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Effects of limestone, slaked lime and dolomite on cadmium concentration in the solution of paddy rice soils

GUO Jing—xia, FENG Lian-lian, ZHANG Qi—jia, LI Yun—yun, ZENG Tao, WANG Guo”

(College of Resource and Environmental Science, Soil Environmental Health and Regulation, Key Laboratory of Fujian Province, Fujian A-
griculture and Forestry University, Fuzhou 350002, China)

Abstract: In order to better understand the effects of limestone, slaked lime and dolomite on cadmium concentration in the solution of paddy
rice soils , a pot experiment was performed using Cd contaminated soil, three amendments (limestone, slaked lime and dolomite ), and two rice
varieties, Taigeng 8 and I =You 3301, aimed to study the dynamic change in water—soluble Cd, soil Eh, pH, TOC, Fe and Mn in soil solution
during rice growing period, and the mechanism of the amendments to reduce Cd availability in the soils. The results showed that the solution
pH significantly increased, whereas Cd, Fe, Mn and TOC in the solution, and the amount of Fe—plaques on root surface, the Cd in the Fe—
plaques and the roots were significantly decreased by the amendments. The water—soluble Cd was significantly and positively correlated with
the soil Eh, TOC, Fe and Mn in the solution, while negatively correlated with the solution pH, indicating that the amendments decreased Cd
solubility by increasing the soil pH, thereby, inhibiting the reduction—dissolution of Fe/Mn oxides and reduced the soluble organic matter con—
tent in the soils. The amendments reduced Fe—plaques on rice roots, and the Cd content in the Fe—plaques, which also decreased Cd uptake
by rice roots. The rice varieties were more important than the amendments and the growing time in affecting water—soluble Cd. Among the var—
ious factors(pH, Eh, TOC, Fe and Mn contents in soil solutions ), water—soluble Fe was the most significant for water—soluble Cd (90 days
transplanting ). Our results indicated that the effects of the three amendments on Cd concentration in soil solution were similar with each other
whereas those on Cd contents in rice roots varied with rice varieties.
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Table 1 Basic properties of the soil and the amendments

W H 4 EPaYEY i HAK ARG

pH 4.79 10.4 12.8 12.7
HHLFE/g kg™ 35.36
CEC/cmol -kg™! 21.00
k% 35.36
FyRi/% 33.40
FRL/ % 3.84

M Cd/mg-kg 6.89 0.06 0.09 0.06

5 Cd/mg-kg 3.93

Ca(OH),H & A IEL, 115 CaCO; I (55 Ca i), %Y
BHE IR (= A B FUE KA EAESCR L, =
AR SO KA —3C RS 4 D hFE X
Fz Ak (2.7 gokg™) JE A K (2.0 g-kg™) FLG KA K}
(27 g-kg"), 2 8 ANAbFH, BB 3 ANEE . BA
(NAE 25 em 5 25 em) IDA KT £ 7.5 kg, FEKAE RS
FeZ HI AT BTN = RS AL R SHERL(FREK 2.1 g
NH,H,PO, 1.2 g . K;S0, 2.1 g) , IR G 5], R )5 e /K ik
B 30 do Bk FIURL AR I (1 KRB AT 30% H,0, =i
30 min, 258 F/KUEF G ARSHR PP 10 h 1742, Fh
TERFRHALESE GRS, 23 d )5, Ptk
H—FME IR B AN, B3 K. KBEBERZ
T, B 4 27 W R 42 %5 (RHIZON MOM, 10 cm, Wa—
geningen Netherlands ) 381 A %4k 1 58 rh o /KA A= ik
PR LR DRME o 1K, Al IR AR KRS
(K 2~3 em) . B 15 d RE— IR L IRIFW . FFKFE
BCAE , SRAEKFEAR (25 i FPRLRIR 2 100 ¢ 1Y 4
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Table 2 Changes in Eh values of the soils

during rice cultivation(mV )

