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ABSTRACT 

Silicon in soil solution is present as silicic acid, at concentrations normally ranging from 0.1 to 
2.0 mM, roughly two orders of magnitude higher than the concentrations of phosphorus. Cropping 
system cannot allow for recycling Silicon element by plants. The decrease of bioavailable-Si may 
have significant impacts on cereal crops. The assumption of the depletion of plant available-Si is still 
admissible, but new conspicuous have proven that phytoliths are a significant source of Silicon for 
plant. Plants uptake silicon in silicic acid form. Silicon concentrations vary greatly in plant 
aboveground parts, ranging from 0.1 to 10.0% SiO2 of dry weight basis or even higher. The difference 
in Si accumulation attributed to the ability of the roots to take up Si.  It is obvious that most of the 
effects of Si were expressed through Si deposition on the leaves, stems, and hulls. In spite of Si has 
not been proven to be an essential element for higher plants, it is a beneficial element for the healthy 
growth and development and even productivity of many crop species, particularly for rice which 
contains about 10% SiO2 in shoots on a dry weight basis. The beneficial effects of Si are particularly 
distinct in plants exposed to biotic or abiotic stress. Silicon is effective in controlling various pests and 
diseases caused by both fungi and bacteria in different plant species. Silicon also exerts alleviative 
effects on various abiotic stresses including salt stress, metal toxicity, drought stress, radiation 
damage, nutrient imbalance, high temperature, freezing and so on. Also, Silicon has been widely 
reported to alleviate the plant water status and water balance, especially under various stress 
conditions in both monocot and dicot plants Numerous research studies showing that the application 
of Si enhances the tolerance of some plant species to toxic metals, including manganese Mn, zinc Zn 
aluminum Al, cadmium Cd  and arsenic As. In addition, studies have shown that Si alleviates growth 
inhibition and oxidative damage. 
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1-Introduction 

Silicon Si is the second most abundant element in soil. In soil solution, Si occurs mainly as 
monosilicic acid H4SiO4 at concentrations ranging from 0.1 to 0.6 mM, roughly two orders of 
magnitude higher than the concentrations of phosphorus in soil solutions and is taken up by plants in 
this form of silicic acid Ma and Takahashi (2002); Snyder et al., (2007) and Bogdan and 
Schenk(2008),Epstein(1999) Keeping et al.,(2009), After Si uptake, it accumulates on the epidermis 
of various tissues mainly as a polymer of hydrated amorphous silica. All terrestrial plants contain Si in 
their tissues although the content of Si varies considerably with the species, ranging from 0.1 to 10% 
Si on a dry weight basis Ma and Takahashi (2002) and Hodson et al., (2005).This gives rise to 
additional confusion, as the beneficial properties of Si are generally linked to the amount absorbed by 
the plant Ma, (2004).  However, silicon Si is not an essential element for plant growth, development 
and productivity Liang and Sun, (2007) and Manivannan et al. (2016). Although, it plays an important 
beneficial role in many crops, especially for Si-accumulating plants under abiotic and biotic stress 
conditions. The major reason is that there is no evidence to show that Si is involved in the metabolism 
of plant, which is one of the three criteria required for essentiality established by Richmond and 
Sussman, (2003). Recently, essential elements that are essential for plant growth and productivity is 
defined by Epstein and Bloom (2003) as: 1 the element is part of a molecule which is an intrinsic 
component of the structure or metabolism of the plant, and 2 the plant can be so severely deficient in 
the element that it exhibits abnormalities in growth, development, or reproduction. According to this 
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definition, Si is considered to be an essential element for higher plants because Si deficiency causes 
various abnormalities in the plant, as reported by many authors Ma and Takahashi, (2002). 

Plants taken up Si from the soil solution as monosilicic acid H4SiO4, which distributed to the 
cell wall and epidermis. Consequently, promotes an increase in cell wall stiffness, and provides better 
leaf architecture. It may also improve photosynthetic capacity in some plant species, increase plant 
resistance to disease and pest attack, and reduce transpiration, enhancing water use efficiency WUE 
by the plant Korndörfer et al., (2002); Ma (2004) and Rodrigues et al., (2011).The amount of silicon 
and its distribution in soils is greatly affected by soil parent material, the climatic condition, soil 
texture, and intensity of soil weathering. Silicon can be lost during the soil weathering process, and 
the remaining in the soil is in a polymerized form and not available to plants. Furthermore, Si 
diminution in the soil can be occur due to intensive cultivation practices, in addition to Si-depletion 
due to the extensive use of phytosanitary and NPK fertilizers for maintaining sustainable agriculture.  
for that reason many soils are generally low in available Si Meena et al.,(2014).Low availability of 
silicon appear in soils of tropical areas. In such soils, the response of cultivated crops to silicon 
fertilization is clear, and improving yield of some crops, especially Si accumulators plants, such as 
rice and sugar cane Pereira et al., (2007). Si fertilization can improve crop yields and bring other 
benefits to plants such as increasing plant tolerance to abiotic and biotic stresses. Silicate fertilization 
in some countries such as Japan, the USA, South Africa, and China is a common practices, especially 
for rice, sugar cane, pasture and corn crops, which accumulate large amounts of the element in their 
tissues; however, recently, research with other crops, such as soybeans, beans, eucalyptus, potatoes, 
and others, have shown promising results Currie and Perryl (2007). Many researchers mentioned that, 
Si- fertilization is a simple and sustainable way to help maintain and enhance plant health and 
productivity Datnoff and Rodrigues, (2015) and Taiz et al., (2013).   

Many studies have attempted to phenotype and classify plants according to their ability to 
absorb Silicon Hodson et al., (2005); Trembath- Reichert et al., (2015), a difficult endeavor 
considering the numerous factors that can influence the data. With novel experimental techniques, the 
advancement of genomics and developments such as the discovery of Si transporters, new 
opportunities are available to characterize accumulator and non-accumulator plants based on specific 
molecular features. In this review, the role of Si in conferring resistance to multiple stresses is 
described. 

 
2-Silicon in soil: content, form and availability  

Silicon is the seventh most abundant element in the universe and the second most abundant 
element on the planet, after oxygen, making about 28 percent of the Earth's crust Datnoff et al. 
(2001). Total Si content in soil ranges normally from 25 to 35 % with an average of 30 %, depending 
greatly upon soil types and weathering. However, in some highly weathered soils such as latosols or 
latosolic red soils in the tropics where desilification and fersialitization processes are extremely 
active, Si content can be as low as less than 1 %. Si content and its availability in soil depend greatly 
upon soil-forming processes and consequently soil types Sommer et al. (2006). 

Si content and its availability in soil depend greatly upon soil-forming processes and 
consequently soil types. Soil Si-poolscan be existed in two either mineral which may occur in primary 
minerals inherited from parent material or biogenic pools through formation a secondary minerals 
such as  clay minerals, Sommer et al.,(2006).    Silicon dioxide SiO2, is the most abundant mineral in 
soils which is part of the structure of most clay minerals Barbosa et al., (2001). During soil 
weathering process,  esilicatization occurs, which decreases the Si content of the soil, and is basically 
present in the form of opal, quartz SiO2·nH2O, and other forms not available to plants;  therefore, the 
soil may be high in insoluble Si and very low in plant-available Si Barbosa et al.,(2001) . However, 
total silicon in soils is not a good indicator for availability of silicon to plant growth as mentioned 
byBerthelsen and, Korndörfer, (2012). 

