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Silicon in plant disease control

All essential nutrients can affect the incidence and severity of plant diseases. Although silicon (Si) is not considered
as an essential nutrient for plants, it stands out for its potential to decrease disease intensity in many crops. The
mechanism of Si action in plant resistance is still unclear. Si deposition in plant cell walls raised the hypothesis of
a possible physical barrier to pathogen penetration. However, the increased activity of phenolic compounds,
polyphenol oxidases and peroxidases in plants treated with Si demonstrates the involvement of this element in the
induction of plant defense responses. The studies examined in this review address the role of Si in disease control
and the possible mechanisms involved in the mode of Si action in disease resistance in plants.
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O Silício no controle de doenças de plantas

Todos os nutrientes essenciais podem influenciar a incidência e a severidade das doenças de plantas. O silício
(Si), embora não seja considerado nutriente essencial para plantas, destaca-se por seu potencial para diminuir a
intensidade de doenças em várias culturas. O mecanismo de ação do Si na resistência de plantas ainda não está
totalmente esclarecido. A forma de deposição do Si na parede celular de plantas gerou a hipótese de uma possível
barreira física, dificultando a penetração do patógeno. No entanto, o aumento da atividade de compostos fenólicos,
polifenoloxidases e peroxidases em plantas tratadas com Si demonstra o envolvimento deste elemento na indução
de reações de defesa da planta. A presente revisão visa abordar o papel do Si no controle de doenças e os possíveis
mecanismos envolvidos no modo de ação do Si na resistência de plantas às doenças.

Palavras-chave: Manejo, doenças de plantas, barreiras de resistência, fertilidade do solo, indutores de resis-
tência.
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INTRODUCTION

Silicon (Si) is the second most abundant element in
the earth’s crust, being surpassed only by oxygen. It is
present in the soil solution in the form of monomeric or
monosilicic acid (H

4
SiO

4
) and is readily absorbed into

the root system. Although it is not considered essential
nutrient for plants, Si is classified by many authors as
beneficial or useful as it improves tolerance to drought,
gives greater resistance to metal toxicity and lower
intensity of diseases and pests. Silicon, therefore, can
contribute as part of the management of different crops
to increase yield, as long as other crop needs such as
good soil fertility, pH correction, appropriate soil type,
favorable climate, among others have been met.

The beneficial effect of Si was associated with
reducing disease intensity, initially in monocots,
including grasses or poaceae, in the 60s (Jones &
Handreck, 1967), because of its ease of uptake,
translocation and accumulation (Marschner, 1995). In
rice, it was associated with lower incidence and severity
of rice blast, brown spot and sheath blight (Datnoff et
al., 1997; Zanão Junior et al., 2009 a e b; Prabhu et al.,
2012). It was associated with rust (Puccinia
melanocephala) in sugarcane (Naidoo et al., 2009),
control of Blumeria graminis f. sp. tritici  in wheat
(Belanger et al., 2003) and control of Erysiphe
graminis in barley (Carver et al., 1987). Then,
promising results in reducing disease intensity were
found in various pathosystems, also in dicots, including
Cercospora leaf spot and rust in coffee (Pozza et al.,
2004; Botelho et al., 2005; Amaral et al., 2008; Carre-
Missio et al., 2014), pestalotiopsis leaf spot and
powdery mildew in strawberry (Palmer et al., 2006;
Kanto et al., 2006; Kanto et al., 2007; Carré-Missio et
al., 2010), powdery mildew in melon, squash and
cucumber (Menzies et al., 1991; Samuels et al., 1991),
rust in soybean (Pereira et al., 2009; Lima et al., 2010),
anthracnose in common-bean and sorghum (Moraes et
al., 2009; Polanco et al., 2012; Resende et al., 2013)
and root rot in tomato and avocado (Heine et al., 2007;
Bekker et al., 2006).

