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SILICON NUTRITION AND CROP PRODUCTION: A REVIEW
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In a few plant species essentiality of silicon has been demonstrated
The beneficial effects of silicon on crop growth are well documented especially under biotic and

under certain circumstances.
a-biotic stress conditions,

Several mechanisms have been proposed for these responses,

so far, but it is beneficial for most of the higher plants,

Crop vyield responses to silicon may

be associated with improved resistance against biotic and a-biotic stresses, such as disease and pest resistance, Al, Mn and Fe

toxicity alleviation, increased P availability, reduced

lodging,

improved leaf and stem erectness, freeze resistance and

improvement | in plant water economy, This review covers the beneficial effects of silicon on crop growth and yield,

INTRODUCTION

Per acre yield of most of agricultural crops in Pakistan is
very low compared to many of the other countries. Among
the factors responsible for low vyield, biotic stresses (insect
pest and disease attack) and a-biotic stresses are very
important.. Crop species differ greatly for their tolerance
and/or resistance against these stresses (Marschner, 1995)
because of different genetic characteristics. Environmental
factors (may be mineral nutrition) contribute considerably in
increasing and or decreasing the plant’s resistance and/or
tolerance against these stresses.

Integrated  nutrient management  practices are gaining
popularity ~ nowadays and management  of 13
physiologically ~ essential  nutrients namely six macro

nutrients (N, P, K, Ca, Mg, and S) and seven micronutrients
(Fe, Zn, Mn, Cu, B, Cl, Mo) is generally considered by the
agronomists ~ for sustaining and increasing crop Yyields
(Marchner, 1995; Savant et al., 1997), However, there are
some elements that under certain agro-clirnatic conditions
enhance plant growth by promoting several physiological
processes but are not essential.. Although not considered

essential, these elements are said to be beneficial nutrient
(Mengel and Kirkby, 1982). Silicon is an example of such
elements.

Silicon has not been considered an essential element for the
growth of higher plants; however, soluble Si has enhanced
the growth, development and yield of several plant species

including rice tOryzae saliva L.), sugarcane (Saccharum
officinarum L) and most other cereals and several
dicotyledons  (Belanger et al., 1995; Elawad and Green,

1967; Yoshida, 1975; Takahashi
et al.,, 1990: Savant et ai, 1997; Savant et al, 1999),
especially under Dbiotic and a-biotic stress conditions
(Epstien, 1994). Impraved growth of cotton plants due to Si
application (Aziz et al., 2002) could be one of the reasons of

1979: Jones and Handrech,

an increase in number of sympodia/plant, number of
boils/plant, boil size and lint yield (Shengyi et al,, 1998).
The maintenance of photosynthetic  activity due to Si

fertilization could be one of the reasons for increased dry
matter production in rice crop (Agurie et al,, 1992). Disease
severity or incidence tends to be reduced with increasing
tissue contents of Si in rice (Datnoff et al., 1990,91; Osuna-
Canizales et al.,, 1991) in cotton (Aziz et al., 2001) and in
sugarcane (Savant et al., 1999: Deren et al., 1993).

This review intends to summarize the potential agro-
economic benefits of Si inclusion in integrated nutrient
management. ..

SILICON NUTRITION OF CROPS

Silicon is the second most abundant element in the earth's
crust, with soils containing approximately 32 percent Si by
weight (Lindsay, 1979). The essentiality of Si as a nutrient
for higher plants is very difficult to prove because of its
ubiquitous presence in the biosphere. Even highly purified
water contains about 20 nM Si (Werner and Roth, 1983).
Different species and varieties within species utilize greatly
different amounts of Si from the growth medium (Deren et
al., 1994; Aziz et al., 2001). The plant absorbs Si from the
solution in the form of mono silicic acid (HsSi0s which has
no electric charge and is not very much mobile in plant
(Yoshida, 1975; Savant et al., 1997). Movement of Si
follows that of water as the uptake of H,Si0, is nonselective
and energetically passive and its transport . from root to shoot
is in the transpiration stream in the xylem (Jones and
Handreck, 1965). In rice, however, large amount of Si in
leaves cannot be fully explained by the passive uptake
(Savant et al., 1997) and may be active by gaining energy
from the anaerobic - respiration (van del' Vorrn, 1980), Silicon
deposited in the walls of epidermal cells after absorption by
plants,  contributes considerably to stem  strength.
Monosilicic  acid polymerizes to Si gel when Si
concentration increases in the plant water (Yoshida, 1975) or
biogenetic opal as amorphous Si0,.nH20  (Lanning, 1963).
Transpiration rate of the specific patrt determines the
distribution of Si within the shoot and shoot parts of plant.
The epidermal cell walls become effective barriers against
both fungal infections and water loss by cuticular
transpiration when impregnated with a firm Si layer (Jones
and Handrech, 1967).

