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Abstract: The recovering logged-over forest ecosystem increases the CO2 efflux into the atmospheric carbon pool in response to 
environmental factors to changes in the soil temperature and moisture. These CO2 outbursts can have a marked influence on the 
ecosystem carbon balance and thereby affect the atmospheric carbon pool. The study was conducted in the 10-year-old logged-over 
forest of Sungai Menyala forest, Port Dickson, Negeri Sembilan, Malaysia. The measurements of soil CO2 efflux were conducted 
using the continuous open flow chamber technique connected to a multi gas-handling unit and infrared CO2/H2O gas analyser. The 
aim of this study was to determine the soil CO2 efflux and the environmental variables and likewise the impact of environmental 
factors on soil CO2 efflux. Post-hoc comparisons were made using the Tukey test (p < 0.05), and multiple linear regression to 
determine the impact of environmental factors on soil CO2 efflux. Soil CO2 efflux ranged from 100.22-553.40 mg m-2 h-1 with the 
highest efflux in the afternoon attributed to an increase in soil temperature and low moisture. A higher soil temperature and low 
moisture signify an influential factor as the forest is recovering from logging activity. Furthermore, the predictor environmental 
variables: SOC (soil organic carbon), TOC (total organic carbon), SMC (soil moisture content), Bulk Density, SOCstock (soil organic 
carbon stock), TAGB (total above ground carbon biomass), Below Ground Carbon Biomass, soil pH, Nitrogen to Carbon ratio 
account for the spatial and temporal variation in soil CO2 efflux into the atmosphere. The analysis revealed a strong correlation 
between soil CO2 efflux, changes soil properties and environmental factors with an R2 more than 0.80 at p < 0.01. This is proven that 
logging activity accounts for the changes in environmental factors to influence soil CO2 efflux rate within 10-years of logging and 
forest recovering. 
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1. Introduction  

An increase in the greenhouse gas from the oceanic, 
terrestrial and atmospheric carbon pool has been 
considered to be a major contributor to global 
warming as well as climatic change [1]. However, 
among the deforested areas of the terrestrial 
ecosystems, recovering forests are considered to emit 
a high rate of soil CO2 (carbon dioxide) to the 
atmosphere [2]. The soil emission of CO2 into the 
atmosphere carbon pool is referred to as carbon efflux 
and has been estimated to comprise about 50-80% of 
the terrestrial ecosystem respiration [3, 4], with a total 
of 60-80 Pg carbon annually [5]. The factors 
responsible for soil CO2 efflux are root and microbial 
activities. Roots are found to contribute 10 to 90% of 
respiration to the soil respiration, which varies across 
forest age, climatic condition and vegetation type [6, 
7], while the litter decomposition and microbial 
metabolic activities to contribute to soil respiration are 
attributed to microbes. All the biotic and abiotic 
factors in various forests are affected by soil moisture, 
soil temperature, carbon to nitrogen, soil organic 
carbon, total above and below biomass, carbon stock, 
soil pH, forest type and age and soil type [8-10]. The 
changes from these environmental factors due to 
logging activity may strongly affect the spatial and 
temporal variations in soil CO2 efflux. As a result of 
this logging, quantifying the associated environmental 
factors to influence soil CO2 efflux is the key to 
estimate the soil CO2 efflux rate. The mechanistic 
links of logging activity, environmental factors, soil 
properties and soil CO2 efflux are poorly understood 
under the tropical deforested tropical forest [11], and 
the important step is to determine their interactive 
links and effect. 

Recovering forests resulting from deforestation 
have been found to have great implications on the 
atmospheric carbon pool by contributing a high 
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percentage of CO2 compared to undisturbed forest 
ecosystems [12, 13]. The effect of deforestation will 
displace the aboveground biomass, in which the forest 
ecosystem serves as a carbon sink and carbon 
assimilation via photosynthesis results in the efflux of 
CO2 into the atmospheric carbon pool [14]. This 
action will result in unexpected changes to the 
physiological activity, microbial activity, litter fall 
input and root density, thereby increasing the efflux of 
soil CO2 into the atmosphere as result of changes in 
the temperature and the decay of fine roots [6]. The 
important aspect is the understanding both environmental 
and biological factors responsible for soil CO2 efflux 
due to several years of deforestation activity and forest 
recovering under the tropical climate. The spatial and 
temporal variation in recovering logged-over forest 
will have many implications on the increase in soil 
CO2 efflux in the atmospheric carbon pool as previous 
studies which have identified soil disturbance from 
logging could have an impact on soil CO2 efflux [15]. 
Therefore, understanding the effect of logging activity 
and its influence on environmental factors is a crucial 
challenge and to curtail any increase in atmospheric 
CO2 and forest management, detailed investigation 
concerning the change in environmental controlling 
factors and soil CO2 efflux is paramount for the 
management of the tropical Dipterocarpus lowland 
forest ecosystem. Few studies have been documented 
concerning the impact of recovering logged-over 
Dipterocarpus lowland tropical forest in Peninsular 
Malaysia and the implications thereof on the 
atmospheric carbon. The aim of this study was to 
determine the soil CO2 efflux and the environmental 
variables and likewise the impact of environmental 
factors on soil CO2 efflux. This includes, the 
investigation of variation in environmental factors, soil 
properties and predictors to soil CO2 efflux rate in the 
recovering 10-year-old forest and its contribution to 
the atmospheric carbon pool and the implications 
thereof.  
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2. Materials and Methods 

