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Effects of Moisture and Temperature on Respiration in Tropical
Forest and Agricultural Soils

Siriporn Wiriyatangsakul!, Amnat Chidthaisong*,
Sudar ut Tripetchkul? and Pitayakorn Limtong®

ABSTRACT

Soil respiration in tropical uplandswas studied in agriculture (maize) and dry evergreen forest
soils. The objective of this study was to investigate the effects of moisture and temperature on soil
respiration. Diurnal variations of in situ soil CO, efflux was studied in May 2004 and February 2005.
Inthelaboratory, soil respiration in ashort-term incubation was measured under various moisture contents
(air-dry, 25, 50, 75 and 100%WHC) and various constant temperatures (10°C to 45°C). Insitu soil CO,
flux showed strong diurnal patterns correlated with both air and soil temperature. CO, efflux from both
study sitesincreased to the maximum val ues during the late afternoon, usually 2-4 hours after apeak in
air temperature. Thetotal soil CO, fluxesintegrated over the measurement period were 1354 and 3082
mg CO, m2 day! at agricultural site and 1467 and 12851 mg CO, m2 day! at forest sitein May 2004
and February 2005, respectively. The Qo valuefor agricultural site estimated from rel ationship between
soil temperature at 5 cm and CO, flux was 3.37 (May 2004). For the forest site, the Q¢ was 2.04
(February 2005). Resultsfromlaboratory study indicated that thetopsoil layer (thetop 20 cm) contributed
mainly to the overall respiration. Soil respiration was highest at moisture between 50% and 75% WHC.
The Q¢ values of agricultural soil were higher than of that of theforest soil, indicating relatively higher
sensitivity of the agricultural soil to temperature change than the forest soil. Laboratory results also
indicated that subsoil was more sensitive to temperature and moisture changes than topsoil.
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INTRODUCTION

Carbon dioxide (CO,) is the most
abundant greenhouse gas and contributes about
60% to current global warming (IPCC, 2001). Its
averaged concentration in the atmosphere has
increased from 285 ppmv (part per million by
volume) in 1850 to 376 ppmv in 2003 (Keeling et

al., 2004). Most of these increases are attributed
to human activities such asfossil fuel combustion
and changein land use.

Soil contains large portion of the global
carbon pool (about 2000 Pg C in soil compared to
750 Pg C in the atmosphere, 1 Pg = 10° g;
Sarmiento and Gruber, 2002) and the CO, evolved
from soil respiration constitutes alarge portion of
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CO, flux to the atmosphere (about 60 Pg C yr1).
Duetoitslargereservoir, small changesin theflux
rate of soil respiration could potentially affect
atmospheric CO, concentration. Schlesinger et al.
(1997) suggested that a 1% increase in the rate of
CO, evolution from soil globally would be
equivalent to a14% increase in the annual flux of
CO, to atmosphere from fossil fuel.

Agricultural and forest soils store great
amount of organic carbon. They aretheimportant
sinks of atmospheric CO, (Lal, 2004). Carbon
stock in agricultural soil is subject to
anthropogenic influences. A number of practices
(e.g. improved crop rotation, no-till, conservation
reserves) have been demonstrated to increase
carbon storage in soils. Houghton et al. (1999)
reported that such cultivation practices led to
increase of carbon in agricultural soil inthe USA
of about 0.14 Pg C yr-1 during the 1980s. However,
disturbance by variety of agricultural practices
(e.g. plowing, fertilization, irrigation) tends to
enhance CO, emission due to increased
decomposition of soil organic matter. Efficient
management of agricultural land, therefore,
provides a potential tool for mitigating
atmospheric CO, through carbon sequestrationin
soils.

Many factors have been reported to affect
soil respiration but soil temperature and soil
moisture are among the most important factors
controlling the CO, flux in various ecosystems
(Bowden et al., 1997; Scott-Denton et al., 2003).
On short time-scales, warming tends to increase
therate of heterotrophic respiration, but the extent
to which this effect can alter land-atmosphere
fluxes over longer timescales is not yet fully
understood. On the other hand, regional changes
in precipitation patterns and cloudiness are also
likely to bring about changesinterrestrial moisture
regime and respiration. Therefore, soil respiration
isone of theimportant processesto be affected by
climate change. Soil climate feedbacks, in turn,
can have significant impacts on atmospheric CO,
concentration.

