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Abstract. Soil respiration rates were measured along differ- national scale (Ishizuka et al., 2006). Because most forested
ent parts of a slope in (a) an evergreen forest with commorareas in Japan involve complex terrain, the topographic scale
brown forest soil and (b) a deciduous forest with immatureis extremely important when comparing soil respiration rates
soil. The effects of soil temperature, soil moisture and soilwith tower-based fluxes.

properties were estimated individually, and the magnitudes Soil respiration rates are affected by environmental factors
of these effects in the deciduous and evergreen forests werguch as soil moisture and soil temperature (Davidson et al.,
compared. In the evergreen forest with common brown forestL998) and by soil properties such as root biomass and poros-
soil, soil properties had the greatest effect on soil respiratiority (Hanson et al., 2000; Dannoura et al., 2006). Therefore,
rates, followed by soil moisture and soil temperature. Theseboth environmental factors and soil properties can affect to-
results may be explained by the fact that different soil proper-pographic variation in soil respiration. Generally, soil mois-
ties matured within different environments. It can be arguedture declines as elevation along a slope increases. Moreover,
that the low soil respiration rates in the low parts of the slopedue to soil classifications, soil type is often different from
in the evergreen forest resulted from soil properties and notach other between low and high parts in a slope. Thus, slope
from wet soil conditions. In the deciduous forest, soil respi- scale should focus on the various topological scales to esti-
ration rates were more strongly affected by soil moisture andmate topological effect on soil respiration.

soil temperature than by soil properties. These effects were Spatial variation in soil respiration on slopes has been ex-
likely due to the immaturity of the forest soil. amined in many forest types including Japanese cedar forests
(Ohashi et al., 2007), Japanese cypress forests (Mitani et al.,
2006), deciduous broadleaf forests (Hanson et al., 1993; Jia
et al., 2003) and tropical rain forests (Sotta et al., 2006; Ko-
sugi et al., 2007). The slope heights in these studies varied

To estimate carbon uptake in forests, several researchers hagePstantially (between 7 :and 70 m), but most studies reported
compared soil respiration rates with tower-based flux mealower soil respiration rates in lower parts of the slopes. Jia et
surements (Davidson et al., 2002; Kominami et al., 2003;2l- (2003), Mitani et al. (2006) and Kosugi et al. (2007) noted
Sugawara et al., 2005). However, for scientifically robustthat the decreased soil respiration rates on lower slopes were
comparisons, the soil respiration rates must represent an arégused by higher soil moisture ratios. However, in a study
as large as the area represented by the tower-based flux. Sugh@ weathered granitic area of southern Kyoto Prefecture,
a requirement is problematic, because many factors such akmai et al. (2005a) linked lower soil respiration rates in ar-
topography can cause substantial spatial variation in soil res€@s of elevated topography to increased dryness. This result
piration rates. shows that the relationship between soil respiration and soil
Studies of spatial variation have been focused on a variou§10iSture is not unique to any forest and remains unclear.

scale, ranging from several meters (Kosugi et al., 2007) to a To ensure that soil respiration rates represent an area as
large as the area represented by tower-based fluxes, estimates

) of the effects of environmental factors and soil properties
Correspondence tdK. Tamai are necessary (Fang et al., 1998). However, it is important
BY (al23@ffpri.affrc.go.jp) to note that environmental factors and soil properties both

Published by Copernicus Publications on behalf of the European Geosciences Union.

1 Introduction



http://creativecommons.org/licenses/by/3.0/

1134 K. Tamai: Effects of environmental factors and soil properties

vary depending on slope locations. Most soil properties such
as carbon content, soil microorganisms, root biomass and
porosity exist under unique environmental conditions such
as soil moisture at each location during the process of soll ~
maturation. Thus, it is impossible to estimate environmental ' N ;a]
factors and soil properties individually by simply comparing " 1
the spatial variations of environmental factors and soil prop- g Cavd
erties with soil respiration. !
Some studies have been performed to estimate these varia-
tions individually. In a secondary broadleaf forest in northern J
Japan, Hashimoto et al. (2008) examined the spatial variation Yamashiro g f 7
of environmental factors such as the soil moisture ratio and o '
physical factors such as the basal area of stems and soil respi-
ration. The researchers concluded that the basal area of stems
potentially affects soil respiration via the soil moisture ratio.
Palmroth et al. (2005) measured soil respiration rates in adja-
cent pine plantations and hardwood areas in the Duke Forest,
North Carolina, USA. They reported that differences in soil