2.1 Site Description 

Field experiments were conducted from 1st 
February to 30th June 2013, in the 10-year-old 
recovering Dipterocarp forest of Sungai Menyala 
(27°41′33″ N, 43°60′74″ E). The reserve forest is an 
extension forest for Seremban forest reserve. The 
study area is approximately 93.1 km from Kuala 
Lumpur. The forest reserve experiences equatorial 
climatic conditions with a temperature range of 
23.7-32 °C and relative humidity of 59-96%, with an 
average of 83% and monthly rainfall of 200 mm [16]. 
While average solar radiation was 17.00 MJ M-2 and 
the daily evaporation rate was 3.1 mm day-1 [17]. The 
soil was classified as the Serdang-Kedah developed 
over mixed sedimentary rocks with a combination of 
local alluvium colluvium resulting from metamorphic 
rock [18, 19]. An experimental plot of 100 × 100 m 
with replicates was designed for the field experiment. 
The duration of the study represents the three seasons 
of the tropics (post-monsoon, pre-monsoon and 
monsoon period). 

2.2 Measurement of Soil CO2 Efflux and 
Environmental Variables 

2.2.1 Measurement of Soil CO2 Efflux 
Soil CO2 efflux was measured each day from 800 

hours to 1,700 hours from 1st February to 30th June 
2013, using two continuous open flow chambers of 64 
cm in height and 50 cm width, with a volume of 3,250 
cm3 and an enclosed soil surface area of 2,500 cm2 to 
reduce the build-up of pressure on the soil interphase, 
and monitored with a barometer [11]. The infrared gas 
analyser was calibrated in the laboratory using CO2 as 
zero standards (1,000 g). The chambers were placed 
on soil collars, with a 3 cm thick closed foam gasket 
to prevent leakage from the chamber base as described 
by Ref. [11]. The soil collars were also inserted 3 cm 
into the soil for 24 hours before measurement for soil 
CO2 to create an equilibrium stage. The measurement 

chambers were connected to a multi gas-handler (WA 
161 model), which provides a channel to regulate the 
flow of CO2 from various chambers to a flow meter 
connected to a CO2/H2O gas analyser (LiCor 6262), 
and, finally, to a computer system. Soil CO2 efflux 
was recorded every 5 sec over a period of 5 min for 
each chamber, from which an average was calculated 
to estimate the soil CO2 concentration for 5 min for 
each chamber. 

2.2.2 Soil Temperature, Soil Moisture and Soil 
Water Potential 

Soil temperature, soil moisture and soil water 
potential were measured at a depth of 5 cm at intervals 
of 5 min concurrently with each soil CO2 chamber 
reading using soil temperature, 4 moisture probes and 
water potential probes (Watchdog data logger model 
125 spectrum technology, TDR Trime FM and 
Delmorst model KS-D1), respectively. These 
measurements were conducted concurrently with soil 
CO2 efflux to establish their linear relationship.  

2.2.3 Carbon, Nitrogen Input by Litter Fall and LAI 
(Leaf Area Index) 

To ascertain light intensity distribution and forest 
canopy stand density, this was based on LAI using a 
sunfleck ceptometer (AccuPAR model sf-80, Decagon, 
Pullman, WA), measuring a total of 630 trees in the 
study plots. Ten litter trap nets per plot were placed 1 
m above the forest floor for the collection of leaves at 
14-day intervals for five months to ascertain the 
Carbon to Nitrogen ratio. The litter collected from 
each trap was transported to a laboratory and 
oven-dried at 65 °C for 48 h. All dried samples were 
separated into needle, bark, cones brances and 
miscellaneous components, and each component was 
weighed. The C/N ratio concentration was determined 
using a TruMac Macro Analyzer (Leco-Corp), while 
the mass loss rates in the needle litter were estimate 
using the litterbag technique [20]. 

2.2.4 Total Aboveground Biomass, Total Belowground 
Biomass, Soil and Total Forest Carbon Stock 

Forest biomass was estimated using the allometric 
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relationships obtained in the forest according to the 
International Biological Programme [21]. The TAGB 
(total above ground biomass) was determined by 
measuring the DBH (diameter at breast height) of 
about 930 trees in the confirmed plot [22], all the 
trees >5 cm in DBH were identified, tagged and their 
DBH was measured just above the buttresses [23]. 
The DBH was measured using the DBH tape, 1.3 m 
above the forest floor for each tree, and the TAGB  
was estimated using the model of Ref. [24]. The 
model estimates the tree stem, branch and leaf 
biomass. These components form the TAGB based on 
the simple regression lines fitted for DBH and tree 
height: 

ሻܪሺ ݐ݄݄݃݅݁ ݁݁ݎܶ
1
ܪ  ൌ

1
ሺܽ. ሻܦ 

1
(1) ݐܪݔܽܯ

where, H is the tree height (m), D is DBH (cm), 
MaxHt is the maximum tree height (m) and a is a 
coefficient where 2.0 for trees with DBH > 4.5 cm. 