Generally, relationship between
temperature and soil respiration is described in
terms of Q, value, which indicatesan increasein
respiration rate for every 10 °C increase in
temperature. This Q,q value varies depending on
both edaphic and climate conditions (Bowden et
al., 1997; Frang and Moncrieff, 2001). There are
many studies conducted in North America and
Europe showing that temperature strongly affects
soil respiration. Mielnick and Dugas (2000) found
that soil CO, flux had a seasonal pattern that was
correlated more strongly with soil temperaturethan
soil water. Regressed separately, the exponential
relationship between soil CO, flux and soil
temperature accounted for approximately 46% of
flux variability. Similarly, other studiesfound that
the CO, flux was strongly influenced by soil
temperature. For example, the minimaand maxima
of the CO, flux were closely followed those of
thetemperaturewith adelay of 2-3 h (Eriksen and
Jense, 2001). Nakadai et al. (2002) measured
diurnal change of CO, flux from bare soil in
agricultura field in central Japan. They found that
the soil CO, flux showed significant diurnal
changes and these patternswere highly correlated
with the soil surface temperature. The calculation
resultsindicated that the soil horizon above 10 cm
depth was amajor CO, source of soil respiration.

While responses of soil respiration to
changein temperature and moisture are relatively
well understood in the temperate soils, there are
only a few published reports of soil respiration
study intropical upland soils(ScalaJr. et al., 2000;
Li et al., 2004). Since tropical ecosystem is the
main component in global carbon dynamics,
gaining knowledge on soil respirationinthetropics
is crucial for understanding global carbon cycle
and its response to climate change. Accordingly,
thisstudy measured CO, flux in two different land
use types (forest and agriculture) with the main
objective to understand the relationship between
soil respiration rate in tropical upland soils and
changes in temperature and moisture.
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MATERIALSAND METHODS

Site description

Inthisstudy, CO, emission from soil was
studied inthetropical forest and agricultural sites.
The forest site was a dry evergreen type forest
located in Phanom Sarakarm District,
Chachoengsao Province (757659°E 1523475°N,
Elev. of 16 m above mean sea level).
Dipterocarpus alatus Roxb is the main plant
speciesat thissite. An agricultural field planted to
maize (variety Chat-ngen “F; Hybrid") was
selected for comparison. This site was located
within Khao Hin Sorn Royal Development Study
Center, Phanom Sarakarm District, Chachoengsao
Province. Most areawas undulating with slope of
2 —5 %. The region had a savannah climate with
an annual rainfall of 1,247 mm (from 1994-2004)
and amost all of the rainfall occurred between
May and October. The mean annual temperature
was 29.4 °C, with mean monthly minimum and
maximum values of 23°C and 36°C in December
and April, respectively. Agricultural site was
planted to maize two crops per year. Plowing was
carried out three times per crop and farmyard
manure was applied at the rate of 25 ton hal. A

composite fertilizer was applied during cropping
at approximately 1400 kg ha't. At thissite, plowing
was carried out a few days (20 February 2005)
before gas sampling in February 2005.

The forest soil was classified as Typic
Paleustults (USDA). Soil profilewasdivided into
threemain layerswithin 100 cm depth (S. Jaiarree,
personal communication). Theseincluded A, layer
(0-20 cm), BA layer (20-40 cm) and Bt layer (40
to 100 cm). Agricultural soil was classified as
siliceous Typic Ustipsamments. The profile was
also divided into three main layers, including Ap
layer (0-20 cm), AB layer (20-30 cm) and C layer
(30-100cm). General soil characteristicsarelisted
in Table 1. The texture classification of the forest
soil was sandy loam, total carbon content varied
between 0.05% and 0.72% and soil pH wasacidic.
For agricultural soil, it was also classified as a
sandy loam (except below 60 cm), total carbon
content ranged from 0.13% to 1.17%. In addition,
bulk density inforest soil ranged from1.2t01.6g
cm3, whilethat in agricultural soil was1.5t0 1.8
gcmr3. Higher bulk density in agricultural soil than
forest soil was expected since agricultural practices
such as plowing and tilling might lead to such soil
compactness.

Table1l General soil properties as forest and agricultural sites.

