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 Background: Environment parameters that contribute to CO2 emission are very 
dynamic and easy to change by time. Objectives: to study CO2 emission from bare 

peatland by continuous measurement. Results: Soil moisture had average condition at 

0.230 m3/m3 volumetric water content (VWC) with the wettest of soil moisture was 
0.614 m3/m3 while the driest was 0.203 m3/m3, water table was maintained in range of 

300 - 900 mm. Hourly CO2 emission had minimum 0.061 g/m2/h, average 0.706 g/m2/h 

and maximum 1.129 g/m2/h (STDEV ±0.123) and when it’s calculated as one day 
emission had value of minimum 3.97 g/m2/day, average 16.82 g/m2/day, and maximum 

35.92 g/m2/day (STDEV ± 3.37). Conclusion: peat CO2 emission from bare peat land 

varied and influenced by soil environmental such as water level, soil moisture and 
temperature. It’s suggested to measure the CO2 efflux in continuous time rather than 

instantaneous measurement method to avoid extrapolation and to provide more accurate 

result total emission yearly. 
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INTRODUCTION 

 

Indonesia has peatland about 20.6 million hectares and cover almost 10% of the land surface. 35% of that 

peatland located in Sumatera [1]. This peatland was being developed for agriculture such as palm oil and 

plywood plantation. As drainage peatland for agriculture activities, CO2 was produced by heterotrophic and 

autotrophic processes in peat and emitted to the atmosphere. Many studies were conducted to monitor CO2 

emission regarding environment concern in agriculture production industries in any soil types [2,3,4,5,6]. 

Measurement of net CO2 emission can be conducted by indirect and direct methods. Direct methods can be 

conducted by using flux tower based on Eddy Covariance measurements and need high investment. Indirect 

methods conducted by using carbon budget analysis to estimate source/sink and emission from land. Thus, there 

is a need to provide data of soil emission. Previous studies of soil emission were conducted based on eventual 

measurement not continuous measurement [2,3,6,7]. These data were used to obtain yearly emission by 

extrapolation from average value [2,7] and to develop models for prediction of soil emission based on 

environment parameters that contribute to CO2 emission such as soil moisture, temperature and water level 

[5,8,9,10]. These environment parameters were very dynamic and easy to change by time. Thus using average 

data to calculate yearly emission could contribute to inaccuracy in yearly total emission. Therefore it’s 

important to provide data of CO2 emission from peat for more accurate yearly CO2 flux.  This experiment was 

conducted to study CO2 emission from bare peatland by continuous measurement. 

 

Methodology: 

The location of observation is a bare field that was dedicated for monitoring station, at a site of pulpwood 

plantation in Padang Island, Sumatera. Emission of CO2 from soil was measured by using Li-8100 Automatic 

Soil CO2 Emission Measurement System (Licor, USA). The system includes mechanical chamber and gas 

analyzer unit. This measurement system was powered by electricity but later then powered by solar panel due 

electric power failure from the end of June until the end of July. Soil emission was measured from area that 

covered by mechanical chamber and the movement of chamber was controlled by the gas analyzer unit. Using 
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internal pump, air from chamber flows to the gas analyzer unit and CO2 concentration was measured by Infra 

Red Gas Analyzer (IRGA) sensor. Furthermore change of CO2 concentration per time was calculated to obtain 

CO2 efflux. Reading of Li-8100 is displayed as CO2 emission per unit area and stored as data in detachable 

memory card. Measurement of CO2 was set to be conducted hourly with 3 times replication. The hourly average 

CO2 emission was obtained as average from those replications. Total emission for one day was calculated using 

integration of emission curve. This integration is made numerically using trapezoidal area methods which is by 

calculates area of each trapezoid and sum all of the area as shown in Eq. 1. 

           (1) 

Environmental biophysics were measured and monitored to provide environment conditions along 

measurement of CO2 emission. Soil environments measured by using sensor Decagon 5TE for soil moisture, 

temperature and electrical conductivity, Decagon MPS2 for matrix potential and Decagon CTD for depth of 

water level. Those sensors were connected to data logger (Decagon, EM50) for recording the measurements 

data. Data were recorded in 15 minutes interval. 

