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Effect of Silicon on Growth and Ornamental Traits of

Salt-stressed Calendula (Calendula officinalis L.)

A pot experiment was carried out to determine the effect of foliage

spraying of silicon (Si) on growth and ornamental characteristics of calendula

grown under salt stress and greenhouse conditions. A factorial experiment

based on completely randomized design was conducted with 3 levels of Si (0,

50 and 100 mg/l) and 3 levels of NaCl (0, 100 and 200 mM) with 4 replications.

At flowering stage, Si was applied with spraying two times in two week

intervals. NaCl was also applied as drench (200 ml per pot) in two days

interval. The results showed that salinity decreased the growth, SPAD values,

flower number per plant and flower diameter. However, foliar applications of

Si resulted in greater root, shoot and total dry weight, plant height and leaf area

of calendula plants under salt stress. The highest SPAD values were obtained

under 100 mg/l Si application in all NaCl treatments. Salinity decreased number

of flower per plant and flower diameter as ornamental characteristics; however

Si increased them under salinity stress. Plants treated with 100 mg/l Si had the

highest flower diameter at 100 mM of NaCl. Electrolyte leakage increased by

salinity, however foliar application of Si significantly reduced electrolyte

leakage under salt stress. These results suggest that the negative effects of

salinity on the growth and ornamental characteristics of calendula plants can

ameliorate by foliar application of Si treatments.
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INTRODUCTION

One of the most important environmental factors limiting plant growth and productivity is

salinity (Kaya et al., 2003). In most arid and semiarid areas, this problem is accentuated by competition

for high quality water among agriculture, industry and landscape users has promoted the use of

alternative water sources for irrigation. Thus, marginal quality water, somewhat saline, will become

important in these areas (Chartzoulakis et al., 2002) and could be used for the irrigation of ornamental

plants (Carter et al., 2005). However, the use of low quality water for irrigation affects plants in

different ways, depending on the degree of salt tolerance of the species (Alarcon et al.,1994) and

even within a given species (Sanchez-Blanco et al., 2003). Salt stress can affect plant survival, biomass,

plant height and plant morphology and affect the capacity of a plant to collect water and nutrients

(Parida and Das, 2005). Salinity can cause hyper ionic and hyper osmotic effects on plants leading

to membrane disorganization, increase in reactive oxygen species (ROS) levels and metabolic

toxicity (Jaleel et al., 2007a). The great effect of salinity is the inhibition of crop growth by the re-

duced hormone delivery from root to leaves (Jaleel et al., 2007b).

Calendula, mostly known as the pot marigold, is planted widely in gardens and landscapes.

It is popular for the lush color and aromatic scent. It grows in sun or partial shade and is easy to

grow requiring little cultivation (Dole and Wilkins, 2004).

Silicon  (Si)  is  the second most abundant element on  the surface of the earth, yet its role

in plant biology has been poorly understood. 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 (Oryzae sativa L.), sugarcane (Saccharum officinarum
L.) and most other cereals and several dicotyledons (Jones and Handreck, 1967; Elawad and Green,

1979; Takahashi et al., 1990; Belanger et al., 1995; Savant et al., 1999), especially under biotic

and abiotic stress conditions (Epstien, 1994). Silicon concentration in the soil solution is controlled

by silicate minerals and ranges from 0.01 to 1.99 mM (Karathanasis, 2002). Silicon plays a sig-

nificant role in imparting biotic and abiotic stress resistance and enhancing crop productivity

(Okuda and Takahashi, 1965; Ma et al., 1989; Epstein, 1994; Liang et al., 1994). Improvement of

salt tolerance has been reported by addition of Si in wheat (Ahmad et al., 1992), barley (Liang et
al., 2003), rice (Yeo et al., 1999), maize (Wang et al., 2004), cucumber (Zhu et al., 2004), rose

(Savvas et al., 2007) and zinnia (Zinnia elegans) (Kamenidou et al., 2009). Savvas et al. (2002)

reported that quality and peduncle stem thicknessin gerbera flower increased when potassium silicate

was included in the hydroponic nutrient solution. Hwang et al. (2005) also reported that applications

of potassium silicate improved the growth and quality of cut miniature rose ‘Pinocchio’ in the rock

wool culture system. 

