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Abstract
The  effects of silicon (Si) and salicylic acid (SA) on the proline, lipid peroxidation (MDA), protein content, transpiration rate and lipoxygenase activity in mung bean (Phaseolus aureus Roxb.) cuttings under boron (B) toxicity were studied. In general, Boron toxicity at (250- 600) µg/ml significantly reduced  growth parameters and morphological symptoms represented  by bleaching of primary leaves, in addition to chlorosis and necrosis. The physiological parameters of B toxicity were significantly declined for protein (25 %) and transpiration rate (50 %), but there was significant increase in malondialdehyde (52 %),  lipoxygenase activity (68 %) and proline (90 %) compared with control .For alleviating B toxicity, SA and Si were supplied. That resulted in increasing  in MDA content, whereas decrease proline and maintaining of lipoxygenase activty. Besides, retention of protein content and transpiration rate.
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Introduction

Maintaining adequate level of nutrients including Boron(B) in soil is essential for the normal growth of plants. However, B usually causes toxicity when it is applied in level more than needed for normal growth (Marschner, 1995). Toxicity of B is most commonly found in arid and semi -arid regions (Nable et al., 1997). Boron toxicity in the crop plants occurs because of higher B concentration in irrigation water or higher applications of B fertilizer to correct deficiency or use of compost material containing high B level. It may occur also due to fly ash or soils developed from marine sediments (Nable et al.,1997). Although boron (B) is an essential micronutrient, an excess causes negative physiological effects including: reduced root cell division (Liu and Yang 2000), decreased shoot and root growth, lower stomatal conductance (Lovatt and Bates 1984; Nable et al. 1990), a decrease in leaf chlorophyll, inhibition of photosynthesis, deposition of lignin and suberin (Ghanati et al. 2002), reduced proton extrusion from roots (Roldan et al. 1992), increased membrane leakiness, peroxidation of lipids and altered activities of antioxidant pathways (Karabal et al. 2003; Keles et al. 2004).
Abiotic stress conditions favour the accumulation of reactive oxygen species (ROS), such as superoxide radicals (O2•-), hydroxyl radicals (OH•) and hydrogen peroxide (H2O2) (Mittler 2002). Accumulation of ROS has been reported in apple rootstock (Molassiotis et al. 2006) and wheat plants (Gunes et al. 2007d) under B-toxic conditions; potato (Rahnama and Ebrahimzadeh 2005), wheat (Sairam et al. 2005) and tomato (Al-Aghabary et al. 2004) under saline conditions and in barley, tomato and spinach under saline-B toxic conditions (Gunes et al. 2007a, d). Malondialdehyde (MDA), a decomposition product of polyunsaturated fatty acids, has been utilized as a biomarker for lipid peroxidation that may occur due to the presence of ROS (Mittler 2002).

