ATeV-AY0 axibo VY JL» C,l?.w.’b" Jaaﬁ 4"5)‘.0*:3 ‘W 2,93 cwq') b.g;w l‘°9j‘c [ PS 1179

Sl 9 (abons Slwogad (S5 3 O jlrgm 9 NSV 35,5 550
SB o3
Y g F - Y 3 PR I Y-
IS Sl g ¢ ¥ s b Sgw (yls il
Ol (6 (5 5lw (amb qilio 5 (55,5LiS pgle sl (21,5 @ole BuSUISIS (SE pgle 09,5 il (owlisd, 15 -
O eyl gy amb o 9 (55,9UiS ol KM (1,} ool SIS (S pale bg,S )bkl
Ol ) o5l (aub qilio 9 (55,UiS pgle sl (81,5 Pole 8K (S gle 09,5 (250 T

b.jalili@sanru.ac.ir :Jgime sww g5 Juos!
VELY /oY oY 1 by Gu,b YELY/eYVACEL,5 & ,U

R
@ 09380 5 Gl Jleam & o 1 (550Ul Sime; 93 OIS (20 3,)5 Wl bl ials g, 8, 51 (S

CudS s yad bl Glpsd (g e Ol gt & GliCawlus b & SB u.o,gfi Sbedld ( gogmw I Cunl SB
109! Sl 35T Callad 31 () Jlagm 9 OWSB 2T 51 (o2 930 (1] B (alpalis 18 51,8 i 3590 S
a5 a5 psl 51,50 dw yd (Sobal Yol 5 LB 55 i, eS 1 Oy (il opl ] SB 51,5 g (o WE Gliwd
dw 3 OB o 4eS (39 w0 yd (Be) Jka 9 (Br) 93 ¢ (B.) yho haw aw ;30 OB 2d jlagn 4956 I
595 Ve g Yo N0 YY) Gyl pdiged o )l jd loj 498 5 39 e,y (Sh) Cudd 9 (St) 4k « (S)) yheo maw
ol @325 .85 15 oy 390 SE 1)L 9 (WS 5Bl gl slags 3T Cllad 2 ((lalejl 905 51 (e
Cd,S alil woyd ) 90 Jleia! mhaw ;3 LSD (49051 b W :pSile dmglie g Statistix 1381 0,5 51 adliw! b Losls
Clled 5 in BB i oIS o5ar oIl 320 ST S S Culan omwliaSil Jalpo dod 4> o 2l olid gl
S lowd 45 310,90 oo 3T Cllad Lidgs WLl 51 YU (5,15 dxe jobas 3liiwl 3,90 (SIS 559,15 5T ,5 31,500 o0 3
CHSBead Slyfs Sjlewd (599381 amwlgSSl LT y3 o1 LS 1) (63b5 plwgd GamwlisSSl loj Job y3 (95 UsS
joy creddl g3 oloj CuddS b g b wald @ Comnd T il Cdled glise (P<e/+)) yldne ialdl o
oozl 055950 AL 900+ walie U i i 4y BrSagSe (glajlowd 13 jlo,90 oo 351 Cdlad ol 5me o3 siaiins (59l gSSl
S L 4 Comnd B:Sa 9S¢ B (gl lon 15 w1331 () Cdlad 4l 3a0 aamwlisSl slo S 51 (ae ol 809D Cslw 53 05 4
Pl (gmlisSl 5loj 0bly> 9 392 LS I Sl I e jebar ol Jlade Wyl plw 43 9 CoL (5,ls dre iR
] Cullad Lol saalie Cslw 43 0,5 ;3 panigel ©,59,5m IIAT Hludle & BrSe jlow j5 il ol Cllad of5me
SET 51 olo G CulddS 51 s 2399 (68U lwgi 51415 (yamwlgSSl 2590 Job 15 iliske s jlow 45 WS jUlud
9BrSe slaloni 13 ol jlale (o yiuien 9 L (613 dro (381 DL @y Comadd B jlond dad )3 o 35T ol Cllad Lol
Clled jo, e GBI U Jg 392 el 3 0,8 55 Slhad By syl o5 550 YYEY 9 YYEA ylyr o 5 42 BiSy
9y Yo CuddS 1 e Gl o 351 Cllad (Cdl S LI5 dxe jebds sl 4 Cumd B jlon dod jd ;Ulewd o 35
059550 YOVE (yl5me 41 Su jlosi 13 (of yladie o2yl 9 S8l (al 1 waLs 41 o Bjlos dod )3 lalojl g9
b oo i BrS: 3 a3 o2l Cadlad o 551 yamwlisSil loj bl 53 g o Juols sl 43 0,5 43 S5
51 0590 (s 3T Callad g o (BYSe) oyl jlagn 9 OSB3 51 olgi oaliiaw] o Widg () sLABL 4 4 gi
s 33 i Slalllae Cowl @ 3Y lgo (593 32 4D (S OI38 3539 JWId A Jlo joa v 31, g (LS jULewd

s Clols
"L " W UL ol S pukS ool (S CudsS™

AT Y



ATeV-AY0 axibo VY JL» C,l?.w.’b" Jaaﬁ 4"5)‘.0*:3 ‘W 2,93 cwq') b.g;w l‘°9j‘c [ PS 1179

1 WL (d JB g Joo duja g e A
(b 3 (Mendez et al,, YY) a,s Jlisa
2 0 o9l oo g (alond 9 (i 55100
3 oS )3 9 390 (o0 Jw 152 I Gl Sl SB
S (0 S5 S90 yob @ Yl 4 (p)S L]
Susb §l SB G Shg e @ slagm @glled
(e pols lade (S JT esle lafe iyl
9 Ploh (il polis 5 Of (g IS Cudybs (il ;8!
.(Amoah-Antwi et al., Y:Y+) &S o oS o
005 ol Callad g (295 @elir omied lag
Sy (Wardle et al., Y+ +A) sy 1,8 50 cod
tbond (B Ss b dunlie > SB alomisn b
i 5l SB Sy e pdS gl 55 (958 9
Olgsas SB abewd 9 (Sopd GBS b
A S grpsdols 4 (g g Glp sl
@ oyl @ B Sy cnl e bl s e 48,5
Sl (B el 4 g B30 Fwly Co e sLogas
Sy e 5l (WU SB G Sy ) Okl paguls
W lws Oxo d6gS > djgar  (gy9iS
SB alonisn 3,5, )3 (coge (o3 S s 5
(onyS i S olis 4w Lyl CWlad g wiyls
(Rao et al., Y+ &) Cunl JJiS bl yhuud g (4595
ol sl des I owzed S gl 31
2ol Faw g 039 G5yl Cldes 4 Camd
SB Sy e jd i &) Comd SB G s S 39
Olply aidde QWS Fwl (g5l Cldes
W (s 5 Sy (o1 8132 (See G pad L
.[(Sarapatka et al., Y++1; Tejada et al., Y++7)
Soram 3938 U &5 w3 (LS (S gl lags
Mo lagy £9 & (S SB g B cllad
Lehmann et al., »,ls SB g5 g slagm 50,
[Liao et al., Y:YY (Lopes etal, Y+Y) (Y+)9)
Jb o (Song etal., Y+YY [Pandey et al., Y+ YY
I ol g U (o @ j950e slagiagh 4
LBy yioS SB oba Pl Callad g WS o
30,8 U w4 (Sl Oledb! (S,b 51 .Sl baud
2 ol by sl 29290 Gl GBS o 2 g
02938 5l o S CulsS dy0lp (sl GiReR o
S Pl clled SBow ol Jlsw 9 NS
W85 5B oy 3590 31w 5 (LB SULES ¢l

AT

oo
Cledy ol p) Suiddon 9 Swid bl LSK
SUlls o5 e CiSHl 5 B AL Gidsy 350
yol ol & Wi oS JT g0 gl SB o4 2LS
o 5 (Suped S 5 Silols LAl Cal
(Khanmiri et al., Y+)): Karami et 5 o0 W
& ol oNle, 9 SB Jesle Ligl5l al, Yeod)
b 039331 dge g w35 Cde & gle gl
Cowl SB a Jl g gdiwgm (3,550 wiojls
S S8 JI ool (Shahbaz et al., Y1)
&g 53 9 dgui s Do S CudsS oo Sl s L
oGS SB gplol sl lp bl
e suSeald 9 oble G900 9 olelwd
(Spaccini et cowl S  duwnj Cllad glp cunlin
g o8 wWilea JI slaoass Mol (439381 al., Y+ ¢)
Olpeds SB 4 OWSBad g saw 395 (013395 (S
SB I ok o3Il Gisl38) caw gliE polis ane
Candg d9xe ol (2 53 9 ) SBCYS Dy
@ (Sly (I oI b Glojer 9 S 2lié ol
“ie dloa I ONSBGad 3gu o0 (ailonnd (535S
O 4o gyl b 653 Jgamo 5 JT Sl 3
SLard 1 o wdei Liul3El s 4 a5 o399 NS
P oo @by (S ow ol Copse S
i )9S 1 (gl (aomounn; slacuolw
L ,9i5 43 (Gianfreda & Rao, Y+ &) cuwl suui
STl 4 ONSL 5l g adgl (o) adgi ail s (1Ko
Col 88 3yl I ¥ g ¢V S @ A 2
5 Mold 50,18 (Takdastan et al.,, Y1)
JWi3y00 (liE polis 5l 63L5 hSy ax ST (55,0l
(Tamrabet et al., &8 (ol 1, HWLE 51 g b
S35 g ,Se 399 Wilo (alrjld (Jg ¥+ eq)
03! )d 84S D9 ele OMSL d (3 (i
(Luetal, Y1) wieo s @ wlyls ol 5l
Wil ML 2 (59) 52 (ol SByled 5,
IS S @ 3938 5l G slage & ol s
(Paz-Ferreiro et cuul js8dn sb,hs Lials bl
2 I ole il 55 Jgamo Jlag al., Y4)Y)
SB 3 (9325 dawlgas o ol (5d9.m) 192 CLs
G JUj 5l il (S 0pdd g 145 sl
o Jead (Lehmann et al., Y+ ))) 3gu o0 32loso
S cils Rl oodle lagw 4 OWSL
(Paz-Ferreiro et al., Y V) 41 ;5 39390 (i

