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Research note

Variations of *°N Natural Abundance in Leaves and Soils
of Two Natural Lauro-Fagaceae Forests in Taiwan

Chiao-PingWang,*®  Kuo-Chuan Lir?

Summary

Foliar and soil & 1N values of 2 subtroical Lauro-Fagaceae forestsof Fushanand Liukuei,
Taiwan, were investigated to understand N cycling and N use efficiency trends. A lthough the
soils fromFushan (0.67+0.11%) contained less nitrogen than those from Liukuei (1.19+0.05%),
there was nosignificant difference between the average nitrogen contents in foliage (Fushan
1.91+0.18%, Liukuei 1.88+0.32%). T he averagefoliar and soil & ®Nvalues of Fushan (-1.9+1.3 and
1.6+0.5% ) wereboth significantly higher thanthose of Liukuei (-4.4+1.0and 0.6+0.1 % ). This may
be dueto thehigher precipitation at Fushan which could lead to more N lossesthrough leaching
of nitrate derived fromnitrification and leavethe heavier N remainingin the system. The 6 ®N
values of subtropical foliage and soils measured in this study were significantly lower than
those reported from tropical forests; however, they did not significantly differ fromthose of
temperate forests.
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The N natural abundance (6 *N) has
been used for interpreting N cycling in
forest ecosystems, such as to quantify N
fixation insitu (Hogberg and Alexander 1995,
Kohl and Shearer 1995), or to explore plant
uptakeof availableN sources (Nadelhoffer et
al. 1996, Hogberg 1997). Although analysis
of & N in plants and soils for studying the
possible mechanisms of N cycling has been
investigated in different forest ecosystems,
such astropical rainforests (Vitousek et al.
1989, Roggy et al. 1999), temperate (M artinelli
et al.1999), subarctic (Michelsen et al. 1996)
and arctic forests (Kielland et al. 1998), few
studies have been conducted in subtropical
forests. It wasobserved that foliar and soil & 5N
values decreased when aforest ecosystem
changed from “open” to “closed” N cycling
(Hogberg 1990, Chang and Handley, 2000).
As tropical forests are known to have more
efficient N cycling than tenperate forests
(Vitousek and Sanford 1986), the more
enriched ®Nin tropical than temperateforests
provides evidence that N generally functions
as an excess nutrient in tropical forests but
not in themost temperate forests (Martinelli
et a. 1999). In order to gain a fundamental
ideaabout N cycling and N use efficiency
trends in subtropical forests, this study
investigated thefoliar and soil & **N of two
subtropical Lauro-Fagaceae forests in
Taiwan.

Leaves and soils were collected from 2
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subtropical Lauro-Fagaceae forests at
Fushan (121°43 E; 24°46'N) and Liukuei
(120°41' E; 23°55'N), Taiwan. The average
annual temperature and precipitation are
18.2 and 3,600 mm, respectively, without a
clear dry season at Fushan (Hsiaand Hwong
1999), and are 17.8 and 2,608 mmwith a
distinct dry season from October to M arch
at Liukuei (Lu et al. 2000). The elevation of
the sampling areais 600-700 mat Fushan and
900-1,300 m at Liukuei (Nanfen Shan). The
soil ty pe is Hapludults (Ultisols) at Fushan
(Lin et al. 1996) and is Typic Dystrochrepts
(Inceptisols, USDA soil taxonony) at Liukuei
(Lin et al. 1997). Both soils arevery acid
(pPHyp0 3.8-4.4at Fushan and 3.4-4.0at Liukuei)
and with low CEC and low base saturation.
Field sampling was done in August 2000
at Liukuei and 2 months later at Fushan.
Mature leaves of selected dominant species
were collected from at least 3 branches on
each tree and were composite into an indi-
vidual sample. For each species, 2 to 4 indi-
vidual sampleswere oven-driedat 65 for at
least 48 h and pulverized. Soil cores were
taken with stainless cylinders (10 cmdiameter,
25 cmheight, Fushan n=10, Liukuei n=6). Soil
cores werethen divided into 0-5, 5-10, 10-15,
and 15-20 cm. All sampleswere finely ground
for analysis. The nitrogen content was
measured using an elemental analyzer (EA
NA 1500, Fisons, Rodano, Milan, Italy). The
15N/ N isotope measurements were donein
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the isotope Lab of the Univ. Goettingen,
Germany, with an isotope ratio mass spec-
trometer (Delta+, Finnigan Mat, Bremen,
Germany) coupled to an elemental analyzer
(EA 1108, Fisons, Rodano, Milan, Italy)
in onlinemode. The nitrogen stable isotopic
compositionwas expressed ind (b ) notation:

8 N = (Rample/Reandarg— 1)* 1000

where R is the ratio of 15N/¥N of sample
and standard.

