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Effects of three organic materials on the availability of cadmium in soil and cadmium accumulation and

translocation in rice plants

FAN Jing—jing'?, XU Chao', WANG Hui', ZHU Han—hua', ZHU Qi-hong', ZHANG Quan', HUANG Feng—qiu’, HUANG Dao—you"

(1.Key Laboratory of Agro—ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha 410125, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3.Soil and Fertilizer Institute of Hunan
Province, Changsha 410125, China)

Abstract: Planting green manure, returning crop straw, and applying organic manure are the main methods for improving the soil organic
matter in paddy fields. Clarification of their effects on soil Cd availability and the accumulation and translocation of Cd in rice may be
useful for the safe utilization of Cd—contaminated paddy fields in south China. A plot field experiment with the application of equal amounts
(2 250 kg+hm™; dry weight) of milk vetch, rape stalk, and organic fertilizer was conducted to measure the diethylenetriamine pentaacetic
acid—extractable Cd, measure the Cd concentrations in iron plaque on roots and rice tissue, study the changes in the soil physical and

chemical indexes and enzyme activities, and comparatively analyze the effects and the mechanisms of these three organic materials on the
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transport of Cd in soil-rice systems. The concentrations of dissolved organic carbon and organic matter in the soil and the yield of rice

grains increased after applying these three types of organic materials. The activities of soil catalase and cellulase were also increased by

applying organic materials. The concentrations of Fe, Mn, and Cd in iron plaque on the rice roots increased with the application of milk

vetch, rape stalk, and organic fertilizer. Compared with that in the control, the Cd concentrations in the rice roots increased by 4.22%,

16.99%, and 38.27% (P<0.05) with the application of milk vetch, rape stalk, and organic fertilizer, respectively. The transport coefficients

of Cd from root to grain and from leaf to grain significantly increased. Furthermore, the concentrations of Cd in the rice grains significantly

increased by 32.67%, 39.60%, and 54.46% with the application of milk vetch, rape stalk, and organic fertilizer, respectively. In conclusion,

the application of organic materials can enhance the absorption of Cd by rice roots and the accumulation of Cd in grains; therefore, organic

materials should be carefully applied to Cd—contaminated paddy soil in south China in order to prevent the risk of Cd accumulation in rice.

Keywords : organic materials; cadmium; rice; soil; iron plaque

(A S GURBLIA A A HOME 7R, Cd o= TR
T SRR A e i TS Q) IR B 7% , H AR R A
75 e [ T 7 R AR DX, X A K 5 R 28 4 A M R
1 Ml A PR T X A P 8 Cd R AT AR B R
M EL A% 2] )2 GRS, PR AR IE RS AT F A
AYUIERSETIARS H A HUs & & e I T
H A, B — 2 i FH X /K RS Wi Cd ) 52 1)
CABEFEENI. R, RGHHEGX 3 MAHLES
15 YL 3K RS R G0 CdIE RS %38 1% I T 5 55
D LA RN T 3R B U7 Cd 5 B Y 22 4R 7 H
AE GRS AR, AR T Rl 4 55
MR THE Y i S0 C A B )2 RS EAT
PLPPRE RS L 8 Cd A7 S50 R 32 R A7 A B RN 2
P A F 45 R R P A HL R AT L i 4
o 13 pHAEL, 2 3 L3 vh Cd ) A SR T 255 Ak
IR v AR BRI XS Cd B[] 5 A 310 il 7K A 3 Cd A9 1%
LI R AN TRENE IR AR g (5 O B DS
R AR, TE CdT5 Y 3 Fi A L
B ek Cd 5 A YLk (DOC) Z & W LIk,
g Cd BRI RS R A i A ML R X
R e Cd B9 R LA R OK RS R 2R Cd ¥

B IR S ) i B PL R RS A R R — On] RE
SWTFE A RTY J5 Y R B LA HLPRL A 2 A o
ZESHEEA Ko RTINS 2 R 1 97 2 T U5
R 5 A LI 4% Cd AR Ok B8O (B 326 A
LR XS Fe o B, JEH R MBS A etk . 4 =
A RS AN RIS O R SR R A Cd 95 oK A
HBFFEXRS G, R T RINX RS , 2R 58 LR 2R L |
T s A FFAT HILAC XS s o K e A 4 B HEx)
Cd YW W5 e 3 A8 52 ), AR SR AR TR RT3 ThE 400
X 3T HLYPRL X L3 -K RS R Gt Cdas B8 B AL
B, DU S e 5 BRI A P A 22 4 P 4R S

