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Abstract

Aims Wetland ecosystems are an obvious carbon sink, but with constant land reclamation, many wetlands dis-
appeared and degenerated, and reclamation also influences the carbon-cycle between wetland ecosystems and the
atmosphere. Cropland is a dominant use of reed (Phragmites australis) wetland in the Yellow River Delta, but the
CO, flux of wetland ecosystems under escalating human influences remains unclear. Our objective was to inves-
tigate the impact of wetland reclamation on net ecosystem CO, exchange (NEE) dynamics and quantify CO, ex-
change of the two ecosystems’ response to environmental and biological factors.

Methods Based on eddy covariance technique, we measured CO, fluxes over the reed wetland and cropland
ecosystems and monitored environmental and biological factors in 2011.

Important findings The averaged diurnal variation of NEE showed the U-type curve in different months of the
growing season over wetland and cropland ecosystems. In the non-growing season, NEE lacked a diurnal pattern
and the range of NEE was very small as the result of soil microbial activity. Analyses of NEE showed that the wet-
land was a net sink for each month from April to September 2011 and a source of CO, to the atmosphere for the fall
and winter months of November to March. In contrast, the cropland was calculated to be a significant net sink for
CO; in the growing season (May to October), while significant net losses of CO, occurred in the non-growing sea-
son (November to April). During the growing season, the maximum daily CO, uptake and release rates were 16.04
(August 17) and 14.95 (August 9) g CO,-m2-d™ and 18.99 (August 22) and 12.23 (July 29) g CO,m>d™ over
wetland and cropland, respectively. Daytime NEE values were strongly correlated with photosynthetic active
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radiation (PAR) in the growing season. The CO, flux was mainly affected by temperature of soil (T;) in the
non-growing season. Soil water content (SWC) and T;were the main factors that influenced nighttime NEE in the
growing season. The two ecosystem respiration quotient (Qyo) were 2.30 (wetland) and 3.78 (cropland) during the
growing season. The wetland and cropland ecosystems were both carbon sinks during the growing season as they
absorbed 780.95 and 647.35 g CO,-m™, respectively, which means wetland reclamation can reduce its carbon se-
questration ability. During the non-growing season, the two ecosystems were carbon sources, releasing 181.90
(wetland ecosystem) and 111.55 (cropland ecosystem) g CO,-m™. Over all of 2011, the wetland and cropland
ecosystems both were obvious carbon sinks with absorption of 599.05 and 535.80 g CO,-m %, respectively.

Key words eddy covariance, net ecosystem CO, exchange, reclamation, reed wetland, Yellow River Delta
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ecosystems in 2011.

W5, K FMichaelis-Menten 77 FE U245 3] 3 ]
AR R K T oy Anadd T6 AL 2
B KAH, 43%1°50.008 1 mg CO,-pumol™-photon il
1.06 mg COym 2™, Apa/N T HEH A MBS R
S K ZR I R {H (1.28 mg COpm2s7™h), H 2K
Tolp NMEK TR A B A 240 (0.004 3 mg
CO,-umol™-photon) (Zhou et al., 2009). 7i/EKZ,
WM AR S R G AmaxH alf)~F- 2 {H 53 51 4 0.68 mg
CO,m™257'#10.003 1 mg CO,-umol™ photon; it K
T IEWIAL i FE R ] (L Aman a1 T2 53 51 A
0.54 mg CO,'m2s™£10.000 87 mg CO,-pmol™photon)
(KVEARSE, 2012)0 AR AR R G Ama ot F351H
43 51°40.57 mg CO,-m-s#10.0019 mg CO,-pumol™
photon, ¥ut/N At R H £ K (Zea mays)it £
AR B9 11 (2 40.002 4-0.005 5 mg CO,-pmol™
photon, AnacH1.72-2.93 mg CO,m2s7Y) ([ /MNiE%%,
2011).

