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U ARAL 2B SR S IO TTT, | R4 I7 70 SHIRIR IR A S A R 7 B S, AR AR e A8 5 5 E
HRSERE, B AT IS G AL 5 B TARRECRBT TS G, T 510640)

WO N T HRUASTER 8 0038 F 24 00 BV B CF 737 8 B2 590 34 (Cd) iR A 22 1] - K i K A (Oryza
Sativa L.) A1 K H Cd W B 5200 , T 2014 45T 2R AETE Cd bR 22 Fel 4 vt 1 38 72 B BR300, 6 AN [e) T 22 (43591 9 0.1.5.3.0.,4.5.
6.0 g-kg", 4 HICAE CK T T2 T3 T4) & % B B4 70 A /K RS 2RI T R I 9 . 45 R e W 38 95 TR B 42 50 % S el -+ rhoR R A 1
WA BRI E I A S mAE A 7 it HEisOK R T R B 7 25 0L Cd T it 430 BN g AR > ZE > FEOR>FE 7%, B4 BB AL
()3 38 Jib 35 22 S K 5 B AR SAE K Cd BT 3 43 B IR T BT 0 B il &2 A I bR v Cd BREEFE 7 5 15 CKOAH L, 35 SR U BH 25 571 fik 2%
FEARRE K K AEZE 0 KRR Y Cd I it 4345, FL22 30 B 35 7 T8 S 97 750 P St 48 Jon oo o2 VG280 Rz B4 P9 R0 S 800 5 5 CKOAH L, Ab 34 T4 5%
FER KFEZET KRR =3 Cd BT 3 B AR Joe £ , B R 43 310K 32.8% .39.7% . 24.4% 5 *H5 35 T BA 178 571 i 25 WA /K A AR L =5
FFEAH Cd ) BB o il T 38 R R B A5 00 o 5 4 e 1 L pHAEL, 32 = B R R AE D 0.3 B4, {EX 1 458 DTPA-Cd Joi 2 43 50 42
EVEM (PR TL ) DTPA-Cd i it 43800 3% K T CK T3) % -1 3 23S e 0T dt 43 30 W A8y (AL 3 T2 T3 G 80k o 12 43 4
BE/NF CK) o B IR R AT AT Cd bR 1 3 3 FEAIGAR Cd A= s 4 REOKk B3 FEAUKREAR  ZE M FIRE K Cd T it 43
B, AR A R T BELAAR B R K Cd i 0 B e 5 0 6.0 g - ke '

SRR HHEF 5 Cd s KA s 148 4 R Bl Ak
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Effects of nutria—amendment on the biomass and cadmium uptake of Oryza Sativa grown in vegetative soil
TANG Mingdeng, WANG Yanhong, LI Linfeng, YIN Yilong, XU Zisheng, CHEN Yong, Al Shaoying”

(Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences; Guangdong Key Laboratory of
Nutrient Cycling and Farmland Conservation; Key Laboratory of Plant Nutrition and Fertilizer in South Region, Ministry of Agriculture and
Rural Affairs, Guangdong Engineering Research Center for Monitoring and Prevention of Agricultural Non—point Source Pollution,
Guangzhou 510640, China )

Abstract: A pot experiment was conducted in 2014, to investigate the effects of a nutria—amendment[0(CK), 1.5(T1), 3.0(T2), 4.5 ¢- kg™
(T3), and 6.0 g-kg ' (T4)] on the growth and cadmium (Cd) uptake by Oryza Sativa L. grown in vegetative soil with a Cd concentration
over its screening standard. The results showed that compared with the control, the nutria—amendment failed to promote the growth of the
whole rice plant, and to increase rice yield. The order of Cd concentrations in the rice tissues from large to small was root > straw> brown
rice > husk, with a significant difference among the four rice tissues (P<0.05). Cd concentrations of brown rice in treatments were all below
the national standard value of 0.2 mg-kg™. In contrast with the control, the nutria—amendment significantly decreased Cd concentrations in

brown rice, rice straw, and rice root, with the highest concentration decrease of 32.8%, 39.7%, and 24.4% observed under the T4 treatment,
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respectively. Moreover, the higher the dosage of nutria—amendment, the better the effect was on Cd concentration decrease in rice tissues.

