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Abstract
Aims Warming has the potential to alter plant litter mass
loss and nutrient release during decomposition.
However, a great deal of uncertainty remains concerning
how other factors such as litter species or substrate
quality might modify the effects of increased tempera-
ture on decomposition. Meanwhile, the temperature
sensitivity of plant litter decay in tropical and subtropi-
cal forest ecosystems remains poorly resolved.
Methods This study was designed to assess the effects
of experimental warming on litter decomposition and
nutrient release of two contrasting tree species (Schima
superba andMachilus breviflora) by translocating mod-
el forest ecosystems from the high-elevation sites to the
lower-elevation sites in subtropical China. Translocating
model mountain evergreen broad-leaved forest (MEBF)
to the altitude of 300 m and 30 m increased the average

monthly soil temperature at 5 cm depth by 0.88 and
1.84 °C, respectively during the experimental period.
Translocating model coniferous and broad-leaved
mixed forest (CBMF) to the altitude of 30 m increased
the average monthly soil temperature at 5 cm depth by
0.85 °C.
Results We found that experimental warming accelerat-
ed litter decomposition in both model forest types, and
the promoting efficiency was greater when the temper-
ature increased. The litter with high quality (Schima
superba) had stronger response to warming than low
quality litter (Machilus breviflora). Warming accelerat-
ed Na, K, Mg, P, N and Ca release from Schima superba
litter, but only simulated Ca release from Machilus
breviflora litter. Overall, litter decomposition was con-
trolled by the order: soil temperature > litter quality > soil
moisture > litter incubation forest type under experi-
mental warming in the subtropical China.
Conclusion We conclude that leaf litter decomposition
was facilitated by experimental warming in subtropical
China. Litter species might modify the effects of in-
creased temperature on litter decomposition; however,
forest type has no effect on litter decomposition.
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Introduction

Over the past 100 years, the global average temperature
has increased by 0.74 ± 0.18 °C (IPCC 2014). Previous
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studies showed that global warming had strong effects
on terrestrial ecosystem process. Global warming can
directly and indirectly affect litter decomposition (Berg
and McClaugherty 2008) via the changes of soil tem-
perature, humidity and litter quality. Meanwhile, litter
decomposition acts as an important process of the eco-
system carbon (C) and nutrient cycle could strongly
feedback to global warming (Shaver et al. 2000;
Rustad et al. 2001). Therefore, understanding the re-
sponse mechanisms of litter decomposition to warming
under the background of global warming can provide
basic data for studying soil C and nutrient cycle in
ecosystems, and provide reference for ecosystem man-
agement and species selection.

Litter decomposition rate was jointly affected by
abiotic factors (e.g., temperature, humidity, and litter
quality) (Silver and Miya 2001; Hobbie 2008;
Hättenschwiler and Jørgensen 2010) and biotic factors
(e.g., soil detritivores and microbes) (Hobbie et al.
2006). Many studies showed that elevated soil temper-
ature would accelerate litter decomposition rates (Dang
et al. 2009; Aerts et al. 2012; Zhang et al. 2017).
However, other studies reveal opposite results.
Christiansen et al. (2017) found that enhanced summer
warming significantly restricted litter mass loss by 32%
at the dry site and 17% at the wet site. Warming may
stimulate litter decomposition only as long as the asso-
ciated increases in evapotranspiration do not lead to
moisture limitation of microbial activity (Bardgett
et al. 2008; Bokhorst et al. 2010). In addition, Xu et al.
(2012) demonstrated that litter decomposition rate was
different between divergent species under warming as
litter quality often varied. Previous other studies also
reported that the magnitude and direction of responses
of litter decomposition to warming varied with species
(Wang et al. 2000; Schindlbacher et al. 2009; Hagedorn
et al. 2010). High quality litters are often characterized
by higher N concentrations and lower C:N and lignin:N
ratios, and can decompose faster compared to low qual-
ity litters (Sanchez 2001). Further, different vegetation
types may also generate different microclimate effects
on litter decomposition (Cornelissen et al. 2007).
Therefore, investigating the direct effects of warming
on litter decomposition, together with its interaction
with litter quality and vegetation type, is essential to
understanding how litter mass and nutrient loss will be
altered under global warming.

