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Abstract; By using eddy covariance technique, this paper measured the net ecosystem CO, ex-
change (NEE) in a reed ( Phragmites australis) wetland in the Yellow River Delta of China during
the growth season of 2011, and investigated the variation patterns of the NEE and related affecting
factors. The average diurnal variation of the NEE in different months showed a U-type curve, with
the maximum net CO, uptake rate and release rate being (0.44+0.03) and (0.16+0.01) mg CO,
-m™ - s, respectively. The NEE, ecosystem respiration (R, ), and gross primary productivity
(GPP) were all higher in vigorous growth season (from July to September) and lower in early
growth season (from May to June) and late growth season (from October to November). Both R_,
and NEE reached their maximum values in August, while GPP reached its peak value in July. Dur-
ing the growth season, the ecosystem CO, exchange was mainly dominated by photosynthetic active
radiation (PAR), soil temperature (T,), and soil water content (SWC). There was a rectangular
hyperbolic relationship between the daytime NEE and PAR. The nighttime ecosystem respiration
(R

) was exponentially correlated with the T, at 5 ¢m depth, and the temperature sensitivity of
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the ecosystem respiration (Q,,) was 2.30. SWC and T, were the main factors affecting the R .

During the entire growth season, the reed wetland ecosystem in the Yellow River delta was an obvi-

ous carbon sink, with the total net carbon sequestration being 780.95 g CO, » m™.

Key words: net ecosystem CO,exchange; gross primary productivity; ecosystem respiration; reed

wetland ; Yellow River Delta.
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Fig.1 Relationship between friction velocity and nighttime net

ecosystem CO, exchange (NEE,) during the growing season.
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Fig.2 Variations of air temperature (T, ), soil temperature at
5 cm depth (T.), volumetric soil moisture at 10 cm (SWC,,)
and 20 cm (SWC,,) depth, vapor pressure deficit and precipita-
tion during the growing season in 2011.
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Fig.3 Diurnal variation of net ecosystem CO, exchange in a

reed wetland during the growing season in 2011 ( mean+SE).
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exchange (NEE) in a reed wetland during the growing season in
2011.
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Table 1 Comparison of analog parameters between day-
time net ecosystem CQO, exchange and photosynthetic active
radiation using a Michaelis-Menten model in a reed wetland
ecosystem during the growing season in 2011

VEEDS RIOCHER RIDLET AXESRERSE R

Month A pax FER 5 IR R R,

(mg CO, - (mg CO, - (mg CO, -

m?2 s pmol ™" pho) m2 s
5 0.60 0.0027 0.33 0.45
6 1.06 0.0081 0.65 0.47
7 0.94 0.0025 0.31 0.62
8 0.83 0.0021 0.23 0.60
9 0.37 0.0013 0.12 0.43
10 0.29 0.0018 0.16 0.30
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Fig.5 Simulated curves of relationship between daytime NEE and PAR in a reed wetland during the growing season in 2011.
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Table 2  Correlation coefficients of nighttime ecosystem
respiration with soil temperature

Ay + IR Soil temperature (°C)
Month 5 em 10 ¢m 20 cm 30 cm
5 0.53** 0.54"" 0.51** 0.47°*
6 0.23"* 0.11"" 0.12"" 0.42°"
7 0.24"* 0.23"" 0.20" " 0.19""
8 0.44"" 0.39" " 0.32"" 0.09

9 0.36" " 0.34"" 0.31"" 0.23"*
10 0.39** 0.40* " 0.41** 0.08
R 0.66** 0.65** 0.60"* 0.58"*

Growing season

(El6). 24 T >15 CHE, R, B T 1T SR
B ARAE=(2) M ERZAES RS Q[N 2. 30.

mIE R, A K E R, 520 em &b+ 5k
FUEKE (SWC) R EM ZRIMEXR (K 7),
SWC AR R, 29 10% W78 16, th3& 3 nTLLE 1,
2 SWC 1E40% ~50% i, Q, fHH K, FiZ SWC [#
RGN, Qo BIREAR , 25 W]+ 3K 43 Rl 3 24 [
AR