Silicon (Si) is ubiquitous in our environment; it is the second most prevalent element in the earth’s crust (Epstein 1999). Although abundant, Si, is never found in a free form and is usually found as oxides or silicates (Ma 2004) . Si,mainly in the form of silicic acid, H4SiO4, is prominent in the soil solution. Actual concentrations vary widely in space and time, depending on the particular soil minerals present and many other factors, both abiotic and biotic (Dreese et al ,1989). Concentrations on the order of 0.1-0.6 mM may be considered in the normal range (Faure .,1991). The element has beneficial effects in enhancing the tolerance of plants to biotic and abiotic stresses (Epstein 1999; Ma 2004), and the benefits of Si in enhancing salt tolerance of barley, tomato and cucumber (Liang et al. 2003; Al-Aghabary et al. 2004; Zhu et al. 2004) have been related to enhanced antioxidant enzyme activity. Beneficial effects of Si on B tolerance, the antioxidative system and stress markers in wheat (Gunes et al. 2007d) and barley, tomato and spinach grown in sodic-B toxic soils have been reported in previous work (Gunes et al. 2007a,c). 
Salicylic acid (SA) is considered to be a hormone like substance that is important in the regulation of plant growth and development (Klessig and Malamy,1994), seed germination, fruit yield, glycolysis, flowering and heat production in thermogenic plants (Klessig and Malamy, 1994), Ion uptake and transport (Harper and Balke, 1981), photosynthetic rate, stomatal conductance and transpiration (Khan et al., 2003) It is one of a suite of endogenous hormones that regulate the synthesis of antioxidant enzymes during abiotic and biotic stress (Fujita et al. 2006). Also , SA has been shown to be an essential signal molecule involved in both local defense reactions and induction of systemic resistance response of plants after pathogen attack (Loake and Grant, 2007). It has been shown that SA provides protection in maize (Janda et al , 1999) and winter wheat plants (Tasgin et al, 2003) against low-temperature stress, induces termotolerence in mustard seedlings (Dat et al , 1998) or modulates plant responses to salt and osmotic stresses (Borsani et al , 2001), ozone or UV light (Sharma et al ,1996), drought (Senaratna et al ,2000) and herbicides (Ananieva et al ,2004). Furthermore, SA is also known to be involved in plant protection to heavy metals. SA pretreatment alleviates Pb- and Hg- induced membrane damage in rice (Miranda and Ducruet,1995) and Cd toxicity in barley (Metwally et al ,2003), maize (Pal, et al , 2002) and soybean plants (Drazic, and Mihailovic,2005).
Material and methods

Growth of stock plants and preparation of cuttings 

Seed germination and seedling growth were carried out in growth cabinet at 25 ± 1 c º under continuous illumination  supplied by warm white fluorescent tubes (1600–1800) lux and relative humidity of 60 – 70 % , using sterilized sawdust as  a cultivation medium. 

Stem cuttings were prepared according to (Hess,1961) from 10-day-old light grwon seedlings. The cuttings had apical bud , a pair of fully expanded primary leaves, epicotyl and 3 cm of hypocotyl under cotyledonary nodes , after removal  of root system. 

Preparation of solutions 

Si (Na2SiO3) and SA  have been prepared with optimum concentrations (7mM for the former and 10-4M for the later) according to our previous study ( Shaheed and mohmmed,2010 ; 2012). In addition, boric acid was prepared in a wide range of concentrations (0.001-600) µg/ml to determine the toxic level of boron (B) . Thereafter, two concentrations were only used in subsequent experiments :- a) 5 µg/ml , as rooting medium for mung bean cuttings due to necessity in formation of root promordia and its subsequent growth and development to visible roots (Middleton,1987a) . b) 250 µg/ml , as toxic level of B that reduced growth parameters and presented  morphologically symptoms by bleaching of primary leaves .

Basal treatment of cuttings

Twelve cuttings were used per treatment for rooting tests , placed 4 per glass vial containing  15 ml of the appropriate solution. This volume gave a solution depth of 3 cm, thereby covering the entire hypocotyl. All experiments were designed as completely randomized and the statistical analysis was done according to (Levesque, 2007).
Lipid peroxidation in shoot samples was measured to assess the membrane damage. For the measurement of lipid peroxidation, the thiobarbituric acid (TBA) assay which determines MDA as the end product of lipid peroxidation was used (Hodges et al, 1999). For this,sub-samples (500 mg) were homogenized in 4.0 ml of 1% TCA (trichloroacetic acid) solution and centrifuged at 10,000g for 10 min. The supernatant was added to 1 ml 0.5% (w:v) TBA in 20% TCA. The mixture was incubated in boiling water for 30 min and the reaction was stopped by placing the tubes in an ice bath. The samples were centrifuged at 10,000g for 5 min, and the absorbance of the supernatant was recorded at 532 nm. The value for non-specific absorption at 600 nm was subtracted. The amount of MDA-TBA complex (red pigment) was calculated from the extinction coefficient of 155 mM.
Lipoxygenase (LOX) activity (EC 1.13.11.12) in shoot sample was measured according to Axelrod et al. (1981). The reaction was initiated by the addition of 0.2 ml enzyme extract in 4 ml of reaction mixture containing 50 mM sodium phosphate buffer (pH 6.5) and 0.4 mM linoleic acid. The absorbance was recorded at 234 nm (coefficient of extinction,

25 mM–1 cm–1). 

