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& SiMZTR DY MDA KK Cd BB, 2R %8 .5 CK ML, LM fl LC 4 ¥EfE K Cd
Er i o BIRRAR 70.1 % F0 88.3% s LM Biji & Si Fl DYS i i AR kE K Cd & it ik — 2 AR 45.3 % 1 28.9% 5
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Abstract: To study the effects of passivating agents combined with foliar fertilizer on Cd accumulation in rice
plant, field plot experiments were carried out in typical Cd contaminated soil in Zhejiang. Foliar fertilizer
containing Si and multi-element (DYS) were sprayed base on three soil treatment modes, which were control
(CK), lime 4 500 kg/hm* (LM) and lime + biochar 1 : 1 mixture 9 000 kg/hm?* (LC), respectively. The
results showed that compared with CK, Cd content in brown rice decreased by 70.1% and 88.3% in the
treatments of LM and LC, respectively. LM combined with foliar fertilizer containing Si and DYS further
reduced Cd content in brown rice by 45.3% and 28.9% , respectively, while LC combined with foliar fertilizer
containing Si and DYS further reduced Cd content in brown rice by 14.5% and 13.7%, respectively.
Compared with LM or LC, the addition of foliar fertilizer reduced straw-grain Cd transfer by 42.4% ~
62.7%, increased Cd content in straw by 81.9% ~123.0%, then reduced Cd content in grain by 14.6% ~
64.2%. Compared with CK, both treatments of LM and LC significantly increased soil pH, reduced soil

DTPA-Cd, and the effect of LC treatment was better. Furthermore, compared with CK, soil microbial
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carbon, organic matter, activities of urease and sucrose increased by 6.08%, 7.92%, 11.90% and 0.72% in

the treatment of LC, respectively, while the above parameters decreased by 8.33%, 140.30%, 29.20% and

12.10% in the treatment of LM, respectively. The content of soil clay reduced by 5.73% and 4.53% in the

treatments of LM and LC, respectively. In the treatment of LM, the content of sand increased by 29.70%

and the content of silty sand decreased by 11.70%. In the treatment of LC, soil sand reduced by 1.50%,

while silty sand increased by 2.17%. All results showed that LC or its combine with spraying foliar fertilizer

could effectively reduce Cd in rice and maintain the healthy development of soil quality.

Keywords: rice; cadmium; lime; biochar; foliar fertilizer
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HRAM e F4RS L% pH. B LIEE LB A
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4 4 e WS ) I T L 9 R 32 A 4 TR T &R it
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1.1 iR R 5iX 56 4

M a) 3 56 F 2019 4F 5—10 HE WL A8t
USRS HE T, s i R O R £,
pH 8 5.33, ML & & 35.4 g/keg, A A & & 109
mg/kg, A & H 30.9 mg/kg, [HE T2 &N
11.8 cmol/kg, L¥EHE 4 JE Cd & &~ 0.362 mg/kg.
e T R B L RBP4y S
28.2% ,38.4 %1 33.4% .

PR R R Ry W VLA AR SR R F A 157
KA, AR Ry T A R AE W e ONE RSP L Cd
FAEAI N 0.11,0.13 mg/ kg, M1 E Sy 7B R M4 ik A
AR SRR =100 g/ 1) Ml Z A4 & IR 2 0 ENE (R
FfiR =100 g/L,Cu+Fe+Mn+Zn+B=20 g/L),

1.2 Ri&t

T AR g 250 (1 37 20 b He gk A7 /N X 58 L 3 56 1%
X (CK) A JK 4 500 kg/hm? (LM) 5 JK+ %)
A1+ 1R 9 000 kg/hm?® (LC)3 A+ HEAL I, Tk
e S 43 0 8 it % St A2 o0 R (DYS) it JIE , 4t
9 AL EE R D LR 3 AEE LI 27 A~/
X FEHLHES A4 /NX A 30 m? (6 mX5 m),

BALH AR Y 5T 5 A 30 H it . it A
H Al Ak R0 X S it T - 3R T Rl B AT H IR E +
BRE MR S HIR A S, e s T 7 H
22 H.8 H 20 H.9 H 15 H 47 - i mg it . 3 7 7k A
R AHE N 750 mL/hm* . B2 RIZER L It EEH
Yiti &2 1 500 mL/hm*, /KRG R0 AE R & 1
Ry AT, T 2019 4E 5 H 30 HIGEM B .6
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H 20 Bk, KRB L 1.0~1.2 JT#k/H AT