e B e KAud
45 60 75 90

BHi8E  XHHR  437+10a  374+23a  283+20a 164+1a

Mz 123£10be  105£10b  102+4b —45+9c¢

MAK  236£30b  95+9hc 77+9bc 33x4b

ARA 59+6¢ 67+2c 44+1c -93+18c
M4 3301 %R 353+£37a  213x12a  116«lla 47+1a

HzA 135218 —10%4c  -18x12¢  -27+1b

HAK  54+30c 33+3b —40x16c  -50+2¢

KA 105+14be  63+5b 41=1b —25+4h

T R T BRI N I (AR E2E (n=3) . ZHEILETER]—/K
et bl [ — B[] S [ A 700 Ak 30 2 [R5 T 5 [R) 37 oS [l /NS k3
ZNAH RL K e b o P AN ) A 38 2 ] 2 5 | 35 (P<0.05) . Rl

Note: All values are presented as mean +SD(n=3). Multiple compar—
isons were performed between the values of the same rice variety at the same
sampling time with different amendments. The values with different small
letters in the same column showed significant difference at 0.05 level be—

tween different treatments of same rice variety. The same below.
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W pH 5Em ) 3 IR T 2250 BT 4l 5K« Figpn=75.98
(P<0.01), Fyy=3.61(P=0.02), F 1, 4=0.68(P=0.44), %
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THE RS G 8 5 Xt R AW Fe WRIEE Y
FHiE AN HRRZzut )k, i 1048 3301 X HE - 458 5

