.11 2.24

00 12.57 9.73 23.07

Sil 14.15 11.20 21.03
Silicon Si2 15.57 12.40 20.55
treatments Si3 13.35 10.42 22.18

NSil 15.15 12.00 20.87

NSi2 16.62 13.30 20.37

NSi3 15.05 11.87 21.33

LSD 5% 2.18 2.23 2.05
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The present study showed clearly that salinity had a negative effect on the yield and
its components of V. faba plants. These results confirm the findings of Sabetteymoori et al.
[52] who reported that increasing salinity level reduced the yield of sesame plant. Also, Sakr
et al. [53] found that salinity reduces the number of seeds per plant of faba bean. It is well
known that flowering stage is a critical and sensitive to salinity stress [54], consequently,
total pods per plant is reduced by salinity [55]. According to Munns and Tester [45], salinity
stress affects flowering of soybean plant and reduces number of pods. Parsa et al. [56]
reported that high salinity stress caused a weight loss of 100-seed. The reduction in 100-
seed weight under salinity stress was attributed to the inhibition in uptake and transfer of
nutrition materials during the growth of grains and their filling periods. Moreover, salinity may
cause a severe damage to ovary and resulted in fruit drop and decreases the yield [45].

Registered data showed clearly that Si and NSi applications caused an increase in
the yield of salt treated or untreated faba bean plants. This result is in agreement with that
reported by [19] and [57]. The increase in seed yield at mild saline condition after silicon
amendment may indicate an improvement in the translocation of minerals and metabolites
necessary for seed setting. The role of silicon as a beneficial mineral nutrient for
reproductive growth of plant is well documented [58]. Generally, Increased K uptake and
decreased Na uptake by Si treatments was reported to be the major mechanisms
responsible for better growth and yield of plants under salinity [6].

It has been observed that supplemental silicon improves yield and reduce the plant
biotic and abiotic stresses [4]. Some studies have shown that Si is effective in mitigating
salinity in different plant species, such as cucumber [59], maize [60], tomato [61], and wheat
[62]. Some possible mechanisms through which silicon may increase salinity tolerance in
plants include: immobilization of toxic sodium ion [63], reduced sodium uptake in plants and
enhanced potassium uptake [7] and higher potassium, sodium selectivity [64].

The harvest index (HI) was affected significantly by salinity stress (Fig. 1). In this
regard HI values were decreased with increasing salinity level. At 200 mM of NaCl, the
harvest index of silicon untreated plants was decreased by about 38.5% as compared to O
mM NaCl treatment. It is clear from the data in the same figure that Si and NSi treatments
had a significant enhancing effect on seed vyield of faba bean therefore the harvest index
values were increased with Si and NSi treatments under different salt treatments. The
present study showed that Sil and NSi3 treatments were the most effective in reducing the
harmful effect of salinity on harvest index. In this regard Kobraee et al. [23] stated that
abiotic stress decreased harvest index. Silicon treatment, on the other side, causes an
improvement in the harvest index of different crops under salinity stress [65]. Moreover,

Kardoni et al. [19] and Parande et al. [54] found that Si treatments improved yield, yield
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components and harvest index of faba bean under salt stress conditions. In a study by
Jaberzadeh et al. [66] they found that water deficit stress decreased harvest index while
Titanium dioxide nanoparticles caused the maximum harvest index, whereas titanium oxide

(bulk) and control treatments were similar [66].

3.4 Mineral contents of faba bean seeds

Data recorded in Table (7) indicates that faba bean seeds grown under low (50 mM)
and moderate (100 mM) salt stress had higher contents of N, P than those of salt unstressed
control seeds. It is laso clear that the 50 mM salt treatment caused an increase in Ca and K
concentrations in faba seeds. In contrast, the high salinity level (200 mM) caused significant
decreases in N, P, Ca and K in plant seeds as compared with control treatment. The
corresponding decrease in the mentioned elements in seeds at 200 mM treatment were
about 3.5%, 7%, 22% and 15% of control seeds, respectively. Na content in seeds, on the
other side, showed a linear increase with increasing salinity level to reach its maximum value
at 200 mM salt treatment, at which Na increased by about 17% of control seeds. These
results caused an observed decrease in the K/Na ration in faba seeds at 100 and 200 mM

treatments as compared with the K/Na ratio of control seeds.

