11 S pole 0 55 o 5l

S Sogll allie jgme VA5 e s AL F

oLiilo )5 1B Oy 0081 (S 10 pusS gl ParodlS (Sws ) a2 1 gl 04,5 5

Tz O Loy o olio sage oobls o ST o)l o
Ton Duc o(Szils Jboliw! T 3l olKisls S5 cwaipge 5 pole 09,5 Loliwl 5 o)l cwlis )5 Glo gamisls 79
b ey olRiils owliiS5 09,5 Lolewl Te Thang University

oS

(BC2) oo &35 092 5 BC1) o)l S 5l oad i jlarab 55 99 925 (g 9 b Ll pd 50 poresls i (e
e 28,5 15 )y 3590 0lasle)S 5 ad sl Al lped Sgis 5l e o0gll (65,558 (sl ey y puiS Ly
Slade ols lis bt al g pSolul gl Al Lylyl (o paiS Slep g ey ) sle plail Sis 5 g paaeslS
plul iz 59 .28l als (a0 V) (ghlo cxe job 4 Jlgl £95 90 055 L paiS olen plail 5 aly ) j0 pgassls
2oel cvte Sl ol e 1) Gl al 28l alBl (o) V) )b sne ok 4 bajlaal 95 ST s alse
L awslio )0 BCy 0,5 L aS 0o )5 oaslice (yuiored ol Cod S slo Thg Sgue 9 poredls i ol als
Conils by o BCr 4y cos BCo g pH g CEC ¢ ofg o 4 g5 oo ) B (pfols L (a0

dodilo
s (2138 0,y 45 39,9 B3,k 5l Wilg e e sogaze 4 o, Bl T cdale gl g S Sl aass
5 LS s ST 5 oy pgmeolS alaz 3 uKies Sl (Yo o0 o lSed 5 655 am0 L5 Lags 3,0 |, e
B Lol J.:)Lb 6‘0))9 w) Q;)LY S g r:s.uabLg(Y‘ * \ul)Lio.ﬁb 9 wbmbb&)m ‘Sw.o.w )LMAAJ ul.m.:‘ 9 uuj‘}
ot azbll s g lasl s 55 o liE 005 & g5 b yolie ol - Al s e GLlle 5l oS (sle il

oads aisll [l oole G laie 4 paedls (VAL 5 Jlo uilS)aigd ol s dlom! o ol Ko g

SHOAAF Jawewl 5 5iledl) Sl a5 5Lad 5 (B lags)lo ;0 50 5 pe Jelse alox 515 (Ve -Vl 500 5 (565 5)
bl w057 90 SNl olisleS all; olSLALS Cows (s GBS o el; HalS g S pomels iz e
s S5 s 3l o0d 4t Jlral £55 50 9,5 3l 5 puiS Laug pgedlS Gdz Gl gy Blaal b Bio ol
UV lﬂL?D‘ ‘_;ld.vl.?clf .la)‘}u B (_ngxSl? ‘-;’>).' 5o ‘99...‘0\)[5 LSMJ) u\.\> L)‘).a.a » (BCZ) o)‘ S 9 (BC]_)
L9y 9 dlge

aals 3 i 4o FYOVE" LLslsa Jsb o PEOVE'EY" LLslin oo b oliile,S e 4o aslllas o,ge ablate
18 51,8 g ed slo Al 88 Jore Caws by (0 oliile )5 35 e 5l (6 55eglS YO 5 b 05 Jlouds
Ol S 3z g psedlS o e S oy jslaie 4 IS (o lioaigS a8 sbd (Shg mani 9 (5,10 paiges
Sl 5l Sew a> b aS wad Obl IS 4 (g teniile Ye-e) e S diged dw paiS lawgs
O g bawgie e b pgradls o « SIS paredls jlade jlai 5l e g aBl ad oo 4 S plendsSosd
‘?ﬁ 9 odls ool B 6)*«:“.1...‘0 Y S )‘5 S ‘9.&5 [ 443.0_1 (\ JB'A}) ..\......JL' dslllae )90 4&‘4...‘7)\5 JS ‘55...9\)[5)‘..\.&9
3 EC) S Sl colaa «(VA%+ 509 5 () yhegydud (hgy 4 S ld wo s abex 5l S olardssSo b sla S5



