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Abstract The influence of tree species on soils has
received much attention, but we know little about either the
pattern and underlying mechanisms of net nutrient and
carbon inputs under canopy for various tree species or the
effects of net nutrient input on soil nutrient contents. To
address these issues, we selected three tree species with
distinct leaf sizes and arranged litter traps around the target
individuals to test what affected net nutrient and carbon
inputs under canopy of target individuals, and how net
nutrient inputs influenced soil nutrient contents. The results
showed that net litter manganese (Mn) and lignin inputs
were significantly different among these tree species, as
well as soil exchangeable potassium (K), available iron
(Fe) and available Mn. The results also revealed that the
species with the smallest sized leaves may stimulate more
net Mn and lignin inputs than the species with the largest
sized leaves. At the same time, net nutrient inputs corre-
lated with soil available Fe, while the ratio of lignin to
nitrogen of net litter correlated with total phosphorus
contents. These results demonstrated that litter production
may be the main factor deciding net nutrient and carbon
inputs under different tree species’ canopy, which signifi-
cantly differentiated soil iron’s availability.
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1 Introduction

Many studies have focused on the role of tree species in
forest nutrient cycling [1-5]. Binkley [6] reviewed this
research conducted over almost a century and put forward a
framework for examining the processes by which species
differ in their influence on nutrient flows and soil fertility.
Subsequent research [7, 8] has not yet gone beyond
Binkley’s framework. The previous work demonstrates that
variation in tree species resulted in, or at least correlated
with, variability of soil nutrient contents, acidity, nutrient
release processes, etc. These imply that tree species may
exert unique influences on soils. Eisenhauer et al. [9]
provided concrete evidence for this concept. Jacob et al.
[10] also emphasised the significance of species identity.
Aboveground litter input undoubtedly has strong effects
on forest soils [6] among various impacts of tree species on
soils. Sayer [11] reviewed observational and manipulative
experiments to integrate the forest ecosystem’s processing
of litter. She found that litter is an inherent part of nutrient
and carbon cycling and acts as a protective layer buffering
changes in soils, and that litter provides habitats for soil
fauna, fungi and microorganisms. The impact of litter on
nutrient and carbon cycling, particularly how the litter from
different tree species influences dynamics of soil organic
matter has been reviewed [12, 13]. How litter decomposi-
tion affected N, fixation has also been studied [14]. Fur-
thermore, nutrient inputs can differ between hardwood and
coniferous species [7]. Many of these studies compared
different tree species on different sites, and most experi-
ments were carried out in temperate forests. To the best of
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our knowledge, most studies focus on direct litter input
(litter collected directly by litter trap or reserved on the
forest ground), but there is little research exploring the
effects of net nutrient and carbon inputs under canopy of
different tree species (abbreviated as under tree species or
mother trees below) on soil nutrients.

Therefore, we need to know the pattern of net nutrient
and carbon inputs under different tree species and what
factors may decide this pattern. Net nutrient and carbon
inputs under a specific mother tree depend on two litter
sub-divisions: the litter produced by the mother tree itself
dispersing outside of the canopy (export litter), the other
litter produced by the surrounding trees distributing under
the mother tree (import litter). Any factors affecting export
or import litter’s production may finally decide net nutrient
and carbon inputs.

A probable underlying mechanism is that different tree
species can have a range of leaf sizes in the same forest
community, which may result in different dispersal pat-
terns. The larger leaves will tend to fall near the mother
tree, while smaller leaves have the potential to disperse
further away. Under this supposition, soil carbon and
nutrients may accumulate under the tree species with larger
leaves, and vice versa. Another explanation may be that
some species may yield more litter than others. The species
yielding more litter may produce more export litter and
obtain less net input under mother trees, and vice versa.
Every species has a characteristic leaf size scope and may
also have a specific litter production. Therefore, soils under
distinct tree species in a forest community will obtain
different net carbon and nutrient inputs from aboveground
litter, which may increase spatial variation in soil nutrients.

The present study wants to test (i) specific leaf size and/
or litter production with regards to how they decide the net
nutrient and carbon inputs under different tree species; and
(i1) differences in net nutrient and carbon inputs and how
they can consequently modify soil nutrient contents.