Weight (kg) of main stem (ܹݏ): 
ൌ ݏܹ 0.313ሺܦଶ  ܪሻ.ଽଷଷ  (2)

Weight (kg) of branches (ܹܾ):  
ܹܾ = 0.313 (3)

Weight (kg) of leaves (ܹ݈): 
1

  ܹ݈ ൌ  
1

ሺ0.124. .ଽସሻݏܹ 
1

125 (4)

TAGB was calculated as: 
ൌ ܤܩܣܶ ݏܹ  ܹܾ  ܹ݈ (5)

The Below Ground Carbon Biomass was calculated 
using the model of Ref. [25]: 

ሺ ݐܴ ோܹሻ ൌ 0.0264 ሺܦଶܪሻ.ହ (6)
The total forest carbon stock was estimated based 

on the carbon content in the biomass data. The default 
value for the carbon content on biomass is 0.47 [26], 
which varies among different countries; it was 
calculated as: 

ܥ ൌ (7) ܿ݅݊ܽ݃ݎ ܥ % ݔ ܤ
where, ܾܥ is the carbon content from the biomass, B is 
the total biomass, % C organic is the percentage value 
for carbon content, amounting to 0.47 default value or 
laboratory obtained value. 

2.2.5 Soil Sampling and Analysis 
Soil samples were taken randomly at three sampling 

points of each plot from a depth of 0-100 cm. The soil 
samples were weighed, air dried and oven dried at 
105 °C for 48 hours to determine the soil water 
content (mass basis) [27]. The standard method   
was used to analyse for SOC, SMC, bulk density  
and soil pH according to the Kjeldahl method [28], 
while the Walkley Black method was used to 
determine the TOC [29]. The SOCstock (soil organic 
carbon stock) was estimated using the model of   
Ref. [30], with the given depth of top soil from 0 to 
100 cm. The soil moisture content was estimated 
using the standard method based on the following 
equation [29]. 

ݐݏ݅ܯ ሺݐݓ%ሻ ൌ ቈ
ሺܣ െ ሻܤ

ܤ െ ݊݅ݐ ݁ݎܽݐ (8) 100 ݔ

The corresponding moisture corrected factor (mcf) 
for analytical results as:  

ݐݏ݅ܯ ݊݅ݐܿ݁ݎܿ ݎݐ݂ܿܽ

ൌ ሺ100  ሻݐݏ݅݉ % 
100ൗ

(9)

where, A is the mass of moist soil (g), B is the mass of 
oven dry soil (g). 

The bulk density was estimated in accordance with 
the standard method [31]: 

݈݇ݑܤ ݕݐ݅ݏ݊݁݀ ሺ݉݃݉ିଷሻ ൌ  ݃
ൗݒ  (10)

where: g = oven dry mass of the sieve soil (g), v = 
sample volume (cm-3). 

SOC was determined based on the following 
equation: 

ܯ ൌ 10
ܸܾ݈ܽ݊݇ ൗ  (11)

݈ܾ݁ܽݖ݅݀݅ݔ% ܿ݅݊ܽ݃ݎ ݓሺ ܾ݊ݎܽܿ ⁄ݓ ሻ

ൌ ሾܸ ܾ݈ܽ݊݇ െ ܸ ሿ݈݁݉ܽݏ
ൗ ݐܹ ݏݏܽ݉ ݔ 0.3 ݔ

(12)

݈ܽݐݐ% ܿ݅݊ܽ݃ݎ ݓሺ ܾ݊ݎܽܿ ⁄  ݓ ሻ
ൌ 1.334 ݔ %  ܾ݊ݎܽܿ ܿ݅݊ܽ݃ݎ ݈ܾ݁ܽݖܽ݀݅ݔ

(13)

ܿ݅݊ܽ݃ݎ% ݎ݁ݐݐܽ݉ ሺݓ ⁄ݓ ሻ
ൌ 1.724 ݔ ݈ܽݐݐ%  ሿܾ݊ݎܽܿ ܿ݅݊ܽ݃ݎ

(14)

where,  
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M = molarities of ferrous ammonium sulphate 
solution (app 0.5 cm-3), 

Vblank = volume of ferrous ammonium sulphate 
solution required to titrate the blank (cm-1), 

Wt = weight of air dry soil (g)0.3 = 3 × 10-3 × 100 
where 3 is the equivalent weight of C. 

The TOC was determined by the Walkley-Black 
method using a correction factor of 1.33 [29], as it is 
appropriate for moisture analyses because of its 
simplicity. 

ሺ%ܿሻ ܿܶ

ൌ ቂሺܸ1 ݔ ܯ െ ܸ2ሻ
ܵൗ ቃ ݔ  ݂ܿ݉ ݔ 0.39

(15)

where, 
M = molarities of ferrous sulphate solution (from 

blank titration), 
V1 is the cm-3 ferrous sulphate solution required for 

blank,  
V2 is the cm-3 ferrous sulphate solution required for 

S = weight of air dry sample in grams, 
mcf is the 3 (equivalent weight of carbon) corrected 

factor. 
Soil Carbon Stock using the model of Ref. [30], 

where the given depth of soil was from 0 to 100 cm. 
SOC based on the compacted soil was estimated by 
determining the BD. The equation is expressed as: 
 ௦௧ܥܱܵ

ൌ
ݔ ݈݅ݏ ݄݁ݐ ݂ ݐ݊݁ݐ݊ܿ ܥܱܵ ݄ݐ݁݀ ݔ ܽ݁ݎܽ ݔ ܦܤ

10
(16)