B 20 cm, BEEE 18 cm ., F A H0 /K I0 4% 3

F1 HEMRKELESBEEEE

A 726 b 7 Bk
CK it e
Xif IR 20 CK—Si V- T i YR A i T
CK—DYS TR I i B R S B R 22 T RN
LM fA K 4 500 kg/hm?
KA LM—Si A K 4 500 kg/hm® -+ I T Wit Y2 14 A TS
LM—DYS A1 K 4 500 kg/hm® + I 11 W it 2 A B A R 22 T R L
LC LKA 11,9 000 kg/hm?
KA+ LC—Si FRA WA 1 1IRME .9 000 kg/hm? + I [ W8 it 1 1A 1 AT
LC—DYS ARAEYIHE 1 1R L9 000 ke/hm” -+ I 1A E it 2% A4 0 5 12 22 T 3

1.3 HmRXEEEERNE
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P KRS A BR AR R L 25 FFROREORLRE &, CK — SiL
CK—DYS.LM—Si,LM—DYS.LC—Si f1 LC —
DYS Ab B R AR M b 30 25 A FUOFFRLAE . RS AL 3R
IR FERE IR 3~5 BRIR & AR S0 AR 3R L ZEFF Rk AL =
BB, FH A SR AK e T4 2 05 FH 25 18 K vh sk 3 Wk, ¢
IRACWE F 7K 43 I 80 °C Mt 1, #y Wt il A, 8 TR IR AE .
BN SR VR ST /i 8 TR A1y N 1

T R R CZEFF RS FOREOKR A L Cd & &
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A LT | el i 2R BH 2 38 B (CEC) 5 [ 8 2 00 58
A RO 5 KA RE TN 8 A RS AT % R CR AR 1
W L LA A O I 52 ) (LY /T 1225-—1999) % J&
TIUE I 5 SR R AR 0 RE 5 i . SR BRI SR
LM 1 m® P R K A &

3 Cd THAL R M Cd 5538 M — 25T Cd 5%
18 ZEFF—MA Cd iz LI e b AT, Ho s

+ 3 Cd L FR (%) = (£ DTPA — Cd(mg/
kg)/+ 3 M Cd(mg/kg)) X100 %

+—4R Cd #12 550 =R Cd ¥ F (mg/kg)/
+ 3 DTPA—Cd(mg/kg)

M 25 FF 5538 (V) = Z5FF Cd B (mg/kg) /MR
Cd ¥ JE (mg/kg) X100%

ZEFF—RE Cd #iz (%) =/ A Cd #E (mg/
kg) /ZEFF Cd W (mg/kg) X100%
1.4 HE\ESIT

BoyE ALY Microsoft Excel 2010 /EE K
SPSS 18.0 # A #EA7 Ge 3+ 43 M. 5 22 43 Hr Al SPSS
18.0 # {4, >k F Duncan %5317 .

2 gR50
21 KBEFEERMEXCIEE

AT B AR SR B N BRAL A IR A K+
A R R = B A 3 25 S (GR 2), b ir A Ak
P RAE 7 500~8 415 kg/hm®, F¥ = /R 7 947
kg/hm’, BARGIT LA BE 25 (B A &L
AEER = R A SR X B AL 3 A A B e R
7 805 kg/hm’, f1 K4 3 NALBESEH =5 Ry 7 715
kg/hm” i A K+ A 9 e 411 3 A Ab BILSF- 349 7= i oy

8 320 kg/hm?, 53 5l Hb X6 B8 20 il 47 i 4H 38 Jin 6.5 %6 Al
7.8 % O] WA K + A= W e B A it FH R K R P B Y 4
A MEIEEH .
®2 AELAEAEEEREXCAESE
b3 fib 38 Bk Caf i ,
(mg+ kg ») (kg * hm %)
CK 0.21340.0195a 7875+620a
it TR 2 CK—Ssi 0.12040.0103b 77254+ 549a
CK—DYS 0.129+0.0990b 7815+654a
LM 0.064+0.0053¢ 7500+ 442a
Yoy il LM—Si 0.035+0.0030e 76951+ 462a
LM—DYS 0.045+0.0040d 7950+658a
LC 0.025+0.0020f 8415+527a
LR+HEYma  LC—Si 0.02140.0019f 8145+ 653a
LC—DYS 0.021£0.0020f 84001+499a

