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Abstract; Biochar and modlfled biochar have been widely used as remediation materials in heavy metal-contaminated agricultural soils. In order to explore economical and effective
materialé for the remediation of cadmium (Cd) -contaminated acidic purple soil, distillers "grains were converted into distillers’ grains hiochar (DGBC) and modified using nano-
titanium dioxide (Nano-Ti0,) to produce two types of modified DGBCs: Ti0,/DGBC and Fe-TiO,/DGBC. A rice pot experiment was used to investigate the effects of different hiochar
types and application rates (1%, 3%, and 5%) on soil properties, nutrient content, Cd hioavailahility, Cd forms, rice growth, and Cd accumulation. The results showed that:
(@ DGBC application significantly increased soil pH, cation exchange capacity (CEC) , and nutrient content, with Ti0,/DGBC and Fe-TiO,/DGBC exhibiting better effects. @)
DGBC and modified DGBCs transformed Cd from soluble to insoluble forms, increasing residual Cd by 1.22% to 18. 46% compared to that in the control. Cd bioavailability in soil
decreased significantly, with available cadmium being reduced by 11. 81% to 23. 67% for DGBC, 7. 64% to 43. 85% for TiO,/DGBC, and 19. 75% to 55. 82% for Fe-Ti0,/DGBC.
(3 DGBC and modified DGBCs increased rice grain yield, with the highest yields observed at a 3% application rate: 30. 60 g*pot™ for DGBC, 37.85 g+ pot™ for Ti0,/DGBC, and
39.10 g+ pot™ for Fe-Ti0,/DGBC, representing 1. 13, 1.40, and 1. 44 times the control yield, respectively. Cd content in rice was significantly reduced, with grain Cd content
ranging from 0. 24 to 0. 30 mg+kg " for DGBC, 0. 16 to 0. 26 mg*ke™ for TiO,/DGBC, and 0. 14 to 0. 24 mg+kg™ for Fe-Ti0,/DGBC. Notably, Cd content in rice grains fell below the
food safety limit of 0.2 mg-kg™ (GB2762-2022) at 5% for TiO,/DGBC and 3% and 5% for Fe-TiO,/DGBC. In conclusion, Nano-Ti0, modified DGBC effectively reduced the
bioavailability of soil Cd through its own adsorption and influence on soil Cd forms distribution, thus reducing the absorption of Cd by rice and simultaneously promoting rice growth
and improving rice yield. It is a type of Cd-contaminated soil remediation material with a potential application prospect. The results can provide scientific hasis for farmland restoration
and agricultural safety production of Cd-contaminated acidic purple soil.

Key words: cadmium(Cd) contamination; purple soil; modified distillers” grains biochar; soil-rice system; cadmium accumulation

A b e G o B AT T IRE A R, L S CAR— KA, A RKAE Cdis QI AR 2
JETE AR (Cd) T5 Y AR TR E 2 35 Y Ay A A 0

EP B AN TS B v R AR T 82.4%, L Ys BHA: 2023-06-27; 1T HHA: 2023-07-28
= [2] TS AN BB &K H AR QIH 5 0 & R L 58 S50 H (este2019jsex-
T RS G RRR, FL T HR R 1jshX0001) 5 [ [ 48 Bk 3 4 30 H (42177019)
MR RS R EE, MEENREEENERERZ EEBN: H901(1996 ~ ), B 0o A, EZAF5E 7 10 -5
4R 15 Y5, E-mail: 1193019140@qq. com

—‘[3'4]- 7k$‘§7~Ell: EF] ﬁg—‘j(*&ﬁ,ﬁ;% ) lﬁj Hﬁm%% IE_‘EE; * E{EVEH ,E-mail: gaoming@swu. edu. cn



3028 E78 5

B 455

WA - i Cd 3 s B R HE A, XA P
FAS AT A 7 A A, R OB R 2
ORI E T B YR, T A e TR P R
X T2 60 A0 B A, L AR R
WA i 5% A BUE R IR TR, HE A
WA, T HERCE I, EESBRENEEE
AN X - G RG], H Cdig et AR
Jﬁ%lm,ﬁ%mm%%@iﬁmwaﬁﬁﬁn
S 9 1 7 XA 7 B 4 5 XA 8 U R R L
A E TSR

