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Background and Obijectives: The rapid growth of the world's population
in recent decades has led to growing problems in terms of water supply and
agricultural resources, and limited water resources are one of the major
problems in the agricultural sector. The treated urban and industrial
wastewater, which its pollution load is reduced by adding amendments, can
be a suitable way to provide plant water and nutritional requirements. Thus,
this research aimed to investigate the effect of different amendments on
soil properties irrigated with wastewater from Bu-Ali industrial region in
the Hamadan province.

Materials and Methods: For this study, treated wastewater was collected
from Bu-Ali Industrial town, Hamadan Province. The greenhouse
experiment in the Bu Ali Sina University was conducted in a completely
randomized design with three replicates with loamy soil irrigated with
wastewater. In this research, nine treatments including citric acid, compost,
manure, gypsum, composite treatments (gypsum+ manure, gypsum+ compost,
citric acid+ manure, citric acid+ compost), and control (27 sample) were
used to investigate the effect of these amendments on some chemical
properties. Soil properties were measured before and after the application
of treatments. These properties included pH, electrical conductivity, cation
exchange capacity, organic matter, total phosphorus, and available phosphorus
and heavy metal concentrations such as lead, nickel, cadmium, and
micronutrient such as zinc, copper, iron, and manganese were also measured.

Results: The results showed that the applied wastewater was considered to
be unsuitable water with large quantities of sodium. The application of
various amendments such as compost, manure, and citric acid in soil
irrigated with wastewater can significantly reduce soil salinity (from 2.53
in the control treatment until 2.16 in the compost treatment). The effect of
amendments on some chemical properties revealed that the addition of
different amendments to the soil irrigated with wastewater resulted in
significant changes in pH, electrical conductivity, cation exchange
capacity, organic matter, carbonate equivalent calcium, Ca, Mg, and Na
cations, total phosphorus, and Olsen phosphorus. The lowest total copper
content was observed in the control treatment with an average of 13.84 mg
kg™, whereas the highest content of this element was seen in the treatment
of 50% gypsum + 50% compost with an average of 14.93 mg kg™. Also,
the highest amount of total phosphorus was observed in the compost
treatment, with an average of 294.47 mg kg™ and the lowest amount was
observed in the control sample, with an average of 252.51 mg kg™. The

Yy


mailto:ebrahimi.soilphysic@yahoo.com

results showed that the application of soil conditioners in most treatments
had a significant effect on the concentration of available iron by the soil in
comparison with the control treatment, the lowest amount of iron
equivalent to 7.68 mg kg™ in the control treatment and the highest Its value
was 10.59 mg kg™ in the treatment of 50% citric acid + 50% compost.

Conclusion: The results of soil analysis showed that the total concentration
and supply of heavy elements lead, nickel and cadmium in soils treated
with various modifiers such as citric acid, compost, gypsum, etc. was
higher than the concentration of these elements in the control soil, But the
measured values of the elements were less than their allowable (critical
limit) values in the soil. There is also no problem with other soil
characteristics such as salinity. In general, the results demonstrated that the
use of these amendments can be a useful way to reduce pollution levels and
the absorption of heavy metals in the plant.
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Management and Sustainable Production, 12 (3), 27-47.

@ oIS © The Author(s). DOI: 10.22069/EJSMS.2022.18525.1987
T Publisher: Gorgan University of Agricultural Sciences and Natural Resources

YA



Sl adgi 9 S S e 4 55

PEPYSIVY : ol UL
FEYY-1YV0 1M LU

%&’U‘”"iﬁk‘a’

0 ol 6T T oy ST 19 o5 51 5t ilideo SlaoT T No! i

(o )l

Y ot e T e Jpeit

g.rahimi@basu.ac.ir :asbll, .0l sl lhes diwr e 5 ol8ls (S1 p ke 058 gt sk 55 )

ebrahimi.soilphysic@yah00.com ULl .0l 5l el (IS o1 (S pihe o35 Y

oS> Alas SleMbl
el Sl 3l I 5y Gl L ams e s Ol Cmer LA UG iU g able :AJLSAC‘,S

2 3 se OSEe o Sege 3l S T e Cussdone el old (535U bl 5 O
GBS b e 5 S el adeal ISL ey Sl eslinal Lol (55)5LE8
S Ll s (Sl ay baeeS ol 03580 b 51 OF Sa T L jtals 5 il files
oSl G sy ol addlas G by Al el 1 oS e 5