2.3 Statistical Analysis 

To establish the attribution of logging and 
recovering forest influence on environmental factors 
to soil CO2 efflux in the 10-year-old recovering 
logged-over forest, data were subjected to statistical 
analysis using SPSS software (SPSS Inc., Chicago, 
Illinois, USA) version 21.0. Repeated measures 
analysis using one-way ANOVA (analysis of variance) 
to present the means and standard deviation of soil 
CO2 efflux and environmental factors [32, 33]. 
Likewise the Post-hoc Dunn’s test and Tukey test (p < 

0.05) comparison was used. The descriptive statistic 
was also used to explain the normality of data 
distribution and to quantify the correlation between 
forest biomass, soil properties and environmental 
factors. The multiple linear regression model was 
employed to ascertain the impact of the environmental 
factors from the recovering forest on soil CO2 efflux. 
The techniques were used for both predictive and 
explanatory purposes within the experimental design, 
as it can be expressed as: 

ܻ ൌ ߚ  ଵߚ ܺଵ  ଶߚ ܺଶ. . …   ܺߚ  ߳ (17)
where, thus, Yi is the ith observation of the dependent 
variable, Xij is the ith observation of the jth independent 
variable, j = 1, 2, ..., p. The values βj represent the 
parameters to be estimated, and εi is the ith 
independent identically distributed normal error. 

3. Results 

3.1 Soil CO2 Efflux and Environmental Factors 

Based on the hourly and daily soil temperature and 
moisture changes, it was observed that soil CO2 efflux 
varies significantly. The efflux rate was found to range 
from 104.82 to 271.39, 100.22 to 372.99, 102.37 to 
454.68, 104.42 to 370.32 and 107.17 to 553.40 mg m-2 
h-1, for February, March, April, May and June, 
respectively (Table 1 and Fig. 1). There was 
significant difference (p < 0.01) between the average 
mean of soil CO2 efflux in the months of measurement, 
and minimum and maximum efflux rate was between 
100.22 and 553.40 mg m-2 h-1 (Table 1). The low 
efflux occurred in the morning hours of 08:00 to 11:00 
h and an instantaneous high efflux rate occurred 
between 13:00 and 15:00 h. Significant (p < 0.01) 
higher values were recorded in the month of April and 
June, closely followed by March and May with lower 
efflux experienced in February, showing a variation in 
the flux pattern. The corresponding values for soil 
temperature, soil moisture and water potential in 5 cm 
soil depth fluctuated across the five months of the 
research, 24.01-26.87 °C, 20.43-26.59% and 96.6-97.6%, 
respectively. Soil CO2 efflux obviously varied at 
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Fig. 2  Behaviour of bulk density with soil depth. 
 

Table 2  Analysis of soil sample, litter fall and trees stand density. 

ECOSYSTEM SOC 
% 

TOC 
% pH 

Soil 
moisture 
content 
% 

Moisture 
correction 
factor 

Litter falls 
SOCstock 
Mg/ha 

TAGB 
kg 

BGB 
kg 

SOCs 
kg Carbon 

% 
Nitrogen
% 

TEN 4.93 4.6 5.67 37.39 1.37 47.92 1.29 59.1 992346.2 44698.25 4874109
YEARS      - -     
FOREST      50.85 1.48     
SOCstock = soil organic carbon stock, TAGB = total above ground biomass, BGD = total below ground biomass, SOCs = total 
forest carbon stock. 
 

3.3 Total above Ground Biomass, Total below Ground 
Biomass, Total Forest Carbon Stock, Soil Organic 
Carbon Stock and Litter Fall 

The 10-year-old recovering lowland forest spatial 
and temporal variation of soil efflux CO2 is related to 
the biophysical and environmental conditions 
resulting from the high amount of total above ground 
biomass, total belowground biomass and total forest 
carbon of 9.9 × 106 kg, 4.5 × 105 kg and 4.9 × 106 kg, 
respectively (Table 2), as reported by Ref. [34]. Also, 
the estimated soil carbon stock in the top 100 cm was 
59.1 mg ha-1 (Table 2) and the average carbon and 
nitrogen input for the entire study period ranged 
between 47.92 and 50.85%, 1.29 and 1.48%, 
respectively (Table 2). These indicated a high amount 
of nutrients for microbial activity. 

4. Discussion 

4.1 Soil CO2 Efflux 

The one-way ANOVA statistical value was 
considered significant when the p value was less than 
0.05 (p < 0.05). A post-hoc test across the five months 
indicated a significant difference at 0.001 (p < 0.01), 
and the normality of distribution aligned along the 
straight line without any outlier giving good skewness 
(Fig. 3). 

Soil CO2 efflux in the recovering forest ecosystem 
was  found  to  vary  significantly  in  response  to 
environmental factors and change soil properties, 
likewise was attributed to forest carbon input. The 
average lower soil CO2 efflux from the five months of 
measurement was 100.22 mg m-2 h-1, which is similar 
to that of the subtropical forest of China [35] and 
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temperature and moisture (Table 8). The soil 
temperature, moisture and water potential varied 
across the day, for the period of the five months from 
relatively high in the morning to very high in the 

afternoon and decreasing over time (Figs. 4 and 5). 
This suggested that soil temperature-moisture and 
water potential interaction explained the spatial and 
temporal variation of soil CO2 efflux [39]. 

 

Table 3  Ten years forest estimates of coefficient of the model of environmental parameters in °C and % for soil temperature 
and soil moisture in February. 

