= 8h7 5882 A)187 A4:5(1999)
Korean Journal of Environmental Agriculture
Vol. 18, No. 4, pp. 355~360

T2 FIEE 0180 of

7= 0

X
[¢)

2 Of

-

C

Al .
~

o
29y - A=y
97144

The Effect of Irrigation Control and the Application of Soil Ameliorators on Cadmium

Uptake in Paddy Rice

Goo-Bok Jung”, Jong-Sik Lee, Won-Il Kim, and Bok-Young Kim (National Institute of Agricultural Science and Technology,

RDA, Suwon 441-707, Koreq, ghjung@niast.go.kr)

ABSTRACT : In order to identify the effect of cadmium uptake by soil ameliorators in rice plants, compost,
lime, silicate, and phosphate were treated. Plants were grown with irrigation water containing 0.01 mg ¢~
cadmium and treated with two irrigation systems, intermittent irrigation and continuous submersion. Soil pH was
higher at the panicle formation stage compared to other growing stages. However, Eh value was decreased as
growing stage was proceeded. Eh values measured at the continuous submersion plots were lower than those at

the intermittent irrigation plots. Cadmium contents in the both

leaves and roots of rice plants grown at the

continuous submersion plots were lower than intermittent irrigation plots in the middle of growing season. Among
the continuous submersion plots, cadmium uptake was highly reduced at the both silicate and lime treated plot
compared to other treatments. In the harvest season, cadmium contents in the both leaves and brown rice were
higher at the intermittent irrigation plots than the continuous submersion plots. Cadmium uptake was highly
reduced at the compost and lime mixture plot compared to other treatments among the continuous submersion
plots. Soil pH was negatively correlated with the cadmium contents of the both shoot and brown rice while Eh
was positively correlated with those. The cadmium content of shoot was positively correlated with that of brown

rice in the harvest season.
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Table 1. Physico-chemical properties of soils used in the pot experiment

Table 4. Treatment of irrigation and soil ameliorators

pH OM AvPOs AvSiO, G TCd CEC Clay
(15 gkg') ——mgkg')——  (Cmol k') (@ kg')
SL 50 9 110 103 0083 043 9.1 104

Soils

* Extracted with 0.IN-HCI solution

Table 2. Chemical properties of compost used in the pot experiment

pH EC OM TN T-P Cd
(1:5) @S m? (& k') (mg kg')
8.0 85 443 139 6900 025

Table 3. Chemical properties of imigation water used in the pot
experiment

pH EC NOyN K Ca Mg Zn Cd
(s m’ (mg ¢
7.1 020 35 22 239 40 006 ND

* N.D : below 0.4 pg¢”
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Major treatment Treatments of soil ameliorators

Intermittent irrigation NPK
Continuous submersion N.PK + phosphate(P.)
N.PK + Lime(L.)

NPK + Compost(C.)
N.PK + Silicate(Si.)
NPK + C. + L
NPK + C. + Si
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Table 5. Changes in soil pH and Eh values at the different
sampling date in 1995

Days after transplanting

Water. M Treatments 44 60 74 93 4 60 74 93
pH Eh(mV)
Inter. . NPK 58 70 62 63 243 270 178 107
N.PK+P. 59 69 62 63 252 239 170 74
N.PK+L 65 73 64 64 189 95 92 22
N.PK+C. 60 72 65 65 240 230 111 76
N.PK+Si. 64 71 65 65 223 206 98 46
NPK+C+L. 68 70 67 69 160 79 62 76
NPK+C+Si. 65 70 67 7.0 187 231 60 64
Cont. S. NPK 6474 65 65 154 28 53 9
N.PK+P. 65 74 65 67 125 -39 12 -11
N.PK+L. 67 79 65 68 -55 11 -31

97

N.PK+C. 65 76 67 68 94 -43 17 41
N.PK+8i. 70 78 66 68 97 -48 6 -65
NPK+C+L. 68 76 69 72 90 -48 -36 -6l
NPK+C+S8i. 66 7.7 69 7.1 90 -65 -11 -76

Water. M : Water management
Inter. 1. : Intermittent irrigation, Cont. S.