11 S pole 0 55 o 5l

S Sogll allie jgme VA5 e s AL F

Sy oo 2ol gy 4 JT opyS «(VAAY I Sh) gl J5 51 oolaiwl b (PH) S 2819 «(V4Y g) V: VIO o)lac
PHET) s Sl o, 4 3568 Jo b, O A0F o l,) ol plS Sl (1335l 5 SO
OVAAY 504,) a5 5 o5l

ol (o5 551 Ll 1) 5158 ot Ll o 055 3 s 3 g 5 o)) S 35 ylr gl L
Nty ol az 0 Fee s slos o o)l S gl g Nk ilw az 0 Voo glos ;o o S50 oz jlgl al
BC: s laizl cdle Loyl S lagl 9 BCr (g lais! cadle b s & p0 Goz gl callio ol jo .l aislo
DAl (6,055 o5 il az 0 Ve sles 4o g Slewl s agd sla,l el gl o lgie

FSB oz w3 alex 5l el lentsS i Gl Sy Hlr gl bt s 58 (SR ¢ sSeslul
Cad )b (Vo) ) o L) Sz 89 > o BET g, L oy e (V297 (o) pH (Y-« V)L, g 04uily)
el (V0L Sen 5 uloxin) Y slos o 3t (g, 51 S (T 0S5 (V- AplSes 5 oSlS) (G5l Jobs
AW

5 diu, S (s ol 2 oogll sl S 4o medlS 5b ooy Blaal b lalbdS ialejl s slasdlS ool
SLls slSsl )b B s h)eSl ©)se 4 (olS slo Sl (nl )5 mreslS pead Jlde (rizren 5 po dBle
VOIA b 4y olo oS )5 5 o0 ool jgee (6 ye she A Hla b U1 51 S sladigas «jshaie ol gy s alowil dolas
e g (Clidgye 0d) paiS (ipgh (pl o adllas 5j90 ol al Ay, 1SS aw 0 e il VVIYY glyl
P2l il ;585 g bl ol 53 ol iS5 gy s 5 oliile)S bl o (T Chaal s 4 puS Sl
Casb) 5 plals cosb g anlls glopls 581 S o yo il B Gos jo SIS Ha jo 0 palS HA ) slase diged
Jab Sl 5 5 ARBISS B g, 50,50 bl b st ye sz A (ialr | an atin Sy b L asye Syl
N0 (e poiS a8l g Ady; SCES 5 5 (9 et Sl e (V) 2 LSes 5 (g5 g) Wad cBlap lalS )
i3 ol i olfiuws Lt b ojlas 45 meedlS clale 5 (VWYY eool) Sloate 5 bl o) pin LS sl aiges
W08 s (Wlasl Varian oS b cobe AA220 o)

Sade zls ) Gl el oals SN -F Jgaz o Sldlas adhie S sle diged olandsSo 58 o Sy & 0

Ayl SLE S led o adllas 550 slo S oplply ol psie VIE B VIF 0 coguse 0 S pH
009.} S D) u.]l} AJ)M JL‘> )o 9?9.41 ‘_;)13 ‘_gLQ d;; LszL..lS J"‘S‘ﬁl’g_g’LQSl? )Q ML' u..\} J-’LQB ‘5»9.415 ;,JL‘>
Dyg0 oS olS 4 Ll Jaml cog; JoSt g S slojld (ad S il o a4y a0 5 00l (6505 S 0
Colas Jlade (Ve e Al ) conl oLd8 LS 51 iy ol S 5o S a3l ‘_;..x:.iﬂ JUESIRE N
adllas 0,90 glo S a5 wos o lis g el e yie ey (owd YY L /Y] 0oguse yo ( EC) S S
do,yd 5l (Ve c A lo o) Cosl S olS lawgs S polie i ol EC L oS0 aijlai (5)ed JSie
ey slacdale il ouls JSis 35 )leS 5l asiyl Jdo 4y o I3 g aie S jolie 5l oYL cdale gel> (5508
JQL"LJB asﬂ S e Sl Ao 0 VIV B 2 JAD adlate o Gﬂ S Ol (6 asely (V440 ‘65911) ad,ls 1) @lsls
oS Do ,S duo 0 (Ve £ 055 l0) 09 o (S polie Cdz 50 sl Coge pulian il b 4 S 1STy (g9, 2
CA> ) el e job 4 S u....Sljff.,L LS Jolee puandS” Slo,S el YY/O B VIO 0ogume jo Jolro



