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To clarify the effect of vegetation and surface soil
removal on dissolved inorganic nitrogen (N) dy-
namics in a snow-dominated forest soil in north-
ern Japan, the seasonal fluctuation of N concen-
trations in soil solution and the annual flux of N
in soil were investigated at a treated site (in which
surface soil, including understory vegetation and
organic and A horizons, was removed) and con-
trol sites from July 1998 to June 2000. Nitrate (NO;")
concentration in soil solution at the treated site
was significantly higher than that of the control
in the no-snow period, and it was decreased by
dilution from melting snow. The annual net out-
puts of NO;™ from soil at the treated site and con-
trol sites were 257 and —12 mmol m-2year', and
about 57% of the net output at the treated site
occurred during the snowmelt period. NO;- was
transported from the upper level to the lower level
of soil via water movement during late autumn and
winter, and it was retained in soil and leached by
melt water in early spring. Removing vegetation
and surface soil resulted in an increase in NO;~
concentration of soil solution, and snowmelt
strongly affected the NO;~ leaching from treated
soil and the NO;~ restoration process in a show-
dominated region.
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INTRODUCTION

Nitrogen (N) is an essential nutrient for the growth of terrestrial
organisms[ 1]. The dissolved inorganic N in soil, which is avail-
able to vegetation, forms a small proportion of total N, and most
forest ecosystems are N limited. Artificial disturbance of forest
ecosystems, e.g., clear-cutting or whole tree harvests, often causes
the increase in NO;™ concentrations of soil solution and drainage
water[2,3]. A major factor of that is the decrease in vegetation
uptake on N that provides more NH,* to be available to the
nitrifers[2,3]. Moreover, the changes of microbial effects, e.g.,
the increase in mineralization and nitrification due to the increase
in soil temperature and moisture[4,5] and the decrease of micro-
bial immobilization[6], are also important factors. In addition to
these biogeochemical effects, there are hydrological effects on
the fluctuation of dissolved inorganic N. Since NO;™ is mobile
anion in soil, the hydrological movement into soil is very impor-
tant for the fluctuation of NO;~ concentrations in soil solution. In
a snow-dominated region, levels of NO;™ and other elements in
forest soil and streamwater increase in early spring due to fast
and heavy infiltration of snowmelt water into soil [7,8].

In Hokkaido, in northern Japan, snowfall is a significant
component of annual precipitation, and the soil preparation of
the removal of both covered vegetation (mainly bamboo grass)
and surface soil was extensively implemented. This treatment is
efficient for assistance of natural regeneration precluded by a
thick cover of bamboo grass. It is different from clear-cutting in
that it was removed from the forest floor and rooted soil, which
was a major N pool of forest soil because it contains a large
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amount of organic matter, fine root, and a large number of mi-
crobes. The mineral soil existed below the root sphere and is less
affected by vegetation uptake and microbial activity before treat-
ment exposure. The increase in NO; concentration in such an
exposed mineral soil was reportedly caused by the decreased
microbial immobilization rate[6]. A similar pattern may appear
in this study site. Such an intensive soil preparation would often
concur with forest management; however, little is known about
this.

In a natural, undisturbed Hokkaido forest, NO;~ leaching
rarely occurs, although there is a large amount of essential soil
output during the snowmelt season[9]. However, leaching large
amounts of NO;~ from soil would occur if the soil is disturbed in
such a snow-dominated forest. The objectives of this study were
to determine (1) the concentration changes of dissolved inorganic
N and other soil elements after removal of vegetation and sur-
face soil and (2) the effects of snowpack and snowmelt on the
NO;™ concentration and budget of such disturbed soil. Our ap-
proach was to measure inorganic ion concentrations in soil solu-
tion, rainfall, and snowpack on an annual basis—including the
snowpack and snowmelt seasons—and to calculate fluxes in
treated and control sites in Hokkaido.