E () mM NaCl m 50 mM NaCl = 100 mM NaCl ®200mM NaCl

- 70
60 _
=]
I S50
T 3]
T 40 2
T T T g
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T "
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Silicon treatments

Fig. (1). Effects of silicon and nano-silicon on harvest index (HI) of faba bean crop

under different levels of salinity stress.
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Data in the same table revealed that Si and NSi treatments caused a slight decrease
in N, Ca and Na concentrations in faba seeds as compared to Si and NSi untreated seeds.
Seed K content on the other side, showed a noticeable increase under all Si and NSi
treatments. The highest values of K% in seeds were recorded at Si2 and NSi2 treatments. At
which K were increase by about 16% and 15%, respectively, compared with control

treatments.

Table (7): Effects of salinity stress and silicon treatments on mineral contents of faba

bean seeds.
mM N% P% Ca% mM K% Na% | K/Na
Salt 00 327 029 1.69 00 349 214 162
treatments 50 356 0.33 1.80 | Salt 50 3.72 219 171
100 351 0.30 1.46 | treatments 100 338 232 146
200 3.16 0.27 1.32 200 297 250 1.19
LSD5% 0.25 0.16 0.24 | LSD5% 0.25 0.22 0.24
N% P% Ca% K% Na% | K/Na
Con 358 027 204 Con 314 263 1.20
Silicon Sil 342 030 1.79 | Silicon Sil 335 242 139
treatments  Si2 3.36 0.33 156 | treatments Si2 364 221 165
Si3 3.18 0.27 135 Si3 325 213 154
NSil1 345 031 161 NSil1 3.36 236 144
NSi2 342 033 145 NSi2 361 216 1.68
NSi3 322 027 1.21 NSi3 341 215 158
LSD5% 0.17 0.15 0.20 | LSD5% 0.17 0.15 0.14

As for the interaction effect of salt stress and silicon treatments on elemental
concentrations in faba bean seeds, the results recorded in Tables 8 and 9 revealed that both
factors showed some effects on mineral contents. The results in Table (8) shows that Si and
NSi treatments enhanced N and P contents in salt treated seeds, particularly at 50 and 100
mM salt treatments. While, at 200 mM NaCl treatment N (%) decreased in Si and NSi
treated seeds. The most enhancing effect on N (%) under salt stress was observed at Sil
and NSil treatments. Both treatments improved N (%) at 50 and 100 mM salt treatments,
while othe Si and NSi treatments improved N (%) only at 50 mM treatment compared to

same Si and NSi treatments in the absence of salt stress. It is clear, also, that Si and NSi
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treatments caused an observed increase in Ca and K content of the 50 mM NaCl treated
seeds. While, the 200 mM salt treatment showed a significant decrease in Si and NSi treated

seeds.

Table (8): Effects of silicon (Si) and nano-silicon (NSi) on N, P and Ca percentages in

faba bean seeds under different levels of salinity stress.

Treat. N (%) P (%) Ca (%)

00 50 100 200 00 50 100 200 00 50 100 200
Con 3.15 382 392 344 026 028 029 026 206 222 202 1.86
Si1 324 337 383 323 029 032 031 028 185 200 177 152
Si2 335 371 322 316 032 035 033 030 164 176 151 1.34
Si3 3.27 342 316 286 025 031 028 025 135 152 135 1.16

NSil 3.26 338 387 328 031 035 033 026 202 212 118 1.12
NSi2 337 375 335 321 036 038 030 028 166 1.72 123 1.17
NSi3 3.25 348 322 292 026 032 026 024 126 129 117 111
LSD5% 0.12 0.25 0.11 0.18 0.05 0.06 006 NS 013 0.16 0.19 0.23

Data shows that all Si and NSi treatments caused a significant increase in K content
of slat stressed faba seeds (Table 9). Under all salinity levels, the most effective treatments
of silicon were Si2 and NSi2. At 50 mM salt treated seeds, Si2 caused an increase of about
16% and NSi2 caused an increase of about 13% in seed K content as compared with seeds
under the same salt treatment without Si or NSi application. The corresponding increase in K
at 200 mM salt treatment were about 25% and 21%, respectively. It seems that the positive

effect of Si and NSi on K (%) was more pronounced at high than low salt stress.

