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• Soil temperature is not a key driver of
seasonal variations in Ra.

• The temperature sensitivity of Rh was
significantly affected by vegetation type.

• Vegetation type had minor effects on
the temperature sensitivity of Rt and Rh.

• Q10 of Rt and its components were relat-
ed to different environmental variables
across six vegetation types.
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The temperature sensitivity of soil respiration (Q10) is a key parameter for estimating the feedback of soil respiration
to global warming. The Q10 of total soil respiration (Rt) has been reported to have high variability at both local and
global scales, and vegetation type is one of themost important drivers. However, little is knownabout howvegetation
types affect the Q10 of soil heterotrophic (Rh) and autotrophic (Ra) respirations, despite their contrasting roles in soil
carbon sequestration and ecosystem carbon cycles. In the present study, five typical plantation forests and a naturally
developed shrub and herb land in subtropical China were selected for investigation of soil respiration. Trenching was
conducted to separate Rh and Ra in each vegetation type. The results showed that both Rt and Rh were significantly
correlatedwith soil temperature in all vegetation types, whereas Rawas significantly correlatedwith soil temperature
in only four vegetation types.Moreover, on average, soil temperature explained only 15.0% of the variation in Ra in the
six vegetation types. These results indicate that soil temperature may be not a primary factor affecting Ra. Therefore,
modeling of Ra basedon its temperature sensitivitymaynot always bevalid. TheQ10 of Rhwas significantly affectedby
vegetation types, which indicates that the response of the soil carbon pool to climate warming may vary with
vegetation type. In contrast, differences in neither the Q10 of Rt nor that of Ra among these vegetation types were
significant. Additionally, variation in theQ10 of Rt among vegetation typeswas negatively related to fine root biomass,
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whereas the Q10 of Rhwasmostly related to total soil nitrogen. However, the Q10 of Rawas not correlatedwith any of
the environmental variables monitored in this study. These results emphasize the importance of independently
studying the temperature sensitivity of Rt and its heterotrophic and autotrophic components.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Total soil respiration (Rt) is one of the most important ecological
processes, because it is the second largest carbon flux in terrestrial eco-
systems (Schlesinger and Andrews, 2000) and has the potential to in-
duce considerable variation in atmospheric carbon dioxide
concentration in a world with changing climate (Andrews et al.,
1999). The temperature sensitivity of Rt has been widely used to esti-
mate the feedback intensity of Rt to increasing temperature
(Reichstein et al., 2003; Davidson and Janssens, 2006). The Q10 value,
a proportional change in soil respiration with a 10 °C increase in tem-
perature, is one of the most common parameters used to describe the
temperature sensitivity of soil respiration.

Most of the previous studies on the temperature sensitivity of soil
respiration have focused on Rt. However, Rt is overwhelmingly consti-
tuted of heterotrophic (Rh) and autotrophic respiration (Ra), which
could respond differently to different environmental variables
(Gaumont-Guay et al., 2008; Savage et al., 2013; Matteucci et al.,
2015) and make distinct contributions to soil carbon sequestration
(Kuzyakov, 2006). In addition, previous studies have shown that Rh

and Ra exhibit different temperature sensitivities (e.g. Boone et al.,
1998; Rey et al., 2002), which indicates that they respond differently
to global warming, and this consequently increases the uncertainty in
attempting to estimate future changes in the soil carbon pool. According
to the Arrhenius equation and Michaelis–Menten kinetics, the differ-
ence in temperature sensitivity between Rh and Ra may be attributed
to differences in substrate availability (Davidson and Janssens, 2006;
von Luetzow and Koegel-Knabner, 2009). Additionally, temperature
sensitivity estimates based on field monthly measurements include
not only the response of soil respiration to soil temperature (ST) but
also to other ecological processes such as litter fall and root growth
(Davidson et al., 1998; Vargas and Allen, 2008). Consequently, both
the different dominant drivers of Rh and Ra and the asynchronous dy-
namics of these drivers may also contribute to the differences in tem-
perature sensitivity.