The effect of silicon on the control of plant diseases,
its mode of action and its function in several
pathosystems are not yet fully understood. There is the
hypothesis of a possible physical barrier formation,
which is based on the form of Si accumulation in plants,
mainly in the cell wall. In its upward movement, via
apoplast, from the roots to the leaves, silicon
polymerization occurs in the extracellular spaces,
accumulating on the walls of the epidermal cells of leaves
and xylem vessels (Samuels et al., 1991; Fawe et al.,
2001; Kim et al., 2002). There may also be increased

activity of enzymes involved in plant defense such as
peroxidase, polyphenoloxidase, phenylalanine ammonia
lyase and lipoxygenase (Chérif et al., 1994; Fauteux et
al., 2005; Cai et al., 2008; Shetty et al., 2011; Polanco
et al., 2012), which, in this case, is considered as a
chemical barrier. Therefore, Si application can contribute
in the management of plant diseases, among other
practices.

A number of other studies relate the silicon
interference with absorption of essential nutrients to
plants (Pozza et al., 2007; Moraes et al., 2009; Botelho
et al., 2005).

Because the ability to contribute to the formation of
disease resistance barriers and studies conducted both
in monocotyledonous and dicotyledonous plants, the
objective of this review was to add information about
the interaction of silicon with plant diseases.

Silicon in disease control in monocotyledons

Studies on silicon-induced disease control initiated
with monocotyledons, particularly in rice and some
grasses classified as accumulators of Si (Jones &
Handreck, 1967).

In rice, several authors have reported promising
results with Si application in disease control
(Rodrigues et al., 2004; Prahbu et al., 2012). Si
fertilization (0 and 2 t ha-1 of calcium silicate) was
compared with the application of the fungicides
Benomyl and Propiconazole for the control of rice blast
(Pyricularia grisea) and brown spot (Bipolaris
oryzae) and similar effects were observed for both the
application of Si and fungicides on the control of these
diseases (Datnoff et al., 1997). In rice brown spot, the
Si application (0.402 g pot-1) in the soil decreased by
approximately 55% disease severity compared with the
control (Zanão Junior et al., 2009). However, according
to Rezende et al. (2009) and Zanão Junior et al. (2009),
the management of rice brown spot with Si is effective
when it is applied in the soil. The severity of sheath
blight, caused by the fungus Rhizoctonia solani in rice
plants grown in nutrient solution, was also reduced
(Schurt et al., 2012).

The application of Si in other monocot pathosystems
also showed promising results. Resende et al. (2013)
reported that sorghum grown in nutrient solution added
with Si (2 mmol L-1) had severity of anthracnose
(Colletotrichum sublineolum) around 20%, while the
control was 93%, at 10 days after inoculation. There are
also reports of reduction of disease severity in sugarcane
rust (Puccinia melanocephala) (Naidoo et al., 2009),
control of Blumeria graminis f.sp.. sp. tritici  on wheat
(Belanger et al., 2003) and Erysiphe graminis in barley
(Carver et al., 1987).
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Silicon in disease control in dicotyledons

Studies on Si disease control in dicotyledonous plant
pathosystems began with research on powdery mildew
and damping-off in cucumber (Adatia & Besford, 1986;
Samuels et al., 1991; Cherif et al., 1994) and vine
(Bowen et al., 1992), among others.

Several studies confirmed the effective action of Si
in controlling powdery mildew (Sphaerotheca
fuliginea) in cucurbits (Samuels et al., 1991; Menzies
et al., 1992; Belanger et al., 2003). Cucumber plants
inoculated with S. fuliginea and grown in nutrient
solution supplemented with sodium silicate showed a
reduction in spore germination and the number and area
of colonies per leaf compared with the control plants
without Si (Menzies et al., 1991).

