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Abstract: Inter-tidal salt marsh plays a great important role in the global carbon cycle as a considerable potential capacity of the
carbon sink. Compared to other types of wetlands, the inter-tidal salt marsh has a unique biogeochemical process under the combined
action between freshwater and seawater. Therefore, there is considerable variability and uncertainty in its net ecosystem CO,
exchange (NEE). However, few studies provide insights regarding the variability of NEE and its controlling factors in an inter-tidal

salt marsh. Using the Eddy Covariance (EC) technique, we analyzed temporal variation in NEE and determined its control
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mechanisms coupled with meteorological and tidal inundation variables during the growing season (from April to October) of 2012 in
an inter-tidal salt marsh in the Yellow River Estuary. The results showed that it was net CO, absorption in the daytime and net CO,
release in the nighttime on a diurnal scale. The daily average NEE during the growing season was -0.38 g CO, m> d”', with a
maximum daily CO, uptake rate of -3.13 g CO,m™ d! (June 27) and a maximum release rate of 1.47 g CO, m > d' (August 12). The
monthly average NEE increased rapidly from May, and peaked in June, then decreasing gradually from July. The maximum monthly
ecosystem respiration (Ree,) Was 15.16 g C m™2 in June when the hightest soil temperature was 27.5 “C. The monthly gross primary
productivity (GPP) reached its peaking value (25.07 g C m™?) in July. During the growing season, NEE was mainly dominated by
photosynthetic active radiation (P4R), soil temperature (T5), soil water content (SWC) and tidal inundation. There was a rectangular
hyperbolic relationship between the daytime net ecosystem CO, exchange (NEEuytime) and PAR. The maximum ecosystem apparent
quantum yield () and maximum photosynthesis rate (VEE,) appeared in June (0.0086 < 0.0019 pmol CO, pmol™ photons) and in
May (4.79 £1.52 pmol CO, m 2 s, respectively. In addition, NEE g,1ime also was positively correlated with 7; and SWC. During the
growing season, NEE ,yime had an exponential relationship with 7. The mean value of Oy was 1.33, and it was positively related to
SWC. During the typical sunny day of June 19 to June 25, tidal inundation enhanced daytime net absorption of CO, and nighttime
CO, release. As a result, tidal inundation increased the net ecosystem CO, absorption by an average of 0.76 ¢ CO, m™ d”'. During the
growing season, the inter-tidal salt marsh was a obvious CO, sink (22.28 g C m™), with a cumulative emission of 96.28 g C m? and a

cumulative aborption of 118.34 g C m™.
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Fig. 1 Location of flux tower in an inter-tidal salt marsh of the Yellow River Estuary
1.2 WMFA %

V) ER VR LI-7500A JF 6 i BEAH SN R e e o 2.8 m, tiJF % CO/HO 43 #TiX
(LI-7550, LI-Cor, USA)MI=4# 75 X3 (X (GILL-WM, LI-Cor, USA)#0/%, FkEHIZ N 10 Hz, & 30
min firHFEME . [, e T BRI 2.8 m AT 2 m (10 AA 8RS (LI-190SL, LI-Cor, USA) FIY 4y & 14+
#EHF (NROL, LI-Cor, USA) LA LLR 5. 104 20, 30. 50 cm 4b )+ 4% & (TM-L10, LI-Cor,
USA); 5. 104 20. 30, 50 cm 4b+IEMARIE /KA (EC-5, LI-Cor, USA)ZEREINT. HAh, %MWM RS
[FBE & T4 5248 (DYNAMET, LI-Cor, USA) i G045 Xm/ M 3 m) « /AR 2 m) o PR
& (1.5m) . KFEEES (2.8 m) o DL EAR B0 Edl R4S (CR1000, LI-Cor, USA)%F 30 min H3)jid
SR SCTHEIYY FORME S 2012 A LR 4B VS VS VA 1Y B il sk (38°10'59" N, 118°27'00" E) fFIAH G



Bt o AR 5 AR S DX TR 13 LA, AR H g T,

A4
1.3 #IEREIEH

Sy AES R . Rk R

RAGAM,

TR AR S RGN R) BRI B TR 1 K 0.15 m/s (8] 2) &

S 14

c

(]

ey

[S]

3 12
g
éﬁﬁ g — 1.0
R = ‘0
& 2 08
w8 EY
\N o o~
oe° g
S =
g 2 506
W 5 E
W e =
A=) 0.4}

= 0.2

[

g

& b
& 2 #E&E

Fig. 2 The relationship between nighttime net ecosystem CO2 exchange (NEE) and friction velocity in an inter-tidal salt marsh
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Fig. 3 Variations of environmental factors in an inter-tidal salt marsh during the growing season of 2012.
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Fig. 4 Diurnal variations of the net ecosystem CO, exchange (NEE) during the growing season in an inter-tidal salt marsh in the Yellow River Estuary
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Table 1 Analog parameters from daytime net ecosystem CO, exchange (NVEE gayime) and photosynthetic active radiation(P4R) using a Michaelis-Menten model