I MRS

1.1 ikt

FH [ B T B 44 K V0 B Ak IR Cd V5 4L fd
M, R HEER G < B W Bk R o ek
et b PR AR PO 189 (PR R 2 22 FLAR ) |, oh I8 i A S
WA BRA R . A ML R G 58 2 08 S FT
(FIHE R0 T M ) R 224 Mo 05 7T 37 W S 1 AT AL 3%
HECRLR AR HLIE ) o (3 4 58 KA ML R i S A
PERTUNER 1 PR .

x1 il T EMBENDRERER

Table 1 Basic properties of tested soil and organic materials

15 H Ttems 132 1 45 Soil 3 Milk vetch TZEFF Rape stalk A HLIE Organic fertilizer
pH 4.80 5.72 8.36
HHLIT Organic matter/% 5.08 69.34 34.35
4N Total N/% 0.23 0.59 1.26
4P Total P/% 0.09 0.16 0.59
4> Cd Total Cd/(mg-kg™) 1.26 0.25 0.82
DTPA-Cd/(mg-kg™) 0.76 — —

T AU DU, BHA DL U 201 — R E

Note: The test soil is calculated on air dry basis, and the organic materials are calculated on dry basis; “—" not determined.
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RIS 4 b (1) X R (CK) , ANt A WL
(2) i FH 48 5 92 (T1) 22 500 kg - hm™ (6 JFi 5, ff 48 =
BE KN 90% ) 5 (3) it F AT (T2)2 250 kg - hm™
(F &) 5 (4)0 F A HLIE (T3)2 250 kg hm (F
). RRACFE 3R E L, AL AL HES , B/ X AR
27 w*, A HPIRHE KRB AR — A . fE KRR
WA 1 d it A S 2 245 I8 (N-P,05-K,0, £.5%
43240%,18:10:12)750 kg - hm > 1EFEAE , K R B 1 75
HJE 14 dIB i 98 kg hm ™ JR & o /K4 B 2 ok
R A BFE R R — 3. 20184F 4 A 24 H B /K F
R, 2018 4E7 A 16 H ISR, FFi =
1.3 HEmRESLE

IR A B R AL 45 /N X KA 51 6 R AR bk
FARRRE , e A SRR UV e P 258 7Kg e . TETE
Je K RERERR 20 AR 25 M RIRE AT AR AR BURR 2 2k
Ja 52 MRS —E T 105 CF A& 30 min, 70 °C
HET Z0E T . KR 45 2 R S S B R B AL
(FW=80,db 5t i AL BRI A PR /) ¥ i I 2
2.

TEKFE B R4 /INX 2 (0~20 em) - HEFE
i, S BR A R IR A5, T 4 COKFE NARAE , AT
DOC & # M E , FB A HE A = N AR KT 5 20 B Al
100 H J8 e i J5 (A7 2 B 11 R4S R & .
1.4 MEIEIRRFTiE

A LR pH AR A 18 2% pH i (pHs=3C)
FE LYK 1:100m: V) s A HLYEHA HLRK & 50 5E
SR FH TR 4% TR 0 2 S - A I AR I 5 A ML R
i - AL S AR S, 4 N S LR E ATk
WE A AL R4 P2 i AR 35 He il e

438 pH {E R M E 188 2% pH i1 (pHs=3C) M 22
FIKEER 102,55 A LT 7 2t 0 e >R FH 4% R
ZEEE MR 158 DOC R H 0.5 mol - L™ K.S0.5%
P, 1 UE S AT HLAR 3 AT AL IR %) (Vwp, B )
AP AR - A ST A AR S, AN
FHPLEC E ZEME , 34 P& BRI AN B DT L 6k
WERY, Bt 20 H i 9 R AR RS o A b A
il FN 2T 4k 22 a0 G (R sl U E R A IR WD)
MEATAE O S A I a2 o 3 850G Cd I DTPA[+
K 1:2.5(m: V) |HEE2 h 5 L UERY, 138 cd &=
TR AR A AR AR R B A
BTG & A2 A (ICP-0ES 5110, 26 6 22 55468 ) I 5
JEWh Cd S

