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Effect of Municipal Solid Waste Leachate on
Plant Growth and Micro Elements’ Uptake of
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Ferdowsi University of Mashad

Abstract

Municipal solid waste (MSW) leachate contains micro
elements that can be used by plant. They are essential for plant
growth cycle at sufficient level and impose a vital role in
increasing yields of most agricultural crops. Greenhouse
experiment was carried out with four treatments (control,
20%, 40%, 60% leachate to water (V/V) ratios) with three
replications by using a completely randomized design to study
the effect of (MSW) leachate on growth and concentration of
Fe, Cu, Zn and Mn in green chilli plant .Plant fresh biomass
and plant height were highest in 40%(MSW) leachate, with an
increase of 68% and 107% respectively compared to control .
Number of branches in 40%(MSW) leachate showed an
increase of 80% compared to control indicating a positive
impact of (MSW) leachate application of up to 40% on these
parameters. Fe, Cu, Mn concentrations in plant showed an
increasing trend with increasing the percentage of (MSW)
leachate to water. As 60% (MSW) leachate increased Fe, Cu,
Mn concentrations by 6%,31%,6% respectively when
compared to control, but no significant changes were observed
between the treatments. Highest Fe, Cu, Mn contents in soil
after plant harvest were observed in (MSW) leachate of 60%
indicating, their highest uptake and concentrations in plant for
this treatment, probably due to limited plant growth. Highest
Zn were observed in plant and soil of 60% (MSW) leachate
treatment, as Zn concentration in plant showed 46% increase
compared to control, probably, due to its highest soil content
for this treatment. In general, application of (MSW) leachate
up to 40%(V/V) leachate to water ratio for green chilli had a
positive impact on plant growth parameters and
concentrations of Fe, Cu, Zn, Mn in plant and soil (except
Fe).However, their concentrations were much less than their
standard critical values and therefore leachate applications in
calcareous soils is recommended while considering soil EC
and plant tolerance.

Keywords: cropnutrition, green chilli, Fe, Cn, Mn

* Corresponding author. E-mail Address: Astaraei@ferdowsi.un.ac.ir

ol

%
gt,nfuu;_.“\;,,,aujd..as;.a\,\mrfé.wﬂuébuAJLJ;\,;
Y oLE s, L (gl CaliS 3 e oS Gie ol 3,80 13
$5a8leS OV pae 4S5 oS 3, Shas Sil 50l 45 age SEE 5 ol
FEn ) e e AT Slkie oS ol Sl 5 sy AL 5 s
IS o (ST 4 4l oh o doy3 905 Fr (Yo (o) 5l F U Jals olS
w)ﬁ;)}.,a6\4.;&1?&\..-}T):g;w%KC}Q)yq)\ﬁVL'
A4S s odalice dwoys Fr &t e 45 ol 5055 o pie 08 S 13
Jles o ,;ﬁu,z—u)\ e Bl Rl A 3 AP dall 4 S
Ao s Gl \;w,;\VJ;ww\;\»umwaf.\.“»u
}i&uﬁ);ab;\aglssf‘sb»b;\.\xﬁwﬂhJ..p);\"Lm'\f:.a
Sl 53 SRl Ao s A L o3 Slaastla sl o 2l &S (5, 5b 4 sls
oS 53 5K 5 e (AT slie b etalie dald 4 Comd oo ys Fr 413
9-,u;d‘s,,ﬁuw\;@\;\@”k;,.um,;wﬁ Sl
(Y] @;\;Quw\;\wﬁhmﬂ
bdtw\c‘a_,.~)3g_}“>‘twb;' ‘5La)\.a.j¢,i;_,?}a‘5\.au}\.m 9 b
Sl 3 dn ST 8 5 s T lilie ot LS I3 re Loy
Hu;g;@;ﬁj,\u‘yw\dummwﬁ;- s 3 ol
Clle 5 olE Aty 53 s s 4 ke ol ol 53 5K 5 e AT
*\}j\b};a\.f):‘sjjj\.&a “L@SB)J}&FL’&}&&YL