In soil, monosilicic acid H4SiO4  is the most available form of Si in soils solution, at 
concentrations normally ranging from 0.1 to 0.6 mM, Tubana et al.,( 2016); Epstein (1994), most of 
which is not dissociated pK1 = 9.6, an aspect that makes the element more readily available to plants, 
Raven, (1983). However, rapid polymerization of monosilicic acid H4SiO4 gradually occur at high 
concentrations of silicon, with increasing soil pH, and in the presence of oxides and hydroxides of 
aluminum and iron, Berthelsen and Korndörfer (2002).  Thus, Si concentration in the soil solution is a 
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dynamic process and influenced by its stability and dissolution of primary and secondary minerals at 
the solid phase, phytogenic cycling of Si, soil pH, organic matter, Si adsorption/desorption onto Fe/Al 
hydrous oxide surfaces and Si-uptake by plants and microorganisms, Meyer (2001); Cornelis et al 
(2011); Haynes (2014) and Tubana et al., (2016). 

Available Si in soils refers to the amount of Si that can be taken up by plants during the 
growing season and is usually considered an index for soil Si-supplying capacity. Generally, Si is 
absorbed and transported by plants in the form of monosilicic acid H4SiO4. Thus, available Si in soils 
include monosilicic acid in soil solution and parts of silicate components that can be easily converted 
into monosilicic acids such as polymerized silicic acid, exchangeable silicates and part of colloidal 
silicates. At pH values 2–9, especially at physiological pH values, Si in soil is mainly present as 
monosilicic acid and converted to monosilicic acid into ionic silicates at pH >9. The main factors 
influencing  Si availability in soil or Si-supplying power capacity  include types of soil and parent 
material, historical land-use change, soil pH, soil texture, soil Eh, organic matter, temperature and 
accompanying ions Husnain et al.,( 2008) ; Struyf et al.,(2010a,b) . 

Silicon availability and supplying power vary with soil types, depending mainly on the type of 
parent materials, weathering and eluviation and illuviation. Soils derived from granite, quartz 
porphyry and peat are prone to Si deficiency, while, those developed from basalt and volcanic ash 
contain sufficient Silicon. The paddy soils which are subjected to intensive weathering and eluviation 
are prone to Si deficiency, whereas those which are subjected to slight weathering and eluviation are 
generally rich in plant-available Si. In terms of Si availability, Li et al., (1999), classified soils into 
three categories. The first: is the soils derived from granite, quartzite and alluvial deposits. These soils 
are sandy with strong leaching capacity, had lowest contents of available Si; ranging from 33.3 to 43.3 
mg SiO2 kg −1. They reported that 94 to 100 % of the tested soil samples are Si deficient or severely Si 
deficient. The second category: is the soils developed from red sandstone, pelite, lacustrine deposits 
and quaternary red earth. These soils, mainly due to desilification and fersialitization, had lower 
average available Si content, ranging from 52.9 to 66.7 mg SiO2 kg −1 and 80 to 85 % of these soils 
are deficient or severely deficient in Si. The third category: is the soils derived from purple rock, 
limestone and Xiashu loess. These soils had higher available Si content due to their clayey soil 
texture, ranging from 98 to 125.8 mg SiO2 kg −1 and only 33 to 60 % of these soils are Si deficient. 
The available Si content varied with soil type in a descending order of paddy soils > brown soils > 
limestone soils > cinnamon soils Dai et al., (2008). Intense biogeochemical cycling of silica occurs in 
soils Blecker et al., (2006); Gérard et al., (2008). It is reported that the annual ecosystem 
biogeochemical cycling of Si exceeds the annual export from continents to the ocean by two orders of 
magnitude Conley, (2002) ; Struyf et al., (2010a) . 

Many studies have shown that soils with light or sandy texture are usually deficient in available 
Si and thus have low Si-supplying power, while those with heavy or clayey texture are Si sufficient, 
Cai et al. (1997); Gérard et al., (2008) and Li et al. (2012). Soil-available Si content is positively 
correlated with clay content in soils Wang et al. (2004) ; Gérard et al., (2008) ; Dai et al. (2004)  as 
soil clay minerals with high specific surface have a high capacity to adsorb silicate. 

Numerous studies show that soil-available Si content is closely positively correlated with soil 
pH values Kawaguchi and Kyuma (1977) Husnain et al.,(2008); Haynes (2014); Ma et al. (2008) ; 
Berthelsen and,Korndörfer (2012); Liang et al.(1994) ; Shen et al.(2014) ; He and Li (1995) ; Husnain 
et al., (2008); Haynes (2014) and Tubana et al., (2016); Cai et al.(1997) ; Struyf et al.,(2010,b); Li et 
al. 1999; Struyf et al.,(2010 a).The concentration of monosilicic acid is strongly dependent upon soil 
pH. The lowest concentration of monosilicic acid is observed at pH 8–9, below or above which the 
concentration of monosilicic acid H4SiO4 increases significantly. Si concentration in soil solution may 
rise sharply when pH value decreases from 7 to 2 (Berthelsen and Korndörfer (2012). 
 
3-Silicon in plants 

Despite the abundant benefits of silicon in agriculture, it is generally not considered as an 
essential plant element. In nature, silicon occurs as the oxide silica and as silicates, in which it is used 
in fertilizers.  Epstein and Bloom, (2003) .Plant assimilates silicon through roots as silicic acid. Inside 
plant, it travels to active growing points, where it complexes with an organic compound in the cell 
walls and make them stronger. The beneficial effects of Si on plants have been demonstrated by many 
studies using pots, hydroponic, and field experiments. Silicon enhances growth and yield of all annual 
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and vegetable crops, promotes upright growth stronger and thicker stems, shorter internodes, prevents 
lodging, promotes favorable exposure of leaves to light, provides resistance to bacterial and fungal 
diseases and decrease some abiotic stress as temperatures, salinity, heavy metal and aluminum 
toxicity. 

 They concluded that Si concentration in plant ashes varied according to  plant species, with 
higher concentrations in Gramineae., with large variability, ranging from 0.1% to 10% dry weight 
Epstein (1999); Hodson et al.,(2005). Generally, monocots are richer in silicon than Dicots, with some 
exceptions. Sangster et al. (2001) indicate that the following families show silicification processes: 
Among monocots: Cyperaceae e.g., sedge and Gramineae e.g., wheat Even if significant levels of Si 
are found in very different plants, and among dicots: some Fabaceae e.g., pea, Cucurbitaceae e.g., 
cucumber, Rosales e.g., elm, and Asteraceae e.g. sunflower. Sangster (1978) and Hodson et al. (2005) 
consider that Si concentration in plants depends primarily on the phylogenetic position of the plant, 
more than on its environment i.e., Si concentration in the soil and the soil solution, pH. Ma and 
Takahashi (2002), propose criteria to differentiate non-accumulating plants from accumulating plants: 
a “Accumulator plants” have a Si concentration over 1% and a [Si]/[Ca] ratio >1. b“ Excluder plants” 
have a Si concentration below 0.5% and a [Si]/[Ca] ratio, c “intermediates plants” that do not meet 
these criteria. In addition, there are large differences among genotypes within the same species Deren, 
(2001). Several data compilations have reported the extent of this variation Hodson et al. (2005); Ma 
and Takahashi (2002). However, a given species or cultivar grown in various Si concentrations will 
absorb different amounts of Si, as shown in banana, rice, or tomato Henriet et al.,(2006); Ma and 
Takahashi (2002).  