®3 AAKAEGTHFEMBRBRESRETR(R,, .,
Y) 55 em B TERE (T, ,x) NXER

Table 3 Relationships between nighttime ecosystem respi-
ration (R, ,, y) and soil temperature (7,,x) at 5 cm
depth under different ranges of volumetric soil moisture in a
reed wetland during the growing season

TR KR econ— s n R P Qo
Volumetric soil
moisture (% )
<40 y=0.0132¢% 7 904 0.34 <0.001  2.07
40 ~50 y=0.0150e0 0815 653 0.63 <0.001 2.26
=50 y=0.0119¢0 0810« 608 0.28 <0.001 2.24

* % P <0.01
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Fig.6 Relationship between nighttime ecosystem respiration (R, ,) and soil temperature at 5 cm depth, volumetric soil moisture

eco,n

(SWC) at 20 cm depth in a reed wetland during the growing season in 2011.
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Table 4 Comparison of net ecosystem CO, exchange (NEE) in different wetland vegetations during the growing season

o A ER i es HES R CO, 22k XL B ] ik
Location Main vegetation type NEE (g CO, + m™?) Observation time Reference
T PR -310.00 ERNES [13]
Yangtze Estuary, China Reed wetland Growing season

i ] v 5 JER -230.16 2005-05—09 (9]
Qinghai-Tibetan Plateau, China Alpine wetland

Fh E = T8 T PR Bl -268. 00 2006-05—10 [26]
Sanjiangyuan Region, China Elymus nutans pasture

v L R i € AR 2 i -511.79 05—09 [28]
Northern Shore of Qinghai Lake, China Alpine meadow grassland

o A4 PR -1437.00 2005-05—10 [25]
Pangjin, China Reed wetland

JnE K WAk BARSINTE I RATE PR -645.33 2004-05—10 [24]
Alberta, Canada Picea and Larix fen

JIE PRIk AR R -1194.60 2005-05—10 (8]
Ottawa River Valley, Canada Cattail marsh

o [ T = £ JRE SIS ) -780.95 2011-05—10 ABFTE
Yellow River Delta, China Reed wetland This study

— WY& Absorption.



9 BRI BAE . B = A IR A KRR A S R GE CO, S SO IR I 2 AL ]

2421

MBI R KRS RGEH Y o A,
R.., JIBEM T ARAE B (LAL) SN S48 808 K.

3.2.2 HHERIE A OPSERU] A S RGN
B (R, ) BEE T8 Fh w3 > A 5%
L AER B R, 55 em &b T 2IREK R
(L 6). X GHE T 035 90 e i g 5 ) 1 4%
ZR G0 5 Sy A0 ek = VT XN T Ml A BIF 5 A
— 3. Qo SR A A AR GE T X IR B AR T Y AU AR
JETE 2011 ARA KR PRI AE R RGN Q, [H N
2.30, UL TR0 SR HB Y AR Q,, f1.(2. 38) ™,
(EJEEAEF =V X AN TR A S REW Q8
(4.81) 20 TR ] = £ NG M AF 25 R G R R
JEE AR I SRR AR XT3 AIG. 1R 5K M ES RS
CO, E il EEAEH .

3.2.3 HHOKGY K FMAERRER,,, I
A TFHRBE ) AR T H Al i b A 25 R 5, 10 38
NS P 5K 43 AT 5 i A R, R4
F oK FEOFR =Y CO, MHERZ B R
il Zhou %P HFITINA , FE 7.8 A, £HEK M
MR, , FER AR, TS0 NEE 5
TR R AW, T, 8 4 K 43 3L 7] 52 i &
R, PR SR X B MR i R I 5T R
B, 48K R R R B R NEE 1R/
RIEZESI WA A |5 em 40 T MK 435 €O, HE
TG 8 (A OC. BR I A W A (14 7K At 2 B i)
{PHh NEE OB R | =K A7 T BEIPHl e A= 38 &R
GENFUE RIBHAT CO, Mflf . HJ, R X =T
IR RS CO, i 1K WA 7T 0, RS
FE LI A (] K A7 A2 A6 FEIAR K (2 ~ 28 em) , {HIZ
¥R, T KALIE A 5 1 AH M 5 Bonneville
BRI, CO, B EFKMEAHERNER. S5
N7 I A S 7K A o i i A 2 2R G I W R e AL i A
W%