Free proline was extracted from 0.5 g of fresh shoot samples in 3% (w:v) aqueous sulphosalicylic acid and estimated by ninhydrin reagent according to (Bates et al., 1973). The absorbance of the fraction with toluene aspired from the liquid phase was recorded at 520 nm. Proline concentration was determined from a calibration curve and was expressed as µmol proline g–1 fw. 

Protein content assayed according to (Bishop et al.,1985), and transpiration rate was determinated in terms of µl/h/cutting  according to (Bazzaz et al.,1974), depending on weight loss method.   
Results 
Table (1) indicates the effect of B toxication on transpiration rate in mung bean cuttings during 24 h. Transpiration rate of the control treatment was (17.7 µL/ h/cutting), while cuttings supplied with toxic B was reduced significantly to (9.7 µL/ h/cutting) (that is, approximately value half the control). Similarly, SA alone reduced transpiration rate to (8.7 µL/ h/cutting). Concerning supplying Si alone, it led to raising the transpiration rate (15µL/h/cutting) significant to the level of control treatment. However, combining (SA+B) or (Si+B), transpiration rate was (14.3, 13.4 µL/ h/cutting) respectively, which implies that the above mentioned combination raised transpiration rate significantly in comparison with supplying the toxic level of B alone. In other words, SA and Si alleviate B-toxicity in mung bean cuttings in terms of transpiration rate. 
Table  1  Effect  of boron toxicity , Salicylic acid and Silicon in the Transpiration rate (µL/  h /cutting)
of mung bean cuttings

	Transpiration rate µL/  h /cutting
	Treatment for 24h with

	17.7
	d/H2O

	9.7*
	H3BO3( 250µg/ml)

	8.7*
	SA (10-4 M)

	15
	Si(7mM)

	14.3
	  SA (10-4 M) +  H3BO3(250µg/ml)

	13.4
	Si (7mM) + H3BO3(250µg/ml)


L.S.D at (0.05) =2.9
Table (2) shows the effect of B toxification on protein content in mung bean cuttings and its controlling  by using SA and Si. The results indicate that the initial amount of protein in the cuttings of  control treatment  (d/H2O) is (0.316mg/g).Whereas, in cuttings supplied with toxic B alone, protein content was significantly reduced to (0.254 mg/g) because of the destruction of membrane components. However, in case of SA and Si were supplied along with toxic B for of alleviating the effect of high concentration of B on membrane and maintaining its structure, the amount of protein was raised to (0.309mg/g) with SA and to (0.350g/g) with Si, these values differ significantly from applying the toxic B alone and approaches its value of control treatment. In other words, B toxication was completely reduced through  maintenance protein content.

Table  2 Effect  of boron toxicity , Salicylic acid and Silicon in  Protein content of mung bean cuttings

Table (3) refers to the effect of B toxication on malondialdehyde (MDA) content of the whole cuttings derived from 10-day old light grown seedlings. MDA content was significantly raised to (15.941(mol\gm) in cuttings treated with toxic B in comparison with cuttings treated with d/H2O (10.805(mol\gm). For the sake of controlling B toxicity, cuttings were supplied with 10-4M of SA or 7mM of Si with in presence of toxic B. Therefore, MDA content in cuttings was significantly reduced to (7.953, 9.011(mol\gm) respectively. This reduction was approximately equals half that of the application of toxic B alone. As a result, this indicates the role of SA and Si in prevention of lipid peroxidation process. 

