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Abstract. Stem respiration is an important, but poorly stud- 1 Introduction
ied component of total forest ecosystem respiration. Stem

CO, efflux was investigated with an open gas exchange sys-

tem while stand microclimate and stem temperature werd-Orest carbon storage is an important carbon pool in the ter-
continuously monitored in &chima superbalantation in  'estrial ecosystem. Respiration is the dominant physiological
South China for several days in August and December 2010Pr0cess accounting for the variations in ecosystem produc-
The temperature response of respiration in the different seaion, and autotrophic respiration can consume 3070 % of net
sons, the vertical variation in stem G@fflux along the stem, ~ Primary production (Valentini et al., 1996; Ryan etal., 1997
and the stand-level stem G@fflux were examined. Stem Litton et al., 2007; Tang et al., 2008). Since woody tissue
volume was identified as the better correlate for stenp CO constitutes the largest part of forest biomass, its respiration
efflux and was used as the scalar for the stand-level estimatdg@kes an important contribution to the carbon balance of for-
of stem CQ efflux in this S. superbaplantation. Volume- €St ecosystems (Kramer and Kozlowski, 1979; Harris et al.,
based stem CQefflux was higher at 2 m than at 1.3 m. Mean 2008). Zhaetal. (2004) concluded that stem respiration made
stem CQ efflux was 268.9 and 104.6 umots in Au- up 9 % of the ecosystem carbon loss and consumed 8 % of the
gust and December, respectively, indicating a dramatic seadfoss primary production. Recent studies emphasize the util-
sonal variation of stem C&efflux. The temperature response Ity of in situ chamber measurements for stand-level estima-
of stem CQ efflux remained constant during our study pe- tion, butwoody tissue respiration is usually measured only at
riod with Q10 values of 1.9 and 1.8. In this subtropiGlsu- & given point of the stem (Ryan, 1990; Sprugel, 1990; Harris
perbaplantation, stem C@efflux per unit ground area aver- €t al., 2008; Robertson et al., 2010). One of the main prob-
aged 3.36 and 1.26 pmofThs~! based on the measurement lems involved in scaling up the chamber measurements to the
data at 1.3-m height of the stem in August and Decemberforestis the difficulty in measuring stem surface area or stem
respectively. Our results suggest that stemy@@lux has a  volume at the stand level due to the different tree structures
constant temperature response, and the seasonal variation % (rée species (Lavigne et al., 1996; Ryan et al., 1996; Levy
stem CQ efflux is mainly controlled by stem temperature, and Jarvis, 1998; Kim etal., 2007). The surface area and vol-
and the vertical variation in stem G@fflux needs to be con- Ume are generally estimated using the allometric equations
sidered in the stand-level estimation. with diameter and tree height (Chambers et al., 2004; Kim
et al., 2007; Robertson et al., 2010). Damesin et al. (2002)
also raised several problems about scaling up respiration to
the stand level, including the seasonal and vertical changes
of stem respiration. Respiration rates in the tree crown are
19-42 times greater than at the stem base (Sprugel, 1990;
Damesin et al., 2002). So, it is very essential to consider the
spatial changes in woody tissue respiration when estimating
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Fig. 1. Distribution of tree stem diameters at the experimental site.
All diameters were measured at 1.3-m height. The arrows indicate[®
the diameters of sample trees used for stemp @flux measure-
ments.

Fig. 2. Photograph of stem respiratory chamber. Air entered cham-

ber through PVC tube. The PVC tube on the other side of the cham-

ber was connected to IRGA. When measurements were made, the

the stand-level respiration (Wieser and Bahn, 2004; Zach eg¢hamber was attached to the stems with adjustable cords to keep it

al., 2008). It is also important to determine the most reasondirtight. After the reading was stable, the cords were loosened to

able unit for estimating wood GOefflux at the stand level. Make the chamber open.

In some studies, stem surface area has been identified as the

best correlate for respiration (Lavigne et al., 1996; Levy and .

