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Composition and properties of three organic materials and their effects on soil Cd speciation and Cd content
in rice

LIU Gao—yun'?, BAI Hong—cheng'?, YE Bi-ying"?, WEI Shi-qiang"*"

(1.College of Resources and Environment, Southwest University, Chongqing 400716, China; 2.Key Laboratory of Agricultural Resources
and Environment, Chongqing 400716, China)

Abstract: A pot experiment was conducted in a greenhouse from May 2017 to September 2017 to investigate the effects of organic materials
on cadmium (Cd) fractionation in soil and Cd content in rice grains. For this experiment, bulk soil with a Cd content of 0.11 mg- kg™ and
soils with Cd contents artificially adjusted to 2.12 and 10.12 mg- kg™ were supplemented with 2.5 ¢ C+kg™'(based on C content of the mate-
rials) of pig manure (PM), sludge compost(CS), and humus soil (HM) , respectively. The Cd content in rice grains and the fractionation of
Cd in soils were compared, and the effects of these organic materials were analyzed with respect to their properties. The main results were
as follows: The polarities and contents of oxygen—containing functional groups in the organic material followed the order HM>CS>PM. The
application of the three organic materials helped alleviate the toxic effect of soil Cd on rice growth. PM, HM, and CS reduced the Cd content

in rice grains by 17.24%, 32.41%, and 17.93%, respectively at a soil Cd concentration of 2.12 mg+kg™'. The maximum Cd content in rice
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grains was 0.19 mg- kg™ after HM application, which met the criteria of China National Food Safety Standard (GB 2762—2017). However,

when the soil Cd concentration reached to 10 mg-kg™, only PM showed any Cd accumulation reduction effect in rice grains; at this concen-

tration, the requirement of the food safety standard could not be met even with PM application. Significant positive correlations existed be-

tween the Cd content in rice grains and the contents of soil exchangeable Cd, Cd bound by Fe—Mn oxides, and Cd content in rice roots. This

suggested that organic materials worked mainly by altering the soil Cd fractionation and by inhibiting soil Cd uptake by rice roots and its

transfer to the grains. The organic substance that was rich in oxygen—containing functional groups and had high polarity showed better re-

sults in terms of the reduction in Cd accumulation in rice grains.

Keywords : organic materials; soil; Cd; rice; Cd fractionation
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Table 2 Addition amount of organic materials and

fertilizer per pot(g)

Jb B HHLYE WAL — A 5 S
Treatments  Organic materials NH.H,PO, CO(NH,),  KCl
CK 0 8.78 2.25 2.94
PM 57.63 0 1.63 0
HM 78.81 3.89 0 1.43
CS 70.05 241 1.24 0.13
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A, WK AR AR, I 5E T 105 CRH 30
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AR A CA(EXC-Cd) , BRRER 25 5 25 Cd(CA-Cd) Bk
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Table 1 Basic physical and chemical properties and Cd contents in the test materials

AR ALK 2R 2ok B Had
Experiment materials pH Organic carbon/g- kg™ Total N/g-kg™! Total P/g-kg™ Total K/g-kg™! Total Cd/mg-kg™
-3 Soil 7.41 12.09 3.65 0.88 8.21 0.12
PM 6.91 260.28 23.70 41.14 26.72 0.23
HM 7.60 190.33 20.97 16.73 9.99 0.18
CS 6.77 214.12 17.78 24.53 21.04 0.56
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Table 3 Elemental analysis of FA and HA from organic materials

B JLZE i 5 H Elemental mass ratio/% J5 L Atomic ratio
Samples C N H 0 S H/C o/C C/N (0+N)/C
PM-HA 52.91 7.04 6.61 30.16 1.01 1.50 0.43 8.77 0.54
HM-HA 45.57 5.13 5.59 32.11 0.48 1.47 0.53 10.36 0.62
CS-HA 48.01 5.92 6.12 31.75 0.95 1.53 0.50 9.46 0.60
PM-FA 4336 3.44 7.84 4481 0.50 2.17 0.77 1471 0.84
HM-FA 37.96 3.84 9.08 4542 0.42 2.87 0.90 11.53 0.98
CS-FA 39.76 2.08 8.80 46.12 0.46 2.66 0.87 2230 0.91




1848

URIEIR el 53855 8

W SEEE Absorbance

1031

4000 3500 3000 2500 2000 1500 1000 500
B Wavenumber/cm™

Bl 1 B PM HM CSHILLSMNE i
Figure 1 Infrared spectrum of PM,HM and CS
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64% ; £ T10 Zb BRI, 7K Fe (1 bk P HE G I 25% .53 %
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(GB 2762—2017) , 7K T ¢ KL (1 Cd He £ 45 iy 0.2
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Ji 58 %k HE 41 K RS RFRE Cd e BE AT 43 ) BRARR 17.24%
32.41% .17.93%, HLJiti F HM J& , /K R F6E Cd 1k B
o8 0.19 mg-ke ! BB T EZ AL bR 7E 1
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Table 4 Various growth and development indicators of rice under different treatments (n=3)