2 Ol Okl ey gmio S gd o Oles Ledd bl S gla S5 il

e S g 5 Ol b 53 eld ahad oy aslllas ol sl (5l tla jBs, g 80
S eslizad L Oldes baw e o8l 55 labalS 2losl s el Ol Ol o 5
3 gl LSS Y L 5 sl IS Sk b B s Sl Lo (3l] e S
35 55 Sled (@ (a3 oS (S el il e 4l addlas ol
jML}j(w)ﬁS+p§Jzﬂle‘&l>;§+;{iﬂwwl4¢.ﬂj¢6+é‘f\>;§
SSesMl slasle Jlesl 5l a5 b3 Sbs (sla S s ealisal €503 YV g sema 53
Sid ol osle ¢ 55318 sls wod b o (S s ok pH Jols s Sy ) s
oS l3ls clle 5 5K 5 el e gy e oS ol B (el b id 5 S

A Sl pseaslS 5 S e

4 ol L3 e b bl Gl s andlas 555 Olay S s OLES = bl
S Sb 3 S Al 5l 355 (wpraS 5le Cile glaeiS L I eslinl
Sles 53 Y/OF ) das 2alS (gl s Sopse w0 1) S (g5 MilS e olay bl
S S5y F e o eslial 5,4 L;LM.L';SCU’\.A Sl lcmsmeS Jld 52 YN 4 sl

s = ke oS Ui

AMCLVEV.VAPA :C.;‘ijb é’JU

VEVAYNY i g B

VENVYY iy sl

(SIS glaells
(S3 4l
S e Ao
ol

[CED)

‘JST:}S
&

¥4


mailto:ebrahimi.soilphysic@yahoo.com

o ol b (] cow S s Caliss GlaokiS ool 5,08 48 sl Ol e
eedS Dl S T osle G 53l8 Jols b b (S Sl ula Sl PH Ll re i
SMis (p 568 A3 SI al bl 5 S el e 5 e eendS a0 5SS (Dslas
Sass 53 O SMie 0 5t 5 S5hS 52 0 S des WAL :Sle b tald e 53 IS e
coren el Cosas o S LS 53 0 8 La VEAY o Sla b G gaS 100+ S V00 oS 5
A0S 3 eSS oS ke VALY 5 S0le b i a8 Sl 52 IS i Olge 0 5L
315 0L b A sdalie o S4kS e S e YO/0) (S0l L el i 5ad 3 OF Ol
Sl aalp ol Chle  ools ame b Ll (Ll 3 Sbs s LaeaiS oMol 5 )lS &S
2SS e S Sk VI slas @l 3l e 508 il dals Sleg b acylie o
S el 100 e 3 0SS o p S Jea 10708 U1 Sl S ke 5 ald Jles

RV RCYRCIW AT

3 UG e S olie qal s s IS CllE S sl Ol S w e b 16 S o
B oS S Aol Lile il (Slas S Ml L sld e SlaSlE 55 geslS
5 ol st (g, Selll uslis Js oy dals Sl s obe ol Clle 15 e s
Llo gla Sis plo B 5l e s 508 S s WOT (o 42) s i
3 oS+ oS be Glajles 5 s e ) Sl 0l sl JSCie 5 g0 d
=5 LaoeS ool 51 oS 5 eslial o 315 0L gl S5 bty (o 30aS + S e Al

S S el 4 Cod (55

smimo iy L oad )l S slonds sl Shas 5 2 cilize slooniS Al 510+ 1) s« contly] ol ¢ sor 3l
V=BV (NY Lol adsi 5 ST g ke i
DOI: 10.22069/EISMS.2022.18525.1987

& - 55 e e 0

Y



ol (s 9 ooy @l ] o GBS Rg (S S SloaiS ! ]

