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The manipulation of aboveground litter input affects soil CO, efflux in a
subtropical liquidambar forest in China

Litters on the forest floor represent an important organic carbon (C) sources
from aboveground plants to the soil, which therefore have a significant influ-
ence on belowground processes such as soil respiration. In this study, dynamic
property of soil respiration was investigated under aboveground litter manipu-
lation treatments in a liquidambar forest in subtropical China. The purpose of
this study was to examine the impacts of changing aboveground litter inputs
on soil CO, emission in forests. The litter manipulation included litter addition
(LA), litter removal (LR) and litter control (LC) treatments. Each litter treat-
ment had six replications. Soil respiration rates were measured using an in-
frared gas analyzer system (LI-COR 8100) with soil chambers. The results
showed that mean soil respiration rates increased significantly in LA plots
(mean & SE: 2.21 + 0.44 pmol ms™; P<0.05) and decreased slightly in LR plots
(1.17 + 0.16 pmol m?2s™) when compared to control plots (1.42 + 0.20 pmol
m?Zs™'). On average, LA treatment significantly increased annual soil respira-
tion by about 56% (837.5 + 165 gC m? year™), while LR treatment decreased
soil respiration by approximately 17% (443.1 + 61.7 gC m™ year™") compared
with the control (535.5 + 75.7 gC m™ year). The “priming effect” was a pri-
mary contributor to the increase of soil respiration in LA treatments and the
reduction of soil CO, efflux was mainly ascribed to the elimination of organic C
sources in LR treatments. Soil temperature was the main factor affecting sea-
sonal variation in soil respiration. Up to the 90% to 95% seasonal variation in
soil respiration is explained by soil temperature within each of the litter treat-
ments. Our study indicated that changes in litter inputs due to climate change
and human practices would significantly affected soil CO, emission and would
subsequently affect C balance in subtropical forests.
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Introduction

Soil respiration is commonly defined as
the total CO, efflux (FCO,) from the soil-lit-
ter surface and is one of the largest CO,
fluxes from land to the atmosphere (David-
son et al. 2006, Taneva et al. 2006). It has
been estimated that soil FCO, is about 75
PgC year" (Raich & Tufekcioglu 2000),
which is about ten times the flux of CO, to
the atmosphere contributed by the com-
bustion of fossil fuels (Rustad et al. 2000).
Therefore, this flux represents a major
component of the global carbon (C) cycle

that can directly affect atmospheric CO,
concentration and thereby the global cli-
mate systems (Schlesinger & Andrews
2000, Marland et al. 2001).

Carbon dioxide emission from forest soils
vary considerably, depending upon forest
types (Raich & Tufekcioglu 2000, Yan et al.
2014, Wang et al. 2016), stand composition
and structure (Han et al. 2015, Coletta et al.
2017), growth and development stages (Ir-
vine & Law 2002), as well as litter amount
on the floor (Zimmermann et al. 2009, Yan
et al. 2013). Aboveground litterfall repre-

sents a major pathway of C from plant to
the soil, and thus the litter amount accu-
mulated on forest floor plays a critical role
in maintaining forest production and regu-
lating belowground processes such as soil
respiration. Litter amount directly or indi-
rectly affect soil respiration by regulating
microclimatic conditions on the floor (Say-
er 2006), modifying microbial community
structure and function (Frey et al. 2004,
Waldrop et al. 2004, Brant et al. 2006),
changing the number of decomposer or-
ganisms (Cullings et al. 2003), affecting de-
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composition rates (Hobbie & Vitousek
2000, Rothstein et al. 2004) and altering
the amounts of available nutrients in the
soil (Sayer 2006). As a consequence,
changes in litter amount on soil surface
might result in a significant alteration of
soil respiration in forests (Brechet et al.
2017, Wu et al. 2017).

Elevated atmospheric CO, concentration
could stimulate plant growth and thereby
increase litterfall production in forest
ecosystems (Finzi et al. 2001, Sayer et al.
2007). Such increases of aboveground lit-
ter are likely to lead to changes in soil mi-
crobial community structure and activity,
which could constitute an important posi-
tive feedback to soil respiration process
(Waldrop & Firestone 2004, Sayer 2006). A
number of researchers have investigated
the responses of soil FCO, process to the
changes in litter amount on forest floor.
Sayer et al. (2007) reported that increased
litter in tropical forests boosts the transfer
of soil CO, to the atmosphere. Zimmer-
mann et al. (2009) indicated that litter
amount on soil surface made a large contri-
bution to diurnal and annual patterns of
soil respiration process in a tropical mon-
tane cloud forest. Our previous work has
shown that when litter inputs were double,
soil respiration increased about by 12% in a
Masson pine and Camphor tree mixed for-
est. However, such effect of increasing soil
FCO, was not found both in a pure Cam-
phor tree forest and in a pure Masson pine
forest. In contrast, litter exclusion signifi-
cantly reduced soil FCO, rates by approxi-
mately 20-40% in these subtropical ever-
green forests (Yan et al. 2013). Such vari-
able results suggest that more studies are
required to further understanding of the
impacts of changing litter inputs on soil
respiration in forests. It is a particular case
for deciduous forests, because less study
has been conducted in terms of litter-soil
respiration relation in this forest type, de-
spite deciduous forests are important com-
ponents of subtropical forest communities
(Polyakova & Billor 2007, Prevost-Boure et
al. 2010, Chen & Chen 2018).

