WEAEEEE 83(3) 1 419 - 427. 1999
Jour. Korean For. Soc. 88(3) : 419 - 427. 1999

Soil Nitrogen Dynamics in Two Black Locust Stands
Established on Volcano Mt. Showa-Shinzan, Northern Japan'
Hyun-Shik Moon®
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To clarify the soil N dynamics, the relationship between soil N and vegetation recovery after
volcanic eruptions was investigated in two stands dominated by black locust(Robinia pseudo-acacia
L.) on volcano Mt. Showa-Shinzan, northem Japan, from August 1994 to July 1996. No significant
differences were observed between the two stands with respect to soil chemical properties and soil
extractable N. At both stands, total N concentration were high in spring and declined through the
summer and fall. The peaks in concentrations of extractable NHy* and NOs occurred in July at both
stands. NH;* mineralization showed a conspicuous peak in June and July throughout the study period.
Extractable NOs concentration and nitrification rates at the two stands during the study period were
relatively high. Negative values for NH;" mineralization at both stands were found in August.
Extractable NH;* and NOj concentrations were correlated positively with soil organic matter, and
nitrification rates were controlled by NH;* mineralization and extractable NH;" concentration at both
stands.

Key words : Robinia pseudo-acacia, NH;© mineralization, Nitrification, Nitrogen availability, Vegeta-
tion recovery, Volcanic eruption.
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INTRODUCTION

Forest development in a volcanic area i1s re-
cognized as an example of primary succession
(Vitousek ef «f., 1989). Over the past few de-
cades a considerable number of studies have been
made on forest development after volcanic erup-
tion{Tezuka, 1961 : Wood and Del Moral, 1987 .
Whittaker ef «/., 1989 . Tsuyuzaki, 1994), but
most of these studies have been concemed with
describing the successional sequences and spe-
cies composition of plant communities that ac-
company forest development.

Nitrogen(N) cychng within forest ecosystems
has received considerable attention bhecause N
availability often limits plant productivity and
plant communities. Increased biomass production
due to the addition of N fertilizers has been
widely observed(Keeney. 198()). Robertson ef «l.
(1988) suggested that small-scale patterns of N
availability within sites may also be important in
distribution patterns of succession. Differences in
the amounts and forms of available soil N had
been shown to be related to the successional
positions  of 1981 ; Tilman,
1984, 1986) and the plant community(Robertson
and Vitousek, 1981 : Robertson, 1982 ; Titlyanova,
1982).

The early stages of forest development are

species(Westman,

frequently dominated by symbiotic N-fixing spe-
cies, since symbiotic N-fixing species are fast
growing, accumulate high N concentrations and
increase nutrient availability in the ecosystem
(Tumer et «l., 1976 ; Youngberg and Wollum,
1976). Actually, in the Hi} vear-period after the
1944 45
recovered with the natural imvasions of pioneer
black
acacta), poplar(Populus maximowiczit), alder(A-

eruptions, Mt. Showa-Shinzan has

species such as locust(Robinia  psevdo-
nus maximowiczil), and aspen(Populus sieboldii).
Unfortunately, no studies have been directed
towards understanding the process of vegetation
recovery after volcanic eruption from the stand-
point of soil nutrients, Therefore, 1t would appear
to be important to have an understanding of the
soil N dynamics at black locust stands at an

early stage i vegetation recovery when we

discuss forest development in a volcanic area.

The purpose of the present study was to esti-
mate soil N dynamics such as NH;' mineraliza-
tion and nitrification rate in mature and immature
black locust stands recovering from a volcano, in
order to determine the underlying factors that
control these processes.

MATERIAL AND METHODS

1. Study area

This studvy was conducted in Mt. Showa-
Shinzan(407m in alt., 42° 33" N. 140" 52" E)
northem Japan, which was created by volcanic
eruptions m the period of 1941 45, Annuai pre-
cipitation in this area is about 990rn, with about
a half this falling in the summer months. The
mean annual temperature is 3.67, with mean
monthly temperatures ranging from -6.27T in
January to 23.2 i August. This study area is
covered by snow for about 4 months, from late
December to early April. The soils of this area
are lapilli, andesite and pumice stone developed
after volcanic eruptions. Black locust stands re-
vegetates covering more than 204 after creation
of Mt. Showa-Shinzan. Although black locust is
North