Qb P PR AR TR B i A B TR E L Sis
Treatments  Plant height/ecm  Effective spike  Leaf area/cm®  Stems and leaves weight/g Root weight/g  Thousand grains weight/g  Yield per plant/g
TO CK 80.2+1.0a 12.7+0.6b 52.2+0.2d 15.1£1.1b 17.6+0.6¢ 17.6+0.7¢ 6.7+0.1¢c

PM 80.1+1.2a 14.3+0.6a 56.3+0.3¢ 18.2+1.2a 19.1£0.7b 21.9+0.2ab 7.9+0.1a
HM 74.3x1.1b 12.3+0.6b 60.1+0.3a 13.1£2.2b 19.1£0.7b 23.3+0.2a 7.1+0.2b
CS 79.3+1.5a 12.3+0.6b 58.1+0.4b 14.8+1.6b 21.7+0.6a 20.3+1.6b 7.3+0.1b
T2 CK 68.2+1.1¢c 7.3+0.6b 47.2+1.5¢ 15.1+1.4a 9.2+0.7hc 14.9+1.1¢c 5.620.1c
PM 74.3+1.5b 11.3£0.6a 53.0+1.6b 14.1+1.2a 8.2+0.6¢ 21.5+0.3b 6.8+0.2a
HM 75.3+1.1b 8.0£1.0b 58.2+0.7a 11.2+1.2b 10.3+0.8b 24.9+1.1a 6.1+0.3b
(OR) 81.2+1.2a 10.3+0.6a 57.1%1.1a 12.3+0.3b 14.4+1.1a 24.5+0.7a 6.40.1b
T10 CK 73.1x1.6¢ 6.0+1.0c 43.2+0.8¢ 8.5+0.2¢ 12.8+0.9b 13.1£1.1¢ 3.6+0.2d
PM 84.2+1.3a 12.3+0.6a 52.3+0.7b 13.3+1.3a 15.2+0.5a 21.5+0.2b 4.5+0.1¢
HM 81.3+0.6b 8.3+0.6b 56.8+1.1a 9.1+0.2b 11.4£0.1¢ 23.8+0.7a 5.5+0.1b
cs 82.3+1.1ab 8.3+0.6b 55.1+1.2a 9.2+0.3b 13.5+0.8b 25.1+0.8a 6.1+0.1a

T ANFINE FREFOR AN R AR PR [E] 19 22 57 8.5 (P<0.05) , T [A]o

Note: The different lowercase letters indicate the significant difference among different treatments (P<0.05) , the same as blew.
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Figure 2 Effects of three organic materials on Cd content

in rice grain
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T Cd i S PR 3 Cd & B 2 F ) R R R -
9 Cd IR SRR T 5 538 FEL(TF) T IEAR KRG 4538
fr Z [ % F Cd %128 68 ), %18 8 J7 8RR | % (H 8%
K, H YR CAdFEK IR N 532 52 i W 3% 5
Ji7n (TO AL PRI KR & AL Cd HT R E R AR E ) ,
FH 2% 5 AT, T2 A AT, it o =i A AL s X R 2
Y 5 B WA T K AS Cd B BCF sy S TF v JTF g, H.
Jiti i HM B A K BCF gy 8OR B 0.2 o 3K 100 W i
T HL L AT 0 ] K RS AR 2R A i Cd, FEAIR
Cd MK FE ZE 632 B FUFERL, B9 T /KRS 25564 Cd
Y B R . HR it PM L HML, CS 55 % BE AR Eb L K AR
TF ssn=50 BIFEAK T 60.4% .40.5% .31.9%, fi £E T10 4b

R5 RMENIEITKTE CIEBHIZN
Table 5 Effects of Cd enrichment characteristics in rice by adding

organic materials

pigiiil BCF yy 1 TF s TF ws TF g
Treatments BCF et TF senron TFcasiem TF icetsiem
T2 CK  1.39+0.03a  0.12+0.01d  2.40+0.0la 2.04+0.01a