The average foliar & *°N value in the
Fushan area (-1.9+1.3% , n=15) was signifi-
cantly higher thanthat at Liukuei (-4.4+1.0% ,
n=16), but no significant difference of the
average nitrogen concentrations between
Fushan and Liukuei (1.91£0.18 and 1.88+
0.32%, respectively) was found (Table 1).
This may be due to the higher precipitation
at Fushan, which could lead to more N losses
through leaching of nitrate and emissions of
trace gases derived fromnitrification and
denitrification and leave the fractionated
heavier N remaining in the system. Our
results show that the subtropical foliar 6 *N
valuesinthis study weresignificantly lower
than those from tropical foliage (3.7+3.5% ,
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n=73); however, they did not signifi-
cantly differ from those of temperate
leaves (-2.8+2.0% , n=90) measured by
Martinelli et al. (1999). Besides, similar to the
findings of Martinelli et al. (1999) and Hobbie
et al. (2000), leaveswith highernitrogen con-
tent tend to be more enriched in N (Fig. 1).

The commonfeaturein soil profiles that
the soils become more “N-enriched with
depth due to isotopic discrimination during
mineralization and vertical transport of 1°N-
enriched soil organic matter (Wadaet al.
1984) was also observed inthis study (Fig. 2).
Nitrogen concentrations of surface soils at 0-
5cmin our subtropical sites were 0.67+0.11%
at Fushanand 1.19+0.05% at Luikuei. These
results were between the nitrogen concen-
trationsof tropical and temperateforest soils
(0.05t0 0.38% and 1.21to 1.57%, respectively,
Martinelli et al. 1999). Our & N% values of
soils at 0-5 cm, which were 1.6+0.5% at
Fushan and 0.6£0.1% at Liukuei, were also
significantly lower than those of tropical for-
est soils (ranged from6.4to 11.2% , with an
average of 8.0k ).But similarto the results for
foliar & °N, the >N enrichment of soils at 0-5

Table 1. Nitrogen concentr ation (%) and d N (% ) values of studied plant species

Plant species Leaf N % O BN%

Fushan
Litseaacuminata 200+ 0.05 -1.3+ 0.2
Machilusthunbergii 169+ 0.02 -4.0+ 0.2
Castanopsiscarlesiivar.sesslis 209+ 0.12 -14+ 0.1
Cyclobalanopsislonginux 183+ 0.02 -12+ 0.1
mean 191+ 0.18 -19+ 1.3

Liukuei
Beischmiedia erythrophloia 166+ 0.08 -46x 0.1
Neolitsea parvi gemma 179+ 0.06 47+ 0.1
Machiluskonishii 144+ 0.03 -6.0+ 0.2
Pasania hancei var.ternaticupula 224+ 0.10 -28+ 0.3
Castanopsisindica 196+ 0.02 4.0+ 0.1
Prunusphaeosticta 222+ 0.02 45+ 0.1
mean 188+ 0.32 44+ 1.0
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Fg. 1. Relationshipbetween & “N% and
nitrogen concentration (%) of foliage
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Fg. 2. Relationshipbetween & ®N% and
ni trogen concentr ati on (%) of saill sampl es
fromFushan andLiukuei area

cmin this study wasin therange of those from
temperate forests (-4.0to 5.5 , M artinelli et
al. 1999).

These results clearly showthat theleaves
and soils in these two subtropical forestsare
significantly more depleted in °N than are
those of tropical forests, andthe & >N values
in the studied subtropical forests are in the
rangeof thoseof temperate forests. This may
indicate that these two studied subtropical
forests may have amore closed N cyclein
comparisonto most tropical forests (Hogberg
1990, Chang and Handley 2000). Further
studies on N availability and mineralization
rates are necessary for understanding these
differences in foliar and soil **N natural
abundance betweenthe Fushan and Liukeui
subtropical forests.
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