America, the species 1s planted extensively in

exotic  species introduced from native
Japan for erosion control. On the upper and lower
black

locusts form two ecosystems displaying differ-

slopes  of volcano Mt. Showa-Shinzan,
ences between tree age and species composition.
In this study, two study stands representing 20
and 48 year-ages after volcanic eruptions were
selected. The maximum tree heights at mature
and immature stand were 25m and 9m, and their
basal areas were 41.3 and 19.1m°/ 1. respective-
ly. While the mmmature stand largely consisted
of a pure stand of black locust, the mature stand
was made up of a mixture of certain deciduous
broad-leaved trees such as oak(Qucrcus crispula),
maple(Acer mono), and prickly castor-oil tree
(Kulopanax  pictus). A dominant feature of the
forest floor at each stand was the presence of
sachalimense)  and

giant  knotweed(Polvgonum

wormwood( A rtemisic - montana). Characteristics

of the study stands are shown in Table 1.
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Table 1. Characteristics of the study stands.

Parameter Mature stand Iml;mrésta;ld
Altitudetm) 15520
Plot size(m) 00 400
Aspect N NE
Slope( ™) 0 3 6 15
Tree age(yr) 47 50 17 - 21
Basal area(ni'/'i) 41.3 19.1
Coverage(%) 100 100
Mean Height(m) 18 7
Dominant species
Upper Robinwa . Robinia .

pseudo-acacia  pseudc-acacia
Lower Pol ygon zm} Avrtenmusia
sachalinense

montana

2. Soil sampling and analysis

Seven samples were randomly collected at
mineral soils depth of 0 10cm n each stand.
Samples were brought to the laboratory and refri-
gerated at 4C. Sampling was carried out every
month from August 1994 to July 1996, except
April). Before

analysis, soil samples were ground and passed

when soils were frozen(December

through a 2-mu sieve. Soil moisture content was
determined by measuring the loss of weight at
105 . Organic matter content was determined by
loss of weight on ignition at 450°C for dhr. Soil
pH(H:0) was measured on 1:2.5 soil : deionized
water extracts using a glass electrode. Total N
content were measured by using a C-N Corder
(MT-1600, YANACO). Available P in soil was
extracted by (.002N H.SO; and determined by
atomic absorption spectrophotometry(SPCA-626D,
SHIMADZU). Exchangeable cations were ex-
tracted from soils with 1IN CHyCOONH; buffered
to a pH of 7.0, and then the concentrations of
Ca"', Mg:‘ and Na~ were determined by atomic
absorption spectrephotometer, and those of K~
by a flame-photometric procedure(SPCA-626D,
SHIMADZU).

The concentrations of extractable NH;' and
NOy - N were determined. Seven 20g fresh-soil
samples were extracted by shaking with 2N KCI.
The extracts were filtered and stored. NH;™ and
NO; - N in the extract were determined by an

automated colorimetric method using the nitro-
prusside~catalysed indophenol reaction and ana-
lvzed as NO:~N after reduction in a Cadmium
column(UV-26(), SHIMADZU), respectively. The
concentrations of extractable NH; ™ and NOy - N
were expressed as N milligram per kilogram of
dry soil,

Net NH;  mineralization and nitrification rate
were also determined by 30 day aerobic incuba-
tions in the laboratorv(Keenev, 1982). At the end
of the incubation period., seven samples were
extracted and analyzed for NH;" and NOy - N as
described above. Net NH, mineralization was
taken to be the difference between the initial and
nitrification rate

mcubated samples. Similarly,

was taken to he the nitial N(); concentration
minus the concentrations observed after incuba-
tion. Nitrogen availability is the sum of net NH;"

minerahzation and nitrification rate.

3. Statistical analysis

All data from the stands were subjected to
analysis of variance, with all data log-transformed
to homogenize the variance inherent in measuring
chemical parameters. Estimations of contrasts be-
tween the different stands were based on Tukey's
honest-significant-difference measure., Analysis
of variance was performed with the SPSS(Statis-

tical Package for the Social Sciences) version 7.5.
RESULTS

1. Soil properties

Table 2 shows the results of soil properties at
both stands. Soil properties were expressed as
mean values throughout the study period. There
was no significant difference between the mature
and 1mmature stands with respect to moisture
content, soil pH(H-Q), organic matter, and avail~
able P concentrations. The concentrations of ex-
changeable Ca" and Mg~ were relativelv higher
at the immature stand than at the mature stand.
No significant differences were found in K" and
Na" between two stands(Table 2). At both
stands, total N concentrations was high in spring
and declined through the summer and fall(Fig. 1).
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Table 2. Soil properties for mineral soils of mature and immature black locust stands on volcano Mt.
Showa-Shinzan. The data are mean values during the study period with standard deviations

in parenthesis

pH Organic

Available P

Exch. (me/100g)