PM  1.31+0.04a  0.34+0.01b  0.43+0.02¢ 0.81+0.01c
HM  0.63+0.03¢  0.44+0.0la  0.48+0.01¢  1.21+0.02b
CS 1.01£0.02b  0.23+0.01¢ ~ 1.11+0.02b  1.38+0.01b
TI0 CK  0.93:x0.0l¢  0.14x0.02a  0.76x0.01b  0.37+0.01c
PM  0.95+0.02¢  0.17+£0.02a  0.76x0.02b  0.35+0.03¢
HM  1.05+0.04b  0.09:£0.01b  0.38+0.03¢  0.42+0.03b
CS 1.21£0.03a  0.07+£0.01b  1.45+0.01a  0.85+0.02a
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Figure 3 Effect of three organic materials on Cd contents in root,

stem and leaf of rice

PRAS , A B0 PM A TF s BAR o A BF 5T 22,

PEAMYIR N Cd 208 49%~79% & ST, W AE

i) Cd 2915 24% , CAd FERLYI R N 03 B 5% 5 it

AHPIRP Cd & 2B VA . 1A LR K A

Cd & R 32 (g0, )5 o 38 i % Cd B2

AL RZ A K

2.3 BRIt B SRR Cd AR

2.3.1 FhnA HLAES 3 pH A HLTTFT DOC 1) 5201
Jits FAAS [ A5 HLRH S, KRS B AR PR AR AR Bt

T pH N 6 Wik, FHFR 6 Bl AL it 3 FhA WL R
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P nl ARG L3 pH. X IR+ 3% pH o~ 7.46~7.71,
NI PM U HM , CS ) + 3% pH 43 5}y 7.35~7.54,7.32~
7.63.7.33~7.49, T2.T10 5 TOZLFLAH L , 15 Cd ¥
FE e, AR BR S AEAR PR pH Y 25 (E MR . T2 4 #
BF, 55X BT CK AR EE , U HML S AR B 338 pH FEAIE
RS/ N CS J5 , AR PR 1 498 pH AR R B 0 K
T10 b BRET , B0 HM J5 , B PR 443 pH BRARFR B 5 K.

it FAS AT AL RHE KRS B AR B 5 AR AR B
THEAEIR S RE6 TR, R, S5 CKAMH
EE il i PM  HM |, CS R B 5 AR AR B 4= 38 o A BILR &5
R ERE . 7R T2 A FE AN A LY R PM
HM. CS i R Br + 3 A Bl T 4 5l 32 = 82.46% .
85.15% . 46.12%, JE H3 b 1= & A L $2 &5 73.77% .
64.70% \41.72% , H:Hii il PM 5 HM $2 75 384 HLR
A R B2 BT S 5 6 T10 AR 3BT, AR AT HLAT R PM
HM . CS AR PR - 38 A HILJST = T X B4 101.43%
50.08% .49.70% , Jiti Fl PM & =5 3 45 AL (%) i B e
IRt HM 5 CS $ 35 - 58 ML 9 I 2 AR/

it AR R A MRS KR AR B S5 EAR B
B EE A PR (DOC) SNk 6 iR . 6]
1, TO AL R, KA HM AL BRI & 5 A b 13 DOC
i (P<0.05) , T2 5 T10 4B, it F A5 LA )45
EHIN A DOC & &, HARBR 158 DOC % it i 3 K
FARMIFR . T2 A BRET, 55 % BEZLAH b, PM  HM . CS Ab
FEARL PR 43 DOC & 12 43 042 &5 13%.31% .26% , T10
R FE 5 X BE ZH A EE , PMLHM , CS Ab P A B - 3
DOC 5 43 B3R 8 23% .25% 17%. X WA HLY
BEXT 15 DOC {952 i AL 5 A HLA R 2 A G
5 MR Cd MR 5C .
2.3.2 HHLY RT3 CdTEZS [ 52

4R 1R AFTE A U 3 B 4w 1 BB A T o AN

AU, B R B 4R AR A R R
FEH AR A HIEIR, t FAA HLARLE |, KRS AR
Br 5 AEH PR 3 Cd B AR 2 B U 1] 4 J 7 (TO Kb 3R
T CAES T REMTR ) . hE 405, g
HLAYIR AT AR 25 B AIG 38 v vl S8 e S e T
EAA CAE R, FE T2 4B, %3 PM  HM . CS )& ,
MR B A 3 v AT 52 48 285 Cd 43 ) B0 0) BEZH B 25.71%
32.14%.28.01% , AL FR 4 38 AT 52 4285 Cd 43 51 H X
HEZH B AIK 23.66% . 84.73% . 38.93% , + Mk R £h 25 &
ACdFaiE FTHaR YA S CdFRE
FREAR s TIO AL A, 750 PM  HM . CS Ji5 , B b 358
Al A2 e 25 Cd 43 51 55 0 B A4 R AR 12.52% . 9.41%
14.71% , AEAR B A 38 v ] 384025 Cd 43 J31) Eb ) B4 B
1% 13.57%.0.71% .22.86%, B Jiti Fl PM f4 1 32 6% i 15
EAA Cd & REFFEARAE i HM L CS T 3Em IR Eh 45 &
A CdABA R, SR A 45 538 Cd i 5
o ot 78 Cd V5 YLK SF AR, il HM 48 %) BR 2
RAAR - 3 T AS s Cd S R i K
24 KBCIEESENYNEM T LEERTUE
Cd R EA KBRS 1T

