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Introduction

Nitrogen (N) and soil water are limiting
factors for tree growth (Girardin et al.
2016, Du et al. 2020, Nakayama et al. 2024).
The availability of N in the soil is considered
a significant indicator of tree growth (Kaw-
ada 1989). Although the spatial pattern of
soil N mineralization rate is expected to be
linked to tree growth, their relationship
within a small-scale slope is unclear.

In situ soil incubation methods aim to cap-

Nitrogen (N) is a critical element for tree growth in forest ecosystems. As trees
absorb inorganic N, the soil N mineralization process is a key process for their
development. Although the spatial pattern of soil N mineralization is expected
to relate to tree growth, the difference between the upper and lower posi-
tions within a small-scale slope is unclear. Therefore, we compared annual and
seasonal soil N mineralization rates in Japanese cypress (Chamaecyparis ob-
tusa [Siebold & Zucc.] Endl.), which stands at both the upper and lower posi-
tions on a slope. We used the resin-core method to estimate in situ soil N min-
eralization rates. Additionally, the litter decomposition rate and inorganic N
passed through the litter layer, which are primary sources for soil N mineral-
ization, were investigated using the litter bag and resin-core methods. Our
findings revealed that the annual soil N mineralization rate at the lower posi-
tion was 5 times higher than that at the upper position. Moreover, seasonal
variations in soil N mineralization rate tended to be higher at the lower posi-
tion than at the upper position. The temporal change in input ammonium
passed through the litter layer was similar to that of the nitrification rate in
the soil at the lower position, except for winter. Notably, high nitrification in
winter at the lower position may be related to soil frost, which can accelerate
the decomposition of organic matter. Despite these differences, the litter de-
composition rate was similar between the slope positions. The higher soil N
mineralization rate and substrate input may result in higher tree growth at the
lower position on a slope.

Keywords: Soil Nitrogen Mineralization, Field Soil Incubation, Chamaecyparis
Obtusa, Resin Core Method

ture the effect of natural environmental
fluctuations on mineralization (Eno 1960,
DiStefano & Gholtz 1986, Hanselman et al.
2004). Generally, the rate of soil N mineral-
ization varies with soil temperature, mois-
ture, and substrate quantity and quality
(Tokuchi et al. 2014). Since the moisture en-
vironment drastically changes on a small
scale on a slope (Shigyo et al. 2022), cap-
turing moisture fluctuations is necessary.
The resin-core method places soil between
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ion-exchange resins, which allow water in-
put into the soil and output from the soil
without N contamination (DiStefano &
Gholtz 1986). It can also evaluate the
amount of substrates input into the soil by
the upper resin.

Here, we evaluate annual and seasonal
changes in soil N mineralization rate using
the resin-core method at the upper and
lower positions on a slope. Additionally,
the litter decomposition rate and nitrogen
input into the soil were evaluated.

Methods

Study site

The study was conducted at the Terasa-
wa-yama station (Education and Research
Center of Alpine Field Science, Shinshu Uni-
versity, Nagano prefecture, Japan). The
mean annual air temperature and precipita-
tion during 2006-2010 were 9.0 °C and
1479.4 mm, respectively (Kinoshita & Suzu-
ki 2010, Kinoshita et al. 2011).

We established plots on a slope in a
young Japanese cypress (Chamaecyparis
obtusa, hereafter hinoki) forest (planted in
1985 — Tab. 1). The study site is located at
an altitude of 1080 to 1140 m a.s.l, in the
east-northeastern direction, with an aver-
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Tab. 1 — Hinoki cypress growth at the upper and lower plots. Values indicate mean *
standard deviation. The p-value indicates the result of the t-test. The number of trees
measured was 42 and 47 in the upper and the lower plot, respectively.

Parameter Upper plot Lower plot p-value
Height (m) 9.3+£0.9 11.7+£2.8 < 0.05
Diameter of breast height (cm) 11.7 1.5 12.8 2.0 <0.05
D’H (m®) 0.13 £ 0.04 0.20 £ 0.08 < 0.05

Fig. 1 - Location of ~125 -

the plots along'a Ridge o
small-scale slope in J100 ©
the Hinoki cypress =
study stand. The 475 @
figure is based on ®
Hosokawa et al. 450 2
(2012).  Lower plot %‘

425 3

Slope 1 1 1 1 1 ! 0 ’3\

foot © 30 60 90 120 150 180 -

Horizontal distance from bottom of the valley (m)

age slope angle of 35°. The bedrock is
weathered granite. The hinoki stands were
planted at a density of 3,500 trees ha and
maintained at 2,600-2,900 trees ha" after
non-commercial cutting.