Here, we conducted an aboveground lit-
ter input manipulation experiment to ex-
amine the impact of changes in litter inputs
on soil respiration rates in liquidambar
forests in the subtropical region of China.
We hypothesized that litter manipulation
treatments would affect soil FCO, rates
due to changes in carbon inputs in soil. The
liquidambar forests are a common timber
and green-garden deciduous forest type in
southern China. The litter manipulation ex-
periments were designed to address the
following questions: (i) Do the changes in
litter amount affect soil respiration rates in
this deciduous forest? (ii) Do the litter ma-
nipulation treatments alter the seasonal
patterns of soil FCO, process? (iii) Do the
relationships among soil respiration, soil
temperature and moisture vary due to the
change of litter inputs?
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Materials and methods

Study site

The study was carried out at Hunan
Botanical Garden in Changsha city, Hunan
Province, China (113° 02’ - 113° 03' E, 28° 06' -
28° 07’ N). The study area is a typical moist
subtropical zone with a mean annual tem-
perature of 17.2 °C and mean temperatures
of 4.7 and 29.4 °C in January and July, re-
spectively. Annual precipitation is 1200-
1700 mm and the average annual rainfall is
1422 mm, most of which occurring from
April to August. Mean annual relative hu-
midity is >80%. The frost-free period is 270-
310 days per year. The garden covers about
140 ha, with elevation of 50-110 m a.s.l. and
an average site slope of 5-15°. Soil is classi-
fied as a typical red earth developed from
slate parent rock, which is equal to Alliti-
Udic Ferrosols according to the World Ref-
erence Base for Soil Resources (CRG-CST
2001). Soil texture ranges from clay loam to
sandy loam. pH on the topsoil (0-10 cm)
was acidic with an average pH of 5.0. The
concentration of organic carbon and nitro-
gen in the top 20 cm of the soil were 23.1%
and 1.57%, respectively.

The liquidambar (Liquidambar formosana
Hance) forests were planted in 1986 with
an initial stand density of 2 x 2 m. When the
current study started in 2013, the average
height of the trees was 14.8 m, the average
diameter at breast height 16.8 cm, the
stand density 1100 trees per hectare and
the stand crown density 0.9. Understorey
consisted of Sassafeas tsumu Hemsl., Cin-
namomum camphora, Symplocos caudata
Wall. ex A. DC., Clerodendron cyrtophyllum
Turcz, Nephrolepis auriculata Trimen, Lo-
phantherum gracile Brengn., Miscanthus
floridulus Warband and Phytolacca acinosa
Roxb. T.

Experimental design

The experiment was a completely ran-
domized design (CRD) initiated in May
2013. Three plots (each with 20 x 20 m in
size) were chosen within the liquidambar
forests in the study site. Six 3 x 4 m sub-
plots were set up in each of the plots,
where litter manipulation treatments were
performed. Among these six subplots in a
plot, two subplots were subject to one of
the three litter manipulation treatments.
Thus, there were six replications (six sub-
plots) for each litter treatment in this
study.

Three litter manipulation treatments
were used in this study: litter removal (LR),
litter addition (LA) and litter control (LC)
treatments. The LR treatment was per-
formed to remove all litter materials from
the floor in the subplot at the beginning of
the study. Then a 1-mm-mesh collection
was installed about 0.8 m height above the
forest floor on the subplot to prevent litter
falling on the floor. All litter was collected
and removed from the mesh collection
twice a month. The LA treatment was per-
formed by transferring and evenly dis-

tributing litter materials obtained from a
LR subplot described above on LA sub-
plots. The LA treatment was carried out
twice a month. In the LC treatment, the
natural status of litter on the floor was
kept and the normal litter-fall process was
allowed, excluding any removal or addi-
tion. The monthly litter-fall production
varies greatly in the studied forests, rang-
ing from about 180 to 1100 kg ha” year™.
Two PVC collars were established at each
litter treatment subplot as the measure-
ment points of soil respiration, and the
mean value taken from these two PVC col-
lars was considered to represent soil respi-
ration from this subplot.

Soil FCO, measurements

Soil FCO, was measured on a biweekly ba-
sis from January 2013 to December 2014,
using a portable infra-red gas analyzer (LI-
COR 8100 with chamber (LI-COR Inc., Lin-
coln, Nebraska, USA). The measurements
were delayed by 2-3 days when the de-
signed time was a rainy day. At each mea-
surement point, a PVC collar (11.7 cm in di-
ameter, 4.4 cm in height) was installed into
the soil, leaving 2.5 cm protruding above
the soil surface. In order to minimize soil
disturbance from the deployment of the
flux chamber, PVC collars were placed into
the soil at least one week prior to the first
field measurement and remained in place
through the course of the study. In each
measurement date, soil FCO, measure-
ments were taken twice between 9:00 AM
and 6:00 PM at each measurement points.
The soil FCO, value at each measurement
point was the mean of the three sequential
flux estimates at each sampling interval.
Soil FCO, was calculated from the change
in CO, concentration in the chamber during
each flux measurements and the chamber
height. Soil FCO, is expressed as ymol m?
s™. The monthly data collection was timed
to span a few days with similar weather
patterns. A detailed description of soil FCO,
measurements is given in Yan et al. (2013,
2014).