Another important disease influenced by fertilization
with Si is the bean anthracnose (Colletotrichum
lindemuthianum). Plants in nutrient solution
supplemented with Si (2 mmol L-1) had higher incubation
period compared with plants without Si (Polanco et al.,
2012). In the same pathosystem, Moraes et al., (2009)
observed a linear decrease of 7% in the area under the
progress curve of bean anthracnose incidence with
calcium silicate doses ranging from zero to 1.89 g kg-1

SiO
2
 applied to the soil (Figure 1). The silicon content

in bean shoots increased from 0.86 to 1.14 mg kg-1.
The spodogram, or image from the ashes of bean

leaves made after the last anthracnose assessment,
showed the greatest accumulation of silica in the ribs
(Figure 2B), precisely where the initial infection of C.
lindemuthianum occurs in treatments with the addition
of this element.

In coffee, promising results were reported for
Cercospora leaf spot (Cercospora coffeicola), rust
(Hemileia vastatrix) and phoma/ascochyta leaf spot
(Phoma tarda) (Pozza et al., 2004; Reis et al., 2008;
Botelho et al., 2005; Carré-Missio et al., 2012 b; Carré-
Missio et al., 2014).

The effect of calcium silicate applied to the substrate
in tubes on the intensity of the Cercospora leaf spot in
three coffee cultivars (Red Catuaí, Novo Mundo and
Icatú) was evaluated by X ray microanalysis. Cultivar
Catuaí fertilized with silicate and maintained for at least
six months in the substrate showed reduction by 63.2%
in the damaged leaves and 43% in total lesions per plant
compared with the control. There was uptake and
translocation of silicon according to mapping by X-ray
microanalysis (MAX) (Figure 3). The leaf silicon content
obtained through chemical analysis in Catuaí seedlings
varied from 1.5 g kg-1 in the control to 4.7 g kg-1 in the
substrate added with 1 g kg-1 CaSiO

3
 (Pozza et al., 2004).

The above mentioned contents were similar to those
obtained in the shoots of plants of Catuaí Amarelo by
Cunha et al. (2012). These authors found contents of 5
g kg-1 of Si in plants treated with 2 mmol L-1 of SiO

2
 in

nutrient solution and 1.83 g kg-1 in the control at 33 days
after the treatments have initiated. However, Carré-
Missio et al. (2009) found no difference in the silicon
application in nutrient solution for translocation to
shoots, although the contents ranged from 4.3 to 4.5 g
kg-1 in the treatments without and with addition of 2 mmol
L-1 of Si in the form of monosilicic acid, respectively.

Studying the same pathosystem, Botelho et al. (2005)
observed a linear decrease of 10.8% in the area under
the progress curve of the number of diseased plants with
increased doses of SiO

2
 from 0 to 1.22 g kg-1 and a

decrease in total damage for 0.85 g kg-1 SiO
2 
applied to

the substrate (Figure 4).
According to Carré-Missio et al. (2012), the foliar

application of 15 g L-1 potassium silicate can reduce the
coffee rust severity. However, according to these authors,
coffee plants were inefficient to translocate the Si from
roots to shoots when grown in nutrient solution,
restricting it exclusively to the root system.

Other crops such as strawberry, soybean, tomato and
rose also showed promising results in reducing disease
with Si application (Kanto et al., 2006; Carré-Missio et
al., 2010; Lima et al., 2010; Ghareeb et al., 2011; Shetty
et al., 2011). Conidia of Sphaerotheca aphanis var.
aphanis (causal agent of strawberry powdery mildew)
had germination percentage reduced in leaves of
strawberry grown with potassium silicate (Kanto et al.,
2007). Carré-Missio et al. (2010) observed 61%
reduction in the severity of pestalotiopsis leaf spot
(Pestalotia longisetula) on strawberry plants sprayed
with 30 g L-1 potassium silicate compared with the
control treatment (plants sprayed with water).

