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Table 1 Specific layout plan of experimental plots

KB 1 g I 2
5 4 1 2 4 6
2 6 3 1 5 3
4 1 7 4 7 5
7 3 2 5 3 2
6 1 5 7 1 7
3 4 7 3 5 2
2 6 5 6 3 1

BT 1 (CK) s AT BR300 2 (CZB) R e F DF I 25 3
(NPK) N A B 4 507 4(NPK+M) g R BRE0 &2 4+ 20 2%, 5L
F 5 (NPK +CZB) & B 80 & A ML+ 2k DEAE ; 207 6 (NPK+S) M &
WA 2 A M0 +REAS B AR 505 7(NPK+CZB + S) R W8P 52 & I8 +3¢
AT N + 1k 5 B I

1.3 HEXESLE
I FH A6 105 3 SR SR B R . 2O BEE )2 £+
BERE RN (0~20 em) KX I B 7K RS R RREE S (AR 22
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Table 2 Combinations of different soil conditioners and their application amounts

R B 414 0 R %5 A B

25 [ %) CK AN it A T A e

SR YRR CZB SEAFVEIE 66. 3 kg

AEEHE AT NPK JR% 4.5 kg WEAE 15 kg BPAC 7.5 kg

ABEHI A +4 2 NPK+M JRE 4.5 kg BEIE 15 kg SIIE 7.5 kg 2k 3% 225 kg

U R AT+ 3R DR NPK+CZB JRE 4.5 kg BEHE 15 kg BIHE 7.5 kg ZEFFHHAE 66. 3 kg

R A B + Tk 45 6 e NPK+S JRE 4.5 kg BEHE 15 kg SR 7.5 kg FEBEEGIE 50 ke

RUBEHR S5 AT + SEAF DR AE + 1k 45 BE T NPK+CZB+S PRE 4.5 kg BEIE 15 kg HIIE 7.5 kg M UHIE 66. 3 kg REBEESAE 50 kg

x3 HilTEMFEFNERER

Table 3 The physical and chemical properties of experimental soil and fertilizer

B2 88 1 I H 2 D k458 AT JR%E e e 43
pH 7.09 7.03 7.62 9.25 7.02 3.65 7.10 7.43
Ca0/% 1.03 1.08 - 30. 4 - - - -
MgO/ % 0.769 0.674 - 12.0 - - - -
Si0,/% - - - 20.1 - - - -
A/ (mg/kg) 2.46 2.48 9.00 - 26.5 - - -
MR/ (mg/kg) 7.80 8.15 <0.01 <0.01 <0.01 <0.01 <0.01 0. 160
DTPA 4/ ( mg/kg) 1.31 1.18 - - - - - -
FHHLF/ (g/kg) 34.3 30.6 483 2.00 - - - 268
AR/ (mg/kg) 79. 4 77.2 34.1 7.03 - - 60. 6 -
A 2 (mg/kg) 30. 1 29.5 29.2 - - 17.3 - -
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4 pH A U I AE, £ Cd IR IE A
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Cd) F & H R F WU (GB/T 23739-2009) il % ,
IR Cd R HI PR TH % 2 ( HNO, - HF-H, S0, -
H,0,) , Jfl i 55 B 1 0T 3% () (1ICP-MS) Wl 22 , 3%
FH A HEFR 2 ZAE GSS-8 (E K AR MY R GBW —
074 08) FIPFATFESEAT T & #0945 & B4
FR 4R B GRS 89. 2% ~99. 8% , K FE Al A
BE Cd 3 5 i HNO, WAEA LY, FEm A 4 111
HNO, : HCIO, iR & MR 4k 2L 1K & € 45, i ICP-MS
HEATIE KRR 0. 01 mg/kg,
1.4 HELIE

KRG AL Cd B R RSB ZBHE DT A

XTI R
IRAEREB AL B RE T = AR BEIFALAY Cd &
/A Cd SR (1)
IKAEHE AL 32 R = KRS 6 ALY Cd
A/ KRR S ALY Cd (2)

iz | Excel 2013 . SPSS 20 Fl Origin 18 #F47 ¥
4i1t One-Way ANOVA 1 3 PEAG 5, W 35 K P18
0. 05, B4l LAV {8 w5 o 22k 3R IFAE AL,