The plot (height 8 m and width 20 m) was
established at the middle and bottom of
the slope (hereafter upper and lower plots,
respectively). The horizontal separation be-
tween the two plots is 80 m (Fig. 1). Ac-
cording to the Japanese local soil classifica-
tion, the soil is classified as semidried
Brown forest soil (BD) and moderate
Brown forest soil (BD — Kubo 1982), respec-
tively. The BD soil corresponds to Cam-
bisols in the international classification
(IUSS Working Group WRB 2022). Litter
layer was found on the upper plot but not
on the lower plot. The soil in the upper plot
was poorer and more acidic, with lower
soil N content and pH as well as a higher
C/N ratio, compared to the soil in the lower
plot (Tab. 2).

Soil environment

The soil temperature was measured at 5
and 25 cm depths using a thermometer
(TR-5220° T & D Ltd., Matsumoto, Japan).
The soil water potential at depths of 20

and 35 cm was measured using a tension
meter (KDC-S5, Kona System Ltd., Sap-
poro, Japan) in 2010.

Soil N mineralization rate

The resin core method (DiStefano &
Gholtz 1986) was used to measure soil N
mineralization and the inorganic N passing
through the litter layer (hereafter referred
to as input N). First, a 100 cm3 polyvinyl
chloride column (diameter 2.5 cm, height 5
cm) was used to collect mineral soil from
three depths (0-5, 20-25, and 50-55 cm).
Second, an ion exchange column was at-
tached to the upper and lower sides of the
column. Finally, the columns were buried
back in the ground. The ion exchange resin
was a mixture of 20 g of cation exchange
resin (Amberite IR-120B, Organo, Tokyo,
Japan) and anion exchange resin (Am-
berite IRA-410, Organo, Tokyo, Japan). The
0-5 cm resin core was buried to the same
depth as the soil surface and covered with
the litter layer. The resin cores measuring
20-25 ¢m and 50-55 cm were buried at the
same depth from which they were col-
lected. The soil incubation was conducted
from 2011 to 2012. The 0-5 and 20-25 cm
resin cores were used to detect seasonal

Tab. 2 - Soil chemical properties at the two plots. Values indicate the mean + standard
deviation. Data from Hosokawa et al. (2012).

Plot Depth pH pH C N C/N
position (cm) (H:0) (KCl) (gC kg™ (gN kg) ratio
Upper plot 0-5 4.68 + 0.02 3.61 +0.02 48.3 3.3 14.6
20-25 5.05+0.02 4.18 +0.03 40.0 2.6 15.4
Lower plot 0-5 5.30 £ 0.09 4.05 +0.02 43.5 4.1 10.6
20-25 5.56 + 0.08 4.42 + 0.02 321 3.1 10.4
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change and annual soil N mineralization.
The 50-55 ¢cm resin core was used to esti-
mate annual soil N mineralization. Each in-
cubation had three replications.

When the incubation finished, the soils
were passed through a 2 mm sieve to re-
move coarse detritus and gravel. The soil
and the ion exchange resin were extracted
by 2 M KCl and 1M Kdl, respectively. The ex-
tract was frozen until the chemical analysis
was completed. A flow injection analyzer
was used to test ammonium and nitrate
(Quatro 2HR®, BL-Tech, Osaka, Japan).

The mineralization in soil N during a given
period (mg N kg* period”) was calculated
as follows (eqgn. 1):

N,=S,+R,—S, O

where N, is the N mineralization over time,
Sa is the inorganic N in the soil column at
the end of the incubation, R, is the inor-
ganic N in the bottom resin column at the
end of the incubation, and S; is the inor-
ganic N in the soil at the start of the incu-
bation. The soil N mineralization rate (mg N
kg' day') was the ratio of soil N during a
given period and its incubation days.

