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Effects of vermicompost on the migration and transformation of heavy metal cadmium in soil-rice systems
ZHANG Xiao—xu, ZHANG Jia—wei, SUN Xing—xing, XU Yi—qun, XU Jian", ZHU Jing

(School of Environmental Science and Engineering, Yangzhou University, Yangzhou 225100, China)

Abstract: To reduce Cd content in rice and to explore the effect of vermicompost (CV) on Cd absorption and accumulation in different
crops of rice, a pot experiment was carried out to investigate the effects of CV on soil Eh value, pH value, fractionation of Cd in paddy soils,
and Cd content in rice grains. The results show that CV can significantly reduce the Eh value of paddy soil. Moreover, it considerably
reduced the pH of paddy soil at the tillering stage of rice. However, it had no significant effect after the crop entered the heading stage. The
addition of CV changed the fraction of Cd in the crop. In the tillering stage, the environmentally active Cd content decreased significantly,
except for the low addition of 6.3 g C kg™ soil. The larger the amount of CV added, the greater the decrease of Cd. In the heading stage of
rice, an added CV of 41.3 ¢ C - kg™ soil had a significant reduction effect, and in the ripening stage, the content of Cd in each treatment
group decreased drastically. The addition of CV significantly reduced the content of Cd in brown rice. The content of Cd in brown rice
decreased by 48.08% when CV of 6.3 g C+kg™' soil was added. When the amount of CV was increased to 16.3 g C+kg™ soil, the Cd content
of brown rice decreased to 0.157 mg- kg™, meeting the national rice Cd control standard of less than 0.2 mg-kg™. There was no significant
difference in the content of Cd in brown rice among the groups with the increase in the amount of CV. The content of Cd in all parts of the

rice plant decreased significantly in the whole growth period in 41.3 g C kg™ soil. While the Cd content showed no obvious pattern in the
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stem of the rice plant in the heading stage, the content of Cd in the roots, stems, and leaves of rice in other growth periods showed that the

greater the amount of CV, the more obvious the effect. During the whole growth period, CV reduced the content of exchangeable Cd in the

soil by decreasing the soil Eh, consequently reducing the amount of Cd absorbed by rice.

Keywords : vermicompost; cadmium; rice; paddy soil; accumulate
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Table 1 Basic properties of the tested pot soil

H AR AR AL B 40 ki)
p Organic matter/(g-kg™) Olsen—P/(mg-kg™) Avail-K/(mg-kg™) Avail-N/(mg-kg™") Total Cd/(mg-kg™)
7.33 8.70 61.10 223.81 87.50 0.73

H Je Je i 25 A, HoA L% 4 4325 ¢ - kg, pH
6.90, 4> Cd % &4 0.41 mg-kg™'o
1.2 REFHE

I T 2018 4% 6 H e M KA IRBE Rl 24 5 TR
EBEIEAT o AR BT R S IR A 24 em Y
%22 em, AEKAERLE R AT 30 d A8+ 5 ke IF it
AKEAE (1.0 g JRZE 0815 g Wik — A8 .0.275 g &
fR5) WK IR e E T R 2 em RS, T
20184 6 H B AR ML, B3 7, B 3 Bk . M| 254
S — R MR, S 5 A SR AT X L
HA I DL i, 152 6.3.16.3.26.3 g- kg 1Al
41.3 g-kg™ 4 4K (N Jin e 451 25 ) 45 4k B2 7K R
T HEHLEE N 15.25.35 g- kg 150 g-kg ™), 435l
ICR T T2, T3 F T4, DLAS S Ji e 451 2% 4y 5 B (G2
CK), 25N ab B, BN 3 3 T 42, BEHLHES . K
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2018410 H 31 Hkdk.
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GBW10043(GSB-21) .
1.4 BESEITE D

K H Excel 2010 #4784 40 21, SPSS 19.0 #4754
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2 FHRE5HSMH
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Figure 1 Effects of vermicompost on dynamic changes of pH and

Eh in paddy soil
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Figure 2 Effects of vermicompost on Cd fractionation in paddy soil
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Figure 3 Content of Cd in rice organs in different growth stages
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Table 2 Impact of different treatments on brown rice Cd uptake

Qb3 FF5¢C Shell &K Brown rice
Treatments Cd/(mg-kg™) [ Decline range/% Cd/(mg-kg™) F# @ Decline range/%
CK 0.265+0.043a 0 0.617+0.030a 0
T 0.1300.037b 51.06 0.32120.010b 48.08
T2 0.0500.009¢ 81.12 0.157+0.013¢ 74.63
T3 0.055+0.014c¢ 79.18 0.1630.028¢ 73.67
T4 0.060+0.013¢ 77.28 0.137+0.027¢ 77.79

T - [ [l NG B A PR ) 22 57 (.35 (P<0.05) ¢

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05,respectively.