MATERIALS AND METHODS

Site Description

The study was conducted in Uryu Experimental Forest of
Hokkaido University (42°16'N,142°21E) in northern Hokkaido.
The altitude of the site is 320 m.a.s.l. There is no source of acidic
pollutants near this region. The soil is Dystrochrept (Soil Tax-
onomy, USDA 1994), and the parent material consists of andes-
ite of Tertiary Age. The O horizon is about 5-cm thick, the A
horizon is about 0- to 10-cm deep, the AB horizon is about 10- to
25-cm deep, the B horizon is about 25- to 35-cm deep, and the C
horizon appears under 35-cm deep. The overstory of the forest
comprises about seven species: predominantly Quercus crispula,
Abies sachalinensis, and Acer mono Maxim., and most of the
forest floor is covered by sasa bamboo grass (Sasa senanensis).
This study was carried out from July 1998 to October 2000. The
mean annual precipitation during the study period was converted
from 1467 mm, 40% of which was supplied by snow (from the
middle of November to early April). The mean annual tempera-
ture during the study period was 4.2°C. The soil was unfrozen
even during winter due to the thermal insulation effect of the
dense snow. We divided the observation period into three peri-
ods: snowpack period (from November to March the following
year), snowmelt period (from April to the middle of May), and
no-snow period (from the middle of May to October).

Three study plots—one treated plot (treatment plot: TR plot)
and two control plots—were prepared for the study. In the TR
plot, the vegetation and surface soil (20- to 30-cm thick) were
removed in 1996, and mineral soil was exposed after treatment.
The initial vegetation was sasa bamboo grass, and residues of
bamboo attended with treatment did not remain and mixed in
with the mineral soil. The population of regenerated vegetation
seedlings was very small in 1998 and was five to ten plants per
square meter in 1999 and 2000. The two control plots were lo-
cated in wide open forest adjacent to the TR plot; one is thickly

528

TheScientificWorld (2001) 1(S2), 527-533

covered with sasa bamboo grass (CS plot), and the other is an
area of natural mixed forest (CT plot). Each plot was one repli-
cation; the area of each plot was 5 x 10 m sited within 1 ha.

Field Observation Method

Ceramic-cup lysimeters were installed in each plot for collecting
soil solution. Two lysimeters were installed at 10 cm below the
soil surface (upper level) and at 40 cm below the soil surface
(lower level, beneath the rooted soil). In November 1998, the
two lysimeters specially designed for winter were also installed
in each plot and depth. The soil solution collected under the snow-
pack was stored in one bottle from the three lysimeters, and the
bottle was buried in unfrozen soil[9]. The sample collection tube
from the bottle was extended above the snowpack and wrapped
with electric heating tape to prevent the soil solution from freez-
ing during the sampling procedure. The operation of the heating
tape was controlled by a thermistor, which was only turned on
when the temperature fell below 4°C. Thermal insulation tape
was wrapped around the heating tape to prevent artificial melt-
ing of the snowpack. Heating the sampling tube was done only
during sample collecting. Rainfall was collected at an open site
adjacent to the TR plot, and throughfall was collected in the CT
plot using polyethylene funnels (each 30 cm in diameter) and
bottles. Snowpack was collected using a cylindrical snowpack
collector (5 cm in diameter). Samples were collected weekly in
1998 and 1999 and monthly in 2000 during the no-snow period.
During the snowpack and snowmelt periods, snowpack and soil
solution samples were collected one to three times monthly.
Soil temperature was measured hourly with a thermo recorder
(TR-71S, T&D Corporation).

Chemical Analysis

All water samples were transported to the laboratory and filtered
through a 0.2-um membrane filter to measure the ionic concen-
trations of major inorganic cations (Na*, K*, NH,", Ca?', and Mg?")
and anions (CI, NO,, NO;~, and SO,*) by an ion chromatogra-
phy (DX500 chromatograph system, DIONEX Co. Ltd.). The
pH values were measured using a glass electrode.

Elemental Budget Calculation

The elemental budget in each plot was estimated from July 1998
to June 1999. The output of water from soil that was 40-cm deep
and scarcely affected by vegetation uptake accounted to subtract
the potential evaporation from the input water[9]. Potential evapo-
ration was calculated using the Penman equation based on me-
teorological data observed at the site remote from the study plot
about 5 km, and it was assumed to be zero during the snowpack
and snowmelt periods. The amount of input water was estimated
from the rainfall in the TR and CS plots, and from the throughfall
in the CT plot during the no-snow period. During the snowpack
period, the input water to the soil was estimated from the melt-
water from the bottom of the snowpack in each plot; melting
velocity was assumed to be 0.3 mm day'[10]. The total amount
of input water in the snowmelt period was calculated as the sum
of the snowpack water (collected on February 26, 1999, the day
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of maximum snow depth) and rainfall after the beginning of snow-
melt. The elemental outputs from the soil were calculated from
the amount of output water and mean ionic concentration of soil
solution at 40 cm in depth. Input fluxes of soil elements were
calculated from the amount of input water and mean ionic con-
centration of rainfall, throughfall, or snowpack during each pe-
riod.