Early soil respirationmodels treatedQ10 as a spatially invariant value
(Aber et al., 1997; Tian et al., 1999; Friedlingstein et al., 2006), which
could introduce bias regarding feedback intensity (Zhou et al., 2009).
Recent studies have revealed that the Q10 of Rt is highly variable at
both global and local scales (Lenton and Huntingford, 2003; Peng
et al., 2009; Xu et al., 2015). Vegetation type is one of themost common
variables related to the variation of Q10 (Raich and Tufekcioglu, 2000;
Song et al., 2013; Diaz-Pines et al., 2014). The Q10 of Rt is affected by
both soil and plant attributes, including soil water content (SWC)
(Wen et al., 2006; Yan et al., 2013), ST (Wen et al., 2006), soil organic
matter (Zheng et al., 2009), plant photosynthesis and productivity
(Boone et al., 1998; Wan and Luo, 2003; Subke and Bahn, 2010), and
plant phenology (Yuste et al., 2004; DeForest et al., 2006).

There have, however, only been a few studies that have focused on
the effects of vegetation type on the temperature sensitivity of Rh and/
or Ra in thefield. Currently, there is no consensus onwhether vegetation
type affects the temperature sensitivity of Rh and Ra. Some studies have
reported a positive effect of vegetation type on the Q10 of Rh (Lee et al.,
2010; Uchida et al., 2010), whereas other studies have shown that veg-
etation type has a neutral effect on the Q10 of Rh (Vesterdal et al., 2012;
Shi et al., 2015). There have been few studies that have explored the ef-
fect of vegetation type on the temperature sensitivity of Ra, and these
have reported different results (Luan et al., 2011; Yan et al., 2015). It is
still not clear why these discrepancies exist. Additionally, there is
currently little information on how temperature sensitivity of Rh and
Ra vary with vegetation types, and those studies that have been con-
ducted have reported conflicting results. For example, Lee et al. (2010)
found that the Q10 values of Rt, Rh, and Ra for a coniferous plantation
were higher than those in a Quercus-dominated forest, which indicated
that the Q10 values of Rt, Rh, and Ra varied similarly with vegetations
types. However, Wang et al. (2013) showed that the Q10 of Ra was sig-
nificantly different between a pine plantation and a larch plantation,
but that the Q10 of Rt and Rh was similar.

In the present study, our main objectives were (i) to separate Rt into
Rh and Ra, thereby enabling us to independently quantify their temper-
ature sensitivity in six typical vegetation types in subtropical China, and
(ii) to examine how the Q10 values of Rt, Rh, and Ra vary according to
vegetation type.

2. Materials and methods

2.1. Site description and trenching

The study site is located at Heshan National Field Research Station of
Forest Ecosystem (Heshan station), Heshan County, in the central part
of Guangdong Province, south China (112°54′E, 22°41′N; 80 m above
sea level). This area is characterized by a typical south subtropical mon-
soon climate. The mean annual temperature is 21.7 °C and the highest
and lowest mean monthly temperatures are 28.7 °C (in July) and
13.1°C (in January), respectively. The mean annual effective accumulat-
ed temperature (≥10 °C) is 7597.2 °C. Themean rainfall is 1700mmand
the mean evaporation is 1600 mm. The soil is classified as a Ultisol de-
veloped from sandstone (FAO, 2006).

In the present study, six vegetation types, five plantations and a nat-
urally recovered shrub and herb land (SH), were selected. The five plan-
tations were as follows: a mixed species plantation containing 10 tree
species (10S), a mixed species plantation containing 30 tree species
(30S), an Acacia crassicarpa monoculture (AC), a Castanopsis hystrix
monoculture (CH), and a Eucalyptus urophylla monoculture (EU). The
trees planted in 10S comprised seven native species (Castanopsis hystrix,
Liquidambar formosana, Machilus chinensis, Cinnamomum burmannii,
Tsoongiodendron odorum, Bischofia javanica, and Schima superba) and
three exotic species (Magnoliaceae glanca, Jacaranda acutifolia, and
Dillenia indica). The 30S plantation contained all the species planted in
10S and a further 17 native species (Micheliamacclurei,Ormosia pinnata,
Sterculia lanceolata, Garcinia oblongifolia, Garcinia cowa, Dracontomelon
dao, Elaeocarpus japonicus, Cinnamomum parthenoxylon, Radermachera
sinica, Maesa japonica, Dolichandrone caudafelina, Michelia chapensis,
Syzygium cumini, Elaeocarpus apiculatus, Castanopsis fissa, Acronychia
pedunculata, Schefflera octophylla) and three exotic species (Delonix
regia, Grevillea robusta, and Pterocarpus indicus) The plantations were
established in May 2005, and a complete randomized design
was employed for plantation configuration. There were three replica-
tions for each vegetation type. The trees were planted with a spacing
of 3 × 2 m and the area used for each replication was 1 ha.