respiration rates were more strongly controlled by the effects (b)
of soil temperature than by soil moisture or soil properties.
In this study, the effects of environmental factors including 230

soil moisture and soil temperature and soil property on soil
respiration are estimated individually in a slope scale. The
effects in an evergreen forest with common forest soil that
developed individually under each environmental condition
on a slope are compared with the effects in a deciduous forest
with very immature soil that is not developed and has similar
properties on a slope.

200

2 Site Description
Contour b5m
The study sites were located in the Yamashiro. Experimen-
tal Forest (3247 N, 13551 E) and the Kahoku Experimen-
tal Forest (3308 N, 130’43 E) in Japan (Fig. 1a). The Ya-
mashiro forest is a deciduous forest with immature soil, and
the Kahoku forest is an evergreen forest with common brown
forest soil.

2.1 Yamashiro experimental forest

The Yamashiro Experimental Forest has been denuded by
heavy logging and soil erosion. The ground surface has been
barren with no vegetation for a long time. A picture drawn
in the seventeenth century shows that the Yamashiro area
had no vegetation at that time (Yamashiro town history ed- 0, 100m

itorial board, 1986) and remained bare until erosion control

and plantation work was performed after 1875 (Goto et al.,Fig. 1. Location and topography of experimental foregt) Loca-
2004). Thus, the soil in this location is immature, even todaytion, (b) Topography of Yamashiro Experimental Forest. R and V
(Araki et al., 1997). The soils, which originate from granite, indicate the location of Plot R and V, respectively. Numbers show
are Regosols of sandy loam or loamy sand and contain finghe altitude of contour linegc) Topography of Kahoku Experimen-
granitic gravel (53% by weight). Consequently, the surfacetal Forest._ T, U, M and L indicate the location of Plot T, U, M and
soil layer at a 5-cm depth has carbon ratios ranging from 3g-: respectively.

to 42mgg? (Table 1). Most of the trees planted after 1875

have died, and the area is currently covered by deciduous for-
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Table 1. Outline of the observation plots.

Experimental  Plot  Slope Slope Altitude Basal area Dominant Total C
Forest name direction angle (m) of stem species (Mo g
(m?100nT2)

Yamashiro \Y S53W 2° 188 0.131 Clethra barvinervis 42

R S52E 18 222 0.322 llex pedunclosa 38
Kahoku B S48 W 43 166 0.753 Cryptomeria japonica 81

M S32WwW 3 184 0.564 Cryptomeria japonica 62

U S5W 22 213 0.382 Chamaecyparis obtusa Sieb. et Zucc. 118

T S1PE 6° 221 3.855 Chamaecyparis obtusa Sieb. et Zucc. 79

Table 2. Comparison of the variations in factors between experimental forests.

Experimental Variation Variation Variation

Forest in topography in vegetation in Soil property

Yamashiro Remarkable; Altitude Slight; All plots is Slight;
difference is~30m covered by deciduous species. Extremely immature soil

Kahoku Remarkable; Altitude Remarkable; Japanese cedar Supposed to be remarkable;
difference is<70m (Plot B, M) Japanese cypress (Plot U, T)  matured forest soil

Duke Slight; Slope angle5% Remarkable; Hard wood forest

(Palmroth et al., 2005) and pine plantation

est dominated by oaks. The mean annual precipitation fron2.3 Comparison of the features of experimental forests
1999 to 2002 was 1449.1 mm, with a mean air temperature

of 15.5°C (Goto et al., 2003). The features of the experimental forests including the Duke
. Forest (Palmroth et al., 2005) are summarized in Table 2.
2.2 Kahoku experimental forest These features are compared with those for this study and

are presented in the Discussion section.