Ef 2B E ik T Cdig g £ 3
H W) J5 S — 7 725 TR DR SR A% T A0 I A 0 R A
) 10 57 250 B BB AR o T R 1 6
FALE R, ARTE T 2 H TR H s s a S
BB 7E Cd T5 e e FH it P AR B T LA S0
Cd 1 WA ke, WA h i Cd 5 i, SR AR
PR A SR R TS o R P P A R
WAL R A, TR AR, 55k
A R BRI Y SR, TR S L L U
(LT AL b 5 T U 00 I 9 3 TRt
H%ﬁ@@ﬁ%&%%ﬁTuﬁ&m P, fa,
{12 P 75 0 AR TR A PR L LA AU ﬁﬁﬁﬁ~
@.@ﬁﬁé%&#Tw@TUﬁﬁﬁﬁ%ﬂﬁ
A 5 mw&&&&%ﬁsﬁﬂﬁ%%ﬁ
1LCA 15 LT S LB ﬁ%ﬁﬁﬁﬂ
L%%ﬂi%ﬁ%ﬁ@m“‘
Aok — sk, mmnmrﬂﬁm %mﬁF'
ﬁm%@Tﬁa%& S SRR Y %R A O
52 B 5E % B Nano-Ti0n 1 4 1 7k b B8 1) 1] LU A7
SRR CA XA 2 K 1 58T 500>, % Nano-TiO, i
FHAEM F 1T 1L 2 MR BE 56 Cd AW ™. SR T
K 22 HOM 56 (9 B 5 4 P AE K A Cd Y5 e, Bl B
Nano-TiO, Uk FHES ZE W B 7], XT T Nano-TiO, B

W%ﬁﬁHm o

PEAEY T Cdis e H IR IT i b

AR SORE RS ) 5 A= W 1K Nano-Ti0, 2%
PR A Yk AT RO R ARIR S, LIKAE
WFFEXT G, HREGE R A ) e B S S R A 0 e ke
Cdis g LM . 2o & . CAMARS
R WA R KRS Cd 2 BOK R A K, LA
WA PR Cd 5 Y 58 00 Bk b 2e 4 1) R XY Hl Al %
JR B LR AR A

1 #MPE5EHFZE

1.1 AR

POk FHEREAERTTHRRE M, 8T
BIMA B R B KR T+ R0 ~ 20 em VR
TR, R A AR RBR e, i
2 mm 5 HF 2 AR5 . A 4 g A oA
pH 445, BHE 73845 (CEC)32.68 cmol - kg ol A
HLET(OM) ] 15. 19g'kg7, [é/fL(TN)]foZg'kg )
wL%@%TPH068gkg,aﬂéﬁﬂTK>79ogkg,
[@iﬁ?&(AN§]184s3mgkg, ol ggﬁq%p)
1.60 mg-kgl', Lo b_ﬂ (AK)LBZ69m&%g?f é:
wﬂwn%k%fQﬁM@Kmi%uﬁﬁf
mm G 51 11 (08 mg- ke ) 1.8, ET?¢F@

5ot % P B, o s e 029
n%@ ek B B LI 28 5 TR B R
ﬁmmﬁlﬂ%ﬂﬁﬁ@mﬁ%%@i%mu&m
Ezwfm Eﬂmwéﬂﬁmmmf,ﬁﬁﬂm
T 18°C, AESF-HIFE T &k 1 086.6 mm, 4 H RS
82474 1 276 h.

DLEE PRYT /N IV T A9 T R R s kE, 7E 500 ~
600°C T PR A AR B2 il LI HE 2E ) 7 (DGBC) , 2% iR
SO0 W 0T 9 BT O i 4 DGBC 2 A7 ke bk, i 45
Ti0,/DGBC #il Fe-TiO/DGBC™'. DGBC. TiO,/DGBC F
Fe-TiO/DGBC 3 A it WL 4% 1.