&3 EREHELERRS pH ENEW

Table 3 Changes in pH of the soil solution during rice cultivation

i Gise PR KA
0 15 30 45 60 75 90
EHE 8 5 payiist 5.67+0.05¢ 6.44+0.13¢ 6.55+0.04¢ 6.00+0.02¢ 6.04+0.07¢ 6.14+0.05¢ 6.43+0.05d
Hzf 6.85+0.09a 7.06+0.04a 7.11+0.01a 6.95+0.04a 6.98+0.15a 7.25+0.09a 7.33+£0.03a
HAK 6.73+0.15a 6.93+0.07ab 7.05+0.02a 6.94+0.04a 6.81+0.11a 6.85+0.10ab 7.16+0.03b
A A 6.37+0.16b 6.81+0.07b 6.90+0.03b 6.72+0.02b 6.70+0.08b 6.76+0.04b 7.07+0.02¢
I 3301 X A 5.67+0.05¢ 6.44+0.09¢ 6.45+0.06¢ 6.01+0.07d 5.88+0.08¢ 5.90+0.03d 6.33+0.10¢
[Ebava) 6.85+0.09a 7.10+0.03a 7.05+0.07a 7.44+0.02a 7.26+0.09a 7.20+0.03a 7.29+0.05a
HA K 6.73+0.15a 7.03+0.04a 6.93+0.07ab 7.20+0.01b 7.20+0.05a 7.00+0.03b 6.96+0.04b
ARA 6.37+0.16b 6.83+0.08b 6.73+0.14b 6.97+0.03¢ 6.90+0.08b 6.90+0.03¢ 7.03+0.02b
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34.7% , 55 AL AL B 06 BE 22 ) BA T R 25 5
1Lt 3301 3387753 TOC ¥ EE NN 276.3 mg- L [
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90 d, £ JEdlifb 77 Ab B 5 Xk HE 22 5 g 2 . R TR) KRG
Pl L3 wh TOC s g, 1 3301 14
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Table 4 Changes in the concentrations of Fe and Mn of soil solution during rice cultivation
e e ARG KA
0 15 30 45 60 75 90
Fe/mg- L™ GH 85 X BE 423.9146.8a  492.3+13.8a  413.5+10.0a  413.4t64.1a  342.4+20.7a 408.3%8.3a 285.5137.1a
Hz=fA 75.31£19.5b 137.1+8.7¢ 83.7£7.7¢ 26.9110.3b 287.5+4.1c 57.514.8b 23.613.5b
WA K 88.7+40.6b 138.4+0.3bc ~ 118.0+2.3bc 60.2£5.7b 274.4£9.3bc 54.8+3.9b 30.3%£3.8b
IR 87.0£30.6b 165.0£18.7b  138.3£10.7b 96.1£23.9b 203.2£3.3bc 66.6+5.1b 32.8+1.6b
I 4f: 3301 X BE 423.9146.8a 511.8%0.4a 536.0f14.1a  613.3%t43.5a  707.0%19.1a 417.1£9.0a 303.0+4.6a
Epaya 75.3£19.5b 127.1+11.6b 134.713.9ac 39.1£9.6bc 105.3+0.3b 21.1+0.1b 21.9+1.5b
WA K 88.7£40.6b 154.917.5b 104.914.2¢ 43.2419.4¢ 122.8+7.3b 24.610.5b 19.7+1.6b
KA 87.0£30.6b 177.610.3b 150.81+4.2b 92.0+11.0b 174.017.4b 34.8+2.5b 36.610.9b
Mn/mg-L"' HH8 5 Xt R 72.619.1a 51.6113.8a 41.8%2.1a 44.8%0.6a 41.6%£5.1a 50.4%£16.0a 45.313.3a
Hzaf 17.5+2.9b 18.7£8.7¢ 14.0+1.2d 4.0£0.7¢ 14.610.5b 8.61+5.5b 7.7+1.1b
WA K 17.8+2.9b 18.510.3bc 18.610.5¢ 9.5£1.0bc 15.2+0.2b 13.8+0.3b 8.2+1.4b
fRA 245+2.0b 23.4%£18.7b 21.4£0.8b 12.71£0.5b 10.7£0.7b 17.7£0.7b 8.7£0.4b
I 3301 X BE 72.6%19.1a 61.410.4a 70.1+3.1a 75.0+1.2a 48.0t1.1a 48.0t1.1a 57.8%0.2a
Hof 17.5+2.9b 17.3%£11.6¢ 17.81+3.8bc 5.65%0.3¢ 6.00£0.4b 7.710.5b 6.610.3b
WK 17.8429b  188%75c  168t1.9c  1.3040.0c  6.00f1.2b  6.89+0.8b  5.10%1.4b
HIRA 24.512.0b 26.4£0.3b 24.5%0.1b 24.8%0.4b 13.8+1.1b 13.8%1.1b 11.6£0.6b
%5 B LHRRE 100 &8 (mgeL)
Table 5 Changes in TOC contents of soil solution during rice cultivation(mg+L™")
e FeRm K Hud
0 15 45 60 75 90
£H 8 5 papi 247.3+14.9a 188.4+42.5a 131.6+3.8a 110.7+3.2a 102.6+22.5a 393.5+18.7a 161.5+10.3a
Haf 236.2+29.7a 178.4x15.1a 121.3+11.5ab 58.6+1.6a 245.2+53.5a 187.0+4.9a 119.9+4.1a
WA K 276.3+20.0a 143.4+8.7a 131.4£9.3a 101.7£2.5a 158.0+£18.7a 159.3+17.2a 83.8+8.6a
fIRA 106.8+26.9a 116.9+2.4a 106.1+12.1b 91.249.8a 81.6+50.4a 113.8+11.8a 72.9£9.5a
I 3301 X R 247.3+14.9a 233.7+13.0a 155.0+16.0a 145.1+10.0a 104.7+12.3a 393.5+13.2a 228.9+12.9a
H=f 236.2+29.7a 208.8+10.9ab 182.8+8.6a 93.9+17.9a 133.0+35.2a 82.1+17.4b 51.7+7.2b
HA K 276.3+20.0a 188.5+5.8ab 113.5+£25.2a 82.0+£78.2a 170.4+7.3a 116.1+10.7b 44.4+7.9b
AKA 106.8+26.9a 113.6+3.5b 80.3£25.5a 187.8+19.1a 79.8+22.5a 89.4+15.6b 50.2+6.9b
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ARl R U Cd B AR Y 3 R 2240
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M 45K
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ARV Bt A R A B AR R FK AR &R Cd
TR T Fin. IR T AL 558 8 5
FHEG, =S BB fb 50 i 2 Rk T LA 3301 AR 4k
JEE-Cd & iE, THA KA BEARRCR K T A P At ik
o WA KB ZEREART R Cd &8 A KAk E
ZFRAR T AL 3301 AR Cd & (HXF 58 8 575
R Cd SRR RE; A=Akt L3301 K
FE SR FIAR Cd F s i RN B