Tropical and subtropical forests can provide crucial
ecosystem services to natural systems and human beings

(i.e., carbon sequestration, biodiversity conservation,
climatic regulation). However, the effects of warming
on ecosystem process in these areas have not been well
studied. Cavaleri et al. (2015) pointed out that the tro-
pics are indeed Ba high priority region^ for future
warming research. Up to date, no field experiment
has been conducted in tropical or subtropical forests
of China, which are experiencing a significant in-
crease in surface temperature (Zhou et al. 2011). In
this study, we conducted a translocation experiment
from the high-elevation sites to the low-elevation
sites, to study the effects of altitudinal transplant-
induced soil temperature increase on the leaf-litter
decomposition as well as nutrient loss from the
decomposing litter. Two vascular plant litters of
different qualities were subjected to decay in two
different model forest types. We measured litter
mass and nutrient loss to test the following hypoth-
eses: (1) Warming would increase litter decomposi-
tion, and hence lead to more nutrient release; (2)
The effects of warming on leaf-litter decomposition
would differ between different litter species; and (3)
Forest type difference would also affect responses of
litter decomposition to warming as substrate soil is
different between different forest types.

Materials and methods

Study site

This study was conducted at the Dinghushan Biosphere
Reserve (DBR), with an elevation ranging from 10 to
1000 m (a.s.l.), located in the central Guangdong
Province in southern China (112°10′E, 23°10′N). The
climate is typical subtropical monsoon. Mean annual
temperature is ca. 21 °C, ranging from the mean coldest
in January (12.6 °C) to the hottest in July (28.0 °C).
Mean annual precipitation is ca. 1700 mm, and nearly
80% of the rain falls in the wet season (April–
September) and 20% in the dry season (October–
March). There are three major forest types at DBR: the
monsoon evergreen broad-leaved forest, the coniferous
and broad-leaved mixed forest (CBMF) and the moun-
tain evergreen broad-leaved forest (MEBF) located at
30 m, 300 m and 600 m (a.s.l.), respectively. Soils are
oxisols (lateritic red earths) formed from sandstone ap-
proximately 30 to 70 cm in depth.
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Translocation experiment design

We initiated warming treatments by translocating
model forest ecosystems from the high-elevation
sites to the lower-elevation sites so that tempera-
ture is the main altered environmental factor.
Model MEBF was translocated from an altitude
of 600 m (as the control) to the altitudes of
300 m and 30 m, respectively. Temperature would
be increased theoretically by 1.5 °C and 3.0 °C,
respectively. Model CBMF was translocated from
an altitude of 300 m (as the control) to an altitude
of 30 m. Temperature would increase theoretically
by 1.5 °C (Fig. 1).

Three 3 × 3 m growth chambers were located in
an open area at the altitude of 600 m site. Six
3 × 3 m growth chambers were located in the open
areas at the altitude of 300 m and 30 m sites, respec-
tively. The 0.8-m deep below-ground section in each
growth chamber was surrounded by concrete brick
wall bonding with ceramic tile to prevent the lateral
or vertical movement of water or element from the
surrounding soils. There was one hole at the top and
the bottom of the wall. The holes (inner diameter
2 cm), which were capped by a 2 mm net to prevent
losses other than those of leachates, were connected
to as stainless steel water collection drum (Li et al.
2016; Fang et al. 2016).

In April 2012, soil and individual seedlings that
were 1-year-old were collected from a MEBF near
the control site (at the altitude of 600 m). Three
different layers of soils (0–20, 20–40 and 40–70 cm)
were homogenized separately. Seedlings of six species
were stored in shade in containers with soil from the
collection sites. In May 2012, three different layers of
soils were transferred into the growth chambers corre-
spondingly at the three sites (the altitudes of 600, 300
and 30 m, respectively). Meanwhile, soil and individ-
ual seedlings that were 1-year-old were collected from
a CBMF near the control site (at the altitude of
300 m). Three different layers of soils were homoge-
nized separately. In May 2012, three different layers of
soils were transferred into the growth chambers corre-
spondingly at the two sites (the altitudes of 300 and
30 m, respectively). The seedlings were transplanted
into each growth chambers in all sites in a randomized
block design (n = 6 replicates per species). Model
forest ecosystems of MEBF and CBMF were then
established in each site.

