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This study aims to measure the rate of CO2 emissions and the effect of several types of vegetation on 
environmental parameters at the location of oil palm plantation companies on tropical peat lands, in 
Central Kalimantan, Indonesia. The measurement of Carbon dioxide emission rate uses the open and 
closed Chamber method. The parameters measured include water table, soil temperature, soil moisture, 
and pH of groundwater. The experimental design used was a randomized block design, with 3 
replications. The treatment was 6 treatments. The findings in this study obtained the average CO2 
emissions rate varies depending on changes in vegetation types, the highest on the conservation forest 
vegetation equal to 358.46 mg C m2 Hr1. The findings based on the influence of several types of 
vegetation in the oil palm plantation area towards the Water Table parameters obtained the conservation 
forest vegetation type with the highest water table average of 35.21 cm, 4 cm temperature parameters 
obtained grass land vegetation types (28.010C), 10 cm temperature parameters obtained vegetation 
types of palm oil plants aged 5 Years ( 27.13 0C), pH parameters of groundwater obtained vegetation 
type of Palm oil plants aged 6 Years (4.669). The relationship of the rate of CO2 emissions with several 
environmental factors in the vegetation type, shows that the higher the rate of CO2 emissions, the 
deeper the water table, lowering the temperature 4 cm, temperature 10 cm and soil moisture with the 
magnitude of the diversity coefficient equal to 33.74%, 27.50%, 26.33%, and 23.92% respectively. 
Meanwhile, the higher the CO2 emissions, then pH of groundwater increases.   
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INTRODUCTION 

Peat land in tropical region comprise nearly 
10-12% of total global peat land (Rieley et al., 
2008), and it covers approximately 27 Mha 
(Hooijer et al., 2010). Hooijer et al., (2010) 
estimated at least 42 Pg of carbon (C) is stored in 
Southeast Asian peat land assuming peat C 
content of 60 kg m-3. Increasing carbon dioxide 
(CO2) concentration in atmosphere is considered 
as a one of the reasons of global climate change 
(IPCC, 2007), and loss of C from tropical peat 
land can impact on the variation of atmospheric 

CO2 concentration. Indeed, approximately 0.2 Pg 
C in peat was released by burning in Central 
Kalimantan, Indonesia, and it corresponded to 
3.2% of the mean annual global C emissions from 
fossil fuels (Page et al., 2002).  

Peat land in Southeast Asia has been 
disturbed by human activity such as drainage, 
burning, and cultivation (Page and Hooijer, 2016). 
Hooijer et al., (2010) reported that deforested and 
drained peat land was approximately 48% (13 
Mha) of peat land in Southeast Asia in 2006. From 
those peat lands, 355-855 Tg C has been lost by 
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decomposition of which 82% come from 
Indonesia. Those losses of C will continue and 
contribute to increase atmospheric CO2 
concentration while peat land is on aerobic 
condition, though C loss by burning was temporal 
C emission. More than 83% (23 Mha) of peat land 
in Southeast Asia was distributed in Indonesia 
(Hooijer et al., 2010) . The research findings 
Warren et al., (2017) This estimate is about half of 
previous assessments which used an assumed 
average value of peat thickness for all Indonesian 
peat lands, and revises the current global tropical 
peat carbon pool to 75 GtC. Yet, these results do 
not diminish the significance of Indonesia’s peat 
lands, which store an estimated 30% more carbon 
than the biomass of all Indonesian forests 
(Warren et al., 2017). 

More than 14% (3.1 Mha) of peat land in 
Indonesia was distributed in Central Kalimantan, 
Borneo Island (Hooijier et al., 2010). However, 1.5 
Mha of peat swamp forest in Central Kalimantan 
was pioneered (deforested and drained) from 
1996 to 1999, as a part of Mega Rice Project 
(MRP). Though MRP was frustrated in 1999, most 
of those opened peat land was remained and 
often burned. Those drained and burned peat land 
have potentially been emitting large amount of C 
induced by peat decomposition and/or burning. 
On the other hand, cropland is also distributed in 
Central Kalimantan. Hooijer et al., (2010) reported 
that cropland (crop and shrub) corresponded to 22 
% of the peat land, which was larger than that in 
drained shrub land (19%). Not only C loss, but 
also subsidence is important issue for agriculture. 
Subsidence by peat decomposition and 
compaction means diminishing plow layer 
essential for agriculture. There may be Pyrite 
(Fe2S) in mineral soil under the peat layer. It 
makes soil acidic when it is oxidized on aerobic 
condition. It will be difficult to grow for crop if soil 
layer containing Pyrite under peat layer is close to 
plow layer. 

As above, suppressing C loss from peat 
should be subjected to conservation of natural 
peat swamp forest, recovery of the forest after 
drainage and burning in disturbed forest, and 
reduce peat decomposition in agricultural field. To 
solve the issue, it is necessary to quantify how 
much C was lost in each land use type and 
understand the controlling factor of CO2 emission 
in all land use type including agricultural field. 
Those will make clear which land use type 
potentially release large amount of C and what 
should be treated for reducing C emission by peat 
decomposition. Until now, some study was 

reported related to the factors controlling CO2 
emission from tropical peat land. From the 
reviewing study, it has been reported that rising 
up ground water table increased CO2 emission 
from tropical peat land (Hooijer et al., 2010). 
Moreover, Melling et al., (2005) reported the 
environmental variables explaining the variation of 
CO2 flux could be classified into three 
components, climate, soil moisture, and soil bulk 
density by PCA analysis in peat swamp forest, 
sago and oil palm plantations in Malaysia (Melling 
et al., 2005). Jyrki et al., (2008) constructed dams 
to rise up ground water table and verified the 
effect of it on CO2 emission in drained and/or 
burned forest in Indonesia. However, CO2 
emission from those sites did not reflect the 
differing hydrological conditions the year before 
and after the dam construction (Berger et al., 
2018, Luan et al., 2018, Green et al., 2018, and 
Assahira et al., 2017). Those suggest that 
controlling factor for explaining CO2 release from 
tropical peat land is still unclear. Thus, we 
conducted the study about CO2 emission from 
tropical peat land at different land use type.   
 