Four subplots in SH and Six subplots (1m× 1m) in other vegetation
types between the trees and 8–10 m apart from each other were
established. Half of these subplots were trenched in the early spring of
2007, and the other three untrenched plots served as controls. For the
trenched treatments, a trench of width 0.2 m wide and depth 1 m was
dug around each subplot. After lining the trenchwith polyvinyl chloride
(PVC), soil was refilled back into the trench according to the original soil
profile, and was subsequently kept free of seedlings and herbs by
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manual removal. At the end of 2012, the trenched subplots were re-
trenched using the same procedure to sever roots growing into the
subplot.

2.2. Soil respiration, temperature, and moisture measurement

Soil respirationwasmeasured using a soil CO2 Flux system (Li-8100,
LI-COR Ltd., Lincoln, NE, USA) during the period from March 2013 to
February 2014. A PVC collar (20 cm internal diameter, 5 cm height),
was positioned and inserted 3 cm into the soil in each subplot. PVC col-
lars were left in the same locations throughout the experiment inwhich
soil respiration was measured in situ. Measurements were conducted
once a month during the period 09:00–11:30 AM, the exception being
June because of heavy rain. Rt and Rh values were obtained from the
control and trenched plots, whereas Ra was calculated as the difference
between Rt and Rh.

ST and SWC at 5 cmwere recorded simultaneously using the LI-8100
system when the soil respiration was measured. The average value of
three measurements was used for data analysis. No measurement of
SWC was obtained in February 2014 owing to equipment malfunction.
In studies of soil respiration, soil temperature has beenmeasured at dif-
ferent depths at different sites; for example, at depths of 2.5 cm
(Akinremi et al., 1999), 5 cm (Rayment and Jarvis, 1997), and 10 cm
(Rey et al., 2002). We decided to measure ST at 5 cm because (i) the
R2 of the soil respiration–ST relationship may be higher at this depth
(Pavelka et al., 2007), and (ii) this depth is widely adopted, and thus fa-
cilitates comparison with other studies (Xu et al., 2015).

2.3. Q10 value

Numerous equations have been developed to express the tempera-
ture sensitivity of soil respiration (Davidson et al., 2006). In the present
study, the Q10 values were estimated using a first-order exponential
equation of the Van't Hoff type (Lloyd and Taylor, 1994; Davidson
et al., 2006), which is the most commonly used expression (Xu et al.,
2015):

Rt or Rh;Rað Þ ¼ aebT;

whereRt, Rh, andRa represent the soil respiration efflux(μmolm−2 s−1),
T is ST (°C) at 5 cmdepth, and a and b are fitted parameters. The b values
were used to calculate the Q10 value to describe the temperature sensi-
tivity of soil respiration according to the following equation:

Q10 ¼ e10b:

2.4. Soil and vegetation sampling and analysis

Three mixed soil samples were taken from a depth of 0–10 cm in
each plot in August 2013. SOC was measured using the H2SO4–
Table 1
Soil characteristics associated with the six vegetation types.