Altitudinal differences existed at approximately 30 m and
70 m in the Yamashiro and Kahoku forests, respectively. To-
pographic variability was lower in the pine plantation and

The lower area of the Kahoku Experimental Forest is cov-
ered by an approximately 50-year-old Japanese cé&gp{
tomeria japonica forest and the upper area is covered by a

27- 1o 50-year-old Japanese cypreShgmaecyparis obtusa - 00 plots of the Duke Forest, wit6% incline in each
Sieb. et Zucg.forest. Crystalline schist underlies the water-
(Palmroth et al., 2005).

shed. The forest soil is classified as brown forest soil (Cam- ) i , ) ,
The difference in vegetation among the plots in Yamashiro

bisol) with a clay loam texture. This soil is common and ller than th < hok ” h hi
judged to be more mature than that in Yamashiro. The meafs Smaller than those in Kahoku and Duke. The Yamashiro

annual precipitation from 1992 to 2003 was 2160 mm, and=XPerimental Forest, which is dominated by oaks, exhibits
the mean annual air temperature was P&4or the same little v_arlatlon in tree species. Conversely, at th_e Kahoku
time period. (Kobayashi and Shimizu, 2007). Detailed soil EXperimental Forest, Plots L and M were dominated by

information has been provided by Ishizuka et al. (2006). ThelaPanese cedar, and Plots U and T were dominated by

carbon ratios of the soil surface layer are larger than those aj@Panese cypress. The difference in the soil property among
Yamashiro, ranging from 78 to 119mg} The basal area the plots is supposed to be the smallest in Yamashiro, where

tends to have a larger ratio at the plots at lower altitude, al-SC!IS aré immature because of heavy disturbance in the past.

though the carbon ratio does not reflect this tendency as if NUS: Soil propﬁrty i$| ;uppﬁsid to hpehsan;e in Plots V a_r|1d
relates to slope location (Table 1). R. In contrast, the soil in Kahoku, which is brown forest soi

with an organized soil structure, is supposed to vary greatly
among each plot compared to that in Yamashiro. For ex-
ample, Kobayashi and Shimizu (2007) reported that soil wa-
ter repellency occurred below a threshold water content of
approximately 0.29 /im—2 on the top part of the slope in

www.biogeosciences.net/7/1133/2010/ Biogeosciences, 7, 1132-2010
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Kahoku. Moreover, the soil in the lower part of the slope Kosugi et al., 2007). However, it was confirmed that thexCO

in Kahoku includes many fist-sized stones that rolled to theconcentration in the chamber increased linearly while below

base of the slope and accumulated there. 1300 ppm, beyond which CQconcentration rate tended to
decrease (Nobuhiro et al., 2003). The £€ncentration in
the chamber took much longer than 12 or 30 min to increase

3 Observation methodology to around 1300 ppm in this experimental forest (Nobuhiro et
al., 2003). Thus, the closed times of 12 or 30 min did not
3.1 Yamashiro experimental forest cause underestimation of Soil respiration.

The Yamashiro Experimental Forest is located in a moun-3.2 Kahoku experimental forest

tainous area and includes an approximately 10-m-wide valley

with a 30-m-high ridge (Fig. 1b). The plots are 1610 m. In Kahoku, Plots T, U, M and L were established at the top,
Plot V was at the valley bottom, and Plot R was on a ridgeupper, middle and lower areas, respectively, of a south-facing
above the valley (see Table 1 for plot details). The distanceSlope that was approximately 70-m high (Fig. 1c). Detailed
between the plots was approximately 70-m horizontally andpPlot information is provided in Table 1. The plot size was
30-m vertically. 10mx10m. The soil respiration was measured for 24 soil