MATERIALS AND METHODS 

Description of Research Location 
This research was carried out in oil palm 

plantation companies on peat land, Kota Besi sub-
district, East Kotawaringin Regency, Central 
Kalimantan Province, Indonesia, which was held 
from November 2016 to October 2017.  Field 
surveys at company sites on the plots of 
conservation forest (S:02° 26' 20.45", E:112° 54' 
03.70" ),grass land (S:02° 24'23.58" , E:112° 56' 
31.01") and oil palm plants with 3 years of planting 
age (S:02° 26' 20.45", E:112° 54' 03.70" ) , oil 
palm plants 4 years planting age (S:02° 24' 07.76" 
, E:112° 59' 43.47"), oil palm plants with 5 years 
planting age (S:02° 26' 14.76" , E:112° 54' 
08.72"), and oil palm plants with 6 years planting 
age (S:02° 26' 22.11" , E:112° 54' 05.23") 
 
CO2 Emission Measurement 

Measurement of CO2 emissions using the 
open closed chamber method for each research 
plot. Open closed chamber method with three 
replications. Gas fluxes were measured monthly 
from November 2016 to October 2017. Methods 
of sample retrieval and analysis of CO2 gas using 
the method by Takakai et al.,(2006), Nakano et 
al., (2004), Toma and Hatano(2007), and Toma et 
al., (2011). 
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Supporting data 
Low height measurements of groundwater 

level use PVC pipe that was made and entered 
into the ground in each measurement plot. The 
soil temperature is measured at depth (0-4 cm) 
and (0-10 cm) using the thermometer thermistor 
and pH of groundwater using Pocket PH/mV 
Meter-Laqua Twin PH11. 
 
Statistical analysis 

Statistical analysis using a randomized block 
design with 3 replications, and 6 treatments 
namely the use of conservation forest land, grass 
land and oil palm plants with planting age (3,4,5 
and 6 years). 
 
RESULTS AND DISCUSSION 

Carbon Emission Pattern in various vegetation 
The average pattern of CO2 emissions in 

various types of vegetation at the location of oil 
palm plantations is shown in Figure 1. 

Figure 1. Shows the highest average emission 
rate on conservation forest vegetation equal to 
358.46 mg C m2 Hr1 , oil palm plants aged 6 years 
amounted to 33.45mg C m2 Hr1, oil palm aged 5 
years equal to 303.34 mg C m2 Hr1, oil palm 
plants aged 4 years amounted to 247.63 mg C m2 
Hr1 , srub/ grass land equal to 197.78 mg C m2 
Hr1, and the smallest average on oil palm plants 

aged 3 years equal to 147.66 mg C m2 Hr1 

Pearland’s are a place for carbon accumulation 
(carbon reservoir  or carbon storage). The release 
of CO2 into the air from reclaimed natural 
peatlands for agricultural activities is a process of 
oxidation  and reduction of its organic matter. In a 
reductive environment, the rate of decomposition 
of peat is very slow and many toxic organic acids 
and methane (CH4) are produced, whereas on the 
oxidative state,  the release of C increased, 
especially in the form of CO2. The type of land use 
affects the ability of the soil to store CO2. Types of 
land use plays an important role in controlling the 
flux of CO2 in the atmosphere, means controlling 
global warming. 

The opening of peat swamps for agriculture 
and plantations is always followed by the 
destruction of the hydrological system and causes 
problems related to the physical, chemical and 
biological properties of the soil.  Page et al., 
(2002), Canadell et al., (2007), Hirano et al., 
(2007) said the opening of tropical peat on a large 
scale would result in a sudden and permanent 
change in the carbon ecosystem balance. 
Meanwhile Limin (2006) said that changes in the 
hydrological status of peatlands due to the 
construction of drainage, would cause changes in 
the type of vegetation that would be adaptive in 
the region. 

 

 
 

Figure 1.  Average pattern of CO2 emissions ( mg C m2 Hr1 ) in various types of vegetation 
 

Water Table (cm) 
The results of variance analysis showed that 

the treatment of vegetation types was significantly 
different on the water table (cm) at the error level 

of 5% (P>0.05). Table 1, show the type of land 
use in the conservation forest vegetation type was 
the highest average water table equal to 35.21 
(cm) but not significantly different from other 
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vegetation types, while the lowest on oil palm 
plants aged 3 years amounted to 32.37 (cm). 
These findings obtained factors that influence the 
high average CO2 emissions are environmental 
factors, especially groundwater, soil temperature 
and soil moisture. Research by Rumbang et al., 
(2009) suggests that the average value of CO2 
emissions released by peat lands is influenced by 
environmental factors, among others groundwater 
level depth, air temperature, soil temperature, 
peat properties such as peat pH, KPK, organic C 
content and microorganisms.  Vegetation type 
(land cover/canopy) will affect the average 
temperature under the canopy which will 
automatically affect CO2 emissions in different 
vegetation types.  
Table .1 the Average Effect of Several 
Vegetation Types in Palm Oil Plantation Areas 
on Water Tables (cm) 
 

Vegetation Type Water Table (cm) 

Conservation Forest 35.21 a 

Grass land 35.08 a 

Oil Palm plants aged 3 years 32.37 a 

Oil Palm plants aged 4 years 33.94 a 

Oil Palm plants aged 5 years 34.42 a 

Oil Palm plants aged 6 years 34.57 a 
Information:  Numbers accompanied by the same letters on 
the same row and column are not significantly different from 
the Duncan test 5% (p>0.05). 

The increase in CO2 emissions is also caused 
by root respiration. The type and age of the plant 
will affect the size of root respiration. Research 
results from Jauhiainen et al., (2012) shows that 
root respiration contributes 21% from total CO2 
emissions on acacia plantations cultivated on peat 
land in Jambi. The findings of this study indicate 
that there was a high average CO2 emission in 
conservation forest vegetation amounted to 
358.46 mg C m2 Hr1, because the vegetation in 
conservation forests are quite large, have different 
types and ages of plants and root systems. The 
number of roots in the conservation forest will 
affect the total CO2 emissions from the area.  
Hirano, et al., (2009) said the key to the difficulty 
in describing carbon flows in various land uses 
was caused by; (i) CO2 emissions and root 
respiration are not separated from emissions 
caused by decomposition, (ii) lack of historical 
information / description about the location used 
for research, and (iii) peat hydrology is often 
poorly monitored.  In addition, the characteristics 
of forest vegetation (composition and volume of 
vegetation) as well as the characteristics of micro-
topography (bumps and hollows) are not very 

much considered in the placement of measuring 
devices for emissions, which will affect CO2 
emissions. 