% 3k

[1] Mitra S, Wassmann R, Vlek PLG. An appraisal of glob-
al wetland area and its organic carbon stock. Current
Science , 2005, 88 25-35

[2] TFranzen LG. Can Earth afford to lose the wetlands in the
battle against the increasing greenhouse effect? Proceed-
ing of the 9th International Peat Congress, Uppsala,
Sweden, 1992, 1-18

[3] Wan Z-M (J7E4), Song C-C (KKFHF), Yang G-S
(#H:4:) , et al. The active soil organic carbon fraction
and its relationship with soil enzyme activity in different
types of marshes in the Sanjiang Plain. Acta Scientiae

Circumstantiae (FIRRFF224L) , 2009, 29(2) ; 406-

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

412 (iin Chinese)

Baldocchi DD. Assessing ecosystem carbon balance:
Problems and prospects of the eddy covariance tech-
nique. Global Change Biology, 2003, 9. 478-492
Hao Y-B (#fZ12). Characteristics of Net Ecosystem
Exchange of Carbon Dioxide and Their Driving Factors
over a Fenced Leymus chinensis Steppe in Inner Mongo-
lia. PhD Thesis. Beijing: Graduate University of Chi-
nese Academy of Sciences, 2006 (in Chinese)

Smith CJ, DeLaune RD, Patrick Jr WH. Carbon dioxide
emission and carbon accumulation in coastal wetlands.
Estuarine, Coastal and Shelf Science, 1983, 17, 21-29
Clair TA, Arp P, Moore TR, et al. Gaseous carbon di-
oxide and methane, as well as dissolved organic carbon
losses from a small temperate wetland under a changing
climate. Enwvironmental Pollution, 2002, 116. S143 -
S148

Bonneville MC, Strachan IB, Humphreys ER, et al.
Net ecosystem CO, exchange in a temperate cattail marsh
in relation to biophysical properties. Agricultural and
Forest Meteorology, 2008, 148. 69-81

Zhang F-W (3K¥H), Liu A-H (X% 4E), Li Y-N
(ZYEAE) | et al. CO, flux in alpine wetland ecosystem
on the Qinghai-Tibetan Plateau. Acta Ecologica Sinica
(HEA2AH) , 2008, 28(2) ; 453-462 (in Chinese)
LiL (% T§H). Methane Fluxes from Zoige Marshes
and Estimation of Greenhouse Gas Emission under Dif-
ferent Land Use. Master Thesis. Beijing: Beijing For-
estry University, 2011 (in Chinese)

Song T (K ¥ ). Long Term Carbon Dioxide Flux
Measurements in Sanjiang Plain, Northeastern China.
PhD Thesis. Nanjing: Nanjing University of Information
Science & Technology, 2007 (in Chinese)

Guo X-L (58Z55%). Study on the Characteristics of Ni-
trogen Cycling in Plant-soil System in Wetlands Along a
Water Level Gradient in the Sanjiang Plain. PhD The-
sis. Changchun; Northeast Normal University, 2008 (in
Chinese )

Ma A-N ( BZ238) , Lu J-J (Ff{EfE). Net ecosystem
exchange of carbon and tidal effects in Chongxi Wet-
land, Yangize Estuary. Research of Environmental Sci-
ences (MMEEFFAHSY) , 2011, 24(7) : 716-721 (in
Chinese)

He Q-J (f #FEE). Characteristics of Net Ecosystem
CO, Exchange over Panjin Reed Wetland and its Simula-
tion. Master Thesis. Beijing: Chinese Academy of Me-
teorological Sciences, 2007 (in Chinese)

Song C-Y (KANL), Liu G-H (X & #), Liu Q-S
(XUPEAH:) |, et al. Distribution patterns of plant commu-
nities in the Yellow River Delta and related affecting fac-
tors. Chinese Journal of Ecology (A:352¢Z4) , 2008,
27(12) . 2042-2048 (in Chinese)

