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ABSTRACT

To estimate the effect of rainfall on soil respiration, soil CO, efflux was measured with a manipulation of
rainfall interception at a broad-leaved deciduous forest in western Japan from 20 February to 19
November 2001. The diurnal patterns of soil respiration observed at the intercepted subplot (F.) were
quite similar to those of soil temperature at 0.2 m depth with a maximum around midnight and a
minimum from noon to early afternoon. Such diurnal patterns have not been observed in the previous
studies at the same study site under natural conditions (which manifested no clear diurnal variations).
Furthermore, the magnitudes of F, showed substantial differences (e.g., ~50% reduction under water-
limited conditions) compared to those of the potential soil respiration under natural conditions (F.,). These
findings demonstrate that rainfall events not only affected the magnitude of soil CO, efflux but also
modified the vertical structure of soil temperature, thereby altering diurnal patterns of soil respiration.
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I. INTRODUCTION

Soil respiration is an important component in CO,
exchange between forests and the atmosphere to deter-
mine whether a forest is a carbon sink or source (e.g.,
Kominami et al., 2008). Better understanding of soil
respiration is, therefore, critical to reduce uncertainties
in diagnosis and predictability for future climate changes
and mitigation of their impacts. Several factors affect
soil respiration and it has been reported that soil tem-
perature and moisture are the key variables controlling soil
respiration (e.g., Davidson et al., 2000). In particular,
alteration of rainfall amounts results in changes in
surface runoff and soil water content and then affects

* Corresponding Author: Koji Tamai (al23@affrc.go.jp)

soil respiration. Although there have been numerous
studies to ascertain the effects of soil temperature and
soil moisture content on soil respiration, a few attempts
have been made to examine the role of rainfall by an
artificial interception. In this research note, such an
attempt was made by artificially intercepting rainfalls
for 9 months in a broad-leaved deciduous forest in
western Japan and the consequent soil respiration
observed at the intercepted site is presented.

I1. SITE DESCRIPTION

The study site was in the Yamashiro Experimental
Forest in southern Kyoto Prefecture, Japan (Fig. 1(a);
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Fig. 1. Location and topography of the Yamashiro Experi-
mental Forest and the study plots. (a) Location of the Yamash-
iro Experimental Forest (Black circle: Yamashiro Experimental
Forest) and (b) Site topography with the experimental obser-
vation plot (P) (the numbers indicate altitude in m).

34° 47" N, 135° 50" E). Most of the trees planted in the
late 19th century have died and the current deciduous
forest site is dominated mainly by tree species such as
Prunus verecunda, llex pedunculosa, and Quercus
glanca. The average litter fall from 1999 to 2002 was
5.16 t ha™ year™', with a mean air temperature of 15.5
°C, warmth index of 125.6 °C month, and annual pre-
cipitation of 1,449 mm (Goto et al., 2003). Soil is

regosol of sandy loam or loamy sand and contains fine
granitic gravel. The average soil depth is 0.47 m and
the dry weight of litter in the basin was about 400 g m™2.
More detailed information about the study site can be
found at Tamai et al. (2008).

III. METHODS AND MATERIALS

The experimental observation plot was prepared on a
ridge (Fig. 1(b)) and consisted of two subplots which
were adjacent to each other. In the “intercepted sub-
plot”, rainfall was artificially intercepted with turfs (0.7
m x 0.7 m) settled at 0.3m above the ground and the
forest soil remained dry throughout the measurement
period. In the “standard subplot,” natural conditions
were maintained. Soil respiration in the intercepted
subplot (F.: mg CO, m™ s7!) was observed with an
automated closed chamber with a built-in infrared gas
analyzer (GMD-20, Vaisala, Finland). This chamber is
a kind of static closed chamber and produced the CO,
fluxes comparable to those of the dynamic closed
chamber with a LI-800 (Li-COR, USA) over a wide
range (Nobuhiro et al., 2003). In this study, one mea-
surement cycle consisted of a 25-min closed period and
a 5-min open period. The soil temperature and volu-
metric water content were also observed at 0.05 and
0.20 m depths in the standard subplot with temperature
probes (Model 107, Campbell scientific, USA) and
time domain reflectometers (CS615, Campbell scientific,
USA), respectively from 20 February to 19 November
2001.

To confirm the rain effect, water equivalent to 2.5
mm of precipitation was applied as the artificial rainfall
event on the soil and the surrounding areas during the
08:55-09:00 am on 6 July 2001.