THUNUR RS R G Anadd 58 H KA
Vi B R B A (R R = 0.80, p < 0.05; &
Hi: R?=0.72, p < 0.05). Zhou%%(2009)F 5% A 4 Amax
TEAN A A2 K B 110 732 A0 5 08 40 1 A R R 5 4% 14
AKX [F/NHE(01L)IH E KRR RG AV

1 2011FEBHAUL HAEKZT& B ARG RGCOAH(NEE) R &4 B 5 (PAR)AR # Michaelis-Mentent: 71 (5 72 (3))

B SR L

Table 1 Comparison of analog parameters from daytime net ecosystem CO, exchange (NEE) and photosynthetic active radiation
(PAR) using a Michaelis-Menten model (Eq. (3)) between wetland and cropland ecosystems during growing season in 2011

%l At BB EUEET % (RS R AP IE R?
Type Month Maximum photo- Apparent quantum yield () Dark ecosystem respiration in
synthesis rate (Amax) (mg COy-pmol™. daytime (Re)
(mg COym™?s™) photon) (mg CO;m?s™)
HHh 5 0.60 0.002 7 0.33 0.45
Wetland 6 1.06 0.008 1 0.65 0.47
7 0.94 0.002 5 0.31 0.62
8 0.83 0.002 1 0.23 0.60
9 0.37 0.0013 0.12 0.43
10 0.29 0.0018 0.16 0.30
A H 5 0.25 0.000 4 0.09 0.44
Cropland 6 0.59 0.0020 0.26 0.45
7 0.89 0.002 8 0.35 0.58
8 0.97 0.002 2 0.26 0.58
9 0.48 0.003 2 0.23 0.37
10 0.23 0.000 8 0.09 0.43
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Fig. 6 Relationships between daytime net ecosystem CO, exchange (NEE) and photosynthetic active radiation (PAR) between wet-

land and cropland ecosystems during growing season in 2011.

0 Amax BT BE I TR B (LAD I I S35 B K, 4
H2150% Moy Ama B TT HLACRAERE . (HA 253
i, NEEXS A BH % S 1 o 1 2 5 ] B ads 52 1) A
PR R BR T, A AE B I8 IR PV PR Y, 5 i 5
XA 2 R G COL 15 AT He [1) 52 W) A 42 WH Ik (Carrara. et
al., 2004). LA, 7E4 G b, NLRE2% I8 &
PE - S NEE [/ 521 o
32 WEFEEDTREFCO X (Recon) X TIRIBE
(To)F0 118 27k 8 (SWC) thEIE F B4 M [z

KRR HAR HAEE RA M Reon S T I
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BERIEMGKR, HEMRZHRE R (A
FALAE, 2006; 5KykHSE, 2008; Z=HL4E, 2011). T
S E R RENEEM EZ R ZE, Reconbfi T T
T R AR BN K (AR5 ALAE, 2006; 9Ki% 4R, 2008;
ZEHAE, 2011). PR IR E AR, Recolt 52 EISWCH i
TR R ALEE, 2006). KR RAEK . IRA
WP I A R E VR AR s T A 0 ) A % - 45
FRUHE S (FRB A, 2011). ARFSLH, W—FERR
FERTE, P ERRANIReo? S5 THSWC i E A
K, 5 ERIEE2007) T4l B2 AH R LEANH
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w2 MR HA R S RECO A (NEE)- 5 323 18 (T) R 38 5 7K B (SWC) [ 156 R 5L
Table 2 Correlation coefficients of net ecosystem CO,exchange (NEE) with soil temperature (Ts) and soil water content (SWC) in

wetland and cropland ecosystems

i H B3] ScmiFib HHERE 10 cmiFEAb EHEEE 10 cmiFEE LS KR 20 cmiRAL RS K E
Item Type Soil temperature at ~ Soil temperature at Soil water content at Soil water content at
5 cm depth 10 cm depth 10 cm depth 20 cm depth
ERFAR s Wetland -0.39" -0.34" 0.10™ 0.14™
Daytime in growing season . 11y cyopjand 042" —0.42” —0.04” ~0.10"
AR ] ¥ Wetland 0.66™ 0.65™ 0.14™ -0.15"
Nighttime in growing season 4 Cropland 0.80™ 080™ ~0.04 017"
bk I Wetland 0.19” 0.17" 0.04" 0.00
Non-growing season 41l Cropland 013" 013"~ _007" ~0.09™
K IGNEE ¥Hh Wetland 0.66™ 0.65" 0.21" -0.04™
NEE of nighttime 4 [ Cropland 0.73" 073™ 0.18™ 031"

* p <0.05; ** p<0.01.

