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ABSTRACT 

Silicon (Si) is the most prevalent macroelements in soil, performing an essential function in 
healing plants in response to environmental stresses. The assumption of the depletion of plant available-
Si is still admissible, but new evident have establish that phytoliths are a denoting derivation of Silicon 
for plant growth.  Biotic and abiotic stress factors can adversely affect the agricultural productivity 
pleading to physiological and biochemical damage to crops. Therefore, the most effective way to 
overcome such negative effects is to increase the resistance to stresses. Silicon plays a vital role in 
reducing the negative effects of abiotic and biotic stresses on plants. Silicon is accumulated in the cell 
walls and intercellular spaces and increase its strength, and thus it has beneficial effects on disease 
infestations in especially small grains. In addition, application of silicon may reduce the effects of 
environmental stresses on plants while making effective use of plant nutrients such as nitrogen and 
phosphorous. Reducing, the toxic effects of heavy metals in soil. It may protect the foliage and increase 
light uptake and reduce respiration.  However, the concentration of Si depends on the plants genotype 
and organisms. Physiological mechanisms and metabolic activities of plants may affected by Si 
treatment. 

Generally, plant physiologists consider an essential element by two criteria. (a): if a deficiency of 
it makes it impossible for the plant to complete its life cycle, therefore, the element must be directly 
involved in the inorganic nutrition of the plant. (b): it is contributed as a part of the molecule of an 
essential plant constituent or metabolite. It is by the first criterion that the essentiality of the elements 
now known to be essential has been established. Conceptually, it is a simple, operational definition. In 
practice, it is not necessarily easy to apply if, as is the case with Si, it is difficult to create and maintain 
an environment adequately purged of the element.  Peptides as well as amino acids can effectively 
create polysilicic species through interactions with different species of silicate inside solution. The 
carboxylic acid and the alcohol groups of serine and asparagine tend not to engage in any significant 
role in polysilicates formation, but the hydroxyl  group side chain can be involved in the formation of 
hydrogen bond with Si (OH) 4. The mechanisms and trend of Si absorption are different between plant 
species. Furthermore, the transportation of Si requires an energy mechanism; thus, low temperatures 
and metabolic repressors inhibit Si transportation. 
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Introduction 
        One of the significant challenges for agricultural scientists worldwide is the increasing demand for 
food day-by-day (Suzuki et al., 2014). On the other hand, the world’s crop productivity is continually 
decreasing due to extreme climate changes and shrinking resources. In view of that, finding the new 
options to improve the crop productivity, especially, under stress conditions is a challenging task for all 
nations across the world (Rizwan et al., (2015). Abiotic and biotic stresses are the challenging problems 
for plant development and its productivity in many parts of the world (Dann and Le 2017; Suzuki et al., 
2014). To increase food qualities and quantities, plants should follow different strategies to overcome 
the adverse environmental effects. By utilizing genes strategies, plants can increase their resistance 
against negative environmental impacts.  Si is the second most abundant element in soil (Sommer et 
al., 2006). All terrestrial plants contain Si in their tissue although; the content of Si varies considerably 
with the species, ranging from 0.1 to 10% on a dry weight basis (Ma and Takahashi, 2002). However, 
Silicon (Si) has not been proven to be an essential element for higher plants, but its. 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 
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three criteria required for essentiality established by Arnon and Stout (1939).  Nevertheless, recently, 
Epstein and Bloom (2003) have reconsidered this definition of essentiality and proposed  a new 
definition of elements that are essential for higher plants : An element is essential if it fulfills either one 
or both of two criteria, viz. (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, i.e. "performance," compared to plants 
with a lower deficiency. Fig (1) illustrate various sources of silicon in the soil described by  Zia, (2018).  
The beneficial effects of Si on plant growth have been reported in a wide variety of crops, including 
rice, wheat, barley, and cucumber Epstein, (1994); Hodson et al., (2005) Concerning the Si efficiency 
on the plant’s life cycle, Epstein and Bloom (2003) recommended that the proper need of Si element is 
significant for normal plant growth. Recently, numerous researches have demonstrated that Si mitigates 
the destructive effects of biotic stresses (pests and diseases) Dann and Le, (2017); Yang et al., (2017) 
and abiotic stresses (drought, heavy metal toxicity and salinity) in plants Biju et al., (2017); 
Hasanuzzaman et al., (2018); Tayyab et al., (2018b). Many researchers recently around the globe 
Tayyab et al., (2018b), have reviewed Si effect for plant growth and development under unfavorable 
climatic conditions; Van Bockhaven et al. (2013) reviewed the role of Si for plant disease resistance. 
Therefore, Si application as a fertilizer for plants also has gained momentum recently and Si fertilizer 
is applied to crops in several countries for increased productivity and sustainable production. One of 
the two hypotheses for the Si-enhanced resistance to diseases and pests is that 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 second 
hypotheses is that 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. In the following study, the Si-
mediated regulations of genes involved in several physiological processes have been discussed. Based 
upon the obvious vital role of Si on crop production, it is expected that Si- congaing fertilizers 
application in term of soil amendment to become a new approach in agricultural farming in the nearly 
future.  