Vegetation type MST (°C) MSWC (%)

10S 21.58 ± 0.40a 25.41 ± 1.25a
30S 21.03 ± 0.21a 22.86 ± 1.48a
AC 21.23 ± 0.15a 26.59 ± 1.44a
CH 21.58 ± 0.41a 20.69 ± 0.83a
EU 21.19 ± 0.16a 24.23 ± 1.36a
SH 21.53 ± 0.61a 27.72 ± 0.82a
P value 0.691 0.136

MST,MSWC, pH, SOC, and TN are themean soil temperature at 5 cmduring the experimental p
0–10 cm, soil organic content at 0–10 cm, and total soil nitrogen at 0–10 cm, respectively. 10S,
species plantation containing 30 tree species, Acacia crassicarpamonoculture,Castanopsis hystrix
means ± SE, n= 3. One-way ANOVA and Tukey's test were used to compare soil characteristi
different vegetation types at the P = 0.05 level.
K2Cr2O7 oxidation method (Wang et al., 2010). Soil total nitrogen (TN)
was determined using the Kjeldahl acid digestion method with an
Alpkem autoanalyzer (Kjeltec System 1026 Distilling Unit, Sweden)
(Mo et al., 2016). Leaf area index (LAI) was measured in August 2013
using a Plant Canopy Analyzer (LAI 2000, LI-COR Ltd., Lincoln, NE,
USA). At the beginning of measurements, five measurements were
taken above the canopy level in an open field, and then at least 10 mea-
surements were taken below the canopy level around each subplot. The
mean of the 10 measurements was treated as the value of the subplot.
Aboveground litter input (ALI) was estimated using litter traps. Three
litter traps of area 1 m × 1m and height 1.2 mwere randomly installed
in each plot. Litter falling into the trapswas collected once amonth. The
collected leaf litterwas taken back to the laboratory and dried at 65 °C to
a constant mass and then weighed. We were unable to quantify the LAI
and ALI for the SH plot because of the absence of a tree layer. Fine root
biomass (FRB) was quantified in September 2013, when the FRB
might have reached a maximum value (Xu et al., 2013). We used soil
cores of 2.4-cm diameter × 10-cm depth to sample fine roots. Twelve
soil cores collected from each plot were taken to the laboratory, and
then carefully washed through a 0.5-mm mesh sieve to identify live
roots. Root samples were oven-dried at 65 °C to a constant mass and
then weighed.

2.5. Statistical analysis

Differences in soil and vegetation characteristic and soil respiration
among the different vegetation types were analyzed using a one-way
ANOVA. Pairwise comparisonwas conducted using Tukey's studentized
range test. Pearson's correlation analysis was used to quantify the rela-
tionship between soil and vegetation characteristics and Q10across the
six vegetation types. All datawere analyzed using the SPSS 16.0 package
(SPSS, Chicago, IL, USA). The significance of differences obtainedwith all
the statistical tests was evaluated at P = 0.05.

3. Results

3.1. The effects of vegetation type on soil and plant characteristics

There were only slight effects of vegetation type on soil and plant
characteristics (Tables 1, 2). The effects of vegetation type on
mean soil temperature (MST, P = 0.691), mean soil water content
(MSWC, P = 0.136), SOC (P = 0.693), TN (P = 0.482), and LAI (P =
0.251) were not significant. However, some of the trends are worthy
of mention. We found that MSWC for the SH plot was the highest,
being 15.7% higher than the mean of the five plantations. Both SOC
and TN were extremely low in the EU plot, which were respectively
26.5% and 26.9% lower than the means for the other vegetation types.
Vegetation type had significant effects on soil pH (P = 0.040). The 10S
plot had the highest pH and this was significantly higher than that of
the AC plot (P = 0.027). ALI was significantly different among the five
plantation types (P = 0.006). ALI in the AC plot was approximately
pH SOC (g kg−1) TN (g kg−1)

3.92 ± 0.01a 44.89 ± 3.42a 1.86 ± 0.18a
3.85 ± 0.03ab 40.18 ± 3.71a 1.71 ± 0.08a
3.80 ± 0.01b 43.98 ± 8.85a 1.80 ± 0.17a
3.85 ± 0.03ab 40.10 ± 5.93a 1.71 ± 0.29a
3.89 ± 0.01ab 30.79 ± 8.28a 1.27 ± 0.30a
3.84 ± 0.03ab 40.22 ± 6.09a 1.61 ± 0.17a
0.040 0.693 0.482

eriod, annualmean soil water content at 0–5 cmduring the experimental period, soil pH at
30S, AC, CH, EU, and SH are the mixed species plantation containing 10 tree species, mixed
monoculture, Eucalyptus urophyllamonoculture, and a shrub and herb land. Values are the
cs among the vegetation types. Different letters indicate significant differences among the



Table 2
Plant characteristic for the six vegetation types.