The nutria—amendment markedly increased the soil pH with the biggest increase of 0.3 units under the T4 treatment, and increased soil

DTPA-Cd concentrations(DTPA—Cd concentrations of the T1 treatment were significantly bigger than those of CK and T3), while reducing

soil available Si concentrations of the T2 and T3 treatments were significantly lower than those of CK. Therefore, the nutria~amendment

owing to its ability to decrease the Cd bioconcentration factor in the rice root tissues, is suitable for application to the tested vegetative soil

with a Cd concentration above its screening standard. Furthermore, the 6 g per 1 kg of vegetative soil was the efficient nutria—~amendment

dose in the pot experiment to obtain a lower Cd concentration in brown rice.

Keywords : amendment; cadmium; rice; soil; heavy metals immobilization

IKFE (Oryza Sativa 1.) 3255 (Cd ) W WS i 58 19 R 5%
BRAEY FORRTR E 250 R A, 21 2
WA 0, T FE AR K Cd R R XU AR v, o
A BRE £ X

2014 4F 4 [E 4 875 YR DL A A i R
A JE SRR CAHESS — L. MO SCHRBF Y 3R
B, 76 CAdi5 YR 38 |, H R 12 0 2 A
IC DL BRAE DT 8 AP By 2 AN AR S i IR
PEEEAE B AR (3 R 284 R ), RIE 2o it Al fk 711
SR B ) 45 Rl 39 pH (L AR 35 Cd TS, A
MREARAET K Cd BT 40 0%, (Hi T Cd 5 4 185836
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JKHE Cd JoT i 43 5007 BERR I i) Cd M FT 1) A7 kL i
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1.1 ke
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Hb, Z5 I TTOR) 2 B R 4 I R R R £
(Typic Fimi—orthic Anthrosols) . >R%E 0~20 em 13,
T3 1 em B, 4 o MG AL #5047 7
PP, AT R I Z5 R AR < pH 6.10, A 4L
Ji129.0 g-kg!, %A 1.80 g- kg A fF A 209 mg- kg
AR 61.4 mg- kg AL 168 mg - kg, Cd 4= &
1.30 mg-kg ™', A 204 Cd 0.624 mg-kg'o 7] WL i% + 35
JIE 3 A s, H - 48 Cd 4 A AR P i 4 198 75 e XU O
HEAH (0.4 mg-kg") 5 & HIMH (2 mg - kg™) Z ] (GB
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1.2 X E B EIER
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1.4 R it K LHE

BT v A 48t SR B 4 R0 0 A 4 S ol
1.5.3.0.4.5.6.0 g (X 17 (4 4b 385 43 51 R T1. T2, T3,
T4) , J5 B BN it 7 SR BB 4 500 i S B ol xof B
(CK), A b 4R E S, AL 204 8 kg - HEFIXS
IR R SR RUBH A5 770 (0.12.,24 .36 .48 g) M 3.43 g it
BERR S AR IR A3 5 3 AR AR L 42 (= o
o0 21.30.21 cm) , J1 1 000 mL H K FE#52 d, ik
FER N — S HORE K FERD T, 109% 3 0 S0
B30 min, 201447 A 29 H -7 EAERE A, B3 235 Fl
39, B0 BUKREFF. 20144E8 1 HFhFH 2,
20144F 8 JT 1S HEE/CE W 23k, IRE (343 ¢-7)
AR ER A (2.37 ¢~ 77" LLBIETE X4 50% .30% .20%
53 3 U T K GEVE (B E) 43312 2014 428 J1 23 H .8
A31H. 103 H). &% KHKRRE X7k
A3 B K 43 BE I B EH - K - R ) A AR
T o AR AR R EE BUE B TR IR . 201448 11
J 1 HWBOREAR KR , R K FEAEARFE 5 R A
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1.5 HEmATbE R NE