Jarvis, 1998), while stem volume is considered as the bet? Materials and methods

ter unit for expressing stem G@fflux by other researches

(Ryan, 1990; Lavigne et al., 1996; Law et al., 1999).

e e oS expernent s conuctedSasuperplntaton o
the ecological observation station located within the South

.tIOI’] and stem temperature were the main factor_s thermInC:hina Botanical Garden, Chinese Academy of Sciences,
ing ecosystem-level stem respiration. The respiratory flux

) ) .
from woody tissue significantly varies among the stands andGuang;hou, China (230N, 11321'E, a|t|tgde 41m). The
with temperature (Lavigne et al., 1996; Ryan et al., 1997;plantatlon grows on a gentle slope (19).with a northeast

Ryan, 1991). To our knowledge, although some studies havé Posure. This area is domlnate_:d_ by_ a subtropical monsoon
K . Climate with mean annual precipitation of 1696.5 mm and
been done in temperate, boreal and tropical zones, measure- ; o
: . mean annual air temperature of 21® Detailed informa-

ments of stem C@efflux in subtropical forests are rather rare

(Maier, 2001: Damesin et al., 2002; Meir and Grace 2002_tion about climate characteristics of the experimental site
Cavaléri et aI,. 2006; Robert;on et a,1I. 2010). In the s,ubtro are available in Zhu et al. (2012). The area of study plot is

ical zone of South China, there is sufficient rainfall and high 2885 nrf. The soil is a loam with pH of 4.0, organic content

. : : of 2.3 % and total nitrogen content of 0.07 %. The plantation
air temperature, which can result in strong energy exchange . .
) is, approximately 30 years old. The mean stem diameter at

between forest and atmosphere. It is necessary to understand . . )
o e S breast height (DBH) is 144+5.6 cm, and understory plant is

stem respiration characteristics for estimating carbon loss

of a forest ecosystem. In this study, stem Celux, stem sparse. The annual leaf area index (LAI) averag8s-D.3,

. . . l:iased on the monthly-measured data (with LI-2000) from
temperature and environmental parameters in a SUbtrOp'Cq\lovember 2007 to October 2008. A histogram of tree stem
Schima superbglantation were monitored in August and :

December 2010. The study was intended (1) to discern thé}llameter distribution at the site is presented in Fig. 1.
better unit for expressing stem G®fflux and for extrapolat-

ing to the forest; (2) to investigate the seasonal and vertica
changes in stem C£fflux; and (3) to quantify the stem GO gom cq efflux measurements were performed every 1h

efflux per unit ground area. with an open gas exchange system which consisted of a
respiration chamber, flow meter and an infrared gas ana-
lyzer (IRGA) (LI-6262; Li-cor, Lincoln, NE, USA). Cham-
bers were made of a flexible acrylic film, on two sides of
which metal tubes with a small hole were distributed. Cham-
bers were attached to the stems with adjustable cords to keep

2.1 Site description

F.Z Stem CQ efflux measurements

Biogeosciences, 9, 3729437 2012 www.biogeosciences.net/9/3729/2012/
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Table 1.Diameter at breast height (DBH), tree height, under-branch2.4  Environmental parameters measurements

height and canopy size of sample trees.

Air temperature and humidity were monitored respectively

No. DBH Treeheight Under-branch Canopysize using AT2 and RHT2 sensors (Delta-T Devices, Ltd., Cam-
(cm) (m) height (m) () bridge, UK) in an instrument shelter installed under the for-

est. Soil moisture was measured using three sensors (SM200,

; ;g:g igg g:g ;g:; Delta-T Devices Ltd., Cambridge, UK). Both environmental

3 14.9 121 5.9 10.4 factors and stem temperature were read every 30s, averaged

4 256 15.3 4.4 37.0 and recorded every 10 min with a data logger (DL2e, Delta-T

5 9.6 11.0 4.4 1.1 Devices, Ltd., Cambridge, UK).

6 19.7 12.9 6.8 27.5

7 101 9.7 53 13.3 2.5 Stem CQ efflux per surface area vs. volume

8 9.3 9.5 4.8 6.0

9 28.1 16.9 4.0 43.4 Itis important to determine the best unit for expressing stem

10 14.9 11.2 6.7 12.5 CO; efflux when scaling stem CLefflux to stand level. Ac-

11 9.6 12.0 6.4 5.6 cording to Levy and Jarvis (1998), if the G@fflux is pro-

12 17.0 13.1 7.3 13.6 portional to volume, measured G@fflux on an area basis
mean 16.3 12.6 5.8 17.8 will be positively and linearly correlated with diameter. If

stem CQ efflux is dependent on surface area, measured stem
CO; efflux on a volume basis will be positively and linearly
related to the reciprocal of diameter. Analysis of the relation-
- . . ship between Ceefflux and surface area or volume will also
them airtight (Fig. 2). A constant flow rate (L1mit) was help us better understand the main source 0b.0Ostem

maintained b.y the electromagnetic pump Wlthl.n the IRGA. %Oz efflux is related to volume, it indicates that g@iffused
Before entering the chambers, the ambient air was passe

through a plastic buffer bottle with a volume of 1.51to aquire t0 atmosphere is mainly produced by the xylem parenchyma.