Vegetation type LAI ALI (g m−2 yr−1) FRB (g m−2)

10S 1.89 ± 0.67a 324.1 ± 67.2b 141.91 ± 22.90ab
30S 2.13 ± 0.54a 256.5 ± 31.7b 187.99 ± 33.19a
AC 2.33 ± 0.37a 556.1 ± 36.9a 134.54 ± 5.92ab
CH 1.10 ± 0.26a 362.7 ± 31.7ab 113.04 ± 16.29ab
EU 1.08 ± 0.34a 377.7 ± 32.7ab 117.95 ± 17.12ab
SH – – 90.31 ± 4.26b
P value 0.251 0.006 0.057

LAI, ALI, and FRB are the leaf area index during the wet season, aboveground litter input
during the experimental period, andfine root biomass during thewet season, respectively.
Values are the means ± SE, n = 3. One-way ANOVA and Tukey's test were used to com-
pare vegetation characteristics among the vegetation types. Different letters indicate sig-
nificant differences among vegetation types at the P = 0.05 level.
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two times greater than that for the other plantations, and was signifi-
cantly higher than that in the 10S (P = 0.019) and 30S (P = 0.003)
plots. FRB was slightly affected by the vegetation type (P = 0.057).
Tukey's test showed that FRB in the 30S plot was significantly higher
than that in the SH plot (P = 0.035).

3.2. The response of Rt, Rh, and Ra to ST in the six vegetation types

Rt in the 10S, 30S, AC, CH, EU, and SH plots was significantly expo-
nentially to ST (P b 0.001) (Fig. 1). Similarly, there were exponential re-
gression relationships between Rh and ST in plots 10S, 30S, AC, CH, EU,
and SH (P b 0.001) (Fig. 2). However, only in plots 10S, AC, CH, and SH
did Ra show a significant exponential regression relationship with ST
(P b 0.01). In plots 30S and EU, Rawas not significantly exponentially re-
lated to ST (P N 0.05) (Fig. 3). On average, ST explained 40.9% of the var-
iation in Rt in the six vegetation types (Fig. 1), and 56.8% of Rh (Fig. 2). In
contrast, ST explained only 15.0% of the variation in Ra (Fig. 3). More-
over, in each vegetation type, the degree of correlation between ST
and Ra was the lowest among the different respirations.

3.3. The effects of vegetation type on the temperature sensitivity of Rt, Rh,
and Ra

The Q10 values for Rt in vegetation types 10S, 30S, AC, CH, EU, and SH
were 1.82 ± 0.14, 1.48 ± 0.08, 1.82 ± 0.24, 1.96 ± 0.19, 1.85 ± 0.32,
and 2.28 ± 0.13, respectively (Fig. 4). The Q10 of Rt in plot SH tended
Fig. 1. The response of Rt (total soil respiration) to soil temperature (ST) in si
to be higher than that in the plantations, being 27.7% higher than the
mean of the Q10 of Rt in the five plantations and 54.1% higher than the
lowest Q10 of Rt in plot 30S (P = 0.119). Overall, however, the effect
of vegetation type on the Q10 of Rt was not significant (P = 0.216).
The Q10 values for Rh in vegetation types 10S, 30S, AC, CH, EU, and SH
were 1.94 ± 0.07, 1.65 ± 0.04, 1.57 ± 0.12, 1.73 ± 0.07, 2.2 ± 0.10,
and 1.91 ± 0.19, respectively, which were significantly affected by the
vegetation type (P = 0.017) (Fig. 4). The Q10 of Rh in plot EU was
the highest, and was significantly higher than the Q10 of Rh in plots
30S (P = 0.038) and AC (P = 0.016). The Q10 values for Ra in
plots 10S, AC, CH, and SH were 1.76 ± 0.44, 1.96 ± 0.31, 1.66 ± 0.17,
2.59 ± 0.52, respectively (Fig. 4). The vegetation type did not signifi-
cantly affect the Q10 of Ra in these vegetation types (P = 0.250).