Feng Z-J] (4G VL), Zhao X-S (#XJkH:). The envi-
ronment interpretation for the space change of the reed
biomass in the Yellow River Delta. Research of Soil and
Water Conservation (/K +{RFFIF5T), 2008, 15(3):
170- 174 (in Chinese)

Cui B-S (#£1), Liu X-T (XI2%1). Ecological
character changes and sustainability management of wet-
lands in the Yellow River Delta. Scientia Geographica
Sinica (HBEERIY) | 2001, 21(3) : 250-256 (in Chi-
nese )

LiY-Z (E=H), Yul-B (TEE), Han G-X (5]



2422 AR N 244
), et al. Dynamic evolution of natural wetlands in 4889-4899 (in Chinese)
Yellow River Delta and related driving factors. Chinese [33] Peng Z-H (M), Wang Y (£ ¥F), Ren H-Q
Journal of Ecology (=752 7%id), 2011, 30(7): (fF#75 ), et al. Research on the variation of carbon
1535-1541 (in Chinese) flux and the relationship of environmental factors and
[19] Xu J-X (¥F4>). Land-accretion of the Huanghe Riv- carbon flux of Populus forest ecosystem in the reaches of
er Delta influenced by drainage basin factors. Acta Yangtze River in Anqing. Forest Research (Hfoll Bl
Oceanologica Sinica (MFH24R), 2004, 26(3) : 68— 3%), 2009, 22(2): 237-242 (in Chinese)
74 (in Chinese) [34] Liang Y (3 F), XuJ-W (%F%4#), Hu Y-M (#
[20] Chen L-D (BEFAIT), Fu B-J (fH{AZAS). Analysis of FLH# ) , et al. Soil respiration of degraded Korean pine

[21]

[22]

(23]

(24]

(25]

[26]

[27]

(28]

(29]

[30]

[31]

(32]

impact of human activity on landscape structure in
Yellow River Delta: A case study of Dongying region.
Acta Ecologica Sinica (73527 #), 1996, 16 (4):
337-344 (in Chinese)

Lloyd J, Taylor JA. On the temperature dependence of
soil respiration. Functional Ecology, 1994, 8. 315-323
Ruimy A, Jarvis PG, Baldocchi DD, et al. CO, fluxes
over plant canopies and solar radiation: A review. Ad-
vances in Ecological Research, 1995, 26. 1-68

Barr AG, Griffis TJ, Black TA, et al. Comparing the
carbon budgets of boreal and temperate deciduous forest
stands. Canadian Journal of Forest Research, 2002,
32, 813-822

Syed KH, Flanagan LB, Carlson PJ, et al. Environmen-
tal control of net ecosystem CO, exchange in a treed,
moderately rich fen in northern Alberta. Agricultural and
Forest Meteorology, 2006, 140. 97-114

Zhou L, Zhou GS, Jia QY. Annual cycle of CO, ex-
change over a reed ( Phragmites australis) wetland in
Northeast China. Aquatic Botany, 2009, 91 91-98
Wu L-B (ZJ11#), GuS (1 #), Zhao L (i#X
5%), et al. Variation in net CO, exchange, gross prima-
ry production and its affecting factors in the planted pas-
ture ecosystem in Sanjiangyuan Region of the Qinghai-
Tibetan Plateau of China. Chinese Journal of Plant Ecol-
ogy (HUIAEZS24R) . 2010, 34(7): 770-780 (in
Chinese)

Shurpali NJ, Verma SB, Kim J, et al. Carbon dioxide
exchange in a peatland ecosystem. Journal of Geophysi-
cal Research, 1995, 100, 14319-14326

Zhang F-W (IK3E46) |, Li Y-N (Z234E) | Cao G-M
(B R), et al. CO, fluxes and their driving factors
over alpine meadow grassland ecosystems in the northern
shore of Qinghai Lake, China. Chinese Journal of Plant
Eeology (#¥17E752£4]) , 2012, 36(3); 187-198
(in Chinese)

