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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 (NVEE) 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,»m >-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 (75) 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 (Q;o) 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 2, respectively.
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SE).
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CO,'m *s'#10.003 1 mg CO,-pmol '-photon; LK
T AL 7 i FE A (HL A o RS- 2B 53 00 A
0.54 mg COym s 'F10.000 87 mg CO,umol '-photon)
(RVEARAE, 2012) RHAEE RGAmaFalf) FEIME
43 51°40.57 mg COp'm s ' #10.0019 mg CO,-pmol -
photon, ¥Jui/NFAEIEV 5 E £ oK (Zea mays)f %
AERLIAE B (2 40.002 4-0.005 5 mg COppmol -
photon, A }1.72-2.93 mg CO,m s ™) ([Rl/NE2%,
2011).

TR HUFI A AR R B A a3 58 H KPR
i B RO R RP = 0.80, p < 0.05; &
H: R*=0.72, p < 0.05). Zhou?5(2009)F 57\ } Amax
FEANTR) A KB B 1 28 A0 5 R 1 2 KRR B 45 A
1% FRV/NEEQOIDNINHE FRAESRG H 1

1 201 HEFEIRHAUL HAEKZT& B ARIFES RGECOAP(NEE)I 6 G B S (PAR) AR HiMichaelis-Mentent5 51 (52 (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

BRI JEEix GG LM RT 7 R A 75 R GG P % R
Type Month Maximum photo- Apparent quantum yield (a) Dark ecosystem respiration in
synthesis rate (4max ) (mg CO,-pmol ™ daytime (R.)
(mg CO;ym*s™) photon) (mg CO;m™*s™)
HEHy 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 0.001 3 0.12 0.43
10 0.29 0.001 8 0.16 0.30
A& H 5 0.25 0.000 4 0.09 0.44
Cropland 6 0.59 0.002 0 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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PR R BRI, A 7 5 36 ) P Y L P, e S i
KA FR B8 COL 5 AT # [1) 52 Wi 4 45 B ). (Carrara et
al., 2004). Jr LA, 1E4 G AT, NLREG2%5 84 R
IR F- X NEETF 5200
32 RBREEBRFECO X (Recon) X LIEIRE
(THFn L1 &k ESWO) T E1E R BYNE K

A KB H AR HAE S RDE Recon 5 T I
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FALAE, 2006; KV, 2008; 4HLAE 2011). T
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2 IRHAIR HE A R COAL HU(NEE) S - HEIE BE (TR 135 5 /K B (SWO) AR 23

Table 2 Correlation coefficients of net ecosystem CO, exchange (NEE) with soil temperature (75) and soil water content (SWC) in

wetland and cropland ecosystems

i H Eyit) SemiFA TR 10 cmIRAE EEREE 10 cmiF AL HHES KR 20 cemiFb IS 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

ERIELEPS i Wetland -0.39” -0.34" 0.10™ 0.147

Daytime in growing season #Hl Cropland _042" _0.42" _0.04™ 0.10%

TR Z AR i Wetland 0.66" 0.65" 0.14™ -0.15"

Nighttime in growing season #&H Cropland 0.80™ 0.80™ 20.04 017"

S[RERIES 4 Wetland 0.19" 0.17" 0.04" 0.00

Non-growing season A Cropland 0.13" 0.13" 007" 009"

W INEE {1 Wetland 0.66™ 0.65™ 0.21™ -0.04”

NEE of nighttime 4 H Cropland 0.73™ 073" 0.18" 0.31"

* p<0.05; ** p<0.01.

=3 AKFRHAR HASREA R TGS K E(SWO ZAF N AR RGECOL T B (Reco.n) T T IR B (TOHI KR
Table 3 Relationships between nighttime net ecosystem CO,exchange (R..,,) and soil temperature (7;) under different ranges of
soil water content (SWC) between wetland and cropland ecosystems during growing season

K A ReconT,s HEZS RGITRS R p

Type Soil water content (SWC) (%) Ecosystem respiration quotient (Q;o)

i <40 y=0.0132¢""" 2.07 0.34 <0.001

Wetland 40 < SWC<50 3= 0.0150¢%%15 226 0.63 <0.001
> 50 y=0.0119¢"%1% 2.24 0.28 <0.001
4KZ Growing season y=0.0118¢"%3 230 0.44 <0.001

4 <40 y=0.0028¢"1558 475 0.51 <0.001

Cropland 40 < SWC<50 = 0.0065¢™"19% 330 0.43 <0.001
= 50 ¥ =0.0086¢"°% 271 0.47 <0.001
K% Growing season ¥ =0.0045¢"1331 3.78 0.63 <0.001

X, Ty ('C); ¥, Recon (mg COym>s™),

ISWCHAE T, Reco ML IV BUBVE AR . 4
SWCALF it s SR K, T AN 25
Reco M1 E TR T (BELLE5E, 2012), HATESWCIE .
PIEOL S, MY ERA S8 ZBISWCHIR, T,
A RERCA T Reco (1 T 2L R 7 (26T, 2008) 1
Ky SWCIAR IS, K4y 5 84 5 AE Il < FL %
W, SEOCAREN N KN, 3E B &
S Reco A TLHI3E I I, A 9SO i, 2
T8 AT A R S, AR RV ), BUER R
P 7K RE DUk 55, AR 23 52 e A A 1 [T ok e g (2= 4
F,2008; ARFEIEAE, 2008) AT 51 6 i 4=
BRE, A TSWCREmERAER, K&
M4 TSWeid s, 580 =Y COL M HEUZ 2]
BRI HE R 2, 2006)0 WEENEKTKRE, Recon™
THISWCHI LA M, X 5 50 N IR 24775 45 S AH
— B T4, 2006; Z25HL%E 2011).