2 R 500

2.1 K7 Cd SETHHHE
2.1.1 KA+ DTPA-Cd 4-&# T

+ 4 DTPA-Cd 7 & 19 K /N B 42 52 e K R 1Y)
AEFL R 3 B W Ok R AE 4 Cd WIS L A R
P Je 20 A Ab #F K A UAR JE 148 DTPA-Cd & &
AL 1 R, SRR T (1,246 mg/kg) AH I, T
Ak P AE—E FREE B REAIR T +3% DTPA-Cd & &,
H 5RO T AR & AR (p<0.05) , F& I 7
18. 0% ~28. 1% Z [a] , V- ¥4 B W A 21. 6% , Hrh NPK
+M REIR e K, R 28. 1%, 5 X% B 40 CK (0.999
mg/kg) K Lt , 6 Fl 4 BE 5 %F I8 40 K 77 76 5 3 19 A28 1k
(p>0.05) , Hth 5 Fhi kb ¥ T + 58 DTPA-Cd & & A
— 5E TR Y P& . CZB (0. 979 mg/kg) .NPK (0.972
mg/kg) NPK+M (0. 896 mg/kg) .NPK+CZB (0.984

mg/kg) NPK+CZB+S (0.983 mg/kg) , & IE 43 5 A
1.95% .2.65% .10.3% . 1.45% . 1.55% , NPK+M [
MR A, T NPK+S(1.02 mg/kg) &b B (% + 1 DT-
PA-Cd & & T X 4, 816 2.30% (p>0.05)
LZEGORA NPK+M 5 o Ath kb BEAH H B AIC 1+ 4 DT-
PA-Cd & &R BT,

BT EAR/ING B AR A [R] 98 350 26 4 4k 2 ) 22 55
% (p<0.05), FH
Bl 1 FAE TS KA - DTPA-Cd i 3% 5t A8
Fig. 1 Changes of the DTPA-Cd content in Paddy

soil before and after planting
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TR Cd 5 8K (<0.01 mg/kg) , #A
WFR AR L AT . 4550 R .7 F b B 5 b kg
AL, 3 Cd MRS E4 T B —38 1k,
B 55 R 4R S A9 o b W BE R, RT AR SRS Y o L A
SN (IR 2) ok A S R R B Y R
16. 4% , 55 Fh b 35 FI{E A 20. 1% ~23. 5% (214
21.9%) , /5 He I T 25 5. 50% ; FoRE AT A 3 0T A TR
By R 65.0% , & F kb RS B (E S 57. 7% ~
60.9% (F¥IH 59.1%) , 5 AR T 29 5.90% , M
HIGREIE R — 2, FTAEARS BREAM S AR
BN, NT 1%,

L%t 8 CK A EE, 6 Ff AL HE R 1Y 11 Cd A7 B
BRAET AR B AR A, BD 55 R 45 BOES 1  HB
3R TR RS 09 7 e BRI (L 2) 35
fE 6 R AL, + 55 IR FR LS Cd 1 & L F 3 (E
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[ 2 A [ R B R 2H 5 AR BE R Cd A TR S R AL AR
Fig.2 Variation characteristics of soil Cd species

under different combinations of conditioners

H22.2% A AR (E K 2. 15% , H i NPK+M
b PRI EAR (21. 8% ) 5 45 P A B 38 n] I 525 Cd
B EE S 34 {H N 58.8%, B S 1 Ak BE O (/D
2. 11% , Horf NPK+M Ab B A (E 4K (58.2%)
2.2 JKiEHE#M Cd SETHIFE
2.2.1 KK CIEETHEL

3 ] O S A 7 Ak BE S K RS RE K Cd
TN 0. 182~0. 465 mg/kg, Hih HAF NPK+M Ab
HA R T B E 2R ERfE (0.2 mg/kg) . 5
X HE CK A LG AN [A]AR R A RS OK Cd & i s i —
EM 2S5 o 56 [ 7E CZB (0. 286 mg/kg) .NPK
(0.282 mg/kg) . NPK+M (0. 182 mg/kg) . NPK +S
(0.307 mg/kg) NPK+CZB+S(0. 326 mg/kg) &b T
BRE K Cd B K25 1 (0. 367 mg/kg) , B0 43 1]
M 22.1% 23.2% .50. 4% . 16. 4% . 11.3% ,fL NPK+
M Ab P55 R 2 A7 AE B 2 AR 4R (p<0.05) . 1l NPK
+CZB (0. 465 mg/ke) A B K FIREK Cd & & & T
25 IR 26. 6%, LG ORE  NPK+M RFEATRSE K
Cd & AR 4F
2.2.2 RBBEIHLCld G R ABAHEZZBH T