RESULTS

The Mann-Whitney’s two-sample U-test was used to test the sig-
nificance of differences between treatment and control plots,
upper and lower levels, and snowmelt and other periods.

The monthly mean air temperature was highest in August
and lowest in February, and the difference between these values
was 35°C (Fig. 1). Potential evaporation during the no-snow pe-
riod (May to October) was highest in June and thereafter gradu-
ally decreased.

In the TR plot, the mean NO;™ concentration in the soil solu-
tion was significantly (p <0.01) greater than that of CS and CT
plots (Fig. 2). It was applicable to both soil depths. There was no
significant difference between the mean NO;™ concentrations in
soil solution in the CS and CT plots. The mean NO;~ concentra-
tion at the upper level (10 cm) was significantly (p <0.01) higher
than that of the lower level (40 cm) in the TR plot. There was no
significant difference of the mean NH," concentrations in soil
solution among plots and between upper and lower depths of
soil in each plot.

Monthly mean NO;~ concentration in soil solution at 10 cm
increased during the warm period from July to September in the
TR plot (Fig. 3). Monthly mean NO;~ concentration in soil solu-
tion at 40 cm in the TR plot peaked during the period from Sep-
tember to January, and the timing of the peak was different each
year. The standard deviation of concentration increased from
January 1999. The mean annual concentration of NO; in soil at
both depths in the TR plot significantly decreased (p < 0.05)
from 1998 to 2000. Some data are missing in Fig. 3, because
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freezing of the sampling tube made soil solution collection im-
possible.

The soil temperatures at both depths in the TR plot were
significantly (p <0.01) higher than those in the two control plots
during the growing season (June—October) (Table 1). Soil tem-
perature at the upper level (10 cm) was significantly (p < 0.05)
higher than that at the lower level (40 cm) in the TR plot. Soil
temperatures at both depths in the CS plot were significantly (p <
0.05) higher than those in the CT during the growing period.

In the no-snow and snowpack period (from late May to April
the following year; NS period), NO;™ and Ca®" concentrations at
both depths in the TR plot were significant higher than those in
the control plots (p <0.05 and p < 0.01, respectively), but there
was no significant difference between SO,* concentrations in the
three plots (Table 2). In the snowmelt period (from April to late
May; SM period), Ca®* concentration in soil at 10-cm depth was
higher in the TR plot than in the control plots, but there were no
interplot differences in concentrations of other elements. The
SO,* concentrations in soil at 10 cm in all plots were signifi-
cantly (p <0.01) higher in the SM period than in the NS period,
whereas in the TR plot the NO;™ concentration at 10 cm was
significantly (p < 0.01) lower in the SM period than in the NS
period. The NO;~ concentration strongly correlated with Mg
and Ca?* (r> = 0.889 and 0.872, respectively) in the TR plot dur-
ing the NS period, but there was no significant correlation dur-
ing the SM period.

The mean ion concentration of NO;~, SO,*, Ca?', and Mg**
in snowpack water was lower than that in soil solution at all depths
in the TR plot. The amount of snowpack water at maximum snow
depth was greater in 1999 (Table 3) than in 2000 (data not dis-
played).

There was a large net output of NO;™ from soil in the TR plot
during the snowmelt period, but there was no net output of NO;~
from soil in the control plots (Table 4). Both Mg** and Ca*" were
also leached from soil in the control plots during the snowmelt
period. The annual net output of NO;™ at the TR plot was 257
mmol m~ year, and 145 mmol m~ period™ was leached in the
snowmelt period. The contributions of NO;~, Mg**, and Ca** net
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FIGURE 1. Monthly total precipitation and mean air temperature during the study period and monthly total evaporation from May to October at an open site
adjacent to the study site. Asterisks denote undetermined. From the middle of November to early April the following year, precipitation was snow.
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FIGURE 2. Mean concentrations of NO;~ and NH,* in soil solution at depths of 10 and 40 cm during 2 years from July 1998 to July 2000. TR: treated; CS: control
(sasa); CT: control (tree-sasa). Error bar represents +1 SD for n = 31 — 49. Different letters indicate significant differences (p < 0.01).
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FIGURE 3. Mean monthly concentrations of NO;™ in soil solution at depth of 10 and 40 cm in the TR (treatment) plot. Error bar represents +1 SD for n =3 — 8.
Asterisk 1 (*') indicates inability to calculate the standard deviations due to an insufficient sample number, and asterisk 2 (*?) denotes sampling was impossible.

outputs from treated soil during snowmelt to annual fluxes were
57, 89, and 68%, respectively.