Table 3 Effect  of boron toxicity , Salicylic acid and Silicon in  MDA content
of mung bean cuttings


L.S.D at (0.05) = 1.106                                                                                                                                                             
 
Table (4) shows the effect of B toxication on the enzyme activity (LOX) of mung bean whole cuttings and controlling this phenomenon by supplying SA at one time and Si at another. It was found that through the stress of toxic B, there was a significant increase in the activity of enzyme (LOX) of the whole cutting. That increase reaches (1.964mmol/g fresh weight) in comparison with the control treatment with (d/H2O) since the level of the enzyme was (1.381mmol/g). But in case cuttings were treated with (SA 10-4M or Si 7mM) for the purpose of controlling the processes occurring during B toxication, Si reduced statistically the increase of enzyme (LOX) to (1.190 mmol/g) which is  less than that of the cuttings treated with toxic B compared and equal to the control. Simultaneously, SA reduced the activity of enzyme (LOX) apparently to (0.982mmol/g). Therefore, both SA and Si controlled the level of the enzyme mentioned above and then stopped lipid peroxidation process and alleviating B-toxicity.

Table  4 Effect  of boron toxicity , Salicylic acid and Silicon in the lipoxygenase activity( mmol/g)
of mung bean cuttings
L.S.D at (0.05) = 0.187                                        
Table (5) indicates to the effect of B toxication on amino acid (proline) content which is probably raised in stress conditions, and controlling that by supplying SA and Si along with toxic B as well. The amount of proline in the control (cuttings treated with d/H2O) is (0.040(m\gm). Whereas, in cuttings treated with toxic B alone, proline content was raised to (0.072(m\gm) which is a statistically significant. Concerning applying the optimum concentration of Si along with toxic level of B, proline content was reduced back to the normal level (0.041(m\gm) (that is, the same level found in the control and thus eliminating the above  significant difference, which implies complete reduction of toxic B effect, Then, the amount of proline was also decreased to (0.032(m\gm) through supplying SA with toxic B.

Table  5  Effect  of boron toxicity , Salicylic acid and Silicon in the Proline content ((m\gm)

 of mung bean cuttings

                               L.S.D at (0.05) =0.0046 
Discussion

In this study, we investigated the effects of application of Si and SA on some physiological and enzymatic parameters symptomatic of oxidative stress in mung bean cuttings under B stress. Toxic level of B was determined in mung bean cuttings (250 µg/ml-Table-1 ) depending on morphological symptoms, presented by chlorsis , bleaching of primary leaves and necrotic lesions .In addition to reduce adventitious root number as a main growth parameter in terms of  rooting response of cuttings. However , Nable and Moody (1992) reported that appearance of bleaching and necrosis at high levels of B was restricted the ability of leaves for photosynthesis .Meanwhile ,on the root growth level ,it lessened the absorption of water mineral nutrients . It is noteworthy, B- toxicity levels that presented by the above concentrations (250-600 µg/ml) ,which are higher than the international Standard ,reported by (Huber and Krafla,2009). The latter was considered that mung bean is one of the sensitive plants for B at limits (0.5-1.0) µg/L. The foregoing data depended on morphological symptoms instead of quantitative analysis of B in plant tissues .


Previously work from our laboratory (Shaheed and Mohammad,2010a) has been found the average of roots developed on cuttings treated with 10 µg/ml of boric acid is (7.8)roots/cutting. Significantly, the latter firm is not differ from the average of roots for all concentrations between (10-125) µg/L B(Figure-1).Mostly , concentrations of group B inhibited rooting response compared to control treatment. 10 µg/ml considered essential for satisfying rooting response in Mung bean cutting var. Berkin, where characterized by its sensitivity for B through special conditions mostly eliminated from contaminated B (Middleton et al,1978;shahed ,1987).  In contrast ,Variety of Mung bean used in the current study is local (middle region of Iraqi), that was already contain (a contaminated ) some B from working tools ,seeds ,d/H2O ,so it was considered one of Inhibitory concentrations.The above data suggesting 5µg/ml of B is the rooting medium for subsequent experiments .


Chlorophyll content was considered as an indicator for the damage that occurs in photosynthetic pigments induced by environmental stress (Maxwell and Johanson ,2000). However , searching for fluctuation of chlorophyll content was required because B toxicity reduced chlorophyll(Reid,2007a ; Shaheed and mohammad,2012) due to oxidative processes of chlorophyll  and chloroplast  membranes  (Lee,2006).