 

Fig. 1: Various sources of silicon in the soil. (Modified from Zia, 2018) 

        Results of a study on the function of Si over controlling powdery mildew in cucumber showed 
that, this Si is able to produce inactive phytoalexin or glycosylated Fawe et al. (1998) which are 
activated by infection of Si-treated plants with fungi leading to cell death of fungi  (Richmound and  
Sussman, 2003). It has been reported that Si is able to increase stress tolerance and decrease membrane 
damage in tomato (Solanumly copersicum) and spinach  (Spinacia oleracea)  (Gunes et al.,  2007). Si  
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helps wheat (Triticumspp.) to overcome oxidative damage in pots under drought stress and powdery 
mildew (Gong et al., 2005; Remus- Borel et al., 2005.  Silicon also leads sorghum  (Sorghumbicolor) 
to enhance drought tolerance Hattori et al. (2005) rice (Oryza sativa) to enhance sheath blight 
(Rhizoctonia solani) and blast disease resistance Nakata etal (2008),Rodrigues etal (2003) sugarcane 
(Saccharum officinarum) to decrease susceptibility against eldana saccharina (Lepidoptera: Pyralidae) 
Kavedaras et al. (2005) barley (Hordeum vulgare L.) Liang et al. (2003), Wiese  et al. (2005) and 
cucumber (Cucumis sativus) to increase salt tolerance Liang et al. (2003), Zhu et al. (2004) and maize 
(Zea mays subsp. mays)  to enhance cadmium tolerance, decline aluminum toxicity, and improve water 
use efficiency (WUE) (Liang et al., 2005; Wang et al., 2004). The most benefit role of Si in plants is 
found during the exposing to abiotic and biotic stress, Silicon is able to suppress these stresses in plants, 
leading to higher plant productivity (Ma et al., 2001). According to results of an investigation released, 
plants treated with Si have strong structure Epstein (2003), in comparison to control are more resistant 
against biotic and abiotic stress such as pathogens and metal toxicities, respectively. Results of 
investigation also observed a strong confirmed the bio silica formation role of the serine-rich protein 
gene in transgenic Arabidopsis thaliana (Sahebi et al. (2015). 
     Generally, the above proof released the necessary function of Si in plant cycles (Epstein, 2009). 
Most of soils are able to provide sufficient nutrients for plants without any extra fertilizer. However, 
increasing plant growth and its productivity can be affected by artificially modifying the soil nutrients 
through silicon fertilization because plants can take up silicon from the fertilized soil. Adding Si as 
fertilizer to the soil may not provide the same benefits for all plants and crops in different geographical 
areas and soil conditions. Hence, genetic modification of plants in order to absorb more Si from the soil 
and accumulate it in their roots and shoots seems to give more efficient and sustainable results. Cation 
exchange resulting from hydrogen H+ created  by the root hairs and gradually enhanced  nutrient uptake 
because the H+ ions relocate the cations (negatively charged particles) that are attached to the soil 
particles into the plant roots, several physiological, biochemical, and molecular factors that affect Si 
absorption and bio silica formation mechanisms in plants. Additionally, useful information regarding a 
previously discovered novel serine-rich protein gene that plays a crucial role in the bio silica formation 
in plant (Sahebi et al., 2014). 
 
2- Silicon enhance the resistance to biotic stress  

Several studies reported that silicon is effective for enhancing the plants resistance against to the 
environmental damage, two hypothesis were discus as follows:   
 
2-1- Physical Mechanisms 
            The beneficial effects of Si on plant growth are attributed to improve overall mechanical strength 
and an outer protective layer (Epstein, 1999, 2001; Sun et al., 2010). Successful infection requires plant 
pathogens to enter the host plant by penetrating physical barriers including wax, cuticles, and cell walls 
(Schmelzer, 2002; Nawrath, 2006; Ła Zniewska et al., 2012). Silicon enhanced resistance associated 
with the density of silicified long and short epidermal cells, the dense layer of silica under the cuticle 
created the double cuticular layer. The formation of papilla cellulose membrane, and complexes formed 
with organic compounds in epidermal cell walls that strengthen plants mechanically as illustrated in Fig 
(2). The physical barricade may inhibit pathogen to penetrate and make plant cells less susceptible to 
enzymatic degradation caused by fungal pathogen aggression   
(Inanaga et al., 1995; Datnoff et al., 2007; Van et al., 2013). A cuticle-Si double layer created by Silicon 
accumulates which prevent pathogen penetration, therefore decreasing disease incidence Fig 2       