The six species in model MEBF were specifically
selected due to their common occurrence and distribu-
tion range (exist in almost all regions along the altitudi-
nal gradient from 600 m to 30 m altitudes). They in-
cluded Schima superba, Syzygium rehderianum,
Machilus breviflora, Itea chinensis, Myrsine seguinii,
and Ardisia lindleyana. Accordingly, the six species of

Fig. 1 The scheme of experimental design in our study. MEBF, mountain evergreen broad-leaved forest; CBMF, coniferous and broad-
leaved forest
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seedlings in model CBMFwere specifically selected for
this study due to their common occurrence and distribu-
tion range in the CBMF. They included Schima superba,
Syzygium rehderianum, Machilus breviflora, Pinus
massoniana,Castanopsis hystrix and Ardisia lindleyana
(Li et al. 2016; Fang et al. 2016). The trees grew very
well and fast. One tree per species was harvested at the
end of 2014 and 2015, to avoid crowding in the
chambers.

Microclimate monitoring

Rainfall was recorded using Campbell Scientific
(TB4MM, Logan, USA) in each elevation gradient.
Soil profile temperatures (at 5 cm) were recorded in
each chamber using Campbell 109 constantan-copper
thermocouples. Volumetric water content was measured
from the soil surface to a depth of 5 cm using Campbell
CS616 water content reflectometer probes. Data were
recorded every hour using Campbell Scientific (Logan,
UT, USA) CR1000 data loggers since May 2013 (Fang
et al. 2016).

Leaf-litter decomposition experiment

Naturally senesced leaf-litters of Schima superba and
Machilus breviflorawere collected in litter fall traps in a
natural forest of CBMF at the site of 300 m altitude. The
initial quality of these two litters was shown in Table 1.
A total of 15 g (ratios of oven dried mass were deter-
mined by the proportion of air-dried mass of the leaf-
litter after drying for 48 h at 70 °C) of leaf litter of
Schima superba or Machilus breviflora was placed in
15 × 20 cm litterbags. The mesh bags had a 1 mm mesh
nylon top and a 0.2 mm mesh Dacron cloth bottom to
reduce fragmented litter losses, and to allow microor-
ganisms and small soil animal access. For each leaf-litter
of Schima superba or Machilus breviflora, there were
totally 75 litterbags (n = 5 replicates per chambers).
Litterbags were placed on the soil surface in each

growth chamber at all three sites. The chemical proper-
ties of the substrate soil (0–10 cm) were shown in
Table 2. Decomposition was followed for about
450 days from July 2014 to October 2015. The total
rainfall amounts during the whole experimental period
were 3464, 3929 and 3734 mm at the altitude of 600,
300 and 30 m, respectively. One litterbag of Schima
superba and one litterbag of Machilus breviflora were
retrieved in each chamber every three months. At each
removal, the litter samples were sorted to remove for-
eign material, weighed for mass loss calculation after
drying for 48 h at 70 °C, and then finely ground for
element concentration analysis. Mass loss was calculat-
ed as the difference between the initial dry mass and the
remaining dry mass of leaves at each sampling date.

Leaf-litter chemical composition

Nutrient loss via the leaf-litter composition, nutrient
concentration in the initial leaf litter and the residual
litter were determined. Carbon concentration was deter-
mined following the Walkley-Black’s wet digestion
method (Nelson and Sommers 1982). Phosphorus con-
centration was measured photometrically after samples
were digested with H2SO4-H2O2. N concentration was
measured using the Kjeldahl method (Bremner and
Mulvaney 1982). The concentrations of K, Ca and Mg
were measured by inductively coupled plasma atomic
emission spectroscopy (ICP-AES; Optima-2000 DV,
PerkinElmer, USA) after acid digestion. Acid-
insoluble C fraction (AIF) was determined using the
method of Xiong et al. (2013). AIF is considered to be
comprised of lignin and other recalcitrant structures like
condensed tannins, cutin and suberin, and was difficult
for microbes to decompose (Ryan et al. 1990).

The chemical properties in the substrate soil at the
beginning of experiment were analyzed. Soil pH was
determined with a glass electrode in the supernatant
after shaking for 2 h and sedimentation in a beaker for
24 h in 0.1MKCl. The soil to extractant ratio was 1:2.5.