Regarding the essentiality of Si-element in plants nutrition, in two corn plants with different Si-
concentration in their shoot ashes; 0.3% and 9%, respectively, there was no difference in their growth 
as observed by Sachs 1862. Therefore, he concluded that Si was not an essential for plant growth. The 
essentiality of Si for plants had not been proven because of the difficulty to remove entirely Si from 
experimental nutrient solutions and thus obtain control plants. He suggested Si to be “quasi-essential 
for many of those plants for which its absolute essentiality has not been established.” Since the 
reviews by Epstein (1994), (1999), many studies have been conducted on the mechanisms of Si 
uptake, transport, and accumulation in plants that are useful to discuss the concept of Si essentiality.  

The essentiality of Si in plant nutrition was first highlighted by Sachs 1862.He observed no 
differences in the growth of two corn plants in spite that Si reached 0.3% and 9% Si in their shoot 
ashes , respectively, therefore, he concluded that Si was not essential. In 1906, the question of the role 
of Si in plants, doubting that an element forming up to 60% of the wheat ash had no metabolic role 
was raised. More recently, Epstein (1994) stated that the non-essentiality of Si is difficult to be proven 
because of the difficulty to remove entirely Si from experimental nutrient solutions and thus obtain 
control plants. He suggested Si to be “quasi-essential for many of those plants for which its absolute 
essentiality has not been established.”  

According to science researches, silicon increase plant’s resistance to many plant diseases such 
as powdery mildew, septoria and eye-spot and also many insect pests. Silicon has positive effect on 
the biomass yield under deficit irrigation. Plants subjected to draught, treated with silicon, maintained 
higher stomatal conductivity, relative water content and water potential. It helps leaves become larger 
and thicker, thus limiting the loss of water through transpiration and reduces water consumption. 

Although all terrestrial plants contain some silicon Si in their tissues, the concentration of Si in 
shoots varies greatly among plant species from 0.1 to 10 % Si on a dry weight basis, showing an 
extremely uneven distribution within the plant kingdom Ma et al. (2001a); Richmond and 
Sussman,(2003). In higher plants Angiospermae, only few taxa show high >4 % Si; Cyperaceae, 
Poaceae and Balsaminaceae to moderate 2–4 % Si; Cucurbitales, Urticales and Commelinaceae Si 
accumulation Ma and Takahashi (2002) ; Hodson et al.,(2005) . 
In agronomy, silicon is not a limiting factor in soils. Plants greatly differ in their ability to take up 
silicon from soil. crops such as sugar cane can take up silicon as much as300 kg ha−1 year−1Meyer and 
Keeping, 2001 and 500 kg ha−1 year−1 for rice Makabe et al.(2009) comparing with 41–67 kg ha−1 
year−1 for tropical forests Lucas et al.,(1993); Alexandre et al.,(1997), 22–67 kg ha−1 year−1 for US 
grasslands Blecker et al.(2006), and 2.3–44 kg ha−1 year−1 for temperate forests Bartoli (1983); Gérard 
et al.(2008); Cornelis et al.(2010). There is also a genotypic variation in the shoot Si concentration, 
although the variation within species is usually much lower than the variation among species grown 
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under the same conditions, rice  Oryza sativa  contains 39 mg Si g −1 in the shoots, but chickpea  Cicer 
arietinum  contains only 3.0 mg Si g −1Berthelsen and Korndörfer (2012). 

  On the other hand, the Si concentration in barley  Hordeum vulgare  grain showed a smaller 
variation, ranging from 1.2 to 3.8 mg Si g −1Ma et al. 2004 . In sugarcane  Saccharum officinarum , 
the Si concentration in the shoots varied with the cultivars, ranging from 6.4 to 10.2 mg Si g −1Deren 
(2001) . In rice  Oryza sativa, japonica cultivars usually showed a higher Si concentration than indica 
cultivars Ma et al. (2008). 

In general, the difference in Si accumulation of different plant species has been attributed to the 
specific potential of roots to take up Si Ma and Yamaji (2006) . Plants take up Si in the form of the 
monomeric, uncharged molecule of orthosilicic acid H4 SiO4, as the only molecular species likely to 
cross the root plasma membrane at physiological pH Raven (2001). Passive transport of uncharged 
monosilicic acid by diffusion across the lipid component of the plasma membrane and/or by 
facilitated diffusion via proteinaceous channels is an energy-independent component of Si uptake, 
which is present in all plant species regardless of their ability to accumulate -Si Raven, (2003). 
However, a metabolically active, energy-dependent component of Si transport has been identified in 
various Si-accumulating species both high accumulators and intermediate plants including rice, 
barley, maize  Zea mays , wheat  Triticum aestivum , banana Musa sp., and cucumber Cucumis 
sativus, Tamai and Ma (2003) ; Henriet et al.(2006) ; Liang et al.(2005) ; Liang et al.(2006) ; Nikolic 
et al.(2007). 

 
3.1-Silicon uptake by roots: 

pH  of soil solution and natural waters is generally less than  9.5, under such condition , Silicon  
is chiefly  present as uncharged monomeric orthosilicic acid, H4SiO4Casey et al.(2004), with 
concentrations ranged between  0.1 to 0.6 mM Epstein (1994).Wonisch et al.(2008). Côté-Beaulieu et 
al. (2009) reported that in soil solutions of acidic condition particularly in  humid countries soils, 
however, minor but significant up to 20% of total Si concentrations of polymerized silicic acid have 
been observed supplied wheat with organic compounds as methyl silanols that proved to be toxic. 
Therefore, it appears that orthosilicic acid remains the main form of Silicon absorbed by roots, 
although Fu et al. (2002) suggested that root uptake might occur via physical incorporation of Si soil 
particles. The mechanisms of Silicon uptake have been studied in rice, a Silicon accumulator. 
Estimating the permeability of the plasma membrane at 10−10 m.s−1, Raven 2001 reported that  high 
concentrations of Silicon presented in   rice, this phenomenon  could not due to a simple flow caused 
by the permeability of the membrane and that the absorption of Silicon  required a metabolic control.  

Rains et al. (2006) proposed a metabolic control as Silicon uptake in wheat is constrained by 
either dinitrophenol or potassium cyanide. They also decided that the mechanisms complicated in 
Silicon uptake by wheat, rice, or other species are similar, “differences being a matter of degree” and 
leading to various Silicon concentrations in plants. Using a mutant cultivar that excludes Si, Ma et al. 
(2004) isolated two Silicon transporters: one called SIT1, responsible for the radial transport of Silicon 
from the external solution to the cortical cells, and the other called SIT2, responsible for the 
transporters work oppositely to the concentration gradient, suggesting processes that consume energy. 
Also using rice mutants, Ma et al. (2001a) showed lateral roots, but not root hairs perform that Silicon 
uptake. Since this pioneer work on rice, Si influx transporters have been identified in maize Mitani et 
al. (2009), but not in wheat yet. Active and passive uptakes can coexist within the same plant (Henriet 
et al., 2006; Mitani and Ma (2005); Ding et al., 2008; Liang et al., (2007); Gérard et al.,(2008). For 
example, Henriet et al. (2006) they studded the Silicon uptake by bananas grown in hydroponics at 
different concentrations of Silicon. On the other hand, at higher Silicon supplies, absorption of silicon 
was proportional to the mass flow-driven supply, in good agreement with a passive uptake. At lower 
supplies of silicon, the absorption was larger than the one expected if mass flow-driven supply had 
been the only mechanism, and Silicon in the nutrient solution was depleted, suggesting an active 
uptake. 

 
3.2- Silicon translocation to shoots 

Silicon is transferred to the shoots through the penetrating the xylem. Transpiration is important 
factor regulating transport and deposition of Silicon in plant shoots. Generally, concentration of 
Silicon in plant is directly reflects its rate of transpiration. Raven (2001), Henriet et al.(2006) 
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investigated  that concentrations of silicon in several parts of banana grown in  hydroponic culture  
with deferent  concentration of silicon,  found, that  concentration gradient within the plant reflects the 
major role of transpiration in Silicon  transport and this, whatever the Silicon  concentration in 
solution. Silicon isotope studies have been proven, useful to evidence the role of transpiration.                