A) Forest soil. (6 May 2004)

Sampling pH (H,0) C Bulk density Water content ~ Texture
Depth (cm) (%) (%) (g em) (% by wt)
0-20 4.03:0.11  0.72£0.04  0.07+0.02 1.35+0.05 12.64 Sandy loam
20-30 4.37+0.25  0.14+0.01 0.01£0.001  1.36+0.10 6.34 Sandy loam
30-70 456+0.01 0.05£0.001 0.01£0.001  1.5170.07 5.10 Sandy loam
B) Agricultura soil. (21 February 2004)
Sampling pH (H,0) C Bulk density Water content ~ Texture
Depth (cm) (%) (%) (g cmd) (%by wt)
0-20 6.82+0.02 117015  0.12+0.02 1.51+0.04 11.8 Sandy loam
20-50 6.92+0.02  0.85+x0.03  0.09+0.003  1.66+0.14 11.6 Sandy loam
60-100 7.16+0.02  0.13+0.05 0.03+0.003  1.67+0.06 6.99 Loamy sand

There were no significant differences between groups (p>0.05)

All datain the tables are given as mean = standard deviation.
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CO, flux measurement

Soil CO, flux was measured throughout
the day (24 hours) on 27 May 2004 and 23
February 2005 by difference in the season and
tillage practiced at agricultural site. Soil CO, flux
(May 2004) was measured by using a close
chamber technique (Knief et al., 2005). For each
site, five chamber bases were placed randomly
within the field. The chamber was made of
cylindrical PV C with 21-cminternal diameter and
15-cm height. The 5-cm bottom edge of the
chamber base was inserted into the soil surface.
The gas samples (10 mL) from the chamber
headspace were collected by using 20-mL
disposable syringe at 0, 5, 10, 15 and 20 minutes
after chamber closing. Concentrations of CO, were
determined using agas chromatograph (Shimadzu
GC-14B) with aPorapak Q column maintained at
120 °C, and injector and detector temperature at
100°C and 300 °C, respectively. Helium at flowing
rate of 65 mL min was used as carrier gas.

In February 2005, soil CO, flux was
measured by using the LCi-001 portable
photosynthesis system (Li-Cor Inc., USA) fitted
with asoil chamber with avolume of 968 cm3 and
an area of 97.5 cm2. Ten chambers distributed
randomly were inserted into in the fields (7 cm
depth). The headspace gas was introduced to the
gas detector by using a pump at the flow rate of
100 umol of air per second. Increase in the CO,
concentration was recorded. Flux in this case was
based on the increase of CO, inside chamber’s
headspace relative to the background
concentration values. Additionally, the same
procedure asthat employed in May 2004 wasalso
used for crosscheck. CO, flux calculated based
on these two methods was not significantly
different (p=0.05 using analysis of variance). Soil
temperature in the vicinity of the chambers was
measured at depthsof 5and 10 cm during the entire
gas-sampling period using a glass thermometer.
Soil respiration rates (CO, flux) were calculated
using the linear portion of the gas concentration
change over the 20-min time period. For both dates

of measurement, only data from chambers with a
significant correlation of the measurement points
(Pearson correlation coefficient of concentration
data versus time was significantly > 0 at thep <
0.05 level) were taken into account to calculate
the average CO, flux. The flux value reported for
each sampling time represents the average of al
chambers used that showed a significant
correlation between sampling time and
concentration change as mentioned above.

Soil incubation

Soil sampleswere obtained from 0-100-
cmdepth at the agricultural siteand 0-70-cm depth
at the forest site for laboratory incubation (6 May
2004). Soil moisture contentsat sampling timeare
shown in Table 1. The samples were divided into
threelayersfollowing the depth of soil profile and
based on the color difference among layersof each
site. The soil sampleswereair-dried, crumbled into
fragments and subsequently the roots and gravels
were removed. Soil was sieved through a 2-mm
mesh before use.

Soil incubation was carried out at
different temperatures and moistures. Three
replicates for each depth layer were adjusted to
have the water contents of between air-dry soil
and water-saturated soil (air dry, 25, 50, 75 and
100% of WHC). To estimate the water holding
capacity (WHC), 300 g of air-dried soil were added
with water and left for several days until the
samples became water-saturated. Subsequently,
soil was drained. WHC (g water g soil-1)
was determined gravimetrically by drying soil at
105 °C to constant weight.