As described by Ma and Yamaji, (2006, 2008). Most Si is cross-linked with hemicellulose in cell 
walls, which  improves mechanical properties and restoration  (He et al., 2015; Guerriero et al., 2016). 
Si contributes not only to cell-wall rigidity and to reinforcement; but also increases cell wall elasticity 
during extension growth (Marschner, 2012). In primary cell walls, Si interacts with cell-wall 
constituents such as pectins and polyphenols, which increase cell-wall elasticity during extension 
growth (Emadian and Newton, 1989). In rice, Si induced epidermal cell wall fortification is associated 
with reduced severity of blast disease (Kim et al., 2002). Si application restricted hyphae entry to the 
first invaded epidermal cell of wheat leaves infected with Pyricularia Oryza, while hyphae successfully 
invaded several neighboring leaf cells in the absent of  Si treatments  (Sousa et al., 2013). Similar result 
was observed particularly in wheat (Bipolaris sorokiniana) pathosystem Domiciano et al., (2013), in 
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which Si supply delayed pathogen enter into epidermal cells and reduced fungal colonization in foliar 
tissue. When rice plants infected with Pyricularia grisea and Rhizoctonia solani, a decrease in the 
number of leaf blade lesions was found to be  associated with an increased incubation period when Si 
was deposited on tissue surfaces (Rodrigues et al.,2001; Seebold et al., 2004). 

Fig. 2: Illustrate leaf blast symptoms in rice after inoculated with Magnaporthe grisea                                              
after Sun et al. (2010).  

 

 

      Photo 1: represent head infections usually developed at the joint just below the head and refer to as   
neck blast. The head can break off at neck lesion can cause what is called rotten neck blast  
after David De Vleesschauwer et al. (2006). 
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Moreover, the number of successful penetrative appressorial sites for Pyricularia. oryzae was 
gradually decreased in rice treated with Si, suggesting that the denser Si layer contributed to either 
preventing or delaying pathogen penetration (Hayasaka et al., 2008). Besides the reinforcement that 
occurs to be cell walls by Si, has also stimulated the formation of papillae during pathogen infection. 
Accumulation of silicon occur in the haustorial neck and collar area of fungus as well as in papillae, 
contributing to prevent pathogen invasion barley epidermal cells, might  produce papillae in response 
to Blumeria graminis f. sp. hordei infection during Si application. A similar result has been found in 
the rose, in which Si supply increased the number of papillae in leaf cells in response to Podosphaera 
pannosa infection (Shetty et al., 2012). The prevalence of papillae after Si treatment could increase rice 
resistance to blast Cai et al. (2008), wheat and barley resistance to powdery mildew (Zeyen et al., 1993; 
Belanger et al., 2003). Heine et al. (2007) reported that the ability of Si to inhibit fungal spread in root 
apices is dependent on the uptake of Si into root. Furthermore, accumulation of Si in root cell walls did 
not represent a physical barrier to the spread of Pythium aphanidermatum in tomato or bitter gourd 
roots. Silicon foliar application could increase cucumber resistance to powdery mildew through 
physical barrier and osmotic effects, but root application of Si can encourage systemic resistance (Liang 
et al., 2005). Taken together, deposition of Si in the wax, cuticle, and cell wall, as well as papillae, may 
contributes for increasing physical resistance against penetration of pathogen. However, it is suggested 
that regulation of biochemical resistance to pathogens, by Si, is more complex than physical resistance 
alone; this has been strongly contested in recent years. 
 
2.2. Biochemical Mechanisms 
         The biological mechanisms involved in induced disease resistance by silicon were investigated.  
 Silicon can enhanced biochemical resistance through  (a)  increasing the activity of defense-related 
enzymes, such as polyphenoloxidase, glucanase, peroxidase, and phenylalanine ammonialyase (PAL); 
(b) encouraging  antimicrobial compounds production, such as phenolic, flavonoids, phytoalexins and 
pathogenesis-related (PR) proteins in plants; and (c)  regulating systemic signals, such as salicylic acid 
(SA), jasmonic acid (JA), and ethylene (ET) (Fauteux et al., 2005; Datnoff et al., 2007; Fortunato et 
al., 2012b; Van et al., 2013). 
 
2.2.1. Defense-Related Enzymes and Antimicrobial Compounds 
          Defense affiliated  enzymes are closely associated to disease resistance, and Si stimulates the 
activity of enzymes particularly, during plant pathogen interactions (Fauteux et al., 2005; Datnoff et 
al., 2007; Van et al., 2013) Fig (3). 

 

Fig. 3: The mechanism for the Si-mediated alleviation of drought stress tolerance in plants.                                                             
(Modified from Rizwan et al., 2015; Tayyab et al., 2018b). 