: Continuous submersion

A A7 382 R ANFE AYsn BF pHt 65014
< fiAs] E4FY St=gol HEA Fra) ode ve
JRFES Y% Roz Azso) Ay,

571308 9 Ehel AAANsE 0% 49 v 4%
7)) 7401%% SolAE AFS YL ANTETA 2
= vebdeh A Aeld E%* Ehe *Hl
RS BF 0% F 48700 4ojd5E 3
NEA A2 77k w2 e myon 53 7&%4&?@ 1% 43
TET R B IS AA WA vehga Ao A
F A ARTIAA 38478 AFA NEFAM 3A Y
stk o B wEQA gudl Be EY Bt duns
Rh A EEA AR wstokn st 2 Avtel dxsYa
og] ATAEAN =N EF Ehdsl ESY 35 §F
% AEARZY oYy 2A FF& Fohn AP,

D

AEH ¥ #0|FL FtEEEH
AEF7A o|FF HYUo A RYE Palstd A5
T=EHFe 24T doe X 69 2tk S9eld wE 4yg 2
B3 e EEHE AN TN YA DLt getnee via
3t fARIAL W dEke By A H2d AEH 9 5]
TEESHE 3847 vigte AFA Aot Qe A 22~
344%, B2)2] A$ 6.1~3H4%Y F& FB4ZL BY f
Al el A9 FabRE oA 406%2) dEEFS B
Exte]l 9 A HE F8st dHEw A9y AL A
Alg Hulg, el A9 AR Hu) A 2 gul+ g A
AN =g §F AT A7 2 ReE Yeiyth 99 Az
=¥ L AFA AEL2 EF pH % Ehe) W3l 4gor &
Fi AA=He Pejsle] J|Addn A4HY § 502 sy
QFEYAAN AR FLdAL M3, FUA|, o)X e
g AN E AR FlEEERE ZaAE £ dda dgd ®
& gA3e Sl=F ¥57 00l mg L2 $AAW & A pH
6~8AtoldllA AEAY FA=F F57t F7H82 60)3 R oA

Ny

= 3]

>

&l
1

Table 6. Cadmium content in shoot and root at 45 days after

transplanting (Unit : mg kg")
Shoot Root

Treatments
Inter. I. Cont. S. Ave. Inter. . Cont. S. Ave.
NPK 0928 a° 0884 a 0906 333a 323a 328
N.PK+P. 0625 b 0629 ¢ 0627 3.13 ab 3.03 ab 3.08
NPK+L. 0613 b 0595¢c 0604 273c¢c 252c¢ 263
N.PK+C. 0656 b 0572 ¢ 0614 222d 2124 217
N.P.K+Si. 0663 b 0605 c 0634 232d 192d 212
NPK+C+L. 0568 b 0621 ¢ 0594 273 ¢ 263 ¢ 268

NPK+C+Si. 0707 b 0703 b 0705 324 a 212d 268

* Columm values followed by the same letter are not significantly
different. ( DMRT, 0.05 Significant level )
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Table 7. Cadmium content in shoot and brown rice at the harvest
stage

(Unit : mg kg'l)
94 (Ist yr)) 95 (2nd yr))
Water M. Treatments -
Shoot  BR. Shoot ~ BR.
Inter. I. NPK 207a 0198a 229a 0241 a
N.PK+P. 190a 0185b 176b 0149 ¢
NPK+L. 132¢ 009 e 137c¢ 0134 cd
NPK+C. 168b 0191ab 165b 0177 b
N.PK+Si, 130 ¢ 0115d 091 d 0.100 d
NPK+C+L. 089 d 0069f 060e 0082c¢
NPK+C+S8i. 130c 0127c 084 de 0105 d
Cont. S. NPK 136a 0125a 140a 0.141 a
N.PK+P. 104b 0095c 121b O0112b
NPK+L. 082¢c 007%6d 08¢ 0079c
NPK+C, 095 bc 0105b 126 ab 0.125 ab
NP.K+Si. 08l c 0074d 080c 0082¢
NPK+C+L, 069d 0066d 051d 0072¢
NPK+C+Si. 092 bc 0071 d 063 cd 0077 ¢

* Column values followed by the same letter are not significantly
different. ( DMRT, 0.05 ngmﬁcant level ).
** BR. : Brown rice

499 - 18

Table 8. Correlation coefficient between soil pH, Eh at different
sampling date and cadmium content in shoot, brown rice at the

harvest stage

Days after transplanting(DAT)

43DAT 60DAT 76DAT 93DAT
Shoot
pH -0.846" -0.585" 08147 -0.694"
Eh 0.652" 0.751" 0.773" 0.664"
Brown rice
pH 08147 0.5417 0.762" 0716”7
Eh 0.536" 0.728" 0.739” 0.630"

** . Significant at 1%, n=28
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Figure 1. Relationships between the cadmium content in shoot and
cadmium content in brown rice.
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Table 9. pH value and O0.IN-HCl extractable cadmium content in
soil after harvest

pH (1:5) Cd” (mg kg')
Treatments Inter. L Cont. S. Inter. . Cont. S.
NPK 53 50 0.312 0304
N.PK+P. 54 53 0.324 0312
NPK+L. 6.5 6.4 0.252 0228
N.PK+C. 6.0 58 0.235 0.224
N.P.XK+Si. 69 69 0.246 0222
NPK+C.+L. 73 72 0.250 0.230
N.P.X+C.+Si. 7.3 7.2 0.238 0.228

* Extracted with 0.IN-HCI solution
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