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Abstract: From early July to late September 2008, we studied CO2 emissions from 4 different stands in newly created mar鄄

shes of the Pengxi River, using static opaque chamber鄄GC techniques. The results showed high spatial variation of CO2 emis鄄

sions among the four stands. The greatest CO2 emission (627. 8 依 335. 9 mg·m-2 ·h-1 ) was observed in the Scirpus

triqueter stand. The smallest CO2 emission (450. 4 依 271. 5 mg·m-2·h-1) was observed in the Juncus amuricus stand.

Standing water depths and above鄄ground biomass were important factors in explaining these spatial variations in CO2 emis鄄

sions. We also found a typical seasonal variation of CO2 emissions in this area, with maximal emissions ranging from mid鄄July

to mid鄄August. The seasonality of CO2 emissions in the newly created marshes was found to be closely related to water tem鄄

perature and soil temperature ( r = 0. 577, 0. 557 (5 cm),p < 0. 001) .

Key words: carbon dioxide emission; newly created marshes; Pengxi River; Three Gorges Reservoir

Chinese Library Classification:X171 Document Code:A摇 摇 摇 Article ID:1672鄄 6693(2012)03鄄 0176鄄 05

摇 摇 After the Industrial Revolution, radiative forcing
of greenhouse gases ( GHGs) such as carbon dioxide
( CO2 ), methane ( CH4 ), and nitrogenous oxide
(N2O) have increased in an unprecedented manner,
and information about ancient climates has further dem鄄
onstrated that climate warming during the most recent
50 years is the most abnormal climate event within the
last 1300 years[1] . CO2 is an important greenhouse gas
and its concentration in the atmosphere has increased
from 270 ~ 280 ppm (before the Industrial Revolution)
to 379 ppm currently, an increase of 36 % [1] . In cli鄄
mate change studies, the sources and sinks of CO2 have
been thought of as “keystones冶 and “hotspots冶 . Res鄄
ervoirs were listed as one of the relevant types of land

use change by the IPCC[1], but there have been rela鄄

tively few studies about CO2 emission from reservoirs.

Recently, though, some studies have addressed the im鄄

portance of mitigating GHGs from reservoirs[2鄄3] . Re鄄

searchers have paid attention to CO2 emissions from

reservoir surfaces, turbines and spillways[4鄄6],but have

ignored those from drawdown areas ( littoral zones, es鄄

pecially wetlands ) of dammed lakes during periods

when the water recedes. In recent years, riparian zones

of rivers and littoral zones of lakes have been recog鄄

nized as being important as regions of biogeochemical

transformation in the landscape. GHG emissions from

these regions, and the associated biological mecha鄄
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nisms, have gradually become of concern [7鄄10] . Simi鄄
larly, GHG emissions from the drawdown areas of res鄄
ervoirs ( especially the wetlands) are also important,
though rarely studied.

This study is aimed at: 1) understanding spatial
and temporal variation of CO2 emissions during the
growing season from the littoral marshes of the Pengxi
River (PR) in the Three Gorges Reservoir ( TGR),
and 2) determining the factors that contribute to the
spatio鄄temporal variation of CO2 emissions during the
growing season.

1 Methods and Materials

1. 1 Study sites
The study was conducted in the PR Wetland Re鄄

serve (31毅 5忆37. 74忆忆 ~ 31毅 12忆 30. 26忆忆 N, 108毅 27忆
45郾 05忆忆 ~ 108毅27忆0. 05忆忆E), which covers a total area
of 36. 9 km2, with 1920 ha of littoral wetlands along

the TGR. The PR is one of many secondary branches
of the Yangtze River in the Three Gorges Reservoir Re鄄
gion (TGRR). A typical gully marsh was chosen for
this study. Four different kinds of wetland plant stands
(Tab. 1) had formed there, namely stands of: Juncus
amuricus, Typha angustifolia, Scirpus triqueter and
Paspalum distichum.
1. 2 Environmental factors and other sampling

Plant heights, Redox potentials, air temperatures,
water temperatures, ground surface temperatures, soil
temperatures at depths of 5 and 10 cm, and standing
water depths in each stand were recorded, with six rep鄄
licates on each sampling day. Soil samples were col鄄
lected at 10 cm soil depth in July, August and Septem鄄
ber. The total carbon content ( TC), total nitrogen
content (TN), and total phosphorus content (TP) of
soil samples were analyzed according to standard soil
chemical methods (Soil Science Society of China).

