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Soil respiration change immediately after logging operations
in an upper tropical hill forest, peninsular Malaysia
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Soil respiration rate changes immediately after logging operations as a result of two
main factors; (1) change in root respiration by logged trees and (2) soil disturbance
and change in litter amount by logging operations. To examine the extent of these
two factors, we measured soil respiration rate in a hill dipterocarp forest in Peninsular Malaysia, approximately 1 year before and after logging operations. The soil
respiration rate at the foot of logged trees did not change after logging operations,
suggesting that root respiration of logged trees did not decrease because of root death
within a half year after logging. This suggests that increased CO2 emission due to
decomposition of the dead roots was offset by the decrease in root respiration. In
contrast, average soil respiration rate in the logged forest decreased by 25% after logging operations. Logging operations reduced soil respiration rate possibly because of
environment changes within the forest, such as soil compaction and removal of litter
layer by heavy machinery and extracted timbers during the logging operations.
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Introduction
Soil respiration, defined as the CO2 efflux from
the soil surface and consisting of root respiration
and heterotrophic respiration, is one of the most
important components of the forest carbon cycle,
accounting for approximately 40%–70% of the
carbon emission from forest ecosystems (Goulden
et al. 1996; Chambers et al. 2004; Ohkubo et al.
2007). Logging operations caused changes not
only to the forest carbon stocks but also to soil
respiration because of soil degradation, increase
in air temperature and other negative environmental conditions in logged-over forests (Malhi
& Grace 2000; Lytle & Cronan 1998).
Previous studies on the impact of logging on
soil respiration have mainly been conducted in

temperate and boreal forests. The research commenced in the early 1980s showed that logging
operations increased soil respiration rate in most
cases by changing root respiration rate of roots
of logged trees and as a result of the soil disturbances during logging operations (e.g. Lytle &
Cronan 1998; Strigle & Wickland 2001). However, previous studies did not detect significant
changes in soil respiration rate in the tropics
(Keller et al. 2005; Adachi et al. 2006; Yashiro et
al. 2008). This non-significant change in soil respiration rate may be because of the large spatial
variations in soil respiration rate and the logging
methods in tropical regions. Soil respiration rates
can vary by about 100% among locations only
0.5 m apart (Kosugi et al. 2007), with the spatial
variation of soil respiration rate being much larg-
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er than its seasonal change (Ohashi et al. 2007).
Additionally, logged-over areas after selective
logging techniques become more heterogeneous
than areas subject to clear felling in temperate
and boreal forests (Sist et al. 2003). Therefore,
the approaches of previous studies that compare
soil respiration rates between logged and unlogged forests are thought to be ineffective because this large spatial heterogeneity may hinder
the detection of logging impacts on soil respiration rates in tropical forests.
In the present study, we measured soil respiration rates during pre- and post-logging operations
to reveal the effects of logging on soil respiration
immediately after the operation and within a year
after logging in an upper tropical hill forest in
Peninsular Malaysia. We addressed the following two questions: (1) how does root respiration
rate of logged trees change and (2) how does soil
respiration rate in a forest change after environmental changes due to the logging operation.
Materials and methods
Study site
The study plots for the two types of soil respiration survey were placed within compartment 44, Block 5 (200 ha) in the 9765 ha Perak
Integrated Timber Complex (PITC) Concession
Forest (5°31′ N, 101°36′ E; 600–850 m asl) in the
Temengor Forest Reserve. The overall vegetation
type is considered a hill dipterocarp forest (Symington 1943), dominated in the canopy layer by
Shorea platyclados, Dipterocarpus costulatus,
Dipterocarpus crinitus and Intsia palembanica
(PITC 2010). Tree harvesting in our study plot
was conducted using the conventional Selective Management System logging regime. The
concession area is located over either Silurian
and Cambrian sedimentary rocks or acid, undifferentiated granitic rocks (WWF Malaysia 2002).
The climate of the region is similar to that of the
East Coast region of Peninsular Malaysia, which
experiences heavy rainfall associated with the
North East Monsoons (WWF Malaysia 2002).
Annual mean temperature was approximately
23.3°C, mean diurnal range of temperature was
8.8°C, and the annual temperature range was
1.1°C. Annual precipitation was approximately
2570 mm. Precipitation of the wettest quarter

