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Aluminum stress is considered as a restricting factor for plant products. Therefore, many compounds
have been applied to minimize the harmful effects of stress. Recently, the mitigating role of Silicon (Si)
in Aluminum (Al) stress has received some attention. Si is known to increase tolerance in higher plants.
Si in plants provides structural support and improves tolerance to diseases, drought and metal toxicity.
We investigated the role of Si in alleviating Aluminum tolerance in Borago officinalis. Plants were grown
in hydroponic culture and housegreen condition. When the seventh leaf appeared, plants were treated
with five levels of S| 0, 0.5, 1, 1.5 and 2 mM Si, after which they were treated with four levels of AlI**: 0,
20, 40 and 60 mM Al** Thereafter the interaction effects of Silicon and Al stress on some physmloglcal
and biochemical parameters of Borago plants were investigated. Our results indicated that AI**
significantly increased malondialdehyde (MDA), other aldehydes, proline content and proteins. Al** also
caused a decrease in phenolic compounds. Silicon offset the negative impacts and increased tolerance
of Borago to Al stress by enhancing phenolic compounds and proline contents compared to the
control. Based on our observations that pretreatment with Si caused a decrease in peroxidation of

lipids.

Key words: Borago, Silicon, Aluminum, malondialdehyde (MDA), proline, phenoli compounds, protein.

INTRODUCTION

This research was designed to investigate the role of Si
in alleviating Aluminum and in Borago grown
hydroponically. This evidence amounts to a powerful
case for the importance of Si in plant biology. Although
Silicon (Si) is not usually listed in the list of essential
elements, it is considered as one of the important
beneficial nutrient for plant growth (Epstein, 1999; Liang
et al., 1996, 2001). Si is the second most abundant
element after oxygen in the soil. Si dioxide comprises 50
to 70% of the soil mass. As a result, all plants rooting in
soil contain some Si in their tissues. Nevertheless, the
role of Si in plant growth and development was over
looked until the beginning of the 20th century (Epstein,
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1999; Ma, and Takahashi, 2002; Richmond, and
Sussman, 2003). Because of the abundance of the
element in nature and because visible symptoms of either
Si deficiency or toxicity are not apparent, plant
physiologists largely ignored it (Ma, 2004). This element
can make up to 10% of the shoot dry weight, which is
several-fold higher than those of essential macronutrients
such as N, P and K (Ma, and Takahashi, 2002). The
beneficial effects of this element on the growth, deve-
lopment, yield and disease resistance have been
observed in a wide variety of plant species (Ma, 2004).
The beneficial effect of Si is more evident under stress
conditions (Ma and Takahashi, 2002), because Si is able
to protect plants from multiple abiotic and biotic stresses
(Jian and Naoki, 2006). Silicon alleviates many abiotic
stresses including chemical stress (metal toxicity, salt,
nutrient imbalance) and physical stress (drought, lodging,
radiation, high temperature, freezing, UV) and many



Table 1. Twenty treatments on nutrient solution (in Borago).
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Number Name Treatments Number Name Treatments

1 SioAlg Control 11 Si 1Al4 With 1 mM Si and With 40 mM Al
2 Si oAl With 20 mM Al 12 Si 1Algo With 1 mM Si and With 60 mM Al
3 Si oAl With 40 mM Al 13 Si 15Alg With 1.5 mM Si
4 Si oAlgo With 60 mM Al 14 Si 15Al20 With 1.5 mM Si and With 20 mM Al
5 Si05Alg With 0.5 mM Si 15 Si 15Al40 With 1.5 mM Si and With 40 mM Al
6 SiosAlzg  With 0.5 mM Si and With 20 mM Al 16 Si 1.5Als0 With 1.5 mM Si and With 60 mM Al
7 SiosAlyy  With 0.5 mM Si and With 40 mM Al 17 Si2Aly With 2 mM Si
8 SiosAlsy  With 0.5 mM Si and With 60 mM Al 18 Si %Al With 2 mM Si and With 20 mM Al
9 Si 1Alp With 1 mM Si 19 Si2Al4o With 2 mM Si and With 40 mM Al
10 Si 1Al With 1 mM Si and With 20 mM Al 20 Si 2Algo With 2 mM Si and With 60 mM Al

others (Epstein, 1999; Ma and Takahashi, 2002; to plants.