Tab. 1 Selected plant stands, dominant species of each stand, their standing water depth and aboveground biomass

Plant Stands Dominant Species Water Depth / cm Aboveground Biomass
/ (g ·DW ·m-2)

Juncus amuricus stand Juncus amuricus 2. 2 (0 ~ 7) 288
Typha angustifolia stand Typha angustifolia 3. 5 (0. 5 ~ 8) 323
Scirpus triqueter stand Scirpus triqueter 8. 7 (0 ~ 21) 387

Paspalum distichum stand Paspalum distichum 3. 8 (0 ~ 19) 515

1. 3 Establishment of sampling plots and CO2 emis鄄
sion measurements

To minimize disturbance to the marsh, we in鄄
stalled boardwalks in the sampling area. For each plant
stand, six plots were established along such boardwalks
where CO2 emissions were measured at 10鄄day intervals
from July to September. Samples were taken at 09:00,
Beijing standard time (GMT+8). CO2 emissions were
measured with vented static chambers. Four air sam鄄
ples from each chamber were taken at 10 minute inter鄄
vals over a 30 minute period after enclosure, and
stored in 5 mL air鄄tight vacuumed vials. The CO2 con鄄
centration was determined by gas chromatography.

The flux J of N2O was calculated as

J = dc
dt·

M
V0

·
T0

T ·H

Where dc / dt is the rate of change of concentra鄄

tion; M is the molar mass of CO2; P is the atmospheric
pressure of the sampling site; T is the absolute temper鄄

ature at the sampling time; V0, P0, T0 are the molar
volume, atmospheric pressure, and absolute tempera鄄
ture, respectively, under the standard condition; and
H is the chamber height over the water surface. We ac鄄
cepted the flux data when there was a good linear re鄄

gression between flux and time (R2逸0. 95).

2 Results

2. 1 Spatial variations in CO2 emissions from the

newly created marshes

The mean CO2 emission rate of newly created mar鄄

shes of PR was 538. 4 依 324. 4 mg·m-2·h-1 in the
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growing season of 2008, which is lower than that of a
freshwater marsh of the Sanjiang Plain ( range 779. 33
to 65. 4 mg·m-2·h-1) [11] and higher than that of a
peatland in the Zoige Plateau 203. 22 mg · m-2 ·
h-1 [12] . The results showed high spatial variability of
CO2 emissions among the four stands (Fig. 1, Tab. 2).

The greatest CO2 emissions 627. 8 依 335. 9 mg·m-2·

h-1 were from the Scirpus triqueter stand. The Juncus
amuricus stand recorded the lowest CO2 emissions

(450. 4 依 271. 5 mg·m-2·h-1). Intermediate CO2

emissions coming from the Paspalum distichum stand
and the Typha angustifolia stand were 616. 3 依 344. 7
mg·m-2 ·h-1 and 459. 5 依 304. 7 mg·m-2 ·h-1,
respectively.

Fig. 1 CO2 emissions in different plant stands from

July to September, 2008

Tab. 2 Significance of impacts of stand type,

season, and their combined effect on CO2 emission and

environmental factors in growing season

Stand Type Season Combined
Effect

CO2 emission / (mg·m-2·h-1) * * ns
Air temperature / 益 ** ** **

5 cm soil temperature / 益 ** ** **
10 cm soil temperature / 益 ** ** **

The standing water depth / cm ** ** **
Plant height / cm ** ns **

Soil water content / % ** ns **
C鄄total / ( g·kg-1) ** ns **
N鄄total / (g·kg-1) ** ns **
P鄄total / (g·kg-1) * ns ns
DOC / ( mg·kg-1) ** ** **
NO3

- / (mg·kg-1) ** ** **
NH4

+ / (mg·kg-1) ** ns **
摇 摇 * 琢<0. 05, ** 琢<0. 01; ns, no significant impact.