The research findings show that the highest 
average value of CO2 emissions is found in 
conservation forest vegetation types amounted to 
358,46 mg C m2 Hr1 which may be caused by the 
incorporation of CO2 emissions and root 
respiration. Root respiration and rhizosphere is 
one of the main components that affect soil CO2 
emissions. Estimated to contribute, ranging from 
10 to 90% (Boone et al., 1998, Rochette et al., 
1999, Zhou et al., 2018, Savage et al., 2018 and 
Qu et al., 2018). The amount of root respiration 
and rhizosphere is dominated by root biomass 
from certain soil layers. Pietikainen et al., (1999) 
and Widen and Majdi (2001) found the highest 
respiratory activity in the boreal forest in the 
organic layer close to the soil surface where the 
highest amount of fine root biomass. However, the 
level of CO2 production by roots at different 
depths also depends on the proportion of new and 
old roots.  

The lowest average value of CO2 emissions is 
found in the 3-year-old oil palm vegetation type 
equal to 147,66  mg C m2 Hr1, this is due to 
groundwater conditions that not too far from the 
surface. Hirano et al., (2012) said that the ground 
water and the flow of carbon has a linear 
relationship.  The decline in groundwater every 
0,1 m will emit carbon flow of 0,27  µmol.m-

2.second-1.   In the condition of ground water close 
to the surface of the soil will cause the activity of 
microorganisms to decrease in the process of 
decomposition of peat. Jauhiainen, et al., (2005, 
2008, 2012) said that in the condition of saturated 
water in the rainy season the total CO2 emissions 
of tropical peat lands are very low and increase as 
the groundwater decline during the dry season. 
Also added, if the ground water is close to the 
surface for a long time, there will be heterotropic 
carbon emissions that happened so fast along 
with changes in the depth of the ground water, at 
this time there will also occured a non-linear 
relationship between groundwater and moisture. 
Hirano, et al., (2012) also said the increase in the 
flow of carbon or peat oxidative decomposition at 
low ground water condition is due to thickening of 
the unsaturated soil zone and results from the 
increase in aeration. 
 
Soil Temperature 4, 10 cm (0C) 

The results of the variance analysis showed 
that the treatment of vegetation type had a 
significant effect on soil temperature 4 and 10 cm 
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at the error rate of 5% (P<0.05).  
Table 2, shows the type of land use at 

temperature 4 cm indicates that the grass land 
vegetation type with an average temperature 4 cm 
was the highest amounted to 28.010 C  and 
significantly different from conservation forest 
vegetation types, Oil Palm plants aged 4 years 
and Oil Palm plants aged 6 years but not 
significantly different from vegetation type of Oil 
Palm plants aged 3 years and  Oil Palm plants 
aged 5 years.  The lowest average temperature 4 
cm was found in the type of conservation forest 
vegetation equal to 24.58 0C. The average 
temperature 10 cm due to the influence of 
vegetation type indicates that the vegetation type 
of Oil Palm plants aged 4 years with an average 
temperature  10 cm was the highest amounted to 
27.13 0 C and significantly different from other 
treatments. While the lowest average temperature 
10 cm was found in the type of conservation forest 
vegetation amounted to 24.22 0C. Changes have 
a direct influence on sunlight, the temperature of 
the soil will increase with increasing radiation from 
the sun. The increase in temperature from direct 
sunlight on peat soils depends on the vegetation 
(land cover / canopy) that grows on the peat. 
Research findings of Rumbang et al., (2009) said 
that the size of the canopy on peat land will affect 
the air temperature under the canopy. Lee et al., 
(2018), Seitz and Puig (2018), Gómez et al., 
(2018), and  Hirano et al., (2009) also said that 
solar radiation and land cover conditions would 
affect soil temperature. The findings of this study 
obtained the highest average soil temperature  4 
cm found in grass land vegetation equal to 28,01 
0C.  The vegetation of the grass land is very open 
and there is no large canopy to cover the peat 
land, sunlight directly on the ground. Whereas on 
conservation forest vegetation the average soil 
temperature is lower at 24,58 0C, because the 
conservation forest vegetation is dominated by 
trees with a large enough canopy to cover and 
keep the temperature below it low by resisting 
direct sunlight.Hirano et al., (2012) said that the 
level of CO2 emissions from the incubation 
samples of the Sumatran tropical peat surface 
was also doubled at temperatures between 25oC 
and 35 oC.  The two studies above found that an 
increase in temperature has a greater effect on 
the level of CO2 emissions from moisture and 
groundwater. 
 

Soil Moisture (%) 
The results of the variance analysis showed 

that the treatment of vegetation types had a 
significant effect on soil moisture at an error rate 
of 5% (P<0.05). Duncan's post-test of the effect of 
vegetation type on soil moisture is shown in Table 
3. 

Table 3, show the type of land use is 
significantly different on the average soil moisture. 
The highest average soil moisture was found in 
conservation forest vegetation types 0.6664% and 
significantly different from other vegetation types.  
The smallest average soil moisture found in grass 
land vegetation type equal to 0.4848%. Soil 
moisture will always be inversely proportional to 
soil temperature, the higher the average value of 
soil moisture, the lower the average soil 
temperature. In accordance with the findings of 
this study that the average soil moisture in 
conservation forest vegetation has the highest 
value equal to 0.6664 (%), the minimum amount 
of sunlight reaching the ground due to the canopy 
of trees will cause soil moisture to rise. Whereas 
in the open vegetation, sunlight directly shines on 
the peat land and causes the peat soil to dry out 
and the soil moisture to decrease, as in the grass 
land vegetation type with an average value of 
humidity/ moisture equal to 0.4848 (%).The 
findings of Jauhiainen et al., (2012) said, on peat 
lands with high groundwater levels and without 
good drainage control there is a strong 
relationship between the depth of groundwater 
and moisture. Both of them rise during rainy 
season and fall during the dry season. 