 
Several studies reported that, role of Si in disease resistance by activating defense related to enzyme 
activities such as chitinase, peroxidases, polyphenoloxidase, b-1, 3-glucanase, phenylalanine 
ammonialyase, superoxide dismutase, ascorbate peroxidase, glutathione reductase, catalase, 
lipoxygenase, and glucanase, phenylalanine ammonialyase PAL, involved in the synthesis of plant 
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secondary antimicrobial substances, is essential for plant disease resistance responses (Waewthongrak 
et al., 2015). The higher PAL activity after Si treatment contributes to an accumulation of total soluble 
phenolic and lignin thioglycolic acid derivatives in the leaves of banana and coffee plants, and this 
corresponds with low disease incidence (Silva et al.,  2010; Fortunato et al., 2012b. Poly phenol oxidase 
(PPO), exists in cytoplasm in a free form or bound in chloroplasts, mitochondria, and other subcellular 
organelles, is the main enzyme of phenolic substance oxidation (Quarta et al., 2013); its activity has 
been positively correlated with plant disease resistance (Piperno, 2006). Furthermore, Polyphenol 
oxidase (PPO) was found to be involved in the synthesis of lignin and to increase the antibacterial 
ability of host plants (Song et al., 2016). Si application could also increase peroxidase (POD) and 
chitinase (CHT) activities, which play an important role in host pathogen interactions. POD is involved 
in cell-wall reinforcement and the final steps of lignin biosynthesis, as well as the cross-linking of cell 
wall proteins Brisson et al. (1994), while CHT is one of the pathogenesis-retaled  (PR) proteins that 
contribute to hydrolyze the cell walls of many phytopathogenic fungi (Pan and Ye, 1992). Si may 
regulate the gene expression related to enzyme synthesis, the expression of genes encoding 
phenylalanine ammonialyase (PALa and PALb) and lipoxygenase (LOXa) were significantly up 
regulated in Si treated continual ryegrass plants, associated with suppression of gray leaf spot (Rahman 
et al. (2015). Si could elevate the activities of defense related enzymes e.g., (peroxidase and polyphenol 
oxidase) through enhancing or priming JA-inducible responses to herbivory in rice (Ye et al., 2013). 
The beneficial effects of Si for suppressing pathogen infections through increasing the activities of 
defense related to  enzymes have been found in the pathosystem of cucumber (Pythium spp. and 
Podosphaera xanthii), pea (Mycosphaerella pinodes), wheat (Pyricularia oryzae), rice (Magnaporthe 
oryzae, Bipolaris oryzae, Rhizoctonia solani, and Pyricularia oryzae), melon (Trichothecium roseum 
and Podosphaera xanthii), Chinese cantaloupe (Trichothecium roseum), bean (Colletotrichum 
lindemuthianum), perennial ryegrass (Magnaporthe oryzae), and soybean (Corynespora cassiicola). A 
substantial response to defense-related enzymes is the change in antimicrobial substances; generally, 
lower disease incidence in plants after Si application are associated with a higher activity of defense 
related enzymes, which induce the production and accumulation of antimicrobial compounds.  

These findings, suggest that Si induced resistance to plant disease was most likely due to the less 
than optimal conditioning of the antioxidant system (Telles Nascimento et al., (2016). Antimicrobial 
compounds help higher plants to combat disease Fauteux et al. (2005); Datnoff et al. (2007); Van et al. 
(2013), and Si has been documented to stimulate the accumulation of antimicrobial compounds, such 
as phenols, flavonoids, and phytoalexins during pathogen infection Chérif et al. (1994); Fawe et al. 
(1998); Rodrigues et al. (2004); Remus-Borel et al. (2005); this may contribute to the enhancement of 
defense related enzyme activities. Defense related antimicrobial phenols or lignin-associated 
polyphenolic compounds increased by Si application resulted from the inducing activities of PAL and 
PPO following pathogen invasion (Rahman et al. (2015). Si enhanced lignin and flavonoid production 
is attributed to higher PAL activity induced by Si; PAL converts L-phenylalanine into trans-cinnamic 
acid, which in turn is the precursor of lignin and flavonoids (Dixon et al., 2002; Hao et al., 2011). Lignin 
and phenolic secondary metabolism play important roles in plant disease resistance.  

Silicon is involved in phenolic metabolism and lignin biosynthesis in plant cell walls (Marschner, 
2012). It also increases lignin carbohydrate complexes and lignin content in the epidermal cell wall of 
rice, and enhances plant resistance to blast disease (Inanaga et al., 1995; Cai et al., 2008). Si application 
could increase the total concentration of soluble phenolic compounds in host plants and enhance plant 
disease resistance through delaying the growth of invading pathogens (Dallagnol et al., 2011; Fortunato 
et al., 2015). Flavonoids, another phenolic compound, are also induced by Si and enhanced rose plant 
resistance to Podosphaera pannosa Shetty et al. (2012), and wheat resistance to Pyricularia oryzae 
(Silva et al., 2015). Higher accumulation of phenolic and lignin or  ligninthioglycolic acid derivatives, 
due to Si treatment, protect  cucumber plants against damping off (Pythium ultimum) Chérif et al. 
(1994), Wheat against powdery mildew (Blumeria graminis) Belanger et al. (2003)  Fig (2),(3) and (4), 
and blast (Pyricularia oryzae)  Filha et al., (2011), Arabidopsis against powdery mildew (Erysiphe 
cichoracearum) Ghanmi et al., (2004), soybean against target spot (Corynespora cassiicola) Fortunato 
et al., (2015), melon against powdery mildew (Podosphaera xanthii) Dallagnol et al., ( 2015), rice 
against blast disease (Magnaporthe grisea) Cai et al., (2008), brown spot (Bipolaris oryzae) Dallagnol 
et al., (2011), and sheath blight (Rhizoctonia solani) Zhang et al., ( 2013). 
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Photos 2: Illustrate damping off in cucumber plant after Chérif et al. (1994) 