Water deficiency is a serious problem in arid and semi-arid regions of Iran that characterized

by little rainfall, high solar radiation and high temperatures in the summer. In recent years, the

normal seasonal droughts that have occurred in Iran have caused local and state government to

enact water conservation ordinances. Urbanization and increases in population, however, are seriously

threatening sustainable natural resources. At present, non-renewable groundwater resources are

being depleted to an alarming extent. As high-quality water supply becomes limited, the use of

saline water with high salt levels for landscape irrigation is being encouraged. While crop tolerance

to salinity has been given considerable attention; fewer studies have dealt specifically with ornamental

plants. Therefore, the aim of this research was to investigate the effects of Si on growth and quality

flower of calendula grown under normal and salinity stress conditions.

MATERIALS AND METHODS

Plant material and treatments application

For this experiment, the seeds of Calendula officinalis L. ‘Nana Bon Bon Naranja’ were

selected and germinated in cocopeat in plastic germination trays under greenhouse conditions at
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Ferdowsi University of Mashhad (36°17'44" N and 59°36'42" E), Iran. Uniform size seedlings

(40-days old) were transplanted to plastic pots (15 cm top diameter) and filled with mixture of

loam soil:sand:compost (1:1:1,v:v). The plants were grown in a naturally illuminated greenhouse

with night/day set temperatures of 18/24 °C. A factorial experiment based on completely randomized

design was conducted with 3 levels of Si (0, 50 and 100 mg/l) and 3 levels of NaCl (0, 100 and

200 mM) with 4 replications. Potassium silicate (K2SiO3) was used for silicon treatments. Thirty

days after transplanting, Si was applied on the foliage of calendula plants with a hand sprayer. The

volume of the spray was 30 ml per pot. NaCl was also applied as drench (200 ml per pot) in two

days interval. A control group of plants was grown without NaCl and sprayed with deionized water.

All plants were harvested 60 days after planting (30 days after treatments) and separated into

leaves, stem, and root.

Measurements and data collection

Dry weights of separated roots and shoots were recorded on four randomly selected plants

per treatment. Total leaf area was determined with a Delta-T Image Analysis System (Delta-T,

LTD, Cambridge, UK). Plant height, flower diameter and number of flower per plant were also

measured. Electrolyte leakage which is used to assess membrane permeability was determined ac-

cording to Lutts et al. (1996). Leaf greenness or chlorophyll reading values (measured as the optical

density, SPAD value) was recorded at the end of the experiment on three leaves per plant at similar

middle positions of shoots for all plants in each treatment using a portable SPAD chlorophyll meter

(SPAD 502, Minolta, Japan).

Statistical analysis

Analysis of variance (ANOVA) for all the variables was carried out using the JMP8 soft-

ware. Treatment means were compared using the protected Least Significant Difference (LSD)

test at p<0.05 level.

RESULTS

Plant growth

Shoot, root and total dry weight were recorded as influenced by different levels of Si and

NaCl. As shown in Fig. 1, shoot, root and total dry weight of calendula plants were lower at salt

stress treatment as compared to non-saline conditions. However, foliar application of Si increased

dry matter accumulation in all parts of calendula plants under salt stress. Application of Si (100

mg/l) under salt stress (100 mM NaCl) gave the higher values for these parameters than the other

treatments. It indicated that foliar application of Si alleviated the growth inhibition induced by

added NaCl. Exogenous application of Si also enhanced shoot, root and total plant dry weight

under no salt stress (Fig. 1). 

Fig. 1. The dry weight of shoot (A), root (B) and total plant (C) of  calendula in response to foliar Si applica-

tions under salt stress. Different letters on top of bars indicate significantly differences according to LSD test

(p < 0.05) at each salt level. Vertical bars indicate the mean ± SE.
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Salt stress significantly decreased plant height; however, foliar application of Si im-

proved plant height under salt stress (Fig. 2A). Treatment 100 mg/l Si + 100 mM NaCl had

the highest plant height as compared to the other treatments under salt stress. Foliar applica-

tion of Si (100 mg/l) increased plant height by 27% as compared to control in 100 mM NaCl

(Fig. 2A).

Salt stress decreased leaf area as compared to the non-saline conditions. NaCl (200

mM) decreased leaf area by 58%, but the reduction was 41% when 100 mg/l Si treatment was

applied to NaCl-treated plants, as compared to control. Under non-saline conditions, foliar

application of Si (100 mg/l) significantly increased leaf area (1.6 fold) as compared to control

(Fig. 2B). 