X A A FH A [FIAR B 8 2 00 [ LU AR (R 4) K
e 201 VAR K ZE Rego o0 TLRIIR NATF 5T R, Y2 1L 1)
01042.30, FILH EELHR(Q10 = 2.38)MINEKIE K
RO = 2.80) W FUME, fE AL R
2.00-2.60/1155 2 N (Mahecha et al., 2010), EiEAR
TR BEAR F 010 (3.78) 0 IX A2 K A 010 K /N 32
7 55 5 T R R 2R e, N SRS I R
TR A0 it FH 2008 BE 385 DX W 1) O {5 (8 35 71 AL 5%
7,2006), CA IR, WHLAES RSO 0fE
1.00-7.702 [ii}(Bonneville et al., 2008), iX 42
?\éﬁEGQlofﬁi@Eﬁ*ﬁi [%] Ij‘] o
33 FEMEHMSESRFKCO,XIR(VEE)RI SN

MNEFRE, WIS RS R IS 541.38 g
CO,m >, JFRNAKMIE, HReoh1384.75 ¢
COym 2, AL, i@ TF RRAR 2 )5, Rece22/INo
AIREA R DR A AR T B et P R i 2 115
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R4 AFIRHAAR FABER AL E S R GEFIR O10 i ELEL

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

Hb T HH A ARG I i) SCHk
Location Main vegetation type Ecosystem respiration Observation time Reference
quotient (O1o) (year-month-day)

JIE NI Z (EFr | Jes#E Sphagnum 1.80 20044F4EKZ Glenn et al., 2006
Northern Alberta, Canada HE M) Carex 1.90 Growing season in 2004
IED N A(Ep2N TAZRI A T 1.92 20034F8 H Syed et al., 2006
Alberta, Canada Picea and Larix fen August 2003
JIE DN LY N R FHEPE 2.80 2005-05-09-2006-05-30 Bonneville ef al., 2008
Ottawa River Valley, Canada  Cattail marsh
o | JE ST 8] 2.38 2005 Zhou et al., 2009
Panjin, China Reed wetland
o [ 5 e PR BER 2.64+0.1 2005 Zhang et al., 2008
Qinghai-Xizang Plateau, China Cyperaceae and

Ranunculaceae
o [ IS 38 T 331 20094F-9 -20104F4 ] K Hu et al., 2011
Poyang Lake, China Carex cinerascen Non-flooded period

(2009-09-2010-04)

o [ hE T A ol A 4.81 2006 Wu et al., 2010
Qinghai, China Elymus nutans

pasture
o [/ 4L B KN HEXK 2.94 2002-11-2003-10 Li et al., 2006
North China Plain Winter Whe?.t and 249 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 RE T SR, ik B2
TIEA WU A R GE G545, 2006), {H2E, — 51,
P, MRk . fln, 2011459 H
AL, AR T A AR T I S%,; AR KR
AR, MRTERSFF DL SR S i A% th A o PR e
I TR RS AR, WS B0 396 i 1)
W GOy, BHES S BRI HLR S R IR
Wb, I HAE A BB )RR B A R K 56
&, 2007a) PRI, 545 Reco FRTR FEE RS o

2011 4F, 7 35 0 M AR 2 &R 40 i 1 ] ki N
599.05 g COym >, & KT8 5 b F 5 45
(R 7 [ B 24 24(238.33 + 51.33) g CO»rm 2RI
1P 25 3 1 1R B9 90 45 SR (AR 3 [l e 5 40 4 225 ¢
COym ) (Zhou et al., 2009; b 2z 45 Ml it fik 4,
2011). XA AE 5 2R R G H AT AN & BR8] 1
[K, WAEERRLCOAT W M T e A 45
SE B PRV L FE AN A 2% RGP OB JBORK R, LA Y
M) 3K A A b R 11 R 35 2 2 52 i i L R COL A8 il 2
(2GR R AR AR, 2011) £EAE KT, P35I R
[# 7 B A 780.95 g CO,m 2, T 445 /% 2590 He 4y
143733 g COym >, AJAER AL A 2 1 K
P eS0T WS- {1 Ry < 71\ | W S K511 0 M A E 7 =%
FEAE KT A R I CO, 4 181.90 g COym 2,
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AR A4 25 R B R (1199 g COym D),
XA RS L HEE RS B 5. WFIUER I, IR
P Hb 3G WL & 520 50.07%-0.84% (Ut TS
25 2010), A AR O ) S LR
TC T I, N 2.2%-2.5% (B a4,
2006).

FEAREFTR, 2011454 FHAE 25 R G009 [ ik
21 9535.80 g COym >, /N3 3 () 5 ¥4 ] e
599.05 g COy'm 2. ELAR201 144 4E A H B0 B,
I H A S W B AR ZE AN 2, (A AR
SE RS CO E BT EAEWE A, TERFERK
FAEYIRZ G, 2K AR H AR D) 1) SR SERURS TG
B, AR BSR4 A3 R Ge el ) g
A PTG R 4445, 2007b). 55 2, FESEE VIR T
BT AR S RGECO AT H 5 IR RE AN, 1% %
J& BT A ) 8

EEmB B XA LR A 8 (2011BACO2-
BOl). T EAFRiiR413 TR EZ 5 %A H
(KZCX2-YW-223)Aa [ R Ak L A L 31 %R A
(2009BADB2B0502-01)% 84 .
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