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2- Calcium Carbonate Equivalen
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Table 1. Some chemical and physical properties of soil and amendment.
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Biochar-600 Biochar-400 feedstock Soil Properties

9.9 9.19 6.82 8.05 pH

S e
1.88 0.97 0.79 0.46 S *]M
EC (dSm™)

97.3 10.39 426 - 5 s e C]"“
Surface area (m” g")

) I eps
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54.74 52.84 38.42 1.42

(1) oy
Sand

- - - 533

1) <dews
Silt

- - - 38.5
) o
Clay

(1) dolas s 2l S

Carbonate calcium equivalent

- - - 20.8

(S HS 2 p S o) eslizal L oasls
Available Cd (mg kg™)

02 0.18 0.1 0.013 SAS 20 S ) &5 S
Total Cd (mg kg ™)

) 5 Shas
Yield (%)

27.2 38.8

(1) S
Ash (%)

353 29.6

EC (1:2) 5 pH-H,0 (1:2) (Soil) s1=*
EC (1:20) 5 pH-H,0 (1:20) : (Amendment) >l
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VoY



&b&oﬁ: 9 u)bb}w }UJ‘

Loys Av) 55Ul 5 G gaedes a5 YOEY los
083 QUL Sl e o LAd (5 1a (Glas e b b
S e e Lajles 1 Ko 5l bl
Sheslaal b ewsls Sl K8 5 edd il S
) 4 el (1AV8) OLSas 5 s iy
OLES Y Jadr 55 s g Seslas iy, aodls
m.a.slS oslixwl LB lade O o RGIUU P VAP I
+ DTPA Ny +/++0 3l eslizad L) DTPA i 554,
s L (TEA Ny +/V + CaCly (V4o +/0)

aids \Yr L ooes Sojlas - VY
m.a.slS )\Ju;.a Core (\0) AL Lsﬁ;e)w Q&S
Jde a3l Ol C.M_.c.‘la oKaws b Wadshs s

i 5,558 GBC, 932

Sly 105l S bl gl 5 sl Jlesl
w3l S e S e V0l Lty ol ol
e S Yo gl Spon LIS edlS aie
oY ol Jltie 5 bylses St L5 Ll Sbt 4500
b dogs A s S ocgh, ol e
Sdods ladiges A Lol sl a4 (las e
Cosby 53 ek 4 YOEY glos j3 auwa ¥
(RS oLl Glasse S b dys Al
e b 5l eSS 5 e S e TFEY 5 Y
Qe e VIV 5 VA0 Jsle S
doosys Vlde walsl S ad wls) S glad gal
s b gl Sbrse wdslesle (53 = F55s)
22 rgmedesaz s Vgl lrss 5 e seeds
03 ol ¥ Slews 5 wlsl LS G 4 JISSY

S V._.c:lS 6“‘\)"‘: e G s oS L (VAVA) U, Ken 5 e éj_fa)w oY dgas
Table 2. Extraction method of Tessier et al. (1979) with modification for Cd fractionation in soil.

(el iy (0) b SrSeobas B A g5
Time Temperature Extraction method Stage Fraction
5 bl sbes PH=V) Vo ) rsio IS 2l s At S 5 ) ] P 5 Ishe
Room . . . » Soluble and
Temperature 1g Soil+8 ml 1 M Magnesium Chloride (pH=7) exchangeable
. b sbes (PH=0) 3o\ ocs il 2 s A ) Lol S ez
Room 8ml IM Sodium Acetate (pH=5) Associated with
Temperature carbonate
AT L o 5y
p 9643 (70 Sl dd 53) Vga v/0 8 LIS 55 sl JouS 5500 2 e Yo 3 Ko 5 opal
20ml 0.04 M Hydroxyl Amine-Hydrochloride in 25% Acetic Acid Associated with
Fe/Mn oxides
5 85+2 AYASE TN WAL JURCA S WSS JUS VLR SRE-WC It Wt A W 3
] Sesle b et o
AL (Y SKad Al 53) Y 50 YIY g el bl 2 o+ (pH=Y) o
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Residual is obtained from the difference between the total value and the other fractions.
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Figure 1. Comparison means of EC (dSm™) of effects of biochar (a) and salinity (b).
Different letters represent significant difference (P < 0.05) between means by LSD test
C: control; BO: feedstock; B400, and B600 are biochars produced at 400, and 600 °C respectively

S0: control; S20, and S40 are 1170 and 2340 mg kg™ NaCl respectively
Values are mean + Standard errors of mean
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Table 3. Results of analysis of variance of biochar and salinity effects on Cd extracted with DTPA in the studied soil.