R T HE— AT ML AR KRG Cd 5 5
i), 45 it FH A8 ML R e AR s - 38 3 AR Bk 1 o B
CAIEZ , 5KAE Cd & A TAH G Moy BT . &7 7]
L KRR FFRL Cd % 5 5K AR Cd & it 2 8 3%
IEAH G, HKRER Cd & 55 3G ML 2 B2 A

8 AKAF A ERAL Cd & 1 5 1 Cd I A S
T, FHER 8 AT K AR ZERAF R R Cd & 1, 39
TN A Cd AR E A A Cd R B E I
HRKR KT Cd FER SMIRIRESE RS CAER
FHIEMR LR, XEW KFECdTEFES 1S

&6 ANMAIX L pH BHLEKE DOC IR (n=3)

Table 6 Effect of organic materials on pH , organic matter and DOC of soil (n=3)

by pH LI Organic matter/g- kg™ DOC/mg-kg™

Treatments TO T2 T10 TO T2 T10 TO T2 T10
WRPrt  CK  7.46+0.02b  7.57+0.03a  7.49+0.02a  40.61+2.04b 30.51+1.01c 26.62+0.34c  87.32+0.75b  78.48+0.80c 102.30+3.06¢
R PM  7.36+0.02¢  7.40+0.01c  7.38+0.02b  50.16+1.35a 55.67+0.50a 53.62+1.0la 82.18+1.06c¢ 88.92+2.04b 125.70+0.17a
HM  7.55+0.0la  7.45+0.01b  7.33+0.04b  52.21+2.0la 56.49+0.33a 39.95+1.67h 98.43+1.17a 102.85+1.10a 127.75+2.80a
CS 7.34+0.03¢ 7.36+0.03¢  7.34+0.04b  51.53+2.15a 44.58+2.12b 39.85+0.33b  75.37+1.70d  99.35+1.29a 119.50+1.95b
JEMRPrt CK 7.71+0.11a  7.70£0.02a  7.64+0.02a  30.36+0.41c 29.77+1.02¢ 24.99+1.83b 52.27+0.40c 59.93+3.18¢ 57.83+0.83b
NR PM  7.35+0.08b  7.54+0.03b  7.53+0.02b  53.29+0.83a 51.73+0.96a 46.32+1.13a 85.45+2.28a 68.00+3.17b 58.35+1.85h
HM  7.63+0.06a  7.50+0.02b  7.42+0.0l¢  52.63+1.50a 49.03+1.55a 44.51+0.16a 70.60+2.95b 72.30+2.25b 61.25+2.31b
CS 7.41+0.09b  7.44+0.01c  7.49+0.04b  48.76+0.79b 42.19+1.26b 47.37+2.05a 72.45+1.86b 84.65+0.14a 94.95+3.80a
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Figure 4 Effects of organic materials on Cd fractionation in paddy soil

RT KBERELCIEES TEpH YR DOCHIERED T (n=8)

Table 7 Correlation between Cd content in various parts of rice and soil pH , organic matter, DOC(n=8)

I H ltems 2 Root Cd Z£ Stem Cd I Leaf Cd FFHL Grain Cd pH H LT Organic matter DOC
H Root Cd — — — — -2.14 -0.571%* 0.214
25 Stem Cd 0.500 — — — -0.286 -0.214 0.429
I Leaf Cd 0.764%* 0.400 — — -0.109 -0.618* 0.109
FFHE Grain Cd 0.929%* 0.429 0.691°* — -0.286 -0.500 0.286

RN ZEF B E (P<0.05) , #+ R /R 22 7 B 2% (P<0.01), T A,

Note : * means the difference is significant at the 0.05 level and ** means the difference is significant at the 0.01 level. The same below.

F8 KBERMCIRES TECAHEEXRENH (n=8)
Table 8 Correlation between Cd content in various parts of rice

and soil Cd morphology (n=8)

BRIRERSS BRER ALY AL

WiH A Cd 0 o BRIt Cd
SCd 45ES B
Items EXC-cd e Cd SRS G EECd Tppe

CA-Cd Fe-Mn-Cd OM-Cd

2 Root Cd 0.643% 0.546 0.643*  0.500  0.500
2£Stem Cd 0.571% 0.618%  0.571*% 0429  0.571*
i Leaf Cd 0.400 0.444 0.691% 0255  0.618
FFRL Grain Cd - 0.571% 0.473 0.571% 0.429  -0.286

I TEZS Cd & UM G, S il RS Cd 2 IR kA 4%
AR Cd & RN

3 g

AT A MLDRL AT L2 A Cd Xt K R i
AR FEAER, BHE Cd AR N, dsinA HLyek
XF T2 Cd B ERCR W . BFFE R, A HLYRE
WEE A 7™ A ) B8 L o A B e R R A T
W, T 5 A 5 B 4 AR Cd DI R % B A4
5 LM Cd e AW B 2R A AR T AR Cd 1) A= T 7
P, T PR UIEK AR A IE 3 A 7™ AR R WA LY
RS 8 Cd R B X SR KA A 2B K T e A
SO, X — 45185 AR AEPOR Yu SRR ST 4 R — B