To estimate soil respiration from the soil temperature
and moisture in the standard subplot at the site (F), we
used the following equation from Tamai et al. (2008):

F..= 0.0566EXP(0.0717T5)($;+65) @)
where F,,; is the calculated soil respiration (mg CO,m™>s™)
which can be regarded as the potential soil respiration
under natural conditions (i.e., without an artificial
interception of rainfall). 75 and & are the soil tempera-
ture (°C) and volumetric soil water content (m> m~)
observed at 0.05 m depth in the standard site, respec-
tively.

To quantify statistical measure of relationship between
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soil temperature and soil respiration, root mean square
error (RMSE) was calculated with standardized T, T,
and F. (ST):

ST(T) = [T; - MIN(T)V[MAX(T)) - MIN(T)]  (2)
ST(Fe) = [Fe = MIN(F)[MAX(F.) = MIN(F)] (3)

where ST(T;) and ST(F,) are the standardized values of
soil temperature and F. (where the subscript i indicates
the measurement depth), and MAX and MIN are the
daily maximum and minimum values of Ts, T», or F..
RMSE between the standardized soil temperature and
the standardized soil respiration is given to:

RMSE(T) = [( S{ST(F) - SN (4.

where N is the number of data.

IV. RESULTS AND DISCUSSION

Fig. 2 shows the diurnal variation of soil respiration
(F.) observed at the intercepted subplot from a selected
period (i.e., 4 to 12 June 2001). The diurnal patterns of
F. were obvious with a maximum around midnight and
a minimum from noon to early afternoon, which were
very similar to those of soil temperature at 0.2 m depth.
According to the prior study at the same site, such a
clear diurnal variation of soil respiration during the
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Fig. 2. Time series of the (a) observed soil temperature at
0.05 and 0.2 m depths, with thin and thick lines, respec-
tively, (b) soil respiration (F,), and (c) precipitation at the
intercepted subplot from 4 to 12 June 2001.
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Fig. 3. Diurnal patterns of soil respiration (upper), soil tem-
perature (middle) and soil moisture under the natural condi-
tion (bottom) (Tamai ez al., 2005).

rainy periods has not been reported in the standard sub-
plot under natural conditions (Fig. 3; Tamai et dl.,
2005). It is speculated that drier soil in the intercepted
subplot made an impact on this diurnal variation through
modification of the vertical profile of soil temperature
variation. Except for a few days after the artificial rain-
fall application on 6 July, F,. showed consistent diurnal
variations with the maximum (~0.05 mg s~ m™) at
midnight and a minimum around noon. The soil
temperature at 0.05 m (7s) showed the minimum in
mid morning and the maximum in the evening whereas
the minimum and maximum soil temperatures at 0.20
m (T5) lagged behind. Consequently, the daily variations
of F, better correlated with those of 75, than Ts, which
was also confirmed from the results of RMSE (7).
The magnitudes of RMSE (73y) were usually smaller
than those of RMSE (75) (Fig. 4), indicating that the
diurnal variations in F, were more closely related to
soil temperature in a deeper layer than in the surface
soil layer. Deep-soil biological processes such as root
respiration governed the observed variations in F. at
the site. When soil was dry, only a small amount of
CO, was produced by litter and organic matter decom-
position in the soil.

Fig. 5 shows seasonal variations in the daily averaged
F.and F,,. The differences between F, and F, were
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Fig. 4. RMSE between the standardized daily fluctuation of
soil temperature and soil respiration and precipitation (right
axis). (4-12 June 2001) White diamonds: RMSE(75), Black
squares: RMSE(75), Bars: Precipitation.
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Fig. 5. Seasonal fluctuation in daily averaged values of soil
respiration, soil temperature, and volumetric soil moisture at
0.05 m depth (20 February-19 November 2001). Solid line:
Calculated potential soil respiration (F.); White diamonds:
Observed soil respiration (). Thick line: Soil temperature at
5 cm depth (75), Thin line: Volumetric soil moisture ratio (gs).

relatively small in August and September when soil in
the standard subplot was also dry. During the rainy
periods, soil moisture remained ample in the inter-
cepted subplot and F,. was more sensitive to 75
compared to F,.

V. CONCLUDING REMARKS

The soil respiration was observed in the deciduous
forest floor in western Japan, where the rainfalls were
intercepted for 9 months. In contrast to the soil respira-
tion under the natural conditions, the clear diurnal pat-
terns were observed with a maximum around midnight
and a minimum between noon and early afternoon.
Such patterns are synchronized to those of the soil tem-
perature at 0.2 m depth, which may be partly attributed
to the fact that the surface soil was too dry to be a

source of a significant amount of CO,. The magnitude
of soil respiration at the site with rainfall interception
was also suppressed by up to 50%, compared to that
under the natural conditions. In summary, rainfalls sig-
inificantly affected not only the magnitude but also the
diurnal pattern of soil respiration at the study site.
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