. S . Alternatively, if stem CQ efflux is related to surface area,
evenly-mixed sample air with a relatively constant Gfn- L . ;
. . o it indicates that CQ efflux is produced by the cambial and
centration. Chambers of two sizes were applied in this study.

The chambers covering a bark area okl® cm were for the phloem cells (Meir and Grace, 2002). So we examined the
larger trees, and those of @ cm were for the smaller trees relationship between diameter at the breast height and stem

and all were orientated to the north to minimize the effect of.COZ efflux on an area and a volume basis for 12 sample trees

possible direct sunshine. 12 superbarees were selected in order to discern the best unit for extrapolating the mea-

for stem CQ efflux measurements on 31 July—5 August, and sured stem C@efflux of sample trees to the whole forest

22-25, 29-31 December 2010. Sampling was designed to acs_tand.

count for arange of stem sizes in the experimental site. Siz& g calculations

characteristics of sample trees were shown in Table 1. Ac-

cording to Meir and Grace (2002), the measured stem CO Stem CQ efflux was calculated as

efflux of different points around the circumference of stems F F

varied little. The canopy of thiS. superbgplantation was Es= ACOzz or ACOz;. 1)

relatively dense, which could result in similar temperatures ) —

around the circumference of stems. So the respiration cham‘here Es Is the stem CQ efflux (umoln=s™ or

bers were installed in only one direction. pmolm~s™%), ACO; is the difference between ambient
In order to observe the vertical variation in stem 0@ (reference gas) and chamber (sample gas) €@hcentra-

flux along the stem, stem GQfflux was measured at 1.3- tion, F is the air flow rate passing through the chamber, and

and 2-m height for fous. superbarees. The stem diameters 4 andv are the surface area and the stem volume of the en-

at the two heights are shown in Table 2. closed stem segment, respectively. _
Meanwhile, a simulateds was obtained by applying an

exponential model:

2.3 Stem temperature measurements

Stem temperature was monitored using self-made thermis\—NhereEo is the stem respiration rate at0, Ts is the stem

tors. The sensors were inserted into 20 mm of sapwood depthemperature 'T‘OC’ andb is a constap t parameter (Ryan,
adjacent to the respiration chambers for six or eight samplelggo) presenting a temperature c_oefhmenEg.f .

trees. For the observation of vertical variation in stemp,CO leo (the proport|_onal increase in stem g @fflux with a
efflux, three sample trees were selected for stem temperatur]e0 C temperature increase) was calculated as
measurements. Q10 = exp(10p). (©)

www.biogeosciences.net/9/3729/2012/ Biogeosciences, 9, 32922012
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Table 2. Diameter ¢, cm), mean stem Cgefflux (Es, pmol n3s~1) and mean stem temperatuf®s( °C) of the stems at two heights of
sample trees. Measurement positions were at 1.3 and 2 m above the ground, respectively.

Height above the ground (m) TLee 3 — 'Eee 4 — Iree 8 — Tfe 127
d Es Ts d Es Ts d Es Ts d Es Ts
1.3 14.9 1158 19.7 25.6 2483 188 9.3 232 19.8 17.0 472 -

2 142 1250 204 239 754 196 89 404 193 16.2 629 -

2 value significantly different from 2-m height & < 0.01

0.6 - 3 Results
05 3.1 Seasonal changes of microclimate parameters in the
B 04 experimental site
E 03 Means of air humidity and temperature were 76.3% and
E 31.3°C in August, and 62.7% and 18.C in December,
g 02 respectively. Air temperature changed diurnally, typically
7 o1 reaching the maximum at about 16:00 LT and the minimum
’ at about 07:00. Air humidity was opposite of the diurnal pat-
0 4 : ; tern of air temperature with the maximum in the morning
0 0.1 0.2 03 and the minimum in the afternoon (Fig. 4). Soil volumet-

ric water content monitored at 30-cm depth averaged 45.8 %
and 21.1 % in August and December, respectively. Therefore,
Fig. 3. An allometric relationship between stem volume and DBH. there were distinct wet and dry season dynamics in our study
site.