%1 DGBC.TiO,/DGBC fl Fe-TiO,/DGBC E 7 i
Table 1 Basic physicochemical properties of DGBC, TiO,/DGBC, and Fe-TiO,/DGBC
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Fe-Ti0,/DGBC 9.1 0.852 42.9 25.0 14.9 5.50 39.3

1.2 KKt

ARG R H IR, ARARAIRALHE
B A (F26.5 cm, HA£29.5cem), MIA 8 kgt £
e, MEA32glRE, 1.184 gid WEFRAS A 1.644 g Ak
BRI, IR B 0 3 AR A AR By e, TR
NN 1%, 3% F1 5% (LY e+ HE), Kt

HiEY e . SIBRA S, M honA 2 48
(9 258 F KK M LSRN 1 ~ 2 em. T3S0 33
A4, AR AENL 048, L3048 . 25
B R K B4 — B H T FE KR 4h i (2930 H %),
REA29C, BN 2Bk, AL PRBEMLER L . 7 KRG A 4
ANMEFW, KRBT AW GEK, i3 4w AR



5 T A s W TR A A R 0, e SR T 25 B KR MR AR ) 5 T 3029

F5A 3em £ BKZ KA KRB AR 2%k, 4
ST oK A 4 BERT W B A N IR 2 0.8 g, #5316 10
B AN R 2 0.8 g A AL 4T 0.832 g AN A= K i (]
A 5 R — 3, AN AR 2B R TR
P R R I (R 4% 05 113 d) RAE - KE,  [a) i X 7K
TR FEAT IR R A
1.2.1 - HERE S AL 5
i%#%ﬁmﬁiﬁﬁﬂ?Fﬁ%@%¢ﬁﬁ
. DRAEAE % B RS R ik — 20 o b . LI
ﬁﬂﬁmemE%%%%Wm;mm%mE%%
NEAENR I - LI E 5 pH SR A H A 5
JE 3 TN SR ELCE Bk e s TP R HS UL &
PR 5 TKORTAK R A KOG BE 5 5 ANCR FH B
Y BRI AE ; APPSR NaHCOJEM % ; 3 CdTE
9K FH BCR MU A i S 2 Bk i s 3% Cd
A RS R 36 B AR B R BRI Ok
(toxicity characteristic leaching procedure, TCLP){R#,
JH B R AL 40 6 i B i s —
1.2.2 AEYIRE S AL 2R 0 .
KRG RS 4%ﬁ$h#m$%Lﬁ%iﬁ
A, DIE bR R AR ﬁﬁ%ﬁﬁﬁﬁ HE%
m%@Fﬁ%£%¥m@% ¢
Fﬁiﬁﬂ%@ Tmﬂwﬁzmﬁ*ﬁd-
E RS R mm%&%@%gﬁ%
Pt i R A R
ﬂf$
'y BRI 711 5 35 8 13 e
owmmﬂﬁﬁﬁ%ﬂ e N B B AR DR AT LU — 2P
VT T AT R AR R R - 8 R (5 1) 0 A I
RAEM, 25 M R WO 43 O B I E Cd

%MHL&%ﬂﬁﬂﬁmmxﬁﬁﬁwﬂﬁw

.
1.2.3  AWm bR R AR

KM A 7 B (SEM, 78 B R R %5 )
ZEISSGemini300 78 ) 73 7 £ ) i 3R TR SUARAE . R
5 B0k 20 000 £ 5 SR HAE B b A8 46 21 4 o 3% R
(FTIR, 2 [ FE8 C /R B 4L Nicolet iS5 #) 43 #r A=
Yy i e D Re B A1, 34 5 [ Dy 400 ~ 4 000 em™;
K H E PR BET H 2% 11 B0 A A (36 [E Micromeritics
/3 H) ASAP24603.01 ) I 5 A= 9 7k BET b 2% 1 AR
BALE . EIALE LA
1.3 Bdiab B