Ghlie 53 T e 5015 48 3500 0l Sl
R e el I
D 2508 (250 b i85 e T nl 51 ol e
sole sy s w5 A4S Ol Gble l s L)
12,08 O )3 35 sm ey 5 5 paneS o106
s ooy Jals ) ansS glaay e (g5 5liS o
52 (8) 5sd 8 Jpamme 3 Shee I o
e ol 180 s S Olse 4 LS e Jl s
sl (V1) 5, L 4 eld adad el ¢l
Sl 5 ol 5o 3uslS L Clay 58
OWIT sl b A ol sdomze VLI dax 3l Ol
AV el @b 6 e 3 i (S352e Olias o (ure
Wy e s LoDl (08 5 W Y
sl daes Sslize etV sl (gl
g bl et gLONSL @ ol s
g5 a0Vl sl g5 S ook @ ery (So
Sl S OF Sl pg s WS
b Llg e gro old adal ole 3l esliad
e Bl G &S Ol ;.j 35S (3 5d
Loes (S35 68 o gl il cnl 5l eslina
e polis 3y ph 43S s Wl e
Sy o Sl Sb s sole memd 5 Lol 53
S K Sole L00) il e &
3 Ll ke sl St e il sladly
Stoa K ol sy bl Jedes
ple & il bl o3 oSl I (S e
i, oblS Sa T 5 St cilig 5 caiS halS
Syhp ML L ekd bl gl s e S
(Yoon) Coedl 5 BsSos i al 5 .0V 5\
o Gl el b ol S S ol
S L A Al s sl S
23 Slay 5,8 5y Cewys o pde psi) el
ke sl sSB (VA das e OLES 1y (g5oalisS

AR

Ao

o dles b plas Olgr Comac 05380555 A,
S Jlsix 5 5SS Sl e 5 souslis
Sast A oS s Bl sbosis S g0 g
Gladle L3 Col 0l o go K05 G Sl Ol
a3 5 M Gl Ol G (ol Lol 5
(Y 5V 38 sl O e 4 o3l 5l i L
o2 8 sk o ol s sl Sl esliad gcnl
AL S50 GIsLES anw s 53 aa 5 ol e
() Cl @ S 13 g 5,5 ol QUL s
GoaslsS Ol b Gl mly Sl e b,
oslital iores 5 sl sl 5l oK Jols
(8) il o s 5 St GLASL Sl s
2 oS awg 5 ki S LY 5 S
S5mS 33le g gl Ui an 5 S g
CaiS b oot 5l alg e kaly ol 3wl O
e 5 Sah glacby Wb Sl 2 bl
CekS Lol bbb O 5 0) 23S e
oS Lol Sl 1 a e lhe 8
Sl 5 e Ol sl @il | ol
e onl O3 Srand W 0 ol
a0l oot 5 Sz b Sns h i
3 Slbes (ol Glas )8 ped U s sl o o s
uf\}n gl S Ll Ol 1y Gloss oy e
ooyt e oiS Lo glacl 5l eslinadl s

V) il s
ool Gras )l Jol- Sluls 4 OSL
3 SIS (e Bolas) Ol e yess, S
O A3 88 51 i s &S 358 e S (Sl
S A Al el Slge Ao ) Sl SeS
S it gla iy 4 el sl cpl 5l (Sledas
o L OOl el i 5 el s DL