DBH (m)

According to Levy and Jarvis (1998), stem volume per unit3.2 Temperature response of stem C@efflux

ground area is defined as stem volume index (SVI) in this

paper. Stem volume per sample tree was calculated witiThere was a linear increase ky per unit surface area with
DBH and under-branch height (Height from ground to crown diameter at the breast height (Fig. 5&,= 0.40, n = 10,

base). P < 0.05), but no relationship between reciprocal of diam-
eter andEs per unit volume (Fig. 5b) was observed. Thus,
V = f13g13h (4) the data indicated thdfs was proportional to stem volume

and the major respiratory source was volume-related accord-
ing to Levy and Jarvis (1998). Therefore, the stem volume

height, g1 3 is the basal area of breast-height, anis the s ) :
under-branch height. contributed more t&s and was the better unit for expressing
Esin our study.

Stem volumes of other trees were calculated from an allo-

metric equation developed with stem volume of sample tree S Shown in Fig. 6, bothEs and stem temperaturdy)
and DBH (Fig. 3). Stem volume per unit ground area (SVI) presented a daily dynamic. Coefficients of variation (CVs)

was determined from stem volume per tree and number of " £s andTs were respectively 4% and 1%, indicating that
trees per unit ground area Es values showed a larger coefficient of variation among the

measured sample trees than Mean Es and T for all mea-
2.7 Statistical analysis sured trees were 268.9 umotfs 1 and 29.9C in August,
and 104.6 umolm3s~1 and 15.9C in December, respec-
Relationship between stem G@fflux and DBH was ana- tively. Mean dailyEs in August was higher than in Decem-
lyzed by using linear correlation. The comparion®fy be- ber (P < 0.05). The exponential relationship betweegsand
tween the two seasons was examined:figst. The differ- 75 was established (Fig. 7). The intercepis(at 0°C) and
ences in stem Cgefflux between the different heights along temperature coefficient were a little higher in August than in
the stem were analyzed by pairedest. The effect of stem December. Based on the exponential equation, the estimated
temperature on stem GCefflux on the seasonal scale was Qjiowas 1.9 and 1.8 in August and December, respectively,
analyzed from the means of all sample trees. All the statis-and the differences i 1o between the seasons were not sig-
tical analyses were carried out using SPSS 16.0 (SPSS Incnjficant = 3, P > 0.05), indicating similar responses B§
Chicago, IL, USA). to Ts and a similar proportional increase By derived from

WhereV is the stem volumef; 3 is the form factor of breast-

Biogeosciences, 9, 3729437 2012 www.biogeosciences.net/9/3729/2012/
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Fig. 4. Diurnal variation in soil volumetric water content, air humidity and air temperature on 1-4 August and 23-25 December 2010.
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Fig. 5. Relationship between stem G@fflux and diameter at the breast height (DBKY) surface-based stem GCfflux and DBH;
(b) volume-based stem CGCefflux and DBH L. Surface-based stem Ge@fflux was positively linearly correlated with DBHP(< 0.05,
R? = 0.40), but volume-based stem G®fflux was not correlated with DBHL (P > 0.05).

the increase ofs in the different seasons during our study 3.3 Stem CQ efflux at the stand level

period.
Significant differences irEs or Ts at different tree heights
were observed (Table 2). MeaFis at 2m was 2.0 times
higher than at 1.3 m, althoughis (ranging from 1.2 to 3.1)
did not vary by the same amounts among the individuls. To

www.biogeosciences.net/9/3729/2012/ Biogeosciences, 9, 32922012
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Fig. 7. Dependence of stem Gfflux for all measured trees on stem temperature in August and December 2010.

calculateEs per unit ground area, mean volume-baged 4 Discussion

from the measured trees, stem volume for all trees in the ex-

perimental site and ground area were needed. Stem volumg,1  Unit for expressing stem CQ efflux
per unit ground area (SVI) in this study was 0.015m12.