(from October to December) and driest quarter
(from January to March) were 985 and 393 mm,
respectively, (1950–2000) (WorldClim database
from http://www.worldclim.org) (Hijmans et al.
2005).
Soil respiration rates were measured at three or
four points at the base of five logged trees before
and after logging operations to estimate the temporal change in root respiration of logged trees.
The sampling points were located within 1 m of
the target trees. The sampling points were determined at four points every 90 degrees centered
on each target tree. As heavy soil disturbance occurred for some target trees during logging operations, we avoided measuring the soil respiration
rate at the points after the logging operations.
Accordingly, for three trees of the five target
trees, sampling points reduced to three after the
logging. Selected trees for measurements were
at least 5 m apart from their nearest neighbors
to eliminate the effects of the root respiration
of neighboring trees. The five selected trees belonged to families of Fabaceae, Olacaceae and
Dipterocarpaceae; Koompassia malaccensis (one
individual), Strombosia ceylanica (two individuals) and Shorea platyclados (two individuals).
Diameters at breast height of these trees were
more than 50 cm. The logging of these trees was
conducted on 5 February 2011. Soil respiration
rate was measured four times immediately before
and after logging operations, in May 2011 and
in August 2011. Subsequent measurements were
conducted at exactly the same points for each target tree.
Besides the surveys above, we also measured
soil respiration rates at 34 locations at the larger
scale in the selected logging region by placing
a 100 × 20 m plot inside the forest to examine
temporal changes of soil respiration rate due to
logging at the community level. The plot was located about 15 m from the nearest logging road;
however, the logging road placement showed
little effect on soil respiration values in the plot
(Takada et al. 2015). The logging operations in
this plot were conducted in December 2010, and
the logging intensity in the plot was 25 trees/
ha. The five logged trees within the plot were all
Shorea platyclados. Soil respiration rates and
environmental factors were measured for 1 yr,
with the first measurement taken 3 mo before the
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logging operation (September 2010) and subsequent measurement were taken 5 and 8 mo after
the logging operations (May and August 2011).
Exactly the same measurement points were used
on each measurement date.
Measurements of soil respiration rates
The soil respiration rate was measured using
a portable automated chamber system (LAC02G, National Instit ute for Environmental
Studies, Tsukuba, Japan) (Liang et al. 2013).
At the same points as for the soil respiration
measurements, soil temperature and water
content were also measured at 5 cm depth using a soil temperature probe (Type E, MHP,
Omega Engineering, Stamford, CT, USA) and
an ECH2O probe (CDC-EC-5, Decagon Devices,
Ins., Pullman, Wash., USA), respectively. All
measurements were undertaken between 10:00
and 14:00 to avoid heavy rain in the afternoon.
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content were 22.5°C and 12.8%, respectively, and
they showed significant temporal change (Fig.
1B, C).
Soil respiration rate at the community level
decreased after logging operations, in contrast to
the results for the individual level. Soil respiration rate 3 mo before logging was 10.69 ± 1.82
μmol CO2 /m 2/s (CV = 0.99). Soil respiration rate
5 mo after logging was 8.25 ± 1.27 μmol CO2 /
m 2 /s (CV = 0.90), and 8 mo after the logging
was 7.71 ± 1.56 μmol CO2 /m 2/s (CV = 1.18). Soil
respiration rates 5 and 8 mo after logging were
significantly lower than the rate 3 mo before logging (Friedman’s test, df = 2, P < 0.001, Fig. 2A).
Average soil temperature and soil water content
were 22.2°C and 20.0%, respectively, and they

Statistical Analyses
All the data of soil respiration rates showed
a non-normal distribution when employing the
Shapiro-Wilk normality test (P < 0.05). Therefore, we used a Friedman test (with Scheffe
multiple comparisons), a nonparametric test, for
statistical analysis to examine the significance
of difference of the soil respiration rate between
the study periods. We analyzed the effects of soil
temperature and soil water contents on soil respiration rates at the community level using multiple regression analysis. All statistical analyses
were conducted using R version 2.15.2 software
(R Core Team 2012). Significant differences were
determined at a probability level of P < 0.05.
Results
Soil respiration rates at the base of logged trees
did not show temporal changes after logging.
Average soil respiration rates were 10.68 ± 1.65
(SE) μmol CO 2 /m 2 /s with a CV (coefficient of
variance) of 0.69, 11.45 ± 2.00 (CV = 0.78), 12.42
± 2.56 (CV = 0.90) and 10.02 ± 1.95 (CV = 0.83),
for the measurements of 3 and 6 mo after the
logging, respectively. No significant differences
were observed among soil respiration rates for
each time period (Friedman’s test, df = 3, P = 0.25,
Fig. 1A). Average soil temperature and soil water

Fig. 1. Change in soil respiration rate at the base of
logged trees (A), soil temperature (B), and soil water
content (C). Dashed vertical lines indicate the time
of the logging operations. Values before and after
the logging operations are shown with solid and
clear markers, respectively. Vertical bars indicate ±
standard error. Different letters indicate statistically
significant differences among sampling points at α =
0.05 (Friedman’s test with multiple comparisons).
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showed significant temporal change (Fig. 2B,
C). The results of multiple regression analyses at
the community level were not significant (before
logging, F2,31 = 0.47, P = 0.63; 5 mo after logging,
F2,31 = 1.19, P = 0.32; 8 mo after logging, F2,31 =
0.31, P = 0.73).
Discussion
At the present study site during our study period, soil temperature and soil water content did
not affect soil respiration rates, as determined by
multiple regression analysis. On a global scale,
the most significant environmental factor affecting soil respiration rate is soil temperature, and

