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Introduction

Given the energy crisis in the world, increasing environmental pollution, clean, renewable energy and the
reduction of environmental pollution are needed. Soil is the main source of agricultural production. Therefore,
maintaining soil health and fertility is very important for sustainable food production. Nanotechnology is a good
way to reduce soil issues in agriculture, a promising method to improve soil properties and significant capacity to
increase yield. Nanotechnology is one of the newest technologies that is used in all fields of science and research
due to its high potential and unique features, including natural resources and soil protection. Nanoparticles have
the ability to change some physical, mechanical and chemical properties of soil due to their very high specific
surface area and activity. Nanoparticles increase the cation exchange capacity of soil and soil porosity. Among all
nanoparticles, zinc oxide (ZnO) is one of the most widely used nanoparticles. Zinc oxide nanoparticles due to their
high specific surface area can act as a bonding agent between particles and stabilize the soil structure by
flocculating soil particles. Although many studies have used zinc oxide nanoparticles (ZnO) in the field of heavy
metal contamination in soil, aqueous solutions and plants, the effect of one nanoparticle on soils with different
textures has been less reported. Therefore, objective of this study was to investigate the effect of zinc oxide
nanoparticles on some physical and chemical properties of soils with different textures.

Materials and Methods

In this study, three soil samples with different textures, including sandy loam, loam and clay were collected
from three locations as Malayer, Abbasabad and Nahavand, in Hamedan province, respectively. Samples were
taken from soil surface (0-20 cm depth). The soil samples were transferred to the Soil Physics Laboratory. After
air drying, they were passed through a 4 mm sieve and mixed with specific weight percentages of zinc oxide (ZnO)
nanoparticles (zero, 0.5, 1 and 3 % W/W) in three replications. After preparing the treated samples, the soils were
homogeneously poured into plastic containers measuring 18 x 5.5 x 18 cm with a specific bulk density related to
the field. The treated soils in plastic containers, were wetted and dried with municipal water for 120 consecutive
incubation period. After 120 days from the start of incubation, the samples were taken from the containers. Some
physical and chemical properties including pH, cation exchange capacity, organic matter, calcium carbonate and
electrical conductivity were measured.

Results and Discussion

The results showed that the use of nanoparticles increased the cation exchange capacity in two textures of
loamy and clay soils. The increment was significant compared to the control in loamy soil at two levels of 1 and
3% and in clay soil in all three levels of 0.5, 1 and 3%. Electrical conductivity increased and decreased (P <0.05)
at 3% level for loamy soil and at 3% for sandy loam and clay soils, respectively. In contrast, the application of
nanoparticles led to a decrease in pH and organic matter content (P <0.05) in sandy loam and clay soils,
respectively. At the level of zero and 0.5%, the order of pH was: sandy loam> clay> loamy soil, with significant
differences. But at the level of 1%, the order of pH was: sandy loamy> loamy> clay, with significant differences.
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At 3% level, the order of pH was: loamy> sandy loam> clay, with significant differences. At all levels of zero, 0.5,
1 and 3% of zinc oxide nanoparticles, the amount of organic matter was significantly in loamy> clay> sandy loam.
Application of different levels of zinc oxide nanoparticles in clay soil reduced the percentage of calcium carbonate
(P <0.05) (at the 3% by weight level), but had no effect on the amount of this variable in sandy loam and loamy
soils. At all levels of zero, 0.5, 1 and 3%, the amount of soil calcium carbonate was significantly in the following
order: clay> sandy loam> loam.