Table 1 Initial litter quality of Schima superba and Machilus breviflora in the experiment. Different small letters (a, b) of each
characteristics indicate significant differences between two species. AIF, acid-insoluble C fraction. Unit: (g kg−1)

Species C N P K Na Ca Mg AIF

Machilus breviflora. 491.7 ± 7.2 11.5 ± 0.8 b 0.35 ± 0.04 b 5.3 ± 0.3 b 0.6 ± 0.1 a 4.3 ± 0.6 0.8 ± 0.1 b 531.8 ± 19.5 a

Schima superba 480.5 ± 8.7 15.7 ± 0.2 a 0.43 ± 0.07 a 7.8 ± 0.7 a 0.2 ± 0.0 b 5.8 ± 0.4 1.7 ± 0.1 a 420.0 ± 35.5 b
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Total P concentration was analyzed colorimetrically
(Anderson and Ingram 1989), organic matter was deter-
mined following Walkley Black’s wet digestion method
(Nelson and Sommers 1982), and total N was measured
using the micro Kjeldahl method (Jackson 1964). After
soil was extracted using a 1 M KCl solution, the extract-
ed NO3-N and NH4-Nwere determined by an ultraviolet
spectrophotometer. Soil available P was extracted with a
solution containing 25 mM HCl and 30 mM NH4F (the
soil to extractant ratio was 1:7) and then measured using
an ultraviolet spectrophotometer.

Data analysis

Data were transformed to meet the assumptions of nor-
mality and homogeneity of variances when necessary. A
repeated-measures general linear model was used to
evaluate the effects of the downward translocation
(warming treatment) on soil temperature and moisture,
litter mass remaining, element remaining in the leaf litter
residue in both model forest types. It was also used to
examine the effects of warming treatment, litter species,
sampling time, incubation forest and their interactions
on litter mass loss and element (C, N, P, K, Ca and Mg)
release from decomposition of leaf litter. One-way
ANOVAwith the Fisher’s LSD test was used to identify
significant differences between litter species and cham-
bers at different altitudes in the initial chemical proper-
ties. Correlation of decomposition constant K value with
annual soil mean temperature and soil moisture was
tested by Pearson correlation coefficient. All statistical
analyses were performed by the SAS software
(Statistical Analysis System, version 9.2, SAS
Institute, Inc.) and statistical significance was deter-
mined at P < 0.05.

Results

Soil temperature and moisture

During the litter decomposition experimental period
(about 15 months), the average monthly soil tempera-
tures at 5 cm depth in the chambers of MEBF were
20.84, 21.72 and 22.68 °C at the altitudes of 600, 300
and 30 m, respectively. Translocating MEBF to the
altitudes of 300 and 30m increased the average monthly
soil temperature by 0.88 and 1.84 °C, respectively.
During the same period, soil moisture was also signifi-
cantly affected by translocation treatments (Fig. 2;
P < 0.05). The average monthly soil moisture was
17.61%, 19.77% and 16.11% in the chambers at the
altitudes of 600, 300 and 30 m, respectively.

The average monthly soil temperatures at 5 cm depth
in the chambers of CBMF were 21.80 and 22.65 °C at
the altitudes of 300 and 30 m, respectively.
Translocating CBMF to the altitude of 30 m increased
the average monthly soil temperature at 5 cm depth by
0.85 °C during the litter decomposition experimental
period. During the same period, soil moisture was also
significantly affected by translocation treatments
(Fig. 3; P < 0.05). The average monthly soil moistures
were 22.41% and 16.36% in the chambers at the alti-
tudes of 300 and 30 m, respectively.

Effects of warming on leaf-litter mass loss

Mass loss was significantly affected by downward trans-
location for both litter species in MEBF (Table 3,
Fig. 4). At the end of the experiment, the average litter
remaining for S. superba litter was 42.2%, 41.26% and
32.86% in the chambers of MEBF at the altitudes of

Table 2 The chemical properties (means ± standard deviations,
n = 3) in the substrate soil (0-10 cm) at different altitudes in the
model mountain evergreen broad-leaved forest (MEBF) and co-
niferous and broad-leaved mixed forest (CBMF). Soil samples

were collected in July 2014 at the beginning of the experiment.
SOM, soil organic matter. Different small letters (a, b) in the same
columns indicate significant difference among/between different
altitudes in the same model forest type

Forests Altitudes(m) pH SOM (g/kg) Total N (g/kg) Total P (g/kg) NO3-N (mg/kg) NH4-N (mg/kg) Available P
(mg/kg)

MEBF 30 3.90 ± 0.03 19.18b ±0.47 0.77b ±0.03 0.28 ± 0.06 3.39b ±0.41 7.35 ± 0.92 1.23 ± 0.20

