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Effects of Environmental Conditions and Aboveground Biomass on CO,
Budget in Phragmites australis Wetland of Jiaozhou Bay, China
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Abstract: Estuarial saline wetlands have been recognized as a vital role in CO, cycling. However, insufficient attention has been paid to
estimating CO, fluxes from estuarial saline wetlands. In this study, the static chamber-gas chromatography (GC) method was used to
quantify CO, budget of an estuarial saline reed (Phragmites australis) wetland in Jiaozhou Bay in Qingdao City of Shandong Province,
China during the reed growing season (May to October) in 2014. The CO, budget study involved net ecosystem CO, exchange (NEE),
ecosystem respiration (Re,) and gross primary production (GPP). Temporal variation in CO, budget and the impact of air/soil tempera-
ture, illumination intensity and aboveground biomass exerted on CO, budget were analyzed. Results indicated that the wetland was act-
ing as a net sink of 1129.16 g/m’during the entire growing season. Moreover, the values of Re., and GPP were 1744.89 g/m*and 2874.05
g/m’, respectively; the ratio of Ree, and GPP was 0.61. Diurnal and monthly patterns of CO, budget varied significantly during the study
period. R, showed exponential relationships with air temperature and soil temperature at 5 cm, 10 cm, 20 cm depths, and soil tempera-
ture at 5 cm depth was the most crucial influence factor among them. Meanwhile, temperature sensitivity (Qy) of Re., Was negatively
correlated with soil temperature. Light and temperature exerted strong controls over NEE and GPP. Aboveground biomass over the
whole growing season showed non-linear relationships with CO, budget, while those during the early and peak growing season showed
significant linear relationships with CO, budget. This research provides valuable reference for CO, exchange in estuarial saline wetland
ecosystem.
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1 Introduction

Recently, global warming caused by warming-greenhouse
gas (GHG) emissions has drawn much attention due to
its effect on rising sea level and causing frequent occur-
rence of extreme weather (Piao et al., 2003; Powell et
al., 2006; Lee et al., 2015). As a GHG, CO; contributes
60% of global warming (Yang et al., 2015) and has in-
creased steadily over the past century (IPCC, 2013).
Therefore, CO, budget estimation and control mecha-
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nisms development are necessary (Fang et al., 2001;
Batson et al., 2015; Lee et al., 2015).

Although only ~6% area of the Earth’s surface is
covered by wetlands (Strachan et al., 2015), wetlands
store ~30% of terrestrial soil carbon (C) and thus play a
critical role in global C cycle (Strachan et al., 2015).
Therefore, it’s vital to investigate CO, budget over dif-
ferent wetland ecosystems to accurately estimate global
C budgets (Wickland et al., 2001; Bai et al., 2013; Zhao
et al., 2016). Recently, most efforts have been focused
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on CO, flux (net ecosystem CO, exchange, NEE) (Syed
et al., 2006; Han et al., 2014; Lee et al., 2015), CO,
emission (ecosystem respiration, R.,) (Fang et al,
1999; Ho et al., 2011; Xu et al., 2014), and their envi-
ronmental influence factors (Hirota et al., 2006; Lin-
droth et al., 2007; Song and Liu, 2016). NEE and R,
vary substantially in space and time, which respond to
physical, chemical and biological characteristics of wet-
lands (Bonneville et al., 2008). For NEE, the over-
whelming majority of wetlands act as long-term sinks
for CO, (NEE < 0) (Bonneville et al., 2008; Strachan et
al., 2015), only tiny minority of wetlands play contrary
roles as long-term C sources (NEE > 0), such as the al-
pine wetland on the Qinghai-Tibet Plateau ecosystem in
China (Zhang et al., 2008). On temporal scale, the sea-
sonal NEE usually displays typical V-shaped distribu-
tion, which reaches its maximum value in July or Au-
gust and then drops to the minimum in November or
December (Han et al., 2013; Strachan et al., 2015; Yang
et al., 2015). NEE can be influenced by several factors,
such as light (Han et al., 2013; Lee et al., 2015), tem-
perature (Lin et al., 2008; Lee et al., 2015) and biomass
(Zhou et al., 2009; Han et al., 2013). Almost all wet-
lands release CO; (the value of R, was positive) in the
dark chamber (Ho ef al., 2011; Xu et al., 2014). Re,in
different seasons varied significantly (Xu et al., 2014;
Song and Liu, 2016), because it was influenced by en-
vironmental conditions such as temperature (including
soil temperature and air temperature) (Hirota et al.,
2006; Song and Liu, 2016). For instance, Han et al.
(2013) studied the R, over a reed wetland in the Yel-
low River Delta and concluded that variations of Re,
were well correlated with variations of soil temperature
at 5 cm depth (» = 0.86) during the growing season.
However, most efforts have been focused on NEE and
Reco, While limited studies have been carried out on
quantification of NEE and R, and analysis of gross
primary production (GPP), which represents CO, as-
similation by photosynthesis of vegetation. Most efforts
focused on environmental factors, when analyzing vari-
able factors on CO, budget were investigated (Chen et
al., 2015; Lee et al., 2015; Wilson et al., 2015). Few
studies were reported to determine the correlation be-
tween CO, budget and the botanical characteristics such
as aboveground biomass of the vegetation covered in
wetlands in different growing stages (Han ef al., 2013;
Song and Liu, 2016). Numerous researchers have ap-