11 S pole 0 55 o 5l

S Sogll allie jgme VA5 e s AL F

obowe )3 oS yolic Calé Jolen ool Slip)S (20331 L 85 Goke & Vo7 0ile) Sl i (St lie
o YO B YEIY lllas ailaie 1 (CEC) SslS Jobs capd )l i aels (Y e oA o Jlo o) iy oo 20l S5

el Cess @ 0 ,T5LS 2 Jse

axdllao )90 LS 2Lt gS 18 LS9 (S22 ) J9u
peeslS Jols el b -ole,S e,S W WK WK -Colas STy o Loy
Sl Joles S oy s oe Sapsl S Sk

N
(mg/kg)  (mmol/kg) s (ds/m)
VEA YYIY VEID WYY FA - WAA vy vid |
A Y0 VEIO +IAD YYIY FF O YY/A WAL vis
YEIY YY/O /AR YYIY FA - VAA ne /¥ ¥
axlllae 3590 (L)l ool (o Lo o0 38 SLS 319 B 20 - J9u
ol gl yels
S5 sle o . R
s s S g
sl oole Cd CEC 4 JlEC pH sl
K Na Mg Ca FSep en 5
Jolome
mg/kg mmol/kg  cm¥g  m?g s ds/m
ol S < NFNE Y YA YOPIA o [AY N e0[F VeIY o Yas ons o AYY  BGi
CESRe < NelE MY Y AYYY AT 7L WNNRYES ATV .V SRR o VAN V) C WY V-SL VA7 S =

Izl £9i 90 w9 b byl 45 puiS a8l SULS (459 Al y 9 ABlw 40 pguodls cdilé ¥ Jgu

B . (MY KG) psols” cdale S oyl
(55 o plil Sas 05 - )
a8lw Ay,
V/os? -/g 2 vy @ JE{ES
YIVE cA ~/'f aA i d aA BCl
gIYFC - /v b8 -/a b8 BC:
\‘/f;b ./\cvb ./aab YSL
o/yY @ “[YA B +[fy 0B BCy
VIvo A R SN0 A BC:
Fivy of+eC ofeeC Y
/vy e .f..cC o] .<C BC:
AJf9 8B . .cC ] .cC BC:

5 anlllas 550 LS j0 puuf aty, g aBle o Gljls clale o ('/.\C.Ia...:)o ) lo e LS oaias lis oSl iglain S8 B9 >

A5l o slral g g0 (M adaw ;0 ) o ixe S snias Glis oSN 55 g >

paiS olep plul g aly, jo pgeslS clale (1Y) o pme ol cel jlogl 0,5 oS oy las b ol gl
Sl Cd S e S99 S o alild os S e e Gl o gl cate DIST A Gl e |y LralS ol ol
5 B wasee I3 GlalS etes 3 S ) Sl gl mhe Jele sloeg S 4 pseslS 658 JLas!



11 S pole 0 55 o 5l

S Sogll allie jgme VA5 e s AL F

Ol 3 Gt o lNe &S 8w g pe (T Jgazr)pass aty) g aBle o pgresls jladie anylie )0 (Vo) - o), Sen
) el oo 4 el S g Bla i oL S ala) 50 paresls g el Al gead a8l 4 S Ay jo SIS
9 i)l Sy aBle I i ady) 9 paedlS e g 4l peeslS b g (wled 50 ln A S
Ohl5ed § ) oy b 4o ol b o0 gl 50 b g dalllas 50 SlBST (gl Azt ol (Ve oA o Ko
Bg alie (VAAN

o] 2015 el 9 00,5 dloul WSS ¢ Johwo lgns JTolge b wilgs co pgaeslSociisls Hlebl (Y1), Ko g g5
S ol e oS 3l e b Bl g Bl 5l Ry a0 parenlS Cle ()T 0gdle 09 o e S L 4