(Eg. (1)) in an inter-tidal salt marsh during the growing season of 2012 (mean value * SE)
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7 H Jul. 0.0042+0.0007

8 H Aug. 0.0023£0.0006
9 H Sep. 0.0050+0.0024
10 A Oct. 0.0010£0.0005

2.3809+0.1201

2.0444+0.2443

0.8666+0.0910

0.8304+0.2650

0.4502+0.0649

0.2586+0.0737

0.4192+0.1055

0.1742+0.0569

736

608

527

333

2.5 THASWCHT Reco nHI 11 EE FH

B KT Recon 3 Tesn SWC BRI B FIMIEAM KRR (R7=0.203, P<0.01; R’=0.049, P<0.05), F£H] T
HSWCo 3 [7) 5w A5 W1 18] ER VAR Recone FIOE, S Recon 5 Tos IIZ KR (& 6DD, SRJGHE SWCyo
FERUN TR T 25% 25%—30%F1 KT 30% =AM AR 2, FE20 HUE Recon 15 Tos I IZ ISR (K] 6A; 6B;
6C) » RIS Recon AT T390 B2 AORBURRYE, B Quoflie 45 R W]: Recon B 7o SEIREUMIEH, HAHESIK
R, Qo fHBK. 2 SWC0<25%f, Q101N 1.27, SWCi>30%H}, Q0B K% 1.67. 4, 24 SWC),
<25%, Ts<ISCH Recon FEATKE 4 A, 4 A Ts FYMEN 1453 T, Q0 fHIEH 2.11,

1.6

1.2

0.8

0.8

0.4

0.0
1.6

#: Nighttime net ecosystem CO, exchange /(umol CO, m? s™)

<
o

WA RFECO AL
—o
NO

0.4

0.0

[ 0,=127  10emHEAkd <25% A
| R'=0.068
P<0.01
o]
L o L SIS
g P 02008 @ O
%@ C%% B o™ o
o o P9
[ =1. 6 <10 em 3 EIK & <30%
o= 157 25% <10 em kAR <30%
| R'=0.0412 o N\
P<001 , %g @ o690 ©
© of
[e]
r ]
X
0,-167 c
| R’ =0.042
P<0.01
0, =133 B o D
o]
R =0.077 o ©
P<0.01
I o
32
0 5 10 15 20 25 30 35

5 em T IEEE/IC
Soil temperature at 5 cm depth

62012 E#AE EBRME KT A-C, FRILEEKESCWOEZBTREESRG CO, 28 (NEE ighuine) ¥ 5 om THERE (Ts)RIMRL . D, WEES
RYE CO, 3 (NEE yighuime) B 5 cm IR E (Ts) BIEL.



Fig.6 The change of nighttime net ecosystem CO, exchange (NEEgniime) in an inter-tidal salt marsh during the growing season of 2012. A-C, to soil temperature

at 5 cm depth (7is) under different ranges of soil water content at 10 cm depth (SWCy,). D, along with soil temperature at 5 cm depth (Tis).
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Table 2 The correlation coefficients of soil water content at 5 cm depth (SWCs)and 10 cm depth (SWC)) with precipitation (PPT), height of high tide (H),

photosynthetically active radiation(P4R) in an inter-tidal salt marsh during the growing season of 2012.

b KRR e Bl Jet A RGR
The depth of soil water height of high tide precipitation photosynthetically active radiation
content/(cm) /(m) /(mm) / (umol photon m™ s™)
SWCs 0.399%* 0.178** 0.017
SWCi 0.427** 0.146%** -0.039

*<0.05, **<0.01.
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Fig.7 Diurnal variations of the net ecosystem CO, exchange (NEE) and soil water content at 10 cm depth (SWCo) of an inter-tidal salt marsh from June 19 to 26
in2012.
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Table 3 The relationship between daytime net ecosystem CO2 exchange (NEEdayumc)and photosynthetic active radiation ( PAR) and paired sample t-test of



NEE gayiime , nighttime net ecosystem CO2 exchange (NVEE jgniime), PAR and soil temperature at 5 cm depth (7's) between tidal inundation period and non-flooded

period in an inter-tidal salt marsh.

HER KSR FIRFESR ARG COMME AR RGE CO, i ARG 5 cm I NEEaytime 5 PAR [FIR 3
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condition Daytime net Nighttime net radiation cm depth FWMAIEGRER H ISP e 2% N IS S 2
ecosystem CO2 ecosystem CO2  /(umol photon m™ s™) /(C) 228 Maximum Dark ecosystem
exchange exchange Apparent quantum  photosynthesis rate respiration in daytime
J(umol CO; m? sy /(umol CO, m?s™) yield /(umol CO, m?s™)  /(umol CO, m?s™)
/(umolCO, pmol™
photons)
#E7K Tidal inundation -1.40£0.20 0.45+0.05 680.69180.00 26.62+£0.40 0.03£0.01 4201047 1.84+0.25
JE#E 7K Non-flooded -1.14£0.18 0.3940.07 799.19484.96 27.174£0.08 0.0340.01 2.704+0.35 1.2740.28
P <0.05 >0.05 <0.001 <0.001
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