 
PH of Groundwater 

The results of the variance analysis showed 
that the treatment of vegetation type had an effect 
on the pH of the groundwater at an error rate of 
5% (P<0.05). Duncan's post -test due to the effect 
of treatment on pH of groundwater is shown in 
Table 4. 

Table 4, shows the type of land use is 
significantly different to the average pH of 
groundwater, The highest average pH of 
groundwater is found in the vegetation type of oil 
palm plants aged 6 years amounted to 4.669 but it 
is not significantly different from the vegetation 
type of oil palm plants aged 5 years.  
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Table 2. The Average Effect of Several Vegetation Types in the Palm Oil Plantation Area On the 
Soil Temperature  4, 10 cm ( 0 C) 

Vegetation Type Temperature 4 cm( 0 C) Temperature 10 cm( 0 C) 

Conservation Forest 24,58 a 24.22 a 

Grass land 28,01 d 26.51 b 

Oil Palm plants aged 3 years 27,94 cd 26.58 bc 

Oil Palm plants aged 4 years 27,78 c 27.13 e 

Oil Palm plants aged 5 years 27,88 cd 27.01 d 

Oil Palm plants aged 6 years 26,79 b 26.67 c 
Information:  Numbers accompanied by the same letters on the same row and column are not significantly different 
from the Duncan test 5%   (p<0.05). 

 
Table 3. The Average Effect of Several Vegetation Types in the Area of Oil Palm Plantation On the 

Soil Moisture (%) 

Vegetation Type Soil Moisture (%) 

Conservation Forest 0.6664 e 

Grass land 0.4848 a 

Oil Palm plants aged 3 years 0.5232 b 

Oil Palm plants aged 4 years 0.5382 bc 

Oil Palm plants aged 5 years 0.6038 d 

Oil Palm plants aged 6 years 0.5548 c 
Information:  Numbers accompanied by the same letters on the same row and column are not significantly different 
from the Duncan test 5% (p<0.05). 

 
Table 4. The Average Effect of Several Vegetation Types in the Area of Oil Palm Plantations on the 

pH of Groundwater 

Vegetation Type pH of groundwater 

Conservation Forest 4.417 a 

Grass land 4.408 a 

Oil Palm plants aged 3 years 4.547 b 

Oil Palm plants aged 4 years 4.539 b 

Oil Palm plants aged 5 years 4.528 c 

Oil Palm plants aged 6 years 4.669 c 
Information: Numbers accompanied by the same letters on the same row and column are not significantly different 
from the Duncan test 5% (p<0.05). 

 
The lowest average pH of groundwater is 

found in grass land vegetation types and not 
significantly different from conservation forests. 
The acidity of peat groundwater is strongly 
influenced by the content of organic matter, which 
has a close relationship with the decomposition 
rate of organic matter, the pH value will be higher 
if there is faster decomposition (Murayama and 
Zahari, 1992). Decomposition occurs because of 
the activity of microorganisms, increasing when 
there is fertilization treatment.  

The difference in the average value of pH of 
groundwater in each vegetation type is more 
influenced by the treatment of each type of 
vegetation. Findings In this study, the highest 

average pH of groundwater was found in the 
vegetation type of oil palm plant aged 6 years 
amounted to 4,669. Treatment on this vegetation 
type of Oil Palm Plant aged 6 years is fertilizing 
with organic or non-organic material and will 
automatically increase the pH of groundwater. 
Meanwhile the average value of the lowest soil pH 
is found in grass land vegetation type equal to 
4.408, wherein this location has never been 
treated. 

The loss of peat surface might reduce the flow 
of carbon compared to that in unburn peat lands. 
In addition, fires change the properties of peat 
chemically, physically and microbiologically. As a 
result of fire, organic carbon and a decrease in 
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total nitrogen in the peat remain, meanwhile 
mineral nutrients, pH and bulk density increase 
(Dikici and Yilmaz, 2006;. Smith et al., 2001). The 
increase in pH can increase soil microbial activity 
and potentially increase peat decomposition 
(Moilanen et al., 2012). 
 
Relationship of CO2 Emissions with several 
environmental factors in several types of 
vegetation  

The relationship of CO2 emissions with 
several environmental factors in vegetation types 
is shown in Figure 2. Indicates that the higher the 
CO2 emissions, the deeper the water table, 
lowering the temperature 4 cm, temperature 10 
cm and soil moisture with the magnitude of the 
diversity coefficient equal to 33.74%, 27.50%, 
26.33%, and 23.92% respectively, while the 
relationship of CO2 emissions with pH of 
groundwater shows that the higher CO2 emissions 
will increase soil pH with a large diversity of 71, 
18%. 

The opening of peat swamps for agriculture 
and plantations is always followed by the 
destruction of the hydrological system and causes 
problems related to the physical, chemical and 
biological properties of the soil.  Page et al., 
(2002), Canadell et al., (2007), Hirano et al., 
(2007) said the opening of tropical peat on a large 
scale would result in a sudden and permanent 
change in the carbon ecosystem balance. 
Whereas Limin (2006) said that changes in the 
hydrological status of peatlands due to the 
construction of drainage, would cause changes in 
the type of vegetation that would be adaptive in 
the region. 