Silicon is not much mobile element in plants (Savant et al.,
1999); therefore, a continued supply of this element would
be required particularly  for healthy and productive
development of plant during all growth stages (Yoshida,
1975). In a field study, plant height was quadratically related
to the rate of Si application, while it related linearly with
crop plant stem diameter (Elawad et al., 1982). In another
solution culture experiment shoot dry matter of cotton plants
increased three fold with Si application as compared to
contral (Aziz et al., 200 1), In a nutrient culture experiment,
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In short, Si is a beneficial element for most of the crop plants
especially  for rice and sugarcane. The npotential beneficial
effects of Si for most of the crops are summarized here.

POTENTIAL BENEFITS OF SILICON NUTRITION

The effective management of Si can offer several potential
benefits  for crop production including  improved  plant
growth, increased yield, induced resistance to stresses and
increased praductivity —of problem soils.

Improved Plant Growth and Yield

is common in
and imbalanced nutrition
for this low yield.
of Si on yield of

Low per acre vyield of most of crops
developing countries like Pakistan
is one of the most important causes

Research work demonstrating  the effects

various  crops especially.  rice and sugarcane is  well
documented in few areas of world especially USA, Brazil
and Japan. The vyield responses are great enough that Si
fertilization in rice and sugarcane is a common practice in
these countries (Datnoff et al., 1999; Osuna-Canizales et al.,
1991: Savant et al., 1999; Yoshida, 1975).

Silicon nutrition  has several beneficial  effects on plant
growth  largely due to its unique physiological role
(Takahashi et al., 1990). Adatia and Besford (1986) reported

a number of positive effects of Si on the growth of cucumber
plants such as more leaf thickness, more dry matter per unit
area of leaf, a small. but significant added increment in root
fresh and dry weight, and less propensity of leaves to wilt.

In another experiment,  Si application to growth medium
significantly ~ improved grawth of cotton plants infected with
root rot (Aziz et al., 200 I). The shoot dry matter increased
about three fold and root dry matter about two fold due to Si
application  (Fig. 1 & 2). Formation of new roots was also
observed in cotton plants as Si was added to the nutrient
solution, when earlier roots were rotted due to uncertain
causes (Aziz et al, 2002). In dense stand of cereals, low
light intensity is likely to limit photosynthesis; the
modifying effect of Si on leaf erectness can be beneficial
(Yoshida, 1969; Kang, 1985). The maintenance of
photosynthetic  activity due to Si fertilization could be one of
the reasons for the increased dry matter production (Agurie,
et al,, 1992). They also observed an increase in water use
efficiency in Si amended rice plants probably due to
prevention of excessive transpiration.

various slags applied to nursery

of leaves and dry matter of rice
Si fertilization

In various field experiments,
plants increased the number
plants (Lee et al., 1985). After transplanting,
increased the number of tillers and panicles.

The function of Si deposition in cell walls is analogous of

that of lignin  (Epstien, 1994). Silicon  prevents  the
compression  of xylem vessel when transpiration is high. In
experiments ~ with both in solutions culture and soil grown

plants, a recurring observation has been that plants supplied

(Epstien,  1994)  The
in cell wall,_ which
habit (Epstein, 1994).

with  sufficient ~ Si resist lodging
mechanical ~ strength of plants resides
enables them to maintain an erect
Reviews. on the role of Si in plants, therefore. stress the
association  of Si with cell walls and discuss the increased
rigidity of cell walls of plants grown with ample available Si

in terms of that association (Jones and Handreck, 1967).

Savant et al. (1997, 1999) reported several levels of yield
increases due to Si application in rice and sugarcane. When
Si is applied, vyield increases of 10 9% are common in rice and
exceed 30 % when leaf blast is severe (Yoshida. 1981).

The benefits of Si fetti lization are generally observed in rice
and sugarcane  grown on weathered  tropical soils and
Histosols, which are Si deficient (Korndorfer et al.. 1999;
Takahashi et al, 1990). Gascho and Andreis (1974)
concluded ‘that Si is a beneficial and probably essential for
sugarcane grown on organic and quartz sand soils. Increases
in tonnage of sugarcane amounting to 18 % in cane and 22
% in sugar for plant cane crop after the application  of
electric furnace slag to Latosols has been reported by Ayers
(1966). This beneficial effect of slag on low Si soils lasted
for four years.