Model 
Unstandardized coefficients Standardized 

Coefficients Beta t Sig. 
Collinearity Statistics 

B Std. error Tolerance VIF 

1 
(Constant) 16,390.29 1,493.92  10.97 .000   
FEBSTempt 57.89 8.32 .71 6.96 .000 .519 1.929 
FEBSMT -672.74 62.21 -1.10 -10.81 .000 .519 1.929 

a. Dependent variable: February CO2. FEBSTempt = February soil temperature, FEBSMT = February soil moisture. 
 
Table 4  Ten years forest estimates of coefficient of the model of environmental parameters in °C and % for soil temperature 
and soil moisture in March. 

Model 
Unstandardized coefficients Standardized 

coefficients Beta t Sig. 
Collinearity 
statistics 
Tolerance B Std.Error 

1 
(Constant) 269.02 408.64  .66 .51  
MarST 151.50 24.16 .88 6.27 .00 .42 
MarSMT -159.84 22.06 -1.01 -7.25 .00 .42 

a. Dependent variable: March CO2. MarST = March soil temperature, MarSMT = March soil moisture. 
 
Table 5  Ten years forest estimates of coefficient of the model of environmental parameters in °C and % for soil temperature 
and soil moisture in April. 

Model 
Unstandardized coefficients Standardized 

Coefficients Beta t Sig. 
Collinearity Statistics 

B Std. error Tolerance VIF 

1 
(Constant) 21,281.87 3,443.71  6.18 .00   
AprST 69.46 16.91 .39 4.11 .00 .95 1.05 
AprSMT -1,112.36 171.42 -.61 -6.49 .00 .95 1.06 

a. Dependent variable: April CO2. ApriST = April soil temperature, ApriSMT = April soil moisture. 
 
Table 6  Ten years forest estimates of coefficient of the model of environmental parameters in °C and % for soil temperature 
and soil moisture in May. 

Model 
Unstandardized coefficients Standardized 

Coefficients Beta t Sig. 
Collinearity Statistics 

B Std. error Tolerance VIF 

1 
(Constant) -4,350.41 534.59  -8.14 .00   
MayST 74.96 9.27 .70 8.08 .00 .89 1.13 
MaySMT 101.65 15.66 .56 6.49 .00 .89 1.13 

a. Dependent variable: May CO2. MayST = May soil temperature, MaySMT = May soil moisture. 
 

Table 7  Ten years forest estimates of coefficient of the model of environmental parameters in °C and % for soil temperature 
and soil moisture in June. 

Model 
Unstandardized coefficients Standardized 

Coefficients Beta t Sig. 
Collinearity Statistics 

B Std. error Tolerance VIF 

1 
(Constant) -612.81 457.86  -1.34 .19   
JunST 181.30 17.14 .86 10.58 .00 .77 1.30 
JunSMT -148.54 17.57 -.69 -8.46 .00 .77 1.30 

a. Dependent variable: June CO2. JunST = June soil temperature, JuneSMT = June soil moisture. 
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4.3 Influence of Soil Properties 

A soil CO2 efflux ranges from 100.22 to 553 mg m-2 
h-1 across the five months was found to correspond to 
the increase in TOC, SOC, soil moisture content, 
water potential of 4.6%, 4.925%, 20.43-26.57, 
94.7-96.71% respectively and slight acidity soil of 
5.67, as was also reported by Ref. [40]. The increase 
in bulk density with depth indicated the role of pore 
space played in water movement, electrical 
conductivity and microbial activity. The overall input 
from the soil properties resulting from forest biomass 
increases nutrient in the soil as source of food and 
energy for microbial activities as they respire in the 
process of decomposition of soil organic matter, 
serving as a prime factor to emit a considerable 
amount of soil CO2 [41]. However, soil properties 
increase as the forest recovers [42]. 

4.4 Input from Litter Fall (C:N), TAGB, BGB, 
SOCstock and SOCs 

The carbon to nitrogen input for the five months 
was significantly (p < 0.01), which ranged from 47.92 
to 50.85% and 1.29 to 1.48%, respectively, was 
related to the canopy stand density based on the age of 
the forest [43], which served as nitrate for the lignin 
and microbial activity, and was attributed to the soil 
respiration. This further explains the monthly 
variation in soil respiration of the 10-year-old forest 
[44]. The greater percentage for Total Above Ground, 
Below Ground Biomass, Soil Carbon Stock and Total 
Forest Carbon Stock suggests the significant role 
played by the biomass and carbon, which was a major 
predictor of the spatial and temporal variation across 
the five months of soil CO2 efflux measurement. 
Therefore the soil properties were found to have a 
significant relationship with soil CO2 efflux across the 
10-year-old Dipterocarp recovering forest. 

In general, the combined interaction between soil 
properties, forest biomass and changes environmental 
factors as the forest recover are the key factors that 

affect the variation and significant CO2 efflux rate [45, 
46]. This study revealed a strong correlation between 
the factors similar the study conducted by Ref. [47]. 
The Pearson correlation and multiple regression 
analysis indicated significant different (p < 0.01), as 
the strength of association between the various factors 
and confirmed that soil temperature was the leading 
factors compared to the other environmental factors. 
This suggested that soil temperature played a 
dominant role, as it can increase the physiological 
activity of soil microorganism, leading to higher 
decomposition rate and higher soil CO2 efflux. When 
other factors were added to the analysis, it was found 
that soil CO2 efflux was strongly positively correlated 
(p < 0.01). 