Jauhiainen, et al., (2005) said that the area of 

tropical peat swamp forest, groundwater has a 
more important role than temperature, because it 
acts as an abiotic control of the flow of gas 
between peat and the atmosphere. Peat swamp 
forest has a very large biomass content every 
year. Vegetation converts CO2 in the atmosphere 
into organic compounds, and at the same time 
this process releases CO2 in respiration. The 
quality and amount of carbon varies in the part of 
the litter / peat surface, in organic matter which is 
carried out beneath the surface of the peat, and 
roots rot, but they form the main carbon supply to 
decompose biotically. Depending on abiotic 
conditions in the soil, carbon bound to biomass is 
usually released back into the atmosphere as CO2 
or CH4 during decomposition, or stored as a semi-
decaying organic substrate known as peat 

The continuity of the presence of peat is very 
much determined by its status which must be 
saturated with water so that it continues to 
accumulate, although it is decomposed slowly, it 
will be disrupted if there is a change in 
hydrological status, or drought occurs in the upper 
layer of peat. Respiration is a biochemical process 
that occurs in cells in all living organisms. Based 
on the sources of carbohydrate substrate supply, 
CO2 production in the soil can be derived from (1) 
root respiration, (2) microbial respiration in the 
rhizosphere, (3) decomposition of litter and soil 
organisms; and (4) oxidation of soil organic matter 
(Luo and Zhuo, 2006; Moyano et at, 2010). The 
range of magnitude of root respiration varies 
widely, ranging between 10-90% of the total soil 
respiration. However, on average it almost 
reaches 50% from total land respiration (Hanson 
et al., 2000 in Luo and Zhou. 2006). 

 
 

 
 

Figure  2 .  Correlation of CO2 Emission Rate to Environmental parameters. 
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According to Moyano et al., (2010) that CO2 

emissions from root respiration may be greater in 
number than respiration originating from the 
decomposition of soil organic matter. The amount 
of CO2 production from root respiration is 
determined by root biomass and specific root 
respiration rate (Pausch et al., 2018, Jarvi et al., 
2018, and Verlinden et al., 2018). Root biomass in 
an ecosystem depends on ecosystem production 
and the pattern of allocation of plant species 
(Tonkin et al., 2018, Winkler, 2017, Sesnie et al., 
2018, Byrnes et al., 2018, and Salin et al., 2018). 
Forest has biomass of around 5 kg/m2, while 
agricultural land and its kind has lower biomass 
and usually less than 1,5 kg/m2 (Jackson et al, 
1996  in Luo and Thou, 2006). Results of research 
by Jauhiainen et al., (2012) on Acacia plantations 
in Sumatra show that the emission originating 
from roots is 21% from total emissions. 

Root respiration increases with increasing 
temperature. Temperature sensitivity affects the 
reaction of catalysts of enzymes involved in 
respiration and increased ATP, along with 
increasing metabolism. Temperature stimulation 
on the respiration is also needed in increasing 
energy to support the increased rate of 
biosynthesis, movement and supply of proteins 
(Busch et al., 2018, Piñol et al., 2018). 

Respiration of microorganisms is largely 
determined by the availability of carbonaceus 
(mucilage, sloughed and exudate) in the 
rhizosphere (Verma, 2018, Kodjo,  Luo and Zhou, 
2006). Rizosphere is a meeting zone between the 
surface of the root and the soil, where there is an 
interaction between plants and microbes (Moyano 
et al., 2010). Rizosphere is the most beneficial 
habitat for microorganism life. Interactions 
between plants and microorganisms in the 
rhizosphere play a role in regulating microbial 
activity, nutrient availability, decomposition of 
organic matter and the dynamics of soil organic 
matter (Luo and Zhou, 2006, Verma et al., 2018, 
Luo et al., 2018, Hao et al., 2018  and Aung et al., 
2018). 

CONCLUSION 
Changing of the land use conversion of 

tropical peat land for oil palm plantation activities 
plays a very important role in the pattern of 
changes in the rate of emissions from the surface 
of peat lands, controlling the rate of CO2 
emissions in the atmosphere, means controlling 
global warming.  Changes in peat land use in oil 
palm plantations, the findings obtained the rate of 

CO2 emissions vary widely depending on changes 
in vegetation types, the highest on conservation 
forest vegetation equal to 358.46 mg C m2 Hr1 , 
palm oil plants aged 6 years amounted to 33.45 
mg C m2 Hr1, palm oil aged 5 years equal to 
303.34 mg C m2 Hr1, palm oil plants aged 4 years 
amounted to 247.63 mg C m2 Hr1, grass land 
vegetation equal to 197.78 mg C m2 Hr1, and the 
smallest average on oil palm plants aged 3 years 
equal to 147.66 mg C m2 Hr1.   

The findings based on the influence of several 
types of vegetation in the oil palm plantation area 
towards the Water Table parameters obtained the 
conservation forest vegetation type with the 
highest water table average of 35.21 cm, for 4 cm 
temperature parameters obtained grass land 
vegetation types with the highest average 
temperature of 28.010 C, 10 cm temperature 
parameters obtained vegetation types of palm oil 
plants aged 5 Years with the highest average 
temperature of 27.130 C, for the soil moisture 
parameter obtained  vegetation type of 
Conservation Forest with the highest average 
moisture 0.6664%, whereas for pH parameters of 
groundwater obtained vegetation type of Palm oil 
plants aged 6 Years with the highest average 
groundwater pH equal to 4.669. The relationship 
of the rate of CO2 emissions with several 
environmental factors in the vegetation type, 
shows that the higher the rate of CO2 emissions, 
the deeper the water table, lowering the 
temperature 4 cm, temperature 10 cm and soil 
moisture with the magnitude of the diversity 
coefficient equal to 33.74%, 27.50%, 26.33%, and 
23.92% respectively. Meanwhile, the higher the 
CO2 emissions, then pH of groundwater 
increases. To reduce the rate of CO2 emissions at 
the location of oil palm plantation companies, limit 
the making of drainage channels to maintain the 
water table so that it can maintain soil 
temperature and moisture that affect the rate of 
CO2 emissions from tropical peat lands. For 
further research activities, how is the influence of 
distance and width and depth of the making of 
drainage channels to the rate of CO2 emissions in 
the location of oil palm plantations on tropical peat 
lands. 

 
CONFLICT OF INTEREST 
The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

Thank you to Professor Ryusuke Hatano 



Darung et al.,                     Controlling factor of carbon dioxide flux from tropical peat soil  

 

                                                    Bioscience Research, 2018 volume 15(4): 3821-3832                                             3829 

 

(Hokkudai-Japan University), and Mr. Teguh 
Patriawan as President Director of the Palm Oil 
Plantation Company PT.Nusantara Sawit Perdana 
and also colleagues staff at Center for 
International Cooperation in Sustainable 
Management of Tropical Peat land (CIMTROP) 
Palangka Raya University for cooperation and 
assistance during research activities on CO2 
emissions from changes in conversion land use in 
oil palm plantations running well. 
 