Ornamental characteristics

Salt treatment (200 mM) significantly decreased number of flower per plant by 70% as

compared to control, but the reduction was only 40% when Si (100 mg/l) was applied to NaCl-

treated plants. Under non-salt stress condition, Si increased flower number by 35% as compared

to control (Fig. 3A). 

Flower diameter of calendula plants decreased dramatically with the increasing NaCl con-

centration. All Si treatments increased the flower diameter compared to non-treated plants both in

absence and presence of salinity. Plants treated with 100 mg/l Si had the highest flower diameter

at 100 mM of NaCl (Fig. 3B). 

Fig. 2. Plant height (A) and leaf area (B) of calendula plant in response to fo-

liar Si applications under salt stress. Different letters on top of bars indicate

significantly differences according to LSD test (p < 0.05) at each salt level.

Vertical bars indicate the mean ± SE.

Fig. 3. Flower number per plant (A) and flower diameter (cm) (B) of calendula

plant in response to foliar Si applications under salt stress. Differentletters on

top of bars indicate significantly differences according to LSD test (p < 0.05) at

each salt level. Vertical bars indicate the mean ± SE.
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SPAD valueand electrolyte leakage

SPAD values were significantly decreased with the increasing salinity stress. However,

foliar Si applications were caused to the elevated SPAD values. Under saline conditions, the highest

SPAD values were obtained from 50 mg/l Si application in all NaCl treatments (Fig. 4A). 

Electrolyte leakage increased by salt treatment; however, Si significantly decreased elec-

trolyte leakage under salt stress. The lowest electrolyte leakage was obtained by 100 mg/l Si in

100 mM NaCl concentration under salt stress condition. Under no salt stress, foliar application of

Si only slightly decreased electrolyte leakage compared to control (Fig. 4B).

DISCUSSION

Under saline conditions, plant growth of calendula decreased significantly. Growth reduc-

tion under saline stress has been reported in various plants by many researchers (Senaratna et al.,
2000; Alpaslan and Gunes, 2001; Kaya et al., 2003; Sivritepe et al., 2003). As stated by Munns

(2002), suppression of plant growth under saline conditions may either be due to decreased avail-

ability of water or to the toxicity of sodium chloride. Si treatments alleviated the deleterious effects

of salinity on plant growth. Similar results were reported in rice (Matoh et al., 1986; Yeo et al.,
1999), maize (Wang et al., 2004), cucumber (Zhu et al., 2004), rose (Savvas et al., 2007) and

zinnia (Zinnia elegans) (Kamenidou et al., 2009) who observed exogenous Si treatments ameliorated

the negative effects of salt stress on plant growth. It  has  been  observed  that  GA1  and  it  is precursor

GA20 enhanced with N and Si application in rice cultivars (Hwang et al., 2008). Gibberellins

affect cell enlargement and division which leads to internode elongation in stems and increases

stem height. Under saline growth conditions, it has been reported that the benefits of Si are due to

the reduction of Na content in the shoots of rice, P. juliflora, and barley (Matoh et al., 1986;

Bradbury and Ahmad, 1990; Yeo et al., 1999; Liang et al., 2003), enhanced K uptake of barley

(Liang et al., 1996) and improved photosynthesis rate in barley and tomato (Liang, 1998; Al-Aghabary

et al., 2004). It has been also reported that Si increases the plant growth and yield of cucumber

(Miyake and Takahashi, 1983; Voogt and Kreuzer, 1989). 

Si increases rigidity of the mature leaves, which have a rougher texture and are held more

horizontally, delays leaf senescence and increases chlorophyll content and ribulose, 1-5- bisphosphate

carboxylase activity (Adatia and Besford, 1986). Moreover the induction of antioxidant enzymes

and their protective role of membranes caused increasing the tolerance of plant to damages (Liang,

1999). 

Salt stress decreased chlorophyll as compared to the non-saline conditions. These results

are similar to those of  Downton et al. (1985), Stepien and Klobus (2006) and Yildirim et al.,
(2008) who indicated that chlorophyll content significantly decreased in the leaves of spinach and

Fig. 4. SPAD value (A) and electrolyte leakage (B) of calendula plant in response

to foliar Si applications under salt stress. Differentletters on top of bars indicate

significantly differences according to LSD test (p < 0.05) at each salt level.