2 Materials and methods
2.1 Study site

This study was conducted in a subtropical evergreen broad-
leaved forest located in Xujiaba Region (24°32'N,
101°01’E, 2450 m above sea level), in the Ailao Mountains
in the Yunnan Province of southwest China. The average
annual temperature and average annual precipitation were
11.3 °C and 1931.1 mm from 1991 to 1995 [15]. Dominant
tree species are Lithocarpus xylocarpus, Castanopsis
wattii, Lithocarpus hancei and Schima noronhae, which
comprise a closed canopy layer [16]. In this forest, the
canopy was quite flat and well closed; there were few
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individual trees emerging from the canopy layer. The
mineral soil is an Alfisol with an average pH of 4.3, cov-
ered by a thick litter layer up to 30 cm deep [15].

2.2 Sampling and analysis

We selected Manglietia insignis (MI), Schima noronhae
(SN) and Ilex corallina (IC) for this study according to the
following criteria: (i) these three tree species (in the
aforementioned order) had the largest, intermediate and
smallest leaf sizes in this forest; (ii) the nearest conspecifics
were at least 45 m apart; (iii) four individuals for each
species with adequate spacing were targeted; and (iv) all
targeted individuals had similar heights. After determining
the target individuals, we estimated the canopy areas, and
we found that there were no conspecifics apart from each
targeted individual within a 45-m radius. We did not
consider litter production when selecting the tree species
due to a lack of relevant data at the time.

To measure export and import litter, 20 litter traps were
evenly arranged around each individual in four directions:
five litter traps were placed in a straight line along each key
compass point (N, E, S and W). The closest traps were
under the canopy of the target individuals, while the other
four traps were placed 2, 4, 8 and 16 m away from the edge
of canopy, respectively (Fig. 1).

The traps were square (0.8 m edge length) with the
opening 1 m above ground. Fresh aboveground litter was
collected at the beginning of each month after the traps
were placed, from May, 2008 to April, 2009. The litter was
sorted, in the laboratory, into leaf, twig, fruit, flower and
other residue. All leaf litter was identified by species:
leaves from different species were generally readily

........
_____

16 m

Fig. 1 Sketch map of sampling design around an individual tree. The
circle (black line) indicates the canopy zone; hatched squares indicate
litter traps in one direction; arrows with numbers show distances
between canopy edge and litter traps. The ring between the dotted line
and enclosing litter trap indicates the area used to calculate litter mass
at a specific distance
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discerned. After sorting, the litter was oven-dried at 80 °C
[17, 18] to constant mass, and then weighed. The dried
litter from the same species was stored separately in sealed
polyethylene bags and was ground into powder for carbon
and nutrient analysis.

To quantify net nutrient and carbon inputs under the
target individuals (abbreviated as net nutrient and carbon
inputs below), we calculated export and import litter sep-
arately. Firstly we calculated import litter. We estimated
leaf litter input density (per unit area) from the litter traps
under canopy, and then we calculated total leaf litter input
according to multiplying this density by the projected area
of the canopy. For export litter, we first calculated litter
input at a specific distance from the target individual. The
litter mass falling on the area of the circular rings which
enclosed litter traps at specific distance represents the litter
input ascribed to that ring (as illustrated in Fig. 1). The
width of the rings was 0.8 m, also the side length of the
litter traps. The internal and external diameters of the rings
were the distances from the centre of the canopy to the
internal and external sides of the litter traps. According to
the area of the rings and litter mass per square metre
(calculated from the litter traps), we calculated the litter
input at each specific distance. When regressing the
aboveground litter mass at the specific distance with that
distance, we fitted logarithmic models for each target
individual. After integrating the model, we got the total
litter mass outside the canopy.

To evaluate the effects of net nutrient and carbon inputs on
soil nutrients, we sampled the top 10 cm of the mineral soils
twice, in August, 2008 (wet season) and February, 2009 (dry
season). Four samples were collected under each target
individual, and in four compass bearing directions from the
stem. For each sample, a sub-plot (50 cm x 50 cm) was
chosen with four soil cores taken from the corners and one
soil core in the centre. These five soil cores were combined
into a single sample. Thus for each measurement, there were
four samples for each individual tree and 48 samples in total.
The samples were air dried in the laboratory. Plant roots,
stones and chars were carefully removed from these soil
samples, and they were sieved through a 2-mm square
aperture mesh. A sub-sample of these soils was ground to
pass the 60-mesh.