Soil temperature and moisture
measurements

Soil temperature (Tsi) was measured si-
multaneously with soil FCO,, using a soil
thermocouple probe (LI-COR 6000-09 TC)
inserted in the soil to a depth of 5 cm be-
low the soil surface. Soil water contents
(Wsoit volumetric soil water content, %) in
the topsoil layer (0-5 cm) was measured us-
ing ECH,O Check (Decagon Devices Inc.,
Pullman, WA, USA) connected with EC-5 at
the vicinity of PVC collars during soil FCO,
measurements.

Statistical analysis

Analysis of variance (ANOVA) was used to
statistically assess the net effects of LR and
LA on soil FCO, rates, and plots temporal
(month-to-month) variation on soil FCO,
rates, T, and W.,. Specifically, a mixed-
design two-way repeated ANOVA was em-
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ployed to test the effects of between litter
treatments, measurement times, and treat-
ment x time interaction on soil respiration.
Prior to statistical analysis, the original soil
FCO, data were log-transformed to satisfy
the normality and homoscedasticity as-
sumptions of ANOVA. No log-transforma-
tion was performed on T, and W,y data.
Statistical analyses were conducted using
the SAS statistical package (SAS Institute
Inc. 2001).

Multiple regression analysis was em-
ployed to examine relationships between
soil FCO, and surrounding environmental
factors (Tsi and W). In order to accu-
rately describe soil FCO,-T,i and soil FCO,-
Wsai relationships, data from litter treat-
ment plots and control plots were sepa-
rately used in the development of the mod-
els related to such relationships.

Results

Litter manipulation treatments signifi-
cantly changed soil FCO, rates (P<0.001)
during this 2-year experiment. This effect
was not significantly different between the
measurement time of 2013 and 2014
(P>0.05). Specifically, litter addition (LA)
treatments significantly increased soil FCO,
rates (P = 0.0017) while litter removal (LR)
treatments significantly reduced soil FCO,
rates (P = 0.0199) compared to litter con-
trol (LC) treatments during the study pe-
riod. On average, soil FCO, rates increased
by approximately 56% in LA plots (mean *
SE: 2.21 + 0.44 pmol m* s”) and reduced by
about 17% in LR plots (1.17 £ 0.16 umol m*
s™) when compared to the LC plots (1.42 +
0.20 umol m? s™). Based on biweekly mea-
surements, the cumulative annual mean
soil FCO, was 535.5 * 75.7, 837.5 * 165.0,
and 443.1 £ 61.7 gC m* year” in LC, LA and
LR plots, respectively.

The dynamic patterns of soil FCO, rates
were similar in the three litter manipulation
treatment plots during the study period
(Fig. 1). The soil FCO, rates increased in the
spring and reached their peaks during the
summer times with a short falling-rising
process in July. Soil respiration then de-
creased in the autumn and reached its min-
imum in the winter. The soil FCO, rates var-
ied substantially, ranging from 0.21-2.66,
0.36-4.58, and 0.27-2.38 umol m? s” in LC,
LA and LR plots, respectively (Fig. 1).

On average, the maximum mean monthly
soil FCO, rates appeared in June and mini-
mum in February. There were likely two
peaks in terms of annual soil FCO, process
in liquidambar forests: one appeared in the
months of June and July and another in Oc-
tober. LA treatments significantly in-
creased monthly mean soil FCO, rate dur-
ing the whole course of the study when
compared to the control, while LR treat-
ments reduced monthly mean soil FCO,
rates significantly for all months, except in
the winter times when the difference was
not significant between the treated plots
and control plots (Fig. 2).

There were similar seasonal patterns in
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Tsoi in the three litter manipulation treat-
ment plots, with the highest during sum-
mer and the lowest during the winter (Fig.
3). Litter manipulation treatments did not
significantly change both T (P >0.05) and
Wi (P >0.05). Soil FCO, rates were strong-
ly correlated with T, (P = 0.0205 - Fig. 4),
but not with Wy (P = 0.2630 - Fig. 5) in all
studied plots. The relationship between
soil FCO, rates and T, can be described us-
ing an exponential function as follows. In
LA plots (eqgn. 1):

Soil FCO,=0.3552¢"%" T (™

where the corresponding Q. was 2.52 (R* =
0.903). In LR plots (eqn. 2):

Soil FCO,=0.2015 """ (2

where the corresponding Q. was 2.46 (R* =
0.966). In LC plots (eqn. 3):

Soil FCO,=0.2195¢"** 7 3)

where the corresponding Q,, was 2.57 (R* =
0.945).