-9



AT V-ATY0 axiio Y Eo ¥ Sl sbianli Juad o8 ylowd ek 893 cumns§ o ol clalllan

A g abad (V) 9 OMSL 1 lee wol>
(Ghasemian Sorboni et al., YY) wls
VSl g g s SiSlgd I ey (2 51 (oS
9 145 (gl alosl g 3L Coa (5 oo
axd Yor glod ;3 ylagm adgi olwd 3 50 isy
oluwd i oo g d Celw ¥ Sto 4 (g
(V USS) Glagiy cnl 55 odliwl 3590 slagm o5
Qoo o golw Loxfe dlayl b gls,o8 alaiowe (g1yld
WJbuswd U‘Zw’o)} dAS Ss sy c)g 69)5 KU
9 P3Y pled 553 9 8yl wly «(F)l gt

g2 03wl 5l 2 53 lagm 2 SIS Y Mg ol

W gy 93190 ="

SB g5l odlel g 5,15 paiges —Y-)
pole UG Sl acyio 31 S 5,10 pdiges
Ve G Gl b plie g gjy0lis
& BB ) g SB gl diged b plowl g ewiils
9y S b dgh Ojglone 53 b Sl g oliyle]

W0 031D joue (5o e ¥ SUI 51 g DaueS

ol slew g GMSB2d g jluoslel -Y-Y
e ol oMb Sl adai jI oMb
GOl Uass ld adai (ol b agd ool
b'yd»(\)dau%ﬁsggbl) .ot Sd)-ﬁ-w

sgm adgi olRwd - USUS
Figure Y- Biochar production equipment

0595 ylade (Clesceri et al, YA9A) wul cymri VEY
CNHSO ol b ylagw 50 39890 (95

(Perkin Elmer Y.+ Elemental Analayzer
S oms PerkinElmer,  Waltham, MA)

.(Sadegh-Zadeh et al., Y+ YA)
halejl ploxil (g, 9 Bjlows Jlos! -Y-£

ol z5b B 3 o9l O g0 lalejl (!
aw Jold Jol 48518 .0ud plod! J1,55 aw > Hdlas
£ 9V o ydlie 1> MBI jlagm (A pae
CHSB2d (b pao s dw Jold 093 )98 o
S Jolds pgu ;586 g o3 A g € o palie
23U 392 (59, T 9 Yo 10 1Y) ammlisSST oo
Sdiges b oML 2d 9 OIS (2 losm (A s
SBPPE @ e g bolbe S (0Seks S
Jio JI0ghow (g3 b (0SS V0 (Sdly
Lalps g3 Ldiged Bylo Jlosl 51w wu3)8
9y 4 Baigel Cugb) Ll (5, (Rl
a5 Cad b o yd Voo dgas 3 (V0) dlo i2lS
L Laiges Cugby iulejl W Job jd i puliid
Jolgh )3 eSS Cub b bod Cie (e
halojl gapd 1 w9y e g Yo VO Y Sl

AT

WSB plond 5 (S GBSy & pSojlal -T-Y

PWPRETRIERPY
Slegpid gy A& Ol ol
» EC 4 gluit J5 ,5 pH (Bouyoucos, Y41Y)
vy & I o0, (Rhoades, Y343Y) eludl o lac
Oj90 (Walkley and Black, Y4Y¢) &l 4 JS1s
(Bremner and Mulvaney, Jls by, & JS
2So,las Jole oS 4 odlitwl bl ,iuwd JAAY)
(Olsen and Sommers YAAY) o wlu,S o
(Knudsen et yiegid pald oliws b o3l B puwrliy
89y come ol ClE b g pmSejll al, 134Y)
5 glys! DTPA Jgloww b JSs 5 Oy (5o
(Lindsay o gm0l sodl G oliiws dlawsdy
EC 5 pH (sm50;l0! sl .and Norvell, Y2VA)
ar iged (WV) 51923+ gmmuilwgns WS (2
Sy, b oMol ) s Shy ple e
&ly (DOYEY, YerR) 5,8 end 3 il
39 *10 Ve Cud I slagn EC g PH (05100
o2 phand ol ClE L0 oWl O @l g

ASTM D® hg) 2 SS9 wyw (5% ¢85 come

M)b



ATeV-AY0 axibo VY JL» C,l?.w.’b" Jaaﬁ 4"5)‘.0*:3 ‘W 2,93 cwq') b.g;w l‘°9j‘c [ PS 1179

35U oo 31 Clad (g S0l Y-V

i Sl piged da e Sl (b il ol Colad
Yo ol i (6503l couwd sl g llE S8
Vg au) Gl Voo oz b 0 SB e)5
ilo b ylod 43 4> 10 g 039381 (yigle yid o
AU ke Ve g 5l Jolone ke Vo s
Celw ¥ Gao 4 (JU 00 s 51 G 9 a8LST liw!
@ yhate Of b sy dls po 3 .ol asgSSI TV °C glod o
Sl 2,5 Bl w9 o8l Jd o Voo oo
Slo 51 JB 9 0gawlisSl 5l an 5L Jglowe waalds
U & 005 Lo Jslome 1 yid o 0 i LI 3,5
b 035381 o 0 i oo € 3 i il o Voo
Y oo S5 5 e g S diLdga 4BBd YO Oide s g
oo 0 g Slid 55,300 rtes (65 Jplona il
e &1 L 03903 bl g a3lil Olamdse Jalxe
o 4 ke o b Tylgd aile <l loa o4l e
Trdob 3 o9 B L g 083l Sl Jho Ve
(Alef & Nannipieri et al., a5 50;l051 6¥YA NM
1440)

&bl 5JUT-A-Y
Statistix A ley U Wesls uibyly o0
oibe awslio 9 (Analytical Software, Y::V)
b elsl Mo yd Y 9 0 haw 43 LSD (4905l L od1>
8,5 0 g0 EXCEI 1331 05 b 55 Wol3g05 oav,

Cou g o -y

SB alowd 5 (Soj WU b & @y b
G399 W oS PH (ow ) pgd SB €L () Jgua)
ol 213 sols clile 5 Jby odgae j SK
Ml wolhe S gpsdols Cundy w0
P ol e g NGB 2d weges Slhuogas
Sl 0308 A1) Jgaa
SBPH 1 o g s RSB 2,0 5T Y-

ol obialosl s low B uily,ly 4300 guls
9 )ron ONSB ) Wi golaw a3l O 51 &5 31>
PH bl blie lpl wicced 5 oygawlisSl b
3g1 I3 cxe (P<*50)) aon S (g ol mhaw H (S
Wiso  gohw e SV USE (Y Jese)
Iy S PH 2 omibsSil gloj g Jlagm codolicd
ol cyinlojl Eg i 51 ot 093 9, 4O MBI o0 (i
5 Br) S o) 56 sl o sl (o
oS 6 jobds (AGBl (51> Sxe Lol walS 4y Camn (B
a boge VIV plp wSbe b PH olime o i

ATY .

oS PH Laiged (] 30 i Cild g (£58 slrdiged
S 35T Cdled g o3liisl B shud oSS 595k o]
S50l (bl 5lad g Sleysl ¢ (3U,91) 55
o e 9 OMSL o GHle Ol D
0 g Jkam e ghe wald () Jold oML
P39 w23 € (¥ (Br) Jlagm i 20 Y (Y (B.S.)
A (0 ((Se) MU ed (i woyd € (£ (B:) g
Joam (Fig weyd ¥ (1S oMSlpad (Fjg we
P39 20 ¥ (Y d(BrSe) oMsbiped (Fjg w0 s € +
£ (A (BYS) sl iy wop A+ g
MBI (Fjg weyd £+ g (Fiy Moy
—opd Pig Mo At lagm (Fie ey £ (3 (B:S:)
1Y) (B:Sx) oMol
518,59 oo 31 Cllad -Y-0

092> webye SB 0,5 0 ylim ke cnl sl
Jtomo i ko Y10 (39331 31 g 9 5 ) )
oo (gan D TY glod o Celw ¥ Guw 4 0y
Jolomo yid dao 00 (339381 51 gy Aold] > Lo agSSl
50 i Blo w9 S aldd Yo e a KCI
0 s Of Yl oo Vi 5 4 139381 51 oy Sl
RWARCTIKT SRS VIR WA
9 o5 Sl g0 bas I S e ) & ailawgaly IS 60
o i e (GUT Sbd ;5 (gladdd Yo (g IS
e MM zgo Job ;3 fogidy vl 2w bawgs
(Alef and Nannipieri et al., Y 392) a5 5031051
YW jUlhnd o 5 cllad ¥

e (U8 5Ulud o 5T Cllad (g 505100 (4l
9 489, S e 00 Oyl (9yd S sdiged 0,5 Sy
ke €U s 85 039331 iglgs i n /¥
Sy oo 9 Ve plp PH L Olye 8L Jglow
RV R RS TETTICY RENER U RS
Laiged & PH plod 4 byrye Olimdaids il
9 Byl (a1yd (yd1d 41,8 b awy dls o 43 .09,5 adlS!
YVE I1°C s jd Gl SU Omo 4 (40908 bglseo
Jobowe Sl e o 0amlgSl 51 g b 426l
LI Vg0 +/0 39w il Juol g ;¥90 +/0 mumdS oy IS
e g wd Bl blsw dadiged (135 o 5 w9
Jsb 43 ouu Blo Jale 43 (PNP) iy il by o
G503 ogidy pSam] 81w Jawgi £+ ¢ NM Zgo
(Tabatabai, Y49¢) W



