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Table 1. Physical and chemical properties of soil before adding treatments
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Table 2. Chemical properties of the treated wastewater used in the experiment

Jladie sl bl e ly sebb
VA mg/l BOD Yoy psicm EC
\£1A mg/l COD YOO/A mg/l TDS
Yoo/a mg/l TS \tzAt mg/I oy
YVEI¥ mg/l TA av/o mg/I PR
-y mg/l S| Y/ mg/l S
1A% mg/l s YA/N mg/l oo
ol mg/l ool V¥ mg/l S
oIy mg/l posS WY mg/l Oiar
v/5 mg/l o AR % oS

b gl Gy OllS)a I ead and sbdiges (S
Analytic Jena ) ol Gl oKiwd buwg ¢ EDTA
slaodly (V) Wb wyp (Hl)l céls Contra AA
Slogad ( (Stuad Ay o 5 Slalefl 5 Jol>
SPSS V21 (gl 58l 5 Lawgs baylogs 5l S o 5 S
xb s g aps pola el gk el
Sle g i)y T Alwogey 01 (6 5S0jll lasede
dl).g Oitred A dulio 059.: el RV d}oﬂ b Lascﬂ
S Slaogas p ord Jlasl sloyles blite I duglie
ox) slayl3ge oy 193,5 odlatul 48 )b ¢ wily,lg JUT I

8,8 e EXCEl 2018 15810 5 oS 4y 55 gy

SB Sluogas
oS Jls SB closas (1) Jyo il
b g azdg olS 50 ya 3 S EC 4 pH «Sal ( Jl oslo
Seble b oad Jlog S 5 gy Juab slesl
cuils Yo ine M) oty 5 oM luy ciliee
ol SB o S a8 o ol ey ol @l
s 4 Coansd ()l sime il g 9 OUSL Cluy
Cudly jaed 5 domigy olS 93 58 ) (Cuigiy 5 Cluy A80)
oS g5 o > SB I s e gyt () JSS)
d91 Sty Yimolug Veoll Jlog & bgye jaud g a5y
9 VEILY (Cgin g olun 18) aals 4 Cons s 4 oS
SB I osle a8 by ol gl lanily Lil58l YO//F
@ Comd (5)b e Gl Coigiy g OMSL Clay (g9l
Peb g @i olS 93y )y (Cugty 5 Cluy 136) wals
oS 9 ya S Il osle Jlade oy (Y JS5) cusls
S92 Sy Yimolag Voo Z jlags & bgiye jand g aoxigy
5 ANV (Cigin 5 ol 936) Jals &y Copnd i & oS

)9 o o O SIS o lulS s ool 5)50 S
Jolis olS uﬂ W bl Ol lade b el
)losm»lbmwwuu.cwsapcé)as)au—
olS Wiy 0y50 Job j0 baylals S cugby (o (65l
oy 80 o &S ol &S gl jlan S esiledly O
Ygoro o oyl a8 0l oas gyl o1 5l ol JLE &
Jes bl Jlan gy e B S5 o SBogg 4 e
o> nls 5 I3l 4 4255 b g e £58 & 5]
oo )b (wyn slp WS e )l S Gl
s SB o S Glild cus 5 oSS 0 S
43,5 Oygo Olidsg 4 drg b olS 4 o Jisl iels
PRAS T L (S 2o ¥ g ) Cums b Cuigin S
Y -SB S VAV b cugin p)5 Y top V) SB
slls > (S )8 YAV b cusgin p)5 A o))
35 blde 819y &0 Hlai )90
4 SE wges S5 QWS I alejl g9y 5l S
Slaogad Sy g 25 by pSelS S 90 ()
sy Giloodlel 1 ey 035 (Soill ] olend
rolie polis Coles > dajles Jloel 5 (ylol daglls
Oemed g EC pH ‘LMJ%.S Bl NPK 9 [99.5::.)[.{ 9 Lyw
Oiar « Sk g (ASly by JI oS gl S5 0ylas
Sl ol ojlas > glonl LB jawd (JlalxS hey @
ey (i 5y oy b Jleyi /0 i Sl o
L Jlep e possel il J Juols oylae 55 a1
Gt oo eSSl g egih ld ol
V) sas pSoilul amlyis g sl b S 25
Po wblf 9 Ly TN J)L‘) chle Lgﬁfb)'l.\)" )Qla.mc\)