Table (9): Effects of silicon (Si) and nano-silicon (NSi) on K, Na and K/Na ration in Faba

bean seeds under different levels of salinity stress.

Treat. K (%) Na (%) K/Na

00 50 100 200 00 50 100 200 00 50 100 200
Con 335 351 312 258 233 252 263 302 143 139 118 0381
Si1 342 364 329 305 228 230 242 266 150 158 135 1.14

Si2 3.63 4.06 362 324 206 215 220 243 176 188 164 1.33
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Si3 340 359 324 275 200 205 217 224 170 175 149 123
NSil 343 367 330 302 221 225 240 258 155 168 137 1.17
NSi2 368 395 368 312 210 200 218 236 175 197 168 1.32
NSi3 351 366 342 304 205 210 222 226 171 174 154 134
LSD5% 0.17 0.12 0.14 0.25 0.13 0.11 0.13 0.26 0.18 0.22 0.21 0.23

Sodium content of faba seeds under salinity stress, on the other side, was
decreased with Si and NSi application. Si3 and NSi2 treatments were the most active in
reducing Na (%) of salt stressed seeds. These results reflect the enhancing effect of Si and
NSi treatments on K/Na ratios. It is clear that salt stress decreases K/Na ratio, while Si and
NSi application increased this ratio. In an early study, Liang et al. [63] reported a significant
increase in K uptake and decrease in Na uptake under salt stress when Si was included
because of increased activity of plasma membrane H-ATPase. K/Na ratio was significantly
lower under salinity stress when Si was not applied. Silicon application enhanced K/Na
selectivity ratio in faba bean thus enhancing pod yield. They found also that the application
of silicon in the high salinity soil increased the K/Na ratio.

Nitrogen (N), Phosphorus (P), Potassium (K) Calcium (Ca) are very important
elements for membrane structure, cell division, stomatal function, and plant growth cell-wall
synthesis, direct or signaling roles in systems involved in plant defense and repair of
damage from biotic and abiotic stress, and rates of respiratory metabolism and translocation
[67].

Early studies on the interactive effect of macronutrients (N, P, K+, Ca2+, Mg2+, and
S) and salinity on the growth of cowpea, tomato, clover, and wheat showed that, for a given
salinity level, increasing salt concentration caused a significant reduction in the nutrient
contents of seeds and fruits [67]. In more recent study Hellal et al. [68] reported that there
was an obvious gradient between potentially toxic (Na and CI) and essentially needed
elements (K, Mg, Ca, P and S) in the seeds of plants grown under salinity stress. The
exclusion of Na+ ions and a higher K: Na ratio in bean plants grown under saline conditions
have been confirmed as important selection criteria for salt tolerance [69]. In an early study,
it has been indicated that application of Si significantly increased the contents of P and K,
and the K/Na ratio and decreased Na ion contents of salt-affected faba seeds [68].
Therefore, the results shown in the present study agree with those reported by Abdelhamid
et al. [69] on faba bean which indicate that salt tolerance is associated with an enhanced K:

Na discrimination trait.
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4. CONCLUSION

In conclusion, current study reveal that salinity stress resulted in considerable
decrease in seed germination, vegetative growth and yield of faba bean. The results
highlight the role of Si and NSi in regulating salinity responses, and indicate that silicon and
nano-silicon could protect faba bean plants against the hazardous effect of salinity. There
were no meaningful differences between the Si and NSi applications; both forms of silicon
were effective at lower levels in most measured characteristics. However, the study invites
researchers to find out the interaction mechanism between nanosilica and plants which

establishes that NSiO2 could be used as a fertilizer for the crop improvement

REFERENCES

1. Rueda-Puente EO, Garc JL, Preciado P, Murillo B, Tarazo MA, Flores A, et al.
Germination of Salicornia bigelovii ecotypes under stressing conditions of temperature
and salinity and ameliorative effects of plant growth-promoting bacteria. J Agron Crop
Sci. 2007; 193: 167-176.

2. Lopez CML, Takahashi H, Yamazaki S. Plant-water relations of kidney bean plants
treated with NaCl and foliarly applied glycinebetaine. J Agron Crop Sci. 2002; 188: 73—
80.