Richmond and Sussman, 2003; Ma, 2004). For instance;
intra and extracellular deposition of aluminosilicates in
roots and shoots is thought to protect some species from
potential Al toxicity (for example, Hodson and Evans
1995; Hodson and Sangster, 1999; Britez et al., 2002;
Jansen et al., 2003; Wang et al., 2004).

Aluminum (Al), a light metal, makes up 7% of the
earth's crust and is the third most abundant element after
oxygen and silicon (Ma et al., 2001). The primary Al
toxicity symptom observed in plants is inhibition of root
growth (Delhaize and Ryan, 1995). Al interferes with
uptake, transport and utilization of essential nutrients
including Ca, Mg, K, P, Cu, Fe, Mn and Zn (Foy, 1984;
Guo et al., 2003).

The uptake of Al into the apoplasm and symplasm is
quick (Lazof et al., 1996; Vazquez et al., 1999) and
therefore various inter and intracellular sites may be
affected. Al accumulation in plants may be dangerous for
animal life and human health because Al enters the food
chains in this way (Rafia and Sehrish, 2008). Aluminum
toxicity is a major factor in limiting growth in plants in
most strongly acid soils. Toxic effects on plant growth
have been attributed to several physiological and bio-
chemical pathways (Roy et al., 1998). Si has been
reported to alleviate Al toxicity in conifers (Ryder et al.,
2003), barley (Hordeum vulgare; Hammond et al., 1995),
soybean (Glycine max; Baylis et al., 1994), maize (Zea
mays; Barcelo et al.,, 1993), and sorghum (Sorghum
bicolor; Galvez et al., 1987). Little or no effect of Si on Al
resistance has been found in wheat (Triticum aestivum),
pea (Pisum sativum; Hodson, Evans, 1995), and cotton
(Gossypium hirsutum; Li et al., 1989). Ma et al. (1997)
suggested that the ameliorative effect of Si on Al toxicity
resulted from decreasing the toxic AI** concentration in
solution by forming Al-Si complexes. The present study
was performed in order to:

1. Provide incite into the over-arching hypothesis: that an
increase of Al, or availability, causes toxicity to Borago
officinalis and which concentration of AI** applied is toxic

2. As an approach to understand the physiological
mechanism of Al toxicity in plants so as to induce pro-
duction of tolerance traits that can overcome its
deleterious effect.

3. Assess influence of silicon and Aluminum on
physiological and Biochemical characterizes in Borago.

4. Si and Al have combined effects on some biochemical
compounds such as: proline, protein, malondialdehyde
(MDA) and phenolic content in this cured plant.

5. Compare these compounds activity levels together.

MATERIALS AND METHODS
Plant materials and treatments

The seeds of B. officinalis were obtained from the Isfahan
Agriculture Research institute (Isfahan, Iran). After being sterilized
with 5% sodium hypochloride for 5 min to prevent fungal attack and
rinsed in several changes of sterile water. The seeds were allowed
to germinate on filter paper saturated with sterile distilled water.
Selected seedlings of equal size and vigor were transferred to
plastic pots with a 20 cm diameter containing vermiculite (perlite) in
a greenhouse. 14 seeds were sown in pots. The pots were
incubated in a naturally light greenhouse at 6 to 20°C and relative
humidity (RH) was 1.2 to 30.3%. The seedlings were irrigated with
water once a day. At the same time, seedlings were also irrigated
with Hoagland’s solution (Hoagland and Arnon, 1950) (pH = 6.7)
twice a week to prevent mineral deficiency. Hoagland's solution
containing the following macronutrients: KNOs, Ca (NOs)2 x 4H20,
MgSO4 x 7H20, NaH2PO4 x 2H>0 and micronutrients: FeCls, HsBOg,
MnSO; x 4H20, ZnS0Os  x 7H20, CuSOs x 5H20, NaCI,
(NH4)sM07024 x  2H,0. The pH of the solution was adjusted to 7
daily, with dilute HCI and or NaOH. When the seventh leaf of
Borago plants appeared, plants was treated with five levels of Si: 0,
0.5, 1, 1.5 and 2 mM Si (as sodium trisilicate, Naz (SiO2)s.
Archambault et al. (1996), Ishikawa and Wagatsuma (1998) and
Lidon and Barreiro (1998) used Aluminum chloride (AICI3*6H20)
for toxicity tests, and this form was therefore used in the present
study. The pH was kept at or below 4 to maintain the dissolved Al®*
(aq) form. AP* was supplied at a rate of 0, 20, 40 and 60 mM
nutrient solution (Table 1). Position of the pots was changed weekly
to avoid a position effect in the growth environment. Then the plants
were harvested for analysis. Samples were taken snap-frozen in
liquid nitrogen and then kept at 70°C until measurements. Data
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Figure 1. Changes in the malondialdehyde content (MDA) in the leaves of Borago under Al stress. Values are mean + SE based on three

replicates (n = 3).

were collected at four week intervals. Plants were analysed for
estimating the proline, peroxidation of lipids, protein and phenolic
compounds.

