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Abstract : To mitigate the impacts of climate change on agricultural ecosystems, development of
agricultural management for enhanced soil carbon sequestration is required. In this study, the effects
of fertilizer types (chemical fertilizer and manure compost), cropping systems, and crop residue
management on SOC(Soil Organic Carbon) sequestration were investigated. Summer corn and

winter barley were cultivated on experimental plots under natural rainfall conditions for two years
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with chemical fertilizer and manure compost. Soil samples were collected conducted and analyzed

for SOC for soil. To estimate long-term variation patterns of SOC, DNDC was run with the

experimental data and the weather input parameters from 1981 to 2010.

DNDC simulation demonstrated SOC reduction by chemical fertilizer treatment unless plant

residues are returned; whereas compost treatments increased SOC under the same conditions and

SOC increment was proportional to compost application rate. In addition, SOC further increased

under corn-barley cropping system over single corn cropping due to more compost application.

Regardless of nutrient input type, residue return increased SOC; however, the magnitude of SOC

increase by residue return was lower than by compost application.

Keywords : climate change, SOC, chemical fertilizer, compost, DNDC
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Table 1. Physico-chemical properties of the experimental soils and compost

Properties Soll Compost
@ N CF OF
Soil texture Loam Loam Loam NA
Bulk density(g cm™) 1.01 1.03 1.08 NA
pH(1:5 to soil. 1:10 to compost) 7.5 6.7 7.6 7.9
EC(dS m) 0.10 0.17 0.09 6.1
Total C(g Ckg") 1.09 1.15 1.74 3494
Total N(g N kg 0.22 0.38 0.24 304
C/N 5 3 7 11
Total P(g Pkg") 0.67 0.70 0.92 10
Avail-P(mg P,Os kg ') 27.0 214 55.6 229

CTL: Control CF: Chemical Fertilizer OF: Organic Fertilizer
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Fig. 2. (a)Annual mean maximum air temperature, (b)annual mean minimum air temperature, (c)annual precipitation,
(d)annual mean wind speed, (e)annual mean radiation, (f)annual mean humidity of 1981~2010
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Table 2. Amounts of N-fertilization and ammended carbon

for DNDC model
Treatment Crops N (kg ha'lyr!) | C (kg ha'yr')

Corn 180 -

CF
Barley 94 -
Corn 180 1,980

OF
Barley 94 1,034

Table 3. Calibrated parameters of the treatments

Parameters CE OF
Initial SOC (kg C kg soil) 0.002 0.004
Clay fraction 0.19 0.19
Bulk density (g cm™) 1.3 1.3
Field capacity 0.49 0.49
Hydro-conductivity (m hr') 0.025 0.025
Soil pH 7.12 7.12
Wilting point 0.22 0.22
porosity 0.451 0.451
Depth of water-retention layer 9.99 9.99
Drainage efficiency 1 1
Microbial activity index 1 1
Soil salinity index 0 0
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Fig. 3. Observed and simulated SOC for calibration(2011)
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Fig. 4. Observed and simulated SOC for validation(2012)
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Fig. 6. SOC variation according to fertilizer application rate of (a)chemical (b)compost for corn-barley cultivation with removal
of above-ground biomass after harvest
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Fig. 7. SOC variation according to fertilizer application rate of (a)chemical (b)compost for corn cultivation with return of
above-ground biomass after harvest
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Fig. 8. SOC variation according to fertilizer application rate of (a)chemical (b)compost for corn-barley cultivation with return
of above-ground biomass after harvest
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Table 4. Long-term SOC variation according to fertilization rate of chemical and compost and agricultural management

CE OF
Fertilization Aot ati i ati i
management Average SOC variation F11.1a1. SOC Average SOC variation F11.1a1. SOC
(kg C ha'lyr') variation(%) (kg C ha'lyr') variation(%o)
CH -50.1 -15.6 1154 33.6
CHBH -68.8 -21.7 137.0 39.0
Standard
CR 114.7 349 282.0 79.8
CRBR 169.1 477 278.3 71.0
CH -48.0 -14.7 196.8 54.9
. CHBH -72.6 -22.6 243.0 65.7
1.5times
CR 1132 33.6 358.5 96.7
CRBR 155.2 419 375.2 89.1
CH -49.6 -15.1 278.5 75.6
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