Discussion

Climate change includes correlated in-
creases of atmospheric CO, concentration
and temperature on the Earth, which may
increase forest productivity, including lit-
terfall. But the consequences for soil FCO,
process remain poorly understood. The
present experiment was designed to ad-
dress how changes in aboveground litter
inputs affect CO, emission from the soil in
deciduous liquidambar forests. Our results
showed that soil FCO, rates significantly in-
creased by about 39% due to LA treatments
and declined by 10% in LR plots when com-
pared to the LC. These results were consis-
tent with other previous findings (Schaefer

et al. 2009, Sayer et al. 2011). For instance,
Sulzman et al. (2005) reported that dou-
bling needle litter addition caused a 34% in-
crease in the total C efflux in an old growth
coniferous forest. Li et al. (2004) found
that soil CO, efflux decreased considerably
by 54% and 68% on average in a secondary
forest and a plantation, respectively, com-
pared to the control. Chemidlin Prevost-
Boure et al. (2010) carried out a litter ma-
nipulation treatment in a temperate decid-
uous forest and found that soil FCO, signifi-
cantly increased by 60-120% in LA treat-
ment, but significantly decreased by 25-45%
in a litter exclusion treatment when com-
pared to the control. They attributed the
effect of litter treatment on the variations
in soil FCO, to the alteration of soil activity
mediated by the quantity of fresh litter. Lit-
terfall and litter decomposition constitute
a linkage between aboveground portion of
the plants and the soil and are a key
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2014.

Temperature (°C)

Fig. 5 - The relationships between soil respiration rates and soil
temperature in the liquidambar forests with various litter ma-
nipulation treatments during the period of time of 2013 and
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process in the regulation of C and nutrients
cycling (Sayer et al. 2007, Wang et al. 2008,
Zimmermann et al. 2009). The increase of
soil respiration with LA might be attributed
to several possible reasons. First, LA in-
creased C and nutrients resources in the
soil system and facilitated nutrients avail-
ability to soil organism uptake. Therefore,
it would stimulate soil fauna and microbial
activity, thereby increasing soil respiration
processes (Crow et al. 2009, Liu et al. 2009,
Li et al. 2011). Second, the inputs of fresh
organic C substrates due to LA increased
the leaching of organic acids, often result-
ing in a “priming effect”, which led an in-
crease in soil organic C mineralization and
soil FCO, rates (Kuzyakov 2010). Third, LA
modified microclimate environments on
forest floor such as T, and W, by de-
creasing soil exposure, which indirectly
caused a change in soil FCO, (Sayer 2006,
Yan et al. 2013). In contrast, the reduction
of soil FCO, under LR treatments was due
principally to the decline of nutrient inputs
into the soil, which resulted in a suppres-
sion of food and nutrient supply to micro-
bial communities (Vasconcelos et al. 2004,
Sayer et al. 2007).

Interestingly, the alterations in soil respi-
ration due to LA and LR treatments were
not proportional in the current study. In-
deed, the increase of soil FCO, due to LA
treatments (39% on average) were much
higher than the decrease of soil respiration
(10%) in LR treatments when compared to
the control, meaning about 29% higher
than expected by the LA treatment alone.
In fact, such a disproportional response in
soil respiration to changes in litter inputs
was a common phenomenon in forests.
Han et al. (2015) investigated the effects of
aboveground litter input manipulation on
soil respiration in three subtropical succes-
sional forests and found that soil respira-
tion decreased by 35% in LR plots and in-
creased by 77% in LA sites on average.
Sayer et al. (2007) reported that soil respi-
ration was on average 20% lower in the LR
and 43% higher in the LA treatment com-
pared to the controls in a lowland tropical
forest. In our previous study, we found soil
FCO, rates were significantly decreased by
about 39%, 24% and 22% in three evergreen
forest types (Camphor tree forests, mixed
forests, and Masson pine forest, respec-
tively) due to LR treatments. However, LA
treatments significantly increased soil CO,
by 12% in the mixed forests, but not in both
Camphor tree and Masson pine forests
when compared to the control (Yan et al.
2013). Although the mechanisms underly-
ing the different magnitudes of the effects
on soil respiration in LA and LR were not
clear, a number of factors were likely in-
volved in the results. It is well-known that
microorganism communities and their ac-
tivity play a central role in soil organic mat-
ter decomposition. Microbial communities
might respond differently to the added
fresh materials and to the removal of sub-
strates. These responses may be the result
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of a different status of labile C availability
for soil microorganisms (Wang et al. 2013),
the utilization of different decomposed C
resources (Fontaine et al. 2004, Kuzyakov
2010), the choice of specific degradable
carbohydrates and water-soluble sugar
components (Rasmussen et al. 2007), the
presence of a particular rhizosphere and
the associated mycorrhizal fungi commu-
nity (Crow et al. 2009) and the employ-
ment of linear and non-linear stratagems
for microbes growth and activity (Li et al.
2004).