300 3.76 ± 0.13 23.86a ±1.90 0.96a ±0.10 0.28 ± 0.01 4.83ab ±0.71 7.42 ± 0.13 1.27 ± 0.21

600 3.82 ± 0.05 26.19a ±1.11 0.97a ±0.03 0.27 ± 0.02 6.36a ±1.61 7.86 ± 1.02 1.26 ± 0.21

CBMF 30 3.59 ± 0.12 27.10b ±1.99 1.11b ±0.14 0.14b ±0.00 6.46 ± 3.09 6.81 ± 1.48 1.71b ±0.20

300 3.56 ± 0.04 36.28a ±3.55 1.39a ±0.10 0.16a ±0.00 8.07 ± 1.31 6.70 ± 0.46 3.55a ±2.55
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600, 300 and 30 m, respectively. As for M. breviflora
litter, the average litter remaining was 60.8%, 57.55%
and 54.56% in the chambers of MEBF at the altitude of
600, 300 and 30 m, respectively. Greater litter decom-
position rate was found in the warmed chambers than
the control chambers. S. superba litter decomposed
faster than M. breviflora litter (Fig. 4). In the chambers

of CBMF, the average mass remaining for S. superba
litter at the end of experiment was 37.49% and 31.69%
at the altitudes of 300 and 30 m, respectively. However,
mass remaining of M. breviflora litter was 54.04% and
51.33% in the chambers of CBMF at the altitude of 300
and 30 m, respectively. There was no difference be-
tween the mass remaining of M. breviflora litter in the
chambers at the altitude of 300 and 30m. Forest type did
not affect mass loss during litter decomposition process
for both species (Table 3) although higher soil quality
was shown in the CBMF than in the MEBF (Table 2).

The decay rate constant (k) of S. superba litter de-
composition was 0.611, 0.710 and 0.865 for the cham-
bers of MEBF at the altitude of 600, 300 and 30 m,
respectively, with the significantly higher values for the
warmed chambers than for the control chambers. The k
of M. breviflora litter decomposition was 0.355, 0.377
and 0.435 for the chambers of MEBF at the altitude of
600, 300 and 30 m, respectively. Downward transloca-
tion also induced higher k of M. breviflora litter.
However, in the chambers of CBMF, downward trans-
location only increased k of S. superba litter. No obvious
difference existed between the k ofM. breviflora litter in
the chambers at the altitudes of 300 and 30 m.

Effects of warming on nutrient loss during leaf-litter
decomposition

Warming, litter type, incubation time and forest type all
affected nutrient release (Table 3). Nutrient loss was
faster in the decomposing litter of S. superba than
M. breviflora in the chambers of both forest types. The
K, Na, C andMgwere released faster in the decomposing
litter than the other elements. Especially for K and Na,
more than half of the original weight was released in the
three-month litter incubation (Figs. S1, S2, S3 and S4). In
the chambers of MEBF, the losses of C, N, P, K, Ca
and Mg in the decomposing litter of S.superba were
all increased by the warming treatments. However,
the warming treatments only increased the losses of
P in the decomposing litter of M. breviflora.
Translocating CBMF from the altitude of 300 m to
30 m only induced greater losses of C, N, P, K, Ca
and Mg in the decomposing litter of S. superba.
Warming treatment did not affect nutrient loss in
the decomposing litter of M. breviflora in the
CBMF. Overall, the warming-induced effects on nu-
trient loss were substantially larger than the litter
quality and forest types (Table 3).

Fig. 2 Monthly soil temperature and volumetric water content at a
5 cm soil depth in the warm chambers and the controls in the
model mountain evergreen broad-leaved forests

Fig. 3 Monthly soil temperature and volumetric water content a
5 cm soil depth in the warm chambers and the controls in the
model coniferous and broad-leaved forests
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Effects of warming on the changes in acid-insoluble C
fraction during leaf-litter decomposition

The concentrations of acid-insoluble C fraction (AIF)
for both litter types increased at the beginning of exper-
iment, and then decreased after the 9-month
decomposing process. M. breviflora litter showed
higher concentration of AIF than S. superba litter in
the chambers of both forest types. In the chambers of
MEBF, warming treatments increased the concentration
of AIF in the decomposing litter ofM. breviflora, how-
ever, only S. superba litter showed greater release
amount of AIF induced by the warming treatment
(p = 0.001, Fig. 5). In the chambers of CBMF, warming
treatments did not affect the concentration and the total

release amount of AIF in both litters (Fig. 6). Litter
incubation forest type did not affect the release amount
of recalcitrant fractions (Table 3).