IE R 7E T2 2 B, A HLPEHAT LLRE IR
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FEAR X 438 Cd IR 05, sk /D /K R AR L it DR v Cd
Tk, W Cd ZEFEZ B0 FUFERL . BIFSY R B
HLARE AT LA 7 R MR 22 %+ 38 Cd 1 WAL, e AR AR
B Cd 1y i, KRR AR Cd 7 it K fe iz Cd i hE
T3 ARKFREE YL TOKFFFRLH Cd & i, 3k KR 25
HBAL Cd % 5t AR S A B 4 R — 3. 7 T10 4b 34
B, HA i fin PM K AR AR 55 R RE Cd % 2 S 2 RAIG L i
AT RE A DA AL R AT AR K R AR X 1= 48 Cd Wik
Wz, AT AR K R Cd 25, 3 5 ML R AR 7K
FEAFRL Cd 75 fE 25 R — 30 (L AE T10 2L 38, it fin A #L
Ykl PM  HM I 25 FEAR T K AREAR (250 Cd & &, b
AHLYE CSZER AL E . X T GBS AN Cd W
B B, A AU 5 5T 2 1 e T AT HE Cd B
ERAALC A, RS SRR T Cd B T A AL
A H - CAd B T IA SR R F & LT K
TR MAC ) AR T A, AN S 5 M K R G Cd W WAy = 2 [
R, KT RE L E AR A5 G S AL T A, R
A I R B 4 SR R A ARG W A HLEC LA )
PESS P e CAd IR HE 2 i pe e PE R R, R
] Cd V5 YA B X /KA Cd & SR S8 (e 5 5
Wi, 355 A AR R 25 R — B BRSNS BR SR
FERIN, Cd B F M - R G BKAF kb REEE 2 5
AR AR EGHE 3RS Cd AR R Cd AR Ji
BB 3 2R IS A v R Y Cd 38 A R
W FFRL L S . XS f Az 14 CAIEAS pH B L
ORI R it o 48 22 o DR 28 199 [ s 1)

AR TR ALK EA 55, 210 4 5 sh
JEATHLBT I DOC & i, FEAIC T 158 pH (B A+ 3 58 4
A CAWEE, HUKFAM Cd &g 5 15 PLR 2 B3 1E
KR, 13 pH 2520 Cd 78 1= 38 v iy Wi B — it
WG ARk 3 S5 A — U UE S SO, 2 T 235 Cd 1
EBEALRE 1™, AR AT LIREL L8 pH, 5 A
BLYDRL I JE 5 Bk A 353 A 7 A /N o T LR LA
FORFERL R A3 WA AT ™, — Ay, 3 pH %
2 A 5 4 T T AR A SO it FH A HLAD R4S
FAK T 38 pH (H 1D T KRS Cd 75 i, SR X 2
A HLEE Cd 2% 45 [ 52 FE 286 A0 5% i &
PET B FER . [ A LR T 3843 pH
Fral RS 561 . DOC A T8/, 1& PEsR , 5
58 Cd WSS A L $Em Cd R, HHEh
BUTE & 5 55 AN TR LA T A R R 0 0 i ok 32
A, PM T B AL AR B e s, B8 v A AL % 1AL
CSTATE BTN st ZERINpikn - qi0p: IS 11

Xof T4 AR P BT 11 521550, 4545 A SR A3 BT T80, s
AU RN A LTS KA TR A PR
A5 Cd B he e T o R B A W, A 4 T S
BB RIS E4 Cd & i R IR cd 1)
TE R, X 3 CA Bt/ , I FRAR K R AR X 4358
Cd WIS SR L 3 5 SR AT AR e 4 SR — B

+ 3 Cd LB R0 Cd fE IR EE R G b iE B 541k
() B 2, X Cd IR B Ak 2417 ke 3 e s PR
FASI, BFFE R, BRI - R S MRS Cd A, 1T
DU RO D K FEAFRL Cd 2 8, ARG F B, AT 58
B 5850 ALY 45 6 745 Cd 2 52 R K RS kL
Cd 7 2 1 SR N 28, A HILARL o] LA 3 I 1 3
A 2S5 A A AL 45 B 7S Cd R FE R BN K e b
K Cd o (ERS IR A K S0F T AR AT 8 4
A Cd 22X /KRG Cd 3 1 B W, R $h 45 5 A Cd
W Z KRG Cd & fE A S B R X 5 R )
W as R —5 . 255 AR5 22 54307, HM 1)
AU RE I B B S AR R R A LR AR
Hops kA AR KR, i BRI  ACE RE T T 5
3 Cd P A 4 BN, BT RE 25 L 4 Cd T RS
PE, T FEAR 358 CA A RHES, 5o AW £ A
HLYRL S EUR BE TR 2 | J 8 T 2 T 1) 1 BB 1A 5 o
Faw, oA 2 Cd B IR 7, T RS e A 2%
E W, AR T 22 A Cd B, AT AR Cd 19T
R HEIZRE T, D/ D K REAR BT 1 48 Cd Ml , F—2F
BEAR T /K pE R Cd 1 AR, ARG p, 78 138
Cd ¥ FE R 2 mg - kg™ B, il Jin = Fh A5 HLARES T 1K
IKFERERE Cd 5, o HM A& S8V RE S i &2,
WetEBE I, AT A SRR AIG - 8 PT84 45 Cd 5 i, AR
IKFEFERLE Cd s R B W 4