DISCUSSION

Fluctuation of N03— Concentration Due to
Surface Soil Removal

Removal of vegetation and surface soil resulted in a large in-
crease in the mean concentration of NO;~ in soil solution. Higher
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NO;™ concentration in the TR plot was considered the major fac-
tor in the decrease of the vegetation uptake due to vegetation
removal. In addition, the changes of microbial activity would
also be an important factor in this study. The intensive soil prepa-
ration, deficient in important substrates for microbial metabo-
lism, would cause the decrease in N immobilization, and it caused
the increased NO;™ into soil[6]. Moreover, the net production of
NO;™ probably increased due to the acceleration of soil N miner-
alization and nitrification from the increase in soil temperature
in the TR plot. The effect of the increase in soil temperature on
NO;™ concentration in exposed mineral soil that is less affected
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TABLE 1
Mean Soil Temperatures (°C) at Depths of
10 and 40 cm in Each Plot during the
Growing Season (June—October 1999)

: soil depth

e 10cm 40ctn
treatment bR TR
control [ sasa) 1527% 140"
control (tree-gasd)  144° 133 ¢

Note: Different letters indicate significant differences
between sites.

TABLE 2
Mean Concentrations over a 2-Year Period from July 1998-July 2000 of Major Inorganic
lons and pH in Soil Solution during the Snowmelt Period (from April to late May: SM)
and Other Periods (No-Snow and Snowpack, from late May to April the following year: NS)

ion oot entration (ol L'I]I

sitt  soildepth perind pH
MOy S0, I'-.fIgH oalt

TR 10cm NS 2546 (1204 279 (144 562 (200) 175 (536 54 03

SM 618 (526 1069 531y 202 (%R0 1112 (A1) 57 (02

Acm NS 1538 (814 219  (70) 393 (171) 742 (363 55 0D

Sl 073 (81.1) 627 (601} 721 (5E1y 1013 (500 56 (0

Cs 10010 N3 29 (2& 251 (274 357 (213 356 (233 58 (05
SM 135 (114 989 (5833) 710 (803 549 (267 55 (O

A0cta N3 26 (15 644 (326 175 (63 01 (593 61 (04

SM SO0 (797 608 (344) 619 (394) 426 (199) 58 (0D

CT 10crn H= 09 (1.4 476 (21.4) 41.0 (359 358 15 533 (04
Shvl 83 B4 1045 437 852 (509 21 BT 310 (0.2

40 H= 0a (1.3 028 (34 ELUN R A 30 21 370 04

Shvl nd. 1484 (187 43 387 323 (205 33 (00

Note: TR: treatment; CS: control (sasa); CT: control (tree-sasa). Values in parentheses are standard devia-
tions.

TABLE 3
Mean lonic Concentrations and Quantities
of Water in the Snowpack in 1999

sampling  water NOS Sl:lf' Mg  Ca
date tn pmol L:k

Tapary 7 4123 142 393 87 26E
Fetmrary2é 7655 117 463 16d 320
Ilay 7 2786 nd 79 3.5 49

average  491% 130 311 101 213

Note: Not detected concentration denoted as n.d.
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TABLE 4
Net Output (Output-Input) of Elements and Water from Rooted Soil (40 cm) during
the Snowmelt Period (from April to late May: SM), Other Periods (No-Show and
Snowpack, from late May to April the following year: NS), and Annual (July 1998-July 1999)

otpnt net outpt
dte  perind date water  water Ny MH,* gt Ca
mrn mrm rarncl 1’ period’
TER. M5 319 534 -24a 112 -9 20 i
Sl 45 Q00 1] 145 -10 157 107
anrinal 365 1434 -24a 257 -19 177 157
o3 iG] 319 425 =206 -5 -14 1] -1
Sl 46 1022 n -4 1 45 26
anrnal 385 1506 -39 -8 -13 45 25
cT W3 319 356 -285 -3 - 4 -3
STl 45 733 1] -10 -4 49 fa
anrnal 365 1028 -85 -13 -9 53 3

Note: TR, treatment; CS, control (sasa); CT, control (iree-sasa).

by vegetation uptake before treatment may be considered. The
mean NH,* concentration was not significantly higher, and the
mean NO;~ concentration was significantly higher at the TR plot
than those at the control plots, suggesting the NH,* in the TR plot
was nitrified immediately.