Increase in yield with Si fertilization of flooded rice has
been reported in Sri Lanka (Rodrigo, 1964). Thailand
(Takahashi et al., 1980), Indonesia (Burbey et al., 1(88),

1962), China (Ho et al., 1980; Liang et
et al., 1986; Datnoff, et al.,

India (Datta et al.,
al., 1994) and Florida (Snyder
1991,1992).

INDUCED RESISTANCE TO STRESSES.

and abiotic
and mineral
conditions
a unique
and abiotic
1994;
1998,
et al..

Biotic stresses such as pests and plant diseases,
stresses such as soil water shortage, salinity

toxicities, etc, are very common under field
reducing crop yields drastically.  Silicon has
physiological ~ role in alleviating both biotic

stresses in most of the crops (Yoshida, 1975; Epstein,
Savant et al., 1999; Takahashi, 1995; Rodrigues et al.,
Datnoff et al., 2001; Seebold et al., 200 |; Korndorfer
1999).

Biotic Stresses

Silicon can reduce the severity of several important diseases

of rice, including blast, brown spot, sheath blight, leaf scald
and grain discoloration and of sugarcane, including lgaf
freckling and ring spot (Datnoff et al., 200 I; Savant et al.,

et al., 1999). Fungal hyphae and parasite
infecting plant cells must break the cell
means. Formation of a

1997; Korndorfer
hustoria successfully'
wall, which they do through chemical

physical ~ barrier in epidermal  cells by Si deposition
contributes  to plant resistance  against diseases and pests
(Miyake and Takahashi, 1983; Epstein, 1994). Rodrigues et
al. (1998) reported a significant reduction in sheath blight
development  in rice with the addition of Si. 1n another
experiment, Rodrigues et al., (200 1) reported that Si
fertilization increased the host resistant against sheath blight
i1 nee.
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In most disease control programmes fungicides and/or
resistant’ cultivars are being used. However, host resistance
may not always be practical and when available can

breakdown due to shifts in pathogen races. Fungicides are

currently perceived to be potentially harmful to the
environment, particularly to the soil and water (Korndorfer
et al., 1999). Therefore, an encouraging alternative to

fungicide use is Si fertilization offering an enhancement in
resistance of host plant against these stresses (Datnoff et al.,
1997). Deren et al. (1994) concluded that the increase in rice
yield with added Si was attributable to increased resistance
against diseases such as brown spot, being negatively
correlated with Si concentration in the plant tissue. In Brazil,
Korndorfer et al. (1999) found that an increase in Si
application rate reduced grain discoloration from 46% in the
control to 29% at the highest Si rate (960 kg Si ha"), [t was
also found that this difference corresponds to a 64%
reduction in grain discoloration.

In other field experiment at Florida, Seebold et al, (2001)

reported that the number of sporolating lesions, lesion size,
rate of lesion expansion, diseased leaf area, and number of
spores per lesions reduced with increasing rate of Si
applicaiton.  Silicon deposited in the epidermal tissue
mechanically  deters hyphae invasion (Takahashi, 1996).
Furthermore,  Si  physiologically ~ promotes ammonium
assimilation and restrains the increase in soluble N
compounds, including amino acids and amide, which are
instrumental for the propagation of hyphae (Takahashi,
1996).

The presence of Si crystals in epidermal tissues hinder the

feeding of the insect, which in their phase has rather fragile
mandibles (Savant et al., 1997). Plants like sugarcane and
rice, with high Si content, seem to interfere in the feeding of
larvae, damaging their mandibles. It is possible that plants
with higher Si contents in their tissue would have a higher
level of resistance to the infections by such pests (Savant et
al., 1999).

Several econom ically important insect pests, such as stem
borer (Ota et al., 1957; Yoshida, 1975; IRR[, 1965; Sawant
et al,, 1994), brown plant hopper (Sujatha et al., 1987), green
leaf hopper (Maxwell. et al., 1972), leaf spider (Yoshida,
1975), sugarcane stalk borer (Coulibaly, 1990), and mites
(Tanaka and Park, 1966) have been suppressed by improving
Si concentration in plants.