Soil temperature (T.) is widely recog-
nized as a major abiotic factor related to
soil respiration in a single geographic area,
and the seasonal variations in soil respira-
tion process is closely linked with seasonal
patterns of soil temperature (Bond-Lam-
berty & Thomson 2010). In the current
study, soil FCO, rates were positively and
exponentially correlated with Ts (Fig. 5)
and these results are in agreement with
many previous studies (Bond-Lamberty &
Thomson 2010, Smith & Fang 2010, Yan et
al. 2014). Usually, the level of soil micro-
organisms’ activity increased with increas-
ing T.or and the activity of soil enzymes was
also enhanced under warming tempera-
ture, which caused a faster degradation of
soil organic matter (Fekete et al. 2011, Beni
et al. 2014). The temperature sensitivity
(the Q,, value) of soil respiration was often
described by an exponential equation and
was defined as a factor by which soil FCO,
increase with increasing of temperature of
10 °C (Reichstein et al. 2005). Our Q,, values
(2.46 - 2.57) in the three litter manipulation
treatments were well within the range of
published Q,, values widely across different
forest types (Zheng et al. 2009). It is wor-
thy to point out that the litter manipulation
experiment in the present study signifi-
cantly altered soil FCO, rates but did not af-
fect soil temperature and Q,, values, indi-
cating the priming effect occurred in the
study sites. Similar observations had been
previously reported in different forests
(Sulzman et al. 2005, Chemidlin Prevost-
Boure et al. 2010).

Conclusions

Climate change, forest management
practices, and local human activities might
result in changes of litter inputs and litter
amounts on forest floor, which had sub-
stantial effects on belowground processes
in forests. In this study, we examined how
litter input changes affect soil respiration
in a liquidambar forest in a subtropical re-
gion of China. LA treatments lead to a sig-
nificant increase in soil FCO,, while LR
treatments resulted in a significant reduc-
tion of soil respiration in the studied
forests when compared to the control. The
mechanisms of litter effects on soil respira-
tion is very complex, but the increase or
decrease in soil respiration are not likely
determined by local soil microclimates (Teo
and W,,;) and temperature sensitivity (Q:o)
because litter manipulation did not signifi-

cantly affected seasonal patterns of T
and Q,, among the three litter input treat-
ments. We proposed that the priming ef-
fect was a primary contributor to the in-
crease of soil respiration in LA treatments
and the reduction of soil FCO, was mainly
ascribed to the elimination of organic C
sources in LR treatments. Our results sug-
gest that changes in litter inputs due to cli-
mate change and human practices will sig-
nificantly affect soil CO, emission, thus af-
fecting the C balance in subtropical forests.

Acknowledgements

This project was financially supported by
Chinese Forestry Specific Research Grant
for Public Benefits (no. 201404316), New
Century Excellent Youth Program of the
Ministry of Education of China (no. NCET-
10-0151), “Bai Ren” Scholar Program of Hu-
nan Province, and Central South University
of Forestry and Technology’s grant (0842).

References

Beni A, Soki E, Lajtha K, Fekete | (2014). An opti-
mized HPLC method for soil fungal biomass de-
termination and its application to a detritus ma-
nipulation study. Journal of Microbiological
Methods 103: 124-130. - doi: 10.1016/j.mimet.20
14.05.022

Bond-Lamberty B, Thomson A (2010). Tempera-
ture-associated increases in the global soil res-
piration record. Nature 464: 579-582. - doi:
10.1038/natureo8930

Brant JB, Elizabeth EW, Sulzman EW, Myrold DD
(2006). Microbial community utilization of
added carbon substrates in response to long-
term carbon input manipulation. Soil Biology
and Biochemistry 38: 2219-2232. - doi: 10.1016/].
s0ilbi0.2006.01.022

Brechet L, Dantec V, Ponton S, Goret J, Sayer E,
Bonal D, Freycon V, Roy J, Epron D (2017).
Short- and long-term influence of litter quality
and quantity on simulated heterotrophic soil
respiration in a lowland tropical forest. Ecosys-
tems 20: 1190-1204. - doi: 10.1007/$10021-016-010
4-X

Chen X, Chen H (2018). Global effects of plant lit-
ter alterations on soil CO, to the atmosphere.
Global Change Biology 24: 3462-3471. - doi:
10.1111/gcb.14147

Chemidlin Prevost-Boure N, Soudani K, Damesin
C, Berveiller D, Lata JC, Dufrene E (2010). In-
crease in aboveground fresh litter quantity
over-stimulates soil respiration in a temperate
deciduous forest. Applied Soil Ecology 46: 26-
34. - doi: 10.1016/j.aps0il.2010.06.004

Coletta V, Pellicone G, Bernardini V, De Cinti B,
Froio R, Marziliano PA, Matteucci G, Ricca N,
Turco R, Veltri A (2017). Short-time effect of
harvesting methods on soil respiration dynam-
ics in a beech forest in southern Mediterranean
Italy. iForest 10: 645-651. - doi: 10.3832/ifor2032-
010

CRG-CST (2001). Chinese soil taxonomy. Science
Press, Beijing, China and New York, USA, pp.
203.

Crow SE, Lajtha K, Bowden RD, Yano Y, Brant JB,
Caldwell BA, Sulzman EW (2009). Increased
coniferous needle inputs accelerate decompo-
sition of soil carbon in an old-growth forest.