MS) Sl o ke 331 4 s S b
DTPA Degrees of freedom Sources of changes
JLA Qljjl
Main effects
*k l} 4
2.72 3 0%
Biochar
0.38" 2 S
Salinity
Sosdx Ol g
0.01™ 6 . ..
BiocharxSalinity
(P
0.04 24
Error

#% NS

J.i‘l._‘da.x.p);\Jh@}lchﬂ)z)bta.a})l:tm,}¢}WQgﬁ£;q B
" and** are non-significant and significant at the probability level of 1% respectively
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Figure 2. Comparison means of available Cd (mg/kg) influenced by biochar (a) and salinity (b).
Different letters represent significant difference (P < 0.05) between means by LSD test
C: control; BO: feedstock; B400, and B600 are biochars produced at 400, and 600 °C respectively

S0: control; S20, and S40 are 1170 and 2340 mg kg™ NaCl respectively
Values are mean + Standard errors of mean
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Figure 3. Comparison means of exchangeable Cd (mg/kg) influenced by biochar.
Different letters represent significant difference (P < 0.05) between means by LSD test
C; control; BO: feedstock; B400, and B600 are biochars produced at 400, and 600 °C respectively
Values are mean + Standard Errors of mean
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Figure 4. Comparison means of Cd associated with carbonate (mg/kg) influenced by biochar (a) and salinity (b).
Different letters represent significant difference (p < 0.05) between means by LSD test
C: control; BO: feedstock; B400, and B600 are biochars produced at 400, and 600 °C respectively
S0: control; S20, and S40 are 1170 and 2340 mg kg™ NaCl respectively
Values are mean + Standard Errors of mean
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Figure 5. Comparison means of Cd associated with Fe/Mn oxides (mg/kg) influenced by biochar (a) and

salinity (b).

Different letters represent significant difference (P < 0.05) between means by LSD test
C: control; BO: feedstock; B400, and B600 are biochars produced at 400, and 600 °C respectively
S0: control; S20, and S40 are 1170 and 2340 mg kg™ NaCl respectively
Values are mean + Standard Errors of mean
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Figure 6. Comparison means of Cd associated with OC (mg/kg) influenced by salinity.
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Values are mean + Standard Errors of mean

(P<+/+0) (g lsbime Jiulssl (FE/Y) dals & s
YWir oosd sl s K8 ol eeslS 2L
NP R PGS NESNE
Golslins IS (IYEA) o S5ks 5 oS e
ol s ml Lo las o8l (P<e/r0)
Uj S 55 a8 L S 0Ly (VoY) O 5 oas S
SIB L e s sy el Bl S (KD )
o sd A & o 3l (e A IS) (6550 - shas
Sad 5l 26 pH 2l 1y O s 5 il jials
03958 ol adlas o5 (VA Clls V{.,\MJ.ULS
5 ol Coge 5ol s | pH S 4 S
OLKen 5 53LS poores Cl 05 0T j2alS
Gl PH L oy S £ 3 oS L3S Ol (Y20
Loy Sy « °5jﬂ b sk s LG
sles (o3 sbae Sl L () obile Bl IS
OV Sl Zomd b S ds 5 LS

"y

s b shila Bl eslS ks anglis
ole Ll el el Ola (L -V ISE) s
o seedos a3 W Gl g led 53 el BL eslS
Sl UYAY) adsleste 5 (70 /0) aald & o
S s e IS8l sl (P<e/00) (5 laliae
TYCIN S U WP PSP O T PR PR R
g a3 B e Gles 5o el A5 b s led
L oglas .ol (P<e/e0) (gobsbias iulsdl (LAA/A)
YY) oer 5 Sl ol sy =W
Sb 3 53 @ G 5o Ul S L5 S 1S
) sl a0 1 ekile Bl peslS pH=0/Y L o)
el cdew Baes 1) 5B el 3L IS8l e
el goosls SRl Sl gn s Sld a5 g8
(T 358 0 DIl (e B LS
S il sl 3l waslS Kk avylie
oS Sl el s el QLIS (G =Y JK3) s
eSS e S e MIVe (o580 sles 2 ekl BL



&‘)&M 9 u)b‘)}w 5L:Jl

L.: e.,\.z.,l..:x._:: 9 oJ..;LaL;;Lz V.AA:[S 6‘]’ = —+/AY )\JL'JLA

ol csas Ll S

7 .
(< LSD=0.63
Y 6 1
’i‘, b
2B 37
I3
1 E 4
33
S 3
T
‘L;
23 2]
T
0
Control B0 B400  B600
(biochare) ;1> 5.