Soybean plants grown in nutrient solution with
potassium silicate doses (0, 56, 112, 168, 224 and 280
mg L-1) with decreasing K addition to the treatments, so
to obtain the same element concentration in all

Figure 1: Area under the progress curve of incidence (AACPI)
as a function of calcium silicate doses applied to the soil (Moraes
et al., 2009).
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treatments, were inoculated with Phakopsora
pachyrhizi and showed a 27.5% reduction in the area
under the progress curve of the number of rust lesions
(AACNL) with increasing doses of silicon in the nutrient
solution (Lima et al., 2010) (Figure 5).

The reduction in disease intensity is not limited to
fungal diseases. Studies reported the Si efficacy in

controlling bacterial wilt of tomato (Ralstonia
solanacearum) (Dannon & Wydra, 2004; Ghareeb et al.,
2011; Wang et al., 2013).

 Modes of silicon action in plant disease control

The mode of silicon action in plant disease control
is not yet completely understood. Studies attribute its

Figure 2 - Spodogram of bean leaves. A. Si non-treated plants; B. Plants treated with 1.89 g kg-1 of SiO
2
; arrows indicate Si accumulation

in the ribs (Moraes et al, 2009).

Figure 3 - Si mapping by X-ray microanalysis (MAX), leaf blade area of leaves of cultivar Catuaí. A. Control; B. CaSiO
3
 fertilized.

(Photo: Eduardo Alves)
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transpiration stream and deposited beneath the cuticle,
forming a cuticle-silica double layer (Sangster et al.,
2001). According to Kim et al. (2002), this double
layer delayed penetration of Pyricularia grisea in rice
leaves.

Vine seedlings sprayed with potassium silicate (17
mmol L-1 of Si) showed a significantly reduced
penetration of Uncinula necator, due to the Si layer
formation in the leaf cuticle. In contrast, there was a
higher intensity of the disease in non-treated leaf areas
(Bowen et al., 1992). Polymerization of potassium
silicate on the leaf surface of cucumber, melon and
pumpkin was also observed by Menzies et al. (1992) who
reported that this physical barrier reduced the penetration
of the fungus Sphaerotheca fuliginea.

Pozza et al. (2004) observed the presence of a well-
developed wax layer on the abaxial surface of coffee
seedlings grown in plastic tube substrate and Lima et al
(2010), to a lesser extent, on soybean in nutrient
solution. The reduction in the intensity of Cercospora
leaf spot in coffee was attributed to the formation of a
thicker epicuticular wax layer, which hampers the
pathogen penetration (Figure 6). The combined effect
of calcium was isolated by the addition of calcium oxi-
de at the zero dose of CaSiO

3
. To produce this wax layer,

the seedlings remained in tubes with silicate for 7
months, from the “jaguar ear” stage to the harvest of the
experiment.

The presence of Si in the outer epidermal layer was
reported by Carver et al. (1987). These authors observed
the complexation of phenolic compounds with silicon
in the wall of epidermal cells so as to reduce and hamper
the expansion of lesions and the disease intensity by
making the cells more rigid, which was later confirmed
by Rodrigues et al. (2011).

Figure 4 - Area under the progress curve of the number of diseased
plants (AACPPD) (A) and area under the progress curve of the
total number of lesions (AACPTL) (B), as a function of the silicon
dose applied to the substrate.

Figure 5 - Area under the progress curve of the number of rust
lesions (Phakopsora pachyrhizi)/cm2 of leaf area (AACNL) of
soybean (Glycine max) as a function of increasing concentration
of silicon in nutrient solution.

effect on disease reduction to the formation of both
physical barriers, by deposition of Si (Sangster et al.,
2001; Kim et al., 2002; Pozza et al., 2004; Carré-
Missio et al., 2012b), and chemical barriers such as
defense enzymes (Cherif et al., 1994; Fauteux et al.,
2005; Cai et al., 2008; Shetty et al, 2011; Polanco et
al., 2012). The joint action of these barriers in disease
control in plants fertilized with Si was observed by Cai
et al. (2008) and Resende et al. (2013). Moreover,
silicon is reported to interfere with the absorption of
essential nutrients to plants, including horizontal
resistance to form barriers as the wax layer and the cell
wall, among others (Pozza et al., 2007; Moraes et al.,
2009; Botelho et al., 2005).