In rice, Ding et al. (2008) found enrichment in the heavier isotope Si30 from roots, to stem and 
leaves, then husk and grains that is well explained by the Rayleigh distillation law. Leng et al.(2009) 
have recently reviewed the potential use of Si isotopes in plants. As transpiration is the main driver 
for Silicon transport and deposition, the duration of plant growth plays an important role in the Si 
concentration, older leaves of a plant are richer in Si than younger ones Henriet et al.(2006). Besides 
all the evidences, which demonstrate the role of transpiration, Mitani et al.(2009), have isolated a 
gene that mainly functions as a Si transporter for xylem uploading in maize. More work is therefore 
required to elucidate the importance of active vs. passive transfer of Si to the shoots. 
 
3.3- Silicon accumulation in shoots 

Casey et al. (2004) observed that in wheat sap, the only forms of Silicon present were mono- 
and di-silicic acids, with a ratio of 7:1. Nevertheless, this part of soluble Silicon is minimal as 
compared with the solid form. Sangster et al. (2001) studied the distribution of Silicon in a wheat 
plant during its growth. After 8 or 10 days, Silicon was almost exclusively found as a solid form in the 
aerial parts. Indicated that Silicon is quickly precipitates as amorphous silica. Lux et al. (2003) 
observed  that after only  two hour, formation of silica aggregates  in the root endodermis of a 
sorghum plant  were occurred and  transfer from a Si-poor environment to a Si-rich environment. 

The presence of organo-silicon compounds in plants is not formally established. Inanaga et al. 
(1995) suggested that in rice, Silicon plays a role in the formation of links between lignin and 
carbohydrates, in association with phenolic acids. Nevertheless, there is no evidence of a Si–C bond, 
and the instability of Si–O–C bonds at physiological pH, suggests that Si is probably regulated 
differently from the other nutrients Perry and Keeling (1998). Amorphous silica is therefore virtually 
the only form of Silicon in plants Ding et al. (2008). Amorphous silica particles that precipitate in 
plant cells are called Phytoliths. Phytoliths may contain impurities such as Al, Fe, Ti, Mn, P Cu, N, 
and accumulated Clarke (2003), but are usually near stoichiometric silica Dietrich et al. 2003, the 
formula of which is [SiOnOH 2n − 4]mwith n<2 and m large. Phytoliths can be accumulated without 
any energy by polymerization of silicic acid when its concentration exceeds 2mM Ma and Yamaji 
(2006). Proportions and locations of Phytoliths vary with the species, but also with the age of the plant 
Ponzi and Pizzolongo (2003), Sangster et al. (2001). Phytoliths are not found evenly throughout the 
plant Ponzi and Pizzolongo (2003); Prychid et al. (2003); Sangster et al. (2001), but in leaf epidermis, 
in root endodermis, and in cell membranes of the vascular bundle in relation with sclerenchyma at 
transpiration sites. In the case of wheat, Silicon is present in all tissues with higher levels in the inner 
tangential and radial walls of endodermis cells Bouzoubaa (1991). In the leaves, Silicon is at first 
preferentially deposited in the abaxial epiderm, and then in both epiderms as the leaf grows Hodson 
and Sangster (1988). Among those tissues, phytoliths are found in specific cells called silica cells 
located on vascular bundles and/or are present as silica bodies in bulliform cells, fusoid cells or 
prickle hairs in rice Ma and Yamaji (2006), wheat Dietrich et al. (2003), or bamboos Motomura et al. 
2004. These specific allocations observed in Poaceae have been taken both as proofs of passive or 
active Si transport, depending on the allocation Motomura et al. (2004). 

The amount of silicon accumulated by plants is therefore a significant parameter in the natural 
functioning of soil development and in controlling the continental erosion rates. In agronomy, silicon 
is generally not considered an essential element, it is also currently assumed that Silicon is not 
limiting in soils. However, crops particularly  for sugar cane can take up silicon as much as   300 kg 
ha−1 year−1Meyer and Keeping 2001 and 500 kg ha−1 year−1 for rice Makabe et al.(2009)  comparing  
with 41–67 kg ha−1 year−1 for tropical forests Lucas et al.(1993); Alexandre et al.(1997), 22–67 kg 
ha−1 year−1 for US grasslands Blecker et al.(2006), and 2.3–44 kg ha−1 year−1 for temperate forests 
Bartoli (1983); Gérard et al.( 2008); Cornelis et al.(2010). Matichenkov and Bocharnikova (2001) 
calculated that 210–224 million tons of Silicon are removed from cultivated soil every year. This 
figure is of the same order of magnitude as the annual flux of dissolved silica from rivers to oceans 
Berner and Berner (1996) shows that agriculture may have a significant impact at a global scale. 
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Savant et al. (1997a) suggested that the non-re incorporation of the straw to the field might lead to a 
depletion of plant-available Silicon in soils with a decline of cereal yields.  

 
4- Role of Si in alleviation of a biotic and biotic stress 

The positive role of silicon on the alleviation of abiotic and biotic stress is now well 
recognized. However, it was generally considered that Si had little or no effect on plant metabolism 
under optimum growth conditions Ma, (2004). The beneficial effects of Si in improving plant 
tolerance against diseases and pests are described by numerous researchers. Wang et al. (2004) 
provides a catalog of many significant studies and discusses models explaining the role of Si in plant 
tolerance against stress conditions. For a long time, Si-derived resistance to pathogens and insects was 
thought to be the result of a mechanical barrier formed by the deposition of Si along the cell wall thus 
hindering their progression. However, studies performed in the 90's associated the presence of Si with 
specific defense responses in planta Chérif et al.,(1992, 1994); Fawe et al.,(1998), a phenomenon that 
has since been shown in many host–pathogen interactions Fauteux et al., (2005). In a recent study, 
Vivancos et al. (2015) found that Si was further n to interfere with host–pathogen recognition, 
probably by preventing effectors and signaling molecules from finding their specific targets. Silicon 
was also suggested to induce indirect defense mechanisms by altering the composition of herbivore-
induced plant volatiles HIPV Liu et al., (2009). The HIPV compounds play an important role in 
attracting parasitoids to infested rice plants. The list of studies reporting prophylactic effects of Si 
against diseases grow continuously but the underlying molecular mechanisms explaining these 
properties are not yet fully understood. Nevertheless, these studies offer additional support to explore 
Si as an environmental-friendly option for sustainable crop management. 

Rather the direct impact of Si extends to more fundamental metabolic processes. Fauteux et 
al. (2005) found that in the absence of stress, Si application altered regulation of only two genes 
in Arabidopsis thaliana. Though this species does not actively accumulate Si Vivancos et al., (2015), 
beneficial effects of Si in this model plant have been demonstrated Ghanmi et al., (2004); Fauteux et 
al., (2006). Recent pot-based experiments on the impact of Si application on sugarcane 
Saccharum spp. hybrid growth and defense against an insect herbivore revealed significant increases 
in plant growth even in the absence of herbivory Vivancos et al., (2015). In wheat, Derry, et 
al. (2005) found that Si amendment affected the regulation of 47 genes in unstressed plants, 
while Brunings et al. (2009) reported the altered regulation of 221 genes in unstressed rice plants, of 
which 28 were associated with defense and stress, while the remainder were associated with primary 
metabolic processes or had unknown functions. In rice, Van Bockhaven et al. (2015) found that Si 
altered the expression of genes associated with cell wall biosynthesis and glycolysis, and down 
regulated nitrogen and amino acid metabolism, as well as the metabolism of the ethylene, JA and SA 
defense hormones. 

