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ABSTRACT: This experiment was conducted to investigate the effects of mineralization patterns of plant major nutrients,
greenhouse gas emissions, and plant growth responses in the Kimchi cabbage cultivated field incorporated with acidified
biochar pellets with mixed dry fish powder. The treatments consisted of 1) Control; recommended application amounts
of fertilizers (32-7.8-19.8 kg 10a™), 2) RBEP; acidified rice hull biochar fertilizer pellet incorporated with dry fish powder,
and 3) PBFP; acidified poultry biochar fertilizer pellet incorporated with dry fish powder. Mineralized cumulated NH4-N
concentration in the RBFP decreased at 14.2%, but the cumulated NOs-N concentration enhanced at 52.5% compared to
the control. In addition, the cumulated P,Os concentration was not significantly different(p<0.05) between the control and
RBFP. The mineralized patterns of cumulative NH,-N and NOs;-N were significantly fitted well (R>>0.917) for sigmoid
curves. The cumulative mineralized P>Os concentration in the PBFP was decreased at 2.8% compared to the control. Also,
the cumulative mineralized K concentration in the RBFP increased at 5.4 folder than the control. However, the mineralized
patterns for the cumulative P,Os and K concentrations were significantly fitted well (R>>0.983) for linear types. The
cumulative CH, and N>O gas emissions in the RBFP mitigated by 14.4% and 54.6%, respectively, compared to the control.
The highest yield was observed in the RBFP and PBFP. Therefore, it is strongly recommended that the RBFP is applied
to mitigate the greenhouse gas emissions, enhancing the yield for the organic farming practice of Kimchi cabbage cultivation.
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Table 1. Chemical properties of the soil used
pH EC oM N NH,~N NOs-N P,0s
(ds m™) (%) ) L
Sandy loam 7.96 0.04 1.16 0.05 39.6+4.7 25.6+3.3 206.2+8.1

Table 2. Physicochemical properties of the acidified biochar pellets incorporated with dry fish powder

pH EC N NH4-N PO4-P K
(dS m™) mg kg
RBFP 6.2 1.44 47.06 4.77 6.39 1.34
PBFP 6.1 3.05 53.2 4.9 4.88 2.25
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Fig. 2. Changes of NH4-N concentrations(a) and mineralized patterns of cumulative NH4-N concentrations(b) in the soil
incorporated with acidified biochar pellet with dry fish powder during Kimchi cabbage cultivation. RBFP; acidified rice
hull biochar fertilizer pellet incorporated with dry fish powder, and PBFP; acidified poultry biochar fertilizer pellet

incorporated with dry fish powder.
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Table 3. Predicted equations of cumulative mineralized NH4-N concentrations in the soil incorporated with acidified biochar

pellet during Kimchi cabbage cultivation

Treatments”™ Predicted equations R?
Control Y = 43.6x + 46.3 0.998
RBFP Y = 308.5/ (l+exp (-(t+0.162))/4.14 0.917
PBFP Y = 316.1/ (1+exp (~(t-3.18) /3.96 0.972

Means values indicate significant differences (p < 0.001) among treatments (ANOVA).

*RBFP; acidified rice hull biochar fertilizer pellet incorporated with dry fish powder, and PBFP; acidified poultry biochar fertilizer pellet incorporated

with dry fish powder
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Fig. 3. Changes of NOs-N concentrations and mineralized patterns of cumulative NOs-N concentrations in the soil
incorporated with acidified biochar pellet with dry fish powder during Kimchi cabbage cultivation.
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Table 4. Predicted equations of cumulative mineralized NOs-N concentrations in the soil incorporated with acidified biochar
pellet with dry fish powder during Kimchi cabbage cultivation

Treatments Predicted equations R?
Control Y = 623.22/ (1+texp (-(t-5.96) /20.78 0.889
RBFP Y = 985.57/ (1texp (~(t-7.59) /5.95 0.969
PBFP Y = 741.53/ (1+exp (-(t-6.54) /4.41 0.968

* Means values indicate significant differences (p < 0.001) among treatments (ANOVA).
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Fig. 4. Changes of P,Os concentrations(a) and mineralized patterns of cumulative P,Os concentrations(b) in the soil
incorporated with acidified biochar pellet with dry fish powder during Kimchi cabbage cultivation.
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Table 5. Predicted equations of cumulative mineralized P,Os concentrations in the soil incorporated with acidified biochar

pellet with dry fish powder during Kimchi cabbage cultivation

Treatments Predicted equations R?
Control Y = 7.19x+172.41 0.984
RBFP Y = 7.13x+161.81 0.983
PBFP Y = 6.60x+117.83 0.988

Table 6. Predicted equations of cumulative mineralized K concentrations in the soil incorporated with acidified biochar

pellet with dry fish powder during Kimchi cabbage cultivation

Treatments Predicted equations R?

Control 0.50x+0.62 0.999

RBFP 0.75x+0.31 1.00

PBFP 0.75x+0.31 1.00
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Fig. 5. Changes of K concentrations and mineralized patterns of cumulative K concentrations in the soil incorporated with
acidified biochar pellet with dry fish powder during Kimchi cabbage cultivation.
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powder during Kimchi cabbage cultivation.
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Fig. 7. Estimation of cumulative N;O emissions in the soil
incorporated with acidified biochar pellet with dry fish
powder during Kimchi cabbage cultivation.
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Table 7. Growth responses of Korean cabbage in the soil incorporated with acidified biochar pellet incorporated with dry

fish powder
Treatments Plant height (cm plant™) Fresh weight (kg plant™)

Control 19.6¢ 0.9b

RBFP 28.6a 1.3a

PBFP 24.1b 1.3a
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