ATeV-AY0 axibo VY Jlm OM‘S Jaﬁﬁ 4"5)‘.0*3 ‘W 0,92 cwg') b.g?w ‘69)& [ PS 1179

2 S PH osmligSl loj il o b <l
& Connd B:Se g B: (gbyyloni (gliswlay blon solod
OambaSSl o Jab 43 .Cdl (g b dro ialS sal
S yob 4 S PH lime 51 Br o ) S
U ool Blew wlw ;0 g Cowl oad aiwls
Ol 0 Egome 1> .Cawl ALl S PH o (5,15 Sxo

ol 0393 B low pil Cod yinis S pH s

Osbe UPH (l5me (25505 9 392 Br g sl (gl o
5 w8l yolais] BiSh g Shosbyylen 4 VY
2 PH Ol el g9 51 59, VO CubiS
slowi & Cod B:Si 9 B:S: BrSh Si By gbalon
b 2y R cnl (e o il 9 C8L IR sals
)" wlo ‘Sg )‘l o~ 2w saalive B:S: )lo.g.? )» »‘9 /1
VIV 252 BrSa sl 53 PH (2 5508 (ygmmrlsgSSl £9 o0

ML jlage 9 SWSB T SB (eg0s Sluogad - Jgs>
Table Y- General properties of soil, sewage sludge and biochar

S NGBy sk ) Sl
- - s 09 - <l
- - £y 7 o
- - YA yA Claw
— - Ye A )
v.£ 91 vy - pH
1.YA y.0v y.o¥ dsm” EC
Yoy V1.0 VYA A SN enss
Y0 LA ) A JS &350
IR{ 1RA - % J5 phd
+.¥€ + - % 8 ol
- - £y mg kg™ ool B yhund
- - Yo mg kg™ HB opnliy
o5lw!
Yoo ¥4 Y mg kg™ aaliusl o6 ol
(281 yo.0 h) mg kg™’ oaliiw! 9B o
Yoo WA Y.y mg kg’ osliw! J1B 5o,
™y £ Yy mg kg o3liul L6 ji%se
Yy .Y ).A mg kg~ o3kl J9B & o
YA€ £.0 24 mg kg™ odlitw! B IS5
£.£0 + A v mg kg o3l BB puodls’
SL oot Slwogad (B dlise gblowi 51 milyly 458 @ - Jgsa
Olapo (il NEUETSY) Ol gt 2alie
23lisas! BB yundd &5 g9 S pH
AcYAgse RARLVA IRt reoYYYe Y (B) ylogm
Yofyo™ S LAY o 4.£YYEY™ (727 Y (S) o9
14Ty NIRRT A - -« yVorY re Y AT 3 T e
A0y ey V.o AEE™ R L2 Y () ol
Yeoy.0% R AT + ENEE® e LYYY ! oles* ben
You e reeyey s X Ye0* % A2 o 1 oles*od
VL v OA™ s Xehog* NRY ATl VY oI Gl g
vy veverf vereiy RARAY e s
£.A4 £30 Y. (RY - (303) €31 paais gy
il 0 Mo yd ) 9 0 w43 415 o ) Jre g )T A ¥ 9 * NS

A H e g5l ol 56 5 OUSBad (35 (samw!
(Clapp et al., Y3AY) col S 5 od w i Job

ATYY

sLesls 9 OH Wy 5 jlage (ol Cavls e
9 Conwl Hlogw 493005 (b 43 (02 500 9 S wiko) (63U



AT V-ATY0 axiio Y Eo ¥ Sl sbianli Juad o8 ylowd ek 893 cumns§ o ol clalllan

203 0 Comad L1y g 32 9 233,5 Wg5 ((wgmalw
grbes 2253 10 (glad 53 9 03,5 bolse S L (9
ghr e 0 Glaglej )3 9 b gl g,y VAL e @
ool ool i1 3IUT Cpa (o658 diged 9, VT
PH Giul3dl Sl sl (595 0) gl Jalpe )3 gl
SR yobar jlagm loj CuddS L bl ad SB
a Hussein, (Y++9) .cudils g 1, SB pH Llals
S Oluogas (& g NGB 51 (ow) sk
0+ YO o) MWy Hlowi T 5 IS Layl o 4o
ol i 5,5 ooliw! (LUSa o o5 YYO g Yoo Vo
il SBpH O oad 35,5 Lisl31 b oS sl
& W 3 Movhadian and Afyuni, (Y++7) .ol s
Pl 6 low 13 Jlbo o 103 y9] Cumwnddy  fliie
osle Sl Cly (g3905 U o2 by 355 93 ol el

5,5 S 0 pH dal38l s 5o Beraetal. (Y+)7)
I glogsl 5 I GO 3929 1) slage
Sl idgi w50 sawi saalive PH Wl38] Laiusld
Gaskinet gZareetal. (Y+V¢) mli b jlogn 35,
S1Jienand Wang (YY) .cowl gwenal. (Y4 )
2 ool gpsdol U gaal LS > lagy
g w3l> 1,5 axlllae 3590 1) (orleonnigy 50 Slpoguas
Cage Mo,d 1y Ol @ lagm (93933) A8 ,S Aol
Bhattarai et al. .. 0/y 4 ¥/4 51 S pH ial;3!
2 okew &9 oeda Sl owyp U s (Y0)9)
dod o5 Wiy L S gloaissy i Oluogas
PH g aidls S PH 1 (w295 B 80 jlasm £l
YU Jds @ Gl a0 ol g Wby ol 1, S
2 leen Pl owyp o L il g PH (39

0 S pH gdOuyang et al. (Y+)£) (S pH g o031 clzd
a3 Yee g0er Meo) iliseo bod dw 31, lagw 9
8
78 | = o
- 2 3
RS B 2 = RS |
7.6 = = —mE oo - =
’ 51 55 55 51
= == ] 22 “ 3
| & 53 828 s 33 S g 558
T 7.2 B
7
6.8
6.6
6.4
BOSO B2 B4 4 S8 B2S4  B2S8  B4S4  B4S8
Ljlos
Wey iy Beasply Belwgy  plowadjy

oo g B.S. >0 L1y o0 ) g y3 I3 Sme WgldS Gilisee gy (S PH 11 o g ol Jlagm (o2 lisee Zobuw JI-T IS

o> ¥ BrSe oMol ed (539 o 3 A sSh {oMSLyod (39 o yd £ :5: §ylagm (39 oy £ Bt {ylagn Fig Mo 0 Y Briad g Jlagw

im0 logm (Fi9 Mo yd £ BiSe toMSBLd (Sjg e 3 A+ Jlagm (F9 w3 T BISH NS B Fig w3 €+ g (9
CHSBoad (F39 20,3 A+ jlagm (Fig w3 £ :BiShioNSB

oS ylade Blowd wlw 40 g b saaline Be jlow 43
9 pRdEL gy 0 cdl Gl sl 4 Cawd I
Gl Br jlos jady bjlos ded (15awlisSSl o o
o oy VL g Wdgs WBL &y Comnd (5 kb JT (28
30 b I 3255 3939 . 02 lie BYSa jlowi 43 o
I S e 4 Baas jlagm 5 NS sl o
okl () Jss) ) (S g cul YU
2 I oS ey TGS Gl w9 eSSl

&1y13BrS: §SA By sbylon

ATYVY

oS 2 ol Sl 9 SV basleg il -Y-Y
B
Glrgn 03w 1 uilyly 450 b el
Taw 3 S I inS g ol Bl 519 loj «2d
(Y Jgaa) 39 (p<o)) Jlagme oy S ()b
5 Moliopd ke pobu Jlie ol ¥ S
haled 1) SB I 008 51 gmwlisSt oo 9 slagm
I 025 SN0 (568 (mbgSSl 093 59, )3 3o



AT V-ATY0 axiio Y Eo ¥ Sl sbianli Juad o8 ylows ek 893 cumns§ o ol clalllan

Ndor et al. .(Ouyang et al., Y+ ¢) squi 0 S
S onS ) Slasm e gobw 3,8 (V1)9)
Yod 5 a8 315 Wi Lyl il Wby awyp SB
oS Olie YL Mg Sy JUS 3 Jlasm o
2 & U gy o5 0 2,5 WS by
5,0, 51,0 SB I o005 Lial3dl .cuila JT op,S
Movhadian and llae 43 jlagw b 9 oNSE 2
Zare et Saadat et al. (Y+'Y) Afyuni, (Y++7)
Farhangi-Abriz 4 Beraetal (Y+)7) al. (Y+)Y)

S saaliwetal. (Y0Y)Y)

9 Sl LRIl yIs dae jobas WaLS Comd )l

Olise 4 B:Sa g B:S: gbylon 43 ‘)i Sl oy
Br sl 3 Hloj Job 13 .0l abado duoyd T/
olid &5 b hals J1 9,8 BySh g ByS: Sa S¢
P oree J S 5l i ploj CudiS b was e
4 Comd oyl g 595041 5 o 4525 CMSU (2
o 32)8 (Bb Il Bl GBI g lojl 900
23 S (115 jlde CarF Sl e SYob

z
c— _9“‘
35 %D B
3 _ o 2 . °g © o 20
= ° = N s _
'ik 25 = = =D -
y = = E-—
"% 2 |tg TII EXT =
: cc
™15
. ;
0.5
0
BOSO B2 B4 sS4 S8 B254 B2S8 B454 B4S8
jles
Wepjy  Heapbjy  Belwjy plowadjy