The automated chamber system, with a closed static chanfzollars at the centre in each plot using the manual chamber
ber of transparent acrylic, was used to monitor soil respirathat was used at Yamashiro. Measurements were performed

tion at the centre of each plot. The inner space of the chambek3 to 14 times in each plot from August 2005 to August 2006.
had a cross section of 28 crd3cm and was 13-cm high. The distances between the collars were around 20 to 30 cm.
A stainless steel collar was inserted into the soil at 10-cm!he frequency was once or twice each month. The closed
depth, and a motor opened and closed the chamber lid adime of the manual chamber was 30 min from December to
tomatically (Tamai et al., 2005b). An infrared gas analyzerMarch and 12min for other months. The soil temperature
(IRGA; GMT222, Vaisala, Finland) and thermocouple en- (S-TMB, Onset, USA) and soil moisture (S-SMA, Onset) at
closed in the chamber monitored the £&ncentration ra- @ 5-cm depth were also monitored. The soil respiration rates
tio and air temperature. Nobuhiro et al. (2003) and TamaiPresented in this study correspond to the average rates mea-
et al. (2005b) verified the accuracy of this type of enclosedgsured for the 24 soil collars in each plot.

IRGA chamber. The soil temperature and soil moisture ra-
tio were monitored simultaneously at a 5-cm depth with a
SS-201A (Rogu Denshi, Japan) and a HYDRA (Stevens Vi-

tel, USA), respectively, in both plots. No plants were presentrne soil respiration rate was calculated from the soil temper-

in the automated chamber. Observations_ were made fron&ture and soil moisture using Eq. (1) (Tamai et al., 2005b;
July 2004 to June 2005. Throughout the winter (December-p4imroth et al. 2005):

March), the automated chamber was closed to take measure-
ments at 30-min intervals and then opened and inactive for, Op

L . . o Fp(Tp,0,) =aEXP(bT, 1
150-min intervals. The active and inactive intervals were 12 p(Ty.0p) = aEXPOTy) <c~|—0p )
and 48 min, respectively, for the remaining months. Soil res- _ ] o >
piration was monitored by the automated chamber at 1-h inWhere F;, (7,6 ;) is the soil respiration rate (mg GOn

tervals in summer and 3-h intervals in winter. Analyses wereS ), 7' is the soil temperature€'C) at 5-cm depthg is the
based on the daily average rate. soil moisture ratio (fim~3) at 5-cm depth, and, » andc¢

To investigate spatial variation in the soil respiration rate, &€ constants. The subscript letter denotes the name of the

measurements were performed around the automated charfSt plot, withp =R, V, T, U, M or L. . .
ber by manually placing an IRGA (GMD-20, Vaisala) en- The magnltuo_les of th_e effects_ of so_|l t_emperature, solil
closed chamber onto eight soil collars set around the autoMoisture and soil properties on soil respiration rates were es-
mated chamber and inserting it into the soil at a 5-cm depthfimated individually using Egs. (2), (3) and (4), respectively:

The inner space of the chamber was a circle 9.1 cm in di-

Analysis method

ameter and 13-cm high (Tamai et al., 2005a). No pIantsEF(T)_FC(TI’GC)_FC(TC’QC) )
were present in the soil collars. The manual chamber Ob'EF(G) = F.(T,,6,) — Fo(T,,6,) A3)
servations were performed 11 times at Plot V and 10 times

at Plot R. Manual measurements were taken once or twice F (Soil) = Fy (T¢, 0c) — Fe(Te, 6c) (4)

a day in the afternoon. The manual chamber was closed for

30 min from December to March and for 12 min for the other where terms with subscriptsand+ refer to parameters for
months. The closed times for the automated and manuathe control plot and test plot, respectively.

chambers were 12 or 30 min; these time periods were rela- Measured values fof and6 and previously determined
tively longer than those in other studies (Mitani et al., 2006; values for the constantsb andc were substituted into the