3.4. The relationship between Q10 and environmental variables

The Q10 of Rt was negatively related to FRB (r=−0.954, P=0.003)
across the six vegetation types (Table 3). No other significant relation-
ship was found between the Q10 of Rt and environmental variables.
TN showed the strongest relationship with the Q10 of Rh (r = −0.733,
P= 0.098). In contrast to the other environmental variables examined,
SOC was also closely related to the Q10 of Rh (r = −0.683, P = 0.135).
Since both TN and SOC are widely accepted as indicators of soil organic
matter, our resultsmay indicate that the Q10 of Rh is regulated by soil or-
ganic matter across six vegetation types. In contrast, the Q10 of Ra was
not closely related to any of the environmental variables examined in
this study. Notably, although not significant, some of the environmental
variables could affect Q10 in contrary ways for different types of Q10. For
example, LAIwas negatively related to theQ10 of Rt and Rh, but was pos-
itively related to the Q10 of Ra.

4. Discussion

4.1. Vegetation type has minor effects on the Q10 of Rt.

At a local scale, the Q10 of Rt has generally been found to be related to
SWC across different vegetation types. For example, J. Luan et al. (2013)
showed that the Q10 of Rt in a pine plantation was higher than that in a
nearby oak forest, whichwas attributed to the higher SWC at the former
site. Similarly, Wang et al. (2006) found that the Q10 of Rt in six temper-
ate forests varied significantly and was related to SWC. In the present
x vegetation types. See Table 1 for the abbreviations of vegetation types.



Fig. 2. The response of Rh (heterotrophic respiration) to soil temperature (ST) in six vegetation types. See Table 1 for the abbreviations of vegetation types.
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study, Rt in the natural developed shrub and herb land tended to be
more sensitive to soil temperature than that in the plantations, which
may due to the higher SWC of this vegetation.

Overall, however, our results indicate that vegetation type did not af-
fect the Q10 of Rt, which contrasts with the findings of many previous
studies (Jenkins and Adams, 2011; Song et al., 2013; e.g. Diaz-Pines
et al., 2014). Nevertheless, the findings of some previous studies are
consistent with those of the present study. For example, Kim et al.
(2010) found that there were no significant differences in the Q10 of Rt

among adjacent deciduous, coniferous, and mixed forests in Korea.
Moreover, Yan et al. (2013) found no significant difference in the Q10

of Rt between a forest and a grassland at a small scale in the eastern
Loess Plateau of China. The former authors suggested that the non-
significant differences could be attributable to the only slight variation
in soil and plant variables among the different vegetation types, where-
as the latter authors suggested that any differences could be offset by
different environmental factors. In the present study, the differences
in soil and plant characteristics among the different vegetation types
were small, most of which were not significant. Additionally, the Q10
Fig. 3. The response of Ra (autotrophic respiration) to soil temperature (ST) at
of Rt was positively related to some environmental variables but nega-
tively related to others. Consequently, both of these factors could be
the potential reason for the non-significant effects of vegetation type.
It should also be noted that the temperature sensitivity of Rt is, in fact,
the integrative response of Rh and Ra to soil temperature. Accordingly,
the effect of vegetation type could be confounded by the different re-
sponses of the Q10 of Rh and Q10 of Ra to the different vegetation types.

The Q10 values for Rt were negatively related to FRB in the six vege-
tation types examined in this study. Roots have been found to increase
(Boone et al., 1998; Lee et al., 2010) or decrease (Lin et al., 1999) the
temperature sensitivity of Rt, whereas other studies have found no sig-
nificant relationship between FRB and the Q10 of Rt (Wang et al., 2016).
Even in the same study, FRB was positively related to the Q10 of Rt in a
pine forest, but was not significantly related to the Q10 of Rt in an adja-
cent oak plantation (J.W. Luan et al., 2013). Additionally, the findings of
this study indicate that, as a consequence of having higher fine root bio-
mass, the oak plantation had a lower Q10 of Rt compared to the pine
plantation. These contradictions serve to complicate the issue of how
roots affect the temperature sensitivity of Rt. The partition of Rt into Rh
six vegetation types. See Table 1 for the abbreviations of vegetation types.