S JH Office 2016, SPSS 23.0 F1 Origin 2021 % {4
HEAT B S 1 5 25 . SR ) Duncan 37 &2 M 22 15 147
B E AP R FH Two-way ANOVA 43 #1 4= W) i Fb
Je . WS R g AR R R R R L KRR AR KA
Cd FH R 152 i) ﬁﬁ%mM§ﬂ%ﬁi%@ﬁ
KA R Cd LR PEAT A 7 7 "

2 GREFH "ff,

'—F

2.1 @ﬁ@%ﬁ&&&@ﬁi%ﬁmﬁﬂ Sy

DGBC T1€)2/DGBC fil Ee-TiO/DGBEHY EE,%EH i
EEUER Eﬁm .-DGBC %uﬁ& P DGBC iﬁ%ﬁuﬁ%ﬁ
BB 0 R T & L DOBC i AT
ﬁﬁ%,ﬂ&ﬁfwﬁ,ﬁ.ﬁﬁﬂmwﬁﬁﬂ%
I/ T 53 B W WO A 5 T THOYDGRER Fe-
TiO/DGBC [ 1% 55 W GHRELRS , 1 DGBC B8 2% AL G
w, LAmeEEE, ROy ng r KeEBRAR
M i R, X A B DGBC B T8 £ e a9 15 P
W B 57 o5, TR 28 3 4, LA B3 A /N UKL
R R FLA R BR B Bk g KR b &

(a)DGBC; (b)Ti0,/DGBC; (¢)Fe-Ti0,/DGBC
El1 DGBC.TiO,/DGBC # Fe-TiO,/DGBC B3 B2 §E &
Fig. 1 SEM images of DGBC, TiO,/DGBC, and Fe-Ti0,/DGBC
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Fig. 2 Infrared spectra of DGBC, TiO,/DGBC, and Fe-TiO,/DGBC

Table 2 Specific surface area and pore structure parameters of DGBC, TiO,/DGBC, and Fe-TiO,/DGBC _.-"'”
A e H T A /m? - ! BALA em? g LR ma%m% g/
DGBC 42.050 1 0.022 4 | 21330 0013474
Ti0,/DGBC 201.094 8 L 02199 4373 6|y 0. 056 36;.- =
Fe-Ti0,/DGBC 209491 4 0.1538 [ ¥ 2 9371 ' 006 184S 4 j,
22 WA %ﬁ)jﬁaﬂz ERTEE *%W%xﬁ;%g@;@ {*ﬁu%lﬁ, .«Mu DGBC “Ti0./DGBC A Fe- Tle./DGBC
mmmﬁ/ ” & iy -+ e i 45017 4, 78 1 8.0, A B

KH&L%&T:{:%&%E&@{%%‘ E;ﬁ;u%ﬁﬁ my 17./2, JRI2.3 MepH L7 ﬁz%ﬂ%;’éﬂ&«*h i
i ﬁi%ﬁ?@ﬁuwﬁﬂii@XTi%pHﬁTﬁ;}%% XTiLf%CEG oA 5 5 B0 (P < 0.05) 1Elwi$a$7r:
.(P<001) JE BT L pH P A S AR R A 75 5% U ik A [ 2 4 5
JEE |'§§(THE%H;I_’, MDGBC&E&@DGBC,E%J%_P@,"' Ly CECHE BN T 13.47% . 19.20% F 2138%, H
Tii%&pH{éi FL A A0 p ke + 3 pH 5T 1 Fe-TiO/DGBC i + 3¢ CEC 34 N di K, 55 12.06
B (P 0.05). [l — WINE T AFEAY R pHFE  cmol-kg ™. /A [A] b #1135 OM AH % X BE 244 FF 14 i
¥4 : DGBC < TiO/DGBC < Fe-TiO/DGBC, £ 5% fHAb 3] 22 AR K.

