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Alkaline slow-release fertilizer decreased rice Cd uptake at Cd-contaminated paddy fields

TIAN Fa-xiang*?, JI Xiong-hui*?*, XIE Yun-he®?*, WU Jia-mei*3, GUAN Di**

(1.Soil and Fertilizer Institute of Hunan Province/ Ministry of Agriculture Key Lab of Agri-Environment in the Midstream of Yangtze River
Plain, Changsha 410125, China; 2.Longping Branch of Graduate School, Central South University, Changsha 410125, China; 3.Southern Re—
gional Collaborative Innovation Center for Grain and Qil Crops in China, Changsha 410125, China)

Abstract: A field experiment was conducted to study the influences of alkaline slow-release fertilizer (AF) on soil available cadmium(Cd)
and rice Cd content in typical Cd-contaminated paddy fields caused by chemical point source pollution ( Beishan site ), sewage irrigation
non-point source pollution( Meilingiao site) and atmospheric deposition non-point source pollution ( Datonggian site ) in Chang-Zhu-Tan
area. Three treatments were set up at each site, which were conventional fertilization (CK ), additional lime application at 1500 kg - hm-2
(CKCa) and application of alkaline slow-release fertilizer (AF ). The results showed that: The application of AF significantly increased
rice yields by 290.8(+3.9% )~605.0(+7.3% ) kg-hm= in the three experimental sites(Beishan, Meilingiao, and Datonggiao ) with an aver—
age increase of 467.8 kg-hm=2 (+5.7%,P<0.05) compared with CK treatment; Applications of both lime and AF increased soil pH and re-
duced soil available Cd contents as compared to the CK treatment, with the effects of lime superior to AF at the three sites; Applications of
both lime and AF decreased Cd contents in rice grain and stem at the three sites; AF was superior to lime on decreasing rice grain Cd con-
tent at the acidic soil sites( Beishan and Datonggiao ) with the rice grain Cd content further decreased by 0.023 mg-kg™ (-13.5% ) and
0.080 mg-kg™(-26.7% ) in the AF treatment as compared to CKCa treatment at the Beishan and Datonggiao sites respectively, while lime
was superior to AF on decreasing rice grain Cd content at the nearly neutral site( Meilingiao ).

Keywords: cadmium; alkaline slow-release fertilizer; rice
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TS | Rl FH Cd TS s . R A /KR SR R
Mkl 12 %5,

(2)MERMF KA DTRE AT IR T5 G 00 o o TR
ELHGAR A4 (27°46'9.80"N, 112°56'52.93"E ) , Sk 45 Y
LR B KRS L R RE , T8 pH 6.4, 184>
Cd {5 0.84 mg-kg™?, A& Cd it 0.29 mg-kg™,
TF2 Y5 Y Ji PR TR BRI Tl R R KA TR e
o PR KRS SR AR AL 13 5

(3) KRR « Y53 K VI T V55 i o5 o 2 TR
KRl B4 (27°08'25.21"N, 113°22'15.92"E ), Sy JAl 7 it
LB IR YERE H , WZERE A, £3 pH 5.0, -
4> Cd & 0.42mg-kg?, ARA Cd &4 0.15mg-
kg™, TG YR R MR Tl 5 K AL H B
A TR A I 2 E I S | AT FH 39 Cd V5 g, Rl
(7K b AR D 12 5

P FAEARL A 224 1 5 R TEL 5 A K i T8
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o 10-4-11, AP 2 BEA SR T A B (B KN I
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1.2 KW AH*

FEAC L AR K [R5 W) B A4 7 /)N X
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P RS R R IR, P L N-P,0s-K,0=10-
4-11 5 AHE 750 kg-hm2, #4kJ5 7~10 d i8R £
150 kg-hm2; kb3 2. CKCa, & i AL , 34 it 47 /K 1500
kg-hm2; kb3 3. AF, Lt 7= "l 22 B IR 750
kg-hm=2, #4kJ5 7~10 d jBjifi )k % 150 kg-hm=2, frfg
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1.3 SHFAE

THEARES Cd i R BT i ARSI
B 1 00 i IR S ) (GBYT 23739—2009 )34 7
Eo Fr 10933 20 Hf 4%, A DTPA-TEA-CaCl, 2
P2k (+:7K=1:5)50 mL,4i&3% 2 h J5 i U8, #ke 20 )5
F ICP-MS(ICAP Q,thermo fisher scientific ) Il & ¥ ik
Cd it 4% Cd 45t Frit 100 Hifi 4% 0.30009 F
THAE T, R HNOs=H,0,-HF R Il 7, & & fm i
U8, FH ICP-MS ek Cd Wz . /K FepkiK SeAipk Cd
it FRFE 0.300 0 g TH A H, 435I A HNO; 5
mL H,0, 1 mL, faBeiifif , i 250 , i ICP-MS il
Cd &, DI EIrareaIaer-1rie.