Cd 748 CK 443 HIFE MK T 86.4% .87.0% F1190.8% .

MK Cd SRR AR A (£2), 5 CK414H
LE, i 5] 28 AT b 2 R AIORE K v Cd 7 3, IR 451 258 78
i T1 AR FRATREK Cd % & P IR 15 31 48.08% , H i A
IR F) [ G Cd Bl ARE 0.2 mg - kg AT 5 T2
AR RE K Cd 7 i O BN 2 [ AR ELL T, e ] 38
NI ARSI 5 AL SR T 2 25 5 . i I 2 XA
5¢ Cd % A AR 5 X REK AR

3 g

3.1 HEHSFEXTKFE L BYIE FRIMEFE B &R

Eh A] A3 L3 S8 AV 5d JROvE B AR X R, 2
TIEIRIE SRAFI —D EHELE SRR, L3 pH £
& Cd BIULTE -7 P 1500, L 2 52 i L3 rp Cd 1708
A IR N 12— WK Eh iR, LA T
B JFURAS o A US 0 A 451 2 5 i — 2D RR AR T L 4
Eh, 5KHESEIBETE L A B, 70 MK 25 1F T S IR AT A2
Yy o 3 AR 13 Eh KRS b i UL I8 A4 2R
A AP BT ER B AL . K e AR
R SR ICTR B 8 KR P A S R
b b AL 2 O3 69 08 D R AR LT, 2 ER
L N A G Bt AR S Ui (IR SRS SN
T AR I S K P R P R, AN I8 CK At — 2
WA 1 L8 B, L 851 4 235 i 2 7 2 30 U firp e
Z , Eh FENRHBOR , 18 JRUFE R BGR

e W51 24 78 7K A 43 BE BT A BE 2 2 B AR OK A 1
pH., X A BEJE A 0 K R AR B 00 40 o i 5 26 b
18 R JE B o A S PR AR T A LIRS o BESI A
WA R A b B pH A 2 TR AR BE
KRR, AR B4 ) T B35 22 5%, pH IF IR [ T F
o] PR SE S R B 7 Ao, B AR T v A i Y
i, B T N B Cd B RE T 5 R b S R

OH TN Z M BH & ¥ B2 Tt , A A T2 B Cd(OH). T
VE X T A CAT R M B , f Cd I TE TS
ERAES, ILAh, pH I A R T Cd SRR 10 28 6 )
W BAAE T
3.2 MBI RABLIEESCISENTK

T3 CAIE SN E Cd TEREE R G T 5%
b, JeE 5 Cd PR L2217 0, BCR K E 4 )8
TEASY R 425, 4 R Al SE e S R 1 MR A L nT ik
DA B T A AR A A S T S R R T A BB A
TEA o FEARIE SR S i e 5] 3% % Cd AT 245
A BERW LR S SR A . KRS
B T B AL Ik 38 i 5] 288 8 in i T A B A, HoAx b 3
L 5 2RI T g b B PR TR R Y AT A A (AT
S R AR A Cd % &, X AR S Cd TC B 5
FH 5 70 i A 47 16 30940 1 v 2 ke 451 26 4 o+ T4 A B2
8 2 AR T AT S B S R AT A R A Cd B A i T 4R Ak
A Cd 76 T1~T4 b B 41 35 8 25 B#AIG ; 78 KR8 58 240
T1~T4 AbFRY B EFRAR T 38 MR 2 Cd %
S T AT A RS B nT AR A Cd R B T AR
M. X5 Lin S5 45 51— 20