Individual soil samples (approximately
60 g air-dried soils) were placed in a glass vial
(240 mL) and then adjusted to targeted water
content with de-ionized H,O. After that the soil
samples were incubated under constant
temperature at 10, 20, 25, 30, 37 and 45°C for
forest soil and at 20, 30 and 45°C for agricultural
soil for 30 days. CO, production rate was measured
weekly during incubation. Preliminary results



Kasetsart J. (Nat. Sci.) 40(2) 399

indicated that CO, production decreased by >50%
from the initial value during the first-two weeks
(data not shown). After the second week, soil
respiration rates decreased and became relatively
constant astheincubation approached the 4t week.
As aresult, soil acclimatization was carried out
under these conditions for 30 days before
investigating for its response to moisture and
temperature. When soil respiration was measured,
headspace gas samples (0.2 mL) were collected at
0, 5, 10 and 15 min by using a 250-ul pressure
lock syringe. Concentrations of CO, were
measured using agas chromatograph as described
above.

Deter mination of Q,qvalue

The relationship between soil respiration
rate and temperaturewas analyzed using Qo vaue.
The Q, value indicates the average increase in
respiration ratefor a10 °Cincreasein temperature.
The empirically derived equation of van't Hoff
function (van't Hoff, 1998) was used to describe
the dependence of CO, evolution on soil

temperature (Eg. 1);
F=AefT (1)

Where F is the soil respiration rate
measured at 30 days of incubation (ug CO, g
soil't d), T isthe temperature (°C) and A and
are regression coefficients. From Eq. (1), the Qg
value was calculated asindicated in Eq. 2.

Qp=¢el% )
RESULTSAND DISCUSSION

In situ diurnal variations of ambient CO,
concentration

Figure 1 shows the diurna patterns of
CO, concentration at the forest and agricultural
sitesmeasured on 23 February 2005. At the forest
site, ambient CO, concentration varied from
around 430 ppm during the daytime (10:00— 18:00
hr) to 460-540 ppm during the nighttime. For
agricultural site, the daytime concentration was
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Figurel Ambient concentration of CO, at forest and agricultural sites measured in February 2005.
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usually below 450 ppm while during the nighttime
it increased up to about 600 ppm. These results
indicated a clear distinction in CO, concentration
between daytime and nighttime, and to a lesser
extent, between forest and agricultural sites. The
pattern of CO, change was possibly caused by
interplay between respiration and photosynthesis
processes. The CO, concentration was highest at
nighttime due to CO, release during respiration
(by both plant and soil). In contrast, plant
photosynthesis during the daytime took up
atmospheric CO,, resulting in a relatively low
ambient CO, level as observed.

In situ CO, flux
1) CO, flux at forest site

The results of soil CO, flux and
temperature changes during a 24-hr period are
shown in Fig 2. When compared between the
variations of soil and of air temperature, daily
changes of temperature were more remarkable in
air than in soil temperature. On each sampling day,
soil temperatures at 5-cm and 10-cm depth stayed
fairly constant throughout the day and soil
temperatures of both soil depths were not
significantly different (p < 0.05). The ranges of
temperaturewere 24.4-32.1 °C, 26.3-27.5°C and
27.1-28.0°Cfor air, soil temperatureat 5 cm and
10 cm depth (27 May, 2004), respectively. On 23
February 2005, the ranges of temperatures were
24.2-33.8 °C and 25.6-28.0 °C for temperature
of air and soil 5 cm depth, respectively. Similar to
that of May 2004, soil temperature on this date
was almost constant throughout the day and this
was different from soil temperature of maize
cultivation site where large variationsin the daily
soil temperature were observed (Figures 2 and 3).
Existence of forest canopy was possibly the main
reason that kept the temperature at relatively
constant when compared to the agricultural site.

Soil CO, flux ranges in May and
February were 32-107 and 469-592 mg CO, m-2
hr-1, respectively. Large spatial variations were
observed. The coefficients of variation (CV)

averaged among five chambers were 35% (May)
and 23% (February). Maximum flux was observed
in the afternoon between 14:00 and 15:00 hr.
Temporal changesin soil CO, flux wererelated to
the changing pattern of air temperature. The
maximum and the minimum of the soil CO, flux
closely followed those of the air temperature with
a delay about 2-3 hrs. The total soil CO, fluxes
were 1466 and 12851 mg CO, m2 day1 in May
and February, respectively. Emission during
daytimewas higher than during nighttime on both
days (816 and 6610 mg m2 for daytime, and 650
and 6250 mg m2 for nighttime in May and
February, respectively).