Morphologically ,via maintaining leaf brightness,Si induce increase in chlorophyll content under stress factors ,in addition to improving ultra-structures of chloroplast.(Liang ,1998). Gong and his colleaques (2005) observed that plants treated with Si under stressful condition maintaining chlorophyll level ,that probably occurs due to increasing the activity of anti-oxidant enzymes. Furthermore, treating of plants with Si increase both chlorophyll a and b (Ranganathan et al.,2006). The latter clarified that Si correlated with right abruption and  increasing the effecting of chlorophyll as photo-receptor .


On the other hand , Salicylic acid acts on increasing photosynthetic and the accessory pigment as a protective mechanism for reaction of photosystem II by preventing the diminishing of efficiency of photochemical energy .Thereafter, preventing the damage of tissue and increasing biosynthetic of denovo compounds. Alternatively, SA acts as biogenesis for chloroplast and protects them against ROS, then increases chlorophyll stability (Uzonova and Popova, 2000).


Alongside the chlorophyll content has been increased with application of SA in vigna radiata (L.) wilczek and  Triticum aestivum L. the photosynthetic pigments are decreased with increasing SA concentration (Moharekar et al, 2003). Many researchers reported  an increase in chlorophyll content by supplying either SA or Si such as: supplying SA for maize (Khan et al, 2003),  Si for cucumber (Adatia and Besford, 1986), tomato (Al-Aghabary et al, 2004) and barley (Singh and Usha, 2003).


Transpiration rate in mung bean cuttings was declined dramatically when B was supplied at toxic level as well as SA (Table-1). B caused diminishing of stomatal conductance, then reduction of transpiration rate (Lovett and Bates, 2003).

The above data attributed to reduction of leaf area and leaf biomass due to high drainage at of B high level (Goldberg et al, 203). Whereas, SA reduced transpiration rate due to its action as anti-transpirants (Khan et al, 2010). The latter found that SA reduced transpiration rate in phaseols vulgairs leaves due to its action in lowering stomatal conductance, that was produced by decrease of CO2 inside the cells. Previous study of Saavedra (1978) confirmed these results by antagonizing transpiration by acetyl-SA in Phaseolus vulgaris, and in vicia faba treated with SA (Manthe et al, 1992). However, SA and Si both act on increasing stomatal conductance when supplied under B-stress (toxicity) in spinach, thereafter, raising transpiration rate (Eraslan et al, 2008).


It is noteworthy that most reports confirmed that SA has no effect on transpiration rate unless plants were under water stress (drought) that was induced by polyethylene glycol (Agarie et al, 1998). Certainly, in the last case, Si diminished transpiration, although the surrounding environment was characterized by high water content (Hattori et al, 2001). In addition, Si improved strength and rigidity of hulls cell walls, then reduced transpiration from cuticle layer (Liang et al, 2003 ; Gong et al, 2005).

In contrast, when Si supplied individually may act on increasing transpiration rate that helps in cooling of plants, influx of soluble nutrients in soil, then increase photosynthetic pigments and capability of photosynthesis (Eraslan et al, 2008).


On the other hand, alternative crucial indicator of B toxicity is the membrane damage of lipid peroxidation that caused reduction of protein content (Table-2), increase MDA (Table-3) due to increasing the activity of lipoxygenase enzyme (Table-4).ROS are produced under stress conditions which are strong oxidizing species that caused oxidative damage for biomolecules such as lipid and protein of the membrane, thereafter, leads to diminish its constituents from  lipid  and proteins (Mittler, 2002). Recently, Ardic and his colleagues (2009) confirmed that B toxicity causes lipid peroxidation and damage of lipid protein and nucleic acids.


Si acts on increasing total soluble protein in wheat leaves under oxidative stress of drought (Gong et al, 2008) by reduction of free radical regeneration and ROS. In contrast, SA acts on increasing protein biosynthesis in tobacco leaves under temperature stress (Burkhanova et al, 1999), in sunflower made cu-stress (El-Tayeb and El-Enany, 2006), increase amino acids of protein and improve growth and productivity in onion (Amin et al, 2007). Furthermore, proteins increase when plants are infected with growth inhibiting diseases (Wang et al, 2007). Recently it has been reported that the role of SA andand Si is maintenance of membrane integrity from oxidative damage, hence, maintaining of protein (Eraslan et al, 2008). Consequently, supplying of Si reduce electrolyte, leakage in leaves of stressful barley (Liang et al, 1996), lowering MDA content (that is considered as biomarker for membrane damage) and ion leakage was induced by salt stress.