AUTHOR CONTRIBUTIONS 

The article is part of the Dissertation of 
Doctoral and all the authors have contributed: UD 
conducted experiments, data collection, data 
analysis and writing manuscript, Prof. SM 
contributed to the experimental design, the 
determination of the research treatment and the 
field survey, Dr. CP and Prof. SD contributes to 
experimental design, determination of research 
treatment and review of manuscripts. 
 

Copyrights: © 2017 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Us Assahira, C., Piedade, M. T. F., Trumbore, S. 

E., Wittmann, F., Cintra, B. B. L., Batista, E. 
S., & Schöngart, J. 2017. Tree mortality of a 
flood-adapted species in response of 
hydrographic changes caused by an 
Amazonian river dam. Forest ecology and 
management, 396, 113-123. 

AunAg, K., Jiang, Y., & He, S. Y. 2018. The role of 
water in plant–microbe interactions. The 
Plant Journal, 93(4), 771-780. 

Berger, S., Praetzel, L. S., Goebel, M., Blodau, C., 
& Knorr, K. H. 2018. Differential response of 
carbon cycling to long-term nutrient input and 
altered hydrological conditions in a 
continental Canadian peatland. 
Biogeosciences, 15(3), 885-903. 

Busch, F. A., Sage, R. F., & Farquhar, G. D. 2018. 
Plants increase CO2 uptake by assimilating 
nitrogen via the photorespiratory pathway. 

Nature plants, 4(1), 46. 
Byrnes, R. C., Eastburn, D. J., Tate, K. W., & 

Roche, L. M. 2018. A Global Meta-Analysis 
of Grazing Impacts on Soil Health Indicators. 
Journal of Environmental Quality. 

Canadell, J. G., Le Quéré, C., Raupach, M. R., 
Field, C. B., Buitenhuis, E. T., Ciais, P., ... & 
Marland, G. 2007. Contributions to 
accelerating atmospheric CO2 growth from 
economic activity, carbon intensity, and 
efficiency of natural sinks. Proceedings of the 
national academy of sciences, 104(47), 
18866-18870. 

Canadell,. J.D.E. Pataki., R. Gifford., R.A. 
Houghton.,Y.Luo., M.R. Raupach., P. Smith., 
and W. Steffen. 2007. Saturation of terrestrial 
carbon sink. Dalam: Cannadel,J.G., 
D.E.Patak., and L., Pitelka (eds) Terrestrial 
Ecosystems in a Changing World., Sringer 
Verlag, Berlin. 59-78 

de Souza, L. C., Fernandes, C., Moitinho, M. R., 
da Silva Bicalho, E., & La Scala, N. 2018. 
Soil carbon dioxide emission associated with 
soil porosity after sugarcane field reform. 
Mitigation and Adaptation Strategies for 
Global Change, 1-15. 

Dikici H, Yilmaz C.H. 2006. Peat fire effects on 
some properties of an artificially drained  
peatland. Journal of Environment Quality, 35, 
866. 

Gómez, I., Caselles, V., Estrela, M. J., Sánchez, 
J. M., & Rubio, E. 2018. Simulation of 
surface energy fluxes and meteorological 
variables using the Regional Atmospheric 
Modeling System (RAMS): Evaluating the 
impact of land-atmosphere coupling on short-
term forecasts. Agricultural and Forest 
Meteorology, 249, 319-334. 

Green, S. M., Baird, A. J., Evans, C. D., Peacock, 
M., Holden, J., Chapman, P. J., & Smart, R. 
P. 2018. Methane and carbon dioxide fluxes 
from open and blocked ditches in a blanket 
bog. Plant and Soil, 1-20. 

Hanson, P. J., Edwards, N. T., Garten, C. T., & 
Andrews, J. A. (2000). Separating root and 
soil microbial contributions to soil respiration: 
a review of methods and observations. 
Biogeochemistry, 48(1), 115-146. 

Hao, Y., Ma, C., Zhang, Z., Song, Y., Cao, W., 
Guo, J., ... & Xing, B. 2018. Carbon 
nanomaterials alter plant physiology and soil 
bacterial community composition in a rice-
soil-bacterial ecosystem. Environmental 
Pollution, 232, 123-136. 

Hirano T, Segah H, Harada T, Limin S, June T, 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Darung et al.,                     Controlling factor of carbon dioxide flux from tropical peat soil  

 

                                                    Bioscience Research, 2018 volume 15(4): 3821-3832                                             3830 

 

Hirata R, Osaki M 2007: Carbon dioxide 
balance of a tropical peat swamp forest in 
Kalimantan, Indonesia. Glob. Change Biol., 
13, 412-425. 

Hirano T, Segah H, Harada T, Limin S, June T, 
Hirata R, Osaki M. 2007. Carbon dioxide 
balance of a tropical peat swamp forest in 
Kalimantan, Indonesia. Glob. Change Biol., 
13, 412-425. 

Hirano, T, Kusin K, Limin S, Osaki M.  2012.  
Carbon dioxide emissions through oxidative 
peat decomposition on a burnt tropical 
peatland. Global Change Biology :130 – 121. 

Hirano, T., J. Jauhiainen, T. Inoue, H. Takahashi. 
2009. Controls on carbon balance of tropical 
peatlans. Ecosystem 12: 873 – 887. 

Hooijer, A., Page, S., Canadell, J. G., Silvius, M., 
Kwadijk, J., Wösten, H., & Jauhiainen, J. 
2010. Current and future CO 2 emissions 
from drained peatlands in Southeast Asia. 
Biogeosciences, 7(5), 1505-1514.  

Jackson, L. S., Hlywka, J. J., Senthil, K. R., & 
Bullerman, L. B. (1996). Effects of thermal 
processing on the stability of fumonisin B2 in 
an aqueous system. Journal of agricultural 
and food chemistry, 44(8), 1984-1987. 