¥4 F SPSS 17.0 f Microsoft Excel 2003 #£47
Giitortr.

2 FERE5HMH

2.1 AELEXKTEFEENZIT

B 1R, JE il AR KRB =AM S
e Y DAB A 28 R E A P e 5, P 4R 7 753.6
9346.8.8 921.7 kg-hm™2, %} B4 3.9% .5.7%(P<
0.05).7.3%(P<0.05), 737l ¥ A7 KAk BRI 7 383.8 kg
hm2(+5.2% ) .619.0 kg -hm2(+7.1% ,P<0.05) .665.7
kg -hm2(+8.1% ,P<0.05) ; = s - ¥4 45 Xif 1 Aub B 448 7=
467.8 kg-hm2(+5.7% ,P<0.05) , # f7 JK 4b B 184 7
556.1 kg-hm2(+6.9% ,P<0.05), S5xfREANFEAH 1L, £7
JRACEE= 5 AT BT T B (A2 AN i . ARS8 i
RN AR LR R IR R IR R 5
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Different lowercase letters indicate significant differences among the
treatments at 0.05 level
1 FELEKES=E
Figure 1 The rice gain yields of different treatments at the three
experiment sites
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53 (R4 B A 30~60 d) 5 HoHh 1) 3 JiRoFn 5% R
JBk , A28 3 A W ) I 22 YR 03 Al A e Ak g mT
YEVI Y TEHLAS A, 72 K P 1 2 R e A R o0
(TR REUR 1 60~120 d) ., [A]ER, AP g0 HH DR L
A SR, AT AR N - S fons 25 5 T8 e R
G, T IR0 R |, RERE A 78 73 Wi, S 2R
NEARLF IR R4 0, AT I e rh s 2 B A
TANERIHER TR, AFA 7K FEA X IR 1T K i
AR T IKAE - B R
2.2 AEGEXKFERIIFAZR Cd & 28I

At AR R R = AR S AR ZE
Cd Fa W3R 1. S5 IRFRWY, it 1A K st 22 B e
BIRERRARFE A (220 Cd &t . HXTRAH I, =AM
5 50t A K RS K Cd B 54351 T R 0.101 mg-kg™
(-37.0%,P<0.05) .0.140 mg - kg~*(-65.7% ,P<0.05) .
0.045 mg-kg(-13.1%) , 25 Cd 44> B F F& 0.444
mg -kg™*(-32.1% ).0.518 mg - kg*(-59.3% ,P<0.05) .
0.517 mg-kg™(-24.2% ) ; =AM 56 5 it FH Bl 22 B e
AEK Cd £ it 43 ) T % 0.124 mg- kg™ (-45.5% , P<
0.05).0.074 mg-kg™(-34.8%,P<0.05),0.126 mg-kg™
(-36.3%,P<0.05), 2£M- Cd &4 5l F % 0.142 mg-
kg™(-10.3% ) .0.245 mg -kg(-28.0% ,P<0.05) .0.625
mg-kg?(-29.3%),

FEAC L K [RIATE DAB I 22 R B AL PR Cd 4R 44
U, [l RAR LG, W b A A K Cd 55 1243 31 R % 0.023
mg-kg?(-13.5%).0.080 mg-kg?(-26.7% ), K [F]#F
25 Cd & i T [ 0.108 mg-kg™(-6.7% ), Jb il =& it
Cd & A Frde i , (HACFR(A] 22 5 AN BT 5 T 7E AR
B PE S BENE B R Cd S8R TN IR, HoAs K (25 Cd
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(76.8%,P<0.05), A UL , AN [m)3a 6 5 A B Cd 25 5 7T
55 i S BT pH S5 G
2.3 AE4EN L1 pH K HIEERES Cd S BRI
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IR 2), dbil MEARER K IRIHR it P A 0K e n
-4 pH, b AR K IRIRE L pH B, S
Xof BEAH EL , =X 50t P A 0 e A 38 pH 4y
B4R 7 0.35.0.45(P<0.05) ,0.44(P<0.05) 4™ B4 5 Bk
PEGE ARt RERG I ) - 48 pH, =AM 05 4351
AR ES 0.20.0.16.0.11 A (H 25 TN i 38 ik
PESERALE T 13 pH (AR K