Sl il s Ao 3 70 Hlas oS g0k 4 il il e &l S Ao s
);‘55))\MJM,;\;QL..4ML.~4.{WM):\°9J:Lutsjbkru

5 dald 4 Gl 4l Aoy

oS s adalice o s P 2uleST Jlad 53 ol S sl Sl dm 5 oS
;ﬁ.‘JG)JcSJ)csV‘e%JJ“fYW“‘:fﬁWcs})@-?ﬁﬁj‘v‘i“
Ol gl (camm Ao Fr b Bl 5,00 IS ) 5b 4ol les
5w\;awéb)‘sbﬂ\)bj;wu\j\wb) );J.dsa\.fé\f
)30'6})}»‘@'—"“;}"'C*‘?”Q\f:";}?}“éh‘;)\"“‘”“\m‘*‘\ﬁ

o3 Slees d 51 Sl b oS

5Ka ¢ o (T (Jils ¢ LS 45 thae 15 LS



S 3 polis il ol ok 5 e il
4 Mis (ST e lie 530S ) ol b Lph e
ot S8 oSS a3 e T sl e il
e ol RISl eodae sls 1S LSl g
Tamoutsidis, ) oMBb o) Lo 5 oLE Il Vj
Aol 5l pe Con 508 (MG 2 s 5aST (2002
(Soumare e al., 2003; Li Zhang and Li, 2003 ) s ¢-&
GEedS 5 IS VAT OLladl) Can a8 & 5
ol 5l 4SSl ol &1l (VFVF (L (gdomen ¢ \VVE
los gas Olge LT 55,87 2l 31 L 1, Lole e
5, 51y, olalE s, Shee tal 581 domss 5 o7
; Alvares et al., 1995 ¢\YVV ( g 53) OMSb )
«(Tamoutsidis et al., 2002 ;Labrecque et al., 2002
(Zhang and Li, 2003) oMbk =) CvsaS
5 (Soumare et al., 2003 )5 ,g=is donlm 3 g0 Cr 50aS
OYAFOL Wl (6 g ALj S 5aS 5 Jol &1
QLS 5 wlISEVWAY (S 5 e i
Sleds s S 5158 (VWVF (L (suams $1YVE
St L s 3 dlae Sl sl
oS sy e oS (din olie o 55 Slas

-l.a:ll.l < (« J.;LG
b w9y 9 éls.s

33 S S Oy s 0 VAT Dl s i
w o33 oy (5, 5laS” 5uSCsils Slidios SIS
e by polas SLLS Tl B s JusSE o) e
LS Lls G0 laT slajlag s plil 1SS
ST =T0) ST 5 4l s Cadoben glacens b & Ly
Fr=To ool 5 al s oz Ao ys Yo =Ty ¢ J sane
o o370 =Ty 5 O 5 al,d ez Aoy
5] SIS 51 B ol aw Sl 4 (ST 5wl
Ear 3 Jod Ml S Dl pa st s g ol

oslT )‘ o~ Sl 0l u.a:r..i..a \ dj..b— BE) J.\.'"Lﬁ)T

WAV Ll cpses oplast

4o
Lo 5i S oSis a5 S bl glacS s
Gl oS 5 o Sleslinal ( JT slge s i e
s 4T3 55 eus a5 41t e 51 JT 515
Lot oy o (Sl D 508 355 4 (5 er DU
ST 53 Cm aS &l i A § Ol s ol (55 2
eV B 5528 T35S a5 slaasils )i
Sl siS o5 s ay 538 el 5o (6,40 gladl;
s Ao 53 50050 oS e Zushy Sl 4 iy
2y i A5 G Al (L a8 5 S 4 T
U5 &t ) 50 53 (Glidod ba 5387 ol 53 opl sl
Sy 53 Glos fuS Slidos Lal .ol s i ol
R et I e
q;gﬁ|.w|gmrw|6;,jw,;&w
ool Ogline OMBL Oluy L OMBL 4 o 4l 5
3133 o g Blowy 53 ol 8 2laald (s
0313 QL 4l b o st 3 0t plowil s )
Sie oS (gdan ole (sl b &l s 48T o
35500 Al g5 o 48T ol (K0 5 (605 (ot ¢ 8 T)
Gy WA O uldl) 5,8 1, S oslin
Slc L LT OYE (LS (a5 WAL (b
S L I § e et OB 4 S adad
PRI TP PRRE SPPIN PUNNE g e
.(MAAcgt,L(ijﬁ;).uscsf