Fig. 4.Q10 values for Rt (total soil respiration), Rh (heterotrophic respiration), and Ra (autotrophic respiration) in six vegetation types. Q10 is the temperature sensitivity of soil respiration
(Q10= e10b). The error bars represent the standard error of themean (n=3). A one-way ANOVA and Tukey's test were used to compare the Q10 of Rt, Rh, and Ra among the six vegetation
types. Different letters indicate significant differences (P = 0.05) among the vegetation types. See Table 1 for the abbreviations of vegetation types.
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and Ra may provide a more detailed mechanistic insight on the drivers
of the Q10 of Rt. However, neither the Q10 of Rh nor Ra alone was signif-
icantly related to FRB, and it remains unclearwhich factors contribute to
the negative correlation between FRB and the Q10 of Rt.

4.2. Vegetation type significantly affect the Q10 of Rh

There have been only a few studies on the Q10 of Rh, and at present,
there is no consensus on whether vegetation type has an effect on this
parameter (e.g. Lee et al., 2010; Vesterdal et al., 2012). The present
study provides evidence indicating that vegetation type could affect
the Q10 of Rh in plantations in subtropical China. Afforestation, com-
bined with shrub recovery since the 1980s has accounted for N65% of
the carbon sink in China's terrestrial ecosystems (Piao et al., 2009). As
one of the most widely cultivated plantation types in this region, euca-
lyptus plantations have the highest Q10 of Rh among the vegetation
types examined in the present study. A previous study has shown that
eucalyptus plantations have a large carbon sink in this site (Chen
et al., 2011). However, compared to other vegetation types, the soil car-
bon sequestration capacity of eucalyptus plantations may be compro-
mised by the high Q10 of Rh. In contrast, AC, another typically fast-
growing plantation in south China, had the lowest Q10 of Rh. Additional-
ly, the 30S plantation tended to have the lowest Q10 value of Rh, which
may suggest that higher species numbers would alleviate the feedback
intensity of Rh to warming. It is still not known what contributes to
Table 3
The relationship betweenQ10 and soil and plant characteristics across six vegetation types.

Q10 of Rt Q10 of Rh Q10 of Ra

P = 0.190 P = 0.243 P = 0.655
n = 6 n = 6 n = 4

SWC r = 0.569 r = 0.085 r = 0.748
P = 0.239 P = 0.872 P = 0.252
n = 6 n = 6 n = 4

pH r = −0.108 r = 0.719 r = −0.330
P = 0.839 P = 0.107 P = 0.670
n = 6 n = 6 n = 4

SOC r = −0.036 r = −0.683 r = −0.374
P = 0.947 P = 0.135 P = 0.626
n = 6 n = 6 n = 4

TN r = −0.165 r = −0.733 r = −0.714
P = 0.754 P = 0.098 P = 0.286
n = 6 n = 6 n = 4

LAI r = −0.588 r = −0.656 r = 0.938
P = 0.297 P = 0.229 P = 0.225
n = 5 n = 5 n = 3

ALI r = 0.482 r = −0.257 r = 0.883
P = 0.411 P = 0.676 P = 0.312
n = 5 n = 5 n = 3

FRB r = −0.954 r = −0.425 r = −0.721
P = 0.003 P = 0.401 P = 0.279
n = 6 n = 6 n = 4

See Table 1 and Fig. 1 for the abbreviations.
this variation of the Q10 of Rh. However, it is clear that the selection of
vegetation type for afforestation may influence the feedback of soil car-
bon pool to future global warming.