Jogw o b 1B.S. s 0 Ui Ty o /¢ Y haw 53 I8 Gre Wigld ilitto gy (S JT 1,8 1 loj 9 o3 sl gw o ok 5T YU
39 22,3 Y BrSe toMoliad (Jjg weyd A iSh NS Bad (g wep3 € 1St lage (Jjg weyd £ Br flagm (Jig e 3 Y Bripad

—o2d (g mo s £+ slagm 59 oy £ :BeSe i e Fig o3 At jlagw Fig w0 ¥ BYSh (OMSB ad Sig do 0 £+ lagw
Mold (F39 o3 A+ lagw JFig e > £ :B:Sa i1

Slodd 3 ol Jlade o i 9 €L l3El (g I Sxo
» Js U)B):'.'." u*.’.')-e‘ 4,#"_5*» 39590 o aba Mo BYSa

Olaren g o bis bl & Comd Bjlo (olod
2oy +[YOY ylme 4 BySa jlowi 45 o Sladle oy 53¥L
039555 e Heamwlisl loj Gl 3 i saaldee
92 5V I3 dme jobay s S L jlowd doa 5 JS
Ol B:Sy 9B:Se laylo 5 o lade (1 i
G lod 13 oy Job 43 .aud saalin aoyd +/YY0
€l Ll JS ojers BiSh 9 BrSE Si S¢ B
ol
Moo 593 ORI wad e GLS S &S jghailes
b ojars pil3dl Jg cudld (e p g8 U
Bera et al. ..3g cawliie WS > 595 ial38]

ATYVY

2ol g g OMSleed sbjles Wb Y-
J5 Ojer
‘)L?"-g a5lw ).:' cwdlg‘)‘s Q}QG al}b U‘"L‘“‘ »
P SB U pigxk p gl bl Sy ploj (2d
Joaa) 399 (Pt )) o dre a3 S 5,k g
9 3o 9 NS ad dlise rolaw bl OIS0 (Y
s 03,90 £ JSS )3 IS (39 ¢ OogelisSl (o
P IS Ojas slade (yerwliaSl 5l oy (rmegd 45 Can!
51 P (I3 jobas B jlond 13 aas dlow do
03950 O30 oy YL 4 ki BrSh jlowd g 299 sl
3 OmwlgSSl g9 5l 59, 10 CuddS 51 o JS
spbar ald @ Cund Lylod ads S (ojgh



AT V-ATY0 axiio Y Eo ¥ Sl sbianli Juad o8 ylows ek 893 cumns§ o ol clalllan

9 o2 polie s ol glod 53 0ad Wy g
9 J5 I oS il cage g Conl VL (5o
Bettiol and Ghini, (Y1) g0 S5 (590
b 2 1) SB Sluogad By MSbeed U
4 313 Wid Ly gl \WdyS owiyp slas 30 ile ]
el Joosle oYU glgme S @ WS

e 39505 (a3

SO o) geliea &5 gladlae b 43 Yo
Slogad p Jlos g lesd 385 lage slajled
Oj9r il wisls sl (glas,je bulps 5 SB
S T 1S oS jarie o W5 Syl al Yo
09Il gl 51 Al po 2 p3 PH g (S 5SU1 Clan
Lol sadie @ g 59 sl U b Jxe OWAI (gl,l>

BOSO

B2

Wy jo

B4 S4

)

S8 B1S4

.|’1J‘"‘.53J

B1S8 B454 B4S8

plevad g

o g B8 b 0 Gl 1) /0 ) w45 I dre Cgldl Blitie gy (S US 590w b g o e (o3 pobw T £ UKW
20y ¥ BrSe oMl ad (F39 o yd A Sh tOMSB e (59 Moy €3St lagm (Fi9 e yd £ :Br fylagn (g oy ¥ By ioed 5 Hlagw

P39 Meyd € lagm (Fig weyd € BSOS (g w3 A+ jlage (Fg w3 ¥ BISH IOMSB o (39 w3 £+ Yl (Jjg

b slem 9 020 3 Jhed dagi B pdlie jpie
#1 o,y Ahmadpour et al. (Y+Ya) () Joua)
Cllad p2 (lond 355 (g 9 olye0 4 ONSL (29
)33 L a5 Widged oaaliie (glas e dasl s 43 g0y 3]
o3 ealiiwl BB jhud ( 233e5 Oladd g lime
e 45 wilgi oo oliiusl By yiyl581 il bl
il 020 g3 39290 I phed (019)See (i (Fase
e p3 yhd b 2d 45 39290 (I sl (priones
sl CWlilB Wul8l Gl g 03,5 Cold,  odaw
OSeo o Jab 4 yiud ials Cde .Gl bad i
OB g Jhud (b Dda g Coli Cle @ Cwl
L Qayyum et al. (Y+1°) .ol asliiw! Il phuud
& Wl G S s g 20 g legm F o)
Lol wwd S Jhud Wl Gl ) b lewd aod
AU ke jlagm 2,)5 o Wdgei Glu aieed
g (Rl 32,15 9 3,145 e3lil B s 2 (63L;

ATV ¢

WGB39 20,3 A+ jlagm (Fig w3 £ :BiSh NS

sud ol Jlogn g OMSB bl il Y€
St osliwl ol

g 03w 1 (uilly 450 s pelwl 5
gha 3 SBjhd gl Bl 519 loj (o
(Y Jsa2) s (0<00)) Jfagine sy Sy 5l
oloj 9 )lran 9 OISB e Ll ol Ll &l ]
0315 Wi 0 USUS 10 oaliiw! B Jhud 5 yemwlisSS
13 Bylowi solod 4 0olieo! B yiuusd oo ol 2
ol LS led 4 Cund (amlisSSl gloj Job
)13y diged Slej 51 Sy 55 9 Sl (5,13 (Sxe
Jols B:Si jloai pd adliiw! JB jhd jlade (o puing
2 Qda M clile Ol bylod 1 S 2 b
95t Br j2 4 bylog (olod (Jg 392 plaieli gloj b
ol 2ad S 03wl BB Jhud ials Cel B:Sa
Sy adgl Jslye 43 odliiw! BB jond  iol38)
5 4 Cowl (Sow jlargm 9 OISL (2d (YU (slaje0



B2S4

3o
T
? oo
4 E
2 10
BOSO B2 B4 s4 s8
Lo, Lons
L T LT Y

JR PR

o gl olalllae

RS AEIEEN

BISE Basa BASE

B3 o0 Wl Ty ¢/ ) a5 I3 dre OgliS ilitee B9 ya S a3l LB iad 2 loj 9 (o gm0 T 1 -0 S
NSV (Jjg 0 )3 A Sh IS (59 M0 ys €15k lagm (Jjg ey £ iBe flagm (Ji9 wo 3 ¥ iBr iad 9 )l gn o mdaw :B.S.
£+ 4logm (39 w0 yd £ :BiSe OMSB e Sjg Moy d A+ jlagm (59 o yd ¥ BYSHOMSB e (Gjg Mo 3 € + jlagw Fj9 o yd ¥ BrS:

NSV (39 20 y3 A+ g (Fig weyd £ BSOS (S 2y

oboy Job ;0 .l sadlie BrS: jlow 45 w3l ol
mPl ol Cdld 3 ool OlmdS Gemw LS
Sl &1 Cunnd o 05T sy 00 SIS @ 9 b paliio
Kizilkaya and Bayrakli, Y+«:° .cuwl i
Li Ahmadpour et al., Y+ YYa Antonious, Y4
oeals JJs Kakhki et al., Y++Agetal, Y+YY
OgewlgSSl Sliylejl j3 Gloj S b oo Pl Cllabd
Oped 9 w31 gl e )3 (gl g BT,
Ahmadpour et .a3,5 ;lgis uSiw 13l e 5
a Mol (39381 a5 widly slis al (Y+)Vb)
ORI 4 e S 4 alesd 395 (g g ol e
) of B> A (b8 56l 5 jloygl (slae 5T Cullad
My 8l 5l 3590 S polis 9 (651 (S el
& 23,5 S5 lagw g OMSB byl (29,50
Wl 33 9 (250 Carer g Cullad ul38l 4 joxie
Lopes et al 33,5 o0 Lyl bawsi p 351 s (i !331
2 am 1 (o) ysliiods o (Hudod (b > (Y1)
Collad HId dre Liwl38l cisly bl sou 3l Cullad
w313 U3 1) g 32 ol jae al381 L ol

Called s ol Yl 9 OMSBEd glalosi il Y0

3oyl w21
o largm odlw 1 (uilyly w8 s elwl
bl g 3 jloyef Cudlad gl Jiliie 51 9 yloj
IS 53 (Y Jgaa) 291 (P /) 4o sine a0 yd S
9 Jlogm g ONSLad Wb pohw Lol OIS0 7
ol ol 8315 WS 310,90 31 3 yoawlieSS! yloj
B jlod )3 j2as 0oawlisSSl g9 51 59y (megd 53
25ba Sl Ay Comd B jloni dod 43 o 351 ol Clad
B ol e e 9 38 Gl s
Vo s )" o S Jol> B:Sa 9 B+Sa dh)lo.ﬁ.’f
WS p3 Pl onl Called e Glalesl g9 I 59,
Wl & Cound BrS: g Be gbdjlod 43 joas bylewd
P ol e e g 39 YL SBdae jeba
o g S 51 g o 2L BrSi 5S¢ gl o
Sl )3 o351 ol Cullad a0 (9mligSl loj 5]
g €L g,Id dro alS aall & Cumi B:Sh 9 S: B
Sl 3l g 415 gze jebas o Jladie Bylewd wlw 4o
Culled late pSTas emoligSSl Gloj Sl 3 w32