Biogeosciences, 7, 1138342 2010 www.biogeosciences.net/7/1133/2010/
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relevant terms on the right-hand side of Egs. (2) through (4)almost the same in each of the four plots. However, the mea-
to estimate the magnitude of the effect of each parameter osured values ob differed greatly between the plots. Plot
the soil respiration rate. For example, to estimate the effect. generally had the highest values, but the values fluctu-
of T on the difference in soil respiration rates between theated the least within a narrow range of valueségr(0.35—
test plot and control plot, values of b, cand6 for the con-  0.45n¥ m~3). The widest range af was recorded at Plot T,
trol plot were substituted into both terms of the right-hand where the measured values fof ranged between 0.12 and
side of Eq. (2). Only values df for test and control plots  0.38n¥ m~3. Interestingly, while rapid increasesén, 6 y
were substituted into the first and second terms, respectivelyand9; were recorded after a precipitation event, no com-
of the right-hand side of Eq. (2). Equation (4) can be used toparable increases iy were measured, particularly during
estimate the effect of soil properties on soil respiration ratewinter. Kobayashi and Shimizu (2007) attributed water re-
because its parameters,b andc, are thought to represent pellency in forest soil in the Kahoku Experimental Forest to
features of soil properties (Palmroth et al., 2005). Positive,soil dryness. We also propose soil repellency as the reason
negative and larger absolute values calculated using Egs. (Zpr the lack of an observed increas&in following a rainfall
through (4) imply accelerated, suppressed and greater influevent during this study. Indeed, soil moisture differed greatly
ence, respectively, of each factor on the soil respiration rate between the four Kahoku plots.
Using the minimum total square difference method to cal-
culate the constants, Eq. (1) can be rewritten as Egs. (7, 8, 9

5 Results and 10) for Plots T, U, M and L, respectively.

5.1 Yamashiro experimental forest
Fr(Tr,07) =0.0904EXR0.061977)

Figures 2a and b present seasonal variations in the soil res-
piration rate ) at Plots V and R, respectively. Spatial vari- Oy
ation in F within each plot was large, with the widest range Fuv (Tv,6y) =0.0464EXR0.1049y) (W) (8)

of values recorded in the manual chamber (approximately ' v

0.2mg CQ m~2s~1). Nevertheless, the soil respiration rate Oy

recorded by the automated chamber and the average respird (Tu.0n) = 0.0357EXR0.0969) (M) ©

tion rate based on data from the manual chamber were almost )

identical in every case. These results suggest that the value or

of F measured with the automated chamber can be regarde@L (T1,01) = 0.0159EXR0.083077. ) <m> (10)

as the soil respiration rate for each plot.

Tk was slightly higher thady in winter, anddy tendedto  The soil respiration rates calculated using Egs. (7) through
be slightly higher thaf  (Fig. 2d). However, this difference (10) agreed well with the observations made at the Kahoku
was, in general, very small. plots (Fig. 5). Seasonal changes in soil respiration rates

Using the minimum total square difference method to es-for Plots T, U, M and L, calculated using Egs. (7) through
timate the values for the constants in Eq. (1) for Plots R and(10), are shown in Figs. 4a through d, respectively. The
V, Eqg. (1) can be written as Egs. (5) and (6), respectively:  root mean square error between the calculated and observed

0 rates and the ratio of the two over the averaged observed ra-
Fr(Tg,0r) =0.1111EXR0.10007k) <—R) (5) tioin the four plots were 0.014 mg G@n—2s~t and 14.6%,
0.6752+ 6k 0.014mgCOm—2s! and 12.7%, 0.005mgGOn 251
and 9.9% and 0.017 mg G@—2s~1 and 16.6% for Plots T,
) (6) U, MandL, respectively.

or
<0.4648+ 97> 0

Oy
0.1368+ 0y

The soil respiration rates for Plots R and V, calculated us-5-3 Spatial variations of the estimated annual soil
ing Egs. (5) and (6), respectively, agreed well with the respiration rates and observed environmental
measured soil respiration rates (Fig. 3). The root mean factors

square error between the calculated and observed respira-

, 1
tion rates and the ratio between the two over the averagd "€ einnual rate of Was_elstlmatezzld_ to be 21.56160a
observed ratio were 0.0002mg @ 2s ! and 1.1% and Year = and 21.10tC@ha ~ year " in Plots R and V, re-

0.0002mg C@m~—2s~L and 1.1% for Plots R and V, respec- spectively, in Yamashiro from 1 July 2004 to 30 June 2005
tively. ’ using Egs. (5) and (6). These two rates are almost equal.