Shols 5 ST Lo yoe oS 3blin slacSLs
B Lol s Lyl 8 ol iz o LS 1S
ok 45 250 oo sl (T 515 i 5l aeST
Sie oS e olie 35S L laeSTl oyl 55 OWLE
G5 . Lys 5 gy s 5 S35 (T 09 %
AU Joos 5l Jeol slaal ol 5 Caw3iaS 58 0 4
J=B e ol (a5 sb S iS55
Symg S a8 Coul ol sl Lulie i glab>e

Cebgodal 3 u.\T CLENS &y o @ 5L u.\T 3l go

gaiy o Ghae asle

ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

mifm



T a5 S S G Sy ) J9u

Ilade a9 < 29
Loam - <8l
A - pH
/A dsm™ EC
ALY JA oc
o[ty JA N
Yo mgkg! P
Ao mgkg! K
A3 mgkg! Fe
/g0 mgkg Zn
< mgkg' Cu
Y. mgkg™! Mn

Sran bl s gled oS 5 =Y J9os

Ilade a9 < 29
o/aY — pH
ra/ey dsm' EC
1¥eoo mgl! TOC
Yio JA <Cis sk
+[\Yo /. N3]
1Y/]¢ mgl P
Yy /. K
i JA Na'
.Yy JA Ca?'
ARY-) A Mg
100/¢A mgl” Fe
Yeley mgl Zn
1/AR mgl Cu
10/9 mgl’! Mn

WAV Ll cpses oplast

Jab o g (ST D?,l;o) Lol S g5l
kT ol s 5,55 Jsb 3 s a8 Ol a5
el Cs L glaciade oz s 5 (Jyeme ST
bt 38 65 &= oS i) 53 b 5323 S
Sele ¥ CosdE 5 ey i oslinal 28 ST o b
5l O S a oS o I il olS (slS
Ve los 53 05,8 &S 3l s 5 255 5 Sladiged
I 55 03T 53 Colw FA e 4 515 sl 4 s
st Glads sai 3 S dculows oSt b3k sy
P i Gy 3 ealial U 055 Sl 1 ey 0k
ole . ble g g -5 o,las (Cottenie ef al., 1982)
oSas Uy ol & las 3 580 5 e ¢ 535 ¢ AT
Lds g -8 310! (Shimadzu AA - 670) 5| e
coielasT o, 5l 8 S gl & 520 55k 4
S5 50l S et T gm andllan 35 g0 S5 & gaui
pH L gLl IS 55 &S pH i 0k, 08 (6 e s 5
s i gLl il S S0 s L
s S ol oSG SU i Syl oK
J=B s JInS g au JS 055 55 ¢g e
dad gy ey comdsl )y Ay g
S 5 STy sy o S JT ok Hldie ¢ owim
=B 5l ( Cottenie ef al., 1982) Kb 5,8 o310l
(S35 ¢l Jolb ST lie (S G1iE ol Sl
DTPA ,Y g +/+ 40 Jydomn Ay 4y 800 5 e
A s S elas pndS A IS Ve /oY sl
ol&uus jl esliwl U 5 (Lindsay and Norvell, 1987)
Lds g -8 o101 (Shimadzu AA — 670) _a5| der
la sy Sl oslil by 5l glead S 5
Gy VAT OLul) A & mis Ikl
SIUT. Gl ol Jadeiin ¥ Jgd 53 S(WA (o s
3 pLes MSTAT-C 1151 p 15 5l esliwl U ol ol
o 53 SSls (glaals diz 0 a3T L ooty :Sibe