The results of field measurement in
February 2005 showed higher CO, flux than in
May 2004. This might be caused by therelatively
long-lasting period of high temperature in
February 2005 than in May 2004 (Figure 2). On
the other hand, the amount of organic carboninput
(litter fall) into soil might also be different between
in February 2005 and in May 2004. These results
suggested that temperature could partly explain
the diurnal soil CO, flux. However, the other
factors such as moisture content and aboveground
litter inputs might be also important as suggested
by Li et al. (2004). The values obtained in this
study were in the same ranges as those reported
by of Gupta and Singh (1981). These authors
measured soil respirationintropical grassland and
found that the soil respiration rate was 49-448 mg
CO, m2 hrl, They also found that soil CO, flux
correlated more strongly with the air than with soil
temperature.

2) CO, flux at agricultural site

The results in agricultural soil showed
the similar patterns of maximum temperature at
the noontime asthat observed inforest soil (Figure
3). More remarkable changes in air than in soil
temperature were also observed here. The range
of air temperature was 24.9 —40.1 °C, while that
for soil temperature at 5 and 10-cm depths were
26.2—34.8°Cand 26.5—33.7 °C (27 May 2004),
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respectively. On 23 February 2005, the ranges of
temperatureswere 23.5-44.0 °C, 27.4—-42.3°C
and 30.1 — 35.9 °C for temperature of air, soil at
5-cmand soil at 10-cm depth, respectively. Higher
temperature on February 2005 than that in May
2004 was noted.

The diurnal patterns of soil CO, fluxes
were similar when compared between the
measurements results of May 2004 and February
2005 (Figure 3). In May 2004, the soil CO, flux
increased from 39 mg CO, m2 hr1 at 12:00 hr to
133 mg CO, m2 hr- at around 15:00 hr and then
dropped thereafter. In addition, the soil CO, flux
increased slightly in the early morning, possibly
due to moisture increase from dew (as observed
by Guptaand Singh 1981). In February 2005, the
soil CO, flux was less than 100 mg CO, m2 hr-1
at noon and then increased t0184 mg CO, m hr-
Lat 15:30 hr. After 18:00 hr, it varied from 100 to
150 mg CO, m2 hrl, CO, flux of both days
increased between 10:00 hr and 18:00 hr and the
maximum rate of CO, flux occurred in the late
afternoon. The total soil CO, fluxes were 1354
and 3082 mg CO, m2day1in May and February,
respectively. Thiswasdivided into emission during
daytime (797 and 1342 CO, m2) and nighttime
(557 and 1740 CO, m2). Daytime CO, emission
in February was lower than during nighttime.
This could be due to relatively higher soil
temperature during nighttime as shown in
Figure 3.

When compared a daily CO, flux
between forest and agricultural soils, it wasfound
that soil CO, fluxes from forest site were higher
than of agricultural site for both dates. Namely,
soil CO, flux at forest site was 4.2 times in
February and 1.2 timesin May greater than those
at agricultural site. From soil profile description
(S. Jaiarree, personal communication), plant root
at forest site were larger in size and amount than
in agricultural site, especially in the upper soil
layer. Several studies showed that root respiration
isakey source of CO,from terrestrial ecosystem.
The proportion of rootsrespiration to the total soil
respiration rangeswas40-50 % in temperate forest

(Epron et al., 1999), and 17-60 % in tropical
grasslands (Dugaset al., 1999). Thus, high density
of root in forest soil might contribute to the
relatively higher CO, flux when compared to
agricultural soil.

Relationship between in situ CO, flux and
temperatures
1) Relationship observed at forest site

In forest soil, the Qg value was
calculated after fitting CO, flux and temperature
datato thefunction describedin Eq. 1. It wasfound
that the Qy values for arange of air temperature
of about 24-34 °C were 2.38 in May 2004 and
1.20 in February 2005, with the correlation
coefficients (r) of 0.77 and 0.86, respectively (p <
0.05, Fig. 4). Ontheother hand, strong correlation
between soil temperature at 5 cm depth and soil
CO,flux in February 2005 was also observed. The
Q1o value estimated for this date was 2.04 over a
range of soil temperature of 25.5-28.0 °C, with
the correlation coefficients (r) of 0.85 (p < 0.05).
It was not ableto calculate the Qo value for May
2004 due to temperature change was less than 2°
C during the entire measurement period (Figure
4). These Qo values obtained from tropical forest
soils were generally lower than those found in
temperate and arctic soils (Bekku et al., 2003),
indicating a relatively less sensitivity of tropical
soil to temperature change than in the temperate
soil.