5o adeas 3 ol OF s e LSS 1y Db



EXA N a)h».fs NY D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

Slagmes 31 Sl YEr har sla s 51
A S5 ol S HES la VTS 5Se Sl
S Ll Ve ssue 5 s s Slal
Lolay 5l eslatal b Opsde g8 o)lS lazids
53 ol Sl eslinad aile (YY) K3 e ol
O.U.?v,@.a)'\é..,\.ﬂ)& Jla Ve st 4 K55
OF 3 baolay 5l sy 4 8 K5 48 bl
S el (VE) Al oo JU S50 05 355 0 eslixa]
Lile OF S5 glaes Gl s 5 b s ol
A 0L ey il S e Sl
L Sale ed SUbLI Lol 51 e Ve e 50
(V) L5 o okl Dy
s ol Ul ek S3 s 4 ax g L
Ol 5538 55 O slas S o5 2 sldl
SE2 3 (S ol il SlaLL 5l esland
S3a3laS 53 O el sl 5l K olpe w
OSGl (o e hs3y nl 02 alpls ol l)
R S oA hedl Fxi Dl Sl eslin]
s kS sy Slal L Olles Lo oy
s liliel b ol anglis 5 odd adsl ineo
ol adal o Oley 3l esledd Gl Sler
A sasles Slaal gl bl S Olgea
oS Ul el wdka o Ol b0l
GlaotiS ol 3l eslizal 5 Aa O 33 K jolis

w;)bjw}ﬁ J)j.&;gu-).)ql:?.u

g, 9 dlge
Slr S G Kony s S0lNl 5 (5,13 4 s
)| (u“)j C,\BL) oalawl 390 S u':"h}}:’ u-l‘ H;u\
Ges s Oldes Luw Loy o8l SIS Gl bl
BER-REE PV R J,al; S sl =T
Al F e e TS SE 0LLIS
sl glais, ool pled 5 S

Yy

Jas 1y S s K ol eal o
olo ( 5ylS I3l LS PH Jels & xS s
S5 5 o3l e 5 p el oal Gladst (JI
skl O wsosles sbls (soeddl ol 5y
08) asl o SIS s
OSae Sy 3 R ol chl dn s
Juﬁ&@q;wmp;@uﬁgwn
P oS pole CBlE RIH1 con Xlg e
S (YY) 30 LS gl s eds i OLAL:f
3008 ol e Olge 0 Ol Sl Ul &S
wias s gals 1 of (Sa gl 5L b 53 eslinal
S ks glaely w0 ol Sa T JL rals 5 Ol
ST iy ssle andl b Ol il dbor
Gt s sl s Ol Wl 5 (YY)
Py whal ok 4 ey LS Lyl
LS oS T S spp 4 Nl s
Ll s s ey pis Sl pan 5o Ll s pd e plal
S p 03, (sl.l sla sy sl eslital (goladl 5 o Bl
J3 U5 rlnls Aol ol 8w 4 Sl i
2 obes Sl S-S okl 6l oy S eslinal )
SOl Eel glajles oo 3l il St (s,
OLLS ll sl oy b S T Sl szl D
V) 35 e Sl i 2508 K20 J 5
SlekiSPOsl 0355l bl bolad by ol
5 S Aol @S (sl 55 Ospes Al
S ool Sl eplply il s 0 b 5 CowgaS
» sl ot Lok ol boll psls
éuwﬁoﬁda\}u@q;gﬁmsu
R R S B R g e
el S gy Sl Sl eslinad SIS Sled
Sl 5aS 5l Gl e 08 LIl 51L(YY) 550
Lasl o ol 5l sdme elisal 4 Oler

S OESs Ogekee Yo ogs 0l Jlie Ol 4 65 655k



ol (s 9 ooy @l ] o GBS Rg (S S SloaiS ! ]

el s Sla0 58 EC pH s wins
okt 3L slatas b K jolie 5 ausie ceendS
Jlon b Osel 25 gy IS A8 (550510
ety Dlog S D psloms 3 0,8 Dl 2 Y ge /0 VO
Ol oy hws SliSe 5 oS o
R I Dy R
Sl s (FE) W S (6, Seslul s L6 O e
s S L5 el B w
L Seplul Cintra 101 Jue e gby xSl
L Osml 25 sy 4 COD® (g Sesluil (Y0)
2K e s bl &l s Sl b
3l aalsl sy lesed 4 b Sl Ol 1
g~ BOD =5 Lug s BOD' ol
Jslms Slalr IS (6 So3ll gl i (5,831l
53 031 3 dny 5 U3 Wl 35 Lass 5 (TDSY)
A eslizal 3l S sl a3 YA (sles