VI« PO P 408 b ol 2 5 [F) B OB U R ) 57 ok 75 A 3
[] i % 22 5 (P<<0.05), NI,
MAEA Cd & A8 b B A IS 0 ok &, B i it i
T AE | it A A ) s T it P 4 B 8 R AR
K Cd Fram (R 2), Hhilab B, K + A W e 41 ks
K Cd & &A%, F¥ N 0.022 6 mg/kg. ¥ 184 &
s FIME N 0.154 mg/kgs A1 KA KEAR Cd & E AT
ZH A EAE N 0.047 9 mg/kg, VEITEA IR K
ST At A K A+ Ay i (] B 8 3 S0 5 it P o T
JIE RS K Cd B AR 5 -
M B Ak ) i T SCR R E L 5 CK AL, LM
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FLC AL BEREK Cd 430 B IR 70,1 % F1 88.3% . 3
IREN 2 5 (P <T0.05), {H LC Ab R % I B F
Ko Mg I8 SCR) >k B, CK— Si fl CK—DYS
O3B RER Cd FEAR 43.7 %0 A1 39.4 %, 23k 3] 1 &K
(P <<0.05) s 4 KA AL FE A, LM —Si #1 LM—DYS
fiihE Kk Cd &tk — 2D FEAIR 45.3 %0 F 28,906 , i 3 22
SR E K (P<0.05) s 1 K+ AW A AL #iv , LC—
Si Fl LC—DYS ffi Kk Cd & it it — 5 A% 14.5 % Fl
13.7% .5 LC Ab B[] & 35 ) i 35 2% 5, 3 ] e 2 X
S LC AR BERE R Cd & it [F] CK AH B R IK e B2 4 K i
G, LA HTERAE S IS ECERCR 2B, 5
CK #H It ,CK—Si/DYS ffi &K Cd B&AIK 30.0% LA I
LM Al LC b fifi i K Cd B 70% Ph 15 LM — Si/
DYS XAk Cd Ay B AR IR BE AT 35 7820 DL I, th LM
AEPEZ BEAIR 8 AN H 4 mi A2 A s LC— Si/DY'S T fi ok
Cd FEARIE R H] 89X LA |, ke LC ZFEAK 10 A~ H 4
M. AT, AR TE LC 3 Al b it i i A X A K Cd
FRSE AR AY I B AN 40 LML Rl b i FE o oo A A 22
RIERE AR MH S CK M, LC—Si/DYS X BE K Cd fy %
(R N € AR T S S N K A R i
Btk Cd A 0 2 BEARAE F L (0 38 e & it FH i s SR
PTG 22 5, 7F — /8 R L, i B2 e A 39
FERH AR R Cd Y BEAR B S Al Ak 7 X Al Ok Cd 1Y %
RAE A 3] — g A B2 I, i T IS A A1 3 28 3R 0 A 1
8, SR Ak ) g e v L A R A e A G A e FH T DA S
IAERR Cd % 82 %8 4 10 32 9 20 B 500 vt FH 3
DAY/ Xef - 48 o 11 5 )
2.2 SE4bFIED M E AR X KRS Cd R UL R H it bR

HIEH G

IKFERIRE Cd F W I % 328 AL 6 Cd #E R AR —
AR AR E)R ., BT R, LM B
LC X/KRMR R Cd & i, +—#R Cd iz & Cd R &R 3
ZEFEBEAEEMGR 3D, 5 CK M. LM Al LC &
FIROKFER R Cd W, +— MR Cd #4358 KR —25FF
Cd iz (GR 3), (A5 EEINIE R AR, LM F1 LC &b
FRKFEHR 28 Cd ¥ BE /03 He CK AR 64.1 % F0 74.3% , 34
REEE 225 (P<C0.05), H LC Ab#E H LM AbHi i
WE Cd HFHELEM10.2%,LC 5 LM 2 [a] 4 1k 7
225 (P<C0.05), MiX+—4 Cd iz fif — 2%
FF Cd iz k 0L, 5 CK M. LM F1 LC Ab PR g 3%
FEAL Cd 1+ — MR AR —25FF 1 5532 . (2 LM Al LC
Ab R ) D) A 2

P Cd Al SRR -k O,
ZEFF Cd W BE AL A [R) TR AL, B CK—DYS Ak 3
Ab A b A B ZEFE CA MR B B EL T CK, 5
CK AL, LM Fl LC 4b B 25 Ff Cd ¥ JE 43 B B 1%