Photos 3: Illustrate that powdery mildew in wheat plants after Belanger et al. (2003) 

Photo 4: Vines severely affected with powdery mildew on Chancellor grape cluster.                             Photo 
courtesy P. Sholberg, Agriculture & Agri-Food Canada. 

 
Phytoalexins is recognized to be critical in plant defense against pathogen infection. Enhanced 
production of phytoalexins reduces the incidence of powdery mildew caused by Podosphaera xanthii 
in cucumber plants Fawe et al., (1998), as well as blast caused by M. grisea in rice (Rodrigues et al., 
2004, 2005).  Application of Si increasing the accumulation of flavonoid phytoalexins in cucumber 
plants during Podosphaera xanthii infection (Fawe et al., 1998). Similar results have been found in rice, 
in which Si increased resistance to blast by stimulating the production of phytoalexins, such as 
momilactones A and B (Rodrigues et al., 2004, 2005). With regard to continual ryegrass (Magnaporthe 
oryzae) pathosystem, Si induced enhancement of phenolic acids, including chlorogenic acid and 
flavonoids, and relative levels of genes encoding PAL and lipoxygenase contributed to improved 
resistance to gray leaf spot disease (Rahman et al., 2015). 
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3 - Silicon regulate genes due to pathogen infection  
 Guarding genes are expressed in all cells regardless of its patho-physiological state and these 

genes are indispensable for the maintenance of proper functioning of cells. Although, the expression of 
guarding genes is constant, and lose their stability under stressed conditions (Nicot et al., 2005; Jain et 
al., 2006). According to Brunings et al. (2009), the supplementation of Si down regulated the expression 
of important guarding genes in rice under normal condition however; due to pathogen infection, Si up 
regulated the guarding genes to maintain the cellular functions. Likewise, Ghareeb et al. (2011a) 
observed the Si-mediated up-regulation of housekeeping genes such as actin (ACT), alpha-tubulin 
(TUB), and phosphoglycerate Kinase (PGK) in Ralstonia solanacearum infected tomato photo (4). 
According to Jarosch et al. (2005), actin cytoskeleton provided the basal resistance against the R. 
solanacearum. Therefore, the Si dependent up-regulation of actin in tomato plants induced the host 
resistance (Ghareeb et al., 2011a). Fig (5). Tomato is considered as the low-level silicon accumulator 
(0.2% dry weight) because of the lack of high-density Si transporter (Ma and Yamaji, 2006).  

 

Photos 5: Illustrate symptoms of emerging viruses in tomato plants. 
 (A)  Necrotic spots at the leaflet base induced by Tomato torrado virus; 
 (B)  Leaf deformation, yellowing, and stunting induced by Tomato yellow leaf curl virus 
 (C)  Fruit marbling induced by Pepino mosaic virus;  
 (D) Chlorotic rings and line patterns on leaves induced by Pelargonium zonate spot virus;  
 (E)  Fruit necrosis induced by Tomato marchitez virus;  
 (F)  Interveinal leaf chlorosis induced by Tomato chlorosis virus;  
 (G) Necrotic leaf spots induced by Tomato necrotic spot virus. Pictures  
         (After Gilbertson (2015), Ghareeb et al., (2011a) 

 
Furthermore, the impermeability of Si by nodule in 26-like intrinsic protein (NIP) in tomato 

(SINIP2-1) has been postulated due to the difference in the spacing between two NPA domains, which 
forms the half helix inserts in SINIP2-1. However, the meager uptake of Si by low silicon accumulating 
plants is unclear but it might be possible that the lesser uptake of Si by tomato plants particularly under 
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stressed environment might be due to the existence of a passive uptake mechanism. Moreover, the 
application of Si even in less biological concentration in the low accumulating species 
such as tomato Romero-Aranda et al. 2006, capsicum Jayawardana et al. (2015), and roses 
Soundararajan et al. (2017b) as rendered abiotic and biotic stress tolerance. Despite the constant 
expression nature of housekeeping genes, variation in the expression levels upon Si amendment and 
pathogen infection could induce the basal defense mechanism in the host plant to protect from the 
pathogen. Silicon amendment can   regulate the expression of vital housekeeping genes to alleviate the 
biotic stress. 
 