S Sy heSEdel b Shy e
sosls EC pH 1l LodiSmolol Sl il
Lo pobe 5 e el el e
i g Sl e sk sla s,

sl b3l LT # b 5 bjles Jles!
T2 caals T1: fals Jiags ol 53 eslinal 554
(Citric acid) 4l < zw T3 «G) (Gypsum) 5
«FYM) (Farmyard manure) _ls >5 T4 «Ci)
psl=s 6 «(Com) (Compost) . 508 T5
+Glor 5l by T7TFYM /0w +Glor 3l
FYM 7o+ + Ci/or 3l Llss T8 <Com 7o+
il Com Yov + Ci 700 5 b T9 4
Sbosls i 5w Gl eliial 55 2k
oS s ol s 5K ol chle 5 S
A LS YL el S Sk o) sen

5- Chemical Oxygen Demand
6- Biological Oxygen Demand
7- Total Dissolved Solids

Yy

3 Sl 06wl Sk il s Sl
ol (Y0) Ws S pend (GRessdes sy
S04 ) cd ys S pH 5 (EC) S
e s Sl el b oS5 a of &
J) e pH 5 (Metrohm 712 Ju.) S s
Sly SOV 5 YV e 6 ,Seslul (Metrohm 744
osle ((YA) 225 5 Osel 25 Soss & Jalas oS
dols b b 5 (Y4) 5 O gl 25 oy 0 S I
Yo) "5 is, a4 (CECH Skt jusls
(et Jold Jgls sla0sslS A, Sell
Sk e ol 0 @) ojlas )5 e 5 eedS (euly
Qs A5 a5 & e 5 oS s 5 )50
o e oSies SWS 4 nly 5 e
b s 6,505l JENWAY PFP7 Ju
3ol P w s e S 8 s cd LB
SaS L (Yern) 0Kaa 5 OF 5 (V4AY) ula
s i3 Cintra 101 Jue e g5 sl oK
G5l K Sl S ke (Y )
cbhle 5 (1Y) Jbs ot (HNO3) s ol
el b Sl R ole e LG
ool ol o&aus 5l eslinad L DTPA [ S6jlas

() A el Varian Spectra AA 220 J.«
0 abesd G Sy 655100 5 Sl 4@
Joad 02 0dd ahal Ol (e ol el sl p
ool Oldes Olial ey mio S b 5l Ol
2l 08 53 ol OF 53 wdas il 3 s S
OFdWs & 5 s Sope & ol DY 0
S o Bl SIS ARl s et O8N
O o S Sis 3 F i el i g

Clw a3 A (Sl okl 653 Jsb

1- Stoke's law

2- Cation exchange capacity

3- Bower

4- Diethylenetriamine pentaacetate



EXA N a)h».fs NY D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

A chle 8 sl Ol mls el s 4 1)
oolie 31 VL Sl andlas opl Sl eel s
o ikl bl sl 4w s
Ll gl 5 VWYY (Cas) o Olejll) LadLSL
5 58 o] Sl s eslizal  Jameco
03 s IS chle (00 ol il el
Sl 4 Ol o) Sl Golas wan 5l ol
53 Gl Oy & eslial b OBl el (b
L Cusgdo bl (5,5liS 4 bg e sl
(1400) s 5 50l & 5 el i o
SUls b 5 UL kel sl oy ) eslinad
A Bl Sepl s (TV) 35 il Zud sl
DLLS 3 oo b Canpoms @Bl L5 Ly
Jod) sdal s @Lﬁ ol sl jalb UL&»
L obe bl S sy e ()
el 3 o S s e s 5,53k
bl 2op S RE a5y Ol 0
oelS B Ol s dame Olesle 31k
Glils D3l sl 5 e O 4 Wl
oo ea (14A0) s 5 5l il s Cud o
o eatls Olgs 4 ) e 4 eSSl
s oleals JI3 B de bl Ol Sl ey
B w1 Sl VG e 4 eedS
oarla bl b o (V) Wlazasls el gL
AV sz 350 Pl e 4 oS
P e
SHAKEs Ll o 3,0 jied VL ol 5l
And gl SIS pl s bl pd |
St pplie (8 o3kl gmd e o Ll
s 4 @l Gl (V) 3,10 s kel of s
Jole Clle S s jasmis V Jpde s ool
chli- Oljle glaslibul b ol K
A= 5 (V4A0) FAO 5 (\YVY) Ol 5l censy s

