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Predicting N2O Emission from Upland Cultivated with 
Pepper through Related Soil Parameters
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An empirical model of nitrous oxide emission from agricultural soil has been applied. It is based on the
relationship between N2O and three soil parameters, soil mineral N(ammonium plus nitrate) content in the
topsoil(0-15cm), soil water-field pore space, and soil temperature, determined in a study on clay loam and
sandy loam at the pepper field in 2004.
For comparisons between estimated and observed values of N2O emissions in the pepper field, it was
investigated that N2O amount in the clay loam and sandy loam were overestimated as 12.2% and less
estimated as 30%, respectively. However, N2O emissions were overestimated as 27.1% in the clay loam and
14.7% in the sandy loam from N2O gas samples collected once a week at the same time analyzing soil
parameters. 
This modelling approach, based as it is well established and widely used soil measurements, has the
potential to provide flux estimates from a much wider range of agricultural sites than would be possible by
direct measurement of N2O emissions.
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NPK - - 10a

19.0-7.9-20.0 kg, 7.6-20.5-15.4 kg

3 , , 2

, 15 Mg ha-1

.

N2O flux (non-steady-state) 

(flow-through chamber

method)(Denmead, 1979) , 

0.253 m, 0.4 m 

PVC . N2O 

3 , N2O 

1 , 10 ∼11 60 ml

. 

10 port 4 port valve

GC-ECD(Varian 3800)

Porapack Q(80/100 mesh) 1/8.″× 2 m

stainless steel tubing column, 

320℃ . N2O Table 2 .

N2O N2O 1

1 N2O 

, 

, , (NO3
--

N+NH4
+-N)

. -50 kPa

. 

1 2 N2O 

. 

, 

N2O 

.

N2O , .

(g 10a-1) = Σ{N2O (en+1+en)/2 } 

× {Day(dn+1-dn)}

e: N2O , d: N2O 

N2O 1-10 g

(NO3
--N+NH4

+-N) N2O

(Fig. 1).

Soil

texture

Clay loam

Sandy loam

5.4 22.1 362.1 83.1 83.9 0.6 5.8 5.2 0.31

5.8 21.1 482.2 31.8 53.4 0.3 3.8 0.6 0.13

EC
MgCaK

Exchangeable cation 
NO3-NNH4-NAv. P2O5OM

g kg-1 mg kg-1 ----- mg kg-1 ----- ------------ cmolc kg-1 ------------ dS m-1

pH

(1:5 H2O)

Table 1. Chemical properties of the soil used in the experiment.

Column 

Carrgier gas

Flow rate

Temperature

(℃)  

Retention time

Concentration of

calibration gas

Loop

Packing material

Materials

O.D. x length

Column

Injector

Detector

Porapack Q(80/100)

Stainless steel

1/8" x 2m

N2

30㎖ /min

(Carrier+make up)

70 

80

320 

3.2min

0.5 and 1.0 ppmv

N2O in N2

2㎖

ECDDetector

Table 2. Gas chromatographic analysis conditions for N2O
measurement.
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N2O 1-10 g (NO3
--

N+NH4
+-N) 1-40 mg kg-1 , 40 mg

kg-1 N2O 10 g

. Conen(2000) N2O 1-10

g (NO3
--N+NH4

+-N)

1-10 mg kg-1 . Ryden et

al.(1983) NO3-N 5 mg kg-1

N2O 

. N2O 100 mg kg-1

N2O ‘ ’(1-10 g), ’

(10-100 g) (Fig. 1).

Webb(1972) empirical 

N2O

. 

. N2O

Smith et al.(1998)

WFPS(Water Filled Pore Space), , 

(NO3
--N+NH4

+-N) N2O

3 .

Conen(2000) WFPS, ,

(NO3
--N+NH4

+-N) 3

N2O 

,

N2O ‘ ’(1-10 g),‘ ’(10-100 g),‘ ’

(100-1000 g N2O-N ha-1 day-1)

.

Fig. 2 WFPS N2O 

1-10 g, 10-100 g N2O-N ha-1 day-1

.

N2O 10-100 g N2O-N ha-1 day-1

(<10 g) (>100 g), 

. Conen 10 g N2O-N

ha-1 day-1 ,

(% WFPS)+{2× (℃)} = 90;         (1)

100 g N2O-N ha-1 day-1 ,

(% WFPS)+{2× (℃)} = 105.        (2)

. N2O

Powlson et al.(1988)

5 N2O 10 g N2O-N ha-1

day-1 . (1), (2)

Table 3 Conen(2000)

N2O 

. N2O (NO3
--

N+NH4
+-N) 40 mg kg-1

.

N2O 

WFPS, , (NO3
--N+NH4

+-N)

Table 3

N2O Fig. 3 .

N2O 

. 

, (NO3
--N+NH4

+-N)

N2O 

Conen . 

N2O 

Fig. 1. Determination of threshold value(indicated by vertical
dotted line) below which Nmineral limits N2O flux to values <40 g
N2O-N ha-1 day-1.

Fig. 2. Defining lower limits to WFPS and soil temperature
conditions, below which N2O flux is limited to values
<10(continuous line) or <100 g N2O-N ha-1 day-1(dashed line).
Symbols indicate WFPS/soil temperature combinations at
which observed N2O flux was <10( ), 10-100 g N2O-N ha-1

day-1( ), when Nmineral was not limiting.
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, N2O 

. 

WFPS

60% , Davidson (1991)

(<60%) N2O 

, WFPS 60%

. 

N2O 

, NO3
-

N2O N2

(Weier et al, 1993). 

N2O 

NO3
-

.

N2O 

N2O 

1:1 Fig. 4 . N2O 

( r=0.962, r=0.974), 

Velthof et al.(1996) N2O 

. N2O

(Li et al, 1992; Engel and Priesack, 1993;

Parton et al, 1996; Potter et al, 1997).

N2O , 

N2O 

1 1 (based on

soil sampling dates only)

Flux range

(g N2O-N ha-1day-1)

1~10

10~100

100~1000

<40

>40

>40

<5

>5

>5

and/or

and

and

<90

90-105

>105

[%WFPS] + 2[Temp in ℃]

(dimensionless value)

Soil temp.

(℃)

Nmineral

N(mg kg-1 soil)

Table 3. Criteria for prediction of N2O flux ranges.

Fig. 4. Comparison of predicted and measured seasonal emissions(using only the flux measurements made on dates when soil
parameters determined)

Fig. 3. Measured and predicted N2O fluxes from clay loam and sandy loam at the pepper field.
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1 2 N2O 

(all flux measurements

included) N2O 

(Table 4). N2O 

12.2%

, 30% .

1 1 N2O

N2O 27.1%, 

14.7% .

. 2

NPK 25 Mg ha-1

. N2O 

N2O , , 

, -50 kPa

N2O 

. 

N2O 

.

N2O (NO3
-+NH4

+)

(NO3
--N+NH4

+-N) 10 mg

kg-1 N2O 1∼10 g N2O-N ha-1

day-1 N2O (NO3
--

N+NH4
+-N) , 

WFPS(water filled pore space)

(% WFPS)+{2×

(℃ )}=90, (% WFPS)+{2×

(℃)}=105 . N2O 

1:1 , 

r=0.962, r=0.974 .

N2O , 

N2O 

12.2% , 

30% . 

1 1 N2O N2O 

27.1, 14.7% .
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