AL 3 Cd AT 28 I AE FIAT B 52 i A
V) B S W) P T 1T o L R MR R AR AT DL R G 0 fi
PRI SE AR BRI RN, R A R A
398 [ A - AH Z [ (R 43 fE , AT el AR AP FE IR S . ]
HerZ e 8 A ALY I8 5 2028 pH K A5 - 8 1 5
i) B 4 J P AFAE T 500 X 4% i 301 /K A 3 Cd B 45
5+ Eh pH SEF AR T (36 3) , 40 BE T AT 58 46t
A Cd 5 Eh & 8 EAE(P<0.05) , AT i JF A4S I Al 47
b3 Cd 5 Eh 20 2 1B A C (P<0.01) 5 iR 37 4£ 149
+ HE AL A SRS B AT A AL S Cd 5 Eh 2 5 3 TE A
K(P<0.01) 5 52 - 0] 22405 Cd 5 Eh 240 8 2%
IEAHZE (P<0.01) , 3% % B + 1 Eh /9728 fL 52 i 25 - 4
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WA PR TEPE ) CATB AR & it o WS b 451 2 )5 7K A
+ 3 EL FREE-200 mV 247, 34N FoRA RS .
FH KB % £ B, 3 Eh O U, 3 Cd &8 s
TS L ENZ B2 IEA R, SRR AR A
[, T3 Eh BEAL, 23 A S0 A Fe . Mn BT84
J5o Fe \Mn™ , JE U A8 A0 P A Bk i A8 Ak oxr Cd™
A AR B I i 5 B, SO R ol 8™, 5 Cd™ T i
Ff M AR A DT UE DT S 35 BRI H A S Cd &
oo e |2 e S A R A BT, A 5T A3 A AR
Z G VR 2 ALY SR AL T O MR SR AT b
B D (4 W o A, Xk Cd ™ A= i B A FH % [l )
BE R4y FBE F—COOH . —C=0 ,—OH %5 A E
REM S Cd KRB GAERE U G, b, B 5E
JOT 1) RS A I feff 22 F8 e 45 ol P i TS BB 45, Cd™ ] X} IS
B ST A A A SO0 5 1) e AT A T 7
B K SR 3 B PT A8 e 7S Cd 25 it R AR, ARG 4%
PR FE KR 43 BE A B Ak 2 e | 22 V8 i 4t T Ab 3!

#3 SRHAKBLECIEES LEEN pHM
RS (n=15)
Table 3 Correlation between the fraction of Cd in soil and soil Eh,

pH in each stage(n=15)

1A Stage Tl H Ttem Eh pH
Sy BERH Al A Cd 0.554% 0.082
Tillering stage AT S Cd 0.697+%  0.182

A kA Cd 0.828:% 0.227

Rt Cd -0.278 0.029

s e Al sE S Cd 0.222 -0.102
Heading stage HJFZS Cd 0.891%%  -0.145
AR Cd 0.875%% 0.146

FREA Cd -0.413 0.139

FEE Al S Cd 0.811%%  -0.285
Ripening stage THJRZS Cd -0.688++  0.333
AR Cd -0.479 0.300

TRt Cd 0.680% 0.070

TE# RN 2257 35 (P<0.05) , KR 22 3% (P<0.01) ,ns %
ARIERFE 25 (P>0.05), Tl

Note : *means the difference is significant at the 0.05 level, **means
the difference is significant at the 0.01 level, ns means the difference is
not significant. The same below.