LB Ao lie Lo s O Jlea]

gaiy o Ghae asle

ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

mavVm



OBl e 5 OFAYC OlwldDs g AL o paS
Syl ey (Alvares et al., 2002; Labrecque, 1995)
I3 e ol Bl Eel $STLs s s 03, S Wl
sl 45" b o L olE o sle i sl
doy3 B s e al s slasles 3ol o slaasls
33 = VA o3 ¥ &l i e 55 5l p VY
laast s sl o i (¥ Jgds) 05 5 dalis b awslis
doys el las 53 Il doss A LolS o3

.(Stamatiadis, 1999) L& odalive dals 4 Cus

sl bl s ald Calibee glajles 1T (o>

J.&lé ALﬂf 6-‘\.&)
oS sy sla gl slasles
Sl | (om) gyl | () s bt
AvARRK V0/4Yc YYe
To
£/ YAb £4/5b Tao
$/va Y¥/\Va 04/ba Tao
Teo
£/0AYD Yaab £4b

Gls oSl 0503T Lulal y alie L& s> b 02w a slis]
Aea (P=1700) Hls ae CoDs|

'/.f'=T4ogg_‘;T}4{\}:iL§¢>.v.>'/.V'=Tzo ‘gs‘)“‘”""T =Ty,

»._‘)TjAJ.\}:ﬁ:W./.?'=T50} »._)T}A;\}:&L{;»

¢Zn (Fe Cdald g 4l ol Caliseo (S jlowd 1

Jabd ols™ y& Mn 9 Cu
9CuZn (Fe ble ol Eel al b oy il 58l
CRIELE YY) gl JSK8) s ik olsm eIl 55 Mn
6:.,_|J~;|,u”;ﬁjl{°g?&|ﬁ6urm|); Mn 4Cu « Fe
3 A 4 o il T (slaslad (b e 4 5
Chle Sl o8 Jb s amilh gyl sae Sgle dals
(Y S ) as odalinn (Te) ol e o3 £+ les 4570

J—J)JOC,L.AJJM)JY"}ML:‘SLQJWA{W&

WAV Ll cpses oplast

Sy LB gl ¢ gwlodT Syl Wb
Jab ols”

059 13 me il 8l ol STl a4y al 15 05 ST 4l
Slasles 530lE 505548 osb s olS 5
Frooolad 5o 5,500 dolse s ja #0 5 Y0 &,
sl (Tp) dalld 4 S Ao )5 AP Jslae p s
30l 3153 0lE 5 05 il (Y Jaue) il
ool 5 035,55 Olee 0350 Y s 4 Yzl ol o0
o S S S PH s 055 cal o 53 g g0
Ghoes 3 1YVOGUS VAT OLLL) 2 o b
plponsa s g sl Ll ((VFVE L
VAT Olwled)) S )3 55 > g0 ol 315
PPN g1} /X PRSI NL PO - . o
il Al e (1FV0 S 5 PP, ISeus
PS5 o Uy 4wl 5 5le 153 0lE 5 055
Hernadez ef al., $\YAY (OlwldDnl sds u;”)b'?}:"
dwslae 55 &S (BC=ANF) Ao ys 70 &l i Hles (1999
YIV3 VS Jslas s 5 ao Lo yn Yo 5 laylas
5055 eals Camgeenls il Bl oS (g,58 pl
A ) ol 0dd Ll 3wl es 3 87 1 s olE
Mass ol ¥ dS/m Jslas (g, 55 4 glands Jab fams
YFAY) Olew Ll @L:J aléws 45" (and Hoffman, 1977 )
5593 Jsb 53 .ol (1444) ,LSes 5 Hernadez. 4
o al Lot b gLadllE 55 oS ¢ lis)l s,
03,5 65 535 ol lapladS 1 ziy ol
i oS gLl Sl gme 3l el STl 4wl o
D i Ao y3 P 5 Yl glasles 3 ol plisl
Cod 2 ¥ doys B &l i 5l D3 5 20 VA Sals
oS gLl o rhe (¥ ) sl 2131 dals o
Aald 4 G &S Al odaline Lo ys Fr &l s Hles s
53 @dome sl 5158 L cosls [l el s VoY