%3 AEALExE 3 pH.CEC I OM MM "
Table 3 Effects of different treatments on soil pH, CEC, and OM

T /% ol /Cmif‘_ig,l ‘jg(‘l)(:”
CK 5.7 + 0.028h 9.94 + 1.29¢ 17.42 + 1.28a
1 6.7 + 0.042¢g 10.20 + 0.27bc 18.40 + 0.55a
DGBC 3 7.1 +0.070f 11.00 + 0.25abc 18.14 £ 0.11a
5 7.4 +0.007d 11.28 + 0.24abc 18.28 + 0.19a
1 7.2 +0.007e 11.51 = 0.65abc 18.61 + 0.45a
TiOZ/DGBC 3 7.8 +0.007¢ 11.75 = 1.05ab 18.10 + 0.23a
5 7.8 +£0.007¢ 11.85 +0.07a 17.66 + 0.33a
1 7.8 +£0.007¢ 10.61 = 0.19abc 17.55 + 0.32a
Fe-TiO,/DGBC 3 7.9 +£0.014b 11.85 +0.98a 17.95 + 0.02a
5 8.0 £ 0.042a 12.06 = 0.06a 17.75 £ 0.14a
; " . .
XU 2 91 2 407 R - . NS
TxR *k NS NS

DARTR/ING 8RR 25 835 (P < 0.05) s SUH 7 220 Mgl S b, T3R8 A P 5 28000 R SRR AR It | TR 37 A Wy I3 21 BRI o+ 1) K L 3
R sNSERZEFARFE *EK R P <0.05,*FK/RP<0.01, T
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Fig. 3  Effects of different treatments on soil nutrient content
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FEBAIN T 117.76 mg-kg™', iRk 28.37%.
2.4 VR A W e B vl PE T R AR B e 8 cd B S
B A= A M 14 5 i)
K H BCR U 5 % 2 48 B 43 B 1 13 b Cd (1)

WRAFTEAS, W HE Cd o M F R IR B (F1) . Al ik 5

B(F2) ., AL (F3) FsR i 25 (F4). A [ 4b 2 %)
ia& Cd B 247 #i an & 4 B 7 . F1EG i Bl TiO/DGBC
Fl Fe-TiO/DGBC ¥ Il 48 f 38 Jin iy B AR . 6 AH [R] 8
B, F1EFIKK A : DGBC > TiO/DGBC > Fe-
TiO/DGBC, 156 W A 2 P DGBC XF F1 & I A H 9
F DGBC. F2. F3 5 F1 3 80 A LAY 45 1k ka3,
DGBC MM DGBC Y iti AFEAE T H 5 e, H L BiRE
5 VAN T 1 o v 2 B v A ) 2 A S A s
Jiti F§ DGBC. TiO/DGBC Fl Fe-TiO/DGBC i} F4 i (5
e 2 5N 52.80% ~ 54.82% . 55.47% ~ 59.23% F
56.78% ~ 63.97%, AT X HR4» B3N T 1.22% ~
4.86% . 5.97% ~ 11.94% F18.14% ~ 18.46%.
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Fig. 4 Distribution of Cd in soil of different treatments

AR AR B (Y 48 od A= W A st i iEl S R .
A= W e 25 Y S in i F %+ 48 TCLP-Cd & A7 76 i
FHW (P <0.01), 3 TCLP-Cd % & DGBC Mk
P& DGBC ¥ I it 384 i i 98, DGBC. TiO/DGBC
Fe-TiO/DGBC 43 I fif + 3£ TCLP-Cd & &= F& 1K 11.81%
~23.67%. 7.64% ~ 43.85% 1 19.75% ~ 55.82%, H.
1€ 3% F1 5% i it F, 1488 TCLP-Cd & & # £
J: DGBC > TiO/DGBC > Fe-TiO/DGBC, 7E 3% i
Jn & B, TCLP-Cd 43 1 0.199. 0.169 il 0.139
mg kg, TE 5% WS NE & &40 0.189, 0.139F1
0.109 mg-kg™. 5 DGBC #H [k, W Fh ¥ DGBC & 2
Ak T 3P Y TCLP-Cd & H: (P < 0.05).
2.5 TR A= W e B vk T R AR ) e 6 K R AR K
FE AR Cd & 5 (14 5% 1)
AN T) A BT S KRR A K A B R U 3 4 R L S0
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Ab B~ Ak PO R R R R N R A 1% 3% FI 5% 19 DGBC, TiO,/
DGBC Al Fe-TiO,/DGBC, AN [7] /NG - e 7% 4b B ] 22 53 1 5 (P <
0.05) s B 3y 2243 Bré SRevh | T R B e 2 A R FRom U it
TXR 27 AE W ¢ 2 R R0 0 i B B B S0 s NS 7R 22 AN B 3
FRP<0.01
B5 FRALENTECAHERSHZMm
Fig. 5 Effects of dlfferen“t"tredtmenls on the bmavaﬂal{l I,Of goil Cd