ZH A1) 25 Ak B S S AR AR - 9 ]SS s Cd B, il
TR AL I T4 A BRA 25 PR AIG n] 28 ¥ s Cd 15 i,
78 56 B 25 b 31 24 35 B 2 R AIR L ] A 4 Cd
B, X 5 AT AN A HLIE X K R 1 od A SRS i iF
GEIGE IR — 2, i 151 2R TN N A R
 Eh . pH A TAR DGPR3 A5 h (3R 4) , 2K AR 43 HE A
KAmEEA e, KRS+ Eh 5 i 85 26 e 5L 0 B
TAH I (P<0.01) , 58 AU /KAE 1 Eh 5 i 5] 2 75 0
2B ERAE(P<0.05). WA LA H, w51 2 a0 m
B 0 3 Eh 0 FRARRCR B 2 Ml S X 4
Cd A RS 1 52 W 4 Y =5 2 023 5 1K 1 458 Eh AT
R AR 48 L v JEE 0 1 B AT B 1 1 AT 58 B S Cd %7
o T AE KR 43 BE R R BE U8 0 i T AR B2 B+ 3
T AR Cd TR IS X 0] RE 5 i 45
FEDOM A K. A5 H , Mt 3 DOM X) -
&R B TAEETEALE R o DA B 76 448 1 1) Cd 8%
Wiz 451 25 /1N 43 —F- DOM 246, 1 A6 PG v B85 i 451 2 48 T
Eh FEAR IR BE /N, AR B0 ] Cd 15 M0 ik J AR 2, [
BET1ARHA ] A2 40 Cd i B 3 T CK 4. EA
TR L, B4 Eh i — 2D REAIK, Eh BRI CA TG PR
FBAER R R, 15 T1 AR IR AT 28 40 75 Cd & &t
AR ZE 5 CKA TR #EH 25 J s A v R4
W AT ALY A B R A W A LTSS R
SEPR LA AE FR AR - e e A LSS & 38 Ak
W25 475 Cd, IR S e 25 Cd i e ], Bl Ak 3 i
Cd BEARHA Wy R, DT B AR K R AR XS - 48 Cd 7y
WS SR
3.3 hpis|2EEEHMKTER . E HRFHRCISE
FEATRI ZE T, BRI B A6 1 T1 4 BRI AR
Cd 7558 5 25 1 CKZH A, Mir 5] 2% 1 it fin 8 25 FAIR T
B BIOK RG4S EBAL Cd 1% &, A AL BRI XD RE K Cd 75 i
Yo B 25 AR D, T1 AL BR 2 & 2 [ IG 48.08%,
T2~T4 b P2 0] TG fb 35 2% 5, BRI Y & F 70% , =W
Jit P 5] 288 X AR K R Cd i B SR . Syl
— 25 R W] 3% X6F 45 15 K R 45 BB Cd 5 2 1Y) 5
M, il P e 451 2 I 14 45 B 99 38 Bh pH B CATE RS,
Ej KRG B 4007 Cd S b A AR A i o 40 #T

R4 BEHAMBZERMES LEEL pHEXESHF (n=15)

Table 4 Correlation between the amount of vermicompost and soil Eh, pH in each stage(n=15)

- SrEE i e SERI]
]}\ H Tillering stage Heading stage Ripening stage
tem
Eh pH Eh pH Eh pH
e 45126 Vermicompost -0.782%* -0.478 -0.743** -0.207 -0.676* 0.506%*
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x5 BERHAKBELMECIEEE TEEL pH . CAFER LMD (n=15)

Table 5 Correlation between Cd content in various parts of rice and soil Eh,pH , the fraction of Cd in each stage(n=15)

J3BEW] Tillering stage

T 16 Heading stage

SEB Ripening stage

AH fem e Root 25 Stem I Leaf #R Root Z£ Stem M- Leaf #R Root ZX Stem M- Leaf  F55¢ Shell $&K Brown rice
Eh 0.940%*  0.960%* 0.960%* 0.679%* 0.854%%  0.697** 0.667%* 0.984* 0.963**  0.927**  (0.93]%**
pH 0.811 0.970%*  0.855 -0.463 -0.228 -0.475 0.040 -0.398 -0.295 -0.201 -0.239
LA Cd  0.785%%  0.427 0.726%* 0.373 -0.181 0.335 0.841%* 0.912%%  0.908**  0.912%*  (0.922%%*
MRFEZACd  0.846%%  0.579% 0.807%* 0.272 0.225 0.720%* -0.823%**  -0.889%* —-0.911** -0.903** —0.838**
A RS Cd 0.734%%  0.771%%  0.730%* -0.549*  0.828**  0.690%** -0.079 -0.457 -0.394 -0.293 -0.355
SR Cd -0.097  -0.105 -0.106 -0.535%  0.061 =-0.672%* 0.563* 0.865%*  0.810%*  0.721**  0.740%*

