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R A I . IS R KRS £, W2 i E ALK
FE A, B BB Bt s AR . B3R Cd i
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CK: TRRATI 0 B P2 B INESBEORAE 5 ST IR INBRRN ; S2. BHNBLRRSA s PS1 - AL EERRNE ANBRLAN ; PS2 AR IS EEWENT AN AR N . A [/
B3R R R B2 0] 24 57 4 25 (P<<0.05) ,ns F#/n A3, T A, CK:No passivation agent control; P: Adding calcium magnesium phos-
phate fertilizer; S1: Adding sulfur; S2: Adding sodium sulfate; PS1: Adding calcium magnesium phosphate fertilizer and sulfur; PS2: Adding

calcium magnesium phosphate fertilizer and sodium sulfate. Different lowercase letters indicate significant difference among treatments (P<C

0.05), ns indicate P=>0.05, the same as below.
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Fig.1 Dynamic variation of soil En(A) and pH(B) in different treatments
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Fig.2 Variation of the content of available phosphorus
in different treated soils
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Fig.3 Variation of the content of available sulfur

in different treated soils
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Fig.4 Variation of the content of available Cd
in different treated soils
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Fractions of Cd in soil
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AP Treatment

RE/NG FREFIR AR A B2 6] 22 5 3% (P<<0.05)
lowercase letters above the bars indicate significant difference among
treatments (P<<0.05).

55 ARAETLECIREFHRSALLL
Fig.5 Fractions of Cd in soil under different treatments
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Bl 5 Cd iy 5 e CK 4 BBy 64.2% TH i &
71.6% 34088 11.5% , PS1ALBEAY AL 5 5 CK Ab
FEAR LL I J0 3 22 S, W] PST Ab B2 4 i + 4 ]
A Cd [ FE A Cd 15440
26 TECIESEENH:.EUWm.pHRENK
XS

+ 3 Cd 255 H A AS U 38 b 19 40 D& 2 B
F 1R, Eh5n 2 ds Cd & & B B 3% (P<
0.01) IEAHE , AHIC R ECH 0.806 5 1] 284 25 Cd & i 5
RO B A RO R D (P<T0.05) Bib B 3%
(P<<0.01) iy A &, A0 & & %4 5l —0.575,
—0.694, Eh55RiEZ Cd & & 24 8 3% (P<<0.01)
AR AR R A —0.748, s Cd & 54%%
B B i A A i R B (P<<0.05) IEAH G, A6
R0 R 0.532.,0.579, FRIEZS Cd & 75 ] 58 e
A Cd E 2 S E (P<0.01) AR &, M E R ECH
—0.936.

S5 HRHE B2 . pH X Eh IHE X1

Table 1 Correlation of soil Cd forms and available phosphorus, available sulfur, pH and Eh

BN

AT AR

Indicators EXC CAR OxX oM RES Available phosphorus  Available sulfur pH Eh
EXC 1.000
CAR 0.165 1.000
OX —0.042 —0.185 1.000
OM 0.327 0.050 0.624™ 1.000
RES —0.936™ —0.342  —0.193  —0.559" 1.000
fjﬁﬁ]e phosphorus —0.575" 0.307 —0.122  —0.501" 0.532" 1.000
F 3 Available sulfur ~ —0.694™ —0.415 0.578" —0.036 0.579° 0.237 1.000
pH 0.084 0.350 —0.615"  —0.409 0.024 0.379 —0.561" 1.000
Eh 0.806™ 0.257 —0.140 0.104 —0.748" —0.527" —0.722" 0.281  1.000

e RR 25 5 3 (P<<0.05) 3+ 38 7R 25 5 i 35 (P<<0.01) 5
significant correlation(P<<0.01).

T8 3 A S A A B — A0 A5 - AE R A B BE
RT3 3% Eh A S0 A 8508 a4 e As , JF sz
] AR A Cd [A) BRI 25 Cd By %0

3 3
31 MBS AMNEHLIECIENE

A
Wi g2 45 60 KIE, PS1 ACFE Y Eh (B A% , PRk &2

—221 mV, M Eh FREE —100 mV B}, 52 Eh 8 R
%(SRB)M% SO/ iR JF A S, AR - A SR )

UYL ST b S BER RN A

Note: * indicates significant correlation(P<C0.05) ; ** indicates extremely

Bi5£60 d N, S2 F PS2 b B A i & S P —
%1&5@%%%@1{\1)\51%1351 b BRI A SO
BB INE T REM B, IFEAET, HEA R
RN ST, 5 Cd* B i CAS YLTE , I 768 i
FEPOE 2 My , ik 2 5 Cd B AL Ui vE,
TR AR 396 5 Cd B |1,

H J& 52 1 58 b Cd A 2 W@EI%, 5CK
ﬁi‘ﬁﬂ‘ﬁtb,P&fﬁﬁE‘J pHAEHE S T 0.39 4 9f , I 4R
B 7 R HEpH A, A RS Luo %5 AYBF ST AR — L,
LR T 2 W5 6 B I K A9 Ca® " i Mig? A5 b 3
T, 65 R R H R AP B T & AR s R
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AT 4R i S pH A . pH (4R s 23 hn 38 b iy
OH s HCO, ¥ , 5 CdTE B A E AL Py sl iR £8 1T
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B A B4 i FH 2 388 i 39 A HT, DL e MK R T
- HEIREE G A+ HE pHAA A B A IR AR T, DA 3
PS1 1 PS2 4bBH A + 8 pH A 2