HE A L, DGBG‘*HE&@ DGBC ﬁ%hmiﬁkigﬂm
(P <005) ] PGBC| HOMDGEC Fi Fe»TngBGBC by

M@k%a@kmiﬁﬁﬂ ' 870 % 14.52% . 8. 15% ~A159%
717.93%(~20.88%. X‘!“?’F*ﬂ:ﬂ?ET = i%ﬁf‘**”%ﬂ
ﬂ%ﬁnimﬁt%ﬁﬁﬁfﬁﬁzump <0.01),
AL R i gaEn
Fe- T102/DGBG Ik i %ﬂﬁ:i%(ﬁm [ E’Jﬂfr«ﬁﬁ b
o, e 5% B T 4551 202 g-pot™ I 25.5
sopot, 14 24.22% Fl 56.62%, TiO/DGBC kb Bl
(4 A FF 1 8 W 7E 3% W om Rk Bl Rk, 217
g-pot™, HAIR A 33.51%. A1 /¢ 25 AU RIS I 2 ¥ % 7K
FEAF L™ AR TE & 52 M (P < 0.01). AN [] &b K 7
P RL = R 6t BESS AT S, L S 0 1) 48
JK R RL ™ a5 35S 1 NS BRI A #a ¥, DGBC.
TiO/DGBC Fl Fe-Ti0/DGBC 7£ 3% ¥ Jil &~ /K A kfHi
FE 4T 3R 30,60, 37.85 F139.10 g-pot™', 43 ) S XF
MRS 113, 1.40F0 1.44 6% . WiFh otk DGBC XF /K fig 4=
KR DGBC A 25 .