There is a great debate about the importance of silicon in plant nutrition. However, its 
beneficial and important role for the productivity of some crops, especially when exposed to stress 
factors cannot neglected. It can be said, until now, this role is limited to defense - defense against the 
factors of biotic and abiotic stress. 
 
4.1- Defense mechanisms 

There are two proposed hypotheses for the Si-enhanced resistance of plants to diseases and 
pests: First: Physical one where, Si deposited on the tissue surface acts as a physical barrier. It 
prevents physical penetration and / or makes the plant cells less susceptible to enzymatic degradation 
by fungal pathogens. This mechanism is supported by the positive correlation between the Si content 
and the degree of suppression of diseases and pests. The physical defense features include structures 
such as thorns, spines, trichomes, raphides, rough, tough epidermal cells, and hard shells and pods. 
Many plants armor themselves with solid hydrated amorphous silica, or opal, incorporated in cell 
walls. There is ample evidence for the protection that silicon often provides plant species against 
insect pests. Reinforcement of the cell wall by deposition of solid silica in them is one of the ways in 
which this protection is effected. Currie and Perry (2007) have discussed the bio mineralization of 
silicon. We have studied this deposition of silicon in the cell wall of wheat leaves and awns Rafi et 
al., (1997). The silica in trichomes lends leaves and awns the roughness and the toughness that 
impede the penetration of herbivores and pathogens through the cell walls. It acts as a physical 
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barrier. That, then, is one of the means by which silicon defends plants subject to attack. Second: 
where, Si functions as a signal to induce the production of phytoalexin Cherif et al., (1994). Si 
application to cucumber resulted in the stimulation of the chitinase activity and rapid activation of 
peroxidases and polyphenoloxidases after infection with Pythium spp. Glycosidically bound phenolics 
extracted from Si-treated plants when subjected to acid or,B-glucosidase hydrolysis displayed a strong 
fungistatic activity. However, in oat attacked by Blumeria graminis, Si deficiency promoted the 
synthesis of phenolic compoundsCarver et al. (1998). The phenylalanine ammonia-lyase activity was 
enhanced by Si deficiency. The reason why Si deficiency exerts opposite effects on the synthesis of 
phenolic compounds, as a disease response in different plant species, has not been elucidated. 

Moreover, Kauss et al. (2003) reported that during the induction of systemic all acquired 
resistance SAR in cucumber, the expression of a gene encoding a novel proline-rich protein was 
enhanced. This protein has C-terminal repetitive sequences containing an unusually high amount of 
lysine and arginine. This synthetic peptide was able to polymerize orthosilicic acid to insoluble silica, 
which is known to be involved in cell wall reinforcement, at the site of the attempted penetration of 
fungi into epidermal cells. Several potential mechanisms associated with Si and stress alleviation in 
higher plants have been identified through one of the following defenses systems:- 

 
4.1.1-Physical defense mechanism 

An increased physical barrier produced by Si deposition beneath leaf cuticles has long been 
considered to represent a major component underlying silicon-mediated plant resistance to insect 
pests. Massey et al. (2007 ), reported that Si deposition contributes to increased rigidity and 
abrasiveness of plant tissues, thereby forming a mechanical barrier and reducing their palatability and 
digestibility to both vertebrate. Silicon deposition increased abrasiveness of leaves and reduces food 
quality for herbivores and may cause wear of herbivore mouthparts, which further reduces feeding 
efficiency and growth rates Massey et al. (2007 ), On the other hand, using a simple method to 
determine mandibular wear Smith et al.(2007), it was shown that although there was a trend for 
increased wear in Eldana saccharina larvae that developed on silicon-treated sugarcane, the ability of 
larvae to renew their mandibles at each moult probably allows them to compensate for increased wear 
Kvedaras et al.(2010). Controversy, it was  found that, ground wollastonite CaSiO3 in artificial diets 
at rates of up to 3.3% silicon had no significant effect on larval growth of Helicoverpa 
armigera Hübner; Lepidoptera: Noctuidae and Helicoverpa punctigeraWallengren, suggesting that 
silicon may not be directly deleterious to insects via ingestion and other mechanisms may be involved 
in silicon-mediated plant resistance Stanley et al.,(2014). It should be noted, however, that by 
grinding the silicon, this has likely removed potential abrasive attributes, in addition to the potential 
effects of soluble-silicon-induced plant defenses. 

The physical features include structures such as thorns, spines, trichomes, raphides, rough, 
tough epidermal cells, and hard shells and pods. Many plants armor themselves with solid hydrated 
amorphous silica, or opal, incorporated in cell walls. There is ample evidence for the protection that 
silicon often provides plant species against insect pests. Reinforcement of the cell wall by deposition 
of solid silica in them is one of the ways in which this protection is effected. Currie and Perry (2007) 
have discussed the bio mineralization of silicon. We have studied this deposition of silicon in the cell 
wall of wheat leaves and awns Rafi et al., (1997) 

 The joint use of scanning electron micrography and X ray microanalysis of the same trichomes 
showed the localization of silica in the trichomes; none could be detected in the trichomes of plants 
grown in minus-silicon solutions. The silica in trichomes lends leaves and awns the roughness and the 
toughness that impede the penetration of herbivores and pathogens through the cell walls. It acts as a 
physical barrier. That, then, is one of the means by which silicon defends plants subject to 
attack.Using energy-dispersive X-ray EDX and X-ray mapping, it was shown that the pattern of 
silicon deposition in sugarcane, especially at the internode and root band, is likely the reason for 
increased resistance of silicon-treated sugarcane to penetration and feeding by E. saccharina at these 
sites Keeping et al., (2009). Further, epidermal silicon was higher in the control i.e., no silicon 
treatment, E. saccharina resistant cultivar, than the susceptible control cultivar, suggesting that such 
differences in silicon-mediated resistance exist to a large extent due to the varying ability of cultivars 
to deposit silicon within the stalk epidermis Keeping et al.(2009), thus preventing E. 
saccharina penetration Kvedaras et al., (2010). A more recent study using scanning electron 
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microscopy and EDX compared four grass species, and showed that spine and phytolith morphology 
both within and between species may be more important than leaf silicon concentration in 
determining the abrasiveness and/or digestibility of leaves and thus the effectiveness of anti-herbivore 
defense Hartley et al.,( 2015). The authors showed that all tested grasses were able to deposit new 
types of silicon-based structures due to increasing silicon supply. Such changes were particularly 
evident when the leaves were mechanically damaged; however, damage in the absence of additional 
silicon did not produce such structures Hartley et al., (2015). 