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

[ Downloaded from jwmr.sanru.ac.ir on 2026-01-02 ]

[ DOR: 20.1001.1.22516174.1400.12.23.8.3 ]

[ DOI: 10.52547/jwmr.12.23.191 ]

bl L o 5 gl 1S (b L) o 5 aible

¥ S g @y olS 9 S sl Sho (S p s Ml Clay g Cudgny ]

G & O Cigiy Yimoly Ve h e 4 b
VIET g Nelliod (cudgin 5 Oluy 286) aals 4 o
g g5l S5 EC o b s gl lazdls iyl
BB) dald 4 S ()b dre Gl Csgiy 9 OUSB
JS8) Cudly jaud g a5 olS 93 2 5> (St g Olay
Ped g @S olS 53 > S EC Jlde oyt (0
i & 2y gty Yimoly) X e 4 bgye
YE[V/e o YD (Cosgis 5 oluy 28B) sald & cons

lazils gl

Gyl S Sal a5 ol ol mls wslazsly zlj8l .
Jals D Cound d)bu""" u,«.u])Bl wy..u 9 u)’t.\ob ul.mJ
cusld )..\.-..\.u 9 d.>u9: al.»S 93y yd (wy.u 9 ul.u.u .).9‘.9)
5 4 olS 9 o > S Sal Judo oy (1 JS)
@ &S g gy Yimolhay Vool Jlad 4 bgye jaud
OVIDT. o /X5 (cusgin g luy 18B) ald & Cans ol
Clay g9 S pH a8 ob ol ol wlausly )38l
BB) dald & S ()b gne Gl Csgiy 9 UG
JSKB) bl jaud g dogy olS 93 pp > (gt 9 Cluy
b g a5 olS g0 a0 SBPH Hlde iy (F

S g o5 S Slaogad bl blite Bl g Casgin b oS Olay calisee (bl il 3Ll zuls =¥ Jgis
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.
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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

2 g
Fold Gl 5Slke ;)ljl EATE D Fold o pSle oolji e s o SE et
WYaNSAT YoY/YS. ¥ Ol YAF/SYET /YA ¥ Ol
AY/SEY™ F£A/AOY Y gl YAY/ VT NAAK Y gl o
VSV YIARE A gty X ol Y/ove” oot A gty X ol o
Y-85 A\ s ofeey £0 s
YOAFA™ -[¥5 ¥ Ol YOAYYE™ AARVAR ¥ Ol
VST AN Y Cogily AANAZY YFA/EY Y Cusgihy "
YIYON” ey A gty X ol VY /A A Codgiin X Sl e
ofeey A\ s \/RRY4 0 s
WO/SYET YANYOS ¥ Ol av/ayY™ AAATARN ¥ Sl
YYE/YEYT VWYY s Cadgihy YY/se VFAEY Y Cadgiin L
Yiad vivYY A gty X Ol VeV ¥/ oA A sty X ol 9
oA 0 s V/vay 0
SNYON™  YOF/\YA ¥ Ol YO/ YOY/\Y ¥
yo/vor” YEY/YYO Y Colgily VOV/YA™ VAY/\ ¥
VAYE” FIASY A g X ol Vve™ AR A i
yivay 0 s Ve 0
AUV YYAIYA ¥ Sl VYA VEAIY ¥
YEIVEA VIY/VO Y gl SAYE™ WOINED )
VIYED s15v0 A gty X ol Yoo /vy A gty X ol e
YIYY ¥0 las AV £0 s
o gize BB dg3g pas NS o yd V prdaws )0 I3 sine AU st Ao ) O pdanw )0 I3 e OS] 1
®BO Bl - B3 . 2, MBOmB1 B3 =
2.2 4 a? 2 ab"’
a 1c at?b ab b af
S 2 4 bzb abab l bc
:L ¢ ¢ % 1qec’
3 <€ 2
“liil] \ -
1.6 - 0 -
WO W25 W50 W75 W100 W0 W25 W50 W75 W100

il 55Y By (o) jhed 5 (W) dog SB- i p (B) Cusgiy 5 (W) 0N Gl cilises slackle 3l -5 IS
bl oo oy O e ) I pxe BB sniad L
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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