2. 2 Seasonal variations in CO2 emissions from the
newly created marshes

Significant seasonal variation of CO2 emissions
were found during the growing season in our study
(Fig. 2), with maximal emissions ranging from mid鄄Ju鄄
ly to mid鄄August. There were similar seasonal patterns
of CO2 emissions in each of the four different kinds of
wetland plant stands.

3 Discussion
CO2 emissions as measured here using the static o鄄

paque chamber method are caused by total ecosystem
respiration, including the respiration of vegetation, roots
and soil microorganisms [13] . The high level of ecosys鄄
tem respiration is partly related to the subtropical cli鄄
mate of the site, as well as the effects of the special
condition of periodic transition between terrestrial and a鄄
quatic ecosystems. Research conducted on ecosystems of
the Sanjiang Plain and Qinghai鄄Tibet Plateau [11鄄12, 14]

found that wetland ecosystem respiration was lower than
that of its terrestrial counterparts. We think that ecosys鄄
tem respiration in the marshes of PR may, however, be
similar to its terrestrial ecosystem counterparts because
of the similar physical鄄chemical characteristics of the
soils of the two systems. Thus the high ecosystem respi鄄
ration in the marshes of PR appears to play a unique
and significant role in the regional carbon cycle and re鄄
lated dynamic processes.

In this study we found that marshes with higher
standing water depths (Scirpus triqueter stand and Paspal鄄
um distichum stand) emitted more CO2 than marshes with
lower depths of standing water (Juncus amuricus stand
and Typha angustifolia stand), which differs from results
of other studies. We similarly found that both soil water
content and standing water depth influenced spatial varia鄄
tions of CO2 emissions when the soil water content ranged
widely. However, when soil water content is comparative鄄
ly abundant, it will not be an important factor controlling
the process of soil respiration [15鄄16] . Our results also
showed that there were higher CO2 emissions in the Scir鄄
pus triqueter stand and the Paspalum distichum stand,
when above鄄ground biomass was higher, and lower CO2 e鄄
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missions in the Juncus amuricus stand and the Typha an鄄
gustifolia stand which had less above鄄ground biomass.
Therefore, we understand that respiration of above鄄ground
biomass is also a factor influencing spatial variations of
CO2 emissions in the marshes of PR [17], indicating that

ecological factors correlated with plant respiration [18] may
explain variations of CO2 emissions among different plant
stands.

Fig. 2 Seasonal variation of CO2 fluxes from July to September, 2008

Fig. 3 The relation between CO2 fluxes and air , water and soil temperatures

摇 摇 The seasonal pattern of CO2 emissions which we found

was similar to those reported for natural marshes, inclu鄄

ding alpine wetlands in the Qinghai鄄Tibet Plateau
[12, 14, 19鄄20], the plain wetlands in Sanjiang [11, 17], and
others, with peak emissions being recorded in the peak
growing season. Seasonal variations of temperature may
explain these variations in CO2 emissions [11, 19] . Like
many other studies, the present study also showed a posi鄄
tive correlation between CO2 emissions and temperature.
Moreover, the seasonality of CO2 emissions was found to

be closely related to water
temperatures and soil temperatures at 5
cm depths (Tab. 2, Fig. 3). There鄄
fore, the seasonality of CO2 emissions
in the marshes of PR can probably be
explained by the seasonal variation in
ground water and soil temperatures.
Continuing studies will delve more
deeply into this subject in order to bet鄄
ter understand the factors that influ鄄
ence CO2 emissions in the marshes of
the TGR drawdown zones.
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