Malondialdehyde (MDA) and other aldehydes

A decomposition product of polyunsaturated fatty acids has been
utilized as a biomarker for lipid peroxidation (Mittler, 2002). The
level of lipid peroxidation in plant tissues was measured by
determination of MDA (Heath and Packer, 1969) and other
aldehydes (Proponal, Botanal, Hexanal, Heptanal and Proponal
dimethylstall) (Meirs et al., 1992), breakdown products of lipid
peroxidation.

Free proline content

Proline was extracted and its concentration determined by the
method of Bates et al. (1973). Leaf tissues were homogenized in
3% sulfosalicylic acid and the homogenate was centrifuged at 3,000
x g for 20 min.

The supernatant was treated with acetic acid and ninhydrin,
boiled for 1 h, and then the absorbance was determined at 520 nm.
Proline (Sigma) was used for a standard curve.

Free protein content

The protein concentration in cell extracts was measured by the
modified Lowry et al. (1951) method, using bovine serum albumin
as the standard. The concentration of Cu ions was measured with
an atomic absorption spectrophotometer.

Phenolic compounds

Phenolic compounds were measured according to Sonald, and
Laima (1999).

Statistical analysis

The experiment was completely randomized design consisting of

twenty all treatments and three replication. Differences between the
means were compared through Duncans multiple range test

(p <0.05) using the “MSTAT-C” computer program.

RESULTS

These are the first results that show the role of Si on
some biochemical parameters under Al stress conditions
in B. officinalis.

Interactive effects of silicon and aluminum on lipid
peroxidation of Borago

It may act to alleviates Al stress in Borago by increasing
permeability of plasma membranes and membrane lipid
peroxidation and not maintaining the membrane integrity
and function. The results of the present study showed
that Aluminum significantly altered the levels of MDA and
other aldehyds in the leaves of this plant. It was obvious
that Al stress increased lipid peroxidation in plants.
Maximum MDA and other oldehydes contents were
noticed in Al-stressed plants. The contents of MDA and
other aldehydes were reduced in plants treated with Si
under Al stress. The data recorded in Figures 1 and 2
reveal that the tolerance indexes of Borago were
significantly increased by increasing the silicon and Al**
levels. Lipid peroxidation was low in all treatments in
present of Si.

Interactive effects of silicon and aluminum on proline
contents (in the leaves and roots) of Borago.

Proline accumulation is a plant resistance mechanism to
various stress factors, such as Al stress. Proline may act
as an osmoregulator compound to equilibrate the osmotic
potential in plant cells. However, Proline has been
considered as a carbon and nitrogen source for rapid
recovery from stress and growth and some and also a
free radical scavenger (Jain et al., 2001). The level of
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Figure 2. Changes in the other aldehyde content in the leaves of Borago under Al stress. Values are mean + SE

based on three replicates (n = 3).
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Figure 3. Free proline content in the leaves of Borago under Al stress. Values are mean + SE based on three

replicates (n = 3).

proline content in leaves increased significantly (p < 0.05)
with increasing Al stress in Borago.

Plants treated with Si alone showed an increase in
proline content both in the roots and leaves (Figures 3
and 4).

The results given in Figures 3 and 4 indicated that in
the plants increasing AI** level resulted in an increase of
the proline concentrations either in the absence or the
presence of Si as compared to control. Compared to the
plants treated with Si alone, addition of Al decreased the
level of proline content in Al-stressed plants in the leaves.
Maximum proline content in the leaves was noticed in
plants that applied whit 2 mM Si without any AI** stress
but in the roots was noticed in plants that applied without
any Si in present of 60 mM AI**.

Interactive effects of silicon and aluminum on protein
content of Borago

Added AI** increased the protein content under absent of

silicon as compared to the control. In Al-stressed plants
addition of 0.5 and 1 mM Si increased the level of protein
content under Al stress but addition of 1.5 and 2 mM Si
decreased it (Figure 5).