plied themselves to CO, budget from peatlands (Maltby
and Immirzi, 1993; Juszczak and Augustin, 2013) and
floodplain wetlands (Samaritani et al., 2013; Batson et al.,
2015). However, coastal wetlands are not well-documented
by fieldwork owing to their harsh environmental condi-
tion (Morse et al., 2012).

Estuarial saline wetland is considered to be one of the
most productive ecosystems on the earth with the regu-
lar input of nutrients (Lee et al., 2015; Wang et al.,
2016). As a vital type of coastal wetlands, estuarial sa-
line wetland differs from other estuarial ecosystems
since they are regularly inundated by tides (Ylva et al.,
2011). Relatively small as the global estuarine area is,
the CO, degassing flux in estuarine area is as large as
the CO, uptake by the continental shelf (Lee et al.,
2015). Thus, studying CO, budget in estuarial saline
wetland timely is crucial for GHG control (Zhao et al.,
2015; Song and Liu, 2016).

In the past decades, micrometeorological methods
(eddy covariance technique, the Bowen ratio/energy
balance method, the flux-gradient method, the aerody-
namic method and others) (Baldocchi et al., 1997; Kel-
liher et al., 1999; Zhou et al., 2009; Lee et al., 2015)
and chamber methods (static chamber-gas chromatog-
raphy (GC) method, dynamic chamber method and oth-
ers) (Witkamp and Frank, 1969; Xu et al., 2014; Song
and Liu, 2016) have been widely used to estimate CO,
flux. The commonly applied methods among them were
eddy covariance (EC) technique and static closed-GC
method. There are large differences among all these
methods in accuracy, spatial and temporal resolution,
and applicability (Janssens et al., 2000). Therefore, the
choice of a specific technique is often a trade-off be-
tween requirements (accuracy and resolution) and feasi-
bility (applicability and cost) (Janssens et al., 2000). In
consideration of terrain, environment and experiment
conditions in our study area, the static chamber-GC
method was chosen to measure CO, flux.

In this study, we investigated NEE and R, simulta-
neously with 24h-measurement by applying static
chamber-GC method and quantified GPP in accordance
with the triadic relation among NEE, R, and GPP of
estuarial
Jiaozhou Bay (JZB), a typical estuarial saline wetland in
Shandong Province, China. Meanwhile, some influenc-

saline Phragmites australis wetland in

ing factors including air/soil temperature, illumination
intensity and aboveground biomass were investigated to
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determine their effects on CO, budget. The main pur-
poses of this study were as follows: 1) quantify the CO,
budget, including NEE, R, and GPP of the estuarial
saline P. australis wetland in JZB; 2) determine the
temporal variations of CO, budget; and 3) analyze the
effects of air/soil temperature, illumination intensity and
aboveground biomass on the dynamic of CO, budget.

2 Materials and Methods

2.1 Site description

Field experiment was conducted in the estuarial saline
reed wetland (36°13'N, 120°06'E) along the riverbank
of the Dagu River in JZB. This river is seasonal, whose
wet season lasts from Jun to September, the normal flow
season from October to January, and the dry season
from February to May. P.australis, as a dominant spe-
cies, widely exists near the Dagu River. The location of
sampling site in this study was mapped in Fig. 1.