el MEABE K R = 3056 A5 it FH A7 MK AR BE [
33 Cd i & &, Hoh KA TR 0.022 mg -
kg™, BEMR IR 11.7%, i B E /K5 b1l AEAONR R iR B
BeAg B 7K (E LR 43515k 6.9% .6.5% Atk
ZRNEAERRTE 13 E (bl K FIAR ) RE 0% A AIK £ 3
Cd WA RLME, SXTIEAREL, PiFERE 5518 8.3% .
6.9%, {HL7E i ok 398 b (HEARAR ) JERL , 3 iR mg A
Bn o AL, B 2% BEAE AR R 135 Cd 1A &K
PEFAIA K. M358 Cd A 3 B iR B, KT

BEhtE P A K B E 2 BERE RO BT, B Lk, g
MR R B 22 o IX ] e SR | SRR | A
PLBTA Ko
24 KFECI EEEXEANSCISE LB pH W
LEESES 80

Jeilr HFARHF R [FIFF AR R R K 2Rt ) R 4
AR Cd i L pH Z IR AR DGR B (3R 3),
JKREREK Cd & /K2R Cd & i B B IE ARG R
EE L 57U NI/ Sl BT E ST & S
B KAEZE M R R 1Y Cd 2, Feizs EREKH Y
Cd Wil (HAEAC AR RO EA 2, B AE L
IR AR K Cd ik sz AR R AR . =X
SRR e 25 Cd 5 5 H A RGS Cd i IR
FHOR AHARR IR K, R R 2R Cd AL
52 PIEARGE Cd SRR, 2V HAL R
2o =R 0 A RS Cd i 5 3 pH &

F1 ZMRBSAESERKEREKSEMNCI &8 (mg-kg™)
Table 1 The Cd contents of rice grains and stems of different treatments at the three sites(mg-kg™)

e deih HEAAF PG
>k Cd =£m- Cd Zkn Cd & Cd 25 Cd
CK 0.273+0.027a 1.380+0.133a 0.212+0.032a 0.874+0.056a 0.346+0.078a 2.136+0.222a
CKCa 0.172+0.057b 0.936+0.429a 0.073+0.006b 0.356+0.024c 0.301+0.067ab 1.618+0.264a
AF 0.149+0.036b 1.238+0.414a 0.138+0.028b 0.629+0.102b 0.221+0.023b 1.510+0.196a

T : R SBa J5 AR [R)/ING 5 BER R 4540 B ) 22 55 8 35 (P<0.05 ).

Note: Different lowercase letters within a column indicate significant differences(P<0.05) between treatments.

2 ZNRBRSRAERENLIEpH BUECAEE
Table 2 The soil pH, available Cd contents from different treatments at the three sites

e deih HEPRIR KIaHE
pH + e %% Cd/mg-kg™ + 3%k Cd/mg- kg™ pH + 3% Cd/mg-kg™*
CK 5.19+0.08a 0.230+0.005a 6.43+0.07b 0.303+0.009ab 4.97+0.09b 0.186+0.004a
CKCa 5.54+0.20a 0.214+0.012a 6.88+0.15a 0.283+0.013b 5.41+0.10a 0.164+0.005c
AF 5.39+0.08a 0.211+0.009a 6.59+0.10b 0.327+0.026a 5.08+0.08b 0.173+0.002b

TE : R SNBR J5 AR [R)/ING 5 BER R 4540 J ) 22 55 4 35 (P<0.05 ).

Note . Different lowercase letters within a column indicate significant differences(P<0.05) between treatments.

# 3 =M AKTETER EH Cd @85 1 pH R HIRA RS Cd S 8MHEXME(n=9)

Table 3 Correlations between soil available Cd, pH, and Cd contents of rice and stem at the three sites

JH el HEpkAF KIFIHE
ZnbCd A Cd  L3EpH Zitcd R Cd g pH ZEMCd  HiAECd H3EpH
&>k Cd 0.59 0.44 -0.29 0.93** 0.33 -0.84** 0.66* 0.27 0.09
=0t Cd 0.06 -0.32 0.27 -0.94** 0.60 -0.51
- 3EA47%% Cd -0.31 -0.40 -0.78%*

HE U FOR 0.05 B8 EKE, A F0R 0.01 18 EKF

Note . * Correlation is significant at the 0.05 level (2-tailed );** Correlation is significant at the 0.01 level (2-tailed ).
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3 itig