4 - Silicon regulate elements associated with gene stress  
         Stressful environment can induce the expression of myriads of genes involved in stress tolerance, 
metabolic processes, and signal transduction, in plants (Shinozaki and Yamaguchi- Shinozaki, 2000; 
Xiong et al., 2002; Rabbani et al., 2003; Shinozaki et al., 2003). Amongst the stress-induced genes, 
transcription factors (TF) are the primary regulators of the downstream genes important for plant 
tolerance against biotic and abiotic stresses (Gao et al., 2007; Lucas et al., 2011). In general, TF’s are 
facilitated by particular cis-elements called regulons that are located in the promoter section of the target 
gene (Nakashima et al., 2009; Qin et al., (2011). Generally, plants consists of a diverse number of 
regulons responding to stress, for example dehydration responsive element binding protein (DREB2) 
are triggered by temperature and drought stress (Mizoi et al., 2012). Similarly, the NAC regulons [no 
apical meristem (NAM), Arabidopsis thaliana activating factor (ATAF), and cup-shaped cotyledon 
(CUC)] can be activated by osmotic stress in plants (Nakashima et al., 2009); Fujita et al., 2011). 
Moreover, the increase in the expression levels of TFs can stimulate a wide range of signal transduction 
pathways resulting in stress tolerance (Chaves and Oliveira, 2004; Umezawa et al., 2006). According 
to Khattab et al. (2014), in rice the addition of Si resulted in the up-regulation of TFs involved in the 
expression of DREB2A, NAC5, Oryza sativa RING domain containing protein (OsRDCP1),Oryza 
sativa choline mono oxygenase (OsCMO), and dehydrin OsRAB16b Fig. (4). In rice, the OsDREB 
triggers the expression of stress-responsive genes that impart tolerance against osmotic stress in abscisic 
acid (ABA)- independent manner Fig. (6) (Dubouzet et al., 2003; Hussain et al., 2011). In addition, the 
elevated levels of OsDREB2A provided drought resistance in rice (Chen et al., 2008; Wang et al., 
2008). Similarly, NACs are TFs with various roles in development and stress response of plants (Tran 
et al., 2010). According to Fang et al., the rice genome consists of _140 putative NAC or NAC-like 
genes among them 20 genes including OsNAC5 are classified as stress responsive genes involved 
detoxification, redox homeostasis, and macromolecule fortification (Hu et al., 2008). Hence, the Si 
mediated enhancement of OsNAC5 transcripts led to prevention of lipid peroxidation and generation of 
excess hydrogen peroxide (H2O2). 

The abovementioned metabolic modulations shield the plants from dehydration and oxidative 
damages caused in stressed conditions (Takasaki et al., 2010; Song et al., 2011). Furthermore, in rice, 
the up regulation of the OsNAC5 stimulated the stress tolerance by increasing the levels of stress 
inducible rice genes like LEA3 (Takasaki et al., 2010). Figs. (4) and (5). 

Furthermore, OsRAB16b belongs to LEA genes that are expressed in response to abiotic stresses 
in both vegetative and reproductive  plant tissues (Tunnacliffe and Wise,  2007; Bies-Etheve et al., 
2008). In general, LEA proteins encoded by the LEA genes render the plants to acclimatize particularly 
under stressful conditions (Lenka et al., 2011; Manivannan et al., 2017). In eukaryotes plants, the 
Ubiquitin (Ub)-26S proteasome pathway, maintains the protein turnover. During the process of 
ubiquitination, the target proteins are linked to multiple Ub chains by ubiquitin ligases such as E1, E2, 
and E3  (Kraft et al., 2005; Stone et al., 2005). Studies reported that RING E3 Ub ligases play a vital 
role particularly in response to drought stress in rice (Bae et al., 2011; Ning et al., 2011; Park et al., 
2011). 

Five homologs of OsRDCP were identified in rice that possesses a single RING motif in their N-
terminal regions (Khattab et al., 2014). The OsRDCP1 is one among the five homologs, which 
combated the dehydration stress in cholinemono oxygenase the product of OsCMO is a primary enzyme 
involved in the biosynthesis of glycine betaine (Burnet et al., 1995). The glycine betaine is widely 
known for its osmolytic property that causes abiotic stress tolerance in several plants.   
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Fig. 4: Schematic diagram represented of the regulation of transcription factors under biotic stress             
(A putative model representing the regulation of photosynthesis related genes upon metal stress  
with or without Si supplementation). After Lucas et al., (2011). 