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

4. Meena, VD, Dotaniya, ML, Coumar V, Rajendiran S, Kundu S, Subba Rao A. A Case for
Silicon Fertilization to Improve Crop Yields in Tropical Soils. Biol Sci. 2014; 84(3): 505—
518.

5. Kafi M, Rahimi Z. Effect of salinity and silicon on root characteristics, growth, water status,
proline content and ion accumulation of purslane (Portulaca oleracea L.). Soil Sci Plant
Nutri. 2011; 57: 341-347.

6. Al-Aghabary K, Zhu Z, Shi QH Infuence of silicon supply on chlorophyll content,
chlorophyll fl uorescence, and antioxidative enzyme activities in tomato plants under
salt stress.J Plant Nutr. 2004; 27: 2101-2115.

7. Liang YC, Zhang WH, Chen Q, Ding RX. Effects of silicon on tonoplast Hp -ATPase and
Hp-PPase activity, fatty acid composition and fl uidity in roots of salt-stressed barley
(Hordeum vulgare L.). Environ Exp Bot. 2005; 53: 29-37.



530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

8. Parveen N, Ashraf M. Role of silicon in mitigating the adverse effects ofsalt stress on

growth and photosynthetic attributes of two maize (Zea Mays L.) cultivars grown
hydroponically. Pak J Bot. 2010; 42 (3):1675-1684.

9. Monica RC, Cremonini R. Nanoparticles and higher plants. Caryolog. 2009; 62: 61-165.

10.

11.

12.

13.

14.

15.

16

17.

18.

19.

20.

21.

Pourkhaloee A, Haghighi M, Saharkhiz MJ, Jouzi H, Doroodmand MM. Investigation on
the effects of carbon nanotubes (CNTs) on seed germinationand seedling growth of
salvia (Salvia microsiphon), pepper (Capsicum annum)and tall fescue (Festuca
arundinacea). J Seed Tech. 2011; 33 (2): 155-160.

Haghighi M, Afifipour Z, Mozafarian M. The effect of N-Si on tomato seed germination
under salinity levels. J Biol Environ Sci. 2012; 6 (16): 87-90.

Cheng G, Chang T, Qin Q, Huang H, Zhu Y. Mechanical Properties of Silicon Carbide
Nanowires: Effect of Size-Dependent Defect Density. Nano Let. 2014; 14 (2): 754—-758.

Torney F, Trewyn BG, Lin VSY, Wang K. Mesoporous silica nanopatrticles deliver DNA
and chemicals into plants. Nature Nano Tech. 2007; 2: 295-300.

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

Suriyaprabha R, Karunakaran G, Yuvakkumar R, Rajendran V, Kannan N. Silica
nanoparticles for increased silica availability in maize (Zea mays L) seeds under

hydroponic conditions. Curr NanoSci. 2012; 8: 1-7.

. Crepon K, Marget P, Peyronnet C, Carrouée B, Arese P, Duc G. Nutritional value of faba

bean (Vicia faba L.) seeds for feed and food. Field Crop Res. 2010; 115: 329-339.

Kopke U, Nemecek T. Ecological services of faba bean. Field Crops Res. 2010; 115:
217-233.

Ofuya ZM, Akhidue V. The role of pulses in human nutrition: A review. J App Sci Environ
Manag. 2005; 9: 99-104.

Kardoni F, Mosavi SJS, Parande S, Torbaghan ME. Effect of salinity stress and silicon
application on yield and component yield of Faba bean (Vicia faba). Inter J Agric Crop
Sci. 2013; 6: 814-818.

Naseri R, Emami T, Mirzaei A and Soleymanifard A. Effect of salinity (sodium chloride)
on germination and seedling growth of barley (Hordeum Vulgare L.) cultivars. Inter J
Agric Crop Sci. 2012; 4:911-917.

Ellis RH, Roberts EH. Towards a rational basis for testing seed quality. In Seed
Production, ed. Hebblethwaite PD, 1980, pp. 605-635, Butterworths, London.



564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bae EJ, Lee K, Huh MR, Lim CS. Silicon Significantly Alleviates the Growth Inhibitory
Effects of NaCl in Salt-sensitive ‘Perfection’ and ‘Midnight’ Kentucky Bluegrass (Poa
pratensis L.). Hort Environ Biotech. 2012; 53(6): 477-483.