Vertical bars indicate the mean ± SE.
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cucumber plants with increasing NaCl concentration. In the present study, Si treated plants showed

greater chlorophyll values than non-treated plants. These results are similar with Al-aghabary et
al. (2004) that reported Si treatments caused to increase chlorophyll content of leaves of tomato

under salt stress. 

Salinity impairs membrane permeability and increases electrolyte leakage. However,

application of Si partly maintained membrane permeability (Table 4B). Present study showed that

Si reduced the amount of ion leakage in salt stressed calendula plants and Si protected the maintenance

of membrane functions under stress conditions. Supporting evidence was shown when Si reduced

electrolyte leakage salt stress condition in rice (Agarie et al., 1998) leaves.

Salt stress decreased flower number per plant and flower diameter as compared to the

non-saline conditions. In this experiment, different concentrations of Si increased flower number

per plant and flower diameter. This is in agreement with the works by Savvas et al. (2002) and

Kamenidou et al. (2010) that previously reported an increased gerbera flower quality when potassium

silicate was added to the hydroponic nutrient solution. Hwang et al. (2005) also reported that

applications of potassium silicate improved the growth and quality of cut flower miniature rose

‘Pinocchio’ in the rockwool culture system in agreement with the present results. It is possible that

higher chlorophyll contents in Si treatments resulted in photosynthetic activity improvement and

higher productivity (Table 4A).

CONCLUSION

Based on the present results, Si alleviates the negative effect of salt stress on growth,

chlorophyll reading values, electrolyte leakage and flower quality depending on the concentration

of Si Maximum alleviation of salt stress was found with 100mg/l Si application.

Literature Cited

Adatia, M.H. and Besford, R. T. 1986. The effects of silicon on cucumber plants grown in recirculating 

nutrient solution. Annals of Botany. 58: 343-351.

Agarie, S., Hanaoka, N., Ueno, O., Miyazaki, A., Kubota, F., Agata, W. and Kaufman, P.B. 1998. 

Effects of silicon on tolerance to water deficit and heat stress in rice plants (Oryza sativa L.), 

monitored by electrolyte leakage. Production Science. 1: 96-103.

Ahmad, R.R., Zaheer, H.S. and Ismail, S. 1992. Role of silicon in salt tolerance of wheat (Triticum 
aestivum L.). Plant Science. 85: 43-50.

Al-Aghabary, K., Zhu, Z.J. and Shi, Q.H. 2004. Influence of silicon supply on chlorophyll content, 

chlorophyll fluorescence and antioxidative enzyme activities in tomato plants under salt 

stress. Journal of Plant Nutrition. 27: 2101-2115.

Alarcon, J.J., Sanchez-Blanco, M.J., Boların, M.C. and Torrecillas, A. 1994. Growth and osmotic 

adjustment of two tomato cultivars during and after saline stress. Plant Soil. 166: 75-82.

Alpaslan, M. and Gunes, A. 2001. Interactive effects of boron and salinity stress on the growth, 

membrane permeability and mineral composition of tomato and cucumber plants. Plant 

Soil. 236: 123-128.

Belanger, R.R., Bowen, P.A., Ehret, D.L. and Menzies, J.G. 1995. Soluble silicon: Its role in crop and 

disease? Management of greenhouse crops. Plant Disease. 79: 329-336.

Bradbury, M. and Ahmad, R. 1990. The effect of silicon on the growth of Prosopis juliflora growing 

in saline soil. Plant Soil. 125: 71-74.

Carter, C.T., Grieve, C.M., Poss, J.A. and Suarez, D.L. 2005. Production and ion uptake of Celosia 
argenta irrigated with saline wastewaters. Scientia Horticulturae. 106: 387-394.

Chartzoulakis, K., Loupassaki, M., Bertaki, M. and Androulakis, I. 2002. Effects of NaCl salinity 

on growth, ion content and CO2 assimilation rate of six olive cultivars. Scientia Horticulturae. 

96: 235-247.

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Journal of Ornamental Plants, Volume 3, Number 4: 207-214, December, 2013 213

Dole, J.M. and Wilkins, H.F. 2004. Floriculture: Principles and species. Prentice Hall, Upper Saddle 

River, New Jersey.

