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Effects of Lime and Humic Acid on the Cadmium Availability and its Uptake by

Rice in Paddy Soils

Min-Kyeong Kim, Won-Il Kim, Goo-Bok Jung, Kwang-Lai Park, Sun-Gang Yun and Ki-Cheol Eom" (National
Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea, YNational Alpine Agricultural

Experiment Station, RDA, Pyeongchang 232-955, Korea)

ABSTRACT : This study was conducted to know the effect of lime and humic acid on cadmium availability
and its uptake by plant grown in contaminated paddy soils with heavy metal. The treatment levels of lime
were 2.5 and 5.0 ton/ha and that of humic acid were 1 and 2%. The contents of 0.1 N HCl extractable Cd
were reduced with lime and humic acid and were negatively correlated with CEC as well as soil pH. The
sequential extraction procedure was used to fractionate the heavy metals in soils into the designated from
exchangeable (0.5 M KNQOs), water soluble (H;O), organically bound (0.5 M NaOH), carbonate (0.05 M Na,-
EDTA) and sulfide/residual (4 M HNQOs). In soil amended with 2.5 ton/ha lime and 1% humic acid, che- mical
forms of Cd at tillering stage were predominant exchangeable + water soluble extractable Cd, whereas that at
harvesting stage were predominant carbonate + sulfide/residual extractable Cd. The exchangeable forms of Cd
in soil with lime and humic acid were negatively correlated with soil pH during the harvesting period. Total
absorbed Cd of paddy rice tended to occur in the order of root > stem > leaf > brown rice. Cd con- tents of
brown rice with lime and humic acid treatment were 0.09 and 0.08 mg/kg, respectively. That were lower than
control, 0.20 mg/kg. It could be that treatment of lime and humic acid in polluted soil by heavy metals would
reduce the uptake of heavy metals by plants and be a temporary method of reclamation at the highly heavy
metal contaminated soils.
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Table 1. Physicochemical properties of soil used

Particle size

Ex. cati
pH cations distribution

Texture

15 OV AVPO
' K Ca Mg Snd St Clay

g/kg mg/kg — cmol/kg — %
Loam 53 2B 2 015 272 029 419 433 148

Table 2. Cadmium concentration and fractionation of soil
used

Fractionation of Cd
o Total

Cd cqp Bxchan-  Water-  FeMn

geable  soluble  oxide
mg/kg
251 488 0.81 135 023 155 1.20
FExtracted with 0.1 N HCl solution.
Total content digested by ternary solution(HNOs: H,SOs:
HCO,=10:1:4).

Organical Residual
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Table 3. Fractionation method of cadmium in paddy soil

Fractionation Experimental methods
5 g soils were shaken with 25 mL of 05
Exchangeable M KNO; for 16 hrs, centrifuged, and dec-

anted.

Soil residue was mixed with 25 mL deio-
nized water, shaken for 2 hrs, centrifug-
ed, and decanted. The procedure was rep-
eated three time and supernatants were
combined.

Water soluble

Soil residue was mixed with 25 mL 0.5 M

NaOH, shaken for 16 hrs, then the mix-

ture was centrifuged and decanted.

Soil residue was mixed with 26 mL 0.05 M

Carbonate form NaEDTA, shaken for 6 hrs, then the mix-
ture was centrifuged and decanted.

Organically
bound

Soil residue was mixed with 13 mL 4 M
HNO; and heated at 80C, shaken for 16

Surfide/residue hrs with an additional 12 mL of 4 M
HNQ; then the mixture was centrifuged
and decanted.
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Fig. 1. Change of 0.1 N HCl extractable Cd content in soil at
the different day after lime and humic acid treatment.
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Fig. 2. Change of pH in soil with lime and humic acid
during treatment period.
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Fig. 3. Correlation coefficients between 0.1 N HCl extractable
Cd and CEC in lime (A) and humic acid (B) treatment.
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Table 4. Contents of total Cd in paddy soils with lime and
humic acid during cultivating stage

Trans- _ Panicle . .
1;:;2:{ planting stzrm S formiation He;dmg Harvtaestmg

stage &° stage siage Slage

mg/kg

483 4.65 3.88 430 413
Control A

054  (050) (054) (0.63) (0.65)
. 512 493 3.73 3.55 3.5
Lime '

(0.50) (048) (0.68) 0.67) (0.70)
Humic 489 468 342 288 3.03
acid {0.51) (046) 0.72) (0.75) 0.77)

*Ratio of 0.1 N HCl extractable compared with total contents
of cadmium
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Fig. 4. Percentages of soil Cd fractionation with lime and
humic acid at tillering (A) and harvesting stage (B).

Table 5. Correlation coefficients between pH and soil Cd
fractionation with lime and humic acid during the cultivating

period

Fractionation of Cd

Control - 0598 0485 0693
Lime - 0616 0.636 0.767"
Humic acid - 07277 0.604 0.724"

" " Significant at P = 5% and 1%, respectively.
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Tabe 6. Dry weight and contents of total Cd for plant parts
with humic acid at final harvest

Treat- Dry weight Total Cd content
ment Root Stem Leaf T Root Stem Leaf DO
rice Tice
go/plant —— mg/kg ——

Control 1333%" 930c 1197b 44lc  26da 12la 026b 020a

Lime 115% 1697a 12.63a 9.66a

Humic o o\ 107 12120 53%
acid

211b 10la 037a 0.09%

1.80c 041b 019 0.08b

“Within colummns, means followed by the same letter are not
significantly different at the 0.05 probability level using the
F-test.
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