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Effect of nano-silicon treatments on some physiological and nutritional responses
of Lolium perenne in soils contaminated with heavy metals (Pb, Cd and Zn)

Mahboubeh Mirzakhani', Babak Motesharezadeh?", Hossein Mirseyeh Hosseini? and Reza Malmir*
1, 2. Former M. Sc. Student and Associate Professor, University College of Agriculture & Natural Resources, University of Tehran,
Karaj, Iran
(Received: Nov. 15, 2017 - Accepted: Apr. 22, 2018)

ABSTRACT

Silicon is an essential nutrient element for some herbaceous plants and a useful element for improving the growth and to
encounter with biotic and abiotic stresses. This research was carried out on natural contaminated soil with heavy metals from
Zanjan Industrial Town. The effect of nano-silicon particles application on morpho-physiological and nutritional responses
of Lolium perenne was investigated. Nano-silicon treatments were selected in six levels of 100 (NS;), 200 (NS,), 500 (NS5),
1000 (NS,), 2000 (NSs), and control treatment (NO) (in mg/kg). Experiments were carried out in a completely randomized
design in greenhouse conditions. Nano Silicon added to soil by usage of pipette method. After the planting and cropping
stages of Lolium perenne, the aboveground parts, the concentration of heavy elements (lead, zinc and cadmium) and nutrient
elements (phosphorus, potassium and silicon) were measured. Results showed that application of silicon on the adsorption
of cadmium and zinc and nutrient elements of potassium, phosphorus, and silicon was significant at 5% level. Also, the
application of silicon in soil increased the absorption of zinc and cadmium contaminants in the plant. The highest amount of
silicon adsorption in Lolium perenne was observed in NSs treatment, which showed a significant difference compared to
other levels of nano and control treatment. In general, application of silicon improved plant growth and increased the uptake
of nutrients in the contamination/stress of the heavy metals.

Keywords: Heavy metals pollution stress, Lolium perenne, nutrient element, nutritional response, silicon.
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Table 1. Some physico-chemical properties of soil used in this experiment

Soil properties Value Soil properties Value
Sand (%) 38.36 Cl (meq I'") 3
Silt (%) 34.64 Ca (meq I 32,6
Clay (%) 27 Mg (meq I) 8
Soil texture Clay Loam Na (meq I 0.80
Total N (%) 0.083 Pb DTPA (mg/kg) 278
P (ma/kg) 22.22 Pb HNO; (mg/kg) 1365
K (mg/kg) 386.11 Zn DTPA (mg/kg) 570.4
pH (1:1) 8.81 Zn HNOj3 (mg/kg) 2175
EC (1:1) (dSm™) 2.61 Cd DTPA (mg/kg) 23.88
CEC (Cmolc kg™ 14.64 Cd HNO; (mg/kg) 88.2
0.M (%) 1.54 Fe DTPA (mg/kg) 16.5
0.C (%) 0.89 Mn DTPA (mg/kg) 14.72
Bulk density (g cm™) 13 Cu DTPA (mg/kg) 28
CaCO; (%) 23.33 S.P (%) 38.22
Carbonate 0 Si (mg/kg) 91.83
Bicarbonate (meq 1) 48

*, ** DTPA and HNO; Extractable Respectively
Soil sample depth: 0-30 cm
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Figure 1. Nano silicon SEM scans, Nano particle size under 100 nanometer, A) A result of EDS test include silicone
and oxygen.
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Table 2. Analysis of variances of some of characteristics in shoot part of Lolium perenne Influenced by different
levels of nano-silica in the soil

MS
sov  df Shoot Shoot Shoot  Shoot Shoot ot Shoot Shoot
Fresh Weight Dry Weight Lead Zinc Cadmium K (%) P (%) Si (%)
(gr/pot) (gr/pot) (mg/kg)  (mg/kg) (mg/kg)
Nano-SiO, 5 1.28™ 0.0644" 160.29"™  8624.58™ 40.09™  0.3173° 0.0014”  0.00000847"
Error 24 1.42 0.0717 149.75 49.75 3.60 0.1105  0.0003 0.00000056
CV (%) 21.09 22.92 14.84 5.07 17.39 27.28 11.68 23.60

ol (5l sre BB pas g as)0) o 00 Jleixl maw 1o ()l Jixe basmsylid s g s o

ns: Non significant, * and **: Significant at 5% and 1% probability levels, respectively.
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