 

Fig.   5: Schematic diagram represented of the regulation of transcription factors under biotic stress 
            Condition with and without Silicon treatment.        
A:  Model displaying the OsDREB2A regulation in ABA- independent pathway to combat stress.        
B:   Regulation of OsNAG5 transcription factor in ABA- independent pathway to trigger stress.          
C:   The OsRDCP1 mediated stress tolerance response via ubiquitin-proteosome degradation pathway.   
D:  Improvement of glycine betaine biosynthesis by OsCMO  to combat ROS generation (After Mizoi 
et al. (2012), Khattab et al. (2014), Shi et al. (2014), and Yin et al. (2016) ). 
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Fig. 6: Represented the regulation of transcription factors under biotic stress (After Ghareeb et al.   
(2011b),   Shetty et al. (2011), Rahman et al. (2015), El-Gahry et al. (2016) and Song et al. 
(2016). 

   
On this Burnet et al. (1995) reported that  Si-mediated enhancement of OsCMO gene levels improved 
the stress tolerance in rice The silicon-dependent up regulation of transcription factors could interact 
with the cis elements located in the promoter region of genes involved in stress resistance and trigger 
the stress tolerance against abiotic and biotic stresses. These regulatory genes might also induce the 
transcription of genes associated with the defense related or stress responsive pathways such as 
phenylpropanoid pathway ABA-dependent or ABA-independent regulatory pathways to protect the 
plants from stress.     

 
5- Silicon in plant biology under stress condition 
        The multiple effects of Si on stress alleviation dominate role of Si in plant biology, and although 
some effects of Si on plant metabolism and gene expression have been demonstrated, the mechanisms 
whereby Si acts on plant growth and development remain unclear. So there is a paradigm shift in the 
research approach to understanding the actual role of Si in plants. Where concept of Si as a ‘non-
essential nutrient’ has been challenged (Takahashi et al., 1990; Epstein, 1994, 1999, 2009; Cooke and 
Leishman, 2011). It is clear that Si has beneficial  effects on numerous plant species, even those not 
classified as Si accumulators, under different environmental conditions (Li et al., 2015), since the 
concentration of Si in soil that the nature and magnitude of the effects of Si are not necessarily  
concentration dependent (Katz, 2014). The multiple effects of Si, under stress alleviation through 
altered expression of defence enzymes and metabolites, increased phytoliths deposition; changes in 
transpiration rates, CO2 assimilation and increased activity of antioxidant enzymes. Recently, there is 
increasing evidence that may suggest a critical role for Si in plant growth, primary metabolism and 
development (Detmann et al., 2012; Van Bockhaven et al., 2013; Markovich et al., 2017), however 
further research on the essentiality of Si for higher plants is required. 

Looking forward, there are emerging pathways that can facilitate our understanding of Si, an 
element that has a diverse array of beneficial effects on plants.  
         In some high Si accumulating species, Si could play an important role in plant primary metabolism 
(Van Bockhaven et al., 2015b). The current foundation of knowledge from studies in rice and in non Si 
accumulating species that respond to Si application, including A. thaliana Fauteux et al. (2006); 
Markovich et al. (2017) and tomato (Solanum lycopersicum) Ghareeb et al. (2011); Li et al. (2015), 
provide a starting point for future mechanistic studies. These systems, along with those high Si-
accumulators such as rice, barley and wheat, should be employed incrementally across multiple 
experiments to evaluate the impacts of Si in unstressed situations as well as under single and multiple 
abiotic and biotic stresses. These should focus, in particular, on those primary metabolic processes 
revealed in recent research to potentially interact with Si (e.g. oxidation metabolism). As highlighted, 
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Si may interact with primary photosynthetic processes (photorespiration), but this requires clarification, 
as these interactions are likely to differ between C3-, C4- and CAM-type plants due to the differential 
physiological and enzymatic carbon fixation processes employed. Fig (7) explain the assimilation 
of carbon dioxide from the sunlight, for the process of photosynthesis and then converting it to glucose 
(energy) synthesizing different product is the key difference between the three. So during the CO2 
fixation, when the photosynthetic plants produce 3-phosphoglyceric acid (PGA) or 3- carbon acid as 
the first product is called C3 pathway. Nevertheless, when the photosynthetic plant, prior going to the 
C3 pathway, produces oxaloacetic acid (OAA) or 4 -carbon compound as their first stable product is 
called as C4 plant or Hatch and Slack pathway. Nevertheless, when the plants absorb the energy of the 
sunlight at the daytime and use this energy for the assimilation or fixing the carbon dioxide at night 
time is called as crassulacean acid metabolism or CAM. 

 

Fig. 7: Illustrate the deferent between C3-, C4- and CAM-type plants due to the differential             
Physiological and enzymatic carbon fixation processes. (After Yamaori et al. (2014). 