These results indicated that soil CO,
emission was strongly affected by both air and soil
temperatures. Air temperature alone could explain
approximately 59% in May 2004 and 74% in
February 2005 of flux variability. The rest was
possibly controlled by the other factors such as
moisture (moisture content was 4.6%vol in May
2004 and 2.3%vol in February 2005) and
aboveground organic matter inputs (Li et al.,
2004). Therefore, the effects of temperature vary
temporally, as the Qy, value changed when time
of measurement was changed from May 2004 to
February 2005.
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2) Relationship observed at agricultural site

At agricultural site, a strong correlation
between temperature and CO, flux was also found
(Figure 5). The best fit was obtained by using
temperature at 4-hour delay after emission peak.
The obtained Q,y values over the temperature
range of about 24 — 40 °C were 1.96 (r = 0.88),
3.37(r=0.87) and 4.05 (r = 0.86) from aplot with
air temperature, soil temperature at 5-cm and 10-
cm depth, respectively (p < 0.05). Results from
agricultural site showed that soil CO, flux was
more sensitive to change in soil (both at 5 and 10
cm) than in air temperature. This differed from
those found at the forest site as mentioned above.
Unlikeforest sail, agricultural soil wasnot covered
by a dense canopy and by organic materials from
litter fall. This canopy effect resulted in asmaller
variation in daily soil temperatures than in air
temperature at forest site as opposed to that
observed in agricultural site (Figures 2 and 3).
Therefore, a clearer and stronger correlation
between soil temperatures and CO, flux was
observed at agricultural siteand viceversa at forest
site. No clear relationship between CO, flux and
temperature at agricultural site in February 2005
was observed (Figure 5B). This might be due to
soil plowing acouple of daysbefore measurements
that modified CO, flux and blurred itsrel ationship
with temperature.

CO, production in thelaboratory incubation
1) Effects of soil water content on CO,
production

Soil samples taken from different sites
and soil depthswereincubated under variouswater
contents. Soil respiration rate differed among these
soil layers. The typical example for response of
soil respiration to moistureisillustrated in Figure
6. Inforest soil, regardless of moisture content the
topsoil layer (0-20 cm) showed the highest
respiration rate (Figure 6A). Except for soil from
20-30 cm, respiration rateincreased with increase
in moisture content from air-dry to 100% WHC.
Similarly, in agricultural soil thetopsoil generally

showed higher respiration than other layers (Figure
6B). Except for thetop layer of forest soil, moisture
content range of 50-75%WHC seemed to be
suitable for soil respiration. Air-dry or water
saturated soil appeared to inhibit soil respiration
in most cases. Soil moisture can limit soil
respiration by limiting microbial contact with
available substrate or water stress. Saturated soil
condition also reduces oxygen diffusion and
subsequently soil respiration (Bowden et al., 1997
and Fierer et al., 2003). From these results, soil
respiration increased about 8-10 times in the
topsoil of both siteswhen moistureincreased from
air-dry condition to 50%WHC (Figure 6). The
results agreed well with those reported by Winkler
et al. (1996), in which soil from temperate forest
was incubated for several months at 4°C to 38°C.
They found that soil respiration varied
significantly with time of incubation and the A-
horizon (0-28 cm) had highest respiration rates,
followed by the B- (84-184 cm) and E-horizon
(28-61 cm) soilsfor each temperature.

In summary, it could be said that there
was an optimal moisture rangefor soil respiration
in tropical upland soils. Furthermore, majority of
soil respiration occurred in the topsoil layer of
within 20 cm from the surface. In tropical
ecosystem, changes in soil moisture usually
associates with seasonal timescale, thus, moisture
may play the major role in regulating temporal
flux variations. Further study isneeded before such
effects and responses can be understood.