)-\J_.A};lﬂggjjgjijgegftw,|ﬁ|;|;)y

gaiy o Ghae asle

ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

mAAm



NGB e 5 I8 Esl 53l L aS sl oL cl:; 2 bl o j3 FA 5 ¥ dslae i 5 4 (6)ls sma il 58!

S s sl 3l 58 Cw 508 5 (Tamoutsidis, 2002) YAV S u,:..a)l:ai_.;f QYA OL—wldl)

sl u:...alf aL:an < Lble (Zhang and Li, 2003) (Stamatiadis ef al., 1999; Zhang and Li, 2003

fO -
) a
2
. f. a a
3 a
B
~
a0
g
v. :
\_.;Tm.m.b:..'::g;..i.i
T. Ty. T¥. Ts.
i oS 55 T chle  iolesT slajles 3B — ) CH
0.0 a
3
S
‘Bnl
iﬁ)m
" ab
<oy b
b0 b
g
.0 :
\_.;Tm.m.b:..'::g;..i.i
T. Ty. T¥. Ts.

Ja oS 55 gs) chle il slajles 3B — ¥ ISE

A\YAV Sl ‘YAHA)LA& ‘ng.n:\Jlua e YAJ—‘—C
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

mi4m



b |
2
3&
A a
3 . a
@ )7
v
o A a
g ]
I
\_.;Tm.m.b:..'::g;..i.i
T. Ty. Te. Te.
i ol 55 e e tolesT sl e 3T T S
a
e
\% a
S s
N a
\j?.' s
2
o
g
I
\_.;Tm.m.b:..'::g;..i.i
T. Ty. Te. Te.

il ol 55 5K chle p mleT sleyles 50 — ¢ JSh

C I e 1 goutae Julge 4 ol Low g oS
5500 ( ALE G WS JTasle S pH (3
Lubben and ) »,ls gs'{-’““—’ SLs g3 P35S
(o = .(Saverbeck, 1994; Ward and Savage, 1991

oS ke polis oalp S el 1l ol W

asf)lfmubkﬂ..l):f.a_pjuiaml«;mal:?L;\j)LUu
(...jéjé_.i.k_alq-ﬂj_ag;_w};afngwugﬁd)a&
Sl Sl 5l (Ko 55 ST sla S5 4 S

A\YAV Sl ‘YAHA)LA& ‘ng.n:\Jlua e YAJ—‘—C
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

[ AEEN |



Mohammad Munir ) 3 34 oo SaT 5 WS clacSl=
.(and Mazahre, 1999; Pascual et al., 2003

fl_“'?)" wd= JoBMn 3CucZn (Fe ;-3
aS (0 Jgd) Ad Hls gms dald 4 Cod @l o2 50las
St S Con oS 1 ool Bl s 03 2 SOl
wlice 4S5 Cul oLE 5 e olie opl el ol
B bl 218 o et 3 sl S
3L 153 S s e oS (shie ol Sl
(oIS 5 e, i o VAR Olwl)) wl s
(VOIS 5 1MVF IS 5 —wlISE \FAY
Alvares, 2002 VYWVoKas 5 5 NS o)
(Termeer and Warman, 2004; Tamoutsidis, 2004 ;
(Warman and Termeer, 2004 ) OS5 o o 50
Zhang and Li, 2003; ) (g g Aol 3l 58 Cs 50S
G PR di)b'? (Soumare, 2003