Fig. 2. Change in soil respiration rates before and
after the logging operations at the community level
(A), soil temperature (B), and soil water content (C).
Dashed vertical lines indicate the time of logging
operations. Values before and after the logging
operations are shown with solid and clear markers,
respectively. Vertical bars indicate ± standard error.
Different letters indicate statistically significant
differences among sampling points at α = 0.05
(Friedman’s test with multiple comparisons).

soil water content is the second most important
factor (e.g. Davidson et al. 2002). However, in
tropical regions, soil temperature has less impact and consequently soil respiration rate is
often slightly correlated with soil water content
only (Raich & Schlesinger 1992, Davidson et al.
2000). The soil respiration rate during the present
study period was affected neither by soil water
content nor soil temperature, and the observations confirmed that there is no strong environmental factor controlling the characteristics of
soil respiration in tropical regions. Therefore,
temporal changes of soil respiration rate at the
community level (Fig. 2A) were probably not the
result of seasonal variations in environmental
factors, but more likely to be the result of logging
operations. However, we could not establish control plots because the study site was a concession
forest and all areas were logged.
When a tree was logged, the root respiration
of the logged tree stopped, and then decomposition of the root began to take place, as shown
by studies in temperate forests (Strigle & Wickland 2001). Therefore, the soil respiration rate
decreased shortly after logging and eventually
increased. However, few studies have been conducted to validate this result in the tropics. At
a mature jack pine (Pinus banksiana) forest in
Canada, soil respiration rate decreased to less
than half that before logging within 1 yr, and
increased by 1.2 to 1.4 times in the 8 yr after logging (Strigle & Wickland 1998). The previous
studies showed that the soil respiration rate varied with time after logging operations, whereas
at the current study site, an upper tropical hill
forest, no significant temporal changes in CO 2
emissions were observed. This might be because
decomposition rates in tropical regions are higher
than in temperate and boreal regions (Coûteaux
et al. 1995), so decomposition of the roots of
logged trees is assumed to start immediately
after logging, and consequently the reduction in
respiration might be offset by the increase in CO2
emissions by root decomposition.
In contrast to the soil respiration rates changes
at the base of logged trees, the soil respiration
rate at the community level was significantly affected by logging. Soil respiration rate decreased
by approximately 25% after logging, whereas in
temperate and boreal forests soil respiration rate
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increased after logging (e.g., Ewel et al. 1987;
Gordon et al. 1987; Ohashi et al. 1999). Because
logged trees did not show a change in soil respiration rate after logging, the decrease in soil
respiration rate at the community level must have
been because of a decrease in heterotrophic respiration in the logged forest. Environmental conditions (i.e., soil compaction and reduced canopy
cover) in logged forests changed as a result of
logging disturbances (Pritchett & Fisher 1987).
In the present study site, soil disturbance (e.g.,
removal of litter layer and soil compaction by
heavy machinery and extracted timbers) was observed after the logging operations. Soil compaction and decrease in the litter amount are known
to cause reductions in the rate of heterotrophic
respiration (Torbert & Wood 1992; Ruser et al.
2006; Zimmermann et al. 2009).
The spatial variation of soil respiration rates
was very large at the present study site (average CV at the community level was 1.02). The
changes in soil respiration rates after logging
were within the ranges of the 95% bootstrap CI
of the rates before logging. Therefore, the results
suggest that comparison of soil respiration rates
for the same sampling points before and after
logging operations was more suitable for detecting logging effects on soil respiration rate than
between logged and unlogged forests.
Conclusion
In the current study, we considered the soil
respiration response to logging in the tropics and
found that the changes to the ambient environment in the logged forest had a greater impact on
soil respiration rate than that to soil respiration
rate at the base of the logged trees (root respiration). This result may be regarded as a phenomenon unique to tropical regions where decomposition rate is high and soil temperature does not
have a large effect on soil respiration.
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高田モモ・山田俊弘・Naishen Liang・Shamsudin Ibrahim・
奥田敏統：半島マレーシア熱帯丘陵林における伐採施業
直後の土壌呼吸の変化
伐採施業直後の土壌呼吸は主に二つの要因で変化する．
（1）伐採木の根呼吸の変化，そして（2）伐採施業による
土壌攪乱と落葉量の変化である．これら二つの要因の程
度を調べるため，半島マレーシアの丘陵地フタバガキ林
において，伐採施業を挟み約 1 年間にわたって土壌呼吸
を測定した．伐採木の根元の土壌呼吸は，伐採後に変化
を示さなかった．このことは，伐採後半年間では，伐採
木の根が枯死することによる根呼吸の減少が起こらない
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ことを示している．あるいは，枯死根の分解による二酸
化炭素放出量の増加が，伐採木の根の枯死による根呼吸
量の減少を相殺しているのかもしれない．その一方で，
伐採施業後の森林では，平均土壌呼吸が 25% 減少した．

9

したがって，伐採施業によって土壌呼吸は減少するが，
これは林内環境の変化によるものであると考えられる．
例えば伐採用重機や伐採木の搬出による土壌圧縮，落葉
層の剥離等が考えられる．