Maximum protein content in the leaves was noticed in
plants that applied whit 1.5 mM Si.

Interactive effects of silicon and aluminum on
phenolic compounds of Borago

The results of the present study showed that Aluminum
significantly altered the levels of phenolic compounds in
the leaves of this plant. Plants treated with Si alone
showed no remarkable increase in phenolic compounds
except that of 1.5 mM as compared to the control.
Phenolic compounds of Al-stressed plants showed the
same decrease under absent of silicon as compared to
the control. Addition of 0.5,1 and 2 mM Si decreased the
level of phenolic compounds in plants grown in Al stress.
However, no significant difference was observed between
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Figure 4. Free proline content in the roots of Borago under Al stress. Values are mean + SE based on three

replicates (n = 3).
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Figure 5. Al stress-induced changes in soluble protein content in the leaves of Borago under Al stress. Values are

mean * SE based on three replicates (n = 3).

1.5 mM Si accompanying with Al (Figure 6). Maximum
phenolic compound in the leaves was noticed in plants
that applied whit 1.5 mM Si alone.

DISCUSSION

The ameliorative effect of Si on Al toxicity in plants was
attributed to a decreased availability of phytotoxic Al in
the culture media by some authors (Baylis et al., 1994;
Ma et al., 1997). A major problem in the investigation of
Al and Si interactions in hydroponic culture over the last
15 years has been the uncertainties concerning the
chemistry of Al and Si in the plants that were grown
(Ryder et al., 2003). This decrease in Al concentration is
suggested to be due to the formation of biologically
inactive complexes of hydroxyl Aluminum silicates (HAS).

Although Si is considered as a non-essential element
(Taiz and Zeiger, 2006), nevertheless, from some earlier
studies it is evident that, exogenous application of Si can
promote tolerance of most plant species. If whole plant
growth parameters are useful for screening different
species for (Al) tolerance, then biochemical parameters
may be used to predict resistance variability in Borago.
Therefore the different changes of MDA, proline,
protein, phenolic compounds observed in response to Al
stress and enabled to distinguish the metabolic events
caused by Al and variability of Borago in Al tolerance.
Chemical compounds such as amino acids (proline) and
proteins, are products of primary metabolism and are vital
for the maintenance of life processes, while others like
phenolics are products of secondary metabolism and
have  toxicological importance (for  example,
Bandaranayake, 2002). Moreover their synchronous
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Figure 6. Phenolic compounds in the leaves of Borago under Al stress. Values are mean = SE based on three

replicates (n = 3).

changes seem to be physiological traits associated with
plant tolerant to Al stress.

We found in this literature the toxic [Al] for Borago was
determined to be higher than any other species. Our
results indicated that the cultivation of medicinal plants
like Borago officinalis in Al stress increase its proline
metabulisms.

Interactive effects of silicon and aluminum on lipid
peroxidation of Borago

Malondialdehyde is an oxidized product of membrane
lipids, and its level can show the extent of oxidative
stress (Guo et al., 2004). MDA content indicating that all
indirectly produced superoxide radicals result in
increased lipid peroxidative products and oxidative
stress. Therefore, the concentration of MDA is commonly
considered as a usual indicator of lipid peroxidation
(Chaoui et al., 1997). Lipid peroxidation was useful in
determining the effect of Al on B. officinalis. In the
present study, lipid peroxidation (MDA and other
aldehydes content) increased by increasing the Al stress
(Figures 1 and 2). It was reported that Al induced
enhancement of lipid peroxidation and antioxidative
enzyme activities in soybean root apices (Cakmak and
Horst, 1991). Our results are in agreement with those of
Shamsi et al. (2008), who reported that Al stress
treatments increased MDA content. Up till now, these
phenomena have been reported in liposome (Oteiza,
1994), tobacco cell culture (Yamamoto et al.,, 2002),
detached rice leaves (Kuo and Kao, 2003) and barley
root apices (Tamas et al., 2003). Liu et al. (2008)
reported that the MDA content increased significantly at
all Al levels. Basu and Taylor (2001) reported that MDA
content, an indicator of lipid peroxidation, increased
significantly by two- and three-fold in roots in response to
100 and 200 uM Al, respectively.

