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Effects of temperature and moisture on net ecosystem CO, exchange over a meadow wetland
in the Horqin, China. CHEN Xiao-ping', LIU Ting-xi'** , WANG Guan-li'*, DUAN Li-min"?,
LEI Hui-min’, WANG Dan' (' Water Conservancy and Civil Engineering College, Inner Mongolia
Agricultural University, Hohhot 010018, China; *Inner Mongolia Key Laboratory of Water Resource
Protection and Utilization, Hohhot 010018, China; *Department of Hydraulic Engineering, Tsing-
hua University, Beijing 100084, China).

Abstract ; Using the eddy covariance technique, the Bowen-ratio meteorological and soil monitoring
system, we analyzed the CO, flux dynamics and its responses to temperature and moisture over a
meadow wetland in the Horqin during the growing season (from May to September) in 2016. The
results showed that the accumulated net ecosystem CO, exchange (NEE) was -766.18 g CO,

during the growing season. The gross primary productivity ( GPP) and ecosystem respiration (R, )
were 3379.89 and 2613.71 g CO, + m™, respectively. The ratio of R, to GPP was 77.3%, indica-
ting that this ecosystem was an obvious carbon sink. The average diurnal variation of NEE exhibited
a single peak U-shaped curve with an absorption of CO, from May to mid August and a release of
CO, from late August to September. Daytime NEE well fitted with the photosynthetically active radi-
ation (PAR) by a rectangular hyperbolic function. Meanwhile, the relationship was affected by the
environmental factors, including vapor pressure deficit ( VPD) , soil water content (SWC) and air
temperature ( 7,). Regression analysis showed that the VPD and SWC for the maximum daytime
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NEE were 1.75 kPa and 35.5%, respectively. Daytime NEE increased with T, , and with no inhibi-
tory effect on the daytime NEE when it reached the maximum. Nighttime NEE had an exponential

relationship with soil temperature (T,). During the entire growing season, the temperature sensitivi-

ty of the ecosystem respiration ((Q,,) was 2.4, which was negatively related to SWC. The nighttime

NEE was controlled by both T, and SWC.

Key words: net ecosystem CO, exchange; meadow wetland ; temperature ; moisture ; Horqin.
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Fig.1 Geographic position, geomorphic type of the study area and general status of sampling site.
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Fig.2 Variation of vegetation height during the growing season
in meadow wetland.
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Fig.4 Diurnal variation of net ecosystem CO, exchange (NEE) during the growing season in meadow wetland.
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Fig.5 Seasonal variations of net ecosystem CO, exchange (NEE) , ecosystem respiration (R,) and gross primary productivity ( GPP)

during the growing season in meadow wetland.
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Table 1 Comparison of the fitting parameters between
daytime net ecosystem CO, exchange and photosynthetically
active radiation at different vapor pressure deficits ( VPD)
during the growing season

VPD RtEE BSORAEE HRESRE R
(kPa) FIFI% o P WP R,
(mg CO, - (mg CO, - (mg CO, +
pmol ! photo) 2. ) m2-s")
VPD=<0.5 -0.00127 -0.306 0.181 0.97
0.5<VPD<1.75 -0.00064 -2.447 0.136 0.98
1.75<VPD<3 -0.00108 -1.122 0.096 0.96
VPD>3 -0.00153 -0.790 0.151 0.93

hn X R TR VPD S 8UH F AL R,
TRV CO, 232 B, 3B ffT CO, ¥ ST i AR
2.4 HIEEIKEXT AR ALK RS RSk
S

TEBA K2 NEE B 5 em 40+ 35 KRR
WAL RE D, hE 7 MK 8 AT LLE i, H a) B
NEE 5 SWC A H = ¥ pR 5 i £ /% B¢ ( NEE =
-0.0005SWC*+0.056SWC*-2.264SWC+29.72) ,R* Hy
0.95. % [a] R NEE 5 SWC )5 & nl Fl FH 4 Bt Rk
KA R, I A K SR BE R £k M eR RO R Gk
(NEE=0.044SWC-1.23) , ik E|H K {H 0.33 mg CO, -
m” -« s )5, Bl B SWC Y 3 N NEE 2 980/ it 3,
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Fig.7 Response of daytime net ecosystem CO, exchange to soil

water content (SWC) during the growing season.
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soil water content (SWC) during the growing season.