The Q10 of Rh could be directly affected by substrate quality, and in-
directly affected by substrates accessibility, pH, moisture, and oxygen
and nutrient supply (Davidson and Janssens, 2006; von Luetzow and
Koegel-Knabner, 2009), all of which could be influenced by vegetation
type (Baldocchi et al., 2004; Russell et al., 2007; Ceccon et al., 2015).
Using organic soils from three sub-alpine communities, Jenkins and
Adams (2011) found that variation in the Q10 of Rh reflected the various
productivity among three vegetation types in sub-alpine Australia. In a
soil incubation experiment, Nianpeng et al. (2013) found that Q10 varied
with the stoichiometry of newly input substrate among four vegetation
types. These findings indicate that substrate availability could exert a
strong influence on the Q10 of Rh and emphasize the key role of sub-
strate availability in regulating the Q10 of Rh across different vegetation
types. Our resultsmay support the previous viewpoint that soil TN is the
most relevant variable related to variation of the Q10 of Rh across differ-
ent vegetation types in this study, and that SOC is also closely correlated
with the Q10 of Rh.

4.3. Ra had a weak relationship with ST

Many previous studies have found that both Rt and its two compo-
nents are significantly exponentially related to ST (e.g. Boone et al.,
1998; Gaumont-Guay et al., 2008; Yan et al., 2015). In the present stud-
ies, both Rt and Rh were significantly related to ST. However, ST did not
explain much of the variation of Ra. Ra includes root respiration and
rhizomicrobial respiration by rhizospheric microbes utilizing
rhizospheric organic matter or/and materials released from live roots
(Kuzyakov and Larionova, 2005; Kuzyakov, 2006). Ra is closely associat-
ed with the aboveground C supply (Tang et al., 2005; Gaumont-Guay
et al., 2008; Kuzyakov and Gavrichkova, 2010), and this supply may
have a time lag lasting from minutes to days (Kuzyakov and
Gavrichkova, 2010). Additionally, root–soil interactions could influence
the temperature sensitivity of SOM decomposition in the rhizosphere
(Zhu and Cheng, 2011). All these mechanisms only serve to complicate
estimations of the temperature sensitivity of Ra.

Some studies have shown that the apparent close relationship be-
tween Ra and STmay include the response of Ra to environmental factors
other than ST, but covariant with ST (Subke and Bahn, 2010;
Gomez-Casanovas et al., 2012; Savage et al., 2013). Conversely, the
decoupling of ST and other environmental variables may weaken the re-
lationship between Ra and ST. For example, in Mediterranean-type eco-
systems, where fine root growth does not fluctuate with soil
temperature (Burton et al., 1998; Rey et al., 2002), Hinko-Najera et al.
(2015) found that the Ra of a broadleaf forest did not response significant-
ly to soil temperature. At this site, a previous study has also shown that
considerable root growth commences in May and reaches a maximum
value in September (Xu et al., 2013). These observations are, nevertheless,
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inconsistent with the fluctuation in soil temperature recorded in the
present study (data not shown). This may be a potential reason
explaining the weak relationship between Ra and ST in this study.

5. Conclusions

In this study, we separated Rt into its components Rh and Ra by
means of trenching in six vegetation types of subtropical China. Soil res-
piration rate and ST were measured monthly, and the relationships be-
tween ST and Rt, Rh, and Ra were subsequently estimated. The
temperature sensitivity of Rt, Rh, and Ra was calculated and described
in terms of the Q10 value. We examined the effects of vegetation type
on the Q10 of Rt, Rh, and Ra separately, and attempted to explore how
they varied with soil and plant attributes across the six vegetation
types. The main findings of the study are as follows:

ST is a key driver of Rt and Rh, although other environmental factors
exert important effects on Ra. Consequently, the estimated feedback in-
tensity of Ra to globalwarming based on its temperature sensitivitymay
not be accurate for these vegetation types.

The Q10 of Rh was significantly affected by vegetation type, which
suggests that the selection of vegetation type for afforestation may in-
fluence the feedback of the soil carbon pool in response to global
warming.

The Q10 of Rh was significantly affected by vegetation type, whereas
the Q10 values of Rt and Ra were not. The results may contribute to the
difficulty in evaluating soil respiration feedback in response to global
warming, and confirm the necessity of treating Rt and its components
differently in studying the effect of vegetation type on soil respiration
temperature sensitivity.
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