7RI, 14 pH 5 £ 38 Cd FEPERY F 2
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TERSPE AN AL WA B2 JR R SR 4 5, R
R IR E B v I pH A, Rt A R H AT
o R - R IRE & Cd T Y 4 1R F B
ARG, Jbl AEMAT K FRE = AR Cd 154
e it P R S 5 B i 7 4 pH, BRI T
B Cd S, FRAIE T /KRR K B2t Cd 2, ALXF
KRG O R . SR, A KIS 2 e A
CaCO;.,CaSO, 1M F - HEM 2 , Q55 4 it FH g
BB FRAR S0 S RN = i A 7= o DR it P A K L
VR — Rl Stk B Z 15, ASRE I . A58
B4 B G R AE A SRy — Tl B BBk 7= iy, HAK I W
[ pH (B> 8~10, L ABAE A 15 13T B, $2 15 14 pH
{EL, (PR Ll P A A ik, it P ot A A IR ) —
e, Bt ARG Bl R " e A = 4% pH (i %
33 Cd Sty AT K

SR, KAHFHER Cd Braz LIEA B A Cd 5
it 3 pH {ELRZ I A1, SN )R T B 5 I K AR
Xif Cd AW, 2 20 w) AL P Bk 28 R AE Bk
REREE R AEYI X S 43 R Ah, & Ca0.SiO,.
Zn0 R4y , REA S AR /K ARG X Cd iy i , sk /b Cd
TERGAK R R BEGT A, ik BE B 5 30 1 Cd 7]
R EB IS B, R AMAE H R AR R i s [R] B
FEAR T BUAMAN AL S Cd By& & BRI R 45 475
() Cd i 2 /0 X i AN |y B A S g 2 S
PIBIFTE IR, HE AT DARRAOK RS Y Cd 13T RS
K43 Cd i B FEAR TR ANZE b Hh, BHLIE Cd ) BT

B, RIRAR/K R T 83040 19 Cd i[RI, A W5
2 OS2 0B A R R AR A e it B g Wz e, L Cdl
ML EZERIA Zn Cd 76+ 38 AER T RS HU/E
FERUETCRE Y, BEXT KRS Cd Wi i V8 FH ek (2
F HUOREE R A W e 44 R AR 108 HFRK
H SRR E ARG K Cd 3 5 Cd ., R % Cd
ARG &, SIS R R, RSk Cd il H 58 3%
PESREEIFO M TR RMA SR FK Cd H &%
AR Cd S, mEEARES Zn /N T
12 mg-kg™ Bf, A Cd 5 Zn XFKH Cd
W& RB I RER, KT 12 mg-kg™ IF, P53
BUNFESTERT, ol LA REK Cd R .

CaO A KM EZ e isr, HAEMYLEFE A
Ko I AL L MR K R = A1 it FH ik
PR, S AR A3 5 1 pH (B FRAR - 58 3%
Cd & AWK, HEdbil . KIRIFE w115
et P R, LA OK Cd B i A KA B
B TR, X522 &4 Ca0.Si0,,Zn0 %
WAARTFRZ, — i Zn 5 Cd fsH/ERmW A T
TKAEXT Cd 1 WISC IR , 55— THI KRR X Ak P WA s 4 ol
Cd [ FHSy sk, FEAUKFARN Cd T he
iR Cd s B4 ZEAR FR A 2Lt o BHAE Cd ) - iE
%, T FAR K AR K B Cd At o 7E AR B9 I
P35 it B SR BRAE , KRG R Cd IR A Ay
IR XA REAFFELL NI T Zn 5 Cd PEm AL,
FEM YRR L3 b it A BISNEEEZR 5 A R R L |
A TTTE B SRR [T, DT RRAIR 1 %
Cd BRI SRR RE AR T DA B R R 2, 17
BRI, 1E pH=6 B, 5 Hh ] i e ik A SR ek R i
JEARZSAFAERY, IR AE AR IS AT 1Y 398 it i X LA
KA WO T, o 2 BOHL R Cd RO T B, i i
R FEfRHPER 45 1 RRARKRE Cd & 2 RICR
N/iFay 3

4 Hig

(1) 58 HUt AT AH bG35t A Ak L AR LK
(R #F = A~ MUK AR P e 4 A BT T B (AR 15
FOKF5 IR RRE,, = A KRS R
290.8(+3.9% )~605.0(+7.3% )kg - hm=2, -3 7~ 467.8
kg-hm2(+5.7%,P<0.05) , 3= fg &

(2)Jit A K A 92 R N #F BE 42 - 1= 13 pH |
KA 1338 Cd By 80k (R 22 R NE A 4 1358 pH
I RE T M PR - 38 %4 Cd & & YA ITA K.
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