&S 5 Fe odar ookl ST glacsls s
0T ST S 4 LS ol paFe |yl ol
e DTPA L ol el b GLuT & o8 5505 552 5
23 0LalE iy (6l s Al & Fe s pnS
ST las s S 555l 5 Cl SaT slacsLs
Ll o G g sl « OBl e (O 50S)
Sall 5 SLs slas fdai S L pH ial S
55 S jsFe eal b Eol s clac Il
.(Zhang and Li, 2003)

3l 51 ST Gl BB T ldde il 53l
AT AN JB jliie 3 5 4 S p 05D cal o
AT ol o e 03 50 o0 b s e ] 5
63 38 (JT Gladenl |5 5 4l us 035331 31 ol
B PRC NI S -V PE PN PP gy
ST zals gpH zalS Sulg 5o &5 il dal s
A G oS pobe Ol S Wl ST
Lindsay and .;)|.1_<1 J_,|J_.§_.aj o= 4S9 LQ_AT
LS Ay a3l a4 Wisls OLis (YAVA)Norvell
b o Ll a5 e e ST s el Clee oS pH

WAV Ll cpses oplast

LS 5l b L LaoSlol (VL pslie s )8
SE U e o7 (gdie ol anl 3 oS
gd&ﬂu@ﬁjwwddjquwl
Wl b Lot e (21531 L oS (sl e
sCucZn (Fe Chle .l o 2als S )5 5 ae
o=l Cbile s a1 28 dls LS 5Mn

(Page et al., 1997) 3 5 oS 5 .olic

JHB tald o et i liie (b slegd ST
&> JOMn 9Cu ¢ Zn (Fe Q4>
Sl el ST sl 3 LS Ol e il 58
23 sMie oS (Ge obe Sl B Sl i3 sas
Sl 5 SR e 0 B T ST
e B el Cble 48T (gy5b gy e 5 2T
AT CBle Sl ol s plas s oS
(Page et al., 1997) p S AS 0 5 Lo ¥/0=Y/0 &S5 5
(0 S8 S sles

SAie cp YL s g ST Ode B Cu ke
S 53 Cu Cbale lows do I 5 s 4l b oz
Page e al, )p 84S vp, 8 a/A =Y
ol B e 551V K8 ) S5 55l (1997
A il 3 4l b 5l 515 ST 45 Mn 5 Zn
e V00 Zn gl ) S s ole pl Sl
(0558 g S e YA M sl 50 S S 50 5
ST slie ghyls al i (A 59 ls SK2) Cuisls 3
S O B T sl 5l ol by .l oYU
x5 by B ud gl al s o8 S s
St Yt (e 3L s Ol S 4
L aslin 55 4l 3 )5 LSS s 1y e I3 e
ol s 5 LT Ol aS Mn 370 LK jae g
L e OO S el o iy e
S Cails by o al i Lo 5 ol Ll ST LS 5

53 i ol e s ol 5 SIS 1 s,

gaiy o Ghae asle

ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

L RERN |



Archive of SD

3
3
2
%

B
i

mg / kg) s 55 g, kil

ST a el cs

Ty Ty

Jals ol sl 5l e ST s T Clile  aole3T glasles sb -0 S

T\‘~ Tf~ T;.

a a
| I I
I T
oTwal b o
Ty’ Ty T¥

s ol ls 51w ST s g5y Shile  aole3T glasles 3T - UKE

WAV Slm o aslad aady Jlo (Jasse asle
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

m\'Ym
www. S D.ir



Archive of SD

3
}
a

3

g

Jals ol ls 51w ST 5 e Sl ol T sl jles 5T -Y K

(mg/ kg) ds s 73K clle

Jals olE shs s 5w ST s e ke iuledT glales ST —A KB

WAV Slm o aslad aady Jlo (Jasse asle
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

m\Ym
www. S D.ir



role SBlE 150 b e a5 AL (513
.\_>,-|4{|J:_;;JU\_<J;|,M_:?,;,|.\_;~V5L;;@
35 Pl ol odd L 8l