2) Effects of temperature

In the tropics, soil experiences changes
in temperature both in a short time scale such as
daytime and nighttime variations, and in alonger
timescale such as temperature change between
summer and winter. In addition, land use
significantly affects on temperature profile of sites.
Figures 2 and 3 illustrate that under forest cover
temperature difference between daytime and
nighttimeislessthan 10°C whileunder agriculture
thedifference canbeashighas20°C. Thus, diurnal
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temperature change is comparable or even higher ~ shownin thisstudy. Except when therewas heavy
when compared to seasonal temperature change.  precipitation, diurnal moisture change could be
Temperature, therefore, was the main factor  considered minimum.

regulating diurnal variation in soil respiration as
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Figure6 Changes in soil respiration rate corresponded to alteration of soil moisture contents. The
incubation temperature was maintained at 30 °C. The error barsrepresent standard deviations
(n=3). Meansdesignated with the samel etter within each soil layer are not significant different
from each other (p<0.05).
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soil respiration was studied in detail in the
|aboratory incubation. Increase in temperature in
the range of 20-45°C generally led to increased
soil respiration (datanot shown). Response of soil
respiration to increase in temperature within the
range of 20-37°C and under different soil moisture
contents was described in term of Q,q (Table 2).
The Qo valuesvaried according to soil layersand
soil moaisture content. Based on these Qg values,
it seemed that soils under air-dry and water-
saturated conditions were more sensitive to
temperature changes than under other moisture
levels. Conant et al. (2004) incubated soil samples
under four soil moisture contents. They found that
the Qq values decreased with decrease in soil
moisture (ranged from 3.15 to 2.06) and the Qg
values were usually greater for the wet than for
the dry soils. Based on the average throughout the
profile, this study revealed that agricultural soil
was more sensitive to temperature changes than
forest soil (Table 2). The averaged Q,q range for
each soil depth layer of agricultural soil was 2.1-

2.8, which was higher than the range that found in
forest soil (1.2-2.4, Table 2) for &l soil moisture
content. Statistical analysisyielded no significant
difference (p < 0.05) in these Q,y values among
different soil moisture contents, nor among soil
layers. The exception was soil from 60-100 cm of
agricultural site that showed significantly higher
averaged Qo valuesthan other layersat p < 0.10.
The averaged Q,o value from agricultural site
(2.52+1.10, n = 10) was significantly higher than
that of theforest site (1.43+0.34, n = 10). Sincein
this case, agricultural soil contained more carbon
than forest soil, the potential to lose soil carbon
under a warmer future climate was higher from
agricultural soil than from forest soil.

CONCLUSION

Soil CO, flux was high during late
afternoon, 2-4 hr delaying after the peak in air
temperature. The Qo values estimated for diurnal
changes in air temperature was 2.38 and 1.2 on

Table2 Qg values for soils incubated under different soil moisture contents (0-100% WHC) and

temperatures (20-45°C).
A) Forest soil.
Soil moisture Q1o valuefor forest soil Average+S.D
(%WHC) 0-20 20-30 30-70 (n=3)
0 331 1.27 1.56 2.05£1.10
25 1.56 1.46 154 1.52+0.05
50 1.10 1.44 114 1.23+0.19
75 1.27 1.10 0.93 1.19+0.17
100 3.35 2.01 187 2.41+0.82
B) Agricultural soil.
Soil moisture Q1o value for agricultural soil Average+S.D.
(Y%WHC) 0-20cm 20-50 cm 60-100 cm (n=3)
0 3.79 1.63 1.6 2.34+1.26
25 18 1.46 2.99 2.08+0.80
50 261 1.99 4.37 2.99+1.23
75 1.42 1.29 351 2.07+1.25
100 1.98 2.58 3.8 2.79+0.93
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May and February in forest site, respectively. In
agricultural site, the Qo was 1.96 and 3.37 for air
and soil at 5-cm depth, respectively. Significant
difference was between daytime and nighttime
CO, emission, but daytimeemission wasrelatively
higher than nighttime in general. On the other
hand, ambient CO, was clearly higher during the
nighttime than during the daytime. Temperature
was the important factor controlling the diurnal
variability of soil CO, flux in the tropics. Over a
longer time scale, however, moisture and
temperature may be both the controlling factors
for CO, release from soil. Soil moisture could
significantly induce changein soil respiration rate.
Under a constant temperature, respiration rates
wererelatively higher at moisture content between
50 and 75% WHC. Both lower and higher moisture
contents than this reduced soil respiration rate.
When temperature was varied, soils under both
dry and wet (water-saturated) were mores sensitive
to temperature changes than under other moisture
ranges. The obtained Qq values indicated
relatively higher sensitivity of soil under
agriculture than that under natural forest.
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