SB o 3T Cllad g loj 9 o slavgm oS 520 51 il lg 4528 W Y Joua

Olryyo (ke Ol i i
31,5k 2Ll Ul o) DF Variables Sources
Sucrase Alkaline Urease
phosphatase
yovyy.ar YYYoeAY* o0eyyIE™ \ Biochar
Sesw
Veyrgy. VorAveee Acoerys Y Sewage
o
YA+04£4% ALY O™ £yyays £ BiocharxSewage
RELLBE
ARZTAN A0 VYA ooos® LARTS £ ¥ Time
ob;
0V YIVA™ £yeyos™ YO YVAY™ T BiocharxTime

AlYe



AT Y-ATY0 doxio VE+Y Jlo bl Jud oY 0, Lo cakd 8495 cCaunnt j baums pale Olalllas

aloy<slaen
Yoovge® YAL+Y A" YYoooA** b SewagexTime
o g
EYAY o Faeyeqs YooALA** )Y SewagexBiocharxTime
ol legar o
YYYY.y YA vy Ve Error
Uas
14
12 ' .
I = =
1x . . ] |
- . =% o . =
&= B ) E T E 5

21

ol T

B sl s

BE BS54 BISE B HAasE

L

L -

B.S. ads o Ui 1y +/0 ) rhaw pd I3 xe Cglds Lilisee gy . 3oyl Cullad  loj g o Sl gm MBS odd Blisee ok 1 - KW
BrS: toMSBad (Jj9 )3 A Sh foMSBad (Jjg w03 £3Ss £)lagm (Jj9 o> £ :Bs lagn (Jjg o3 ¥ iBr fad g jloagm o mhaw
woyd £t lasn (Fi9 Mo yd € BiSe (OMSBed (Fi9 o A+ Jlasw (Fi9 oy ¥ BYSA IOMSUed (S35 e s £+ Jlasw (Fig e Y
NGB (S39 wo 3 A+ jlasm (F59 weyd € :BiSh NS Jjs

50 oboy Jsb > .0 009> B:Sa 9 BrS: sl lowd 4>
o B 4 g Gl Sl o BTl Cullad B lo don
w3l ol b sl 4 Cund oy T )
P Ul il cled ke ol g i
Wl Hlowd 3 o Jladie oy oS B:Sa g BrSe gl low
m P ol Cldld Gloj Jsb 4> omigned s osaliie
2 el ol Clad cdl ials sald Hlew 0 jpa
s SB o3k b ol g gl S
o3 ol Cllad iulz8l (Dahm et al., Y+V)) 5,0
& Cowl NS 51 U o as 3929 Jd @
L A R T S
95w cllzd (Kizilkaya and Bayrakli Y.+ °)
ol b cnl b g oand S 00 jlagm 9 02 bawgd
Demisie .(Lai etal.,1333) Cuwl 48l 41531 o 55
o Pl Callad g JT 9,8 iul3dl and Zhang Y+ e
Bera et al., .3, 6,155 1) slagm 30,5 51 4
2 olaen U oy & o gladdlae (b > Y491
Gl o1 31 Cdlad i3l Chla SB Oluogas
Widged (8155 Slage 22,8 H1 31, SB oL
W 5Ulwd Culo gewly 3 Pokharel et al, Y« YY
W3S s,

Cow!

e 5, L]

ATV

Called sy 9 SMSBd b jlod ;T -1

s blB 50l o
(2 g B3l 5T (il 428 @S ool 5
P2 @B Uld cdld p gl blie 519 oloj
9 g 9 MOV e goba Jililie I 31 (Y
Y USE 5 W ELd m T 5 GamlsSST ol
Y) OowlisSl Egpmd oloj 55 Cowl 2l 8315 (LS
Wl @ Cund Bjlon aod 45 oo 351 ol Clled (9,
30 o lade oy i 9 310 WS 1y (5,15 sxe Ly !53]
Vo Cuids )‘l o i daalive B<Sa 9 B+Sa d&)w
a2 y3 w3l cnl Cled 5 GamlisSSl gloj 51 5,
2 o ke o pining 9 592 YL WAL dr Cond B jlow
Yo Caids 3o i dap b BiSAsBVSA S o
Byloss dod 53 o 35T (ol Cllad alojl 945 31 5,
IR VR | PRy 35 EYJVE VRS -7) §T-| BT WP PR aowe
50 90,5 abhaMe B:Sh 9 BrSe gb,lowd po ")i ylade
ol Callad lade (59, T+) ooawlisSl ooy (slecdl
a3l ol Cdlad lime wSlas lsmed Jg ol LS



AT V-ATY0 axiio Y Eo ¥ Sl sbianli Juad o8 ylowd ek 893 cumns§ o ol clalllan

4000

3500

3000

2500

2000

SOl o3
(ugpNPg' h')

1500

Ly

1000

500

B4 S4

Wy g Bl 5y Wel oy

=1

[ iaw]
5]
o

bed

nop

stu

S8 Bl1S4  B2S§ B4S4  B4S8

bjles

plevad g

o g 1B.S a3 g0 Ui 1y ¢/ ¢ ) rhaw )3 15 ire Cgldd Cilisto B9y . W U ld CWlad 1 ploj 9 oo Sl gw (3 ot 51 -V JSWS
2o d ¥ BrSe toMoled (39 o yd A Sk fOMSB o G5 wwoyd € 1St Gylag 59 wwoyd € Bt lagn Fi9 e yd ¥ By (od g slagw
Figwep £t s (Fig Moy € :BiSt IOMSB (Fig wo 3 A+ g (Jjg o3 ¥ BISA IONSBed (Sig e pd £ 4 Jlagm (Fis

s gl (8 pH » SB o 58W e

dinger PH 23900 13 PH 4 axdllae (w45 9 Sl A
Sl Cowl (Soo (ulply o2 5L clled gl
Codlad ial38l s il Jod ol @ me il ol L
# I S ey BB le 32wl ol
S0 adsl ol 3 o5 sl g 5 SR
m P ol @325 (15 9 48,5 41,8 Oldgrgay y odlii!
23lie LA L loj CuddS b g o gy (g b
S g Cnl Wl a5 Pl b o
S Gl Cle @ (See Pl oul Clllad il
el 59500 Wlo (S polis Al lage bawgs
Cely a5 2390 YL a3l 390 (Aol Blg0 43 Jhund g
Gl o s 4 5 Glagagens, Callad iyl3d
039t j y5d Gow I Gl Bud oou 3l Cllad
i polis glgome 5 Josle il 8 51 55 (29 5o
(o Cadlagss b comad) (308 ol5> ot 3
Wbl al38l 508 w3 ol Cllad onl by g 03,5 i,
wypdabasDuetal, Y i adlao 43 .Counl
@YU 9> b el o3l Cullad 5 Jlagm U
S clad Glalsdl el (IS p3 (5 1) s
Clad s e Liul3El) pols adllae gl b &
@ ol gupd (lgm SB5es 51 3 5L 5
& s G143 Gl ol gl oais
Nadi et al., .3gs S @ lagn 499331 51 3 (S

ATYVY

Ml d 39 a3 A+ jlagm (539 o yd £ :BiSh i

Collad 5 jlagn 5 SMSBCRd slojlodi il Y-V
8 25

glrge ol S uibly ajed mls elwl
s 53 55 Callad o il 1 5 loj 2
(Y Joua) 599 (P< +/+Y) o o0 oy SO (5]
o3 3 s 5 W12 cilizea ¢ shaus bl &1
dawd 8315 Wi A JSKS 3 5150w 1 351 0 yaamlisSS!
9% 33 W 5Ulad o 5T Cllad (liae (ow 2 ol
A oo Blisio s lond 350,18 a5 3> LS |15 £g 0
Ol 1y ml opl Cllad o yinins Sk g Be (b lon
2 il ot Cded 55 GanligSSl 0110 G, 30330
i WG & Comnd BYS: jlow 51 s Lo dod
2 P ol b Gialojl £908 1 59, Yo S |
g Cald inl38l Mg, dald A Cowd byl ded
2 el ol b il (59, 10 gawlisSl oo
Ola)’ Jg.b » W () B+S: 9 B:S: leﬁ)lo*?
sadlive a3 ol Cudlad 45 (65U 5 Wlilwgi (ygamlisSS]
o & o gloj U dupe i g 03
g pudat Pl ol Cllad



AT V-ATY0 axiio Y Eo ¥ Sl sbianli Juad o8 ylowd ek 893 cumns§ o ol clalllan

Srdols gt )iyl I3 9 Cdl al381 (2d 5,
P sBygSlaged S5 sdgiCumj ilEl g S
S osle (SB JT sl Hladle Jold o3 Cudlady
€l g pleidlw S pH (SB Cugb Gliue (gl
Sl slage YU ofrg haw alwd SB slod g S
9 W5 i 388 mhw p 1) 63 dlge & d9u 00
il 5138 56 S8 oo 3 e 5 il s il
S pH 3 YU Jawily Gl omored oo
Cowl SB Hloid lw 390 § SB O (5,10 cud,b
il SB Olwogad muii ol (Liao etal., Y+ YY)
P EP jeba & dgde Sl jlagw 0,6

WSl A1 5T on 3 Clad

adlbs 1y 31,500 pupl Cllad y Oluy b YoIY
559, Yo boled 3 o Jlosl I o Bl -aidges
Collad bl s byl wib,S 03l 1y eyl cullad
PIe 595 2 Pl L osdd jlosd GBS K Gl oo 51
AR 95 v 5l o 9 GRIPE BOLuy Bpae 51 5
) 31 2l Callad Oluy Sy 5 j5bay .l
oyl a1y Wl sald dr Cumd 2oy Y0 ol &
390 213 polie 9 (G550 «02)S 3929 ) ol o) I
4 e &5 23S )55 Ol )3 (29,50 M8 sl 5L
ORI Aol 50 9 (950 Cumen g Cllad Lyl
L Antonious, Y+ )7 .55 )5 o byl bawgi 3 Fiw
CowgneS 9 (E30 9 (Slgw 395 WS Jl (o) 2
P55 55l o 35T Cullad 315 (Ui oo 3T Callad