 
4.1.2. Biochemical defense mechanisms 

Hartmann (2008), has traced the early development of ideas concerning biochemical defenses 
that have evolved in the plant kingdom. The early studies were made in the 19th century but then 
largely forgotten until the mid-20th century. McNaughton and Tarrants (1983)  showed that plants 
growing in a more heavily mammal-grazed grassland in the Serengeti, Tanzania, accumulated more 
silica in their leaf blades relative to plants from a less heavily grazed site, and blade silica content was 
higher when plants were defoliated, suggesting that silicification is an inducible defense system 
against mammalian herbivores. In a laboratory study, Massey et al. (2007) demonstrated, that feeding 
by both a mammal, M. agrestis and an insect, Schistocerca gregaria Forskal Orthoptera: Acrididae 
led to increased levels of silica in grass leaves. Other recent studies on arthropods have demonstrated 
that silicon-mediated anti-herbivore defense is both inducible and allele chemical-mediatedGomes et 
al.,(2005); Kvedaras et al.,(2010); Costa et al., (2011) and these effects can complement the physical 
effects described above, leading to impaired feeding, growth, and development Increasing evidence 
shows that silicon treatment increases transcript levels of defense-related genes, thereby enhancing the 
activities of plant defensive enzymes Liang et al.,(2003); Cai et al.,(2008); Rahman et al., (2015) and 
consequently increasing  accumulation of some defensive compounds, such as phenolics, 
phytoalexins, and momilactones Fawe et al.,(1998); Rodrigues et al., (2004); Rémus et al., 
(2005).Furthermore, Gomes et al.,(2005) showed that the addition of silicon strongly enhanced wheat 
resistance to green bug Schizaphis graminum Rondani; Hemiptera: Aphididae. In addition, silicon 
pre-treatment increased the activities of the defensive enzymes polyphenoloxidase, peroxidase, and 
phenylalanine ammonia lyase. In particular, silicon facilitated the strongest resistance if wheat plants 
to aphids. In this contexet, Chérif et al.(1994) found that silicon-treated cucumber plants show 
remarkable increases in the activity of enzymes peroxidase, polyphenoloxidase, β-1,3 glucanase, and 
chitinase in response to infection by pathogens. Further,Rahman et al.(2015) found that perennial 
ryegrass Lolium perenne L. grown in silicon-amended soil exhibited greater activity of peroxidase and 
polyphenoloxidase, higher levels of several phenolic acids, including chlorogenic acid and flavonoids, 
and enhanced expression levels of genes encoding phenylalanine ammonia lyase PALa and PALb and 
lipoxygenase LOXa in response to infection by Magnaporthe oryzae T.T. Hebert M.E. Barr. 
Histological and ultrastructural analyses revealed that silicon mediates active localized cell defenses, 
and epidermal cells of silicon-treated plants displayed specific defense reactions including papilla 
formation, production of callose, and accumulation of glycosilated phenolics in response to pathogen 
infection by the fungus Blumeria graminis f. sp. tritici DC. speer Bélanger et al.,( 2003). It was also 
found that Silicon-mediated brown spot resistance in rice plants is independent of the classic immune 
hormones, salicylic acid and jasmonic acid Van Bockhaven et al., (2015). They also found that silicon 
mounted rice resistance to the brown spot fungus Cochliobolus miyabeanus by interfering with the 
production and/or action of fungal ethylene, prevents the fungus from suppressing the rice innate 
immune system. 

Recently, it was found that pre-treatment of plants with certain chemicals just prior to biotic 
stressor may provoke a specific physiological state in plants called “priming” (Fauteux et al., 
2006; Hao et al.,(2012); Worrall et al., (2012); Aimé et al.,(2013). Primed plants are thus 
physiologically ready to induce quicker and/or stronger defense responses upon subsequent attack, 
providing plants with a more effective means to respond to kind of attack  Ton et al.,(2006); Jung et 
al., (2009); Slaughter et al., (2012); Ye et al.,(2013). A recent study demonstrates that silicon is able 
to prime jasmonate-mediated defense responses and rice defense against a chewing herbivore, the rice 
leaffolder, Cnaphalocrocis medinalis Lepidoptera, Pyralidae; Ye et al., (2013). More interestingly, 
activation of jasmonate signaling in turn promotes silicon accumulation in rice leaves, indicating a 
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strong interaction between silicon and jasmonate in rice defense against insect herbivores. Some 
recent studies have shown that silicon can also prime plants for alleviating biotic stress imposed by 
pathogens Ghareeb et al.,(2011; Rahman et al.,(2015). Also, Vivancos et al. (2015) showed that 
priming is also an important mechanism of silicon-mediated resistance of Arabidopsis thaliana L. 
Heynh. against powdery mildew caused by Golovinomyces cichoracearum DC.. Further, this work 
has also revealed that silicon may interfere with effector proteins released by such bio trophic 
pathogens, suggesting that mechanisms other than salicylic acid-dependent plant defense priming are 
involved. It has been suggested that priming of plant defense responses, alterations in phytohormone 
homeostasis, and interaction with defense signaling components are all potential mechanisms 
involved in regulating silicon-triggered resistance responses Van Bockhaven et al., (2013). Silicon has 
also been demonstrated to prime plants for resistance against abiotic stresses Ahmed et al., (2013). 
Research on silicon-mediated herbivore resistance lags far behind that on silicon-mediated disease 
resistance. Further studies are needed to determine the exact nature of silicon-primed anti-herbivore 
defense and indeed other mechanisms that may play a role in plant resistance to biotic stressors. For 
example, factors that modulate plant defenses against insects attack have been identified in the saliva 
of insects Hogenhout and Bos, (2011) and similar mechanism might be proposed for plant pathogens, 
although this remains to be elucidated. 

Recent study regarding the understanding of molecular mechanisms controlling silicon 
accumulation and the discovery of silicon transporters Deshmukh and Bélanger, (2015) have enabled 
to classify a plant as Si-competent, or not. This will enable a better understanding of the role of silicon 
in several fundamental aspects of ecology concerning plant fitness under different stress conditions. 

 
5. Silicon and water uptake: 

Silicon Si has been widely reported to alleviate the plant water deficit and water balance, 
especially under various abiotic stress conditions in both monocot and dicot plants, especially under 
drought and salt stresses. Silicon plays a vital role in regulating leaf transpiration, and involved in the 
adjustment of root hydraulic conductance by up-regulating aquaporin gene expression and 
concentrating potassium element in the xylem sap. Many studies support the conclusion that Si 
application improves plant water status by increasing root water uptake, rather than by decreasing 
their water loss under conditions of water deficiency. The enhancement of plant water uptake by Si is 
achievable through the activation of osmotic adjustment, improving aquaporin activity and increasing 
the root/shoot ratio. During water deficiency, the regulation of root water uptake, in some cases, may 
be more crucial to overcome stress injury than the regulation of leaf water loss Aime et al., (2013). 
Fewer studies have focused on the impact of Si on root water uptake capacity which represented by 
root hydraulic conductance Taiz et al., (2013). Improving root hydraulic conductance due to Si 
application has been  demonstrated in sorghum Hattori et al.,(2005); Liang et al.,(2015); Liu et 
al.,(2009), rye Hattori et al.,(2003), tomato Shi et al.,(2005), and cucumber Wang et al., (2004);  
Zhang, et al.,(2013) under drought stress, salt stress and potassium deficiency conditions. The extent 
of root hydraulic conductance depends on the driving force, root surface area, root anatomy, and 
root’s permeability to water Taiz et al, (2013); Liang et al., (2015) );  Zhang, et al.,(2006). Various 
studies has been demonstrated that Si application promote osmotic driving force. Taiz et al., 
(2013) suggested that Si application leads to a strong water potential gradient through accumulation of 
soluble sugars and amino acids in the plant. A similar outcome was observed in rice Cornelis et al 
(2010).  and canola Liu et al. (2012) under drought stress in sorghum,  Liu et al. (2009) reported that 
Si had no effect on osmotic potential of root xylem sap under osmotic stress although it increased root 
hydraulic conductance. In addition, in tomato grown under osmotic stress, water stress did not cause 
any change in root osmotic potential in Si-treated plants Shi et al., (2005). Under salt stress, Zhang et 
al. (2013) found that Si decreased root xylem osmotic potential via accumulation of soluble sugars in 
cucumber. Under K deficiency condition, Si was also seen to decrease the root xylem osmotic 
potential through accumulation of K in sorghum Liang et al., (2015) Therefore, under those 
conditions, regulation of the osmotic driving force could play a central role in Si-mediated 
enhancement of water uptake. 