ARHFFE R, PST AT PS2 Zb B A A Rk & B B =
FHAbAL B, H PS1ACBE A A 208 & e . —
T2 5] R 55 B i O A B 0 A R it B R AR, il A
WG SR MmaE R, 5 — IR SO & m
Jei) - 38 v ER R B U B (- SRR B R A |
A P B AW A B T A RO L R T
PO, \HPO,* H,PO, ZBi B B T A I 1E 2%,
FAN AEB T, Fe B 28 A2 it Fe-P )
B, A - e b B B ER Y, 13 P i S B B AR
BT LS Cd I s B PR R UTTE , T PR 42 1Y
AEYE T 3 H Cd 8588 J5 e P iR 25 5 Fe-Mn
SR BRI , PR A Cd A M

ARHFFE R, PSTARBRAA 840 Cd F 5 AIC, Al i sk
SFF oA R A S - QOB RS 45 i AT 56 Ab
R ER BRI, 4w 1T IR R AR T
CAS VLVE A= . OBLRE FES BERE AL 2 = T+
HERY pHAE, 3958 T L 3EXT Cd* T BB AN 2 . O
i R 6 Wl N B FH AR AL T O 2 O IR AR S -, in ik
TR X Cd® T 1 E 2
3.2 WRPBFNEEEEREPLEL XY 115 Cd B MR NT

5 Cd AR [ AT S 7E — 2 FE B b
T Cd Wi B A B A A stk . ARWESE
JE By it AR 2F 1 4 B AT A2 402 Cd ) 5% i A4S Cd 1 %
b, 3% JEH T ST 5 Cd* &I L CAS UL , X 55 Zhou
ST T e 4t SRR — B SR IR A A i S 2
XY IR A2 42 Cd 1Y o b 48T 1 R EskiE 25 Cd
(A EE , 33J2 FR T B A A e I e A R S
FHEPAY Cd KA TAREARRYY, ABEgE T, PS1 4L
PRAY AT A2 47 Cd i P ik, 2RI A Cd b eem . 5
CKAMEEAR L, PST A BR A AT A2 4045 Cd o L Hh 16.6 %6
AR 2 10.1%, 5k A Cd (5t i 64.2% TH &
71.6%0 . 15 BH B AR RS BE Wi NE 156 A5 it FH mT LA D3 ) 412
HE I T A2 425 Od T sk 2 Cd (% 4k

AH AL 43 BT 26 B, B A Rl A ) B¢ 45 it ) 3 2k
Xt Eh A RO R RO G52 8 R 2 1T A8
A Cd M FR A Cd e, 45 R R, 78 Cdi5 Y g

FET 38 L, AT L TR A R 0 TS R, 0 A 5
NS I P B RE (2 2 - HE nT e e 25 Cd 1) 5k i 245 Cd 1
L8

25 Lk i AR % 8 Wl S 5 it P A4 e
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Effects of combined application of sulfur and phosphorus
fertilizers on Cd availability in paddy soil

HE Lang', LI Hongying”, XIONG Qizhong', ZHANG Hongmei’, LIU Wangbing®, YE Xinxin'

1.College of Resources and Environment , Anhui Agricultural University/ Anhui Province Research Center
Jor Intelligent Manufacturing and Efficient Utilization of Green Phosphate Fertilizer/ Anhui Province Key
Laboratory of Farmland Ecological Conservation and Pollution Prevention/Jianghuai Key Laboratory of
Cultivated Land Resources Protection and Ecological Restoration ,Hefei 230036, China;
2.Institute of Soil and Fertilizer, Anhui Province Academy of Agricultural Sciences, Hefei 230001, China;
3.Anhui Province Institute of Land and Spatial Planning , Hefei 230601, China

Abstract A soil culture experiment was conducted to study the effects of two sulfur fertilizers includ-
ing sulfur and sodium sulfate combined with calcium magnesium phosphate on the changes in Cd availability
and the transformation of Cd morphology in paddy soil to investigate the immobilization effect of sulfur fer-
tilizer combined with phosphorus fertilizer on cadmium (Cd) in paddy soil. Six treatments including control
(CK), calcium magnesium phosphate (P), sulfur (S1), sodium sulfate (S2), calcium magnesium phos-
phate + sulfur (PS1), and calcium magnesium phosphate + sodium sulfate (PS2) were set up. The rela-
tionship between the Cd availability in soil and the available sulfur, available phosphorus, pH, and Eh was
analyzed. The results showed that the Cd availability in soil decreased significantly after applying different
immobilization materials in the soil. Among them, PS1 treatment had the lowest content of available Cd,
which decreased by 49.8% compared to CK. P treatment increased soil pH by 0.39 compared to CK. S1
treatment significantly reduced the soil Eh value, which was 23.2% lower than CK, and promoted the re-
duction of SO, to S* . PS1 treatment significantly increased the content of available phosphorus in soil.
Compared with CK, the available phosphorus in PS1 treatment increased by 81.9%. PS1 treatment syner-
gistically promoted the Cd transformation of exchangeable fraction to residual fraction in soil due to the reg-
ulation of soil Eh, available sulfur and available phosphorus. It is indicated that the combination application
of sulfur and calcium magnesium phosphate has potential in alleviating Cd pollution in paddy soil.

Keywords cadmium morphology; cadmium pollution; sulfur fertilizer; calcium magnesium phos-

phate ; soil contamination ; soil remediation
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