Flanagan LB, Johnson BG. Interacting effects of temper-
ature, soil moisture and plant biomass production on
ecosystem respiration in a northern temperate grassland.
Agricultural and Forest Meteorology, 2005, 130, 237 -
253

Wang H, Saigusa N, Yamamoto S, et al. Net ecosystem
CO, exchange over a larch forest in Hokkaido, Japan.
Atmospheric Environment , 2004, 38 . 7021-7032

Zhao L (% %2), Gu S (#y  #), Zhou H-K ( Ji1E
M), et al. CO, fluxes of artificial grassland in the
source region of the three rivers on the Qinghai-Tibetan
Plateau, China. Chinese Journal of Plant Ecology (Fi
PS4 ) | 2008, 32(3) ; 544-554 (in Chinese)
Tong X-J ([F/NB), LiJ (ZF &), Liu D (X
). Characteristics and controlling factors of photosyn-
thesis in a maize ecosystem on the North China Plain.
Acta Ecologica Sinica (752 H), 2011, 31(17):

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

forest ecosystem in Changbai Mountains. Chinese Jour-
nal of Applied Ecology (N JHEZS22#), 2010, 21
(5):1097-1104 (in Chinese)

Xu L-L (#¥%), Zhang X-Z (3KZEM), Shi P-L
(FKEAL), et al. Net ecosystem carbon dioxide ex-
change of alpine meadow in the Tibetan Plateau from
August to October. Acta Ecologica Sinica (HEEEM) ,
2005, 25(8) ; 1948-1952 (in Chinese)

Hao Y-B (i Z ), Wang Y-F (EH2F), Sun X-M
(FMNREBD) | et al. Seasonal variation in carbon exchange
and its ecological analysis over Leymus chinensis steppe
in Inner Mongolia. Science in China ( Series D; Earth
Sciences) (HIEFHE D § - HUERF2E) | 2006, 36
(suppl. 1): 174-182 (in Chinese)

LiQ (Z ), Xue H-X (¥4 %), Wang Y-L (T
ZJ8), et al. The preliminary study on the impact of
soil temperature and moisture on carbon flux over Stipa
krylovit ecosystem. Journal of Agro-Environment Science
(AW FRFERE 22254 | 2011, 30(3) : 605-610 (in
Chinese)

Wang M (£ #), Liu Y-Q (X)E%E) |, Hao Z-Q (i
HER), et al Respiration rate of broadleaved Korean
pine forest ecosystem in Changbai Mountains. Chinese
Journal of Applied Ecology (@ H éE?‘.S%»ﬁﬂi) , 2006, 17
(10) : 1789-1795 (in Chinese)

Yu G-R ( T#54), Wen X-F (I&% %), Li Q-K (%
PRIE) , et al. Season mode and environmental response
characteristics of ecosystem respiration over China sub-
tropical and temperate typical forest. Science in China
(Series D: Earth Sciences) (H1EFl2 D #5 - HiERF}
2£), 2004, 34 (suppl. 11 ) : 84-94 (in Chinese)

Xie Y-B (WHES) , Jia Q-Y (BIKF), Zhou L (JA
F1), et al. Soil respiration and its controlling factors at
Phragmites communis wetland in Panjin. Journal of Me-
teorology and Environment (KA S5HEFM) , 2006,
22(4): 53-58 (in Chinese)

Huang X-Z (#HEE) | Hao Y-B (MER) , Wang Y-F
(EHi3F), et al. Impact of extreme drought on net eco-
system exchange from Leymus chinensis steppe in Xilin
River Basin, China. Chinese Journal of Plant Ecology
(L), 2006, 30(6) : 894-900 (in Chi-
nese )

Wang J-F ( £RIE), Wang G-X ( EAR%E), Wang Y-
B (TE—1#), et al. The influence of marsh and alpine
meadow grassland degradation to CO, emissions in the
Qinghai-Tibet Plateau. Chinese Science Bulletin ( Fl2£
), 2007, 52(13) ; 1554-1560(in Chinese)

EEE T

WRIB, 2, 1987 4R BT A, 2B

TR B PEFAIF 5T . E-mail ; 1qyang@ vyic. ac. cn
RiEHE TREF