SRR (R 5) , 5 BHKRE 45507 Cd F R34 1 1 45
Eh SR EAHE . S EEHIKAEAR 3838 5 1
] RS IR RS KT A AR Cd SR AR IR A
K (P<0.01) ,KFEZEER S H 3T i85 Cd 12t .35 1EAH
X (P<0.05) , 5 A A b & Cd 2% 8 3% 1E A K (P<
0.01) ; /K Ffdh B AL 2530 St B Cd & 3 5 &
R E AL S Cd B R IE A G (P<0.01) 5 522Uk
FEMY 25 it R OK R RS A 5 BTSS0S Cd
SR B IEAIE(P<0.01) . X R, 3] 8 e s
Cd 7EKAE 426 A 2t e K AR 2 Cd i E 22
B, B Hh T sg A Cd B R K R AR PR 45 IR A
Cd &t . B30 HTds h, Eh &5 3 nf 58 4
B CAMELEHEZR AR RS 5 KB, Cd i 135
R B K Rk R E 2 44 BEASUE Cd
AR T8 2 R A KRG i R AR S ik
TGk Cd 23 Iie 2 25045 250 ) W) R 3 e by
CAdeHe AR, BRSNS 4 4RI R B, 47 BE
) 28 55 R R U R K Cd B SR A A B 30, PG
I B B 1 - 338 Cd A &PE AT RHAEFDOK CA AR 2 o i 5]
KRS A B IR IR MR A0 Cd & 1 ] RS2l
o % 7K R - 3 Eh 0 58 2 AR AE BT 2l AR 4 3
Cd T A H B, FAIK 3 rp Cd i AR 0 ok a5 3
DR R R Cd PRICR o Bl A6 1 T1 kb B4 K
FERR T Cd &8 8 25 5 T CK 41, nl BEJ2 h T /r BRI
T HER AL Cd 5, B AR AL e 1
Al ZZ A Cd & =0 PTREAR AR 7R A K B oK R
I E T4 Cdo T1AMFRAH K FEAR R Cd & &=
B E T CK AL, (HUKREZE (M40 38 8 55T CK
20, JIF HA A 1] 28 6 0 ) Cd A8 K RS 1 5% i A7 AE —
EMVER . Dot 26 B 5 =F & MR 5 ik v] L5
CAFATE A AER , Was - 3EXT Cd /9 [R5 68 1, AT
HE— 2 BEAIK Cd [ K FE AR AR h A6 B8 o M) 35 vh s
S TR 0 L R A R A D2 T Y B TR 1 AR

Pt A B DTHE AR AT O R s PR T e A A
&ﬁ‘rﬁz[“]o

4 ZEig

(DFEARIEZF T, /KA 148 Eh Bl 7K B 7] 4E
S N S R G B 1)) T2 2 (3 w3 O W E
M| AN KRG+ Eh R B R R, |
FETE KR AR R T 0 25 IR L3 pHL, T S AXAE S TR
JnEE41.3 g Cokg' 2 F B TS L3 pH, i )5 7E pH 7
AT

(2) MrIs| XT3 CAAFTE L8 B R, Ju
S HL AT AR A AT AS A R AT R B A o e 5] 25
T FEARK R £ Eh 2 54 ) 5 FURZS Cd, B iR
TN 41.3 ¢ Cokg' 8, KR 24T ] I REAIT

(3) i fiy| 2 = 2 3i 2ok PR IR T m] SRS Cd &% =
AT S KRR Cd PRI BRih s e 6.3 ¢ C-
kg™ Wi BB SV IR T, A e ) 3 Ak FRAE 4 B 3
AE T S BRI AR R A AR A5 007 Cd 5 i M SR8 i o
SR AR Cd R AIK0R 22 1R B il B 47 16 10 25388 Cd BRI
RORTC W S8 AL, FEA A I 25 BB A 2 R B ik
LB IR YN G2 A S T

(4) iz 5] 28 XoF AR AU A JRURS: DR B AR £ 2 2 A )™
A AT LAT L) RAFRCR o A S e 5] 28 A R i 4
FREARFK D Cd & i 7Em T 16.3 g C-kg ! LU IR
T RIAT A B E R AR DA AR E(0.2 mg-kg™) o e 1|
FE 38 1 B A3 Bh sk /0 A= 5] I FHZS Cd, AT 30 3]
Cd )\ -5 R 58 m /KR R G0 R% , R BF B0 46 K A 3R
Girh Cd f AR EB 1) ZE IR FE 02 o b | 2% B AR TE
F16.3 g C-kg' LU T fgdE— P BEARAE AR Cd %
i XK Cd i TR . DARRRAE K Cd
T HIW, T RL RS A B H R 05 S 8 i N7
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