As a result, Es per unit ground area averaged 3.36 and Ryan (1990) found that stem growth or the amount of liv-
1.26 umolnT?s™1 in August and December, respectively ing cells did not vary directly with surface area and biomass
(Fig. 8). The stand-levets was estimated based on the as- and argued that these two characteristics could not be used
sumption thatt's kept constant along the stem (Araki et al., to estimate the stand-level stem respiration. In our study, the
2010). However, in this study the vertical variation 88  stem volume was determined to be the best unit for express-
was observed, which would lead to miscalculation of the rea'ing stem CQ efflux, based on the relationship between stem
stem respiration based on such assumption. CO; efflux and stem size. This indicated that the major stem
CO; efflux source was volume-related according to Levy and
Jarvis (1998). Additionally, it suggested that the respiring tis-
sue was associated with the xylem cells (Levy and Jarvis,
1998; Meir and Grace, 2002; Cavaleri et al., 2006). This may
be because (1) the xylem tissue, in thickness, contributed to

Biogeosciences, 9, 3729437 2012 www.biogeosciences.net/9/3729/2012/
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Fig. 8. Diurnal variation in mean stem CCefflux per unit ground area on 1, 3 August and 23—-24, 30 December 2010.

about 90 % of the stem, and (2) the living cells of the xylem tissue cells at the higher location of the stem and that higher
tissue were very active in thi. superbalantation based on sapwood volume/stem volume might increase the source of
the high transpiration rates under the condition of sufficientrespiratory CQ, which increased the stem G@fflux.

water supply, which was reflected by the sap velocity of 0.83

and 0.41gs? in the wet and dry season, respectively (Zhu 4.3 Stem CQ efflux in relation to stem temperature

et al., 2012). Teskey et al. (2008) found that the distribution

of living tissue cells between the bark and xylem dependedRyan et al. (1994, 1996) estimated woody-tissue mainte-
on species and tree size Picea abiedrees with DBH of 7—  hance respiration rate was 39.6 umoths™* at 24.6°C in

10 cm, the xylem living cell volume was only 20-25 % of the tWO tropical wet forest trees. Ryan et al. (1997) estimated
stem living cell volume (Stockfors and Linder, 1998), while Stem respiration rates varied from 73 to 203 umoPrs*

the study of Ceschia et al. (2002) indicated that the livingduring June—August in boreal forest, and found that the dif-
cell of Fagus sylvaticacylem was almost equivalent to that ferences in stem respiration rates among the tree species were
of the entire stem with diameters up to 16 cm. In our study,significant. In our study, mean stem g@fflux was 268.9
mean DBH of sample trees was much larger (16.3 cm) comand 104.6 umolm®s~* in wet and dry season, respectively,
pared with that (0.1-4.8cm) in the Levy and Jarvis (1998)Which was close to the values for boreal forest but higher than
study, and the living tissue cells were mainly distributed in the values reported for tropical forest. Meir and Grace (2002)
the Xy|em_ Based on our ﬁndingS, the stand-level Sten‘z CcO indicated that the differences in stem Q@fﬂux between

efflux in this study was estimated using stem volume. sites resulted from the discrepancy in metabolic activity. Zha
et al. (2004) concluded that the variations in stem respira-
4.2 Vertical variation of CO> efflux along the stem tion rates among the tree species reflected the physiological

adjustments to temperature changes and the metabolic activ-
Generally, woody tissue carbon loss estimation at ecosysterity. At our experimental siteS. superbdrees grew all year
level was based on a assumption that stem respiration recound due to good water and heat condtions. The high tem-
mained constant along the stem (Damesin et al., 2002). Howperature and soil moisture promoted the metabolic activity
ever, some studies showed that stem respiration varied witlind increased the transpiration rate, which transportegd CO
height (Ryan et al., 1996; Ceschia et al., 2002; Araki et al.,from soil upwards, increasing stem g®fflux at the moni-
2010). Edwards et al. (2002) demonstrated that stem respirgered position (Zhu et al., 2012). Besides, annual mean LAl
tion rates in the upper trunk were four times higher than inin this S. superbalantation reached 4.3, which could assim-
the lower trunk. In our study, meaks was 2.0 times higher ilate more energy from sunlight and provide sufficient sub-
at 2m than at 1.3 m above the ground. However, mBan strate for stem respiration and then result in more @ifiu-
was only 1.04 times higher at 2 m than at 1.3-m height of thesion into the atmosphere.
stem. Therefore, differences in stem temperature with height Zha et al. (2004) found thaP1o of stem respiration for
could not totally explain why stem CCefflux doubled (and  Scots pine Rinus sylvestris in the growing season was
more) with height. Ceschia et al. (2002) attributed the vari-higher than in the non-growing season, but the differences
ations in stem respiration along the stem to the differencesn Q19 between the seasons were small, ranging from 1.88
in wood composition and wood amount, the living cell and to 1.91. Damesin et al. (2002) estimat@gp for the stem of
carbohydrates distribution, and temperature. Sprugel (1990beech was 1.7, which was relatively constant throughout the
concluded that the higher respiration rates in the canopy thagear. Zach et al. (2008) indicated that woody tissue @0
in stems were mainly derived from the more physiologically flux in a tropical mountain had consistent temperature sensi-
active cells. We thought that there were more newly producedivity across the differing growth environments. In contrast,