3000 =
[=) 0
0
2500 - 3
s
<, 2000 °
= - - — i e 5
3, =11] = o = - i‘d o ‘_‘I—ic_.
;3 1500 L B il & Igis
9 9 v ol i Lt gs
= = . =
O 1000 | L7
500
0
BOSO B2 B4 S4 S8 B2S4 B2S8 B4S4  B4S8
Ljles
Wepjy  Heapbjy  Belowjy plowadjy

Joow o mhw (B.S. ks 0 i 1y +/+ ) pd 5 sre Wglds lisie Bgya L1l Culad 1 loj g (o Sl aw (3 ok 1 -AJSWS
Fi9 ey ¥ BrSt coMoliad 59 o yd A Sh MBS S3g Ao pd €3Sk lagn (Fig Ao yd £ Bt {ylagn (Fi9 e > ¥ By ed
—0d Pig Mo £k Jlagn (Fig weyd £ BSe IONSU o (g we 3 A+ jlagm (Fig weyd ¥ B IMSB G (Fig weyd € 4 slag

I8 3909 JId & Jg wdd 0 s SB s 3
SB o, byl 3,5 wlge cwl (595 2 i
D8 Oyg0 bl b Swoly

NSl d F39 o 3 A+ lagw 39w yd £ :B:Sh tOMS

Sy -t

(BrSe) of Jlass 9 ML (2d glolys 35,

9wl Ll g Ul leygl slae P Cllad
Cullad Cogli saiad LGS ol cpl 31 Liul38l 64590
S ColS 9 4t Jd 9 S s eundlS g S0
4 & Gl b 4 S sl o 1 !
ColsS dbo (LA glgisd (SB buome Oyt
ORRoR (nl S 4 ST .Ng o0 a5 Gl 3 S
Clled 1y ol Hlagw 9 MU o Cudo 0L

ATYA



AT V-ATY0 doxivo Y E+ Y Jlo il Juad (¥ o card 849 cCannnt j bauns pale Olalllas

‘w,.sos ‘;i .355 &9.; A }:Jis .(\Ylﬂ’d.”) v c‘;;mf Sl 9 & P c)w | 6‘5;15)3 [SYE 6)9.;..\»'
9ol SB ol ogle o halod. il w31 Cadlad 5 (rbomd Cluogad p ISV § CuwgeeS 09
9830 anly oWl o151 olKuils ¢ Jgd 35 (55 ,9WiS (ygmant] 3310

UWBO&J 9 UMLQO}J .:,.3)15 .(\Y‘ﬂ’ﬂr-’) 8 ‘:;M.af Sl 9 g P c)w | c‘:;ls)ﬁ DSOS 4)5.;-\»'
dhmo S5 3 0,90 5 (W JUliwd (Sl 5T Callad g oilowd Clogad (B 1y (lonsd 355 Lol (32
‘_,u.a:lS Lg‘bung) 9 d')‘l‘ )» bjwtﬁ&d .&.‘93 U').i‘ o3 -(\VAO) & ol.:.vl).? 9 c.‘.& cuog,la& «l ‘ul.wa.aSS
9 Ol resmeCann 5 B2 (o ialod (megms (IS dduai (55198 (Saglom (Sily8 )5 () Wy
251l 35 o Coliafiodd g mole unly — (oMl 3151 BRI ¢jlgal oyl dgupe (s, K1,

65.1)9.‘9.:.3 C)’»d )J‘ .(“”\’) .8 (9R u',:s 9 ‘.‘_,JS cdb’.«da' ‘.‘_,3 c‘_g)M‘ S c.&?ﬂowl&b “Z O “.gjﬁ.o.'b
849 9 o9l (IO byl 2 55 0kt g2 0lS 9 S 55 (S O3S (B CBIE 2 5 05 cowig i Qoo
Ologasd Sy g sy p J 35 S plyiea OMSBud S51.(VAY) .y olre g o o2 o &)
5 e a5 55918 4yt 53 ($3LaiB sl o (sialod st 55 IS Sl

ol g oilond Oluogad p 0ad dnial (s ISBd STL(VFAY) . olro 5 w0 ¢0 32w <y
V0 IV (ool il 575 ool e 35105 SIS Satislonied Sluogas 3 SB (8955 i
3

S ul,,a,m:- ‘fnf » Umlﬁuqd )Jl .(\‘”ﬂ\) & cb")“.; ,g.wlé 9 «l €399 (890 @ célb-o ‘f")l.! S «alaw
JY-£A c(Y)Y Q/Agb .&,}4“3 Sk o 4b'co .Q)s ‘:1‘5‘“ P‘.\.ﬂ 9 M) p,.go.)ls 9 & clale 9 b)ﬁo&

9 hj%bd@d D).:)ts St dlﬁb,sb ).5.:13 .(\Y'QT) .o c}Ule )lélé 9 & P c)w «l “5;'39“’ OWG
rolie 2o25 5 (abowd Ohogad (& o) Faie o2 9 Clay 1 (1FAQ) 1o ¢ Judl 5 b (b ge
Okduo! dxiuo s (o lgduo! (ol galio G e (il S (aogd. o] 0 S i

) ‘_s.o.g‘)’.;i Culled » XV PRIY) 9 ‘ah s v dlbul.w) )J‘ .(\VQ\) & QRO 9 “wd Loy 6o c‘sbu
AV Yoo ) )YF Ml 5 ool o . Eiglojl Lagl o 43 s y0y SG

- Ahmadpour, S. R., Forghani, A., Bahmanyar, M. A., and Salek-Gilani, S., & Forghani, A.
(Y+YYa). Effects of compost, vermicompost and sewage sludge on soil chemical properties

and urease acitivity. National Conference of Water, Soil, Plant Science & Agricultural

Machinery in AU Dezful Branch, Pp. Y-1. (In Persian)

- Ahmadpour, S. R., Forghani, A., Bahmanyar, M. A., and Salek-Gilani, S., & Forghani, A.
(Y+YYb). Chemical characteristic, enzyme activity of urease and alkaline phosphatase in a soil

amended with sewage sludge and sewage sludge Enrichment with chemical fertilizer. Journal

of Water and Soil Conservation. YA(Y), Y« Y- VY,

- Alef., K, & Nannipieri P. (Y942). Methods in Soil Microbiology and Biochemistry. Academic,

London, ©7Ap.

- Antonious, G.F. (Y++4). Enzyme activities and heavy metals concentration in soil amended
with sewage sludge. Journal of Environmental Science and Health, Part A: Toxic/Hazardous

Substances and Environmental Engineering. £€¢()+), Y+)43-Y.Y¢,

- Antonious, G.F. (Y+)1). Recycling organic waste for enhancing Soil urease and invertase

activity. International Journal of Waste Resources. (Y), Y+ ¥4,

- Bera, T., Collins, H.P., Alva, A.K., Purakayastha, T.J. & Patra A.K. (Y+%1). Biochar and
manure effluent effects on soil biochemical properties under corn production. Applied Soil

Ecology. y+¥, ¥«-YaVv.

A4


http://agrieng.scu.ac.ir/?_action=article&au=21142&_au=%D9%85%D8%AD%D8%A8%D9%88%D8%A8%D9%87++%D8%B2%D8%A7%D8%B1%D8%B9
http://agrieng.scu.ac.ir/?_action=article&au=21143&_au=%D9%86%D9%88%D8%B1%D8%A7%D9%84%D9%84%D9%87++%D9%85%D8%B9%D9%84%D9%85%DB%8C
http://fa.journals.sid.ir/JournalList.aspx?ID=1949
http://fa.journals.sid.ir/JournalListPaper.aspx?ID=34294

AT V-ATY0 doxivo Y E+ Y Jlo il Juad (¥ o card 849 cCannnt j bauns pale Olalllas

Bettiol, W., & Ghini, R. (Y+Y) Impacts of sewage sludge in tropical soil: a case
study in Brazil. Applied and Environmental Soil Science. Y+, YYYA.V,

Bhattarai B., Neupane J., Dhakal S.P., Nepal J., Gnyawali B., Timalsina R., &
Poudel, A. (Y+°) Effect of biochar from different origin on physio-chemical properties of
soil and yield of garden pea (pisum sativum ) at paklihawa, rupandehi, Nepal. World Journal
of Agricultural Research Y(£), Y Y3-)YA,
Bouyoucos, G. J. (Y41Y). Hydrometer method improved for making particle size analyses of
soils. Agronomy Journal. ¢, ¢1¢-10,
Bremner, J.M., & Mulvaney, R.G. ()3AY). Nitrogen total. P eYe-1Y{ In: Page, A.L.,, R.H.
Miller and D.R. Keeney. Method of soil Analysis. Part 2: Chemical and Microbiological
Properties (Y" Edition). Madison, Wisconsin: SSSA, Y)e4p.
Clapp, C.E., Palazzo, A.J., Larson, W.E., Marten, G.C., & Lindem, D. R. () 2AY) Uptake of
nutrients by plants irrigated with municipal wastewater effluent. in state of knowledge in land
treatment of wastewater. International symposium, Hanover, NH, Germany. Pp Y4o-¢. ¢,

Clesceri, L.S., Greenberg, A.E. & Eaton, A.D. (Y44A). Standard

Methods for the Examination of Water and Wastewater, Y+ ed. American Public Health
Association, Washington, Pp. Y1Y-) VY,

DeYeY, ¥+ .4, Standard test methods for proximate analysis of the analysis sample
of coal and coke by instrumental procedures. West Conshohocken, PA: American Society for
Testing and Materials.