J‘JJM "\J\);Lfd °"L’L“L5'§L’ V.AA:[S u.:..hls (\V) k:aﬁLi
Lz 0./\.\;!./\.")2.3 J.(.:v L] LS)‘)A:J )}...ﬁ;' j';‘ L QT JLE.:J

M e Luly s s L ol S

77 () LSD=0.72
) 6 1
35| b
)
=]
=1
. 2 ]
g
% 3 21
h
= 1 4
0 : . .
S0 S20 S40
(salinity) s 52

(D) Soss 5 (D) ,lor s STcod p SAS 5 05 he) 0kilo b ol 5Kl amlia -V IS5
Lzt LSD 05031 bl 2 b slass Ao y5 0 Jlaio! o 53 jlsline I3 236 caylin By >

g a2 53 Ve glas s eddag Hl g BO00 ¢ gdis a js Er (gles 53 sddag b 5 IB400 tad gl o5l (BO taals :C
ok A JS 0 S kS p 8 s YYE e laie 1S40 oy by S 0 SIS 0 S e VIV lake $S20 cuali 1 SO
ol 0k 0303 UL (53 508 b g &) g0 5 luilku] slas
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Abstract

Background and Objectives: Biochar application is one of the effective methods to reduce the
harmful effects of heavy metals in contaminated soils. Biochar is an organic amendment may
change some of the chemical properties of the soil and create suitable conditions for
immobilizing of heavy metals in the soil. Biochar is a carbon solid obtained from the pyrolysis
of residues under limited oxygen conditions. Biochar have high surface area, porous structure,
and functional groups, which can reduce the risk of heavy metal contamination in the soil and
their entry into the food chain. The aim of this study was to investigate the effect of sugarcane
bagasse biochar produced at 400 and 600 °C on the availability and fractions of Cd in saline and
cadmium-contaminated soil.

Materials and Methods: Initially, 15 mg kg™ Cd as cadmium chloride was added to sandy soil
sample (200 g) and mixed with the soil. The soils were incubated for 3 weeks at 2542 °C at a
moisture content of 80% field capacity in incubator. After incubation period, salinity levels of
1170 and 2340 mg kg™ as sodium chloride was added to the soils. Then, the 1% (w/w) of the
sugarcane bagasse and biochars produced at 400 and 600 °C were added to the soil and
incubated for 3 months at 25+2 °C. At the end of the incubation period, a soil sample was
removed from each of the treatments and available Cd (DTPA) and its fractions (Tessier et al.,
1979) were extracted.

Results: The results showed that the application of biochar reduced Cd extracted by DTPA
(P<0.05). Also, effect of biochar on pH wasnot significant (P>0.05) and increased EC (P<0.05).
Salinity increased Cd extracted by DTPA (P<0.05). Also, biochar application reduced
exchangeable Cd (13.7%) and Cd associated with carbonates (24.1%), while, increased Cd
associated with oxides (37.2%) and residual (30.6%) compared to control. Cadmium associated
with Fe/Mn oxides and associated with carbonates in 2340 mg kg™ treatment compared to 1170
mg kg treatment increased 31.5 and 25.8% respectively. The results reveled that Cd associated
with OM in 1170 and 2340 mg kg’ treatments compared control reduced 38.8 and 22.2%
respectively. Also, residual Cd reduced (24.9%) in 2340 mg kg™ treatment compared to 1170
mg kg treatment.

Conclusion: Application of sugarcane bagasse biochar in soil led to change Cd from unstable
fractions (exchange and associated with carbonates) to stable fractions (associated with Fe/Mn

oxides and residual), therefore reduced the mobility of Cd in saline calcareous sandy soil.
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