Physical barrier formation

The hypothesis of a possible physical barrier
formation is based on the form of Si accumulation in
plants. In its upward movement, via the apoplast, from
the roots to the leaves, si l icon undergoes
polymerization in the extracellular spaces of the walls
of leaf epidermal cells and xylem vessels (Fawe et
al., 2001). Si is absorbed in roots, in the form of
monosilicic acid, and is transported passively through
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Biochemical mechanisms

Biochemical and physiological mechanisms of
resistance associated with Si include the increased
production of phenolic compounds, phytoalexins and
lignin, the activity of enzymes related to defense such
as chitinases and β-1, 3 - glucanases, as weel as increased
expression of genes associated with plant resistance to
pests and diseases (Cherif et al., 1994; Dann & Muir,
2002; Liang et al., 2005; Lima et al., 2010).

The application of 3.6 mmol L-1 Si on rose (Rosa
hybrida) increased the concentration of antimicrobial
flavonoids and phenolic compounds in response to
inoculation with Podosphaera pannosa (causal agent
of downy mildew of rose). Simultaneously, there was
the expression of genes that encode key enzymes in the
pathway of phenylpropanoids (phenylalanine ammonia
lyase, cinnamyl alcohol dehydrogenase and chalcone
synthase). The authors discussed that the mode of Si
action in controlling rose diseases is by production of
antifungal phenolic compounds (Shetty et al., 2011).
Studies on cucumber leaves treated with Si showed that
the resistance to infection may be involved in the
expression of the gene encoding proline-rich protein
(PRP1) (Kauss et al., 2003).

Joint action of physical barrier and biochemical
mechanisms

Some studies have described the joint action of
physical barrier and activation of enzymes related to plant
defense. Cai et al. (2008) discussed that the reduction
in severity of rice diseases such as rice blast, by Si, is a
complex process which is not limited to the formation

of passive mechanical barriers - deposition and
polymerization of Si below the cuticle – or the induction
of biochemical reactions (production of phenolic
compounds), but results from the combined action of
these two mechanisms. Sorghum leaves inoculated with
Colletotrichum sublineolum and supplemented with Si
showed high Si deposition on infection sites and fewer
and smaller acervuli compared with the non-treated
leaves. In addition, there was a higher concentration of
plant defense enzymes, peroxidases and polyphenol, and
anthocyanin in Si-treated leaves (Resende et al., 2013).
The authors also reported the joint action of physical
and biochemical barriers promoted by Si action, reducing
C. sublineolum infection.

Silicon influence on the absorption of essential
nutrients to plants

Silicon is usually provided as calcium silicate
dissociated into silicate and calcium. It influences the
absorption of both the silicate anion and the Ca2+ cation.
Following the application, it acts on the soil as a
competitive anion for adsorption sites. Adsorption
reactions occur mainly in the clay fraction and soil
organic matter, and aluminum, iron and manganese oxi-
des, among others, are the most representative reactive
inorganic surfaces in soils of variable charge in Brazil.
The silicon adsorption on mineral reactive surfaces, prior
to the application of phosphate, increases the availability
of phosphate, sulfate and nitrate in soils with high
capacity of retaining these anions, because H

4
SiO

4
 is a

molecule that competes with these ions for soil
adsorption sites (Pozza et al., 2009). Such competition

Figure 6 - Absence of wax layer (A) on control plant leaves and wax deposits on leaves of coffee seedlings treated with calcium
silicate in the soil (B). (Photo: Eduardo Alves)
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may cause the silicic acid to promote the phosphate
desorption, for example, and vice versa (Camargo et al.,
2005). Phosphorus desorbed from the reactive surfaces
of the soil becomes available in the soil solution and
can be absorbed by plants and, thus, enter into metabolic
pathways to increase the resistance of plants to diseases.