Leaf litter was analysed for carbon (C), nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), magnesium
(Mg), iron (Fe), manganese (Mn) and lignin. Organic C
(OC), total N (TN), total P (TP), exchangeable K (EK),
exchangeable Ca (ECa), exchangeable Mg (EMg), avail-
able Fe (AFe), available Mn (AMn) and pH were assayed
for each soil sample. All the litter and soil samples were
analysed by the Biogeochemistry Laboratory of Xishu-
angbanna Tropical Botanical Gardens, Chinese Academy
of Sciences.
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2.3 Statistics

One-way analysis of variance (ANOVA) was used to
identify significant differences between samples. At the
same time, we invoked an LSD (least significance differ-
ence) multiple-comparison test to identify differences
between tree species. Pearson correlation analysis was
conducted to analyse relationships between litter inputs and
soil nutrient contents and step-wise linear regression was
invoked to further analyse the data. To obtain the normal
distributions, soil EK and AMn contents were log-trans-
formed for ANOVA. All statistical analyses used R 2.10.1
software [19].

3 Results
3.1 Net litter input under canopy of target individuals

The nutrient inputs of import litter were not significantly
different among the target tree species except the two ratios
of C/N and lignin/N. We found that export litter constituted
more than 60 % of the total leaf litter production of target
trees. Only the Ca input of export litter exhibited signifi-
cant difference between MI and IC, the former being
higher (Fig. 2).

We have mentioned in the introduction that net nutrient
and carbon inputs were decided by the difference between
import litter and export litter. All elements showed positive
net inputs under the canopy of these target species except
for Mn, which exhibited positive net input for IC and MI,
but net output for SN. Net inputs of Mn and lignin of IC
were significantly higher than those of MI, while C/N of
SN was higher than that of MI (Fig. 2).

3.2 Nutrient and carbon contents in the soil
under canopies and correlation with net litter inputs

The nutrient and carbon contents in the topmost 10 cm of
mineral soil under the canopy of the target individuals are
shown in Table 1. The AFe content in the soil was higher
under SN and MI than that under IC. For EK content in the
soil, SN was higher than MI and IC, while the AMn content
exhibited the inverse pattern that soil AMn content under
MI and IC were higher than under SN. C/N in the soil
presented significant differences, with the ratio under IC
higher than those under MI and SN. Soil AFe content was
negatively correlated with net carbon and nutrient inputs,
together with C/N (Table 2). Soil TP content was negatively
correlated with lignin/N. Further, step-wise linear regres-
sion showed that net nitrogen input alone could explain
56.2 % of the variation of soil AFe content and lignin/N
could explain 63.4 % of the variation of soil TP content.

<€) SCIENCE CHINA PRESS



Chin. Sci. Bull. (2014) 59(1):46-53 49

BIiL BeL ONL B BeL ONL
(@ s (b) 450
~ 5L % % L T 360 % % c
I> a (TI>~ % _'I’_
q % € 270} %
E ()]
(o] - -~
5 * £l N ¢
2 £ cd
£ I =
S 2 S 90}
b 5
0 I—'_l 1 1 % ] O 1 1 % |
MI SN IC MI SN IC
B BeL ONL BiL BeL ONL
(c) 60 (d) 457 ’
A
¢ 361 %7—1— B
45 - A B
(@) .% B E _L %
5 d g 27T
g 30y i
x o 18f
o
15 - T
gl
o 1 1 ] 0 1 1 |
M SN MI SN

BiL Be. ON

(e) oo
.
% c
d %
1 . I
IC

Mi

S
—
T
(9]
=z
1]

Fig. 2 Inputs of litter nutrients. /L import litter from surrounding individuals dispersed under canopies, EL leaf litter of target individuals
dispersing outside canopies, NL net input from litter. Abbreviations for tree species refer to the text. Capital letters indicate significant difference
in IL among target tree species. Lower case a and b indicate significant differences in EL among target tree species: ¢, d indicate significant
differences in NL among target tree species. There are no one-way ANOVA and standard deviation bars of C/N and lignin/N for EL as the two
ratios were the same for four individuals of the same species