S s S S (0WE) S 5 S
s lie 53wl ol gsl> Glal S Sl s d LS
Js S S Sle g ald Dok s ST
M sn ol (Gl STl 5 il 53 3 g2 g0 JT 5l
oMl S s by s il el es JT
53 352 o el 5 6T 35 51 (6,8 S 5 railST
(COLLE delas 5 S SaTL S 5 L cal b
gljr&:j)lfg;lf)}bg.&;&ﬁlfbmt}*_{_ﬁ
oLE (51 35008 WMo 48 e sl D ST
03 e Sl 5 45 olS 5> S (5153 4 e
L ol 555" & Ol giea (555518 Oolal (51 4l 22
L b & ol ST (g 5L 300 lan ST 51 i
S Slwsas 5 5)sd 4ol Cuglis 4 e g
S s LeT odble 3L Sl ST g uolie mazs Sl |
Bl e oS (s

&b

Afuni, M., Y. Rezaee Nejhad, and B. Khayambashi

(1998). Effect of sewage sludge on yield and

heavy metal uptake of lettuce and spinach.

Agricultural ~ Science  and  Environmental
Resources, 2: 19-29.

Almasian, F. (2003). Effect of municipal solid waste
compost leachate on soil chemical properties,
yield and yield components of wheat. M.Sc.
Thesis ,College of Agriculture, Ferdowsi

University of Mashhad,Iran .

Alvares, F., 1. Dionisio, C. Guerrero and J. Brito
(2002). The use of aerobic and anaerobic sewage
sludges as organic fertilizers in lettuce (Lactuca
sativa L.) var. Vanity. Acta Horticulture, 573: 55-
6l.

b o ol el Jouw 37 ST @ o als) T sl pioman
503505 (5,8 sl AT gy S AT L NS S5
S godeal 5365 SLu S Sy pmo 4 S35 pais
«(Mortvedt et al., 1991) 555 s oo oL S
IS ie 1 SS s o B 55 35S ol b
Ol ol Calies bl ST glaeSls el s gladss
03 S B il il 5 )8 ey o i a5 S o
JHB (655 slie il Bl 5 pe 3 5aST ol 1)
0 S Olg )y i 5,8 1y ST s Ole
Sl—"'A%A{‘Jr:Oﬁjjvé‘;‘)de)mj;“ﬁ‘}é‘J:‘-’
L sy SLaoAS JSis e o Kos 5 cudls
¢S pH 2als’ Cle 4 50 5ol 8 Lol JT LS 5
2 el s a5 Sl wl s s LS S s
SRl Lt Cde b g, chile (ST pH A1y
3 o= Ol e 5158 .(Mortvedt er al., 1991) L
GlLacS L s wl b 5,8 51y ods L6 55
YUpH L 5 SaT slacSls 55 i ole ol 35S
o alS s Ol BB e S 5 s e 0
Mortvedt et al., ) sl oo il 531 )b Ao 5 gue- pH Ul

(A 5V 8 ed sls JS2) (1991

G
Clle s e il sl oS a4l il 059 53]
A}QQJIQ.Q:J?Mnqu¢Zn¢Fegi>;J{B
Lol 5,5 o)las jlie oS ol1e ,ole b
Rgﬂmgé;\;ﬁﬂuwmfu,;mm
oy 5 Slome Ao 1 (e 4l pslia ples 5 8T
polae U o al i 5,58 il 3 g 5wl el
9sCucZn J_.;L:.GL;D_!%;TJA{IJ:.&@.?&M):%
ol S5 sl &Sl B JT Llsd 51 IS Mn
ssb s S al Hldie & SlacS 55 0T 5 )8

A\YAV Sl “AHA)LALL ‘V:sé.lgdh.u e ‘AJ—‘—C
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

m\fm



Mohammad Munir, J. and N. Mazahereh (2003).
Changes in soil fertility parameters in response to
irrigation of forage crops with secondary treated
wastewater. Communi cation in Soil Science and
Plant analysis, 34:1281-1294.

Mohammadinia , G. (1994). Chemical composition of
urban waste leachate and compost effects on soil
and plant. M.Sc. Thesis, College of Agriculture,
Esfahan Polytechnic University.