IO = i 56 &R AT Wk R Bk ik ( NEE =
0.0015SWC>-0.143SWC+3.52) ,R* 47 0.99.

Syitk— 3R H [ NEE 5 SWC g mi 1 )E &
4 SWC LA 36% F1 47% 6] 43 Bt , 43 B AS [R] 7K 43
/T NEE-PAR [0 i 5¢ &, 4 SWC < 36% i,
NEE 5 PAR HA3 88 I AH %, R = 0.99, IF Ui if
NEE Fifi#F PAR 53S0 L& ik O, i5
WS 2R A7 0.83 mg CO, + m™ » s~ HLHF PAR
1475 pmol + m* - s, MJ5 , i PAR ¥4/l NEE if 7 A
A5 RWIRGEXT PAR 1 0 Ji] 35 A 3K 31 4 AR AR Y
SWC>47% 1, PAR 7£ 1200 ~ 1470 pmol + m™ - s~
ik TR A8 B NEE 5 PAR ¢ R 5678 4R 1k 1 AH
7% PAR 5T 1470 pmol - m™> - 7' NEE £ F)
MHEHLIRZS. AE PAR #3400 pmol + m™ - s HY
FHE] PAR 458 SWC 844 FEARA 8 R 58 0 5
CO, 2 R, NI 1 81 A 5 SR [RIRE o] LA 2
SWC>47% I}, Ml JERE R FH % () I KOb A HOR
(P ) FIEARAES RGN (R, ) B4 E I
R(%2).

18] NEE 5 5 cm 4b H3EEETE Bk 3 4K
ZAF W EA ML ML 28] NEE B T 48 b 548
Botadh bt R A (2) AT #BE 70.0% ~ 93.8% 1Y
A A A (4) TR AERKTEQ, H 2.4
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Table 2 Comparison of fitting parameters for net ecosystem CO, exchange to photosynthetically active radiation and soil
temperature at different soil water contents (SWC) during the growing season

SWC H 8] Daytime 18] Nighttime
(%) WHRRERIS o BAORAES P, (ARESRETRER, , R o b R
(mg CO, - (mg CO, - (mg CO, -
wmol ™! photo) m2 .5 m2-s")
SWC=<36 -0.00150 -1.939 0.231 0.99 0.0193 0.1221 0.94
36<SWC <47 -0.00094 —-1.481 0.165 0.96 0.0512 0.0709 0.86
SWC>47 -0.00058 -1.181 0.091 0.98 0.0589 0.0452 0.70

SWC<36%Ht, XN () T H 51 F 20~24 C, CO,
MR REE T 3 I 2 PRk b T 34, HAH G e
1, R R 0.94 585 K i ARSI 5 3 A0 BEAR I 1Y
Qo TH43 4 3.38.2.03 il 1.57 % 4 33 &5 /K B X6} 1
K Qo fH, i EAE SWC<36%HT, T &5 NEE
) SEFEE R T, 24 SWC>47% 0 | fEE T34 NEE
{14 1 SR R, W P S8 30 0 A 25 2R 48 A ] itk 52 4
F14) 52 M e 0 B 2 ek 59
2.5 RN R AR K A S R G A i
1) 5% il

FE 9 Al 2 T <10 °C,NEE fifi 7,708 & 4%
b, RZEMAE 0 (HM I, I G B AR T IF K fig
9158 T,>10 CHF, I 20 Hr 3] NEE B 7, 52 Ik
PRSI I ( NEE = -0.001T,> +0.014T,-0.003, R* =
0.99 ,P<0.05) , IR EE B = NEEE BN AR RS
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Fig.9 Response of daytime net ecosystem CO, exchange to air
temperature (Td) during the growing season.