ye

o0 Cuib L LLOllS sk s S
S oS g e mle Yoo gl 5 6 SLS
Gay S Sde 4 U1 gles s St 05 S La,
Ly O 5 Ad wlsl S 4 eSOl
SRS ¢ gazes 53 A LollS 55 5 L S
95 CidS Gl e s a4 S s s OlS YV
03 4 b sl oIS (s, 10) O el ST
22 SreSle 0 Gas 3 ey V0 ) b
bl OIS & Ly el axdlS oSS
STV S (S AR S W R T R v
b el A3 053 gk s ol ST 5l el
Ol sgm Sl 2 ke 4 &S col S5 0LLE
ol e 5l 13 6 LoldS gLl o Soal
S e 5 S Sose Jpeme STl L
Pl cprs Loy (S 8 BT a4 badlpr

Al SL OIS a5 ol S5 s
S an bl 6 adlae ol s ssslel Slaloes
oslinal b galas Lol Sk ilesl - b Il s
b Sle anslie 5 43 3 JUT SAS 9.4 3500 5 5l
A pl] Sy sl b Ao o Ch—ﬂ 33
o EXxcel 2013 basms Sen Ll gal

TR WY

Sy Pl A Gl Shs ml iobe S
OLES Y Jsd 53 sl sdal ) g 5 eslinad
A Ol S Cylds & spde el
39 L analie 3 oS ol sy 20 e o3
dsdr 5 (Vo) Gl LLals Ol Glawo s
JSlas 5l 55 (VAA0) Sl 5 5 a0 (slas saia,
S Cassdoe slils 5 3 solel lp Slee Sl
Sl Glp ol Conn 5 (SSU ylia
o5 ke VAVY Sy 53 5 5o IS 070 AL e



ol (s 9 ooy @l ] o GBS Rg (S S SloaiS ! ]

s Ol 51 adad 4 56 5 sl Jo1 5 23 e GooslasS 53 eslaal (gl pl sy 5 Wsg Cglae
(A) L5 o 5 o SOlS el (10) il s 1 i
JJLP Loy Qv G Ve 3 gl (\QQ\> Q‘)KA_A

b3l 3550 Sl 5 O e s S5y 5l (F 2 Sbe ) Jpar
Table 1. Some of the chemical properties of water and effluent tested averagely.

&y ol sl 5"
51l

Standard of wastewater limit for Sendard ol d\>l., s S5s
Sl 5 G3LS s 6, Se e e a4 adss (FAO) Wastewater Unit Parameters
Exploitation in agriculture and irrigation Drainage to surface waters
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Table 3. Soil chemical properties in the studied treatments averagely.

oM CEC EC H S
(%) (cmol’kg™) (ds m™) P Treatment
1.31% 19.95% 2.53° 7.04% T1
1.26° 21.15% 2.66° 6.77° T2
1.36 19.60¢ 2.41%¢ 7.242 T3
1.59° 21.92%® 2.39¢ 7.15% T4
1.53° 22.76° 2.16° 7.16% T5
1.57° 21.50%® 2.51° 7.21° T6
1.56° 22.06%® 2.48° 7.01® T7
1.53° 19.68¢ 2.39% 6.94° T8
1.41° 22.27%® 2.57° 6.89% T9
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T1, control, T2, gypsum; T3, citric acid; T4, livestock manure; T5, compost; T6, a mixture of 50% gypsum + 50% livestock

manure; T7, a mixture of 50% gypsum + 50% compost; T8, a mixture of 50% citric acid + 50% livestock manure and T9, a
mixture of 50% citric acid + 50% compost
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Different lowercase letters indicate significant differences at P < 0.05
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Figure 1. Comparison of mean calcium and potassium concentrations in the studied treatments.
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T1, control, T2, gypsum; T3, citric acid; T4, livestock manure; T5, compost; T6, a mixture of 50% gypsum + 50%
livestock manure; T7, a mixture of 50% gypsum + 50% compost; T8, a mixture of 50% citric acid + 50%o livestock