HH e 4 AT, AR 6 Rk 3 5 %) RE CK A L,
ZRANRFE (p>0.05) , B F A 20, 75X B A
M S HE, AT BB T 2 2 A IR, ¥ A B A ) A=

3 R[] SR £ b PR K Cd 5 B A R
Fig. 3 Effects of different conditioning agent

combinations on Cd content in Brown Rice

A RE AR BT A o U0 AR 7 Fh Ak 3 S K R 450 0L
) Cd & 4 REUE AL i H 8 % 5 ML, B BCF . >
BCF. >BCF, >BCFy, . XK B K Cd 10 & R
SEHE N 0.037 0, i I FIL PG (1.24) ) Vg
(1.06) , Wi 7L (0.83)  #im (0.77) 55 K #§ & 7~
X0 B AR A 5 Cd ok I 00 R
K Cd 1R AE 2% (0.323) Wk T Yo )P L Hi
VLI S, 5 ot e, 5 o6 Bl b B Y
BCF, . \BCF.  BCF, BCF, W H — BH &%,
NPK+M Zb B BCF AU 6 Fft 20 B A f AT, 1
8T CK {H ,fHH BCFy . \BCF. (BCF,, I ¥ A A1
AL

PN 7 oAk K R A5 B A Y 5 02 RBU(TF) B (%
4) RI Y TF s JTF o JTF o T 3548 53 51k
0. 137.0. 654 0. 972, s A& I 56 H K FE AR - 25 -1 -
BiAkAE Cd T EBEH FREMEABSE, 58
CK AL (% 4) X5 1 6 Fi b B TF . F-H{E N
0.127, W1 & /N F 25 H (0.193); TF.._, F ¥ N

0.935, ] BAK T 2511 (1.20) , H il 56 B 7F NPK+
M ARFR ) TF,, 4 0. 407 , 3598 G A% T H: b b 7 5
ZH,

X ] — BRI bR AR BT A A 26 A 4 4E
AT E R, B RBA A E N B
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Table 4 Enrichment and transport coefficients in different part of rice
. FE b 4R R B(BCF) 18 RBU(TF)
oA Ui E it R K -2 E-SLis - — i K

CK 2 0.497£0.079* 0.097+0.031* 0.035+0.006" 0.041+0.009" 0.193+0.033* 0.388+0.179* 1.196+0. 459"
CZB 2 0.504+0. 186* 0.064+0. 008" 0.030+0.007" 0.034+0.003" 0.133+0.034" 0.469+0.054* 1.165+0.177"
NPK 2 0.442+0.161*  0.047+0.004" 0.031£0.003" 0.033+0.011™ 0.112£0.033" 0.648+0.038" 1.072x0.209"
NPK+M 2 0.477+0.198"  0.071£0.024™ 0.056+0.001" 0.023+0.001" 0.152+0.013" 0.831+0.285" 0.407+0. 001"
NPK+CZB 2 0.711+£0.037" 0.094+0. 006" 0.043+0.007" 0.052+0.011" 0.132+0.001" 0.462+0.101" 1.244x0. 453"
NPK+S 2 0.463£0. 131" 0.053+0.018" 0.049+0.005" 0.036+0.006™ 0.125+0.074* 1.018+0.438"  0.725+0. 185"
NPK+CZB+S 2 0.601£0.038" 0.065+0.006™ 0.051£0.032" 0.038+0.009™ 0.109+0.015* 0.759+0.425" 0.996+0. 798"

F1{H 1.01 2.52 1.29 2.30 1.27 1.48 1. 11

P1E 0. 486 0. 126 0.371 0. 150 0.377 0.309 0. 441

E : FIJH One-way ANOVA 4347 (Tukey test,p<0. 05) BEATEH W] 22 53 @ E a4, 3K 4 Wl — 50 h AR A9 /NS AR A AL B ) 22 S AN 35 AN