  

 

 

 

 

 

 

 

 

Fig. 1: Automatic soil CO2 flux system Li-8100 consists of chamber (left) and analyzer unit (right). 

 

RESULTS AND DISCUSSION 

 

Fig. 2 shows the dynamic of soil moisture at 10 cm depth below soil surface and water level below the 

ground. Water level in this area was varied from 325 mm to 941 mm with average 526 mm. Soil moisture had 

average condition at 0.230 m
3
/m

3
 volumetric water content (VWC). The wettest of soil moisture was 0.614 

m
3
/m

3
 while the driest was 0.203 m

3
/m

3
. This study was conducted in pulpwood plantation which is Acacia 

crassicarpa as main vegetation. Water table in site area is maintained in range of 300 - 900 mm using drainage 

canals for the purpose of best management practice of acacia plantation and to prevent fire risk too. Soil 

moisture is varied as water level underground changed by rainfall or drainage through canals drainage system. 

In a rainfall event, peat VWC immediately increased because rainwater fall and wetting peat surface. 

Furthermore rainwater drainaged and infiltrated through the peat and storage as water table underground.  As 

porous material, peat has capillarity to maintain wetness peat at surface using water table underground during 

prolonged dry period. Thus diurnal of soil moisture had same pattern with diurnal of water level but slower 

respond to water table change. 

Figure 3 shows diurnal CO2 emission, soil moisture and temperature at -10 cm depth. At depth of 10 below 

peat surface, peat temperature was highly varied and responded quickly as air temperature change. This is 

because of radiant energy exchange occurred at peat surface and still affected at 10 cm depth below peat surface 

[11]. CO2 emission varied for both of daily and hourly measurement. Hourly CO2 emission had minimum 0.061 

g/m
2
/h, average 0.706 g/m

2
/h and maximum 1.129 g/m

2
/h (STDEV ±0.123) and when it’s calculated as one day 

emission had value of minimum 3.97 g/m
2
/day, average 16.82 g/m

2
/day, and maximum 35.92 g/m

2
/day (STDEV 

± 3.37). CO2 peat emission was influenced by soil moisture and temperature. The figures suggest that CO2 

emission increase as temperature (air or soil) increase and decrease as soil moisture increases (Figure 3). It has 

been known that biological and chemical processes are dependent to temperature. In the other hand water in soil 

has opposite correlation, the higher soil moisture or VWC seemed to contribute to decrease emission. When the 

land is being drained, CO2 as result of as oxidation occurred in peat will increase. When land is becoming 

saturated with water, oxidation will decrease and subsequently CH4 is released. In soil, CO2 emission is 

produced from complex dynamic process from organics decomposition and respiration of roots and microbes 

[8,12]. Soil moisture content, water level, chemicals content and temperature of the soils had effect on CO2 

production in soil [4,5,13]. There are many models to describe CO2 soil emission with soil environment. 

Arrhenius models could describe relationship between soil respiration with soil temperature [10] and soil 

moisture [9].  Nagano et al (2013) used groundwater table as proxy parameter to estimate CO2 emission using 

NAIS model.  Emissions of CO2 were correlated with the logarithm of matric potential and with the cube of 

volumetric water content [6]. As CO2 emission is result of biological activities that affected by temperature and 

soil moisture, variation of soil environment parameters will contribute to CO2 peat emission.  
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Conclusion: 

It’s concluded from this study that peat CO2 emission from bare peat land varied and influenced by soil 

environmental such as water level, soil moisture and temperature. It’s suggested to measure the CO2 efflux in 

continuous time rather than instantaneous measurement method to avoid extrapolation and to provide more 

accurate total emission yearly due the change of environment conditions. Furthermore CO2 peat efflux was 

calculated from series of continues measurement in long period.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Diurnal water level underground and soil moisture at -10 cm depth.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Diurnal CO2 emission, soil moisture and temperature at -10 cm depth. 
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