Jarvi, M. P., & Burton, A. J. 2018. Adenylate 
control contributes to thermal acclimation of 

sugar maple fine‐root respiration in 
experimentally warmed soil. Plant, cell & 
environment, 41(3), 504-516. 

Jauhiainen J, Hooijer A, Page S.E. 2012. Carbon 
dioxide emissions from an Acaciaplantation 
on peatland in Sumatra, Indonesia. 
Biogeosciences,9, 617– 630. 

Jauhiainen, J., H. Takahashi, J. E. P. Heikkinen, 
P. J. Martikainen, and H. Vasander. 2005. 
Carbon fluxes from a tropical peat swamp 
forest floor. Global Change Biology 11: 1788 
- 1797. 

Jauhiainen, J., H.Takahashi., J.E.P. Heikkinen., 
P.J.Martikainen., and H. Vasander. 2005.  
Carbon fluxes from a tropical peat swamp 
forest floor. Global Change Biology. 11:1788-
1797 

Jauhiainen, J., S. Limin, S. Silvennoinen, H. 
Vasander. 2008. Carbon dioxide and 
methane in drained tropical peat before and 
after hydrological restoration. Ecology, 89 
(12): 3503 - 3514.  

Jauhiainen.J., A. Hooijer., and S.E. Page. 2012. 
Carbon dioxide emissions from an Acacia 
plantation on Sumatra, Indonesia. 
Biogeosciences. 9: 617 -630 

Jorschick, H., Bösmann, A., Preuster, P., & 

Wasserscheid, P. 2018. Charging a Liquid 
Organic Hydrogen Carrier System with 
H2/CO2 Gas Mixtures. ChemCatChem, 
10(19), 4329-4337. 

Jyrki J, Limin S, Silnennoinen H, Vasander H. 
2008. Carbon dioxide and methane fluxes in 
drained tropical peat before and after 
hydrological restoration. Ecology, 89, 3503-
3514. 

Kodjo-Wayo, L. K. 2006. Biodegradation and 
phytoremediation of polycyclic aromatic 
hydrocarbons using mushroom compost 
(Doctoral dissertation, uga). 

Lee, M. S., Hollinger, D. Y., Keenan, T. F., 
Ouimette, A. P., Ollinger, S. V., & 
Richardson, A. D. 2018. Model-based 
analysis of the impact of diffuse radiation on 
CO2 exchange in a temperate deciduous 
forest. Agricultural and Forest Meteorology, 
249, 377-389. 

Limin, S H. 2006. Pemanfaatan Lahan Gambut 
dan Permasalahannya. Centre For 
International Cooperation In Management Of 
Tropical Peatland  (CIMTROP). Universitas 
Palangka Raya 

Luan, J., Liu, S., Wu, J., Wang, M., & Yu, Z. 2018. 
The transient shift of driving environmental 
factors of carbon dioxide and methane fluxes 
in Tibetan peatlands before and after 
hydrological restoration. Agricultural and 
Forest Meteorology, 250, 138-146. 

Luo, L., Wu, R., Gu, J. D., Zhang, J., Deng, S., 
Zhang, Y., ... & He, Y. 2018. Influence of 
mangrove roots on microbial abundance and 
ecoenzyme activity in sediments of a 
subtropical coastal mangrove ecosystem. 
International Biodeterioration & 
Biodegradation, 132, 10-17. 

Luo, Y. dan Zhuo, X., 2006. Soil Respiration and  
The Environment. Academic Press, 
Amsterdam 

McClain, A. M., & Sharkey, T. D. 2018. Triose 
phosphate utilization and beyond: from 
photosynthesis to end-product synthesis. 
bioRxiv, 434928. 

Melling L, Hatano R, Goh KJ.  2005. Soil CO2 flux 
from three ecosystems in tropical peatland of 
Sarawak, Malaysia, Tellus, 57B, 1-11. 

Moilanen M, Hytönen J, Leppälä M. 2012. 
Application of wood ash accelerates soil 
respiration and tree growth on drained 
peatland. European Journal of Soil 
Science,63, 461 467-475. 

Moyano, F. E., Atkin, O. K., Bruhn, D., Burton, A. 
J., Kutsch, W. L., & Wieser, G. 2009. 



Darung et al.,                     Controlling factor of carbon dioxide flux from tropical peat soil  

 

                                                    Bioscience Research, 2018 volume 15(4): 3821-3832                                             3831 

 

Respiration from roots and the 
mycorrhizosphere. In Soil Carbon Dynamics. 
Cambridge University Press. 

Murayama, S., & Zahari, A. B. 1992. Biochemical 
decomposition of tropical forest. In 
Proceeding of the International Symposium 
on Tropical Peatland (pp. 124-133). 

Nakano T, Sawamoto T, Morishita T, Inoue G., 
Hatano R 2004: A comparison of regression 
methods for estimating soil-atmosphere 
diffusion gas fluxes by a closed-chamber 
technique. Soil Biol. Biochem., 36, 107-113. 

Page, S. E., & Hooijer, A. 2016. In the line of fire: 
the peatlands of Southeast Asia. Phil. Trans. 
R. Soc. B, 371(1696), 20150176. 

Page SE, Slegert F, Rieley JO, Boehm HDV, 
Zaya A, Limin S. 2002. The amount of 
carbon released from peat and forest fires in 
Indonesia during 1997. Nature, 420, 61-65. 

Page, S. E., F. Siegert, J. O. Rieley, H.-D. V. 
Boehm, A. Jaya, and S. Limin. 2002. The 
amount of carbon released from peat and 
forest fires in Indonesia during 1997. Nature 
420:61–65.. 

Pausch, J., & Kuzyakov, Y. 2018. Carbon input by 
roots into the soil: Quantification of 
rhizodeposition from root to ecosystem scale. 
Global change biology, 24(1), 1-12. 

Pietikäinen, J., Vaijärvi, E., Ilvesniemi, H., Fritze, 
H., & Westman, C. J. 1999. Carbon storage 
of microbes and roots and the flux of CO2 
across a moisture gradient. Canadian 
Journal of Forest Research, 29(8), 1197-
1203. 