Conclusion
According to the results obtained in this study, it can be concluded that the use of nanoparticles can be a good
solution to reduce the harmful environmental effects of chemical fertilizers. In addition to the positive effect of
zinc oxide nanoparticles on physical and chemical parameters in different textures, the selection of the most
optimal level of zinc oxide nanoparticles should be economically applicable. This requires further studies to
determine the significant effects of nanoparticles on the physicochemical properties of the soils in different
conditions to determine the optimal amount of nanoparticles, in order to save costs.
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Table 1- Characteristics of sampling sites of soils under consideration

$12 piged Jomo
Sampling location
2o N oole Lgles
Malayer Abbas Abad Nahavand
&) pdises Joxo ale (slbuws, LT ole ae 50 o S5 gliwg,
(Sampling location) Maliche village Abbas Abad Farm Kirk Sofla village
"9’;" fj’b 48° 36" 24"E 48° 28 40" E 48717 14°E
e 34° 15 2"'N 34° 47 26'N 34°9 58'N
(Latitude & Longitude)
_@é’b’ ) Xeric Xeric Xeric
(Moisture regime)
- ] -
lehad Mezic Mezic Mezic
(Thermal regime)
ey Regosols Inceptisols Cambisols
(Classification)
(Land use) Cultivation of barley Bayer Cultivation of rainfed lentils
o) > g 5l 5 1852 1814 1652
Height above sea level (m)
Vo 55b ke
AVl ()b opSole 376
(20 o) 385 323
Average annual rainfall (mm)
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Table 2- Some characteristics of soils under consideration

sl SB cal
Unit Texture
Sandy Loam Loam Clay
Sand (%) 60.4 45.12 15.68
Clay (%) 19.6 23.6 43.6
Silt (%) 20 31.28 40.72
Pb (gcm?®) 1.39 1.06 1.08
Ps (gcm?®) 2.43 2.25 2.36
TP (VIV %) 0.43 0.53 0.54
MWD (mm) 0.29 1.14 0.38
052 K 0
rovel (%) 26.5 2.06 6.96
CEC  (cmolc kg?) 21.13 29.30 30.59
pH - 8.62 7.15 8.07
EC dS mh 0.0235 0.0625 0.1329
OoM (%) 0.34 4,71 1.34
CaCOs3 (%) 145 5 33.75

i1y PH S 55l ol (2obeS CEC dawliss b 559 0:Ske MWD ¢ JS Jdss (TP ¢ i jogasio p 2 S ¢ (6,0l ogass py2 Pb
Jolee pudS liyyS s CACO03 ¢ T ssle OM ¢ S i8Il cylun bl EC s

pb: bulk density, TP: Total porosity, MWD: Mean weight diameter of aggregates, CEC: cation exchange capacity, pH: Potential
hydrogen, EC: electrical conductivity, OM: Organic matter and CaCOs: Calcium carbonate.
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Table 3- Properties of nanoparticles under consideration
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90 zZzn0O  7.78 0.0558 7.23 20-30 4141  43.93 99.9 0.45
Zinc oxide
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Table 4- Results of variance analysis of effects of treatments on cation exchange capacity, pH, electrical conductivity, calcium
carbonate and organic matter

CEC pH EC CaCOs oM
[CHJOVES I ¥ 19 &350 s pvalue
Source of variations Degree of freedom
L_ﬂ& <t 2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(Soil texture)
0y b (Y
2 9225 gl 3 <0.0001 <0.001 <0.0001 01399  <0.0001
(Nanoparticle application levels)
0,3 il 0,8 x cdb go
» A 22) ga & 6 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

(Texture x Nanoparticle application levels)

Ol yus oy
Coefficient of variation

24311 0.1479 3.9205 6.5128 2.6913

B ST ole Jaie OM 5 SK Jsles gl liy,S :CAC03 1S Sy 8| cobin il E£C 15K 28y PH (S gl Jols ubes :CEC

CEC: cation exchange capacity, pH: Potential hydrogen, EC: electrical conductivity, CaCOs: Calcium carbonate and OM: organic
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Figure 3- Interaction effect of type of soil texture and application levels of zinc oxide nanoparticles on (a) soil cation exchange
capacity (b) Potential hydrogen (c) electrical conductivity and (d) Percentage of soil calcium carbonate

Similar letters on the columns indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The
vertical line on bars shows the data’s standard deviation.
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Figure 4- Interaction effect of type of soil texture and application levels of zinc oxide nanoparticles on percentage of soil
organic matter
Similar letters on the columns indicate no significant difference at P < 0.05 based on Duncan’s multiple mean comparison. The
vertical line on bars shows the data’s standard deviation.
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