5 Sute Sl paS At 5 lse el )0 pseeslS (Siwns Lz el 0 B L avnlie 5 BCo Jlral K05 g5
BC1 bzl 5l st (1)) )lo (xe ok 4 BC2 Jlral 9, b (lse plail S (59 comizron edls 518 (ne
Los (VoA Y o5 5 50,500l o S gla Sy g5y 5 ozl e Sl & lice |y Gial3dl kel Cass 4
TV e 5 Ladosds o S 50 (ke sl iz Linl3dl el Liali3l ol 5 00 S5 CEC _gliél ey Jla sl

YL ST Glyls ol )8 coluaz 0 YO glos ;o 0uld 4 Jlagl w0, coin (YY) § Leogs
Tt 50 omb led ;o end wdsi el ax ST 00 o0 0 p g pomeslS (S (e 5l (YL Qi 4 e & wits
Sl g o wd JB pendS g i el Al el (VY o )en g Lowz ) Sl Fige 0 (0,5 S ke
DG 5 2 s

&L
dgo « AAY o)l 28 4,00 Jol al> L S oo 4030 Slodig, 70 AYVYY |lg woly Sl 9 o Sba! e

Alloway B.J. 1995. In Heavy metals in soils, 2nd ed. Blackie Academic and professional: NewYork, pp 11-37.

Bansode RR., Losso JN., Marshall WE., Rao RM. and Portier RJ. 2003. Adsorption of volatile organic
compounds by pecan shell and almond shell-based granular activated carbons. Bioresour Technol 90: 175—
184.

Cui Y J, Zhu Y G, Zhai R, Huang Y, Qiu Y, Liang J. 2005. Exposure to metal mixtures and human health
impacts in a contaminated area in Nanning China. Environ Int;31:784-790.

Edmunds WM, Smedley PL. 1996. Environmental Geochemistry and Health. London: Geological Society.

Gaskin J.W., Steiner C., Harris K.., Das K.C. and Bibens B. 2008. Effect of lowtemperature pyrolysis conditions
on biochar for agricultural use. T. ASABE 51, 2061-2069.

Gee G. W. and J. W. Bauder. 1990. Particle sizeanalisis. P. 383-411. In: A. Klute (ed.) Methods of soil analysis.
Part 1. Physical and mineralogical properties. Monograph No. 9. 2nd ed. Medison, WI: SSSA.

Giesy, J.P., J.W. Bowling, H.J. Kania, R.L. Knight, and S. Mashburn. 1981. Fates of cadmium introduced into a
channel microcosm. Environment International 5:159-175.

Kabata-Pendias, A., 2001. Trace Elements in Soils and Plants. CRC Press, Boca Raton, FL. pp. 413.

Karer J, Wimmer B, Zehetner F, Kloss S, Soja G. 2013. Biochar application to temperate soils: effects on
nutrient uptake and crop yield under field conditions. Agr Food Sci. 22: 390-403.

knasmuller,S.,E.Gottmann,H.Steinkellner,A.Fomin,A.Paschke,R.God and M.Kundi.1998.Detection of genotoxic
effects of heavy metal contaminated soil with plant bioassay.Mutal Res.420:37-48.

Liu GS. 1996. Physical and chemical analysis of soils and profile description. Standard Publishing House,
China.

Martin J. A. R., Arias, M. L. and Corb1 J. M.G,. 2006. Heavy metals contents in agricultural topsoils in the Ebro
basin (Spain). Application of the multivariate geoestatistical methods to study spatial variations. Environ
Pollut, 144(3), 1001-1012.

McLean E.O. 1982. Soil pH and lime requirement. Methods of soil analysis. Part 2. Chemical and
microbiological properties, 199-224.

Mia S, Abuyusuf M, Sattar M A, Islam A B M S, Hiemstra T, Jeffery S. 2014. Biochar amendment for high
nitrogen and phosphorous bioavailability and its potentiality of use in Bangladesh agriculture: a review. J
Patuakhali Sci Technol U. 5: 145-156.



11 S pole 0 55 o 5l

S Sogll allie jgme VA5 e s AL F

Mirsal, 1. A. 2008. Soil Pollution. Origin, Monitoring and Remedia Tion, 2th (EDS), Springer Verlag Berlin
Heidelberg. Germany, 115-172

Namgay T, Singh B, Singh BP .2010. Influence of biochar application to soil on the availability of As, Cd, Cu,
Pb, and Zn to maize (Zea mays L.). J Aust Soil Res 48:638-647.