4 £t

(1) = WL AR R F G2t Cd 15 G XK R
A K B E AR B K R R Cd i, VR I RICR
AR R A T K 1 Cd V5 AR AT . LU
AT EE MR SR AT, AN
Cd ¥R 2 mg - kg™ B, i I 4 + ] i K R AR Cd
TR EMEEEZE Bah s IR E)
(GB 2762—2017) %3k .

(2) A WL AL ] sk 2 K R R 22 % Cd B IR MAC 390 o)
MR ZR Cd [ ZE 0 (R 328 DL ZE I [ KA B 532, AT
FEARK R RRL Cd 1) 5 it . AT Cd 5 YKF it
AL R AL PR Cd & 4 R 8 S is REY W] AT
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“'*ﬂu Cd F R M EEIRE . KRR ZERFFRLY Cd
i@ 5 3en] se e ds Cd AR AR A 45 648 Cd
FIEAR KR, HOKREM Cd & & 5K RFR Cd
*Imﬁ‘ﬁlﬂ‘ﬁﬁo

S Lk

(1] BRAEY, ARk b, frineid, 45 . (4x ] L 75 YR B i 2%
[J]. Ay FRIERI 2727412, 2017, 36(9) - 1689-1692.
CHEN Neng-chang, ZHENG Yu-ji, HE Xiao—feng, et al. Analysis of

ROTEHT

the Report on the National General Survey of Soil Contamination|]].
Journal of Agro—Environment Science, 2017, 36(9) : 1689-1692.

(2] 32, IR, SRARHE, 45 2F W BUKAS Cd . Zn RIS &8 B 20 I

A AR AL D 3R Cd AR B )], A= S HE LA, 2007,
2(1):32-40.
SHI jing, LI Zheng—wen, GONG Wei—qun, et al. Uptake and partition-
ing of Cd and Zn by two non—hybrid rice cultivars in different growth
stages: Effect of cultivars, soil type and Cd spike[]]. Asian Journal of
Ecotoxicology, 2007, 2(1) : 32-40.

(3] BT, 45 # o, D%, 2 R IRDKARE AL AR Cd IRICREELT). #TIL
gl 24, 2018, 30(5) :695-701.

MAO Ya—xi, FU Jian-rong, MA Jun—wei, et al. Cadmium uptake char-
acteristics of different rice cultivars|J]. Journal of Zhejiang Agriculture,
2018,30(5):695-701.

[4] Chaney R L, Reeves P G, Ryan ] A, et al. An improved understanding
of soil Cd risk to humans and low cost methods to phytoextract Cd from
contaminated soils to prevent soil Cd risks[J]. Biometals, 2004, 17(5) :
549-553.

[5] JEI RIS, S e e, B, 45 A HLRL XS g R oK ARE AR R

SRR SZ IR B AR A2, 2012, 23(2) :383-388.
ZHOU Li-qiang, WU Long—hua, LUO Yong—ming, et al. Effects of or-
ganic amendments on the growth and heavy metal uptake of rice on a
contaminated soil[J]. Chinese Journal of Applied Ecology, 2012, 23(2):
383-388.

[6] Bk &L, X% 4R, 243 M. it P AT HLARE A 1358 Cd B 25 B 52 )]
HE TR S ILRAAR, 2010, 16(1) 1 136-144.

SHAN Hong, LIU Rong-le, LI Shu-tian. Cadmium fractions in soils as
influenced by application of organic materials[J]. Plant Nutrition and
Fertilizer Science, 2010, 16(1) : 136-144.

(71 £ R BAEE. BN, & AR T LR T cdB
L HATBAEETE()). FRERE 2241, 2000, 20(5) :621-626.

WANG Guo, LI Jian—chao, YANG Pei—yu, et al. Study on the species
in soil solutions and the availability of cadmium as affected by organic
materials[J]. Acta Scientiae Circumstantiae, 2000, 20(5):621-626.

819 ¥, EREHLE, 4, . R FEIA HUIE T Cu Zn 7Ek I LAY
AHRNESIEASIEL]. AP E TR SRR, 2016, 22(4) :998-1009.
XU Hao, HAN Li—yuan, RU Shu-hua, et al. Bioavailability and form

tendency of Cu and Zn in farmland soils after application of different or-
ganic fertilizers|J|. Plant Nutrition and Fertilizer Science, 2016, 22(4):
998-1009.

