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Table 1. Physical and chemical properties of soil before adding treatments

e bl e sebb

£IVy pH RIRYN N (ppm)
/00 EC (dS/m) YY/XN P (ppm)
Uy CaCO0; (%) [\ iavAs K (ppm)
AR OC (%) YVIEY (AIRY
Y/-0 OM (%) FV/vY (%) s
WY CEC (cmol™) A (X)os

- ) L)““‘“’)T 5 ool ))_9@ [XWEVE- =Y u)’hols @w LSL“‘,;?)‘ﬁ -y JﬁA?
Table 2. Chemical properties of the treated wastewater used in the experiment
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Table 3. Results of analysis of variance of different wastewater, bentonite treatments and their interaction effects on

soil properties of alfalfa and clover seedlings
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Figure 1- Effect of different concentrations of wastewater (W) and bentonite (B) on soil organic carbon of alfalfa
seedlings (a) and clover (b). The different Latin letters indicate a significant difference at the 5% level.

W0 W25 W50 W75 W100


http://dx.doi.org/10.52547/jwmr.12.23.191
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.23.8.3
https://jwmr.sanru.ac.ir/article-1-1069-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-04-23 ]

[ DOR: 20.1001.1.22516174.1400.12.23.8.3 ]

[ DOI: 10.52547/jwmr.12.23.191 ]

bl Lo yaams 5 canlis 15 4 30 503 L) o5, Bls aible

a0 VFe e glanli g jlog VY o)l /pmdjled Jlo jusul o5 o e doliings
m B0 mBl = B3 < m B0 mB1 B3 <
3 a aa _a#@ a’ 4
ab b ab e a ad
—_ 3 -
S 5 ,bb P 2 bbb bbb pbP bbb
- \:‘:l
: 2
= 3 1
K 9
4 1 -~
Y R
0 4 o
W0 W25 W50 W75 WI100 W0 W25 W50 W75 WI100

Gilses oY By () ) g () agy S JTeske 2 (B) ity 5 (W) oM lay ciliseo (slacale 51—y S
Wl oo oy O e ) I pxe BB oniad L
Figure 2. Effect of different concentrations of wastewater (W) and bentonite (B) on soil organic matter of alfalfa
seedlings (a) and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 3. Effect of different concentrations of wastewater (W) and bentonite (B) on soil lime of alfalfa seedlings (a)
and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 4. Effect of different concentrations of wastewater (W) and bentonite (B) on soil pH of alfalfa seedlings (a)
and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 5. Effect of different concentrations of wastewater (W) and bentonite (B) on soil EC of alfalfa seedlings (a)
and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Table 4. Results of analysis of varlance of different wastewater, bentonite treatments and their interaction effects on
soil elements of alfalfa and clover seedlings
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Figure 6. Effect of different concentrations of wastewater (W) and bentonite (B) on soil phosphorus of alfalfa
seedlings (a) and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 7- Effect of different concentrations of wastewater (W) and bentonite (B) on soil potassium of alfalfa
seedlings (a) and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 8. Effect of different concentrations of wastewater (W) and bentonite (B) on soil nitrogen of alfalfa seedlings
(a) and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 9. Effect of different concentrations of wastewater (W) and bentonite (I?R on soil lead of alfalfa seedlings (a)
and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Figure 10. Effect of different concentrations of wastewater (W) and bentonite (B) on soil cadmium of alfalfa
seedlings (a) and clover (b). The different Latin letters indicate a significant difference at the 5% level.
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Abstract

Iran is one of the countries in the Middle East that is facing a shortage of renewable water
resources. As one of the government's socio-economic policies, the emphasis has been on the
optimal use of renewable resources, in particular refined human and industrial wastewater. One
of the limiting factors of using these wastewater is the presence of heavy metals in them.
Therefore, soil remediation is important to reduce this pollution or to deactivate heavy metals.
This study was conducted to investigate the effect of bentonite modification on soil elements
concentration irrigated with municipal wastewater under cultivation of Alfalfa and clover in a
completely randomized design. In this study, essential and toxic elements of the plant, soil
properties and elements in soil under different effluent ratios (0%, 25%, 50%, 75% and 100%)
were investigated. Also, due to the presence of heavy metals in wastewater, bentonite modifier
was used as immobilizer of heavy metals in soil at two levels of 1% and 3%. The results showed
that 100% effluent-3% bentonite treatment had the highest amount of soil organic carbon,
organic matter, lime, pH and EC for both alfalfa and clover species (p<0.05). Also, increasing
the level of effluent application significantly increased the concentration of essential elements
(NPK) in soil and plants. On the other hand, application of 3% bentonite resulted in a significant
decrease in the toxicity of lead and cadmium in plants and soils. In general, it can be concluded
that application of proper wastewater treatment can be used as a potential source of water to
enhance plant growth and yield, as well as the use of bentonite as an immobilizing agent of
heavy metals in wastewater in forage production methods.
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