Downton, W.J.S., Grant, W.J.R. and Robinson, S.P. 1985. Photosynthetic and stomatal responses 

of spinach leaves to salt stress. Plant Physiology. 77: 85-88.

Elawad, S.H. and Green, V.E. 1979. Silicon and the rice plant environment: A review of recent research. 

Riso. 28: 235-253.

Epstein, E. 1994. The anomaly of silicon in plant biology. Proceeding of the National Academy of 

Science.91: 11-17. 

Hwang, S.J., Hamayun, M., Kim, H.Y., Na, C.I., Kim, K.U., Shin, D.H., Kim, S.Y. and Lee, I.J.  

2008.  Effect  of  nitrogen  and  silicon  nutrition  on  bioactive gibberellin  and  growth  of  rice  

under  field  conditions.  Journal of Crop Science and Biotechnology. 10: 281-286.

Hwang, S.J., Jeong, B.R. and Park, H.M. 2005. Effects of potassium silicate on the growth of miniature 

rose ‘Pinocchio’ grown on rock wool and its cut flower quality. American Socirty for Horticultural 

Science. 74: 242-247.

Jaleel, C.A.,Gopi, R.,Manivannan, P. and Panneerselvam, R. 2007a. Antioxidative potentials as a 

protective mechanism in Catharanthus roseus (L.) G. Don. plants under salinity stress. Turkish 

Journal of Botany. 31: 245-251.

Jaleel, C.A., Gopi, R., Manivannan, P. and Panneerselvam, R. 2007b. Responses of antioxidant 

defense system of Catharanthus roseus (L.) G. Don. To paclobutrazol treatment under salinity. 

Acta Physiologica Plant. 29: 205-209.

Jones, L.H.P. and Handreck, K.A. 1967. Silica in soils, plants and animals. Adv. Agron. 19: 107-149.

Kamenidou, S., Cavins, T.J. and Marek, S. 2009. Evaluation of silicon as a nutritional supplement 

for greenhouse zinnia production.  Scientia Horticulturae. 119: 297-301.

Kamenidou, S, Cavins, T.J. and Marek, S. 2010. Silicon supplements affect floricultural quality 

traits and elemental nutrient concentrations of greenhouse produced gerbera. Scientia Horticulturae. 

119: 297-301.

Karathanasis, A.D.  2002.  Mineral equilibrium in environmental soil systems.  pp. 109-151. In: 

J.B Dixon and   S.B.  Weed (eds.), Soil mineralogy with environmental applications. Soil 

Science Society of America, Madison.

Kaya, C., Higgs, D., Ince, F., Amador, B.M., Cakir, A. and Sakar, E. 2003. Ameliorative effects of 

potassium phosphate on salt-stressed pepper and cucumber. Journal of  Plant Nutrition. 26: 

807-820.

Liang, Y.C., Chen, Q., Liu, Q., Zhang, W.H. and Ding, R.X. 2003. Exogenous silicon increases 

antioxidant enzyme activity and reduces lipid peroxidation in roots of salt-stressed barley 

(Hordeum vulgare L.). Journal of Plant Physiology. 160: 1157-64.

Liang, Y.C., Ma, T.S., Li, F.J. and Feng, Y.J. 1994.  Silicon availability and response of rice and 

wheat to silicon in calcareous soils. Communication in soil Science and Plant Analysis. 25:  

2285-2297.

Liang, Y.C., Shen, Q.R., Shen, Z.G. and Ma, T.S. 1996. Effects of silicon on salinity tolerance of 

two barely cultivars. Journal of Plant Nutrition. 19: 173–183.

Liang, Y.C. 1998. Effects of silicon on leaf ultrastructure, chlorophyll content and photosynthetic 

activity in barley under salt stress. Pedosphere. 8: 289–296.

Liang, Y.C. 1999. Effects of silicon on enzyme activity and sodium, potassium and calcium concentration 

in barely under salt stress. Plant Soil. 29: 217-224.

Lutts, S., Kinet, J.M. and Bouharmont, J. 1996. NaCl-induced senescence in leaves of rice (Oryza 
sativa L.) cultivars differing in salinity resistance. Annals of Botany. 8: 389-398.

Ma, J., Nishimara, K. and Takahashi, E. 1989. Effect of silicon on the growth of rice plants at different 

growth days. Soil Science and Plant Nutrition. 35: 347-356.