These results do not agree with those of Jia et al. (2003), Mi-

5.2 Kahoku experimental forest tani et al. (2006) and Kosigi et al. (2007), who report that the
soil respiration was less at the plots on the lower part of the

T andé were compared in each of the four plots (Figs. 4e, slope. On the other hand, the annual raté afias estimated

f). The results indicate that the measured value® efere  to be 24.79tC@ha lyear?!, 25.13tCQha lyear?,

Fy (Ty,0y) = 0.0424EXR0.0878Ty) (

www.biogeosciences.net/7/1133/2010/ Biogeosciences, 7, 1132-2010
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Fig. 5. Comparison of observed and calculated respiration rate in
Kahoku Experimental Forest. Cross: Plot T. Black diamond: Plot
U. White square: Plot M. Gray diamond:Plot L. Thus, the soil moisture is not the reason for the low res-
piration rate in Plot L. The observed variation in soil tem-

perature was very low in both experimental forests, although

o
N
3

large variation in soil moisture was recorded in Kahoku, par-
Eozo -‘:\.\ . ticularly in Plots L and T.
g A
£ 015
H : X, 6 Discussion
3?;010 1 ) §. ::
;! " ., i The effects of soil temperature, soil moisture and soil proper-
® 005 NV ties on soil respiration rate, calculated using Egs. (2) through
" '.t;"i . (4), are shown in Table 3 and Fig. 7. These calculations
000 - - - were performed for one-year periods from 1 July 2004 to

Soil temperature (°C)

30 June 2005 in the Yamashiro Experimental Forest and from

16 August 2005 to 15 August 2006 in the Kahoku Experi-
Fig. 6. Comparison between soil respiration and soil temperaturemental Forest. Plots R and M were the control plots in the Ya-
in Kahoku Experimental Forest. Black square: Plot T. Black cir- mashiro and Kahoku Experimental Forests, respectively. The
cle: Plot U. Cross: Plot M. Black and white triangle: Plot L. regylts of the study by Palmroth et al. (2005) for pine planta-
Three points in dotted circle and white triangle were observed onign and hardwood areas in the Duke Forest, North Carolina,
27th June, 2006. are also shown.

6.1 Comparison of effective factors between forests
23.87tCQhalyear! and 14.42tC@ha lyear?! for

Plots T, U, M and L, respectively, in Kahoku from 16 Au- Soil respiration rates in the Duke Forest were affected by soil
gust 2005 to 15 August 2006 using Egs. (7) through (10).temperature, soil moisture and soil properties, in decreasing
The rates in Plots M, U and T are not much different from order of influence (Palmroth et al., 2005). Variation in topog-
each other. The fact that the rate in only Plot L is much lessraphy was small in the pine plantation and hardwood areas in
is in agreement with the findings of Jia et al. (2003), Mitani the Duke Forest, which explained wEfF(Soil) for these ar-

et al. (2006) and Kosigi et al. (2007). eas was smaller thadBF(T) andEF(9).

Jia et al. (2003) presumed that soil moisture suppresses This order of influence in the Yamashiro was the same
soil respiration at the lower slope. Figure 6 shows the re-as that in the Duke Forest, with soil temperature having the
lationship betweerF and T in four plots in Kahoku. The greatest effect on soil respiration rates. However, estimates
observed values faF in Plots T, U and M on 27 June 2006 of the magnitude of the effect exerted by each parameter us-
(dotted circle in Fig. 6) were much greater than other mea4ng Egs. (2) through (4) yielded unusually small values for
sured soil respiration rates @t~ 22°C. This result can be Yamashiro, particularhEF(Soil). Conversely, at Kahoku,
attributed to elevated values éfat this time: 328 mm of  soil properties had the greatest effect on soil respiration rates,
rain fell between 22 June 2006 and 26 June 2006, and théllowed by soil moisture and soil temperature. One remark-
measurements df were made a day after this precipitation able result from the Kahoku study was the very large calcu-
event, whery was very large. The observed value Bfin lated value oEF(Soil).

Plot L on 27 June 2006 (shown a&s in Fig. 6) was also EF(Soil) depends on the differences in the parameters a, b
greater than the other observed rates for Plot L. and c in Eqg. (1). These parameters are affected by various
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Table 3. Comparion of the effect on soil respiration by soil moistlE€©)), soil temperatureEF(T)) and soil propertyEF(Soil)).