Stand Moisture o
(%) (H.0) matter(%) (mg/100g) Ca Mg K Na
Mature 28.2° 5.98" 4.0 1.7 7.8 1.25° 1.49° 0.17
(6.65) (().42) (1.4D) (5.18) (1.35) 0.33) (0.40) 0.03)
Immature  26.3° 6.02° 3.7 1.0 133" 2.0 1.5 0.20°
o ey 039 a3y o esy e 050 04D 0.04)
Same superscript letters within each column indicate no significant difference(p <0.05) sites based on
ANOVA
0.4 g - 15
;' —m— Mature stand : (A)
E —+ Immature stand 4 . Mature stand
0.2 z 1 B Immature stand
_ - 5107
3 zZ o~ ]
2 ) 2 3 ~
£ ;
= g 3 ) T
E 57 T
0.1 1 w’:
0 T T T T T - Om"ﬁ Imﬁl
"94 Aug Nov. "95May Aug Nov. 96 May
Fig. 1. Seasonal change of total N content for 15_ (B)
mineral soils of mature and immature

black locust stands established on volcano
Mt. Showa-Shinzan.

2. Extractable NH," and NO; N

Extractable NH;" concentration varied through-~
out the vear and were ranged from (.6 to 4.7(N
mg/kg) at the mature and 0.65 to 5.0(N mg/kk) at
2A). A
concentration occurred

the immature stand(Fig. conspicuous
peak in extractable NH’
in June and July 1995 and declined through the
late summer and fall at both stands. The smallest
average extractable NH; " concentration occurred
during November and May at the two stands.
Annual average NH;' concentrations were 1.78
(+1.31) at the mature stand and 2.14(*1.33XN
2g/kg) at the immature stand.

Extractable NO; concentrations were ranged
from 5.4 for June 1996 to 10.2(N ug/kg) for July
1996 at the mature stand and 2.6 for October
1994 to 10.8(N mg/kx) for July 1996 at the imma-
ture stand(Fig. 2B). A large peak in extractable
NOy occurred mn July 1996 at both stands. Aver-

Extractable NO,-N
N uly)\& Wiy >ur)

_ASONMJJATS'O'NMJJA
1994 1995 1996
Fig. 2. Seasonal patterns and amounts of extract-
able NH;" and NO; N concentrations
for mineral soils of mature and immature
black locust stands established on volcano
Mt. Showa-Shinzan. The data are mean

values with standad deviations.

NO,‘(
the study period

concentrations throughout
at the
mature stand. Compared to the concentrations of
extractable NH;  and NOy - N, extractable NOy
was relatively higher than NH," except for June

age extractable

were slightly higher
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Table 3. The ratio of extractable N to total N in field and nitrification rates relative to N availability

Stand Sampling Extractable N* % N availability** Nitrification
month (N mg/kg) of total N (N mg/kg) (%)
Mature '94Aug. 8.32 0.55 - —*
Nov. 6.87 0.49 2.83 52.3
'‘95May 6.78 0.25 4.54 32.2
Aug. 8.83 0.49 - -
Nov. 8.54 0.53 4.61 30.6
'96May 9.73 0.49 4.27 571.8
Immature ‘94Aug, 6.28 0.37 = ~
Nov. 8.94 (.36 3.77 32.1
‘95May 10.81 0.64 5.28 28.0
Aug. 10.08 (.63 - -
Nov. 7.80 0.52 3.63 36.6
‘96May 8.52 0.57 3.30 59.4
*  Extractable N is sum of NH;' and NO; - N.
** . N availability added up NH; " mineralization and nitrification rate.
* . Net immobilization occurred in the laboratory incubation.
and July at the two stands. The percentage of 1O?~ T B -
extractable N relative to total N ranged from 8- B e e

0.25 to 0.55% at the mature stand and from .36
to 0.64% at the immature stand(Table 3).

3. NH;" mineralization and nitrification rate
Seasonal patterns in net NH;" mineralization
in Fig. 3.
Generally, net NH;" mineralization reflected the

and nitrification rate are shown

amount of organic N and the quality/quantity of
soil organic matter available for mineralization.
At both of the two black locust stands, net
NH;  mineralization was greater in June and
July, and decreased in the late summer and fall.
No significant difference was observed in NH,"
mineralization between the two stands. Negative
values for NH," mineralization at both stands
were found in August.