manure and T9, a mixture of 50% citric acid + 50% compost
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Figure 2. Comparison mean of the absorbable phosphorus and total phosphorus.
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T1, control, T2, gypsum; T3, citric acid; T4, livestock manure; T5, compost; T6, a mixture of 50% gypsum + 50%

livestock manure; T7, a mixture of 50% gypsum + 50% compost; T8, a mixture of 50% citric acid + 50%o livestock
manure and T9, a mixture of 50% citric acid + 50% compost
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Table 4. Limits of natural and critical concentrations of some heavy metals (mg kg™) in soil
(Kabata — Pendias and Pendias, 1992).

Jsere Zhale Sl chle s
Normal Concentration Critical Concentration Element
1-900 70-400 Zn
- - Fe
100-400 - Mn
2-25 20-100 Cu
2-100 200 Ni
0.01-2 3-8 Cd
2-300 100-400 Pb
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Table 5. Average total concentrations of heavy metals in the studied treatments (m.g kg™).

G yaneS Sols o obis s
Fe Cu Mn Zn Cd Ni Pb Treatments
24598.8° 13.84° 206.52% 75.54%° 1.14%° 100.59%°  69.75% T1
25126.4% 14.00%® 200.53¢ 74.62° 1.12% 98.95%° 69.32% T2
26007.8% 14.49% 217.69° 75./73% 1.16% 102.16% 71.16% T3
26106.2% 14.41° 210.63% 77.77%° 1.16% 101.14% 70,742 T4
25892.3% 14.38° 203.71%® 78.71%® 1.14%° 100.22%°  70.01° T5
26479.9% 14.53% 209.11%° 77.37%% 1.11% 98.57% 70.39° T6
26067.3% 14.93? 211.93% 80.23% 1.10° 098.42¢% 70.552 T7
26827.6® 14.26% 213.81% 76.26% 1.13%° 94.66° 69.422 T8
27550.7° 14.52% 218.62 80.49° 1.17° 95.54%° 69.26° T9
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Ll o S 508 100 + sl K s 100 51 b gles TO 5 sl 555700 + el S s 700 51 b gls T8 s 5aS 00
T1, control, T2, gypsum; T3, citric acid; T4, livestock manure; T5, compost; T6, a mixture of 50% gypsum + 50% livestock
manure; T7, a mixture of 50% gypsum + 50% compost; T8, a mixture of 50% citric acid + 50% livestock manure and T9, a
mixture of 50% citric acid + 50% compost
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Different lowercase letters indicate significant differences at P < 0.05
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Table 6. Average concentration of heavy metals available in the studied treatments (mg kg ™).

o poblie S paneS ol s
Cd Ni Pb Fe Cu Mn Zn Treatments

0.127° 2.15° 10.24° 7.68° 1.44° 6.82% 2.27° T1
0.142° 2.83% 11.39% 8.32% 1.49% 7.04% 2.36™ T2
0.122° 2.55° 11.25° 8.61° 1.47° 6.52° 2.23° T3
0.130% 2.61% 11.24° 9.11% 1.44° 7.38% 2.37" T4
0.127° 2.88% 11.78° 9.53% 1.61° 7.42% 2.81° TS
0.142° 3.04® 11.70° 9.74% 1.56% 7.37% 2.42° T6
0.137% 2.95% 11.43° 10.05%® 1.62° 7.72% 2.74° T7
0.130% 3.06% 11.542 10.17%® 1.57% 7.92° 2.41° T8
0.137% 3.12° 11.87° 10.59% 1.63° 7.61% 2.71° T9
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T1, control, T2, gypsum; T3, citric acid; T4, livestock manure; T5, compost; T6, a mixture of 50% gypsum + 50% livestock
manure; T7, a mixture of 50% gypsum + 50% compost; T8, a mixture of 50% citric acid + 50% livestock manure and T9, a

mixture of 50% citric acid + 50% compost
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Different lowercase letters indicate significant differences at P < 0.05
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