Nelson D.W., Sommers L.E., Sparks D.L., Page, A. L., Helmke, P. A., Loeppert, R. H., ... & Sumner, M. E.
1996. Total carbon, organic carbon, and organic matter. Methods of soil analysis. Part 3-chemical methods.,
961-1010.

Page, A.L., R.H. Miller ., & D.R. Keeney. 1992. Method of Soil Analysis. Part 1I: Chemical and Mineralogical
Properties. 2nd. SSSA pub., Madison, Wis.

Rhoades J.D. 1982. Cation exchange capacity. In: A.L. Page, R.H. Miller, and D.R. Keeney (eds.) Methods of
soil analysis. Part 2. Agron. Monogr. 9, Am. Soc. Agron., Madison, WI. p. 149-157.

Richards L. A. 1954. Diagnosis and improvement of saline and alkali soils. Soil Science, 78(2), 154.

Suppadit, T., V. Kitikoon, and P. Suwannachote. 2008. Effect of cadmium on growth of four new physic nut
(Jatropha curcas Linn.) varieties. Journal of ISSAAS 14:88-98.

Tirkdogan MK., Kilicel F., Kara K., Tuncer I., Uygan I .2003. Heavy metals in soil,vegetables and fruits in the
endemic  upper gastrointestinal cancer region of Turkey.Environmental Toxicology and
Pharmacology.;13(3):175-79.

Uchimiya, M. Bannon, D.l. Wartelle, L.H. Lima, 1.M. Klasson, K.T. 2012. Lead retention by broiler litter
biochars in small arms range soil: impact of pyrolysis temperature, J. Agric. Food Chem. 60 , 5035-5044.
Uchimiya, M., Lima, I.M., Klasson, K.T., Wartelle, L.H., 2010. Contaminant immobilization and nutrient

release by biochar soil amendment: roles of natural organic matter. Chemosphere 80: 935-940.

van Zwieten L.,. Kimber S.. Downie A., Morris S., Petty S., Rust J., and Chan K. Y. 2010. A glasshouse study
on the interaction of low mineral ash biochar with nitrogen in a sandy soil. Australian Journal of Soil
Research, 48: 569-576.

Venegas A., Rigol A., Vidal M. 2015. Viability of organic wastes and biochars as amendments for the
remediation of heavy metal-contaminated soils. Chemosphere, 119, 190-198.

Xu, R, K, Zhao, A,Z,. 2013. Effect of biochars on adsorption of Cu(ll), Pb(ll) and Cd(ll) by three variable
charge soils from southern China. Environ Sci Pollut Res, DOI 10.1007/s11356-013-1769-8.

Yuan,. J. H., R. K. Xua and H. Zhang. 2011. The forms of alkalis in the biochar produced from crop residues at
different temperatures. Bioresour. Technol. 102: 3488-3497.

Biochar application effect on cadmium uptake by wheat in polluted soils of Sarab Ghanbar Kermanshah

S. Zareit, A. Fatemi2, M. Safaei Khorram® and Z. Kolahchi*
12 Former MSc student and Assistant Professor of Soil Science Razi University, Assistant Professor of Environmental
Toxicology Ton Duc Thang University, Assistant Professor of Soil Science Bu-Ali Sina University
Abstract

Cadmium (Cd) uptake by crops grown in polluted downhill soils of municipal disposal in Kermanshah city
under with/without two biochar applications as investigated. Two biochar types prepared from apple wood
(BCy) and sawdust (BC,). Cd concentration in plant and the weights of root and shoot were measured in a
greenhouse experiment. The results showed that Cd concentration in both root and shoot significantly (at
probably 1%) decreased by application of two biochars. These were attributed to positive effects of Biochar
application on decrease of Cd uptake by wheat as well as improvement of soil condition. The weight of shoot
was significantly (at probably 1%) increased under two biochar applications. A significant decrease (at probably
1%) of Cd uptake and a significant increase (at probably 1%) of weight of shoot were observed by BC;
application in comparison with BC1. This results were related to more specific surface area, CEC and pH of BC;
than BC..

Keywords: biochar, wheat, Cd, uptake