F3 KRR HAR H A RGN 38 57K (SWC) 4 A T 1 1) 15+ AE 25 R GECOL AT (Reco.n) 5 TR (T UK R
Table 3 Relationships between nighttime net ecosystem CO, exchange (Reco.n) and soil temperature (Ts) under different ranges of
soil water content (SWC) between wetland and cropland ecosystems during growing season

%Eg :ti%gé\ﬂ(% Reco.n_Ts i?‘&%?ﬁ’f”?%’(‘fﬁﬁ R2 p

Type Soil water content (SWC) (%) Ecosystem respiration quotient (Qy0)

i Hh <40 y = 0.0132¢%072% 2.07 0.34 <0.001

Wetland 40 < SWC <50 y = 0.0150g%%815x 2.26 0.63 <0.001
= 50 y = 0.0119¢%081% 2.24 0.28 <0.001
K7 Growing season y = 0.0118g%0% 2.30 0.44 <0.001

4 <40 y = 0.0028¢%5% 4.75 0.51 <0.001

Cropland 40 < SWC <50 y = 0.0065e"119% 3.30 0.43 <0.001
= 50 y = 0.0086¢%%% 2.71 0.47 <0.001
#KZ Growing season y = 0.0045¢%% 3.78 0.63 <0.001

% Ts (C); ¥, Recon (Mg CO»m 257,

ISWCEAE T, Reco X 5 I BBUBME AR . 4
SWCAL Tk sl 5 il AR AT I, T W28 AS A2 5
Recol FF R T (AE L1 555, 2012). HATESWCIEE
IEOL R, YRR A S8 D Z BISWCHI I, T,
A R8RS Reco 1 HE 2L X - (414, 2008). iX it
K R SWCIAR I, 7K 4> 5 B4 5 AR M I < FL oK%
W, SEOCAREN N, KN, 3EH &
S f Reco B A TG T3 I, (H 4 SWCIL s, 2
T8 R A R S, AR RV ), BUER R
P 7K RE DUk 5, AR 23 52 M A A 1 T e e g (=4
F,2008; HR[FEIEAE, 2008) . AT 5 6 i A=
BARE, AL I TSWCIHREmMEAER, Kk
M43 TSWCIt i1, 58I =) COL [ HE B2 2]
BRI (5 4 P2 25, 2006) 0 MNEEAN K KT, Recon™
THISWCI L[R5, 31X 557 A R 20 58 45 S A1
— B T4, 2006; ZEHEAE 2011).

X U b AR FH AN [R] A B 28 8 Qoo ) LU (R 4) K
: 20114 2E K ZEReco n X T Wi N AT 5T H, TR 3 1)
Q1042.30, HIrH [ £33 (Quo = 2.38)AIME KiE K
HW B (Qo = 2.80) M HFFUME, TEC AW 4 R
2.00-2.6011175 [l 2 4 (Mahecha et al., 2010), ZLiefik
T IHIBT B Qa0 (3.78) o 3X 52 A 4 QuofH K /N 32
M 7 55 5 T A R 2R e, NS I R
TR R it FH 0L B 438 A o7 W 1) Quo fEL (3 9 R sk K%
7, 2006), O IR, WHLAES RENIQofh
1.00-7.70 [ii](Bonneville et al., 2008), X474
R Quof HIAEIE — T P
33 FEMEHMSESRFCO,XH(NEE)HIF M
MARERE, WHES RYiReoM11A1 541.38 ¢
COym™2, JFERNAKHIG, HReoN1384.75 g
COpym2, AT, 4 TT B 2 S5, Reco 8 /1N
AT AE IR DR BOAR T B A 0 P8 I A AR 1
doi: 10.3724/SP.J.1258.2013.00052
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R4 AFRIRHANAR BB E S R G Qo ELEL

Table 4 Comparison of ecosystem respiration quotient (Q,o) in different wetland and cropland vegetations

Hh R F B ARG I i) SCHk
Location Main vegetation type Ecosystem respiration Observation time Reference
quotient (Q1o) (year-month-day)