2.2 Gas sampling and flux quantifying

CO, fluxes were measured using static chamber-GC
method. There are two kinds of chamber in this study,
transparent chamber for measuring NEE and dark
chamber for measuring ecosystem respiration. The sam-
pling chamber included pedestal, lower chamber and
upper chamber (Fig. 2). The pedestal was made by

stainless steel, with a size of 70 cm X 70 cm X 20 cm.
The lower and upper chambers were produced by
stainless steel and organic glass, with the same size of
70 cm x 70 cm x 70 cm. The upper chamber contained a
temperature sensor, a little fan and an air pressure bal-
ance tube. During sampling process, the pedestal was
inserted into soil, while other parts of chamber were
sealed by water to prevent air leakage. An insulating
layer of sponge and aluminum foil was wrapped around
the dark chamber to reduce the impact of direct radiative
heating during sampling and minimize the air tempera-
ture changes inside the chamber. When the height of P,
austualis was less than 70 cm, only the upper chamber
was used to measure CO, fluxes. Both upper and lower
chambers were chosen under the condition of plant
height > 70 cm.

The gas sampling was conducted three times each
month from May to October in 2014. Each sampling
was collected at 6:00, 8:00, 10:00, 12:00, 14:00, 16:00,
18:00, 21:00, 0: 00 and 3:00 of the whole day. There are
three repeats for the chamber measurement. Gas sam-
ples were manually extracted from the chamber with a
50-ml polypropylene syringe equipped with a three-way
stopcock at 0, 10, 20 and 30 min after enclosure. Note
that when light was strong, CO, concentration changed
rapidly, so we adjusted the sampling time interval as
1 min. Thereafter, gas collection was injected into a
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Fig. 1 Sketch of Jiaozhou Bay and sampling site
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100 mL gas bag which had been pre-evacuated to ap-
proximately zero Pa and then stored in a dark cool box.
The gas sampling was carried to the lab for CO, fluxes
determination within 24 h.

Gas samples were analyzed using the gas chromato-
graph (GC-"*C, Shimadzu, Kyoto, Japan) with a thermal
conductively detector (TCD). High-pure nitrogen was
used as a carrier gas, at a flow rate of 30mL/min. The
temperatures of the detector, column box, and injection
port were 120°C, 50°C and 100°C, respectively. CO,
fluxes were calculated using the following equation
(Yang et al., 2015):

Fepxd 2.1, (1)

v, B, T dt

where F is the gas flux (mg/(m*h)); H is the height (m)
of chamber; M is the mole mass (mg/mol) of CO,. P is
the atmospheric pressure (kPa) at the sampling site; 7 is
the absolute temperature (K) during sampling; Vo, Py
and T, are the gas mole volume (m’/mol), air atmos-
pheric pressure (kPa) and air absolute temperate (K)
under standard conditions respectively; dC/d¢ is the
slope of the gas concentration curve variation along with
time 7 (h).

NEE and R, were respectively measured by the
transparent chamber-GC and dark chamber-GC meth-
ods, and calculated by the above equation. GPP repre-
sents CO, assimilation by photosynthesis of vegetation
(Han et al., 2013). It was obtained using the following
equation (Han et al., 2013):
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2.3 Determination of illumination intensity, air
temperature and soil temperature

The illumination intensity was determined by using il-
luminometer (TES-1332A). Air temperature was ob-
tained from the temperature sensor inside the upper
chamber. Soil temperatures at different depths (5 cm, 10
cm and 20 cm) were measured by thermometers.

2.4 Determination of aboveground biomass

During the growing period, aboveground biomass
(AGB) of reed was also measured. Three sampling
points were randomly chosen with the individual area of
0.25 m* (0.5 m x 0.5 m). The aboveground parts of P,
austualis were collected. All plant samples were firstly
dried at 105°C for one hour and then dried at 80°C for
48h to get their dry weight (DW). AGB was calculated
using the following equation:

AGB =% 3)

Where DW and S represent plant dry weight (g) and plot
area (m”), respectively.