Discussion

Our first hypothesis that warming would increase
litter decomposition is partly supported. Except for
M. breviflora litter in the CBMF, mass loss of litter
at the lower-elevation site was significantly higher
(p < 0.05) than those at higher-elevation site by the
end of this study. Increases in litter mass loss in
response to warming were also reported in arctic
dwarf shrub, subalpine meadow and boreal forest

Table 3 Effects of warming treatment (warming), litter species
(species), sampling time(time), incubation forest (forest) and their
interactions on mass loss and element release from decompositon

leaf litter. The probability values are shown in the table. AIF, acid-
insoluble C fraction

Parameters Warming Species Species*
Warming

Time Time*
Warming

Time*
Species

Forest R2

Mass loss <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.99

C <0.0001 <0.0001 <0.0001 0.002 <0.0001 0.003 0.98

N <0.0001 <0.0001 <0.0001 0.02 <0.0001 0.92

p <0.0001 <0.0001 0.0008 <0.0001 <0.0001 0.0004 0.96

K 0.05 <0.0001 <0.0001 0.002 0.86

Na 0.005 <0.0001 <0.0001 <0.0001 0.91

Ca 0.03 <0.0001 0.62

Mg 0.01 <0.0001 0.03 0.84

AIF <0.0001 <0.0001 0.001 <0.0001 0.0001 <0.0001 0.97

0 3 6 9 12 15

Li
tte

r  
re

m
ai

ni
ng

 (%
)

20

40

60

80

100

120

300 m 
30 m

20

40

60

80

100

120

20

40

60

80

100

120
 600 m 
 300 m
 30 m

M. breviflora p<0.001

S. superba p=0.027

0 3 6 9 12 15
20

40

60

80

100

120

 300 m
 30 m

M. breviflora p=0.059

S. superba p<0.001

Decomposition time (month)

a

c d

bFig. 4 Litter mass remaining (%)
in the decomposition litter under
control and warming treatments
in the model mountain evergreen
broad-leaved forests (a and b) and
model coniferous and broad-
leaved forests (c and d). p < 0.05
represents the significance of
warming treatments on litter
decomposition for each species.
S. superba, Schima superba; M.
breviflora, Machilus breviflora

Plant Soil (2017) 420:277–287 283



(Rustad and Fernandez 1998; Verburg et al. 1999; Shaw
and Harte 2001). Since nutrient release was tightly
related to mass loss, the release of C, N, P, K, Ca and
Mg in the S. superba litter was significantly higher
(p < 0.05) at the lower-elevation site. The contents of
P, Ca, Mg and K in the litter were also found to be
positively related to litter decomposition rates in tropical
ecosystems (Mo et al. 2006; Zhang et al. 2008; Waring
2012). This is also consistent with the result of Bothwell
et al. (2014). They found that the percentage of leaf litter
N remaining after six months declined linearly with
increasing mean annual temperature from ∼ 88% of
initial N at the coolest site to ∼74% at the warmest site.
Consistent with the above results, the decay rate con-
stant (k) of litter at the lower-elevation site was signifi-
cantly higher (p < 0.05) than those at the higher-
elevation site except for M. breviflora in CBMF.