Although the nitrification process produces two H ions for
each NO;~, pH in soil solution at the upper level in the TR plot
was unchanged by year-round treatment. The mean NO;™ con-
centration at the upper level was significantly correlated with
Mg?* and Ca*" in the no-snow and snowpack period. These re-
sults suggested that the H ions were neutralized by cation ex-
change and soil weathering. In a snowmelt period, there was no
significant correlation of NO,~ with Mg*and Ca*', suggesting
that other anions (e.g., SO,*) contained in the snowpack and soil
may also move concurrently with these cations.

The greatest increase in monthly NO;~ concentration at the
upper level occurred in the warm period, while that at the lower
level occurred later than that at the upper level (Fig. 3). The de-
creased evaporation from late summer to autumn may have in-
creased the input water in soil and increased vertical transport of
a soil solution of high NO;™ concentration from the upper level to
lower level. Moreover, in the snowpack period, the high concen-
tration of NO;™ at the lower level in the TR plot resulted from the
transport of NO;™ from the upper to lower levels with a small
amount of infiltration of water into soil under the snowpack.

Effect of Snowmelt on Element
Concentration and Budget in Treated Soil

The mean NO;™ concentrations in the TR plot were significantly
high among plots in the no-snow period, which in the snowmelt
period decreased to a similar level of those in the control plots.
This indicated that the dilution effect by the large amount of snow-
melt water whose concentrations were lower than those of soil
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solutions (Tables 2 and 3). We found that a large amount of NO;~
was leached from rooted soil at the treated site in the snowmelt
period, and it was probably caused by extensive and rapid infil-
tration of meltwater into the soil. The nitrification at the TR plot
in the snowpack and snowmelt period may be small because the
microbial activity declined under low temperatures. Therefore,
most of the leached NO;™ in the snowmelt period was produced
in the no-snow period, and those were retained in soil under the
snowpack and leached by the large amount of meltwater infil-
trated into soil in the snowmelt period. Since Rascher et al.[11]
suggested that the nitrification under the snowpack may be an
important source of NO;™ in surfacewaters—even during snow-
melt at northern forests—more research is needed for nitrifica-
tion potential under low temperatures.

In the present study, snowmelt lasting for 46 days
indicated the rapid leaching of NO;™ in the TR plot. This rapid
rate of NO;~ leaching occurring in the snowmelt period of low
biological activity probably had considerable effects on an an-
nual leaching of NO;™ in disturbed soil (Table 4). The monthly
mean NO;™ concentration in the soil solution in the TR plot de-
creased annually. The large amount of leaching of NO;™ from
soil and the dilution of NO;~ by snowmelt may contribute to the
temporal decrease of NO;~ concentration from 1998 to 2000
(Fig. 3). Moreover, the removal of forest floor and surface soil
that are important N sources was the reason for the NO;™ de-
crease. Although the reduction in the increased NO;™ concentra-
tion after clear-cut treatment was caused by the increase in the
uptake by regenerated vegetation reported in the previous
study[2], the vegetation in the treated plot in this study barely
recovered in 2 to 4 years after the treatment, and its effect of
uptake by vegetation on NO;~ concentration in soil solution may
be small. Effects of the changes in the vegetation absorption and
the microbial activity on the fluctuation of NO;~ will increase
along with the regeneration of the vegetation. Therefore, contin-
ued observation is needed including the temporal fluctuation of



Ozawa et al.: Surface Soil Removal in a Snow-Dominated Forest

NO; in soil, the vegetation uptake of NO;", and the microbial
activity.

CONCLUSION

In a snow-dominated forest, removal of the vegetation and the
surface soil resulted in an increase in NO;~ concentration in the
soil solution and a large amount of NO;~ leaching from soil. The
increase in NO;™ concentration in the soil solution was likely to
have been because of decreased vegetation uptake, greater net
mineralization, and nitrification rate resulting from surface soil
removal and soil temperature increase. Acidification of soil fol-
lowing nitrification did not occur in the treated plot because of
proton neutralizing by cation exchange. NO;~ produced at the
surface soil was transported to the deeper soil by the water move-
ment in the soil, particularly from autumn to early winter. In the
snowmelt period, when the soil temperature and rate of nitrifica-
tion were lower compared with that in the no-snow period, a
large amount of meltwater infiltrated into the soil and caused a
rapid, sizeable discharge of NO;™.
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