F R K FE A ARAE S AN 5 4K BT 0 DA 1 18T 43 b
AR K b B OR A> A ZE RS A . A kK
PR AN ZE 0, whge T e 25 B K 2 W, U
TR G e FARLS s TP L T ARAS . KA
2Em REARE L T HER P 105 CCA T 30 min, 75 CIE
M T 2 T L BRI SR KR AR 2R R ARSI
Jit . RSN EZ S PR FE S, 2 I FEse
REK o B E SRR SRR K (1 0 . NG5 0 Ry iR
KRR 2B AF 5 REKAE & A S 40 HE TR
i 5 e NARARAECT TR A8 TP el Cd it o k. A
AN AN B E SR Z 38 S R B R A AR XL
T3 20 HJR e, fF A3 pH A A RS Cd VA 5L
ShE,

FRER 0.5 g B4 6l 25 M KRB AR 250 Rl 7 FORE KA

il TRV Z AR, B 10 mL VR R (9 mL Al R +1 mL
SR, YN LT Al ) VR T R A AR L I Ay
Fe G T (PerkinElmer A Analyst 600, T [A] ) I % 42 %
FESTH AR P CA MR . BRI 10.00 g 4458, H 45 7400
FE 3 pH (K & HE ol 1:2.5) s FREC10.00 g 35,
JIA 50 mL DTPA #2321 b, F A7 880 7 i 0 oy
66 I R B R Y Cd W L TS A R Cd
J AT, HU5.00 ¢ 48, A 6 1R 4R B -1 0 Eb
RS (820 nm KT H I E A AR

1.6 HELEE ST

B4 Excel 16.0 43, SPSS 10.0 #17 LSD % £
A TR A MG HT

AR (g 27 =R & (g 4 +250 A4
Wi (g4 +REa (g %)

IKAEHEEBAL Cd R = Cd 5T 2 43 B x %
TR P A A Cd BRUR =R Cd iR 40 Hix
T e ot i+ K Cd J5T it 3 B0kt K ot 1

M CdAY & £ ZEU(BCE g1 ) =/KFEH & Cd i &
U Cd

Cd #5328 Z K= K RE 25 Cd & BUmR & Cd i
M EBU(TE o) , BURE K Cd 532 20 80/25M Cd Jii 124y
BT gagersnr ) , BURESE Cd BT 523 B0/25 1 Cd = 40 %X
(TF gzerent )

2 HRESW

2.1 KFBEMERBEEFTE

2 1R, 5 CROAH B i P 85 77 TR0 L9 751 7K
FEAR 250 1 A i SE R G T, T4 AL B AR 25
A ) i 8 R T CK AR AT R K RS AR k2
I 4 A A i 1 5 9 TR SH 4559 4 vt P 2 I AR O
FHE 204554 0.461(P<0.05,7n=20) .0.646(P<0.01,
n=20). SR, FEA F= mt SR AR E B m PR RRAL, H &
CKbHBER R B EHTTIS T4, -y E
I U BEL 4 5] A0 it ) 2 2 BRORH oG, A SE R B -0.316

R KBEVERBETE(E)

Table 1 Biomass of rice and rice grain yield (g« pot™)

AL PR Treatment AW Root biomass ZEM AW i Straw biomass T4 77 1 Rice grain yield PP Whole plant biomass
CK 6.55+0.77b 79.0+7.9bc 69.2+4.5a 154.82+12.14ab
T1 5.79+0.51b 76.9+0.7¢ 60.1+4.3b 142.78+3.21¢c
T2 6.12+0.63b 76.1+5.3¢ 63.7+3.3ab 145.90+8.35b¢
T3 6.24+0.96h 86.6+4.8ab 63.8+5.4ab 156.58+6.84ab
T4 8.02+1.00a 92.3+6.5a 61.9+4.4h 162.24+2.59a