Piñol, R. A., Zahler, S. H., Li, C., Saha, A., Tan, B. 
K., Škop, V., ... & Reitman, M. L. 2018. B rs3 
neurons in the mouse dorsomedial 
hypothalamus regulate body temperature, 
energy expenditure, and heart rate, but not 
food intake. Nature Neuroscience, 1. 

Qu, L., Kitaoka, S., & Koike, T. 2018. Factors 
controlling soil microbial respiration during 
the growing season in a mature larch 
plantation in Northern Japan. Journal of Soils 
and Sediments, 18(3), 661-668. 

Rochette, P., Flanagan, L. B., & Gregorich, E. G. 
(1999). Separating soil respiration into plant 
and soil components using analyses of the 
natural abundance of carbon-13. Soil 
Science Society of America Journal, 63(5), 
1207-1213. 

Rumbang, N., Radjagukguk, B., dan Parjitno, D., 
2009. Emisi Karbon Dioksida (CO2) dari  
Beberapa Tipe Penggunaan Lahan Gambut 
di  Kalimantan. Jurnal Ilmu Tanah dan  

Lingkungan, 9(2):95-102. 
Salin, K. R., & Ataguba, G. A. 2018. Aquaculture 

and the Environment: Towards Sustainability. 
In Sustainable Aquaculture (pp. 1-62). 
Springer, Cham. 

Savage, K. E., Davidson, E. A., Abramoff, R. Z., 
Finzi, A. C., & Giasson, M. A. 2018. 
Partitioning soil respiration: quantifying the 
artifacts of the trenching method. 
Biogeochemistry, 140(1), 53-63. 

Seitz, V. P., & Puig, S. 2018. Aboveground 
activity, reproduction, body temperature and 
weight of armadillos (Xenarthra, 
Chlamyphoridae) according to atmospheric 
conditions in the central Monte (Argentina). 
Mammalian Biology, 88, 43-51. 

Sesnie, S., Eagleston, H., Johnson, L., & Yurcich, 
E. 2018. In-Situ and Remote Sensing 
Platforms for Mapping Fine-Fuels and Fuel-
Types in Sonoran Semi-Desert Grass lands. 
Remote Sensing, 10(9), 1358. 

Smith SM, Newman S, Garrett PB, Leeds JA. 
2001. Differential effects of surface and peat 
fire on soil constituents in a degraded 
wetland of the northern Florida Everglades. 
Journal of Environment Quality, 30, 1998-
2005. 

Takakai F, Morishita T, Hashidoko Y, Darung U, 
Kuramochi K, Dohong S, Limin SH, Hatano 
R. 2006. Effects of agricultural land-use 
change and forest fire on N2O emission from 
tropical peatlands, Central Kalimantan, 
Indonesia. Soil Sci. Plant Nutr., 52, 662-674. 

Takakai, F., Morishita, T., Hashidoko, Y., Darung, 
U., Kuramochi, K., Dohong, S., ... & Hatano, 
R. 2006. Effects of agricultural land-use 
change and forest fire on N2O emission from 
tropical peatlands, Central Kalimantan, 
Indonesia. Soil science and plant nutrition, 
52(5), 662-674. 

Toma, Y., & Hatano, R. 2007. Effect of crop 
residue C: N ratio on N2O emissions from 
Gray Lowland soil in Mikasa, Hokkaido, 
Japan. Soil Science and Plant Nutrition, 
53(2), 198-205. 

Toma Y, Takakai F, Darung U, Kuramochi K, 
Limin SH, Dohong S, Hatano R. 2011. 
Nitrous oxide emission derived from soil 
organic matter decomposition from tropical 
agricultural peat soil in central Kalimantan, 
Indonesia. Soil Sci. Plant Nutr,57, 436-451. 

Toma, Y., Takakai, F., Darung, U., Kuramochi, K., 
Limin, S. H., Dohong, S., & Hatano, R. 2011. 
Nitrous oxide emission derived from soil 
organic matter decomposition from tropical 



Darung et al.,                     Controlling factor of carbon dioxide flux from tropical peat soil  

 

                                                    Bioscience Research, 2018 volume 15(4): 3821-3832                                             3832 

 

agricultural peat soil in central Kalimantan, 
Indonesia. Soil science and plant nutrition, 
57(3), 436-451. 

Tonkin, J. D., Bogan, M. T., Bonada, N., Rios‐
Touma, B., & Lytle, D. A. 2017. Seasonality 
and predictability shape temporal species 
diversity. Ecology, 98(5), 1201-1216. 

Verlinden, M. S., Ven, A., Verbruggen, E., 
Janssens, I. A., Wallander, H., & Vicca, S. 
2018. Favorable effect of mycorrhizae on 
biomass production efficiency exceeds their 
carbon cost in a fertilization experiment. 
Ecology. 

Verma, A., Kumar, S., Kumar, G., Saini, J. K., 
Agrawal, R., Satlewal, A., & Ansari, M. W. 
2018. Rhizosphere Metabolite Profiling: An 
Opportunity to Understand Plant-Microbe 
Interactions for Crop Improvement. In Crop 
Improvement Through Microbial 
Biotechnology (pp. 343-361). 

Verma, B. 2018. Green House Gas Emission 
From Rice Cultivars As Affected By Plant 
Density Under Submerged Condition. 

Warren, M., Hergoualc’h, K., Kauffman, J. B., 
Murdiyarso, D., & Kolka, R. 2017. An 
appraisal of Indonesia’s immense peat 
carbon stock using national peatland maps: 
uncertainties and potential losses from 
conversion. Carbon balance and 
management, 12(1), 12. 

Widén, B., & Majdi, H. 2001. Soil CO2 efflux and 
root respiration at three sites in a mixed pine 
and spruce forest: seasonal and diurnal 
variation. Canadian Journal of Forest 
Research, 31(5), 786-796. 

Winkler, D. E. 2017. Effects of climate change on 
protected and invasive plant species 
(Doctoral dissertation, UC Irvine). 

Zhou, X., Wan, S., & Luo, Y. 2007. Source 
components and interannual variability of soil 
CO2 efflux under experimental warming and 
clipping in a grass land ecosystem. Global 
Change Biology, 13(4), 761-775. 

 
 
 
 
 
 
 
 
 