Liang et al. (1996, 1999) found that pretreatment with

Si decreased the accumulation of MDA contents under Al
stress. Si has anti-stress effects on plants. Added Si
decreased the permeability of plasma membrane of leaf
cells. They suggested that Si may affect the structure,
integrity and functions of plasma membranes by
influencing the stress-dependent peroxidation of
membrane lipids.

Interactive effects of silicon and aluminum on proline
contents (in the leaves and roots) of Borago

Proline has been considered as a carbon and nitrogen
source for rapid recovery from stress and growth and a
stabilizer for membranes and some macromolecules
(Jain et al., 2001). The content of proline in Borago plants
which were under Al stress and Si treatments increased
progressively with increasing Al level and concentration
of Si (Figures 3 and 4). Different roles have been
suggested for proline accumulation as an adaptive
response. It accumulates in plant when exposed to wide
variety of environmental stresses and provide stress
tolerance (Alia and Mohanty, 1997). Proline also
stabilizes cellular structures (Hare and Cress, 1997).

Proline plays important roles in osmoregulation (Ahmad
and Hellebust, 1988; Laliberte and Hellebust, 1989; Alia
and Mohanty, 1997), protection of enzymes (Nikolopoulos
1991; Laliberte and Hellebust, 1989; Paleg et al., 1984),
stabilization of the folded protein structure (Low, 1985)
and the machinery of protein synthesis (Kadpal and Rao,
1985), regulation of cytosolic acidity (Venekemp, 1989)
and scavenging of free radicals (Smirnoff and Cumbes,
1989; Hare and Cress, 1997; Jain et al., 2001). It also
acts as an effective singlet oxygen quencher (Alia et al.,
2001) and plays a role in the regulation of cellular redox
potentials (Saradhi and Saradhi, 1991).

Proline as a cytosolic osmoticum (Kavir et al., 2005)
and a scavenger of OH’ radical (Saradhi and Saradhi,
1991; Kavir etal., 2005) can interact with cellular
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macromolecules such as DNA, protein and membranes
and stabilize the structure and function of such
macromolecules (Kavir et al., 2005). Proline has been
shown in vitro to reduce enzyme denaturations caused
due to heat, NaCl stress, etc (Hamilton, and Heckathorn,
2001).

The mechanism of accumulation of proline in plants or
plant parts exposed to stress is still unknown. It is
suspected to be due to a decrease in the activity of the
electron transport system (Venekemp, 1989; Sawhney et
al., 1990; Alia and Mohanty, 1993) that leading to
accumulation of NaDH and H*.

Proline accumulation (presumably through synthesis
from glutamic acid) might be an adaptive mechanism for
decreasing (a) the level of accumulated NADH and (b)
the acidity; (2NADH + 2H") is used for synthesizing each
molecule of proline from glutamic acid (Venekemp et al.,
1987). Binding with metal ions due to the chelating ability
of proline (an amino acid) can also be a defense
mechanism for survival.

Interactive effects of silicon and aluminum on protein
content of Borago

In the present work, protein content increased with
increasing metal ion concentration. Increase in protein
content under heavy metal stress in S. platensis indicates
that it may contain a larger proportion of proline.

It was reported that promotion of growth in stressed
seedlings of Robinia Pseudoacacia (Li et al., 2008),
sorghum (Vardhini and Rao, 2003), wheat (Shahbaz et
al., 2008) and rice (Anuradha and Rao, 2003) under
stress conditions might be related to enhanced levels of
nucleic acids, soluble proteins and photosynthesis. Basu
et al. (1994) reported that AI** could induce high
molecular mass proteins.

Interactive effects of silicon and aluminum on
phenolic compounds (in the leaves and roots) of
Borago

Plants have developed protection strategies against
different pathogens and environmental stress. Phenols,
phenolic acids, lignins, tannins and flavonoids as
phenylpropanoids, are secondary metabolites and have
several functions in plants. They functions as visual traps
and antioxidants and play important roles on plant
growth, enzymatic activities, fruit quality, graft
compatibility and provide resistance against pathogenic
microorganisms, UV radiation, herbivores, oxidative and
thermal stress (Kuhnau, 1976; Sommer and Saedler,
1986; Winnard et al., 1986; Hahlbrock and Scheel, 1989;
Treutter et al., 1990; Beier and Nigg, 1992; Seigler, 1998;
Paolacci et al., 2001; Jaakola et al., 2002; Lorenc-Kukula
et al.,, 2007). Kidd etal. (2001) suggested that an

enhanced exudation of phenolic compounds is
responsible for the Si-induced Al resistance in maize.