Dahm, H., Wojciech Szajdak, L., & Golinska, P. (Y+ ). Soil enzymes. In: Narwal,
S.S., Szajdak, L., and sampietro, D.A (Ed.), Soil allelochemicals. Research methods in plant
sciences, Studium Press LCC, Pp. YYe-\Y¢,

Demisie, W., & Zhang, M. (Y- ¢). Effect of biochar application on microbial biomass and
enzymatic activities in degraded red soil. African Journal of Agricultural Research. Y+ (A),
voo.vi1

Du, Z., Wang, Y., Huang, J., Lu, N., Liu, X,, Lou, Y., & Zhang, Q. (Y+Y£). Consecutive

biochar application alters soil enzyme activities in the winter wheat-growing season. Soil
Science. YVA(Y),Yo-AY.

Farhangi-Abriz, S., Torabian, S., Qin, R., Noulas, C., Lu, Y., Gao, S. (Y*Y)). Biochar effects
on yield of cereal and legume crops using meta-analysis. Science of Total Environ, YVe,
y¢oATq

Gaskin, J.W., Speirm R.A., Harris, K., Das, K.C., Lee, R.D., Morris, L.A., & Fisher D.S.
(Y+Y+) Effect of peanut hull and pine chip biochar on soil nutrients, corn nutrient status, and
yield. Agronomy Journal. Y« Y(Y), 1Y¥-1YY,

Ghasemian Sorboni, A., Bahmanyar, M. A., & Ghajar Sepanlou, M. (Y+)Y). Effect of
Different Periods of Application of Sewage Sludge and Municipal Solid Wastes Compost on
the Amount of Cadmium and Nickel Content of Soil and Borage (Borago officinadis).
Journal of Water and Wastewater. Y¢ (£), A+-A3, (In Persian)

Hamblin, A. P. (Y4AY). Filter-paper method for routine measurement of field water potential.
Journal of Hydrology. oY, Yeo-Y1.,

Hussein, A.H.A. (Y- +3). Impact of sewage sludge as organic manure on some soil properties,
growth, yield and nutrient contents of cucumber crop. Applied Science. 45Y+1-Y €)Y,

Jien, S. H. & Wang, C.S. (Y+Y). Effects of biochar on soil properties and erosion potential in
a highly weathered soil. Catena. )+, YYo-YYY,

Kakhki, F.V., Haghnia, G., & Lakzian A. (Y++A). Effect of enriched sewage sludge on soil
urease activity. Soil and Environment. YV(Y), Y£V-) eV,

Karami M., Afyuni M., Rezaee Nejad, Y., & Khosh Goftarmanesh A. (Y« +%). Cumulative and
Residual effects of sewage sludge on zinc and copper concentration in soil and wheat. Journal
of Science and Technology of Agricultural and Natural Resource. YY(£1), 1¥4-1e¢ (In

Persian)

ATY .



AT V-ATY0 doxivo Y E+ Y Jlo il Juad (¥ o card 849 cCannnt j bauns pale Olalllas

Khanmiri, N. H., Hashemi Majd, K., Asghari, SH., Oustan, SH., & Keyvan Behjou, F.
(Y+Y)). The effect of biological Slge of Tabriz petrochemical complex on the concentration

of some heavy metals in soil and barley in glasshouse conditions. Journal of Science and
Technology of Greenhouse Culture. Y (£): AY-3Y, (In Persian)

Kizilkaya, R., & Bayrakli, B. (Y++0). Effects of N-enriched sewage sludge on soil
enzyme activities. Applied Soil Ecology. Y+ (), YayY-Y-.¥.

Knudsen, D., Peterson, G. A., & Pratt, P. F. (Y44Y). Lithium, Sodium, and
Potassium. In: Page, A.L., R.H. Miller and D.R. Keeney. Method of soil Analysis. Part 2:
Chemical and Microbiological Properties (Y" Edition). Madison, Wisconsin: SSSA, Y)e4
pages.

Lai, K.M., Ye, D.Y., & Wong, JW.C. (Y444). Enzyme activities in a sandy soil

amended with sewage sludge and coal fly ash. Water Air Soil Pollution. YYY(Y-£),y1)-YVYY.

Lehmann, J., Rillig, M.C., Thies, J., Masiello, C.A., Hockaday, W.C., & Crowley, D. (Y+ V).
Biochar effects on soil biota—a review. Soil Biology and Biochemistry. £¥(2),YAYY-YAYR,

Li, Yue., Feng, H., Chen, J., Lu, J., Wum Wenjie., Liu, X., Li, C., Dong, Q., Siddique,
K.H.M. (Y+YY). Biochar incorporation increases winter wheat (Triticum aestivum L.)
production with significantly improving soil enzyme activities at jointing stage. Catena, Y),
\RE-ENA

Liao, X., Kang, H., Haidar, G., Wang, W., Malghani, S. (Y+YY). The impact of biochar on the
activities of soil nutrients acquisition enzymes is potentially controlled by the pyrolysis
temperature: A meta-analysis. Geoderma, ¢V, YYe14yY,

Lindsay, W. L., & W. A. Norvell. (Y4YA). Development of DTPA soil test for zinc, iron,
manganese, and copper. Soil Science Socity of America Journal. £Y, £éYY_YA,

Lopes, E.M. G., Reis, M. M., Frazao, L.A., da Mata Terra, L.E., Lopes, E.F., dos Santos,
M.M., Fernandes, L.A. Biochar increases enzyme activity and total microbial quality of soil
grown with sugarcane. Environmental Technology & Innovation, YV, Y+« YV,

Lu, T., Yuan, H., Wang, Y., Huang, H., & Chen Y. (Y 1). Characteristic of heavy metals in
biochar derived from sewage sludge. Journal of Material Cycles Waste Management. YA(£),
YYo.vyY

Mendez, A., Gomez, A., Paz-Ferreiro, J., & Gasco, G. (Y:'Y). Effects of sewage sludge
biochar on plant metal availability after application to a Mediterranean soil. Chemaosphere.
A4 VYo YYoq,

Movahdian, F., & Afyuni, M. (Y- 7). Effect of industrial wastewater and sludgw on some
chemical properties and heavy metal accumulation in soil. 2" Water Resources Management,
Isfahan, Iran, Pp -1,

Nadi, Z., Raiesi, F., & Hosseinpur, A. (Y+1Y). The effect of raw and purified industrial waste
on the enzymatic activity of a silty clayey soil under laboratory conditions. Journal of Water
and Wastewater. YY (1), 4¥-Y++_ (In Persian)

Ndor, E., Amana, S.M. & Asadu, C.L.A. (Y:)°) Effect of biochar on soil properties and
organic carbon sink in degraded soil of Southern Guinea Savanna Zone,
Nigeria. International Journal of Plant & Soil Science. £(¥), YoY-YeA,
Olsen, S.R., & Sommers, L.E. (Y 3AY). Phosphorus. In: klute, A. (ed.), Methods of

Soil Analysis part 2: Chemical and Microbiological Methods. Soil Science Society of
America and American Society of Agronomy, Madison, WI, USA, Pp. £ Y-V,
Ouyang, L., Tang, Q., Yu, L. & Zhang, R. (Y+¢). Effects of amendment of different biochars
on soil enzyme activities related to carbon mineralization. Soil Research. oY (Y), Y+1-vi1,
Pokharel, P., Ma, Z., Chang, S.X. (Y+Y+). Biochar increases soil microbial biomass with

changes in extra- and intracellular enzyme activities: a global meta-analysis. Biochar, ¥ (),
To—VA.

Pandey, B., Suthar, S., Chand, N. (Y+YY). Effect of biochar amendment on metal mobility,
phytotoxicity, soil enzymes, and metal-uptakes by wheat (Triticum aestivum) in contaminated
soils. Chemosphere, Y+ V, YYoAA],

ATY)Y



AT V-ATY0 doxivo Y E+ Y Jlo il Juad (¥ o card 849 cCannnt j bauns pale Olalllas

Paz-Ferreiro, J., Gasco, G., Gutiérrez, B., & Mendez, A., (Y+Y). Soil biochemical activities
and the geometric mean of enzyme activities after application of sewage sludge and sewage
sludge biochar to soil. Biology and Fertility of Soils. €A, eYY—e3YV,

Qayyum, M.F., Ashraf, I., Abid, M., & Steffens D. (Y+)°) Effect of biochar, lime, and
compost application on phosphorus adsorption in a ferralsol. Journal of Plant Nutrition and
Soil Science. YYA(£), oV1-0AY,

Rao, M.A., Scelza, R., & Gianfreda, L. (Y+Y£). Soil enzymes. Pp )-Y\. In: Gianfreda, L, and

Rao, M.A (eds), Enzymes in agricultural sciences. OMICS Group International.
Rhoades, J. D. (Y24Y). Soluble salts. In: Page, A.L., R.H. Miller and D.R. Keeney. Method of
soil Analysis. Part 2: Chemical and Microbiological Properties (Y™ Edition). Madison,
Wisconsin: SSSA, Y'e4 pages.
Saadat, K., Barani Motlagh, M., Dordipour, E., & Ghasemnezhad. (Y+'Y). Influence of
sewage sludge on some soil properties, yield and concentration of lead and cadmium in roots
and shoots of Maize. Journal of Soil Management and Sustainable, Y (Y), YV-¢A,
Sadegh-Zadeh, F., Fallah Tolekolaim, S., Bahmanyar, M. A., & Emadi, M. (Y:)A).
Application of biochar and compost for enhancement of rice (Oryza Sativa L.) grain yield in
calcareous sandy soil. Communication of Soil Science and Plant analysis. ¢4, eoY—o71,
Sarapatka, B., Rak, L., & Bubenikova, I. (Y:+¢). Effects of hydroabsorbent used on
extremely sandy soils on soil biological and biochemical characteristics. EUROSOIL,
September, + ¢ — Y Freiburg, Germany, CD-rom.
Shahbaz, M., Kuzyakov, Y., & Heitkamp, F. (Y:11). Decrease of soil organic matter
stabilization with increasing inputs: mechanisms and controls. Geoderma. ¥ £,Y1-AY,

Song, X., Li, H., Song, J., Chen, W., Shi, L. (Y« YY). Biochar/vermicompost promotes Hybrid
Pennisetum plant growth and soil enzyme activity in saline soils. Plant Physiology and
Biochemistry. YAY, 2713+,

Spaccini, R.., Mbagwu, J.S.C., Igwe, C.A., Conte, P., & Piccolo A. (Y++£). Carbohydrate

and aggregation in lowland soil of Nigeria as influenced by organic input. Soil and Tillage
Research. Yo,yy-yVvy.