Kobraee S, Shamsi K, Rasekhi B. Soybean production under water deficit conditions.
Ann Biol Res. 2011; 2 (2): 423-434.

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

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

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

Lachica M, Aguilar A, Yanez J. An’alisis foliar.M"etodos utilizados en la Estaci’on
Experimental del Zaid"in C.S.1.C. (I1). Anna Edafol Agrobiol. 1973; 32:1033-1047.

Gomez KA and Gomez AA. Statistical Procedures for Agricultural Research. John Wiley
& Sons Inc., Singapore, 1984; pp. 680-695.

Rubio-Casal AE, Castillo JM, Luque CJ, Figueroa ME. Influence of salinity on
germination and seeds viability of two primary colonizers of Mediterranean salt pans. J
Arid Environ. 2003; 53:145-154

Datta JK, Nag S, Banerjee A, Mondal NK. Impact of salt stress on five varieties of Wheat
(Triticum aestivum L.) cultivars under laboratory condition. J Appl Sci Environ Manage.
2009; 13: 93-97.

Adhikari T, Kundu S, Subba Rao A. Impact of SiO2 and Mo Nano Particles on Seed
Germination of Rice (Oryza Sativa L.). Int J Agric Food Sci Tec. 2013; 4: 809-816.

Nair R, Poulose AC, Nagaoka Y, Yoshida Y, Maekawa T, Kumar DS. Uptake of FITC
labeled silica nanoparticles and quantum dots by rice seedlings: effects on seed
germination and their potential as biolables for plants. J Fluoresc. 2011; 21: 2057-2068.

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

Karunakaran G, Suriyaprabha R, Manivasakan P, Yuvakkumar R, Rajendran V, Prabu P,
et al. Effect of nanosilica and silicon sources on plant growth promoting rhizobacteria,

soil nutrients and maize seed germination. IET Nanobiotech. 2013; 7: 70-77.



598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Sun SJ, Guo SQ, Yang X, Bao YM, Tang HJ, Sun H, et al. Functional analysis of a novel
Cys2/His2-type zinc finger protein involved in salt tolerance in rice. J Exp Bot. 2010; 61:
2807-2818.

Gapinska M, Sklodowska M, Gabara B. Effect of short- and long-term salinity on the
activities of antioxidative enzymes and lipid proxidation in tomato root. Acta Phys Plant.
2008; 30: 11-18.

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

Feizi H, Moghaddam PR, Shahtahmassebi N, Fotovat A. Impact of bulk and nanosized
titanium dioxide (TiO2) on wheat seed germination and seedling growth. Biol Trace
Elem Res. 2012; 146: 101-106.

Azimi R, Feizi H, Hosseini MK. Can Bulk and Nanosized Titanium Dioxide Particles
Improve Seed Germination Features of Wheatgrass (Agropyron desertorum). Not Sci
Biol. 2013; 5: 325-331.

Zheng L, Hong F, Lu S, Liu C. Effect of nano-TiO2 on strength of naturally aged seeds
and growth of spinach. Biol Trace Elem Res. 2005; 104: 83-91.

Siddiqui MH, Al-Whaibi MH. Role of nano-SiO, in germination of tomato
Lycopersicum esculentum seeds Mill.). Saudi J Biol Sci Jan. 2014; 21: 13-17.

Foltete AS, Masfaraud JF, Bigorgne E, Nahmani J, Chaurand P, Botta C, et al. Envi-
ronmental impact of sunscreen nanomaterials: Ecotoxicity and genotoxicity of altered
TiO2 nanocomposites on Vicia Faba. Environ Poll. 2011; 159: 2515-2522.

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

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

Munns R and Tester M (2008). Mechanisms of salinity tolerance. Annu Rev Plant Biol,
59: 651-668.

Ghassemi-Golezani K, Nikpour-Rashidabad N and Zehtab-Salmasi S. Physiological
performance of pinto bean cultivars under salinity. Inter J Plant, Animal and Environ Sci.
2012; 2: 223-228.

Gong H, Chen K, Chen G, Wang S, Zhang C. Effects of silicon on growth of wheat under
drought. J Plant Nutr. 2003; 26:1055-1063.