3 Results

3.1 Temporal variations of CO, budget

Figure 3 shows the diurnal variations of NEE, R, and
GPP during the targeted experimental period from May
to October in 2014. Apparently, diurnal variations of
NEE among different months were similar, and exhib-
ited a significant V-like pattern during daytime (6:00 to

b
Neck
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| L1
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Fig. 2 Design drawing of static chamber including pedestal, upper chamber (a) and lower chamber (b)
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Fig. 3 Diurnalvariations of net ecosystem exchange (NEE) (a), ecosystem respiration (Re.,) (b), and gross primary production (GPP)
(c) from May to October in 2014. Vertical bars show standard deviation (n = 3)

18:00). The minimum values appeared at 12:00. At day-
time, the NEE values were negative, which suggested
that the ecosystem acted as a CO, sink. At night, the
NEE values were higher than zero, indicating that the
ecosystem acted as a CO, source. Meanwhile, R, in-
creased forenoon and then decreased after 14:00. The
measured maximum Re. value (400.28 pg/(m>s)) is
obtained in August. During the daytime, GPP increased
firstly and reached the peak at 12:00; then it exhibited a
decreasing tendency. The size order of GPP was in the
following order: August > July > September > June >
October > May.

The monthly variations of NEE, R, and GPP are
shown in Fig. 4a. As revealed, NEE decreased slightly at
first from May to August and then regrew from August
to October. It can be observed that the maximum and
minimum NEE appeared in August (—11.08 g/(m*d))
and October (~2.33 g/(m>-d)), respectively. Meanwhile,
Reco and GPP showed opposite trend with NEE, in-
creasing from May to August and then decreased. The
maximum values of R, and GPP appeared in August.
Reco/ GPP is commonly applied to evaluate the relative
contribution of carbon exchange processes (respiration
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and photosynthesis) to total exchange (Falge et al.,
2001). Fig. 4b depicts monthly variations of Re./GPP,
which ranged from 0.53 to 0.67. Moreover, the ratio
values in June, September and October were signifi-
cantly higher than those in other three months. The cu-
mulative value of NEE, R.,, and GPP were 1129.16
g/m?, 1744.89 g/m* and 2874.05 g/m’ during the entire
growing season.

3.2
biomass

Figure 5 shows the monthly variations of illumination
intensity, temperature and aboveground biomass. The
range of illumination intensity was 24 740 lux to 51 457

Environmentalconditions and aboveground

lux. Air temperature ranged from 18.6°C to 24.5C.
Meanwhile, the variations of soil temperature in differ-
ent depths at 5 cm, 10 cm and 20 cm were similar but
different from air temperature. For example, the soil
temperature was approximately 17°C in May, when the
air temperature was 19°C at the same time. Monthly
aboveground biomass of reed increased gradually
through the growing season till a peak (2245.14 g/m’)
was observed in September.

0.7

0.6

R../GPP

0.4
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Jul. Aug. Sep. Oct.
Month

Jun.

Fig. 4 Monthly variations of NEE, R.,, and GPP from May to October in 2014 (a) and ratio of R, to GPP from May to October in 2014 (b)
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3.3 Relationships between CO, budget and envi-
ronmental conditions as well as aboveground bio-
mass

Regression analysis was used to analyze the relation-
ships between R, and air/soil temperature. Generally,
Reco fitted well with temperature no matter air tempera-
ture or soil temperature at different depths (R* > 0.6)
(Fig. 6) and the R” of R, and soil temperature at 5 cm
depth was the largest one, which indicated that soil
temperature at 5 cm depth was a more important influ-
ence factor to Re, compared with air temperature and
soil temperature at 10 cm or 20 cm depths. Meanwhile,
both NEE and GPP were significantly related to illumi-
nation intensity (Fig. 7), revealing exponential relation-
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ships. Besides, correlation analysis indicated that NEE
and GPP correlated significantly with temperature varia-
tions (Table 1); both NEE and GPP were more obvi-
ously related to air temperature. To be specific, they had
exponential relationships (R*> equaled 0.45 and 0.69,
respectively) (Fig. 8). During the entire growing season,
CO; budget showed polynomial relationships with AGB,
which accounted for variation in NEE, R, and GPP of
45%, 57% and 51%, respectively. During the early and
peak growing season (May to August), CO, budget was
strongly correlated with the temporal variation of AGB,
revealing significant linear correlations, and the changes
in AGB could explain 84%-90% of the monthly varia-
tions in CO, budget (Fig. 9)
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Fig. 6 Relationships of R, with air temperature (a), soil temperature at different depths of 5 cm (b), 10 cm (c), and 20 cm (d)
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Table 1 Correlation coefficients of daytimenet ecosystem CO,
exchange (NEE) and daytime gross primary production (GPP)
with air and soil temperature during growing season in reed wet-
land of Jiaozhou Bay