PN X (Eprs| At Ve #E Sphagnum 1.80 20044F A K2 Glenn et al., 2006
Northern Alberta, Canada % SR MY Carex 1.90 Growing season in 2004
INEERAEAIE AT IR TR 1.92 200348 H Syed et al., 2006
Alberta, Canada Picea and Larix fen August 2003
INEE IR R Ak FIHHPE 2.80 2005-05-09-2006-05-30 Bonneville et al., 2008
Ottawa River Valley, Canada  Cattail marsh
o A PR 2.38 2005 Zhou et al., 2009
Panjin, China Reed wetland
o [ T 5 R R, BER 2.64+0.1 2005 Zhang et al., 2008
Qinghai-Xizang Plateau, China Cyperaceae and

Ranunculaceae
SRR A 3.31 20094£9 [1-20104E4 J /K 1 Huetal., 2011
Poyang Lake, China Carex cinerascen Non-flooded period

(2009-09-2010-04)

o [ T A Bl 481 2006 Wu et al., 2010
Qinghai, China Elymus nutans

pasture
[ 46 R KNG HEKX 2.94 2002-11-2003-10 Lietal., 2006
North China Plain Winter Whe_at and 2.49 2003-11-2004-10

summer maize
o =Y R TEH 2.50 2004-05-15-2004-09-23 Song et al., 2006

Sanjiang Plain, China Rice field

DLk, AOR MR BE T PR, ik TR 2
AP 7 (R O6545, 2006), {HiE, —J71h
A, MerIR s> . fiin, 20114F9 H
T, AT T AL S BT E 5%, A KT
WG, FRARFEAT DA SR S #1 7% HR o Pl DR
T AR A, AT 3 SO 398 )
WD O, RS S B e LR R
Pk, I LA B BILAS (1 v] ) P AR AR O 1 4
¥, 2007a). PRI, A1 Reco IF1 R AL IS -

2011 4%, P RE U 2R 2 R 48 R 0 ]k N
599.05 g COxm™2, i K T4 8™ 45 b (I 5 45
(274 ] B 42 24 49(238.33 + 51.33) g COprm A FIKIT
17 25 0 1 7R A0F 50 & S (R 34 o] e o £ 4 225 g
COym™) (Zhou et al., 2009; b 2z 45 I Jifi fik 4k,
2011). X AJ EH5 AE 2 ZR Ge b ATl RN R R PR B I 1
K, BIEAEERGCOA e W T A 1E FH I
JE Tk I R A AR S RGBT I 72, FLE 32
Wi T P A S (1) DR 25 38 2 55 Wi i 1 ) C O AT Hie it 2
(b 22Ul fdfd, 2011). EAEKSS, PR
[¥] 7% B 41 780.95 g CO,m™2, i 4k 4 /2 25V b 4
1437.33 g COpm™2, AIAE L i T4 4w Hh e v KA
VR, SR AP, AR LAY,
JE A K2 2 W RS i CO, 4 181.90 g CO,m™2,

www.plant-ecology.com

AR T AL 50 5 1R K B R (1 199 g COpmd),
XA HE RS BT 5. WEGTERN, i
P Hb 3G WL & 520 50.07%-0.84% (it 5
2, 2010), 1A ER LT O ) B MRS
TE T YR, R 2.2%-2.5% () 1E 41 4%
2006).

FEARWFFE A, 20114 A T A= 25 R 40 J 14 il ik
#9535.80 g COp;m™, /)T M fry B4 ¥4 [ e
599.05 g CO,'m 2. HLAR2011AE A4 A IR B L
I H 5 W0 b s v B B B AH 22 AN 22, HE R FAE [
SE KA CO, AL P EAEM RN, FERAEAK
BAEMIER Z G, 2B A I A () R S AL AT i
Hp, AR AR 20 AR T AR 2 R GE BRI B
1 BT O 4G4, 2007h). ¥ 5 2, fELE GV E T
B HL A S RGCOLF AT B ) R I, [V A% 7%
FE FIX A o]

EEmB B KA %5 8 (2011BACO2-
BOl). * EAF R4 inA#H LR EELF @R E
(KZCX2-YW-223) A= [E] F Ak Ak A3 & 3% 4+ %] A
(2009BADB2B0502-01) % 84 .
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