KRB R R R P 3 — VA T M — e A TR M —
1ix & 44 (DCB, dithionite—citrate—bicarbonate ) I 1 1 &
B, FREC1.00 g 8 AL A 40 mL DCB (0.03 mol -
L'Na;CeHs0; - 2H,0-0.125 mol - L 'NaHCO: ) %k , i A
ZAEETHEW S, 10 min J5 1A 1.00 g 14K 8
(Na,S:0.) , IR-A 5] 4R SEIR 1 1 h 5 PE A 100 mL 75
I, E A AU, 2L 8 W ICP-OES I @ A
JiEi Cd(DCB-Cd) .Fe(DCB-Fe) #1 Mn(DCB-Mn) &4t .

AR BOKFERR 25 R A o Cd B il
ERTIR A BRI (HNOs: HoO, Ry 8:1) I
TH ff 15 TH AR, B R 5 45 & 10 mL 3 38, FH 1CP-
OES 51109 J& H Cd 7 5o
1.5 #iEaIE

Cd #1312 Z 4 (Translocation factor, TF)=/K fF I —
FRAE Cd B g/ T — AL Cd 5 ™, ] Excel 2010 %%
A 3R A T 06 5 A B Ak BN P, GEiTERA SPSS 21.0
X 06 B0 361 T 2 3 BT LSD B 2 M AG 56, Pear-
son 2 HEATAH G 2347 -

2 HRESH

2.1 BRI 1 pH B C A EE BN
BHREEM M

Jith FH 48 25 9 S FF AT AILAE X 1 38 pH {0
DTPA-Cd &= JCH] W52, & 1 3 DOC FIA B
Tt (R2). HCKHL, E a0 A HUAE L 2]
+ 3 DOC 75 543 B3 16.59% (P<0.05) . 9.45% FlI
12.56% , - 3EA BT 7 & A G 22 5
2.2 BHEY L IEEE RN

AN TR LRt A X A 398 3 4R Ak Ul 2T 2 R
PR P 5 i) S8 2 T 6 S8 U P 7 DI S 5 ) (R
3). AW RHIE S T R E A AR R s
YE M SEFF R LA Ab B3 A A B S M H CK 0 )
P 6.96% . 13.74% F117.76%(P<0.05) . ALYkt
FTE— B FEEE b3 1 A e = s v T Se AT b
PR A 3 2T o Z G 1 H CK 83 ) 37.93%(P<0.05) ,
Jiti JF) 28 2= BRI A AILIE - R LT i % Wil M A B4 L {5
TREER.
2.3 WX KFE DCB-Fe .DCB-Mn & Cd EIE &

ab=Ac|

B ALY RLlE e — LR AR IE T KRG AR ek
P TE A, $2 s 7 H T cd iy E R (1) . 5 CKAH
FE | 28 7 TR0 SR A B KRS DCB-Fe 75 20 B4 5
25.07% (P<0.05) 1 22.71% (P<0.05) ; i1 S FF F1 4 #Hl
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Table 2 Soil pH, and the concentration of available Cd,DOC and organic matter
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HEFE Treatments pH A HLE Organic matter/(g-kg™) DOC/(mg-kg™) DTPA-Cd/(mg-kg™)
Xif IR CK 4.730.07a 51.770.71a 265.52+7.46b 0.77+0.01a
275 Milk vetch 4.7320.04a 53.94+0.6a 309.57+1.31a 0.74+0.04a
IHZEAT Rape stalk 4.7320.03a 51.7220.47a 290.60+14.07ab 0.75+0.03a
A HLAE Organic fertilizer 4.7720.04a 52.38+1.38a 298.88+21.76ab 0.72+0.01a

T (RGN [R) bk 3R A B R) 22 57 i 35 (P<0.05) o R I

Note: Different letters in the same column indicate significant differences among treatments. The same below.