Abiotic Stresses

The ¢limate of Pakistan is arid and semi arid and water stress
in fields is common effecting crop vyields significantly.
Silicon significantly improves water economy of plants
largely by reducing cuticular transpiration (Yoshida, 1975;
Wang You Cheong et al., 1972). Excessive rate of
transpiration is one of the symptoms associated with Si
deficiency. In nutrient culture experiment, the wilted cotton
plants became erect when Si was added, (Aziz et al,, 2002).
This erectness may be attributed to improved water economy
and hinders the root xylem to rupture due to excessive
transpiration (Savant et al., 1997). The rate of transpiration
is presumably influenced by the amount of Si gel associated

with the cellulose in the cell walls of epidermal cells. Hence,
a well-thickened layer of Si gel should help to retard water
loss, while epidermal cell wall with less Si gel will allow
water to escape at an accelerated rate (Savant et al., 1999)
Salinity restricts the growth of crops hence holds back the
development of sustainable agriculture. By increasing Si
content of plants, it may be possible to reduce plant's
internal water stress and thereby enable them to withstand
salt stress (Ahmad et al., 1992). A less decrease in shoot dry
matter accumulation of salt stressed bagley plants when Si
was added to growth medium (Liang et al., 1996) can be
attributed to increased CO, assimilation and decreased
electrolyte  leakage and Na concentration in  shoot.,
Promotion in dry biomass of wheat under saline conditions
can also be described as a function of increased water influx.
which apart from preventing physiological drought may help
to maintain a balanced and efficient absorption and
translocation ~ of mineral elements required for energy
generations (Ahmad et al., 1992). There may be a possibility
of an interaction between freely available Na and Si ions,
forming a complex, which reduce their transportation to the
aerial parts of plants (Ahmad et al., 1992). They observed
low amounts of Si on the flag leaves at 0.6% NaCl with Si
treatment, which may be attributed to the binding of soluble
Si with Na in root and retarding its upward translocation. In
solution culture experiment, Liang et al., (1996) found that
Si could enhance the uptake of K and inhibit the uptake of
Na by salt stressed batley, thus mitigating the toxicity of salt
to barley and increasing salt tolerance of the plants.

Lodging can be defined as bending and/or breaking over of a
plant before its harvest resulting in economic loss to farmers
by lowering the quantity and quality of yield. Increased plant
Si content has been reported to increase mechanical strength
of plant tissue, which resultd in reduced lodging (Takahashi
et al., 1990; Liang et al., 1994). Lee et al., (1990) also
noticed an increase in resistance to lodging due to
application of Si fertilizer to rice. Liang et al. (1994)
reported less than 10 % or practically no lodging in rice
fields fertilized with a new silicate material and more than
60 % lodging in control fields. Evidently, thickening of cell
walls of the sclerenchyma tissue in the clum and/or
shortening and thickening of internodes or increase in Si
content of lower internodes provides mechanical strength to
enable plant to resist lodging (Lee et al., 1990; Liang et al.,

1994; Takahashi, 1995).

Under field conditions, particularly in dense stands of
cereals, Si can stimulate growth and yield by decreasing
mutual shading through improved leaf erectness. Leaf

erectness is an important factor affecting light interception in

dense plant population and, hence, photosynthesis (Savant et
al.,, 1999). This effect of Si on leaf erectness is mainly a
function of the Si deposition in the epidermal layer of the

leaf panicle (Takahashi et, al, 1982).

Thakahashi  (1995) has reviewed that Si increased the
oxidizing power of rice roots. The roots of rice supplied with
Si shows a higher oxidation power of ferrous' iron than of
non-supplied one. Due to a decrease in the solubility of iron

184



Silicon nutrition and crop production:

caused by iron oxidation, the Si supplied rice absorbs less

Tron.

Silicon is also reported to alleviate Mn toxicity (Epstien,
1994). Adding Si to the solution did not diminish to Mn
content of the leaves. Rather. in the absence of Si, Mn was
concentrated  in necrotic spots, whereas in the presence of Si,
the Mn was distributed more evenly in leaves and thus
preventing it from collecting into localized areas which
became necrotic (Jones and Handreck, 1967). Aluminum
toxicity is also reported to be alleviated by Si application
(Takahashi et al., 1994).

Future Outlook

Most of the previous research on Si has concentrated  on
highly weathered  temperate region soils, mostly acidic in
nature (Datnoff et al., 1999; Osuna-Canizales, 19: Savant et
al., 1999: Yoshida. 1975). Soils of Pakistan are relatively
young (less weathered) and are alkaline caleareous in nature.
Agricultural  crops produced on these soils experience aridity
(water shortage) and excess soluble salts (salinity/sodicity)

in addition to several biotic stresses like pests and diseases.
Preliminary ~ work in our lab. (Aziz et al, 2001) has
demonstrated ~ favorable effects of Si addition on growth of
cotton genotypes  infected with root rot. Hence. future
research on Si nutrition of plants in our crop production
system should focus on quantitative improvement in
resistance  against several pest and diseases of historical
importance in the region in addition to improvement against
salinity and water shortage.
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