WA R 5, KRS 25 TR A Cd & it i 3 B AR
(L5, P<0.05). EWHFEAIX K FEAREL Cd & B A7
£ F % (P <0.01), DGBC, TiO./DGBC #1 Fe-
TiO./DGBC i /K A5 MR Cd & & 40 B FE AR T 16.99% ~
22.65% . 39.54% ~ 45.55% i 40.84% ~ 47.63%, {E
] — i F, KRR Cd & & ¥ £ B A DGBC >
Ti0./DGBC > Fe-TiO./DGBC, ¥ il 2 1k DGBC 7E [
7K R AR B9 Cd 7 T H R 2CPE DGBC 3 A3 2L . 7K A
T FFHIURR 52 f 69 Cd o 52 B HR AL B0 B A . X K A
FERLT 5, A W0 o 2 28R R ok 240 % 7K 8 FF R Cd
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Table 4  Effects of different treatments on rice growth
A=W e Nt /% R & lem R A F H/g- pot™! KL= B /g - pot™!
CK 89.1 + 7.80c 16.2+0.21g 27.1 % 0.98c¢
1 91.0 + 4.66hc 17.1 % 0.57¢ 27.6 + 1.13¢
DGBC 3 91.0 + 4.49hc 18.9 + 1.12¢f 30.6 + 1.84c
5 102.0 + 0.36ab 20.2 £ 0.04d 30.4 + 1.56¢
1 96.3 + 3.47abe 18.3 % 0.11f 29.0 + 1.27¢
Ti0,/DGBC 3 104.7 + 5.29a 21.7 % 0.33¢ 37.9 + 2.47ab
5 101.0 + 9.84abe 19.6 + 0.40de 347 + 1.20b
1 96.1 + 6.99abe 18.8 + 0.18ef 28.7 + 1.63¢
Fe-Ti0,/DGBC 3 101.5 + 8.69ab 23.6 +0.34b 39.1 + 1.84a
5 107.7 +7.12a 25.5 + 0.40a 35.9 + 1.98ab
T NS sk sk
KU 2R 5 22 53 Bt R NS o ok
TR NS = NS
*5 AELEMNABEHBALCAEENH N
Table 5 Effects of different treatments on Cd content in different parts of rice B
14 B VI 1% ol Cimg-ke” e
i ki e HH
CK / 1510035 0.65 + 0.02a - 0.60 £ 001a 039 +/0.01a
1 125 £ 0.31h4" 0.58 + 0.04bc [} 054+0,04h 0.30 = 0HTH*
DGBC 3 1,19+ 0.01b 0.61+001ab | 1 051k 001he 62440.01c/ v
5 107 20028, 0584002 /| o | /058+003 0.22.4 0:0Tha®
= 1 [ Q.é Lt o;gi)g.c g =049+ 0.04d | g ?__ 0.46% o.oaz({g: 0.26 + 0.0"31;(:
Tigh/DGBC : 3 8.5 0 0.56+0.0tbe 4 /7 os0%0.00bc 0.25 = 0.07he ="
- | 5 0.52 + 0.03cd | 044 +0.01de ofl6s0.01d =
. | 052+ 001cd / W |0.4420.01de 0.5%"5.0.01hc 4
lF_e_-_T”ioz/lDGBc“ 3 0.57 + 0.05bc ‘ 11048 £0.01cd 0.15 + O.OLAF“
{ o 1/ & 5 079 001c ' Josas002bed 4 7 0432001 0.14+0.01d
AT = T8 L= -
WK % 63\99; ] R " Ns il * NS -
: xR NS NS o *

GREEREREMW(P<0.01), JFAMWEXNEFT
B WAAELEAEN . B INDGBC . TiO/DGBC Al
Fe-TiO/DGBC W} /K FE ¥k w (Cd) 23511 5 0.24 ~ 0.30 .

Fe-TiO/DGBC, P A i P 05 A8 A= 4 e X6 7K R A i
Cd % B g8 Kk, H TiO/DGBC 1E 5% & Fe-TiO,/
DGBC 7 3% 1 5% & N #E B, ¥k 0 (Cd) K T 0.2
0.16 ~ 0.26 1 0.14 ~ 0.24 mg-kg", ¥E T XM, H mg ke, fFAEZXE N TIE YR &R EGB
FE R — Wit T ¥R MK . DGBC > TiO/DGBC > 2762-2022)"".

£6 KBEK.CAZEMTERSBME . CaRSZamAENE"

Table 6  Correlation between rice growth, Cd content and soil nutrient characteristics and Cd form

R 1= FEAT T8 Tk 7= i W CdFE  FAFCdSE  FREcdd®E R cdEdE

pH 0.810" 0.761" 0.711" -0.938" -0.699" -0.774" -0.885"
CEC 0.866" 0.826™ 0.838™ -0.842" -0.560 -0.628 -0.849"
oM -0.029 -0.079 -0.097 -0.015 -0.229 0.112 0.059

AN -0.621 -0.585 -0.601 0.790" 0.410 0.663" 0.945"
AP 0.753" 0.820™ 0.650" -0.744" -0.473 -0.739" -0.791"
AK 0.321 0.452° 0.115 -0.026 0.098 0.073 -0.325

SRS Cd -0.648" -0.851"" -0.830" 0.708" 0.251 0.656" 0.851"
AR JE A Cd -0.773" -0.859" -.682" 0.824" 0.532 0.691" 0.896"
CIE=R f Yol 0.061 -0.077 -0.219 -0.071 -0.188 -0.005 0.029

FRIEAS Cd 0.738" 0.894" 0.795™ -0.791" -0.412 -0.695" -0.910™

1)*F/RP<0.05;**F /R P<0.01
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