Although the nitrification rates throughout the
study period showed no remarkable differences
between the two stands, higher values for nitri-
fication rates at the two stands were observed in
June and July, and declined in the fall and early
spring. The percentage of nitrification to N
availability ranged from 31 to 58% at the mature
and ranged from 28 to 59% at the immature
stand(Table 3).

[7] immuature stand

(N mg/ke)

NH, - mircialization

Nitrification rate
TN mefked

g M !
AS ONMIJI J A S ONMI J
1994 1995 1996

Fig. 3. Seasonal patterns of net NH;  mineraliza-

tion and nitrification rate for mineral soils

of mature and immature black locust

stands established on volcano Mt. Showa-

Shinzan. The data are mean values with
standad deviations.



4. Correlation between soil N and scil prop
erties

The correlation between soil N and soil proper-
ties at the two stands is shown in Table 4. Low
soii pH(H-0) had a detrimental effect on NH;~
mineralization and nutrient availability in the soil,
but the sorl pH(H0O) had no effect on N dvna-
mics in the present study. Fxtractable NH; ™ con-
centration was correlated positively with organic
matterlr=0.78 and 0.71. p- 0.001 at the mature
and immature stand, respectively). Extractable
NO." concentration: also showed positive correlation
with soil moisture content(r=.43 and (.53, p-
0.001 at the mature and immature stand, respec-
tivelv) and organic matter{r--0.41 and 0.57, p~
0.001 at the mature and immature stand, respec-
tively). Although extractable NH; concentration
was correlated significantly with NH; minerali-

0.001,

respectively),

zation(r="0.76 and .67, p at the mature

and Immature stand, extractable
NOy concentration did not show a certain corre-
lation with nitnification rate. At the mature stand,
nitrification rates were controlled by NH;" min-

eralization(r=0.51, p- 0.001), extractable NH,"
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concentration(r=-(0.54, p<0.001) and organic mat-
ter(r=0.54. p-0.001). Similarly, nitrification rates
gave significant correlation with NH,  minerali-
zation{r=0.56. p-.0.001), extractable NH;™ con-
centration(r==0.49, p<0.001) and organic matter
(r==0.38, p--0.01) at the immature stand.

DISCUSSION

Differences in soil organic matter have been
proposed to control N mineralization in various
forest ecosystems in Wisconsin(Nadelhoffer ef al. ,
1983 ; Pastor ef «al., 1984). In
results these studies showed no relation between

contrast to our

N availability and soil N content in a variety of
old forests in Wisconsin., The reasons for this
difference are not clear, but may be due to
variations in the quality and/or quantity of soil
organic matter between dominant species and
differences in habitat conditions.

Many investigators have examined the relation-
ships between successional sere and mitrification
ecosvstems. Robertson and

Vitousek(1981) found that rates of nitrification

m  various forest

Table 4. Correlation coefficient between soil N and soil properties

{Mature stand>

Soil pH Moisture
Soit pH
Moisture -().03™
Organic matter -0.06™ 0.34**
Fxt - NHy' -0.13™ 0.31"*
Ext  NO. -0, 10™ (.48
NH;  mine (.20 -
Nitrification 0.13" -

dmmature stand>

Organic B Extractable NH,'
matter NH, - NO; rmineﬁra]i%ati()n
T8
AL 0.39*"
2o 0.76*** 0.27
IR R ¥ e Y N e
T Oreanic Extractable NI
Soil pH  Moisture Organic XAcaRe : NH4 ,
matter NH, NO, nuneralization
WSml”pH
Moisture 0.1
Organic matter =303 .57
FExt NH,’ -0.17" ). 42%** 0.717*"
vt NO- 0.13" {).58*** YR 0.54**
NH;  mine 0.0 - 7T 0.67** .63***
Nitrification 01w - 0.38%** ().49*"* A[).()8“S Uz56"*7

r=70. ™ Not Significant, " p-

005, " p0.0L, ™ pe0.001
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appeared to be regulated by the rates of NH;™
mineralization in primary and secondary succes-
sional seres. In addition, mitnfication rates seemed
to be regulated by the availability of ammonium
at the majority of the primary successional stands
and at all sites in the secondary successional
1982).
nitrification rates were controlled by the level of

sere(Robertson, In this present study,
extractable NH; " and NH, mineralization at the
two stands.