185

o)
1S
)
wn
[
1
o
L.
©
c
(1}
wn
(%
v
c
.OJ
v
v
o
(]
o0
0
(a0]
|
)
w
v
S
O
L



https://doi.org/10.1016/j.mimet.2014.05.022
https://doi.org/10.1016/j.mimet.2014.05.022
https://doi.org/10.3832/ifor2032-010
https://doi.org/10.3832/ifor2032-010
https://doi.org/10.1016/j.apsoil.2010.06.004
https://doi.org/10.1111/gcb.14147
https://doi.org/10.1007/s10021-016-0104-x
https://doi.org/10.1007/s10021-016-0104-x
https://doi.org/10.1016/j.soilbio.2006.01.022
https://doi.org/10.1016/j.soilbio.2006.01.022
https://doi.org/10.1038/nature08930

o)
1S
)
(7]
[
1
o
L
©
c
(1}
7]
[
v
c
‘OJ
v
w
o
(]
o0
0
(a0]
|
-
w
v
15
O
L

Yan W et al. - iForest 12: 181-186

Forest Ecology and Management 258: 2224-
2232. - doi: 10.1016/j.foreco.2009.01.014

Cullings KW, New MH, Makhija S, Parker VT
(2003). Effects of litter addition on ectomycor-
rhizal associates of a lodgepole pine (Pinus con-
torta) stand in Yellowstone National Park. Ap-
plied and Environmental Microbiology 69: 3772-
3776. - doi: 10.1128/AEM.69.7.3772-3776.2003

Davidson EA, Richardson AD, Savage KE, Hol-
linger DY (2006). A distinct seasonal pattern of
the ratio of soil respiration to total ecosystem
respiration in a spruce-dominated forest. Glob-
al Change Biology 12: 230-239. - doi: 10.1111/j.13
65-2486.2005.01062.x

Fekete I, Varga CS, Kotroczé ZS Téth JA, Vérbiré
G (2011). The relation between various detritus
inputs and soil enzyme activities in a Central Eu-
ropean deciduous forest. Geoderma 167-168:
15-21. - doi: 10.1016/j.geoderma.2011.08.006

Finzi AC, Allen AS, Delucia EH, Ellsworth DS,
Schlesinger WH (2001). Forest litter production,
chemistry, and decomposition following two
years of free-air CO, enrichment. Ecology 82:
470-484. - doi: 10.1890/0012-9658(2001)082
[0470:FLPCAD]2.0.CO;2

Fontaine S, Bardoux G, Benest D, Verdier B, Ma-
riotti A, Abbadie L (2004). Mechanisms of the
priming effect in a savannah soil amended with
cellulose. Soil Science Society of America Jour-
nal 68: 125-131. - doi: 10.2136/s553j2004.1250

Frey SD, Knorr M, Parrent JL, Simpson RT
(2004). Chronic nitrogen enrichment affects
the structure and function of the soil microbial
community in temperate hardwood and pine
forests. Forest Ecology and Management 196:
159-171. - doi: 10.1016/j.foreco.2004.03.018

Han T, Huang W, Liu J, Zhou G, Xiao Y (2015). Dif-
ferent soil respiration responses to litter ma-
nipulation in three subtropical successional for-
ests. Scientific Reports 5: 18166. - doi: 10.1038/
srep18166

Hobbie SE, Vitousek PM (2000). Nutrient limita-
tion of decomposition in Hawaiian forests.
Ecology 81: 1867-1877. - doi: 10.1890/0012-9658
(2000)081[1867:NLODIH]2.0.CO;2

Irvine J, Law BE (2002). Contrasting soil respira-
tion in young and old-growth ponderosa pine
forests. Global Change Biology 8: 1183-1194. -
doi: 10.1046/j.1365-2486.2002.00544.X

Kuzyakov Y (2010). Priming effects: interaction
between living and dead organic matter. Soil
Biology and Biochemistry 42: 1363-1371. - doi:
10.1016/j.s0ilbi0.2010.04.003

Li S, Liua W, Wang L, Maa W, Songa L (2011).
Biomass, diversity and composition of epi-
phytic macrolichens in primary and secondary
forests in the subtropical Ailao Mountains, SW
China. Forest Ecology and Management 261:
1760-1770. - doi: 10.1016/j.foreco.2011.01.037

Li Y, Xu M, Sun OJ, Cui W (2004). Effects of root
and litter exclusion on soil CO, efflux and mi-
crobial biomass in wet tropical forests. Soil Bi-
ology and Biochemistry 36: 2111-2114. - doi:
10.1016/j.50ilbi0.2004.06.003

Liu W, Zhang Z, Wan S (2009). Predominant role
of water in regulation soil and microbial respi-
ration and their response to climate change in
a semiarid grassland. Global Change Biology 15:
184-195. - doi: 10.1111/j.1365-2486.2008.01728.x

Marland G, McCarl BA, Schneider U (2001). Soll
carbon: policy and economics. Climate Changes

186

51: 101-117. - doi: 10.1023/A:1017575018866

Polyakova O, Billor N (2007). Impact of decidu-
ous tree species on litterfall quality, decompo-
sition rates and nutrient circulation in pine
stands. Forest Ecology and Management 253:
11-18. - doi: 10.1016/j.foreco.2007.06.049

Prevost-Boure N, Soudani K, Damesin C, Berveil-
ler D, Lata J, Dufrene E (2010). Increase in
aboveground fresh litter quantity over-stimu-
lates soil respiration in a temperate deciduous
forest. Applied Soil Ecology 46: 26-34. - doi:
10.1016/j.aps0il.2010.06.004