5. Conclusion 

The multiple linear regression model was used, in 
which the classical assumption for linear regression 
comprising the check and collinearity diagnostic, 
showed that none of the conditional index models for 
the five months of study period were above the 
threshold limit of 30.0. In addition, none of the 
tolerance values were less than 0.10, indicating that no 
multicollinearity problems existed among the 
variables of the models. With this condition met, it is 
reasonable to conclude that the estimated multiple 
linear regression model can be used to explain the 
impact of soil temperature, moisture and water 
potential on soil CO2 efflux and the overall CO2 efflux 
into the atmosphere due to deforestation. To establish 
the attribution of the environmental factors to soil CO2 
efflux and recovering 10-year-old forest, statistical 
correlation was employed, which indicated that the 
contribution of the environmental factors to total soil 
CO2 efflux varies with months, and any increase in the 
soil temperature, moisture or water potential would 
affect the soil CO2 efflux. Furthermore, the high 
correlation between the soil carbon input, total 
biomass, TOC, SOC, C/N, soil pH, bulk density and 
the interaction among the environmental factor 
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influences soil CO2 efflux resulted in a high efflux rate 
from the 10-year-old Dipterocarp forest, as was 
indicated by the multiple linear regression model, as 
well as the descriptive and correlation statistical 
analysis at strong relationship (R2 = 0.87, p = <0.01). 
This result suggests that the monthly soil CO2 efflux is 
not just the function of soil temperature and moisture 
but also of the litter fall pulses and drying and 
rewetting cycles, as indicated by the Beta coefficient 
relationship as the forest is recovering due to logging 
activity. Therefore, considerable amount of soil CO2 
efflux is being emitted into the atmosphere without 
much percentage stored in the forest due to the 
reduced forest canopy. Therefore, the negative impact 
resulting from this scenario is the increased emission 
of CO2 into the atmospheric carbon pool, due to the 
reduced forest canopy to capture CO2 for 
photosynthesis and also to serve as a carbon sink. It is 
conclusive that recovering forest resulting from 
deforestation spills a considerable amount of CO2 into 
the atmospheric carbon pool, thereby altering the 
carbon balance. 

Acknowledgements 

This study was carried out with the support of 
Research Universiti Grant Scheme (RUGS VOT NO. 
9364800, Project No. 0302122070), provided by 
Universiti Putra Malaysia. The authors also 
acknowledge the contribution of the Forest 
Department of Negeri Sembilan Malaysia, the forest 
rangers of Sungai Menyala Forest and the staff of the 
Faculty of Environmental Studies, Universiti Putra 
Malaysia for their valuable assistance. 

References 
[1] Conant, R., Ogle, S., Paul, E., and Paustian, K. 2011. 

“Measuring and Monitoring Soil Organic Carbon Stocks 
in Agricultural Lands for Climate Mitigation.” Front. 
Ecol. Environ. 9: 169-73. 

[2] Brito, P., Trujillo, J. L., Morales, D., Soledad, M., and 
Wieser, G. 2013. “Acta Oecologica Soil Moisture 
Overshadows Temperature Control over Soil CO2 Efflux 
in a Pinus Canariensis Forest at Treeline in Tenerife, 

Canary Islands.” Acta Oecologica 48: 1-6.  
[3] Davidson, E. A., Savage, K., Bolstad, P., Clark, D. A., 

Curtis, P. S., Ellsworth, D. S., Hanson, P. J., Law, B. E., 
Luo, Y., Pregitzer, K. S., Randolph, J. C., and Zak, D. 
2002. “Belowground Carbon Allocation in Forests 
Estimated from Litterfall and IRGA-Based Soil 
Respiration Measurements.” Agricultural and Forest 
Meteorology 113: 39-51.  

[4] Giardina, C. P., and Ryan, M. G. 2002. “Total 
Belowground Carbon Allocation in a Fast-Growing 
Eucalyptus Plantation Estimated Using a Carbon Balance 
Approach.” Ecosystems 5: 487-99.  

[5] Raich, J. W., and Potter, C. S. 1995. “Global Patterns of 
Carbon Dioxide Emissions from Soils.” Global 
Biogeochemistry Cycles 9: 23-36. 

[6] Hanson, P. J., Edwards, N. T., Garten, C. T., and Andrews, 
J. A. 2000. “Separating Root and Soil Microbial 
Contributions to Soil Respiration: A Review of Methods 
and Observations.” Biogeochemistry 48: 115-46. 

[7] Frey, B., Hagedorn, F., and Giudici, F. 2006. “Effect of 
Girdling on Soil Respiration and Root Composition in a 
Sweet Chestnut Forest.” For Ecol Manage 225: 271-7.  

[8] Scott-Denton, L. E., Sparks, K. L., and Monson, R. K. 
2003. “Spatial and Temporal Controls of Soil Respiration 
Rate in a High Elevation, Subalpine Forest.” Soil Biol 
Biochem 35: 525-34.  

[9] Dilustro, J., Collins, B., Duincan, L., and Crawford, C. 
2005. “Moisture and Soil Texture Effects on Soil CO2 
Efflux Components in South Eastern Mixed Pine Forests.” 
For Ecol Manage 204: 85-95.  