Additional confirmation has been reported on tomato and cucumber (Inal and Tarakciogl, 2001; Alpaslan and Gunes, 2001), corn and sorghum (Ismail, 2003) and barley (Karabel et al, 2003). Furthermore, Si application reduced membrane permeability of leaf cells as well as lactoperoxidase (Ipo) (Liang, 1999). The latter author referred to the role of Si in improvement of lipid stability in cellular membrane in stressful Rice by temperature. A suggestion has been made that Si prevents damage and deterioration of functional configuration of plasma membrane for plants under environmental stress (Agarie et al, 1998). Recently, Reezi and his colleagues (2009) confirmed the role of Si in reducing lipid peroxidation, maintaining membrane integrity and its permeability, thereafter, maintaining the functions of Rosa x hybrida L. plants under salt stress. However, proline increases under stress conditions because of destroying or decreasing of protein synthesis, thereafter, increasing membrane stability during stress (Khatkar and Kuhad, 2000). Leaf necrosis was accompanied  by increase the oxidation of fatty acids  , and can be induced  by linoleic and linolenic  acids in leaves , thereafter increasing the activity of LOX (Ruste´rucci et al., 1999). Proline  content was increased significantly in cuttings supplied with toxic level of B ( Table-5).Proline accumulates with high density in many plants under stress, to protect plants against ROS. Proline plays an important role in osmoregulation (e.g. accumulation of compatible solutes such as proline to protect protein and membrane (Delaney and Verna, 1993), protection of enzyme (Nikolopoulos and Manetas, 1991) and scavenging of free radicals (Smirnoff and Lambes, 1989).


Many authors (Eraslan et al, 2008; Gunes et al, 2007) have mentioned the increase of proline during B-toxicity and its decrease by treatment with SA and Si. They confirmed that proline was accumulated under stress conditions in cytosol for maintaining macromolecules by scavenging ROS (Xiong and Zho, 2002). Increasing proline under stress conditions may be considered as protective adaptation by acting as additional source of nitrogen and/or diminishing the photolytic activity of protein or acting on regulation and stability of ubiquitinating enzyme (important during protein biosynthesis) (Abdel Hamid et al, 2003). Consequently, Sairam and Tygai (2004) have confirmed that proline serve as N-source after exposing to stress or as a relief source for amino acids biosynthesis and then protein biosynthesis.
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Protein content mg/gm plant tissue�
Treatment for 24h with�
�
0.316�
d/H2O�
�
0.254�
H3BO3( 250µg/ml)�
�
0.309�
SA (10-4 M) +  H3BO3(250µg/ml)�
�
0.350�
Si (7mM )+  H3BO3(250µg/ml)�
�



L.S.D at (0.05) = 0.045














MDA content  (mol\gm �
Treatment for 24h with�
�
10.805�
d/H2O�
�
15.941�
H3BO3( 250µg/ml)�
�
9.011�
Si (7mM )+  H3BO3(250µg/ml)�
�
7.953�
SA (10-4 M) +  H3BO3(250µg/ml)�
�









Proline content ((m\gm) �
Treatment for 24h with�
�
0.040�
d/H2O�
�
0.072�
H3BO3( 250µg/ml)�
�
0.041�
Si (7mM )+  H3BO3(250µg/ml)�
�
0.032�
SA (10-4 M) +  H3BO3(250µg/ml)�
�






LOX activity (mmol/g)�
Treatment for 24h with�
�
1.381�
d/H2O�
�
1.964�
H3BO3( 250µg/ml)�
�
1.190�
Si (7mM )+  H3BO3(250µg/ml)�
�
0.982�
SA (10-4 M) +  H3BO3(250µg/ml)�
�
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