In addition to driving force, aquaporin were reported to play a pivotal role in regulating root 
water permeability in response to short term water stress Cornelis et al. (2010). Li et al. (2012) firstly 
reported that Si-pretreatment significantly increased the expression of aquaporin genes, which in turn 
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increased the root water uptake in sorghum under drought stress. Recently, Liu et al. (2012) Cornelis 
et al.  (2010). Li et al. (2012) also observed that Si application increased aquaporin expression in 
sorghum and cucumber under salt stress. In addition, Si can also increase aquaporin expression in 
sorghum under K deficiency Chen et al., (2009). However, the expression of aquaporin genes; 
SlPIP1; 3, SlPIP1; 5, and SlPIP2; 6were not regulated by Si application in tomato grown under water 
stress (Shi et al., 2005). It is worth note that only three aquaporin genes SlPIP1; 3, SlPIP1; 5, 
and SlPIP2; 6 were studied in this tomato study. Furthermore, modulation of aquaporin transport 
activity can also occur at post-transcriptional level. Li et al., (2012); Shi et al.,(2005), mentioned that 
there is expectations that increased root hydraulic conductance by Si under stress conditions may be 
ascribed to Si-induced reductions in oxidative stress and membrane damage. Similarly, Li et al. 
(2012), suggested that Si could enhance aquaporin activity by reducing H2O2 accumulation, is 
involved in Si-induced enhancement of root hydraulic conductance under stress conditions. However, 
the mechanism for the enhancement of root hydraulic conductance under stress conditions still 
requires further study. 

When plants subjected to long period of water stress, changes in root surface and anatomy is 
important for enhancing plant water uptake Jung et al. (2009). Under drought stress, Si-pretreatment 
found to increase the root/shoot ratio, contributing to a higher ability of water uptake in sorghum 
Hattori et al., (2003), (2005). The increased root/shoot ratio was also observed in other studies 
executed by Ahmed et al.(13,) on sorghum and by Ming et al., 2012 on rice, under drought stress as 
well as cucumber under salt stress Rodrigues et al., (2011). These results suggest that Si-mediated 
modifications of root growth may also account for the increase in the water uptake ability in Si-treated 
plants. However, Li et al. (2012) did not find any Si-mediated changes in vessel diameter or vessel 
number of sorghum root under drought stress. It might be concluded that, Si-mediated modification of 
root growth may enhance root water uptake under stress conditions, but this adjustment is not a 
common phenomenon to all plant species and it remains unclear whether Si is directly involved in the 
modification of root growth or not. Further studies are needed to clarify how Si regulates root 
development under water deficient condition. 

 
6. Silicon and nutrients uptake: 
 
6.1- Regulation of nutrient uptake 
 
Phosphorus: The relationship between silicon and P- absorption by plants from soil was early studied 
by Eneji et al., (2008), Cheng (1982)They found that Si fertilization significantly increased the grain 
yields of barley crops mainly when phosphorus fertilization was limiting in the soil. They concluded 
that Si fertilization made soil phosphorus more available to plants. Eneji et al., (2008) also found  a 
positive correlations between Si and P uptake in grasses. The effect of Si on P-availability under 
phosphorus deficiency conditions could be due to an in planta mechanism, implying an improved 
utilization of phosphorus, probably through an increase in phosphorylation Cheng (1982) or a 
decrease in Mn concentration Ma and Takahashi (2002). In contrast, when phosphorus was supplied 
in excess, Si limited P uptake Ma et al. (2001).  
 
Nitrogen, calcium and potassium: Mali and Aery (2008 a,b) observed a better absorption of N and 
Ca for cowpea and wheat fertilized with increasing doses of sodium metasilicate 50–800 mg Si kg−1 
soil, as well as a better nodulation and apparently better N2 fixation in cowpea. Further, Ye et al. 
(2013) have shown that a decrease of erectness of rice leaves following excess of N application can be 
mitigated if Si is supplied to the nutrient solution. According to Mali and Aery (2008a), K uptake both 
in hydroponics and in soil can be improved even at low Si concentrations through the activation of H-
ATPase.  
 
6.2. Metal in excess  

Soil contamination with trace elements due to human activities are widespread. Metal 
contamination results in major physiological disturbances including reduced biomass production, 
photosynthesis inhibition, or disturbance of nutrient uptake. The number of studies, which tend to 
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prove that Si may reduce toxicity symptoms, are steadily increasing, especially for metals of serious 
concern such as cadmium  Sarwar et al.(2010). In soil of execs iron, in rice, it appears that Si 
increases the oxidizing capacity of roots, which converts ferrous iron into ferric iron, thereby 
preventing a large uptake of iron and limiting its toxicity Ma and Takahashi (2002). It has been 
suggested that Si could regulate Fe uptake from acidic soils through the release of OH− by roots when 
fertilized with Si Wallace (1993). 
Aluminum: In most plant species, reactive oxygen species ROS production can also be induced by Al 
toxicity Kochian et al.,(2005), leading to oxidative damage of biomolecules and biological 
membranes Yamamoto et al., (  2003); Singh et al., (2017). Si can regulate plant resistance and/or 
tolerance to metal toxicity by either external ex planta or internal in planta mechanisms (Adrees et 
al.,(2015); Liang et al.,(2015); Pontigo et al.,(2015); Tripathi et al.,(2015). In this regard, it has been 
proposed that the alleviation of Al toxicity  by Si in plants can mainly be explained by one of  the 
following events: i Si-induced increase in solution pH Li et al.,(1996); Cocker et al.,(1998a), ii 
formation of Al-Si complexes in the growth media Ma et al.,(2008); Cocker et al.,(1998a) or/and 
within the plant Corrales et al.,(1997); Cocker et al., (1998b); Britez et al., (2002); Zsoldos et al., 
(2003); Wang et al.,(2004); Prabagar et al.,(2011), iii exudation of organic acid anions and phenolic 
compounds Kidd et al.,(2001), and iv increase in the chlorophyll and carotenoid contents of leaves 
Singh et al.,(2017). Activation of the plant antioxidant system has also been reported in response to Si 
supply under Al stress Shahnaz et al.,(2011); Shen et al., (2014), (2010); Tripathi et al., (2016). Many 
explanations have been given to explain the effect of Si on plants in the presence of an excess of 
aluminum. It was assumed that Si and Al interact in the soil, creating sub-colloidal and inert alumino-
silicates, thereby reducing phytotoxic aluminum concentration in the soil solution Li et al.(1999); 
Liang et al.(2007). Silicon may also stimulate phenolic exudates exerted by roots that would chelate 
and thus reduce Al absorption by corn roots Kidd et al. (2001). 

Detoxification could be consider as another mechanism plant can be used to alleviate Al-
toxicity. It has  been shown that aluminum can be detoxified by in planta mechanisms either by 
forming hydroxyl-aluminum silicates in the apoplast in roots Wang et al. (2004); Reynolds, et al. 
(2009) or by a sequestration in phytoliths Hodson and Sangster (1993); Hodson and Sangster (2002), 
which would reduce Al toxicity in the shoots.  