75. 1% 79.3% , ik ) 3 22 F (P<C0.05) , Ui W il
Bl A R0 AT LA B ARG 7K R R BR R AR Y Cd MR BE . R IR A
H, CK—Si B ZEFF Cd e BE AR 74.0 %0, 18 3] 1 35 22
FEKF(P<C0.05) ; CK—DYS [ZEFF Cd e B2 U 3 i
36.9% Wik F) 3 25 7 (P<C0.05), f1 KALFRL
LM— DYS 22 FF Cd ¥ B W b LM 4b ¥ 3# jn
81.9% , 22 F ik B i /K (P<C0.05) ., 1A K+
YA .5 LC M. LC—Si A LC—DYS
A3 S ZEFT Cd e B 88 123 % H1 108 %, 22 St 35 5|
K (P <C0.05) . 3 i B W it - 18 JES L i L2 22
JCR M L 3 Cd ST R KR ZEFF PR, B
LC iy b it o 1o IE 2% R 0 b 25, BV 55 sl A ) e A1
FEAR 2SR Cd ¥R BE /Y S8R AN [R] o T A Ay e & it P
TE—E R FE I o078 K R AR AR b L Cd B 70 i i
B ARHE Cd KR ZEFF R IR .
#3 FELEABIRCIESEMT -],
W—EF Cd 5

M Cd &=/ T+ —ZEF
Ab B

(mg -« kg™ ") Cd ¥z Cd#i8/%
CK 2.040£0.101a 13.08£1.25a 57.943.91a
LM  0.73340.043b 5.64=+0.461b 40.1£3.58b
LC 0.52540.041c 4.57£0.399b 46.7+3.94b

R4 AELEAEEK B CIEEREBIEHE
ZFF Cd ZH-RA
(mg+ kg™ Cd¥iE/%
1.183+0.121b  17.3£1.6b
0.307£0.021d  36.8+3.2a
1.620+0.151a  7.5%0.8d
0.294£0.025d  19.7+2.0b

R cdae/

gz yos: ]
(mg* kg™

CK 0.205+0.015a

IR 4 CK—Si  0.113%0.014b
CK—DYS  0.12140.011b

LM 0.058£0.004c

& LM—Si  0.031£0.003¢  0.274+0.022d 11.4+1.3c
LM—DYS  0.04140.003d  0.535+0.045¢  7.7+0.6d

LC 0.02740.003e  0.245%+0.023d  10.940.9¢

FRAAEWHEA LC—Si 002240003  0.516+0.047c  4.140.3e
LC—DYS  0.023£0.002f  0.509+£0.053c  4.5+0.4e

MZEFF R Cd iz bk F .5 CK M L.,
LM i Z5FF— R Cd #5328 13.8 %, HAF A1 Cd
WA RIS LM B KT CKLUe i LM Ab # A A #k
ik Cd WX R B9 Cd R R 2 VR . A,
CK—Si &b B 25 FF— R A 1Y Cd §%428 b CK 3 n
113% . MAEAY Cd W FEE A b CK P& AIK 44.8% . thif —
HBIE LM SEUARME Cd WE XA Cd BLE M 1E
FH T B 15 BH A Ak 700 B 2 22 0 4 76 IR0, i 3R
Eeim , e RAVEERF 5 LM A LM—Si fl LM —
DYS i Z£ #F—# & Cd %% iz 4 5 B AL 42. 4%
60.8% s A1 K+ EW AL BRZA T, 5 LC M, LC—Si
FLC—DYS W ffi ZZF—FF & Cd ¥ iz 7 il B A%
62.7% 1 58.8% , A fL ¥y ik B B F 2 F K (P <
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0.01), AT WL, 7E45l Ak 770 5 Al bt J1 i 1 R ok 7K A% 25
R4 Cd #2 A REIRRCE, RS i fe . M
PEHRCR 5 B R Fh 2545 2 HRZ ) (3R 4)

LER MK Cd s LR LB, 25FF Cd
WS ZEH R4S Cd iz KB A
Cd &8 52 —Ff4a Cd #iz Ak A — 5%
(RO, BEKRE.S LM A LC M, LM—Si/DYS
5 LC—Si/DYS W2 R4 Cd #i2 g ) #F i &
BEAIG R 25FF 19 Cd ¥R BE 359 e m (B LM — Si
A BEARSN S T = A AR R A Cd ¥R . (R LC Al
LM A 2Z5], Bk LC—Si/DYS 4 Cd AL iE— 4 [ 1%
14.6%~17.2% , 1fii LM—Si/DYS Wi fg§ 4% Cd ¥t — 4
WA 28.5%~46.2% H 5 CK AH L. FE A Cd & & 0] 2
LC—Si/DYS f& F LM—Si/DYS. [AlELC—Si/DYSH
LM—Si/DYS 7558 K IEEE FREARZEFT— R4 Cd §his il
BEINZEFT Cd Ve BE . W7 UL, i Ak 700 it P o A mT LA R AEG
Cd HAFFm RS L2 % 20 Cd #/ 7E 257
H, Al LC— Si/DYS 7] e 3 fnid A T 15 Je i ™ &
{14 5 P Al A 7R R A BRI 0
2.3 ARCEYRIT TEEN SRS