[9] Zhao Y C, Yan Z B, Qin J H, et al. Effects of long—term cattle manure
application on soil properties and soil heavy metals in corn seed pro-
duction in Northwest China[J|. Environmental Science & Pollution Re-
search International, 2014, 21(12) :7586-7595.

[10] Kipton H, Pow ell J, Fenton E. Size fractionation of humic substances :
Effect protonation and metal binding properties[J]. Analytica Chimica
Acta, 1996, 334(1/2) :27-38.

[11] Barancikova G, Makovnikova J. The influence of humic acid on the
sorption and mobility of heavy metals[J]. Plant Soil & Environment,
2003, 49(12) :565-571.

(L2 AT R, XUSGERR, S S, 45 . JE AR R0 V75 Gt L s vh C gk Wi ) 52 i
1. 7 PEARAE4R, 2006, 21(5) < 1-3.

HE Yu—fan, LIU Bao—qing, BAI Hou-yi, et al. Effect of humus on de-
sorption behavior of cadmium in paddy soil[J]. Journal of Guangxi Ag-
ricultural, 2006, 21(5) : 1-3.

[13] ZE50K, Bthas, 5K AR, % . CAYEIMEER - (R Bt -5 A W RS A AF

FEI AW IR #2441, 2003, 22(1) :34-37.
LI Guang-lin, WEI Shi—qiang, QING Chang-le, et al. Characteristics
of adsorption and desorption of cadmium on humic acids[J]. Journal of
Agro—Environment Science, 2003, 22(1) :34-37.

[14] Iﬁ‘?* HE, Bt W*ﬁﬁﬁ?ﬁ‘f%éﬂ%&ﬁth%ﬂ%@@ﬁiEP

TE A AR RV A R M) BRIEERLE, 2017, 38(5)
2136-2145.
WANG Qing—qing, JIANG Zhen—mao, WEI Shi—qiang. Effects of the
active components of humic acids and their proportions on the dynam-
ics of lead transformation and availability in purple alluvial soil[J].
Environmental Science, 2017, 38(5) :2136-2145.

[15] #2255, BHSR . 1-398 0 HLRRXT Cd iYW BHRAAIE S5 5% i L8] 3R A i 52
[J1. Al PR BERF 244, 2006, 25(5) : 1208-1211.

ZHAI Ying—xue, WEI Shi—qiang. Influencing factors and cadmium
adsorption by soil fulvie acid[J]. Journal of Agro—Environment Sci-
ence, 2006, 25(5) : 1208-1211.

[16] XVEEWE, x|, PRai e, 55 . A LR Cd™ IR 452 2 .

XF Cd 75 9% LB R ABCRBESE()]. AL FREE R 272741k, 2018, 37
(4):705-710.
LIU Yuan-yuan, LIU Chao, CHEN Zhu, et al. Effects of three organic
materials on Cd** adsorption capacity and remediation of Cd contami-
nated soil[J]. Journal of Agro— Environment Science, 2018, 37 (4) :
705-710.

[17] Singh R P, Agrawal M. Effects of sewage sludge amendment on heavy
metal accumulation and consequent responses of Beta vulgaris plants
[J]. Chemosphere, 2007, 67(11) :2229-2240.

[18] Tessier A, Campbell P G C, Bisson M. Sequential extraction proce-
dure for the speciation of particulate trace metals|J]. Analytical Chem-
istry, 1979, 15(1) : 844-851.

[19] Ciecko Z, Wyszkowski M, Krajewski W, et al. Effect of organic matter
and liming on the reduction of cadmium uptake from soil by triticale

and spring oilseed rape[J]]. Science of the Total Environment, 2001,



1854

URIEIR el 53855 8

281(1):37-45.

[20] Stevenson F J. Humus chemistry: Genesis, composition, reaction[J].
Soil Science, 1982, 135(2):129-130.

[21] Hargitai L. Biochemical transformation of humic substances during
humification related to their environmental functions[J]. Environment
International, 1994, 20(1) :43-48.

[22] Yang L, Huang B, Hu W, et al. The impact of greenhouse vegetable
farming duration and soil types on phytoavailability of heavy metals
and their health risk in eastern China[J]. Chemosphere, 2014, 103(5) :
121-130.

[23] Nocito F F, Lancilli C, Dendena B, et al. Cadmium retention in rice
roots is influenced by cadmium availability, chelation and transloca-
tion[J]. Plant Cell & Environment, 2011, 34(6) :994—-1008.