BRI/ R DI AR e 45 A L i) 22 S A3

B s Z 808 25 5 8 R T B AT B K A A [ — iy
it I 22 S AN 3 IE W Y

3 itig

3.1 HEMERXEGSHMERLTE CcdiTRRE
M DTPA-Cd ' B 2 (AH XF BiAR i A 2S (1) L KE
KCd Frit BEK Cd &R M -REOK Cd #5i5 R
BB S5 R B NPK+M 4 4 B 40050 i A fig
AR BEAR £ e Cd Y A= T R E R RS K
Cd T EMZ2MREIRME ., NPK+M X FPEH 1%
5 1 it S (R B ) A g At 8 2R B 4 A G e
S RO A AU FR A5 R R B AT Cd AR
FHMLEEE B 20 AT Cd T35 e B 3 350 78 H Al X i B
PR RIS IrESE T TE ORI A AT
=ANJT I S NPK+M AR XL 3 15 2%, % e 4F 3
53KFORAE , A 2SR 0 & R 225 ke/ T, I R TR
FEDFAE Y 66. 3 ke/ B, 1l & A T34 I + 34 LK ;
A 38 R B B AR G HLAE , SR DR B J2: R 2 Bk 1
A HLIE , 1 WA ML R R A A i X
RIS L) 5 2 i BR 55 A 25 01 0K 2 B2 W 5 S R
#Hh(Cd HPTTE) T WIB R . Hok R A28 Sk
B5EENE 56 T A b Sk v 30T R e A 2R M T BE
JK Sy T B R (B B ) R AR SR OK Y — Uk
A BE 4D 5 5 0 Y 50 kg/ 1T A 45 45 M0 RH 214 14 455 45
TR A HE R A KM KRS - pH AL 7, R
FEA B 512 X M A P 0 ol B B R R AR Y
T AR 00 M P A R 2 U S A A A
I, Tk A 5 IS A2 1 3T R L X A B 9 R 22 5 1 TR M
IO IR AT E . FE XA NPK 2 &
JE5 NPK & & M0 +4- 38, B b5 3 v e N DL S vk i
B IX 3 KR MBS P oK i NPK 24

HE 2 A HRp ol 4 = 7 i AR R, PR Ok
B SEBRIER , Bial NPK B A IE & 80 I ) F
RS o, W B A MRS, 2 b KRR+
NPK 33 4% ¢ A Al 155 XA (H BB O [ 7K A 1 i o2
e LR B A A% R A s M BT R Cd RIS G
DU, AT EE I RT A W 37 R b DX i B K3 Bl Y 3k
BT
3.2 EBRKEBRSHIECIRELERLSHEL

AR SC R ) R X HA [R) U8 B AL A 6T iR T R
Cd 5T 75 5/ By IR &R R 5 Momd A T, & 4k
HMEFEEA) SHER B E (p<0.05) ,{HiE X}
PG AR AR, &R R R B 41 A 2 E) 25 7 IEAS
BE(p>0.05), MAN, WBHRS R R E , BiG=E A
TENY 7 FAb P+ 18 Cd MAFTE SEMA G K& T
Fb 3R —BUE AL, 26 W 3 Fh AR A AN 2l 1 1 R
R A R, AT RE S R oA S T 7K 9T S S0 B
AR E 5 —, 1R Cd AT IR RS Y Eb R AR A
) 65%FEAR 2 59% , B IR 6% , 5 /K A8 43 47 Cd &
HEI —E R T S T, 1 Cd A S R R
IS 7 e AP AL AT 16% 38 I 3] 22% , 34 1iF 6% , 5
IKAE TR, Cd 2 i 2 B0 3 A I A OGS 58—
1 DTPA-Cd 5 Eb el PO 1 A9 38 16% B K 2
11% , B 5% , 5K R &AL Cd 7 5 28 W W)
TEAHSGPE

A R A A A S R AR, TR K AR
PR, 4 8 rp R AR W A DR L R DL Y B
G0 IR SR W B Cd Bl AR LR R 2R X A
R Cd AR T R RGO, 3N 2 W I R
bS5 5 DX A S R K R A DT W K AR s R A
Cd HhERfE 2247, [ i) A] B2 X ) P A pg e 4
RNHTG YL IX A — A~ BRAE
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PIHIRSG HA AR AT S R Cd WA AR S R
SR T IEA B AL, KR4S B AL Cd RS
FBAARCAE (R 5) , BT HEK G 5 BO Al b e 2
Cd s AL H 7 S A b B AT BL T 2% & sl g It Al
ALY, X AR M 54 AR ER A Cd
15 Y X ML UOR — B, TR RS 0 HE R
5 55 TR B U 1) ol L 3 M — 25, U6 B AT RS
Cd B A B 73 22 T i 4 38 4% 2H 73 Wit B 5 e TR R
IPOHE, — e =, 55 AR A 5K R cd REA
A —E W IE R DG VEDS ) JRATT Y BF 5 45 S 2 ik
(£5), HABKE, FHATE DTPA-CA (5 LA
AR i 55 PR i BBUAS i E B 8 T T L i
XA — 7 T BE A B AR, X MR B T AT 3 S 25 450 Ak
) Cd B2 A Ayl MBS Cd S BEEEAE T M
W ST RR AR OR T WF ST DX A B A R K
A, T T /K Oy E R PR A (A R ) LA I R OK T
WA WX £ 3 7 HCOS  Ca™  Mg™ #h 78, F 2 7
RS5 KBEMULCISESLEEHE CAHBEXMESH