Translocating model forests from 600 m to 30 m led to
higher litter decomposition rates than translocating
model forests from 300m to 30m, suggesting the higher
temperature increased, the faster litter decomposed. In
our experiment, soil moisture was also decreased by the
downward translocation (from the altitude 300 m to
30 m). However, litter decomposition rates of both
litter species had not been inhibited in both model
forest types. We did the regression analysis of de-
composition constant k with soil temperature and
moisture at top 0–5 cm soil depth (Fig. 7). We found
that although both soil temperature and moisture
were controlling factors on litter decomposition,
the responses of litter decomposition to soil temper-
ature was substantially larger than to soil moisture,
which made soil moisture a minor factor in control-
ling leaf decomposition in our experiment.
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Our second hypothesis that effects of warming on
leaf-litter decomposition would differ between different
litter species was supported. Temperature sensitivity of
litter decay could strongly depend on the initial litter
quality, such as nutrient concentration, carbon (C) frac-
tions (labile and recalcitrant) and C:N (nitrogen) ratio
(Loranger et al. 2002; Arunachalam and Singh 2004;
Fierer et al. 2005; Wang et al. 2016). In our experiment,
higher contents of N, P, K and Mg were detected in the
S. superba litter than in theM. breviflora litter (Table 1),
which led to greater decomposition rates in the
S. superba litter in all chambers. Numerous studies have
well documented that litter N is one of the most common
factors limiting litter decomposition as it determines the
growth and turnover of microbial biomass mineralizing
the organic C (Taylor et al. 1989). Our study did confirm
that litter decomposition rates were positively correlated
with litter N and other nutrients. Further, our results
showed that the release rate of acid-insoluble C (AIF)
was lower than the rate of mass loss, so AIF concentra-
tion started to decrease from the 9 month. AIF would
undoubtedly contain all recalcitrant C fraction but main-
ly lignin (Effland 1977). Higher contents of acid-
insoluble C in the M. breviflora litter than in the
S. superba litter further inhibited the litter decomposi-
tion of M. breviflora. Xu et al. (2012) studied warming
effects on the early decomposition of red birch and
dargon spruce, and they also found that there were
marked differences between the two species in the de-
composition rates and nutrient remaining percentages as
the two species had quite different litter quality.

In addition to soil temperature, moisture and initial
litter quality, forest type was also reported to be an
important variable to influence litter quality (Smith
and Bradford 2003; Wang et al. 2016). Cornelissen
et al. (2007) reported that litter responses to warming
were likely to be influenced by vegetation change.
Against our third hypothesis, although significant dif-
ference of soil chemical properties was shown between
MEBF and CBMF (Table 2) in our study, litter decom-
position rates were not affected by the forest type dif-
ference. It suggests that soil properties’ difference (via
forest type difference) is not a key control factor on litter
decomposition in subtropical area. Recently, Gregorich
et al. (2017) also demonstrated that litter decay was
controlled by temperature other than soil properties in
a large agricultural region (ten sites spanning a 3500-km
transect) of Canada.

Temperature is expected to increase rapidly across all
tropical land surfaces, resulting in temperature regimes
that do not exist in the tropics today (Christensen et al.
2007). However, the potential responses of the tropical
forest to this imminent climatic change are still uncertain
(Cavaleri et al. 2015). There is urgent need for
conducting warming experiments in tropical forests
(Cavaleri et al. 2015). Using altitudinal gradients in the
tropics offers great opportunities for observational stud-
ies of temperature effects on plant and ecosystem func-
tioning (Malhi et al. 2010). In our study, we initiated the
warming treatments by translocating model forest eco-
systems from the high-elevation sites to the lower-
elevation sites. Temperature was significantly increased
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in both model forest types. Although high temperature
has existed in tropical area, simulated warming still
stimulated litter decomposition in our study. Marked
differences between the two litter species in the decom-
position rates and nutrient release were detected.
However, litter incubation forest type did not affect
litter decomposition for both litter types. Overall,
litter decomposition was controlled by soil tempera-
ture > litter quality >soil moisture > forest type in
the subtropical model forest under the experimental
warming in our study.

The S. superba and M. breviflora are common and
widely distributed species in subtropical China.
M. breviflora is also a heat-resistant plant. As litter mass
loss and the warming response of M. breviflora were
relatively small compared with that of S. superba litter,
more C would be stored in the local ecosystems when
we would plant more M. breviflora than S. superba
under the future global warming. In that case,
M. breviflora litter had slower decomposition and great-
er nutrient retention than S. superba, thus, the amount
of C released to the atmosphere from litter could
decline in this area. As experimental plots were set
up only two years before the decomposition exper-
iment it is likely that not the complete decomposer
community has been established in our study.
Hence, constant litter decomposition experiments
should be conducted in order to achieve the im-
proved understanding of warming effects on the
litter decomposition in subtropical China.

Conclusions

We investigated how translocation-induced warming
affected litter decomposition and nutrient release of
two contrasting tree species in the subtropical model
forests. Although relatively high temperature already
exists in subtropical area, we found that increased tem-
perature still increased litter decomposition rate and
nutrient loss for both litter species. The stimulation
effect for the litter decay with high quality was stronger
than the litter with low quality. However, forest type
difference did not affect litter decomposition although
soil substrate quality in these two forests was different.
In short, litter decomposition was controlled by the
order: soil temperature > litter quality > soil mois-
ture > litter incubation forest type under the experimen-
tal warming in the subtropical China.
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