Mortvedt, J.J., F.R. Cox, L.M. Shuman and R.M.
Welch (1991). Micronutrient in Agriculture (2nd
Ed.). Soil Science Society of America, INC.
Madison. Wisconsin,ASA.

Page, AL, I Pais and J.J. Benton (1997). The
handbook of trace elements. St.Lucie press. Boca.
Raton. Florida.

Pascual, J. A., C. Garcio and T. Hernandez (1999).
Comparison of fresh and composted organic
waste in their efficacy for the improvement of
arid soil quality. Bio-resource Techenology, 68:
255-264.

Razavi Toosi , A. (2000). Interaction effects of
compost, compost leachate and Mn on growth
and chemical composition of spinach and rice
seedling. M.Sc. Thesis, College of Agriculture,

Shiraz University, Iran .

Soumare, M., F. M. G. Tach and M. G. Verloo
(2003). Effect of municipal solid waste compost
and mineral fertilization on plant growth in two
tropical agricultural soils in Mali. Bio-resource
Techenology.88 : 15-20.

Stamatiadis, S., M. Werner and M. Buchanan
(1999).Field Assessment of soil quality as
affected by compost and fertilizer application ina
broccoli (San Benito
Applied Soil Ecology, 12:217-225.

County , California).

Cottenie, A., M. Verloo, L. Kickens, G. Velghe and R.
Camerlynck (1982). Chemical Analysis of Plant
and Soils. Laboratory of Analytical and Agro-
chemistry. State University of Ghent .Belgium .

Gandomkar, A. (1995). Effect of urban waste leachate
and municipal compost leachate on soil chemical
properties ,yield and yield components of maize.
M.Sc. Thesis, College of Agriculture, Esfahan
Polytechnic University.

Hernadez, A. J., M.J. Adarve, A. Gill and J. Pastor
(1999). Soil Stalinization from landfill leachates:
Effects on the macronutrient content and plant
growth of four grassland species. Chemosphere,
38:1693-1711.

Kalbasi, M. and A. Gandomkar (1996). Effect of urban
waste leachate on yield and chemical composition
of maize and its residual effect on some chemical
properties of soil. Agricultural Science and

Environmental Resources, 1:41-50.

Khoshgoftar Manesh, A. and M. Kalbasi (2001).
Residual effect of municipal solid waste leachate
on soil properties, growth and yield of wheat.
Agricultural ~ Science and technology and

Environmental Resources, 6:141-148.

Labrecque, M., T.I. Teodorescu and S. Daigle (1995).
Effect of wastewater sludge on growth and heavy
metal bioaccumulation of two Salix spp. Plant
and Soil, 171:303-316.

Lindsay, W.L. (1992). Chemical Equilibria in Soils.
John Wiley and Sons, New York.

Lindsay,W.L. and W.A. Norvell (1978). Development
of a DTPA Soil Test for Zinc,Iron,Manganese and
Copper. Soil Science Society of American Journal.
42:421-428.

Lubben, S. and D. Saverbeck (1991). The uptake and
distribution of heavy metals by spring wheat.
Water Air Soil Pollution .57:239-247.

A\YAV Sl “AHA)LALL ‘V:sé.lgdh.u e ‘AJ—‘—C
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

m\om



Tamoutsidis, E., 1. Papadopoulos, I. Tokatlidis, S.
Zotis and T. Mavropoulos (2002).Wet sewage
aloe application effect on soil properties and
element content of leaf and root vegetables.
Journal Plant Nutrition, 25:1941-1955.

Viamis, J., D. E. Williams, J. L. Corey, A. L. Page and T.
J. Ganje (1985). Zinc and cadmium uptake by
barley in field plots fertilized seven years with urban
and sub urban sludge. Soil Science, 139 : 81-87.

ks
W o

AWWAY Dlm pom splad aady Jlw Jaaas agle
ENVIRONMENTAL SCIENCES Vol.5, No.3, Spring 2008

m\m