 
The form in which Si is delivered to the plant may also strongly influence its effects on plant 
metabolism. The delivery mode of Si, in terms of formulation (e.g. calcium silicate, sodium silicate), 
should be further evaluated with emphasis on optimal translocation and accumulation in plant, as uptake 
and concentration at the site of action may prove critical to impacts on plant defence and growth. As a 
parallel priority, it is also important to investigate the role of Si in plant community structure and its 
ecological impact on mutualists and plant–plant interactions, including allelopathic effects of invasive 
species. Appropriately designed, cross-disciplinary, incremental studies could reveal far-reaching 
effects on multiple fields, including plant pathology, entomology and agronomy, as well as plant 
biochemistry, ecology and evolutionary biology. Consideration of the impacts of plant breeding on Si 
uptake ability and the potential impacts on agronomy and agriculture is also worthy of note (Simpson 
et al., 2017), as is the production of transgenic plant species with increased Si uptake capacity (i.e. 
introduction of Si transporter genes [Lsi1, Lsi2]. Untargeted comics, utilizing multivariate analyses, in 
parallel with targeted profiling of significant markers integral to those primary metabolic processes 
already highlighted (photosynthesis, oxidation), should be used purposefully, with initial comparisons 
of specific plant trait groups (Si accumulator and non-accumulator; C3 and C4 plants), or of specific 
stresses ((hemi) bio trophic pathogens and chewing insect herbivores). Such comparative analyses will 
facilitate interpretation of effects and interactions, but potentially highlight next steps and contribute to 
elucidation of the fundamental role of Si in plant growth and development. 
Silicon deposition may interfere with (hemi) bio trophic pathogen/ herbivore effector proteins that 
suppress plant ETI, which highlights another potentially unifying mechanism underpinning Si-



Middle East J. Agric. Res., 8(4): 1005-1024, 2019 
EISSN: 2706-7955   ISSN: 2077-4605                                                 DOI: 10.36632/mejar/2019.8.4.4  

1017 

enhanced plant resistance to some biotic stressors (Vivancos et al., 2015), and, considering the close 
association of this process with ROS production and defence phytohormones signaling, may also shed 
light on the ability of Si to alleviate abiotic stress. As a first step, this could be addressed using targeted 
transcriptomics evaluating the regulation of genes associated with ETI in (hemi) bio trophic 
pathogen/herbivore-stressed plants under high  and low-Si environments. As we have highlighted in 
this article, there is evidence from the last decade that Si may have an important, yet undefined, role in 
plant primary metabolism, specifically related to oxidation metabolism, or generation of ROS, that 
spans beyond biotic stress alleviation. The use of untargeted and targeted preomics studies selectively 
comparing stress types could reveal new insights and confirm whether Si does indeed affect primary 
metabolism. Subsequent meta analyses will also prove critical in identifying unifying pathways and 
mechanisms by which Si acts on plant metabolism. Despite past efforts to raise awareness of the 
importance of Si Epstein, (1994), (1999), (2009); Cooke and Leishman, (2011), coupled with selected 
recent findings on its role in gene regulation in plant development and defence, many plant scientists 
remain indifferent to or unaware of the potential roles of this interesting and unique element. Therefore, 
to address this future challenge we suggest the thoughtful and focused design of multidisciplinary 
experimentation among collaborators, leading to a better understanding of the underpinning role of Si 
in higher plant growth and development, and therefore its ability to enhance plant resistance to stress. 
 
Conclusion 
        Si has created numerous beneficial effects on plants, alleviating diverse forms of abiotic and biotic 
stress.  Silicon is often regarded as a plant nutritional 'non-entity'. Suites of factors associated with Si 
have been recently identified, relating to plant chemistry, physiology, gene regulation and interactions 
with other organisms. Research on this topic has accelerated in recent years and revealed multiple 
effects of Si in a range of plant species. Moreover, focused on the impact of Si application upon plant 
stress responses. However, the fundamental, underlying mechanisms that account for the manifold 
effects of Si in plant biology remain undefined. 
      Available information regarding the impact of Si on plant defence, growth and development is 
fragmented, discipline-specific, and usually focused on downstream, distal phenomena rather than 
underlying effects.   Effects of Si in higher plants relating to alleviation are briefly reviewed and the 
potential importance of Si in plant primary metabolism is discussed, highlighting the need for a unifying 
research framework targeting common underlying mechanisms. 
      Accordingly, there is a growing need for studies that address fundamental metabolic and regulatory 
processes, thereby allowing greater unification and focus of current research across disciplines. The 
traditional approach of discipline-specific work on single stressors in individual plant species is 
currently inadequate. Thus, a holistic and comparative approach is proposed to assess the mode of action 
of Si between plant trait types (e.g. C3, C4 and CAM), Si accumulators and non-accumulators) and 
between biotic and abiotic stressors (pathogens, herbivores, drought, salt), considering potential 
pathways (i.e. primary metabolic processes) highlighted by recent empirical evidence. Utilizing 
genomic, transcriptomic, proteomic and metabolomic approaches in such comparative studies will pave 
the way for unification of the field and a deeper understanding of the role of Si in plants. 
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