CO, budget Temperature(C)

(ng/(m™s)) Air 5-cm soil 10-cmsoil  20-cm soil
NEE -0.723" —0.412" -0.298" -0.219
GPP 0.820" 0.603" 0.503" 0.425"

Notes: ~"P< 0.01; 'P<0.05
a9
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growing season (September and October); —Linear fit during early and peak
growing season; ---Polynomial fit during entire growing season

Fig. 9 Relationships between CO, budget (NEE, R.., and GPP)
and aboveground biomass of reed in wetland from May to Octo-
ber in 2014

4 Discussion

4.1 CO; budget in response to temperature and
illumination intensity

4.1.1 R, in response to temperature

Variations of air and soil temperatures are the dominant

factors which affect the value of R, (Powell et al,
2006). There were two possible reasons to explain that
Reco fitted well with temperature: on one hand, higher
temperature could promote microbial respiration by ac-
tivating dormant microbes and increasing microbial
species richness (Andrews et al., 2000); on the other
hand, the rates of the enzymatic processes of respiration
could become larger with the increasing temperature
(Ryan, 1991). It was worth noting that when compared
with air temperature and soil temperature at 10 cm or 20
cm depths, soil temperature at 5 cm depth was a more
important influence factor to R, in our study. This re-
sult was in accordance with results obtained by Alberto
et al. (2009), Schedlbauer et al. (2010) and Han et al.
(2014).

Q10, an indicator of temperature sensitivity, is defined
as the factor in the rate increases by 10°C (Van’t Hoff,
1898), which has been commonly used to express the
impact of temperature on R.,. It can be estimated as the
following equation:

Qo=exp (10b) “

Where b is regression coefficient of the regression
model of the relationship between R, and soil tem-
perature at a certain depth (Xu and Qi, 2001). In this
study, the values of Q;( based on soil temperature at 5
cm depths was calculated as 2.86 during the whole
growing season. It has been proved that Qo was sig-
nificantly influenced by soil temperature (Xu and Qi,
2001; Gershenson et al., 2009). To further illustrate the
effect of soil temperature on Qo, Reco, Were separated
into four classes (Table 2). The result revealed that soil
temperature was negatively correlated with Qo values,
companied by the appearance of highest Q¢ at the low-
est temperature conditions (T < 15°C). This negative
correlation between Qo and temperature observed in
our study was consistent with previous studies (Xu and
Qi, 2001; Gershenson et al., 2009). For example, Xu
and Qi (2001) reported that Q;, evidently declined with
increases in soil temperature and found a simple linear
regression model explaining 45% of the variation of Qg
values. The mechanisms responsible for higher Q;, oc-
curring at a lower soil temperature level were compli-
cated. To be specific, soil temperature can directly im-
pact the Qo value of ecosystem respiration by affecting
enzyme activity taken part in the reaction, root growth
and microorganism accumulation, thereby affecting Qo
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Table 2 Relationships between R, and soil temperature (7y;)
at 5 cm depth and corresponding Q,, under different temperature
classes in reed wetland from May to October in 2014

Respiration-temperature

Temperature class relationship R’ Qo
<15C ¥ =3.66¢""1" 8 0.45 4.90
15°C< Ty <20°C y=6.17e"13% 22 0.38 3.86
20°C <Ty<2°C y=12.22¢"1" 21 0.34 2.75
>25C ¥ =20.92e"085% 11 0.45 2.34

Notes: y represents ecosystem respiration (pg/(m’s)), x represents soil tem-
perature at 5 cm depth ('C)

values (Yang et al., 2011). Meanwhile, soil temperature
directly impacts the substrate availability and substrate
quality and indirectly affects Q9. A small deviation of
Q1o may cause a significant bias in estimating soil res-
piration because of the nonlinear relationship between
Qo and respiration (Xu and Qi, 2001). Therefore, char-
acterizing of Qi and its variation is of vital importance
to estimate ecosystem carbon balance and its uncertainty
bounds (Xu and Qi, 2001).