[24] ERBE, THEEVE, B5E5E, 5 LRISRAE Y he X i G L et iU
SRS Al FRERR A4, 2018, 37(6) : 1132-1140.
WANG Yu-ying, JI Hai—yang, LU Hao—hao, et al. Effects of biochar
derived from Sargassum fusiforme on the properties and cadmium
forms of cadmium—contaminated soil[J]. Journal of Agro—Environment
Science, 2018, 37(6) : 1132-1140.

[25] Kaiser K, Guggenberger G. Mineral surfaces and soil organic matter
[J]. European Journal of Soil Science, 2010, 54(2) :219-236.

[26] il #. 45  TE, dHT, SF L REIERTS Y LR OKAE R R
BRI AR, 2018, 37(1):89-94.

ZHOU Jing, YANG Yang, MENG Gui-yuan, et al. Cadmium accumu-
lation and translocation efficiency of rice under different cadmium -
polluted soils[J]. Chinese Journal of Ecology, 2018, 37(1) :89-94.

[27] Yu H, Wang J, Fang W, et al. Cadmium accumulation in different rice
cultivars and screening for pollution—safe cultivars of rice[]]. Science
of the Total Environment, 2006, 370(2/3) :302-309.

[28] Uraguchi S, Mori S, Kuramata M, et al. Root—to—shoot Cd transloca-
tion via the xylem is the major process determining shoot and grain
cadmium accumulation in rice[l]. Journal of Experimental Botany,
2009, 60(9) :2677-2688.

[29] Brunetti P, Zanella L, De Paolis A, et al. Cadmium—inducible expres-
sion of the ABC~type transporter AtABCC3 increases phytochelatin—
mediated cadmium tolerance in Arabidopsis|J|. Journal of Experimen-
tal Botany, 2015, 66(13) :3815-3829.

[30] B8R, EE4, 2 WK, 55 SN Cd 7EA 6] SRk AF 2H 2 b iy 2
R oA RS SRR AR FE ()], A Al 24l 2017, 25(6) -
903-910.

FU Shuo-lan, WANG Chang—quan, LI Bing, et al. Histocyte distribu-

tion and cadmium forms in different rice cultivar seedlings with exoge-
nous cadmium supply[J]. Chinese Journal of Eco—Agriculture, 2017,
25(6):903-910.

[31] Li H, Luo N, Li Y W, et al. Cadmium in rice : Transport mechanisms,
influencing factors, and minimizing measures[J]. Environmental Pollu-
tion, 2017, 224:622-630.

[32] Martinez C E, Motto H L. Solubility of lead, zinc and copper added to
mineral soils[J]. Environmental Pollution, 2000, 107(1) :153-158.
[33] FI3 &, Bk, 2 B, 5 JEAEIR 5 Cd . Zn 2 & FREERFFE(I].

A2 F:4H, 2000, 14(1) :44-48.

BAI Ling—yu, CHEN Shi-bao, HUA Luo, et al. Study on complex-
ation characteristics of humic acid with Cd and Zn[]]. Acta Agricul-
turae Nucleatae Sinica, 2000, 14(1) :44-48.

[34] Giusquiani P L, Gigliotti G, Businelli D. Mobility of heavy metals in
urban waste—amended soils[J]. Journal of Environmental Quality,
1992, 21(3):330-335.

[351R U, WM. A HLTOM Cdi5 Y+ B S R s ()], +
iR, 2015, 46(4) : 1018-1024.

SONG Bo, ZENG Wei-quan. Effect of soil organic matter on soil re-
mediation contaminated by Cd[]]. Chinese Journal of Soil Science,
2015, 46(4):1018-1024.

[36] SPRLET, X F5 >4 . WORLA HLBA /K A A WAL R e 32 A 52 ). 31858
Fl2#,2018,39(11):5180-5188.

GUO Yi—xuan, ZHAO Xiu-lan. Effect of particulate organic matter on
cadmium uptake and transport in ricel]|. Environmental Science,
2018,39(11):5180-5188.

[37] BRA AL, JJE B . 4 SR 7 Yt AR ) 16 S AR D 3 R AL it
B AR 2RAE, 2004, 23(1) :65-72.

WEI Shu~he, ZHOU Qi —xing. Discussion on basic principles and
strengthening measures for phytoremediation of soils contaminated by
heavy metals[J]. Chinese Journal of Ecology, 2004, 23(1) :65-72.

[38] Shao J F, Che J, Yamaji N, et al. Silicon reduces cadmium accumula-
tion by suppressing expression of transporter genes involved in cadmi-
um uptake and translocation in rice[J]. Journal of Experimental Bota-
ny, 2017, 68(20) : 5641-5651.

[BO1FE =, X, £ M, 55 AR LA SRR Bk B 2
PEAR R E L] 3824417, 2013, 50(3) : 548-555.

CHEN Xue, LIU Dan—qing, WANG Shu, et al. Effects of different soil
reducing status on iron and Cd form transformation and rice absorption

[J]. Acta Pedologica Sinica, 2013, 50( 3):548-555.