The concentrations of extractable NH;" were
higher in June and July. Also, higher production
of NH;  mineralization was observed in both June
and Jjuly, and generally declined during nudsum-
mer and fall. The higher extractable NH, con-
centration and NH; ™ mineralization in June and
July suggests that litters that had sojourmed over
the winter period, because of low microbial
activity, provided a suitable substrate for micro-
htal decomposition with the approach of warmer
weather and consequent increase in soil tempera-
tures(Van Cleve ¢f al., 1993 ; Moon, 1998). The
negative values for both NH;  mineralization and
nitrification rate obhserved in August and Septem-
ber probably resuited from N immchilization by
s0il 1nicrobes during the incubation period(Nadel-
hoffer et wl.. 1981; Van Cleve ef al., 1993).
This suggested that the rates of NH;  minerali-
zation and nitrification rate exceed the rate at
which organic N and ammonium-N are miner-
alized to ammonium-M and nitrate-IN during the
incubation period.

At the two stands. extractable NO; concentra-
tions were relatively high. The relatively high
concentrations of extractable NOy suggested that
the nitrification process is active and that NO. -
N is readily available for other plant uptake.
Boring ef «/.(1981) and Montagnini et «a/l.(1986)
reported that area dominated by black locust had
high NOs - N concentration and active nitrifica-
tion rate. Actually, both stands in the present
study showed considerable nitrification rate. If
one considers the N cycling within a forest
ecosystem, black locust ecosystem had greater
NH; " mineralization and ritrification rates in the
early stages of forest deveiopment, resulting in a
higher potential for losses of nitrate through

leaching from the forest soil, as the nitrate ion
1s more easily leached from soill and readily
exported from forest ecosystems. Beaupied ef al.
(1990) and Binkley ef «/.(1985) stated that N-
fixing alder species can rely most of their N
requirements on an atmospheric ongin, even if
mineral N is plentiful in the soil. Compared to
understory vegetation between other ecosvstems
established on Mt. Showa-Shinzan{Moon, 1998),
dense understory  vegetation within black locust
stand presumably due to high retention of extrac-
table NO; - N and active N mineralization.
Substantial quantities of N fixation have heen
reported for Dblack locust(Boring and Swank,
1984), resulting in probably high N input into
soils. Boring and Swank(1981) estimated that N
input into the forest ecosystem as a result of N
fixation by black locust to be 48 N kg/ha/yr for
a d-vears-old stand, 73 for a 17-vears-old stand,
and 33 for a d3-vears-old stand. These data for
N-fixation by bhlack locust suggest that N fixa-
tion increases rapidly and peaks in the early to
intermediate stages of forest development and
then declines with later forest development.
Additionally, these data endorses the notion that
N fixing species are well-adapted to nutrient-
poor stands such as occur after volcanic eruptions
(Vitousek and Walker, 1989).
vigorous N fixation ability of black locust.

as <hown for the

A comparison of individual numbers at the two
stands showed that black locust density decreased
with tree age. Some overtumed trees of black
tound at the
inferior individuals had been eliminated from the

locust  were mature stand and
overstory. This may be an important successional

mechanism for the release of sub-dominant
species such as maple, oak and prickly castor-otl
tree. In addition, the open gaps in the canopy
promote growth in the understory of longer-lived
individuals such as knotweed. It is well known
that the black locust generally has a relative by
1975), but
that its presence results in an increased N accu-

short life span(McGee and Hooper,

mulation through active N fixation in the primary
stage and during early canopy gap formation,
conditions which may facilitate plant growth and

success:nal species replacement.
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Although 50 years have passed since the crea-
tion of Mt. Showa-Shinzan by a volcanic erup-
tion, the author attempted to understand the
vegetation recovery, because many studies have
stressed the importance of the relationship be-
tween nutrient availability and the plant commu-
nity. On the upper and lower slopes of volcano
Mt. Showa-Shinzan, black locust forms two com-
munities displaying differences between tree age
and species composition. After the creation of
Mt. Showa-Shinzan by a volcanic eruption, the
mature black locust stand probably represents an
early community that was established as a result
of N fixation by black locust. When we consider
ecological succession, it is to be expected that
the mature stand of black locust will be rapidly
replaced by other species as a result of the accu-
mulation of abundant soil nutrients and canopy
gap formation compared to immature stand, even
though precise estimations of the successive
changes remain problematic.
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