Raich JM, Tufekcioglu A (2000). Vegetation and
soil respiration: correlations and controls. Bio-
geochemistry 48: 71-90. - doi: 10.1023/A:1006
112000616

Rasmussen C, Southard RJ, Horwath WR (2007).
Soil mineralogy affects conifer forest soil car-
bon source utilization and microbial priming.
Soil Science Society of America Journal 71: 1141-
1150. - doi: 10.2136/5553j2006.0375

Reichstein M, Subke JA, Angeli AC, Tenhunen JD
(2005). Does the temperature sensitivity of de-
composition of soil organic matter depend
upon water content, soil horizon, or incubation
time? Global Change Biology 11: 1754-1767. - doi:
10.1111/j.1365-2486.2005.001010.X

Rothstein DE, Vitousek PM, Simmons BL (2004).
An exotic tree alters decomposition and nutri-
ent cycling in a Hawaiian montane forest. Eco-
systems 7: 805-814. - doi: 10.1007/510021-004-
0009-y

Rustad LE, Huntington TG, Boone RD (2000).
Controls on soil respiration: implications for cli-
mate change. Biogeochemistry 48: 1-6. - doi:
10.1023/A:1006255431298

SAS Institute Inc. (2001). SAS online documenta-
tion, version 8. SAS Institute Inc., Cary, NC,
USA.

Sayer EJ (2006). Using experimental manipula-
tion to assess the roles of leaf litter in the func-
tioning of forest ecosystems. Biological Re-
views 81: 1-31. - doi: 10.1017/51464793105006846

Sayer EJ, Powers JS, Tanner EVJ (2007). In-
creased litterfall in tropical forests boosts the
transfer of soil CO, to the atmosphere. PLoS
ONE 2: e1299. - doi: 10.1371/journal.pone.00012
99

Sayer EJ, Heard MS, Grant HK, Marthews TR,
Tanner EVJ (2011). Soil carbon release enhanced
by increased tropical forest litterfall. Nature Cli-
mate Change 1: 304-307. - doi: 10.1038/nclimate
1190

Schaefer DA, Feng W, Zou X (2009). Plant carbon
inputs and environmental factors strongly af-
fect soil respiration in a subtropical forest of
southwestern China. Soil Biology and Biochem-
istry 41: 1000-1007. - doi: 10.1016/j.soilbio.2008.
11.015

Schlesinger WH, Andrews JA (2000). Soil respira-
tion and the global carbon cycle. Biogeochem-
istry 48: 7-20. - doi: 10.1023/A:1006247623877

Smith P, Fang C (2010). A warm response by
soils. Nature 464: 499-500. - doi: 10.1038/4644
99a

Sulzman EW, Brant JB, Bowden RD, Lajtha K
(2005). Contribution of above- ground litter,
belowground litter, and rhizosphere respira-
tion to total soil CO, efflux in an old growth
coniferous forest. Biogeochemistry 73: 231-256.
- doi: 10.1007/5s10533-004-7314-6

Taneva L, Pippen JS, Schlesinger WH, Gonzalez-
Meler MA (2006). The turnover of carbon pools
contributing to soil CO, and soil respiration in a
temperate forest exposed to elevated CO, con-
centration. Global Change Biology 12: 983-994. -
doi: 10.1111/j.1365-2486.2006.01147.X

Vasconcelos SS, Zarin DJ, Capanu M, Littell R,
Davidson EA, Ishida FY, Santos EB, Araujo MM,
Aragao DV, Rangel-Vasconcelos LGT, Oliveira F,
McDowell WH, De Carvalho CJR (2004). Mois-
ture and substrate availability constrain soil
trace gas fluxes in an eastern Amazonian re-
growth forest. Global Biogeochemical Cycles
18: GB2009. - doi: 10.1029/2003GB002210

Waldrop MP, Firestone MK (2004). Microbial
community utilization of recalcitrant and sim-
ple carbon components: impact of oak-wood-
land plant communities. Oecologia 138: 275-
284. - doi: 10.1007/s00442-003-1419-9

Waldrop MP, Zak DR, Sinsabaugh RL (2004). Mi-
crobial community response to nitrogen depo-
sition in northern forest ecosystems. Soil Biol-
ogy and Biochemistry 36: 1443-1451. - doi: 10.101
6/j.s0ilbio.2004.04.023

Wang W, Cheng R, Shi Z, Ingwersen J, Luo D, Liu
S (2016). Seasonal dynamics of soil respiration
and nitrification in three subtropical planta-
tions in southern China. iForest 9: 813-821. - doi:
10.3832/ifor1828-009

Wang Q, He T, Wang S, Liu L (2013). Carbon input
manipulation affects soil respiration and micro-
bial community composition in a subtropical
coniferous forest. Agricultural and Forest Me-
teorology 178-179: 152-160. - doi: 10.1016/j.agrfor
met.2013.04.021

Wang Q, Wang S, Huang Y (2008). Comparisons
of litterfall, litter decomposition and nutrient
return in a monoculture Cunninghamia lanceo-
lata and a mixed stand in southern China. For-
est Ecology and Management 255: 1210-1218. -
doi: 10.1016/j.foreco.2007.10.026