R3 TEEEE(ng-¢'-d")

Table 3 Soil enzymes activities(mg-g™-d™")

Jb3 WREGEGPE SRR E LR L
Treatments Urease activity ~ Catalase activity Cellulose activity
XIHE CK 1.73+0.04a 29.33+1.15b 22.83+1.12b
BRI 1.70+0.02a 31.37+0.4ab 26.55+2.93ab
Milk vetch

TSRFF 1.77£0.05a 33.36+1.07ab 31.49+0.09a
Rape stalk

AHUE 1.73+0.06a 34.54+1.34a 25.37+1.38b

Organic fertilizer

JIE4b 3 DCB-Mn 5 18 43 5] 1 25 $& /57 26.71% (P<0.05)
F124.04% (P<0.05) ; it FH 45 2= 9% I SR FF A1 HLIE K
FE DCB-Cd & ¥4 A R RR 2 i, (R A 1) B 2
PE2E 5. 3R ML ARt A A D T 2K R AR 2R R
P A B, iR T AR ZRER BT Cd Y T 2
2.4 BHHRIRTKTEEERKB &AL CdEERFI

Jite 48 2 08 HSRAF ALA MUIE XK FERS 43 7 1 T
WEFW (R 4) . AP EHiGE X KR &AL Cd &
I AR (£4), 5 CKMH, a3 JHSE
A AU Ak FEOK AF AR Cd 7% 5 40 3 42 55 4.22% . 16.99%
(P<0.05) #138.27%(P<0.05) , 2% Cd 7 #4391 i 2548
155 34.33% .46.58% F1 62.00% ( P<0.05 ) , 45 HLAE AL FEI-
Cd % B N 22.01% (P<0.05) 2 = 3EA B Cd
B B K 16.86% (P<0.05) , 42 = 85 S FFAIAT
HLAE &b B K R RG 48 Cd & & 49 0l 2 35 32 55 32.67% .
39.60% #i1 54.46%(P<0.05) . 1] UL, jifi FH 48 = 9% =%
FEAAT MU 3R 7 /K R AR X Cd A W I ARG 45 Cd
PR

5 CKAL, =9 A A ML AL 3 Cd H
KR AR 1) 25 B B e RO (TF s ) 43 51 12 35 48
26.09% .21.74% F1 13.04% (P<0.05) , 25 [i] 't Cd ¥ iz
F A (TF e ) 43 ) 0 25 & AIK 38.67% . 29.33% Fil
25.33%(P<0.05) , [ 4 Cd iz ZEC(TF s ) 53 511

I
HH e

Hndk AT AL
Milk vetch  Rape stalk Organic fertilizer
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AR FRER R A B A) 22 57 8 3 (P<0.05)

Different letters mean significant differences among treatments

at 0.05 level

1 DCB-Fe .DCB-Mn#1DCB-Cd & &

Figure 1 Fe,Mn,and Cd concentrations in DCB extraction
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1 58.33% (P<0.05) . 33.33% (P<0.05) F1 25.00%, Cd 25 TEBYUSCI KBRK IS L EBELERE
R 1) 3 5 32 Z2 B CTF ) 53991 38 111 27.509% (P<0.05) RERGKEHNXER

20.00% (P<0.05) Fl1 12.50% (£ 5) . %8 7= 94t FH AL 3F HE— 20000 T A OCHE bR SRR R Cd 57K
T Cd MK R 7] 25 Je MR AN [ R A3 O 55 38 BRI T FEATAL Cd 5 S A S (2 6) , 13 DTPA $2HUE
Cd M ZE iz T =e it FH AL 1 T Cd AR Fi: Cd & 55 pH{E .DOC FIA ML 75 1 22 0] i AH S P 5
WA M AR T Cd AR 1) i (5532, A HLAE it KiEF B E KT (P>0.05) . FEAT Cd & E 5K R Cd
FHAEHE T Cd MR ] 25 T AR A () 5 45 1 %2 | FRAIR J 25 Cd i 2 I B IE A 56 R &R (P<0.01) B Y
T Cd NZEm SR I . IR ARG Cd 55 5 50 JC I 25 AH 6% (P>0.05) o ILAL,

R4 KBEENMREPELCIEE

Table 4 Rice yield and cadmium concentration in different parts of rice

sty P R cd Zcd -Cd T4 Cd
Troatment Yield/ Root Cd content/ Stem Cd content/ Leaf Cd content/ Grain Cd content/
reatments N _ B B -
& (kg+hm™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)