Matoh, T., Kairusmee, P. and Takahashi, E. 1986. Salt-induced damage to rice plants and alleviation 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Journal of Ornamental Plants, Volume 3, Number 4: 207-214, December, 2013214

effect of silicate. Soil Science and Plant Nutrition. 32: 295-304.

Miyake,Y. and Takahashi, E. 1983. Effect of silicon on the growth of cucumber plant in soil culture. 

Soil Science and Plant Nutrition. 29: 463-471.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant, Cell & Environment. 

25: 239-250.

Okuda, A. and Takahashi, E. 1965. The  role  of  silicon in  the  mineral nutrition of the rice plant. 

Proc. Symposium of the International Rice Research  Institute.  Johns  Hopkins  Press.  Baltimore, 

M.D.  p. 123-146.

Parida, A.K. and Das, A.B. 2005. Salt tolerance and salinity effects on plants: A review. Ecotoxicology  

and Environmental Safety.  60: 324-349. Safety.  

Sanchez-Blanco, M.J., Rodriguez, P., Olmos, E., Morales, M.A. and Torrecillas, A. 2003. Contrasting 

physiological responses of dwarf sea-lavender and marguerite to simulated sea aerosol deposition. 

Journal of Environment Quality. 32: 3338-3344.

Savant, N.K., Korndorfer, G.H., Datnoff, L.E. and Snyder, G. 1999. Silicon nutrition and sugarcane 

production: A review. Plant Nutrition. 22: 1853-1903.

Savvas, D., Gizas, G., Karras, G., Lydakis-Simantiris, N., Salahas, G., Papadimitriou, M. and Tsouka, 

N. 2007. Interactions between silicon and NaCl-salinity in a soilless culture of roses in 

greenhouse. European Journal of Horticultural Science. 72: 73-79.

Savvas, D., Manos, G., Kotsiras, A. and Souvaliotis, S. 2002. Effects of silicon and nutrient induced 

salinity on yield, flower quality, and nutrient uptake of gerbera grown in a closed hydroponic 

system. Journal of Applied Botany. 76: 153-158.

Senaratna, T., Touchell, D., Bunn, E. and Dixon, K. 2000. Acetyl salicylic acid (aspirin) and salicylic 

acid induce multiple stress tolerance in bean and tomato plants. Plant Growth Regulation. 30: 157-161.

Sivritepe, N., Sivritepe, H.O. and Eris, A. 2003.The effects of NaCl priming on salt tolerance in 

melon seedlings grown under saline conditions. Scientia Horticulturae. 97: 229-237.

Stepien, P. and Klobus, G. 2006. Water relations and photosynthesis in Cucumis sativus L. Leaves 

under salt stress. Biologia Plantarum. 50: 610-616.

Takahashi, E., Ma, L.F. and Miyake, Y. 1990. The Possibility of silicon as an essential element for 

higher plants. Comments Agriculture Food Chemistry. 2: 99-122.

Voogt, W. and Kreuzer, A. 1989. Cucumbers silicon raises yield but is difficult to supply. Groenten-en-

Fruit. 45: 48–49.

Wang, Y., Stass, A. and Horst, W. 2004. Apoplastic binding of aluminum is involved in silicon-induced 

amelioration of aluminum toxicity in maize. Physiology. 136: 3762-70.

Yeo, A.R., Flowers, S.A., Rao, G., Welfare, K., Senanayake, N. and Flowers, T.J. 1999. Silicon 

reduces sodium uptake in rice (Oryza sativa L.) in saline conditions and this is accounted 

for by a reduction in the transpiration bypass flow. Plant Cell Environment. 22: 559-65.

Yildrim, E., Turan, M. and Guvenc, I. 2008. Effect of foliar salicylic acid applications on growth, 

chlorophyll and mineral content of cucumber (Cucumis sativus L.) grown under salt stress. 

Journal of Plant Nutrition. 31: 593-612.

Zhu, Z., Wei, G., Li, J., Qian, Q. and Yu, J. 2004. Silicon alleviates salt stress and increases antioxidant 

enzymes activity in leaves of salt-stressed cucumber (Cucumis sativus L.). Plant Science. 167: 

527-33.

www.SID.ir

www.sid.ir