T : [RSNGB R A R R 28 57 .25 (P<0.05) o Rl

Note: The different lowercase letters in a column indicate significant differences among treatments (P<0.05). The same below.
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(P>0.05, n=20) ; 5 CK #H kb, T1 #5457~ & B iR 4
13.15% . /KRG 4 ik Az 4 it 22 B S B AV 385 o 1)
B IR IR AR R FH i S OK R Ak A i R G R B
4 0.420(P>0.05,n=20) , JG {3 FH &4 5 T1 . T2 4 bk
AW b CKAR (L P T K 8 3 K F) L 11 T3 . T4 Fu
=
22 KFEABEBLL CARENE

22 2 0] 0L, HE K RE AN [R) B AL Cd Joit 12 43 FoK
I SRR > ZE I SBEKSFEST , TR I 25 R B, KA
MR BEK RS0 Cd R0 B 1al 34 1k 3] i %
225K 5 CKA G, 8 57 BUBH 4250 AT BRI K R AR |
SR Bofit oK Cd 5T 4B, ELR A3 A B K 31 18 25 /K-
(P<0.05,n=20) , A} ZEM SOREK Cd i /3 805 8 7R Y
REL 92 5] it FH o 00 2 S0 AH DG, AHOC R 58043 301 2 -0.721
-0.885.-0.662(P<0.01,n=20) ; T A AL BRAGRE K Cd
HABWKF(ES PRy RE) (CB 2762—
2022) Hr Cd A PR 48 FR0, o b 3 T4 RS K Cd J5
R CK PRI 32.8% B F7 Y B2 50 XH 1 K i i
FhEYREHE Cd &4 B0 A 825200 (P>0.05,n=20) .
FHOEME A BT 2 B, AR Cd BT & 43 B0 K R 25 Cd o e
O3B 2 TEAE DG AHOC R ECH 0.842(P<0.01,7=20)
IKREZEM Cd T A B R OK Cd o 40 B50b B 2 15 A
X%, M R BCH 0.799(P<0.01,n=20) , K&K 5 A543 Cd
JoT it 3 RO . 2 TEAH G, A OC R ER 0.693 (P<0.01,
n=20) o HEIHIAAERT, B 778 A% 7058 2o 1 fn 1 45
Cd FFEPTH T, PR 888 F2 U R AL, AT FRAIR K
FEHRHR Cd o0 i 23850 (R 58 B A B, IS R B /R
% A B 45 700 B AT K AR AR 8 Cd 5T o 0 B TR )2 L

n=20) ; Kb FE T4 {9 pH I K, BEH T T1 5 CK, &
FETIRH 45 KX+ 3E DTPA-Cd A 50 — i 14
VERI($63) , /b FET1 (9 DTPA-Cd T & 0 5 B & KT
CK F1T3, E B pH T 5 L3 DTPA-Cd JiT 247
B E A E (P>0.05,0=20) . 5 3% FRIBH 45 I AR
T A RS RE R A, b A T2 T3 AR T
CK, B A RIBH 5 50) FH 3 55 3 bl 1 - 5 2GS ik it i
A3 Z 8T A DG OE R A R B -0.434
(P>0.05,n=20) (% 3), f DGR, [ 5 73 750 BH 42 551 it
Al A RS 4 3R RIS KA TR R R X 1
ARG sk, L3 pH(H S 5 DTPA-Cd
JRR A3 KOEAT AR e, -3 DTPA-Cd Ji 43 5
5 RS R R 4 B G S 2 A S L E 3 pH A
55 A A RS R T B A B[R] S AR O HH G R
B -0.505(P<0.05,n=20) . [K 4T, 8 5 7R BH
FUAS S 1o 4 5 3 pH A, B AR+ 3 DTPA-Cd i =
O3B, H R - RS R R B, TE TR IR ARG AR
ZEM REK AR Cd R A0
2.4 KTEHEHRAEEBLIA Cd RIRE