Experimental Forest Yamashiro Kahoku Duke
(Palmroth et al., 2005)

Plot R \ L M u T Pine Hard
Plantation Wood

EstimatedF, 21.56 21.10| 14.42 23.87 2513 2479 41.80 51.66

(tCO, ha~lyear?l)

Deifference ofF, Standard —0.46 | —9.45 Standard 1.27 0.92 Standard 9.86

from the standard site  site site site

(tCOy halyear?l)

Effect of 6 1.66 3.89 —-1.90 -4.55 2.79

1COy halyear 1)

Effect of T —-2.10 | —-1.74 —-0.48 -0.54 4.40

(tCO, ha~lyear?l)

Effect of parameters 0.20 | —9.84 4.41 7.61 2.67

(tCOyha lyear )

properties including total C, microbial biomass and activ- value ofEF(9) in Plot L is positive, 3.89tC@ha lyear?t,

ity, root biomass and activity and porosity. These propertiesand indicates that soil moisture accelerated soil respiration in
develop within the environment, e.g. soil temperature, soilPlot L. In contrast, the value &F(Soil) in Plot L is hegative,
moisture and vegetation, at each location. The soil in Ya-at —9.84tCQ ha lyear!, and indicates that soil property
mashiro is immature and its properties have not developed atecelerates soil respiration. Thus, it is concluded that the re-
each location. Thus, the soil characteristics exhibited mini-stricting factor in Plot L is soil respiration, not the wet soil
mal variation and created a very small valueedf(Soil) for condition. The peculiar characteristics of the soil in Plot L
Yamashiro. Conversely, many factors such as topographyincluded many fist-sized stones that rolled to the base of the
vegetation and soil moisture varied greatly among the plotsslope and accumulated there. Consequently, the soil volume
in Kahoku. Properties of the forest soil at this location devel- contributing to soil respiration was small. This characteristic
oped under the conditions that in turn were influenced by thes supposed to minimize soil respiration in Plot L.

large variation of many factors. Thus, each soil type from
the four plots in Kahoku had different characteristics. For
example, the soil in Plot T had water repellency properties,
which suggests peculiar microbial or root activity.

The smallelEF(Soil) in Yamashiro is the result of imma-
ture soil that has not developed enough to make it different | The cause of the small&F(Soil) in Yamashiro was im-
among the plots. On the other hand, the largE(Soil) in mature soil and the fact that the soil had not developed
Kahoku is the result of the soil that has developed under the enough to be different among the plots. Whereas the
conditions present at each location, thus making it different cause of the largeEF(Soil) in Kahoku was the fact that
among the plots. the soil had developed under the conditions at each lo-

6.2 Relation between EFg) and EF(Soil) in Kahoku cation and was different among the plots.

7 Conclusions

This study concludes as follows:

) o 2. The positive and negative effects of soil moisture and
The annual calculated soil respiration rate was almost the . propertiesEF(9) andEF(Soil), differed from each

same (23-26tCgha *year ') in three of the plots at Ka- other in every plot in Kahoku and Yamashiro. Conse-
hoku, with the exception c_>f Pl_ot L. The positive and negative quently, their effects cancelled out each other, possibly
values ofEF(9) andEF(Soil) differed from each other in ev- leading to nearly equal annual rates of soil respiration

ery plot in Kahoku. This suggests that the effect€£6{0) in Plots T, U and M in Kahoku. This can be applied
andEF(Soil) cancel each other out in Kahoku, and that soil for EF(9) and EF(T) in Plots V and R in Yamashiro

respiration rates become nearly equal. This discussion can be
applied forEF(©) andEF(T)in Plots R and V in Yamashiro.

F in Plot L was much less thafin the other three plots in 3. The restricting factor of soil respiration in Plot L is
Kahoku. Soil respiration was increased after heavy precipi-  judged to be the soil property, not the wet soil condi-
tation events in every plot in Kahoku, as shown in Fig. 6. The tion.

respectively.
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