The significant role of Si in the toxicity associated with metals, including manganese Mn, iron 
Fe, cadmium Cd, arsenic As, chromium Cr, copper Cu, lead Pb, zinc Zn, and Al, has been widely 
reported Li et al.,(2012);  Vaculík et al.,(2012); Adrees et al.,(2015); Liang et al., (2015); Pontigo et 
al., (2015) ; Tripathi et al.,(2015), (2016). Manganese concentration is reduced in Si-fertilized plants 
because Si increases Mn binding to cell walls, which limits cytoplasmic concentrations Liang et 
al.(2007); Rogalla and Romheld (2002).In addition, Horst et al. (1999) found that Si application 
lowered the apoplastic Mn concentration in cowpea leaves, suggesting that Si may modify the cation 
binding capacity of the cell walls. In addition, it induces a more homogenous distribution of Mn in 
leaves and cure spot necrosis Horiguchi and Morita (1987); Ma et al.(2001b); Li et al.,(2012). 

Both Al and Si has a “soil” and a “plant” effect on the uptake of trace metals like Cd, Cu, or 
zinc Liang et al.(2007),(2015). Either metal concentrations in plant may decrease or increase based 
upon Si application depending on plant parts and metals. For example, rice plants taken up less Cd 
when fertilized with furnace slag due to an increase in soil pH, thereby limiting Cd uptake, reduction 
of root–shoot translocation, and changes in compartmentation within the plant cell (Liang et 
al.(2007); Shi et al., (2005).Further, Da Cunha and do Nascimento (2009) found that fertilization of 
maize shoots grown on Cd- or Zn-contaminated soil with calcium silicate significantly increased 
shoot biomass and decrease Cd and Zn concentrations in shoots. This mainly due to changes in metal 
speciation in the soil rather than to pH increase DaCunha et al., (2008). They also observed significant 
structural alterations in the shoots and suggested that the deposition of silica in the endodermis and 
pericyclic of roots was responsible for maize tolerance to Cd and Zn stress. Liu et al. (2009), 
suggested that alleviation of Cd toxicity and accumulation in rice would be related to Cd sequestration 
in the shoot cell walls. This indicates also that Si would be able to enter leaves through the stomata. In 
addition, foliar application of Si decreased Cd concentration in rice grains and shoots while increasing 
their biomass.  Neumann and zur Nieden (2001), reported that inside the plant zinc can precipitate 
with Si in cell walls, leading to less soluble zinc in plants. In metal-hyper accumulating plants, Zn can 



Middle East J. Agric. Res., 8(4): 983-1004, 2019 
EISSN: 2706-7955   ISSN: 2077-4605                                                 DOI: 10.36632/mejar/2019.8.4.3  

995 

be at least temporally associated to Si in vesicles or in the cytoplasm before Zn is being stored in 
vacuoles, leaving SiO2 precipitates in the cytoplasm. Neumann and De Figueiredo, (2002) suggested 
that this mechanism might be responsible for the high Zn tolerance of Selene vulgaris, Thlaspi  
caerulescens, or Minuartia verna. Silicic acid also decreased arsenic As concentration in rice shoots 
grown in hydroponics, and arsenide transport in roots was shown to share the same highly efficient 
pathway as Si, indicating that sufficient available Si in soil would be efficient at reducing As 
accumulation in rice shoots Ma et al.(2008). A whole range of mechanisms have been reviewed to 
explain the alleviating effect of Si on metal stress in planta, especially in shoots. However, the 
respective roles of soil and root in controlling metal uptake, and more precisely in alleviating metal 
stress when Si is applied to soil, have been still poorly investigated Kirkham (2006). 

 
7- Silicon fertilization: 

In some countries, silicon fertilization has become a common commercial production practice 
for many crops such as rice, sugar cane, and perhaps some other crops  Snyder,(2007). Fertilization of 
silicate minerals to crops started in Japan in the early 1950s and is commonly used in many parts of 
the world i.e. Korea, Taiwan, Thailand, Ceylon Liang et al. (1994), (1996) and (2003) and the USA 
Korndörfer and Lepsch (2001). In this context, Ma and Takahashi (2002) in Japan, reported that 
Silicon fertilization particularly on rice growth and yield. They observed a slight increase in the 
panicle number, and average increase in yield by 17% as compared with the untreated one. In the case 
of wheat, annual application of Si-containing materials at a rate of 230 gkg−1 of water-soluble Si grain 
were gradually increased by about 4.1–9.3% during a 4-year field experiment Liang et al.(1994). 
A large number of materials have been used as a source of Silicon for plants .Crop residues, especially 
of silicon accumulating plants can be used as silicon resource. Inorganic materials such as quartz, 
clay, mica and feldspars are rich in silicon but acts as poor silicon fertilizer because of the low 
solubility of the silicon .Calcium silicate obtained, as a byproduct of steel and phosphorus production 
is one of the most widely used silicon fertilizer. Potassium silicate is highly soluble and can be used in 
hydroponic culture for research related laboratory experiments. It is expensive and can not be widely 
used. Other sources of silicon have been used commercially are silica gel and calcium silicate hydrate 
Gascho, (2001). Recently, in Egypt, potassium silicate is used on large scale as foliar spray treatments 
to overcome a biotic stress condition, especially on vegetables and fruit crops.  

In Florida, farmers are used about900 kg Si ha−1 year−1 or even more for rice cultivation 
Korndörfer et al. (2001); Alvarez and Datnoff (2001). The economic benefits out such treatment 
reached to US $74 ha− 1 year−1 (Meyer and Keeping (2001); Rodgers and Shaw (2004); Savant et al. 
(1997b). The most used source of silicon was wollastoniteCaSiO3, residues of blast furnaces, but also 
rice straw. By testing several types of Si fertilizers, including calcium silicate and rice straw, on rice 
crops in pots, Hossain et al. (2001), showed that rice straw offers better results in terms of Si 
concentration in plant. Yields are also larger when rice straw is added ground or combined with an 
organic matter decomposer. Experiments conducted in Japan showed that Si from rice straw used as a 
fertilizer is usually not fully available in the short term, but is available at more than 70% in the long 
term 40 years. 

Inorganic silicates affect the yields faster. This led to their wide use Ma and Takahashi (2002). 
Foliar applications of inorganic silica have also been tested. Sarwar et al. (2010), Oliveira et al. 
(2012). However, Savant et al. (1997a) calculated that in 1993, the world rice production had 
exported 33 million tons of Sias straw that could have been reused for fertilization. Savant et al. 
(1997a) suggested that intensive rice cultivation with straw export might deplete the plant available 
silica, which could be a factor for explaining yield decline. The straw, which contains large amounts 
of phytoliths, should therefore be recycled because it is a source of bioavailable Si. 
 
Conclusion 

Many of the major crops are taken up Si from soil solution, but some of them are Si- 
accumulators. Plant Si also has an impact on the Si cycle by providing a readily efficient source of Si 
to the soil. The assumption of the depletion of plant-available silica is still pertinent, but new 
evidences have proven that phytoliths are a significant source of Si for plant. This issue is 
fundamental as the decrease of bioavailable Si may have significant impacts on cereal yields. In 
cultivated areas, the export of crops does not allow the recycling of Si by plants, and the 



Middle East J. Agric. Res., 8(4): 983-1004, 2019 
EISSN: 2706-7955   ISSN: 2077-4605                                                 DOI: 10.36632/mejar/2019.8.4.3  

996 

biogeochemical cycle of Si is disturbed.  Si has a positive impact on plant health and development, 
although, it is not considered as an essential element in plant nutrition. Seeing the manifold roles, that 
silicon plays in the defense system of plants against all manner of adversities. The mechanisms that 
regulate and allow plant Silicon to relieve all kinds of stresses are still poorly understood in details, 
but it is well established that ex planta and in planta processes may occur. We must admit that we are 
still far from formulating a ’unified field theory’ about the important role of silicon in agriculture. 
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