Y5 CK AR L it F 75 57 R L 42 50 A 1 3k 36 /K A
HEZEM RS Cd RELE (R 4) . WFRATTHEH, K
FEWZ U1 Cd KR 5 RAFE KRG ZE I rp, K FE Cd BT
RN ZENSHESAES, H TR R, KR
W FEA=HNCd BRI E R EER ., &L
A A A E A5 T Cd B 2R Cd

F*3 TEPpHE DIPA-CdRENHEBTRSERENH

Table 3 Soil pH value, available Cd and Si concentration

il , 75 B 5 St — e wa pngy  DTPATCURIAEC  ARGER A
23 TpHE DIPA-CARBABSAYERBR  Tomen pllvae OV ook
T CK  6.97+0.10¢ 0.464=0.012h 343+24a
50146 135 pH 6.10 1 Hb , FP ALK RS I BT A Ab 21 T 7.12:0.05b  0.509:0.026a 329:+15ab
F3E pHEA T E £ 7.00 /£ 4 (£ 3) ; L3 pH{EREE T2 7.18¢0.03ab  0.4730.035ab 317+4b
S T L 2 30 80 P T B 5, 4 pH L R A T3 7.22+0.05ab  0.4630.033b 310+8b
BEL 20 P-4l 5255 1 ML L AOG 2280 0.827(P<0.01 | T4 7.27:0.05a  0.478+0.035ab 327+12ab
F2 ABEKETD CARES B (ng-kg")
Table 2 Cd concentrations in parts of rice plants(mg-kg™")
Ab P Treatment Hit Rice root 251 Rice straw 5% Rice husk B K Brown rice
CK 2.45+0.39a 0.588+0.023a 0.049+0.010a 0.152+0.021a
TI 2.09+0.19ab 0.475+0.035h 0.05120.010a 0.13120.019ab
) 1.90+0.08h 0.395+0.033¢ 0.05120.007a 0.128+0.011ab
T3 1.75+0.15b 0.355-0.028¢ 0.0500.008a 0.12320.015h
T4 1.85:+0.10b 0.355-0.040c 0.0450.011a 0.1020.024b

P 1%) WHARTY
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F4 KFEEEKAREBLA CARRE (ng- )

Table 4 Cd accumulation in parts of rice plants (g« pot™)

AbHE Treatment  # Rice root  Z5M Rice straw  Fi4F Rice grain
CK 16.1£3.6a 42.9+6.9a 8.43+1.55a
T1 11.422.7¢ 33.1%7.2ab 6.39+1.01b
T2 11.6+1.3be 30.023.0b 6.70+0.37ab
T3 11.0£2.7¢ 31.8+8.8b 6.46+1.01b
T4 15.3+1.8ab 29.1+7.5b 5.30+1.44b

FH AT Cd RREE=~2:511,
25 KECIMENEERBERZRHE
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SIS A TR E
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Table 5 Cd bioconcentration factors and translocation factors of rice plants

b3 BCF 1. 328 Z B Translocation factor
Treatment BCF oo TF 0t TF saion TF 20t TF oo TF sz TR
CK 1.88+0.30a 0.230+0.061a 0.282+0.038b 0.090+0.012b
T1 1.6120.15ab 0.226+0.070a 0.3100.047ab 0.12020.021ab
T2 1.4620.06h 0.209+0.025a 0.32620.032ab 0.130+0.020a
T3 1.35+0.11b 0.211x0.058a 0.343+0.038a 0.14120.031a
T4 1.42+0.07b 0.167+0.049a 0.32620.012ab 0.143+0.013a
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