4 Discussion species with the largest leaves may obtain positive net
nutrient and carbon inputs under their canopy, species with

4.1 Net nutrient and carbon input under canopy intermediate leaf sizes would have smaller net inputs, and
of target individuals species with the smallest leaves may experience net losses.
However, for the tree species (with extreme local leaf sizes)

The results revealed that net nutrient input exhibited sig-  we selected, most elements showed positive net inputs for

nificant differences among various tree species. According  all three species. Furthermore, the reverse pattern was seen
to general knowledge and reasonable presumption, tree  for those tree species with the smallest leaves which had
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Table 1 Soil pH, soil OC content, soil nutrient contents, the ratio of C/N under canopy of target individuals

C/N

AMn

TP EK ECa EMg AFe

TN

pH oC

Target tree
species

(mg kg™

(gkg™ (kg™ (cmol kg™")  (cmolkg™")  (ecmolkg™)  (mgkg™")

(gkg ™

14.96 (0.74)a
14.34 (1.13)b

31.75 (13.51)a
19.01 (19.24)b

30.69 (21.80)a

160.22 (78.18)b

2.01 (1.38)
2.37 (2.40)
2.55 (1.64)

6.38 (5.95)
5.62 (7.95)

0.57 (0.19)b
0.79 (0.31)a
0.64 (0.31)b

1.26 (0.34)
1.25 (0.26)
1.30 (0.32)

5.83 (1.46)
6.17 (1.39)
6.10 (1.49)

81.70 (21.71)
87.85 (17.42)
87.40 (25.27)

472 (0.31)
4.67 (0.38)
4.75 (0.53)

1C

247.44 (124.90)a
261.16 (89.47)a

SN
Ml

14.19 (1.10)b

9.11 (10.41)

Abbreviations for tree species and soil variables refer to the text. Standard deviations are in brackets. Lower case a and b indicate significant differences in soil variables among target tree

species: n = 16, significance level P = 0.05

higher net inputs of Mn and lignin than the largest-leaved
species. These results seemed anomalous because the
smaller-sized leaves may disperse further away and the
corresponding tree species should have lost more leaf litter.
Even if the species with the smallest-sized leaves obtained
net nutrient input, it should have been less than that obtained
by species with the largest-sized leaves. It may imply in our
study that net nutrient input was not mainly controlled by
leaf size, but litter mass production. Some other studies also
try to identify differences in litter production among dif-
ferent species [20-23], however, few studies have estimated
total litter production of specific individuals before. From
the perspective of life history, strategy, or evolution, we
might deduce that less litter production results in less litter
loss outside of canopy, which may result in more net
nutrient input under canopy. This means more biomass
accumulation or faster growth. In our study, total individual
litter production varied among chosen tree species and the
tree with the smallest leaves, IC, produced least litter.
Consequently, IC lost less leaf litter outside its canopy, and
the net nutrient and carbon inputs under the canopy of IC
individuals were also positive, even larger than those of MI
and IC. It seems that these selected species are all importer
species, that is, net positive inputs make them accumulate
nutrients under their canopies. On stand or community
scales, there should be some exporter species to balance
litter inputs, which disperse a high proportion of leaf litter
mass under target individuals’ canopies, like Castanopsis
wittii, Machilus yunnanensis. Unfortunately, we did not find
exporter species in this present study.

There are some other studies that have discussed net
litter input. Welbourn et al. [24] defined net litter input as
final litter input after relocation by autumnal wind. Boerner
and Kooser [25] also used the concept of net litter input
when investigating leaf litter redistribution. Though Song
et al. [26] mentioned net litter input in their research, it
seemed to indicate the monthly aboveground litter input on
the ground, which is similar with general litter collection
and is distinct from our ner litter inputs. It was firstly
quantified in our study, the extent to which net litter inputs
to soils under different tree species’ canopies existed.

Actually fruits of different tree species can also have
distinct sizes, but leaf litter tends to be the dominant pro-
portion of aboveground fine litter ([27, 28]; in this study;
except for e.g. Barnes et al. [29]) and as fruits are animal-
rewarding and animal dispersed [30, 31], we did not con-
sider fruit litter in this study.