4.1.2 NEE and GPP in response to illumination in-
tensity and temperature

It has been proved that illumination was the dominate
factor for NEE and GPP control (Powell et al., 2006;
Lindroth et al., 2007; Lee et al., 2015). NEE and GPP
revealed strong exponential relationships with illumina-
tion intensity (Fig. 7). The correlations of illumination
intensity to NEE and GPP were relatively poor during
July and August compared with those in other months.
The difference could be explained by the following dif-
ferent rules of NEE and GPP changes with illumination
intensity in different months. At the outset, the absolute
magnitudes of NEE and GPP increased fast (Fig. 7);
then as illumination intensity reached a certain level,
NEE and GPP began to keep steady. Threshold value of
illumination intensity is called illumination saturation
point, which is related to environmental conditions such
as temperature (Yang et al., 2013). Moreover, the abso-
lute values of NEE and GPP trended down when illu-
mination intensity was high enough in July and August,
suggesting a photo inhibition of photosynthesis appear-
ing in the ecosystem under high temperature and intense
radiation conditions (Wu et al., 2010). The decrease of
NEE and GPP absolute values indicated that the photo-
synthetic capacity and light use efficiency decreased
(Han et al., 2013). Overall, the rate of daytime GPP
change with the changing illumination intensity was

slightly faster than the rate of daytime NEE change, in
accordance with the observation of Wu et al. (2010).

However, ecosystem photosynthetic capacity in dif-
ferent growth stage could also be affected by changes in
air and soil temperature (Lafleur et al., 2001; Zhang et
al., 2006). Our findings of the relationships between
temperature and NEE, GPP were in agreement with the
findings of previous studies (Zhang et al., 2006; Lee et
al., 2015). Moreover, Lin ef al. (2008) reported that un-
der the same illumination intensity, the ecosystem pho-
tosynthetic rate usually increased with temperature.
Meanwhile, Wu et al. (2010) divided NEE and GPP into
two groups, which were studied in the morning and in
the afternoon respectively. The rate of daytime NEE
change was lower than that of GPP change. Under the
same light conditions, the above phenomenon was ob-
served to be more distinct in the afternoon, indicating
that the increase of temperature could enhance the ca-
pacity of ecosystem photosynthesis. In conclusion, NEE
and GPP during the daytime were co-determined by
light and temperature.

4.2 CO; budget in response to aboveground bio-
mass

Researchers suggested that CO, budget were well cor-
related with aboveground living biomass of vegetation
(Han et al., 2013; Song and Liu, 2016). However, our
result that CO, budget showed polynomial relationships
with AGB during the entire growing season was dis-
agreed with those in some other researches which found
that NEE, R, and GPP revealed significant linear cor-
relations with AGB (Hirota et al., 2006; Han et al.,
2013). Therefore, to further investigate the effects of
AGB on CO; budget, the monthly CO, budget data were
separated into two groups over two growth periods: the
early and peak growing season (from May to August)
and the later growing season (September and October).
Specifically, during the early and peak growing season,
CO; budget was strongly correlated on the temporal
variation of AGB (Fig. 9). The difference of these re-
sults may due to the following reasons: with the de-
crease of temperature and illumination intensity, the
absolute magnitude of CO, budget during the later
growing season dropped to a low level even with higher
AGB. In addition, as the community senesced and the
reed growth arrested, the growth rate and metabolism
rate of reed slowed down, causing the decline of reed
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CO, budget. Specifically, leaf grew fast and became the
main part of AGB in the vegetation stage. The decrease
of leaf weight and leaf area could lead to a decline in
photosynthesis even under a rise in AGB during the later
growing season. Hence CO, budget negatively corre-
lated with AGB during the later growing season. In a
word, the temporal variation in AGB had a great impact
on NEE, R., and GPP.