Tabatabai, M.A. (Y44£). Soil enzymes. in: Weaver R.W., Angle J.S. and Bottomley P.S.

(Eds.), Methods of soil analysis: microbiological and biochemical properties, part Y. SSSA
Book Ser. ©. SSSA, Madison, WI, Y14Yp.

Takdastan, A., Azimi, A.A., & Torabian, A. (Y++7). Investigating the production of sewage
sludge in Iran and methods for reducing sludge production in biological processes of aerobic
wastewater treatment. Third National Conference on Environmental Risks of Iran and its
Improvement Strategies, Ahvaz, Islamic Azad University - Science and Research Branch of
Ahvaz Center, Pp. Y-Y. (In Persian)

Tamrabet, L., Bouzerzour, H., Kribaa, M., & Makhlouf, M. (Y++4). The effect of sewage

sludge application on durum wheat (Triticum durum). International Journal of Agriculture
and Biology. YY(1), Y£y-v£e.

Tejada, M., Garcia, C., Gonzalez, J. L., & Hernandez M.T. (Y:+1). Use of organic
amendment as a strategy for saline soil remediation: influence on the physical, chemical and
biological properties of soil. Soil Biology and Biochemistry. YA(7), Y£YY-Y €YY,

Walkley, A., & Black, I.LA. (Y4Y¢). An examination of the degtareff method for determining
soil organic matter, and a proposed modification of the chromic acid titration method. Soil
Science. YV, Y4-v¢,

Wang, J., Xiong, Z., & Kuzyakov, Y. (Y+11). Biochar stability in soil: meta-analysis of
decomposition and priming effects. GCB Bioenergy. A (¥), ©)Y-oYY,

Wardle, D.A., Nilsson, M.C., & Zackrisson, O. (Y« +A). Fire-derived charcoal causes loss of

forest humus. Science. Y'Y+, 1Y4-1Y4,
Zare, M., Chorom, M., & Moalemi, N. (Y:Y). Effect of sewage sludge as an organic
fertilizer on growth and some physiological properties of olive seedlings. The
first national conference on economic resolutions in the field of Agriculture and Nastural
Resource, Qom, Iran, Pp.)-Ye.

ATYY



AT V-ATY0 doxivo Y E+ Y Jlo il Juad (¥ o card 849 cCannnt j bauns pale Olalllas

Zhu, X., Chen, B., Zhu, L., & Xing, B. (Y+V). Effects and mechanisms of biochar-microbe
interactions in soil improvement and pollution remediation: a review. Environmental
Pollution. YYV, 4A-)Ye,

ATYY



AT V-ATY0 doxivo Y E+ Y Jlo il Juad (¥ o card 849 cCannnt j bauns pale Olalllas

Effect of sewage sludge and its biochar application on some

chemical properties of soil and enzyme activities
Afshin Haghayeghi Solak', Bahi Jalili', Soroosh Salek-Gilani"
YFormer MSc student, Department of Soil Science, Sari Agricultural Sciences and Natural Resources University,

Sari, Iran

YAssistant Professor, Department of Soil Science, Sari Agricultural Sciences and Natural Resources University,
Sari, Iran

¥ Instructor, Department of Soil Science, Sari Agricultural Sciences and Natural Resources University, Sari, Iran
Abstract

Introduction

The soils of arid and semi-arid regions of Iran contain small amount of organic matter due to the lack
of sufficient vegetation. Improving the soil organic matter due to the rapid decomposition of the
added materials requires the continuous return of organic materials to the soil. Addition of organic
amendments such as straw and stubble, manure, sewage sludge and other waste to the soil increases
the amount of organic matter in the soil. Sewage sludge is one of the most important organic wastes
and byproducts of wastewater treatment processes, and due to the increase in their production in
recent decades, its management has become one of the key tasks in the environmental policies of
many countries. The use of sewage sludge in agriculture provides a high amount of the nutrients to
plants. But potential environmental hazards such as the presence of microbes and heavy metals in
sewage sludge is considered as a limiting factor, thus sewage sludge transformation to biochar is a
desirable way to manage them. Biochar is a product of thermal decomposition of organic materials in
the absence of air (pyrolysis). It has been shown that biochar production from sludge reduce the
volume of sludge and removes some heavy metals from the sludge. Biochemical properties of soil are
more sensitive to changes in soil management compared to chemical and physical properties. Among
them, soil enzymes play an important role in nutrient cycling in nature, additionally they are sensitive
indicators to agricultural operations, and respond faster than other soil biological characteristics to
changes in soil management and agricultural operations. Therefore, the aim of this study was to
investigate the effect of sewage sludge and its biochar on the activities of soil urease, alkaline
phosphatase and sucrose enzymes.

Materials and Methods

A factorial experiment was conducted in a completely randomized design with three replications.
Effects of sewage sludge biochar at three level of + (B.), ¥ (B+) and ¢ (B:) percent, the sewage sludge
at three level of + (S.), ¢ (S:) and A (S.) precent and four different incubation time were evaluated on
soil urease, alkaline phosphatase and sucrase activities. Nine treatments including V) control; zero
level of biochar and sludge (B.S.), ¥) Y7 w/w of biochar (Bv), ¥) ¢% w/w of biochar (B:), £) ¢% wiw
of sludge-sewage (S:) ©) A% w/w of sewage sludge (S+), 1) Y/ w/w of biochar + ¢7 w/w of sewage
sludge (B+S:), ) Y% wiw of biochar + A% w/w of sewage sludge (BrSx), A) ¢/ w/w Biochar + ¢7 w/w
of sewage sludge (B:S:), 1) ¢7 w/w of biochar + AZ w/w of sewage sludge (B:Sx) was incorporated in
the soil. Each of the treatments was mixed with one kilogram of soil samples and then transferred to
plastic containers with a capacity of Y,¢ kg and their moisture was kept 1 +-V+7 of the field capacity.
Then the lid of the containers was closed and five holes with a diameter of approximately Y mm were
installed on each for air exchange. During the incubation the moisture of the samples was kept
constant by regularly weighing the containers. Sub-samples were taken at intervals of ¥, Yo, ¥+ and
1+ days. In these samples, pH, organic carbon, total nitrogen, available phosphorus and activities of
sucrase (invertase), urease and alkaline phosphatase enzymes were measured.

Results and Discussion

The activity of urease in various treatments showed a high fluctuation during the incubation time. At
the beginning of incubation, the addition of amendments caused a significant increase (p<+,+)) in the
activity of this enzyme compared to the control. On day ‘°, the highest urease activity of urease in
was observed in S: (Y°+ pg NH:* g h') and B+S. (32¢ pug NH:* g h™). After one month of
incubation, the activity of this enzyme in B:, S: and B:S. decreased significantly compared to the
control, and in other treatments, its amount was significantly higher than that of the control. However,
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at the end of the incubation time, the maximum activity of this enzyme was achieved in B+xS: (1141
ug NH:* g h™). Alkaline phosphatase activity fluctuated highly in different treatments during the
incubation period. After one month from the beginning of the experiment, the activity of this enzyme
increased significantly in all treatments compared to the control, and the highest amount alkaline
phosphates was observed in B+S: (Y¥¢A ug pNP g h™') and B:S. (YY¢Y ug pNP g h™'). Nevertheless,
by Day 1 the activity of alkaline phosphatase decreased significantly in all treatments compared to
the control. Sucrase enzyme activity increased on Day Y+ days in all treatments compared to the
control. The highest amount of the activity of this enzyme was obtained in S at the rate of YoV¢ g
glucose g h”'. But at the end of the incubation time, the maximum activity of this enzyme was
observed in BxS:.

Conclusion

The highest pH was observed in control and By treatments. Increasing the dosage of sludge and
biochar did not have a significant effect on soil pH, perhaps because the pH of sludge and biochar was
lower than soil pH. The highest amount of organic carbon was observed in the BxSa. Increasing the
dosage of biochar did not have a significant effect on organic carbon, but increasing the dosage of
sludge caused an increase in organic carbon. The highest amount of total N was achieved in B+S.
treatment. Maximum amount of available was observed in B:Si. No significant difference was
recorded in higher doses of sludge and biochar, which may be due to stabilization or surface
absorption of phosphorus. The highest amount of urease activity was observed in B+S: and B:Sa. In
higher doses of biochar, urease activity relatively remained constant, however, higher doses of
biochar reduced it. The maximum activity of alkaline phosphatase was achieved in S, BxS. and B:<Sa.
The highest amount of sucrase activity was recorded for S.. Overall, our study showed that co-
application of sewage sludge and biochar (B+S:) seems suitable to improve the soil urease, alkaline
phosphatase and sucrase activity.
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