Litter decomposition

In November 2010, we collected fresh leaf
litter at the upper and lower plots. For the
litter decomposition experiment, 6 g of air-
dried hinoki leaf litter was placed in a
square bag (20 x 20 cm). The litter col-
lected from the upper plot was placed on
the upper plot, and the litter collected
from the lower plot was placed on the
lower plot. The initial carbon (C) and N con-
tents in the leaf litter from the upper plot
were significantly lower than that from the
lower plot, and the C/N ratio of leaf litter
from the upper plot was significantly
higher than that from the lower plot (t-test
—total C: 62.2 + 0.14% and 62.6 + 0.15%; total
N: 0.52 + 0.01% and 0.76 + 0.01%; C/N ratio:
120 + 1.79 and 82.4 *+ 0.83, respectively). In
February 2011, the litter bag was placed on
the plot and collected after 79, 161, 224,
317, 444 days. The litter samples were dried
for 48 hours at 75 °C, and weighed. The dry
combustion method was used to deter-
mine total C and N. The ash contents of the
litter were determined by measuring igni-
tion loss at 880 °C, and the organic matter
and amount of C or N were calculated as
follows (eqgn. 2 to eqgn. 4):

Mo=M;—M, (2)
M.=M,C. (3)
M,=M,C, 4)

where M; is the organic matter content, My
is the total litter content, My is the residue
content (including ash and dust), M and
My are carbon and nitrogen contents, re-
spectively, Cc and Cy are carbon and nitro-
gen concentration, respectively.

Because a significant amount of soil ad-
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hered to the litter samples from the lower
plot, we calculated the organic matter con-
tent by subtracting the ash from the total
weight.

Data analysis

Welch’s t-test was used to compare the
annual/seasonal soil N mineralization rates
and the litter decomposition rates be-
tween plots. We considered multiplicity in
tests of seasonal soil N mineralization and
litter decomposition using the Benjamini &
Hochberg (BH) method (Benjamini & Hoch-
berg 1995). The significant p-value was set
as < 0.05. All statistical analyses and graph-
ics were conducted using R version v. 4.1.2
(R Core Team 2021).

Results and discussion

Soil temperature at the upper plot was
higher than in the lower plot (Fig. S1in Sup-
plementary material), and the annual mean
of the soil temperature at 5 and 25 cm
depths in the upper plot was 2 °C higher

Incubation period

" Upper plot

than in the lower plot. The temperature
difference could be due to the light condi-
tions on the slope. Indeed, the lower plot,
located near the valley, is shaded by the
opposing slope and is covered by a canopy
of Japanese cypress trees. In contrast, the
upper plot receives shade later and is pri-
marily dominated by deciduous broadleaf
trees.

The soil water potential at 20 and 35 cm
depths at the upper plots was around -10
kPa (Fig. S2 in Supplementary material), ex-
cept for the period July-September. The
annual mean soil water potential at 20 and
35 cm depths in the upper plot was -13 and
-11 kPa, respectively, whereas it was -9 and
-8 kPa in the lower plot. This indicates that
the lower plot retained more moisture
than the upper plot. The maximum soil wa-
ter potential at 20 cm depth in the upper
plot was -50 kPa, while it was only -25 kPa
in the lower plot, indicating that during the
summer the upper plot experienced more
severe soil desiccation than the lower plot.

. Lower plot

Input NH, tended to be higher than input
NO;, (Fig. 2). Both input NH, and NO; at the
lower plot tended to be higher than those
at the upper plot, and significantly higher
at some points (Tab. 3). Annual input NH,
at the lower plot was significantly higher
than that at the upper plot (t-test, p <
0.05), although there is no difference in
NO, between the two slope positions (Fig.
3). The amount of Japanese cypress leaf lit-
ter that remained one year later was com-
parable to previous studies (Takeda 1995,
Makita & Fujii 2015). The N levels remaining
in litter samples from both plots decreased
to 79 days before increasing again (Fig.
4d), showing no significant difference be-
tween the plots at other times (Tab. 4).
The litter immobilized N rather than facili-
tating the mineralization during the experi-
ment (Fig. 4). As a result, litter decomposi-
tion was not associated with the input N.
One year after the experiment began,
there were no significant differences in the
remaining organic matter and N between

Tab. 3 - Results of the multiple t-tests of input N and soil N mineralization rates following the BH method. The date is shown in the
Year/Month/Day format. Asterisks indicate a significant difference between the upper and lower plots. (NA): inorganic N not
detected; (+): data not available; (++): data in the upper plot not available; (+++): data in the lower plot not available.