[10] Li, H. J., Yan, J. X., Yue, X. F., and Wang, M. B. 2008. 
“Significance of Soil Temperature and Moisture for Soil 
Respiration in a Chinese Mountain Area.” Agr Forest 
Meteorol 148: 490-503.  

[11] Mande, K. H., Abdullah, A. M., Aris, A. Z., and Ainuddin, 
A. N. 2014. “Factors Responsible for Spatial and 
Temporal Variation of Soil CO2 Efflux in a 50 Year 
Recovering Tropical Forest, Peninsular Malaysia.” 
Environmental Earth Sciences. doi: 
10.10077/s12665-014-3810-8.  

[12] Ewel, J., Berish, C., Brown, B., Price, N., and Raich, J. 
1981. “Slash and Burn Impacts on a Costa Rican Wet 
Forest Site.” Ecology 62 (3): 816-29. 

[13] Toland, D. E., and Zak, D. R. 1994. “Seasonal Patterns of 
Soil Respiration in Intact and Clear-cut Northern 
Hardwood Forests.” Canadian Journal of Forest 
Research 24: 1711-6. 

[14] Striegl, R. G., and Wickland, K. P. 1998. “Effects of a 
Clear-cut Harvest on Soil Respiration in a Jack Pinelichen 
Woodland.” Canadian Journal of Forest Research 28: 
534-9.  

[15] Campbell, J. L., and Law, B. E. 2005. “Forest Soil 



Soil Carbon Dioxide Efflux and Atmospheric Impact in a 10-Year-Old Dipterocarpus Recovering 
Lowland Tropical Forest, Peninsular Malaysia 

 

49

Respiration across Three Climatologically Distinct 
Chronosequences in Oregon.” Biogeochemistry 73: 
109-25.  

[16] Suhaila, J., and Jemain, A. A. 2008. “Fitting the 
Statistical Distribution for Daily Rainfall in Peninsular 
Malaysia Based on AIC Criterion.” Journal of Applied 
Sciences Research 4 (12):1846-57. 

[17] Malaysia Meteorological Department (MMD). 2013. 
www.met.gov.my. 

[18] Paramananthan, S. 1998. “Malaysian Soil Taxonomy 
(Second Approximation): A Proposal for the 
Classification of Malaysian Soils.” Malaysian Society of 
Soil Science, 121-56.  

[19] Paramananthan, S. 2012. Keys to the Identification of 
Malaysian Soils Using Parent Materials, 2nd ed. Param 
Agricultural Soil Surveys (M) Sdn. BHD Malaysia: 2-20. 

[20] Kim, C. 2007. “Soil Carbon Storage, Litterfall and CO2 
Efflux in Fertilized and Unfertilized Larch (Larix 
Leptolepis) Plantations.” Ecological Research 23 (4): 
757-63.  

[21] Kira, T. 1978. “Community Architecture and Organic 
Matter Dynamics in Tropical Lowland Rain Forests of 
Southeast Asia with Special Reference to Pasoh Forest, 
West Malaysia.” In Tropical Trees as Living Systems, 
edited by Tomlinson, P. B., and Zimmermann, M. H., 
Cambridge Universit, 561-90. 

[22] Manokaran, N., LaFrankie, J. V., Kochummen, K. M., 
Quah, E. S., Klahn, J. E., Ashton, P. S., and Hubbell, S. P. 
1990. “Methodology for the Fifty-Hectare Research Plot 
at Pasoh Forest Reserve.” Res. Pam. For. Res. Inst. 
Malaysia 104: 1-69. 

[23] Niiyama, K., Abdul Rahman, K., Kimura, K., Tange, T., 
Iida, S., Quah, E. S., Chan, Y. C., Azizi, R., and Appanah, 
S. 1999. Design and Methods for the Study on Tree 
Demography in a Hill Dipterocarp Forest at Semangkok 
Forest Reserve, Peninsular Malaysia. Forest Kepong, KL: 
Research Institute Malaysia.  

[24] Kato, J., Tadaki, Y., and Ogawa, H. 1978. “Biomass and 
Growth Increment Studies in Pasoh Forest, Malaysia.” 
Nat. J. 30: 211-24. 

[25] Ogawa, J. M., Sandeno, J. L., and Mathre, J. H. 1963. 
“Comparisons in Development and Chemical Control of 
Decay Organism on Mechanical and Hand Harvested 
Stone Fruits.” Plant Das. Rep 47: 129-33. 

[26] Feldpausch, T. R., Rondon, M. A., Fernandes, E. C. M., 
Riha, S. J., and Wandelli, E. 2004. “Carbon and Nutrient 
Accumulation in Secondary Forests Regenerating on 
Pastures in Central Amazonia.” Ecological Applications 
14: 164-76. 

[27] Gong, J., Ge, Z., An, R., Duan, Q., You, Q., and Huang, Y. 
2012. “Soil Respiration in Poplar Plantations in Northern 
China at Different Forest Ages.” Plant and Soil 360 (1-2): 

109-22. 
[28] Bremner, J. M. 1960. “Determination of Nitrogen in Soil 

by the Kjeldahl Method.” J Agric Sci 55: 11-33. 
[29] Sollins, P., Glassman, C., Paul, E. A., Swanston, C., 

Lajtha, K., Heil, J. W., Elliott, E. T., and Robertson, P. G. 
1999. Soil Carbon and Nitrogen: Pools and Fractions. 
Standard Soil Methods for Long-Term Ecological 
Research. UK: Oxford University Press. 