Table S Correlation analysis of Cd content in different

parts of rice and Cd species in soil

Cd B % R =0t GRS
DTPA-Cd 0.848 0. 950 0.967*
559 R i TS 0.933* 0. 888 ** 0.762"
EIBLY/ -0. 442 -0.512 -0. 496
GRS 0. 098 0. 179 0. 059
Bt A -0.136 -0.125 -0.114

o TR B (P<0.05) , wx TRtk B3 (P<0.01),

RO W) R ULTE, 4T 5] & Cd #Y 3k
DUBE SR S BOE A 0375 5 i 1 3 il Bl Ak
BL

4 %5

AR 5N B A AR R Cd M T S X 7
Tl R B 55 B A 1 6 ARG, AR A T R LA i
RN

1)NPK & & HE + 4 28 31X Fl (% G FioAs (it JIE ) 82
KAF I Cd WAEDATRIPE KK Cd EE RS
KK Cd 15538 R BORIE FEAS, Bk Cd & i IT
RN i ol (= Rl = W 2 S L A= R O e o
FR 75 G U | J2 e PR 1 DR SR 5

) MK FE AP RSN Cd giEt, 5
NNTE Y R P+ HEIX A Cd MU ER Tk 2447 o BA
NG

3) g8 O i P A IE S ER Rl PR S ( ERAS B ) R
VS IKHE R, 3 B0 HE W K - 28 R R B R £ - Cd
IYTTE , Bk T B SR A Y S oy R Y
AR Cd AT RS2 W8 307 A b DX 8 5T 75 S A0 XU
EORERS)IN N

A A B8l 50 1 36 LA R A e 45 s = |
U, HE I W 3T R Cd M R B IX T R
JIZ A IR A B 5 5 R T BT, A 50 R 1Y
TS O T ) SR R K

2 % X M
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Responses of Soil-rice Cd to Different Conditioners and their Combinations
in a Karst Area with High Geological Background

RAN Gang'*’, YANG Hanwen', WEI Lan', LIU Xiuming'’, WANG Shijie'"’
(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,Chinese Academy of Sciences, Guiyang
550081, Chinaj 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Puding Karst Ecosystem Observation
and Research Station, Chinese Academy of Sciences, Puding Guizhou 562100, China)

Abstract: At present, the application of soil conditioners in the prevention and control of cadmium ( Cd) pollution in rice is mainly
concentrated in the industrial and agricultural pollution areas such as East China, Central China, and South China, but less in the
Karst area with high geological background of Cd in southwest China. In this study, an experimental study on the response of soil-rice
Cd to nitrogen, phosphorus and potassium (NPK) compound fertilizer, rapeseed cake fertilizer, cow dung, silicon calcium magnesium
fertilizer conditioner and their combination was carried out in the Karst high geological background area of Luodian, Guizhou. Results
showed that: (1) Compared with before planting,under each conditioner and combination treatment, the content of soil available cad-
mium ( DTPA-Cd) decreased by an average of 21. 6% , the proportion of reducible Cd decreased by 5. 84% , and the proportion of weak
acid-extracted Cd increased by 5.53% on average. The proportion of oxidizable and residual Cd remained basically unchanged; (2)
Compared with blank value, the Cd content of brown rice was reduced by 24.7% on average, and the Cd enrichment coefficient of
brown rice was reduced by 20.0% on average under each conditioner and combination treatment except NPK compound fertilizer +
rapeseed cake fertilizer; (3) The traditional planting (fertilization) mode of NPK compound fertilizer + cow dung had the best effect,
the soil DTPA-Cd content had the largest decrease (28. 1% ), the Cd content in brown rice was the lowest (0. 182 mg/kg), and the
Cd enrichment coefficient in brown rice was the lowest (0.023 0), it was worth carrying out a wider range of experimental demonstra-
tion and promotion. The responses of soil-rice Cd to various conditioners and combinations in this study area were obviously different
from those in industrial and agricultural pollution areas in China, which reflected the characteristics of Karst areas: The flooding caused
the dominant reducible Cd in soil to be activated to a certain extent, and the proportion of weakly acid-extracted Cd increased accord-
ingly. However, the calcium and magnesium-rich Karst water irrigation drove the passivation mechanism of co-precipitation of carbonate
and Cd, which generally reduced the bioavailability of soil Cd.

Key words: soil conditioner; cadmium; rice; high geological background of cadmium; Karst