Sulfate retention in soil is lower than the phosphate
in a wide pH range, which helps explain the higher sulfate
movement in the soil after P fertilization and,
consequently, the silicate fertilization. Nitrate adsorption
in variable charge soils tends to increase in depth and
this phenomenon is associated with an increased number
of positive electric charges in this direction (Dynia et
al., 2006). This phenomenon tends to hamper this
oxyanion leaching (Araújo et al., 2004), implying less
eutrophication of water bodies.

Assays with competitive adsorption and desorption
of anions on natural soil gibbsite have demonstrated the
increasing adsorption sequence:
sulfate<nitrate<<<silicate<phosphate, hence, the
proximity of the adsorption strength of phosphate and
silicate anions, assays were set with the displacement of
phosphate adsorbed by the previous silicate application.
The silicon adsorption on mineral reactive surfaces, prior
to phosphate application, can increase the phosphate
availability in soils with high capacity of anion retention,
such as oxidic anions. The silicate anions are considered
as competitors with phosphate for the same soil
adsorption sites, so that silicon can move (desorb)
phosphate or being moved by it, from the solid to the
liquid phase. The same can occur with nitrate and sulfate,
thus providing these essential nutrients to the soil
solution and hence to plants (Pozza et al., 2007). These
anions released into the soil solution will be absorbed
by plants which will be able to build resistance barriers
with these nutrients.

Another mode of silicon action in plant disease
resistance is the effect on plant mineral nutrition. Mi-
neral nutrients, in general, influence plant resistance to
diseases. According to Marschner (1995) and Pozza &
Pozza (2006), both macro and micronutrients in non-
balanced doses influence vigor and defense reactions of
plants and can contribute to changes in host susceptibility
to disease. They can act directly on secondary metabolic
pathways, where fungistatic phenolic compounds are
produced and also increase cell wall resistance, either
by thickening or increasing the resistance of the middle
lamella forming physical and chemical barriers, as in the
case, for example, of calcium. The application of calcium
silicate also supplies Ca2+ ions, which are also
responsible for resistance barriers. However, if not
applied in balance with other cations in the soil, it can
compete with Mg2+, K+ and NH4+ for the same absorption

sites, render the plants deficient in these minerals and
unbalance plant nutrition. Studies in this line were
carried out in coffee (Garcia Junior et al., 2003),
soybean (Pinheiro et al., 2011) and corn (Carvalho et
al., 2013).

Final considerations

Undoubtedly, silicon can contribute to reduce the
intensity of diseases in the field. Silicon is absorbed and
translocated and can be found at the infection sites,
especially in monocotyledons, forming both physical and
biochemical resistance barriers. Several studies have also
reported the effect of Si on reducing disease in
dicotyledons. Knowing its effects, it can be included in
disease management plans, not as the only method able
to solve all pest problems, but as an important
component of the integrated pest management, that is, it
can contribute. The balanced plant nutrition, with Ca, Mg
and K and the supply of Si, is not able in most cases to
reduce drastically the disease, when compared with a
fungicide, which should always be added to the
experiment as a positive control. Another important fact
is the source of Si and other elements present in the trade
product, which is usually calcium silicate, and both
silicon and Ca are responsible for forming resistance
barriers. There are silicates with other cations in the
market, in this case, when the product is tested or used
in experimentation, one should take care to isolate or
separate the effects of each product component.
Moreover, the particle size of the product to be purchased
must be taken into account. In general, coarse grained
products take longer to react in the soil. Products based
on slag must always be chemically analyzed to determi-
ne the presence and amount of metals. In conclusion,
silicon can contribute to the management of plant
diseases, but always knowing its real effects and its
source.
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