[30] Eleanor, M. 2008. “Soil Organic Carbon.” In 
Encyclopedia of Earth, edited by Cleveland, C. J. 
Washington, DC: Environmental Information Coalition, 
National Council for Science and the Environment.  

[31] Nhantumbo, A. D. J., Da, C., and Bennie, A. T. 2001. “A 
Procedure for Determining the Minimum Bulk Density of 
Soils.” South African Journal of Plant and Soil 18 (1): 
44-46. 

[32] Mande, K. H., Ahmad, A. M., Ahmad, Z. A., and Ahmad, 
N. A. 2013. “Soil Carbon Dioxide Efflux and 
Atmospheric Impact in a 10-Year-Old Dipterocarpus 
Recovering Lowland Tropical Forest, Peninsular 
Malaysia. From Source to Solution.” Proceedings of the 
IENFORCE 2013. Heidelberg, New York: Springer 
Publishing, 165-9. 

[33] Müller, N., Rottmann, A., Bergstermann, H., Wildhagen, 
R. G., and Joergensen, E. 2011. “Soil CO2 Evolution 
Rates in the Field—A Comparison of Three Methods.” 
Archives of Agronomy and Soil Science 57 (6): 597-608. 

[34] Saiz, C., Green, K., Butterbach-Bahl, R., Kiese, V., 
Avitabile, E. P., and Farrell, G. 2006. “Seasonal and 
Spatial Variability of Soil Respiration in Four Sitka 
Spruce Stands.” Plant and Soil 287 (1-2): 161-76. 

[35] Ren, Q., Wang, C., Tong, J., Wu, K., Wang, Y., Zhu, Z., 
Lin, M., Watanabe, G., and Tang, X. 2007. “Estimation of 
Soil Respiration in a Paddy Ecosystem in the Subtropical 
Region of China.” Chinese Science Bulletin 52 (19): 
2722-30. 

[36] Osbert, J., and Sun, H. J. 2009. “Dynamics of Soil 
Respiration in Sparse Ulmus Pumila Woodland under 
Semi-Arid Climate.” Ecol Res 24: 731-9. 

[37] Jia, B., Zhou, G., Wang, F., Wang, Y., and Weng, E. 2007. 
“Effects of Grazing on Soil Respiration of Leymus 
Chinensis Steppe.” Climatic Change 82 (1-2): 211-23. 

[38] Hu, K., Kusa, R., and Hatano, R. 2001. “Soil Respiration 
and Methane Flux in Adjacent Forest, Grassland, and 
Cornfield Soils in Hokkaido, Japan.” Soil Science and 
Plant Nutrition 47 (3): 621-7. 

[39] Janssens, I. A., Lankreijer, H., and Matteucci, G. 2001. 
“Productivity Overshadows Temperature in Determining 
Soil and Ecosystem Respiration across European Forests.” 
Global Change Biology 7: 269-78. 

[40] Ming, X. U., and Ye, Q. I. 2001. “Soil-Surface CO2 
Efflux and Its Spatial and Temporal Variation in a Young 



Soil Carbon Dioxide Efflux and Atmospheric Impact in a 10-Year-Old Dipterocarpus Recovering 
Lowland Tropical Forest, Peninsular Malaysia 

 

50

Ponderosa Pine Plantation in Northern California.” 
Global Change Biology 7: 667-77. 

[41] Adachi, Y. S., Bekku, W., Rashidah, T., Okuda, H., and 
Koizumi, M. 2006. “Differences in Soil Respiration 
between Different Tropical Ecosystems.” Applied Soil 
Ecology 34 (2-3): 258-65. 

[42] Li, L. H., Wang, Q. B., Bai, Y. F., Zhou, G. S., and Xing, 
X. R. 2000. “Soil Respiration of a Leymus Chinensis 
Grassland Stand in the XiLin River Basin as Affected by 
Over-grazing and Climate.” Acta Phytoecol Sin 24: 
680-6. 

[43] Asensio, J. C., Yuste, S., Mattana, A., Ribas, J., Llusià, J., 
and Peñuelas, D. 2012. “Litter VOCs Induce Changes in 
Soil Microbial Biomass C and N and Largely Increase 
Soil CO2 Efflux.” Plant and Soil 360 (1-2): 163-74. 

[44] Hibbard, K. A., Law, B. E., Reichstein, M., and Sulzman, 

J. 2005. “An Analysis of Soil Respiration across Northern 
Hemisphere Temperate Ecosystems.” Biogeochemistry 73: 
29-70. 

[45] Subke, J. A., Inglima, I., and Cotrufo, M. F. 2006. 
“Trends and Methodological Impacts in Soil CO2 Efflux 
Partitioning: A Metaanalytical Review.” Glob Chang Biol 
12: 921-43. 

[46] Iqbal, J., Hu, R. G., Du, L. J., Lu, L., Lin, S., Chen, T., 
and Ruan, L. L. 2008. “Differences in Soil CO2 Flux 
between Different Land Use Types in Mid-subtropical 
China.” Soil Biol Biochem 40: 2324-33. 

[47] Tang, X., Liu, S., Zhou, G., Zhang, D., and Zhou, C. 2006. 
“Soil Atmospheric Exchange of CO2, CH4, and N2O in 
Three Subtropical Forest Ecosystems in Southern China.” 
Glob Chang Biol 12: 546-60. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