Bradbury M, Ahmad R. The effect of silicon on the growth of Prosopis juliflora growing in
saline soil. Plant Soil. 1990; 125: 71-74.



634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Kaya C, Tuna L, Higgs D. Effect of silicon on plant growth and mineral nutrition of maize
grown under water-stress conditions. J Plant Nutr. 2006; 29: 1469-1480.

Shahzade M. Growth- related changes in subcellularion and protein patterns in maiz e
and field bean leaves under salt stress. MSc Institute of Plant Nutrition and Soil
Science, University of kiel, Pakastan, 2012.

Ma JF, Tamai K, Yamaji N, Mitani N, Konishi S, Katsuhara M, et al. A silicon transporter
in rice. Nature. 2006; 440: 688-691.

Sabetteymoori M, khazaei HM, Nasiri M, Neami A. Effect of different levels of salinity on
yield and yield component of single plant, Morphological characteristics and leaf
Chlorophyll content of sesame (Sesamum indicum L.). J Environ Stress Agri. 2009; 2:
22-31.

Sakr MT, Emery ME, Fouda RA, Mowufy MH. Role of same antioxidants in alleviatiny
soil salinity strees. J Agric Mnsoura Univ. 2007; 32: 9751-9763.

Parande S, Zamani GR, Zahan MHS, Ghaderi MG. Effects of silicon application on the
yield and component of yield in the common bean (Phaseolus vulgaris) under salinity
stressinter J Agron Plant Prod. 2013; 4: 1574-1579.

Pandey RK, Herrera WAT, Pendleton JW. Drought of grain legumes under irrigation
gradient. I. Yield and yield components. Agron J. 1984; 76: 549-533.

Parsa MB, Mahmoodi S, Sayyari-Zahan MH, Naghizadeh M. Interaction effect of saline
irrigation water, mycorrhiza fungi and phosphorus fertilizer on yield and yield
components of common bean (phaseolus vulgaris L.). Adv Environ Biol. 2011; 5: 362-
270.

Tahir MA, Rammatullah A, Ashraf TM, Kanwal S, Magsood MA. Beneficial effects of
silicon in wheat (Triticum aestivum) under salinity stress. Pak J Bot. 2006; 38: 715-
1722.

Miyake Y, Takahashi E. Effect of silicon on the growth and fruit production of strawberry
plants in a solution culture. Soil Sci Plant Nurt. 1986; 32:321-326.

Zhu Z, Wei G, Li J, Qian Q, Yu J. Silicon alleviates salt stress and increases antioxidant
enzymes activity in leaves of salt-stressed cucumber ( Cucumis sativus L.). Plant Sci.
2004; 167: 527-533.

Moussa HR. Influence of exogenous application of silicon on physiological response of
salt-stressed maize (Zea mays L.). Inter J Agric Biol. 2006; 8: 293-297.

Romero-Arnada MR, Jourado O, Cuartero J. Silicon alleviates the deleterious salt effects
on tomato plant growth by improving plant water status. J Plant Phy. 2006; 163: 847-
855.



669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690

62.

63.

64.

65.

66.

67.

68.

69.

Tuna AL, Kaya C, Higgs D, Amador BM, Aydemir S, Girgin AR. Silicon improves salinity
tolerance in wheat plants. Environ Exp Bot. 2008; 62: 10-16.

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

Hasegawa PM, Bressan RA, Zhu JK, Bohnert HJ. Plant cellular and molecular
responses to high salinity. Ann Rev Plant Phys Plant Mol Biol. 2000; 51: 463-499.

Ahmad A, Afzal M, Ahmad AUH, Tahir M. Effect of foliar application of silicon on yield
and quality of rice (Oryza sativa L). Cercetari Agron Moldova. 2013; 3: 21-28.

Jaberzadeh A, Moaveni p, Moghadam HR, Zahedi H. Influence of Bulk and
Nanoparticles Titanium Foliar Application on some Agronomic Traits, Seed Gluten and
Starch Contents of Wheat Subjected to Water Deficit Stress. Not Bot Horti Agrobio.
2013; 41: 201-207.

Hu Y, Schmidhalter U. Drought and salinity: A comparison of their effects on mineral
nutrition of plants. J Plant Nutr Soil Sci. 2005; 168: 541-549.

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

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