Soil NH4 production rate

Soil NO; production rate

Periods

Input NH4

Input NO;

0-5 cm

20-25 cm

0-5cm

20-25cm

2010/11/30-
2011/04/21

2011/05/03-
2011/06/06

2011/06/07-
2011/07/12

2011/07/13-
2011/09/09

2011/09/10-
2011/11/09

2011/11/10-
2011/12/13

2011/12/14-
2012/04/19

*

++

Not significant

Not significant

Not significant

Not significant

++

Not significant
NA

Not significant

Not significant

++

Not significant
Not significant

Not significant

*

++

Not significant
+++

Not significant

Not significant

*

++
Not significant
Not significant
Not significant

Not significant

*

++

+++

NA

Not significant
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the upper and the lower plots (Tab. 4).

The variation in annual nitrogen mineral-
ization in the two plots closely reflected
the seasonal changes (Fig. 3). When com-
bining input N with annual soil NH, and NO,

production, the sum at the lower plot was
significantly higher than at the upper plot
(t-test, p < 0.05). Indeed, the sum of NH,
and NO; in the lower plot was five times
greater than in the upper plot.

Tab. 4 - Results of the multiple t-tests of remaining total weight, organic matter, C and
N, following the BH method. Asterisks indicate a significant difference between the

upper and lower plots. (NA): not available.

Elapsed days Total weight  Organic matter C N
0 NA NA NA NA

79 Not significant  Not significant * Not significant

161 * Not significant * Not significant

224 Not significant ~ Not significant ~ Not significant ~ Not significant

317 * Not significant * Not significant

444 * Not significant * Not significant

200

Fig. 3 - The average annual rate of input
N and soil N mineralization. Input, Soil o-
5 c¢m, Soil 20-25 cm, and Soil 50-55 cm
indicate inorganic N passed through the
litter layer, and soil N mineralization at
0-5, 20-25, and 50-55 cm (n = 3-5).

Fig. 4 - Temporal changes in the Hinoki
cypress leaf litter. (a): Total weight; (b):
organic matter; (c): total C; (d): total N.
Vertical bar at each point represents the
standard deviation (n = 3-5).

An unexpected result was found in the
annual changes in soil N mineralization rate
during winter. Given the low temperatures,
we anticipated a low soil N mineralization
rate during winter. Contrary to our expec-
tations, we observed a surprisingly high
rate of soil N mineralization during this sea-
son. This finding is consistent with a recent
report that the winter soil N mineralization
accounted for 10-30% of the annual amount
in Japan (Hirai et al. 2007). High nitrifica-
tion in winter at the lower position may be
related to soil frost, which can accelerate
the decomposition of organic matter (Ho-
sokawa et al. 2017). Further, we found that
the soil N mineralization rate in the 2011-
2012 winter was notably lower than that in
the 2010-2011 winter. Hishi et al. (2014)
found that soil freeze-thaw had a negative
impact on nitrification rates in northern

iForest 18: 197-201



Japan. The mean soil temperature during
incubation in 2010-2011 and 2011-2012 was
-0.55 °C and -0.72 °C, respectively, indicating
that the 2011-2012 winter was colder than
the previous winter. This implies that the
soil frost in 2011-2012 was greater than that
in 2010-2011, resulting in lower soil N miner-
alization in the 2011-2012 winter. This varia-
tion in soil N mineralization during winter
may contribute to differences in the N cy-
cle between the plot positions.

Conclusion

We investigated soil N mineralization at
the upper and lower positions along a
small-scale slope in a hinoki cypress (Cha-
maecypadris obtusa) stand in Japan. The soil
N mineralization at the lower plot was sig-
nificantly higher than that at the upper
plot. Although N input into the soil at the
lower plot was significantly higher than
that at the upper plot, the litter decompo-
sition rate was similar between the plots,
as the litter immobilized N during the ex-
periment. An unexpected finding was ob-
served in the annual changes in the soil N
mineralization rate during winter. The an-
nual changes in soil frost, soil water con-
tent, and litter fall may have contributed to
this annual change in soil N mineralization.
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