Under their experimental conditions, phenol exudation
was a major factor contributing to Si-enhanced Al resist-
ance. Al and Si triggered the release of catechol and of
the flavonoidtype phenols catechin and quercetin. In an
Al-resistant variety, Si-pretreated plants exuded more
phenols than plants not pretreated with Si.

In our short-term experiments, Si induced phenol
exudation.

Conclusion

This report is the first documentation of Si uptake or
accumulation in any species of the Boraginaceae family.
Thus, Borago plants in which addition of Si to the culture
solution prevented Al toxicity, in this experiment, also
grew better.

However, Si is present in soil in different forms, but
plants can easily absorb silicic acid (HsSiO,4) from soil
(Chen et al., 2000) and is taken up directly as silicic acid
(Ma et al., 2001). Silicic acid is generally found in the
range of 0.1 to 0.6 mM in soils (Epstein, 1994). It reduces
micronutrient and metal toxicity (Horst and Marschner,
1978; Horiguchi and Morita, 1987; Cocker et al., 1998a;
Britez et al., 2002). The effect of Si on many ornamental
and greenhouse crop species has not been extensively
studied. In greenhouse culture, plants are not exposed to
Si from mineral soil, so Si should be added to the fertilizer
solutions with mineral soil or soil amendments if there are
benefits of Si. The most effective dose of Si under stress
conditions was found to be 0.5 and 1.5 mM. In the plant,
silicon reduces the phytotoxity of Aluminum. Aluminum is
a trace mineral that can be dangerous, even fatal, if
excessive amounts are ingested. It has been found within
the diseased brain cells of people with Alzheimer’s
disease.

Aluminum toxicity is a serious problem for plants
growing on acid soils, whether the acidity is caused
naturally, as in many tropical soils, or is due to acid rain.
Silicon may be involved in Aluminum tolerance. In
contrast little work in Aluminume-silicon interaction in
higher plants has been carries out, and the results so far
are somewhat contradictory. It is now clear that silicon
ameliorate the effects of Aluminum toxicity in sorghum,
but not in cotton (Li et al., 1989).

The reason for this difference is unclear, but the much
more works remain to be done in Aluminum or silicon
interaction in higher plants and more species and
cultivars should be investigated. Recently there has been
considerable interest in the interaction between
Aluminum and Silicon in biology (Birchall, 1992). Some
workers have shown that Si can decrease the toxic
effects of Al in hydroponics culture in several species (Ma
et al., 1997; Cocker et al., 1998b; Zsoldos et al., 2000).
Galvez etal. (1987) investigated Aluminum-silicon



interaction in sorghum plants growing in water culture.
They claimed that silicon ameliorate the toxic effects of
Aluminum.

The mechanism of the amelioration is unclear, but
three suggestions have been put forward: Si-induced
increase in solution pH during the preparation of
hydroponic solutions; decreased availability of Al due to
the formation of hydroxyaluminosilicate (HAS) species in
those solutions during plant growth; or in detoxification.

Although the beneficial effects of Si on plant tolerance
to metal have been accumulating in recent years, its
mechanism remains unclear.

However, the present study indicated that Si caused a
number of physiological and biochemical changes in the
seedlings, including increased free proline content,
phenolic compounds. In contrast, treatment with Si
decreased peroxidation of lipids (MDA and other
aldehydes). The results of the present study indicate that
proline may exert some action on the cell surface and
suggest that one function of accumulated proline is to
reduce the uptake of metal ions. However, the function of
proline accumulation in response to metal stress is still
unknown. However, it is still unknown whether proline
accumulation is related to metal tolerance. Understanding
the biosynthesis, degradation, transport, roles of proline
during stress and the events that regulate stress-induced
accumulation is vital in developing plants for stress-
tolerance.

Dramatic accumulation of proline due to increased
synthesis and decreased degradation under a variety of
stress conditions such as salt, drought and metal has
been documented in many plants.

Numerous previous studies showed that Si was inert in
plants and not involved in the physiological metabolism
(Epstein 1994, 1999). However, further studies by using
new techniques should be carried out to reach at more
certain realistic results.

However, the roles of Si in plant metabolism have
received increasing attention and it has been proposed
that Si should be included routinely in the formulation of
nutrient solutions (Epstein, 1994, 1999; Rafi et al. (1997).
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