Combined with previous researches, the aboveground
biomass of vegetation may exert impact on CO, ex-
change via the following tips. First and foremost, to
some extent, AGB was associated with photosynthetic
capacity of living plant (Han et al., 2013), therefore
NEE was modulated by the amount of plant biomass
(Larmola et al., 2003). Secondly, it was a good proxy
for living plant AGB to explain the variation of respira-
tion in both autotrophic and heterotrophic capacity and
therefore the variation in AGB regulated the variability
in Rec, (Wohlfahrt et al., 2008). Last but not least, AGB
was relevant to leaf area index (Wickland et al., 2001),
which could impact photosynthetic CO, uptake by con-
trolling ecosystem light absorption capacity (Lund et al.,
2010).

4.3 Comparison of CO, budget with other wetland
ecosystems

In this study, diurnal variations of NEE among different
months in the growing season exhibited significant
V-like patterns during daytime; meanwhile seasonal
variations of CO, budget showed single peak curves
from May to October. Same results have been reported
by previous researchers (Syed et al., 2006; Han et al.,
2014; Lee et al., 2015). In complete length of the grow-
ing season, the net CO, uptake of the reed wetland was
1129.16 g/m’, greater than most studies (Han er al.,

2013; Yang et al., 2013; Strachan et al., 2015) (Table 3),
suggesting that the coastal wetland in JZB was an area
with better ability of carbon sequestration during the
reed growing season.

Furthermore, the average ratio of Ree, to GPP in our
study area was 0.61 during the growing season, which
was equal to a reed wetland in the Yellow River Delta in
China (0.61) (Yang et al., 2013) and much lower than
Cattail marsh in the Ottawa River Valley in Canada
(0.88) (Strachan et al., 2015) (Table 3). Overall, the ra-
tio of Reeo to GPP was intermediate. Besides, the ratio of
Reco to GPP reached its maximum in October and mini-
mum in May, which was inconsistent with results ob-
served by Han et al. (2013) that the highest R..,/GPP
value achieved in May. The differences may probably
due to the lowest illumination intensity in October
among the six months, causing a relatively low rate of
photosynthesis. Meanwhile, soil temperature at 5 cm
depth in October was higher than that in May, resulting
in stronger respiration. Therefore, the maximum value
of Re.o/ GPP was appeared in October instead of May.

5 Conclusions

The estuarial saline reed (P australis) wetland in JZB
acted as a CO, sink of 1129.16 g/m” in the entire grow-
ing season (May to October). The cumulative value of
Reco and GPP were 1744.89 g/m2 and 2874.05 g/m2 re-
spectively; the ratio of R, and GPP was 0.61. CO,
budget showed distinct diurnal and seasonal patterns.
Seasonal variation of CO, budget exhibited single peak
curves in the growing season. R, was significantly re-
lated to air temperature and soil temperature, especially
at 5 cm depth. Qyo values were negatively related to soil
temperatures. Both NEE and GPP were significantly

Table 3 Comparison of CO, budget (NEE, R.., and GPP) and R..,/GPP in different ecosystems during vegetation growing season

Location Ecosystem NEE(g/m?) Reco(g/m®)  GPP(g/m®) R/ GPP Observation time Reference
Yellow River Delta, China Reed wetland -956 1657 2612 0.63 May—October 2010 Han et al., 2013
Yellow River Delta, China Reed wetland -781 1242 2023 0.61 May—October 2011 Yang et al., 2013
Qinghai-Tibet Plateau, China Alpine herb wetland -230 1735 1965 0.88 May—September 2005  Zhang et al., 2008
Ottawa River Valley, Canada Cattail marsh —64 468 532 0.88 May—September 2010  Strachan, ef al., 2015
Cladiumjamai tidal
Mexico Estuary, America aclumyamaicense toz 825 1286 2111 0.6  May-October2012  Wilson et al., 2015
freshwater marsh
Boreal Forest Natural Regi
oreal Forest Ratural Begion, Peatland —-154 - - May—October 2005  Adkinson et al., 2011
Canada
tal salt h
Jiaozhou Bay, China Coastal saltmarshreed )y 1745 2874 0.61  May October 2014 This study

wetland
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related to illumination
Aboveground biomass over the whole growing season

revealed nonlinear relationships with CO, budget, while

intensity and temperature.

AGB during the early and peak growing season showed
significant linear relationships with CO, budget.
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