XJ R CK 7358+279a 25.37+1.72¢ 5.71+0.04d 4.27+0.20b 1.01+0.05b
L5 Milk vetch 7566+100a 26.44+0.65bc 7.67+0.03¢ 3.55+0.11¢ 1.34+0.11a
THZEAT Rape stalk 7796+343a 29.68+1.48b 8.37+0.19h 4.44+0.18b 1.41+0.08a

A HLIE Organic fertilizer 7847+292a 35.08+1.17a 9.25+0.19a 5.21+0.20a 1.56+0.02a

K5 KBCIBIZRY

Table 5 The translocation coefficients of cadmium in rice

I8 FRUTE X} i CK 2275 Milk vetch IMZEFF Rape stalk A HLUIE Organic fertilizer
TF s 0.2320.01b 0.29+0.01a 0.28+0.02a 0.26%0.01a
TF iy 0.75+0.04a 0.46+0.02¢ 0.53+0.02bc 0.56+0.03b
TF 4 0.24+0.02¢ 0.38+0.04a 0.32+0.02ab 0.30+0.01bc
TF /2 0.18+0.01a 0.17+0.01a 0.17+0.01a 0.17+0.01a
TF 40 0.040+0.001b 0.051=0.004a 0.048+<0.001a 0.045+0.001ab

VE [ AN [l B R R AR B R 22 57 1% (P<0.05) .

Note: Different letters in the same row indicates significant differences among treatments at 0.05 level.

O KFBEEAL CdFES pH .DOC HHLT .DTPA-Cd M DCB-Cd FIHEK 1
Table 6 Correlation coefficients of cadmium concentrations in different parts of rice with pH,DOC, organic matter, DTPA-Cd and

DCB-Cd concentrations

(Tjﬁl %O(Ii Rtitc gd StJe:mC(Cid LT:;fC (r]id pH boc DTPA-Cd orgaﬁnﬂiuer DCB-Cd

FE4% Cd Grain Cd 1 0.784% 0.869% 0.397 -0.062 0.395 -0.451 0.361 0.663*

# Cd Root Cd 1 0.764%* 0.686* -0.058 0.245 -0.228 0.186 0.461
2£Cd Stem Cd 1 0.447 0.122 0.414 -0.407 0.155 0.594%

I Cd Leaf Cd 1 0.424 -0.125 -0.191 -0.148 0.155

pH 1 -0.024 -0.031 -0.584 -0.119

DOC 1 -0.319 0.203 -0.283
DTPA-Cd 1 -0.376 -0.158

A HLIE Organic matter 1 0.266

DCB-Cd 1

e 3 132K P<0.05 L P<0.01 B35 K-
Note: * and ** represent significant levels of P<0.05 and P<0.01, respectively.
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KA AR Cd 5 5 13 pHAH . DOC A HILJT A K&
DTPA $i& BUZS Cd BYAH Skt 24 R 3k 1) 2 35 K (P>
0.05) . #RTI, A AT FIK R Z5AT Cd & B SRR BRI Cd
TR IEAEER (P<0.05) .

3 g

ARG IR, 3R HLRL B it 6 7K A B
ZUY T3 DTPA-Cd & &= Y00 B 52 ), F B S5F0
P R S5 BIE  45 SR Ah SS Jit FHAR RUF  f SRIE A
HUAE X 224 28 7K e LA+ 3T 08 Cd & i 0 B 5%
Wil o SR, 7k DTl A5 % BN SR RS AR AR H R 9.6 t-
hm™ B 2 (A A 850 0 28 Cd ) A LSS 678 Cd
EeAk o Guo SF"IFFY F B, it FH v i AT AL B S 4 5
T 3 CaCLER B Cd 5 18 o 1338 pH {H 2 52 i Cd
A N EE G 22— (AW 5T TR K
TR0 45 AL SR AR A WL R 5 % 2 A
AN - 58 pHAEL A 52 M A 5 A BRI 100 a] LI X
CAIE A WsE i/ A ML ENE RS 5258
TE BB FE AN A 5 DOC, 5 Cd R A A B A 1EH,
PET S Cd MRAFTE A . IWARIRIGZ5 R E , — 7
T A HL4 A it P o AR o 48416 (2.25 t-hm ), -3
A HLFR SR, DOC & WA 1 i , AT REMfE
DL S e CA A R . i — Rl e S A
IR A RS CAEEBUT A4 56, DTPA VL IR
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