3 g

3.1 S5 R FIXT LR Cd S B MAIHLIE
AL S5 H A %) 39 v B 4 TR ik A R

PRI FE SR SR AT, HIESTE Al

Z 1 HS.S™5 CAPTE AL riiie , i AR HAT 24

RT RRGKE Fe F1 Cd IRFE CdRE
Table 7 Contents of Fe and Cd in iron plaques on root surface and

Cd in rice roots

= Sk k- Cd/ Z Cd/
ipan ggp  BEPTOREISCH R Gl
g°Kg mg-Kg mg:*Kg
LHi8 S Xt 35.16+2.13a  0.67x0.16a  12.43x1.34a
Hz=f 34.08£2.96a  0.49+0.20a  5.43+0.50c
AR 2650+2.33a 035+0.11a  6.49+0.45b
HIRAE  30.78+0.82a  0.53+0.02a  6.77+0.16ab
M4k 3301 XA 46.79+1.40a  1.27+0.03a  10.53+0.82a
HZzA  32.28:0.84b  0.73x0.09b  8.56+1.68a
AR 38.72£3.60b  0.30£0.01bc  6.00+0.19b
ARAE  36.60£2.24b  025:0.12c  6.68+0.12b
13y
1 -
12
211
a0 k]
£ 10
i3l 0
< .
S g
% 7 ‘_l
6 [ 3
k]
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MRFERBEH Cd ;95 /mg kg™
B 1 RREKR Cd FBEMA Cd FEZ AR ER
Figure 1 Correlation between contents of Cd in iron plaque on

root and in rice root

PR AN ) T A ) Ak BRI T 4 18 EhfE (R
2)., KEEREHT 60.75 d F1 90 d, £ 40 3 + HEEhE
(EREVHME) SR IR Cd iz h g
2 TEAR DG, AHE R (r) 733008 0.911%% 0.815%* Fl
0.759%*(n=8 ), IX k- H] -1 Eh {E () B AR R ZREAK T
KA Cd MR IE , 5 F L SCEE RSy i 52 45 R A
Ao BlALFIREFHFEAR T L3800 Eh {5, FIL, 8555l
eI 1- 3% Eh YRR FEAIR 58 Cd MK HERY

&6 EREHELERKRD Cd a8 (pg L)

Table 6 Changes in Cd concentrations of soil solution during rice cultivation(pwg-L™)

bise BARSE KEud
0 15 45 60 75 90
£H 8 5 payiist 62.8+6.41a 0.29+0.04a 0.19+0.05a 0.31+0.01a 0.21+0.10a 0.18+0.08a 0.18+0.04a
H=fA 1.15+0.16b 0.17+0.01b 0.08+0.01b 0.12+0.02b 0.14+0.05ab 0.06+0.02b 0.06+0.02b
HAK 5.91£0.65b 0.11+0.01b 0.08+0.01b 0.08+0.00b 0.07+0.01b 0.04+0.00b 0.06+0.03b
KA 4.04+3.44b 0.14+0.03b 0.07+0.01b 0.11+0.01b 0.10+0.01b 0.07+0.01b 0.07+0.01b
I 3301 payiist 62.8+6.41a 0.20+0.04a 0.13+0.02a 0.15+0.00a 0.12+0.05a 0.17+0.06a 0.20+0.04a
H=efA 1.15+0.16b 0.15+0.01b 0.05+0.01c 0.12+0.01a 0.06+0.01a 0.04+0.01b 0.06+0.02b
HAK 5.91£0.65b 0.14+0.01b 0.05+0.00bc 0.23+0.10a 0.07+0.01a 0.04+0.01b 0.04+0.00b
fIRA 4.04+3.44b 0.13+0.02b 0.08+0.02b 0.19+0.02a 0.08+0.03a 0.06+0.02b 0.06+0.01b
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