4.2 Effects of net litter nutrient inputs on soil nutrient
contents

Owing to the influence of various tree species, the soil
carbon, nitrogen, phosphorus, exchangeable cations and
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Table 2 Correlation between nutrient input of leaf litter and soil nutrient contents and ratio of carbon to nitrogen

Soil variables Net litter C Net litter N Net litter P

Net litter Ca

Net litter Mn Net litter C/N Net litter lignin/N

EK 0.032 0.058 0.074
AMn 0.540 0.568 0.465
C/N —0.270 —0.243 —0.218
TP 0.017 0.283 0.117
AFe —0.672 —0.750 —0.709

0.141
0.556
—0.166
0.150
—0.720

—0.001 —0.115 —0.272
0.568 —0.627 —0.454
—0.267 0.330 0.309
0.033 0.407 —0.796
—0.668 0.729 0.521

Abbreviations for soil variables and litter variables refer to the text. Correlation coefficients, derived from Pearson correlation analysis, shown in

bold were significant; n = 12, significance level P = 0.05

micro-nutrient contents are probably different under these
species [6, 32-35]. Similarly, in our study, soil EK, AFe
and AMn contents under the canopy did exhibit significant
differences between the target tree species. Particularly, we
stressed differences among tree species under their cano-
pies, which was similar to significant influences of crowns
of different tree species, a conifer (Dacrydium gracilis) and
a broad-leaved tree (Lithocarpus clementianus) on con-
densed tannins and pH [36]. Although we have known that
litter input obviously affects soil nutrient and carbon con-
tents, we had little knowledge about how net nutrient input
functions, which might have an effect on long-term soil
nutrient status.

Our results discovered significant correlation between
soil nutrient content and net nutrient input. Moreover, we
also found the determinants of soil AFe and TP contents
from net nutrient input. When the nitrogen of plant litter
went into soils, nitrogen was mainly reserved with organic
forms [37, 38], then, soil organic nitrogen tended to bind to
iron when absorbed on clay surfaces [39], which decreased
soil AFe content. This knowledge chain may be the reason
why net nitrogen input could explain 56.2 % of the vari-
ation of soil AFe content negatively. The ratio of lignin to
nitrogen of net litter was negatively correlated with soil TP.
It may be that higher ratios slowed litter decomposition
[40, 41] and litter nutrients returned more slowly to mineral
soil, which lowered soil TP.

We did not examine soil organic matter (SOM) directly,
but we can estimate it from OC since there is a known ratio
between SOM and OC [42], so we can know that there is
no significant difference in SOM under target individuals.
There was no correlation between net nutrient input and
OC, so variation in net nutrient input, i.e. various tree
species had little effect on SOM content in the present
study. This differed from some previous research [5, 12, 13],
e.g. Vancampenhout et al. [13] demonstrated that variation
in litter quality aroused by different tree species influenced
soil SOM content significantly.

Although net C, N, P, Ca and Mn inputs were not the
determinants of soil AFe content, significant correlations
implied that these element inputs were probably influencing
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the soil’s AFe content to some extent. For example, net litter
Mn input may increase soil Mn and soil Mn** is more readily
reduced to AMn than reduction of Fe’* [43], which
explained the negative correlation between soil AFe content
and net Mn input. The litter Ca input tends to increase soil
ECa content [44], and the higher the soil ECa content, the
higher the soil pH [35]. Lower soil pH values correspond to
higher soil AFe content because the high acidity increases
the availability of Fe [45—47]. By extension, this may explain
why the net litter Ca input was negatively correlated with soil
AFe content.

It has generally been observed that soil nutrients differ
substantially among tree species, both in forests [48] and
arid environments [49]. However, our study identified
determinants from net nutrient input. Integrating the two
strands of data, we can find that variation of plant specific
traits, indicating litter production here, determined net
nutrient input under mother trees, which in turn affected
relevant soil nutrient contents. This might imply that more
tree species give rise to more variation in plant traits, in
turn, causing more variability in soil nutrient contents.

5 Conclusions

Variation of litter production resulted in differences in net
nutrient inputs under canopy of mother trees among dif-
ferent tree species, which in turn, partly decided soil
available iron and total phosphorus contents. It seems that
variation in plant traits contributed to differentiation of soil
nutrient contents through net nutrient input, thereby pro-
moting soil variability.
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