www.biogeosciences.net/9/3729/2012/ Biogeosciences, 9, 32922012



3736 L. Zhu et al.: Individual- and stand-level stem CQ efflux in a subtropical Schima superbalantation

Ryan (1991) obtained a varyinQ1o between 1.5 and 2.5, 2010). However, generally stem G@fflux was higher in the

and Levy and Javis (1998) fourg@h o for tropical tree species higher locations than in the lower locations, as mentioned

between 1.6 and 2.2. Our result fell within this range, andin the previous section. Therefore, it could be possible that

was close to the mea@ 1o for tropical tree species. There mean stem C@efflux per unit ground area would be under-

was no significant difference i1 between the two sea- estimated. Some studies took stem photosynthesis into con-

sons. In accordance with Meir and Grace (2002), the nonsideration when estimating stem respiration. However, Pfanz

significant variation inQ 19 may have resulted from the sim- et al. (2002) pointed out that the light transmittance of stems

ilar underlying biochemical process across the seasons.  through the bark was low due to the low ratio of surface to
Levy and Jarvis (1998) concluded that the seasonalolume. At our experimental site, stem photosynthesis was

changes in stem respiration were attributed to the growththought to be negligible considering the high LAl and the

Woody CQ efflux showed a distinct seasonal change in aclosed canopy.

temperate forest where the division between the growing

and non-growing seasons was definite (Demesin et al., 2002;

Vose and Ryan, 2002). At our experimental site, seasonal dy5 Conclusions

namic was characterized with higher air temperature and hu-

midity in the wet season and relatively lower air temperatureln conclusion, stem Coefflux was measured in a subtrop-

and humidity in the dry season, resulting in the seasonality ofcal S. superbgplantation during August and December. A

stem CQ efflux. Due to the consistent temperature sensitiv-Similar temperature response of stem C&Hflux was found

ity of stem CQ efflux, the seasonal changes in stem,@&® between the two seasons. Based on the relationship between

flux might mainly result from the variations in stem temper- stem CQ efflux and tree diameter, stem volume was deter-

ature between the seasons. On the seasonal scale, the difféhined to be the best scalar to calculate stand-level stem CO

ences in mean stem temperature of all sample trees could efflux. Although vertical variation in stem GCefflux was

plain 85.9 % of the variations in mean stem £€¥flux (n = observed, the stand-level respiration was calculated based on

203, P < 0.01). Furthermore, Meir and Grace (2002) ob- the assumption that the stem g€éfflux was constant along

served a strong positive relationship between annual abovdhe stem in this study. In the future, vertical variations in stem

ground woody tissue respiration rate and LAl in two tropi- CO2 efflux should be considered in estimating the whole-tree

cal rain forests. Based on the data from LAl and stemp CO Stem respiration, and should be included in the variation of

efflux, our result was consistent with their conclusion. The stem CQ efflux and its response to environmental variables

LAl of the S. superbastand was significantly higher in Au- atthe tree scale. Our findings will improve the understanding

gust (4.9mMm~2) than in December (4.2fm=2) (n =3, of the carbon balance of trees in the subtropical zone.

P < 0.05). It was assumed that the higher LAl increased the

photosynthetic carbon assimilation, offering more respira-

tory substrate for stem respiration. Therefore, the higher LAIAcknowledgementsThis research was supported by National

promoted stem C@efflux in August, and the differences in Natural Science Foundation of China (41030638, 31170673,
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