Wu J, Zhang Q, Yang F, Lei Y, Zhang Q, Cheng X
(2017). Does short-term litter input manipula-
tion affect soil respiration and its carbon-iso-
topc signature in a coniferous forest ecosystem
of central China? Applied Soil Ecology 113: 45-
53. - doi: 10.1016/j.aps0il.2017.01.013

Yan W, Chen X, Tian D, Peng Y, Wang G, Zheng W
(2013). Impacts of changed litter inputs on soil
CO, efflux in three forest types in central south
China. Chinese Science Bulletin 58: 750-757. -
doi: 10.1007/511434-012-5474-7

Yan W, Xu W, Chen X, Tian D, Peng Y, Zhen W,
Zhang C, Xu J (2014). Soil CO, flux in different
types of forests under a subtropical microcli-
matic environment. Pedosphere 24: 243-250. -
doi: 10.1016/S1002-0160(14)60010-2

Zheng ZM, Yu GR, Fu YL, Wang YS, Sun XM,
Wang YH (2009). Temperature sensitivity of soil
respiration is affected by prevailing climatic
conditions and soil organic carbon content: a
trans-China based case study. Soil Biology and
Biochemistry 41: 1531-1540. - doi: 10.1016/j.s0il
bi0.2009.04.013

Zimmermann M, Meir P, Bird M, Malhi Y, Cc-
ahuana A (2009). Litter contribution to diurnal
and annual soil respiration in a tropical mon-
tane cloud forest. Soil Biology and Biochem-
istry 41: 1338-1340. - doi: 10.1016/j.s0ilbio.2009.
02.023

iForest 12: 181-186


https://doi.org/10.1016/j.soilbio.2009.02.023
https://doi.org/10.1016/j.soilbio.2009.02.023
https://doi.org/10.1016/j.soilbio.2009.04.013
https://doi.org/10.1016/j.soilbio.2009.04.013
https://doi.org/10.1016/S1002-0160(14)60010-2
https://doi.org/10.1007/s11434-012-5474-7
https://doi.org/10.1016/j.apsoil.2017.01.013
https://doi.org/10.1016/j.foreco.2007.10.026
https://doi.org/10.1016/j.agrformet.2013.04.021
https://doi.org/10.1016/j.agrformet.2013.04.021
https://doi.org/10.3832/ifor1828-009
https://doi.org/10.1016/j.soilbio.2004.04.023
https://doi.org/10.1016/j.soilbio.2004.04.023
https://doi.org/10.1007/s00442-003-1419-9
https://doi.org/10.1029/2003GB002210
https://doi.org/10.1111/j.1365-2486.2006.01147.x
https://doi.org/10.1007/s10533-004-7314-6
https://doi.org/10.1038/464499a
https://doi.org/10.1038/464499a
https://doi.org/10.1023/A:1006247623877
https://doi.org/10.1016/j.soilbio.2008.11.015
https://doi.org/10.1016/j.soilbio.2008.11.015
https://doi.org/10.1038/nclimate1190
https://doi.org/10.1038/nclimate1190
https://doi.org/10.1371/journal.pone.0001299
https://doi.org/10.1371/journal.pone.0001299
https://doi.org/10.1017/S1464793105006846
https://doi.org/10.1023/A:1006255431298
https://doi.org/10.1007/s10021-004-0009-y
https://doi.org/10.1007/s10021-004-0009-y
https://doi.org/10.1111/j.1365-2486.2005.001010.x
https://doi.org/10.2136/sssaj2006.0375
https://doi.org/10.1023/A:1006112000616
https://doi.org/10.1023/A:1006112000616
https://doi.org/10.1016/j.apsoil.2010.06.004
https://doi.org/10.1016/j.foreco.2007.06.049
https://doi.org/10.1023/A:1017575018866
https://doi.org/10.1111/j.1365-2486.2008.01728.x
https://doi.org/10.1016/j.soilbio.2004.06.003
https://doi.org/10.1016/j.foreco.2011.01.037
https://doi.org/10.1016/j.soilbio.2010.04.003
https://doi.org/10.1046/j.1365-2486.2002.00544.x
https://doi.org/10.1890/0012-9658(2000)081%5B1867:NLODIH%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5B1867:NLODIH%5D2.0.CO;2
https://doi.org/10.1038/srep18166
https://doi.org/10.1038/srep18166
https://doi.org/10.1016/j.foreco.2004.03.018
https://doi.org/10.2136/sssaj2004.1250
https://doi.org/10.1890/0012-9658(2001)082%5B0470:FLPCAD%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2001)082%5B0470:FLPCAD%5D2.0.CO;2
https://doi.org/10.1016/j.geoderma.2011.08.006
https://doi.org/10.1111/j.1365-2486.2005.01062.x
https://doi.org/10.1111/j.1365-2486.2005.01062.x
https://doi.org/10.1128/AEM.69.7.3772-3776.2003
https://doi.org/10.1016/j.foreco.2009.01.014

	The manipulation of aboveground litter input affects soil CO2 efflux in a subtropical liquidambar forest in China
	Introduction
	Materials and methods
	Study site
	Experimental design
	Soil FCO2 measurements
	Soil temperature and moisture measurements
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