AR TN A By it % 4 pH (DTPA $2EUES
CA(DTPA—Cd) K 3 Cd i L A W2 15 (3
5). LM 8 LC &b ¥ ¥y 5 2 18 Jn + 58 pH, [F] i B AIK
13 DTPA—Cd F1 Cd i b3, LM F1 LC &b #{f
135 pH 4FHI3E AN 2.55 F1 2.58 AL, Bk F B E
£ (P<0.05), LM AbBE{# + 3 DTPA — Cd F# 1K
16.7% ,LC i 13 DTPA —Cd &1 26.3% , #1353
#2555 (P<0.05), 38 Cd i 1k F ] i 1k 7] b 23
(9 5 13 DTPA —Cd A[H L B LM 4b ¥ 4§ + 5%
Cd &L RBEAR 17.4 %0, 25 5 K36 W EKOF i LC &b
PRAE +HE Cd 1AL RFFEAG 26.3 %, 38 5 1 3% 25 7K F
(P<C0.05), AL, N+ 4 DTPA—Cd K Cd i fb %
AR fE T LA . LC X 3 Cd A9 & /5 H . LM

MR E  HER T,

X5 TAEAERTE pH.DTPA—Cd K 118 CdiFHE
DTPA—Cd/ og:

Ak 3 pH ) )
(mg *+ kg™ ») Cd &L/ %

CK  5.1540.221b  0.15640.0110a  36.4%3.15a

LM  7.70£0.519a  0.13040.0094b  30.0%2.99ab

LC  7.734+0.503a  0.11540.0141c  26.8+2.27¢c

A A ) e S AR R R S X A 39 B Ak A
A AT EFZ M B 1) o DA A 33860 4 e R R g 7 A
il % P L DA R A L AR AR B LM A B 43 51 A
X AN BEEAL 8.3%.29.2% ,12.1% Fl 14.3% ;1M
LC Ak B U AR W 42 55 6.1%0,11.9%.,0.7 % F1 7.9% , )&

SR MR it 3 1 RN ML 5 L AE LMOAD LC Ak B[] A7
TE IR 3525 5% (P <0.05) , W 9 i 0% 14 AN 18 B 5 1
A& it (CEC) 7 it F i £k 770 ) WA 15 ke # L (H A2 b
TEEEIAE 10% AR (| 1), #8 LC nl g xf + 35t
SO A W) K L M A B A i A AR L T LM ) AT
REA B 2L /R

- TR A 0 R AL R SO R AR 7 LM
5 LC PR JS , 34 4 15 e B, AHAR (] 6 Ak 550 9 501
FH25E D, LM 4b B 4 3 66 ff 20 A 2005 F sk
B I3E M 6.9 %6 ,20.0 % F1 11.9 %6 5 1 LC Ab 3 0] 4H
RSN 10.1% ,82.8 % A1 8.7 %, Ju Hi & LC b FH Y +
BAMB S B R ES T CK M LM A3, 7T 68 LC 4
PR TR SRR A R R

Bl b 70 0 it P X A S AL AR 4 R AT 5 (B D)
LM 5% LC 4b A — 8 B2 B b ol 2 4 38 DR 2544 . 6
R BEAE B S A BT R AR, LM A LC &b B8 43
S Bl S BRI 5.7 %0 RN 4.5 %0 5 LM Ak B4l b o 154
T 29.7 %, By W0 R FRAR 11,7 % 5 LC W 4 458 70 v f
fi6 1.5%, i Ry @ ki 2.2% . B FE. 5 X
CK b, LM Ab 1% 4 58 A1 7 25 44 5% i 45 K, £ e
B33k B 5 KT (P <<0.05) , 1 8 10k [ AR 7E
1096 LA 15 LC AL BRI AT LL#E G O 45 - e 25 40, (i 6
KL AR RS 0 R AR AR AR 5 AL 5 CRI&f
W2 5
3 Ww

Hil, kT LB 2R k2 RER TR/
K EE 4 JE AR A SO B A AOCTE
AUEESETRNAEL, L EY BR LT
BT - B Al T AR Ak (H R AR P R
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