Wl CO, RRE TR, i &l 9 Fn3& 3 AT LIt NEE
5 PAR mymn A B B KER. Y T, <20 C
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A A< B 4R 8 5 24 20 °C < T, <30 °C I, NEE B
PAR 3 4%k I 2B K ig 3 mia #4717,
>30 °C ,PAR<1500 wmol - m* « s if, NEE 5 PAR
B ) o7 B2 BE RRARR , PAR 298 1500 wmol - m* - s i,
NEE 3525 KM, SR 5 BE% PAR 340 CO, M i s
SR I S R0 R R S A 2 SR T LU Y A
RS RGN (R, ) W40 %TH B I 1 i 2
TR MR RO G #E (P, ) LEXETE T,
>30 CHAFE K.
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REAHEHUESSHHILR

Table 3 Comparison of the fitting parameters between
daytime net ecosystem CO, exchange and photosynthetically
active radiation at different air temperatures (7,) during
the growing season

T WIRthE

BIOLAHE ARESRSE R

() F% o P WP R, 4
(mg CO, + (mg CO, - (mg CO, -
pmol ™! photo) m2.s7 m2s7")
10<7,<20 -0.00058 -1.568 0.148 0.98
20<T,<30 -0.00091 -1.242 0.116 0.96
T.>30 -0.00057 -2.710 -0.093 0.94
30 i

VB H A S R G A ROV P R B BRI
AR A 25 R G2 0T et T kb s B A B AR5
225 T AR W B BE HL A AN [R] A9 R R . B R U0
IR 2016 4E4E K7 NEE i H P44 H 2 b 52
W U BRI ZR X 5 2 iR I 4 R — 8 Hop
AR 5—8 H AR il ,8 AE¥HS5 9
F R AR 33X 3 B S A A R A
RIYFE.NEE M2 280 A SR sh, HAE RS
W Bl A AR A KRR SO 2 | PRl — e
AV FRITVE IR A FE B4 388 5, HLAR AR e & Wi
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15 TP R RE 7, 2230k B 5 A8 BT A R R e
TR R AR 2R R R A RE T W] s, B
fii 8 AT JE B NEE ¥ H AR R AR A F Y
ke, H 8 A4 B AR T 9
A MG 23540 RRIR. 2016 4554 b A4 K 2= 2
NEE }5-766.18 g CO, - m™, [E#AE I B m T3
o ven I FE R (-230.16 g CO, - m2) ¥ Ik T4
A 2 M v ] ] B 984 ( - 1033.26 g CO, - m™2) "7 R0
AR IR M (- 1437.33 g CO, - m ™)' T 5 i
T = NIRRT 2 (780.95 ¢ CO, - m™) i
WZAE R R G R —A Rk e 1 ny b X, H 54
A KRR R .

KPR S R e i 1) R EORIE, R S
R3S I LA B 77 2 ARBFSE A FH Michaelis-Men-
ten 7 PR RENSTR IF b % H 7] NEE 97281k, H NEE-
PAR & 2 [A] it 3% S35 B FK 20 A 5 . 7K 43 5 283
1 KK AT K 43 W5 T 25 e ffk 32 48, A< SC
TE UL 7K R 25 R 3 B 7K A3 Il R A RS K 43
F 48K 43 VPD S 3k 8 1 A g AL B R R
A9 5T K A3 SR A, S T AR B Y 6 A R R I R
R VPD<1.75 kPa A, R BEFE VPD 8 it i 5,
A B T 5 T A OC B 05 P B0 ik R e R, B
PAR k3% K0, NEE (195600 B I A 35 2146 AR
5, VPD>1.75 kPa B, NEE 5 PAR i i Ji; 2 B [
1%, & FAFLA A S B e A1, HoAe—
FERRRE AR LR IR AR, S 80 A RS R
W55 . 2 /Nef R | VPD SN 1.75 kPa B NEE ik
BRI 5 T 5 A e D ey 8 L J R N 5l
b b P I LA ARG B AR AL A 1Y
IAED XAl RE ST K E S KA O, T
HIZK 080 T 3 . SWC X NEE A9 52 I AN 25
2 A ST 5 R IEK 73 4T NEE X PAR 119
M) 1 e B AR, AL R R G RE R T (o) (RO
BHE(P, ) FARESRGEFW (R, ) F4XT
HI R/ R4S Ko Sy R O %
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AT 11 3585 B W A H7 20024 SWC IR T 36% L K 5
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IR A3, % R O 1 ) FH BE T B 2% S 0 1) s B
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B TAAAE—E 7K 575 ik 66 A SUR ST AR AN
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K Qo fH 3 BE7E # AR 1Y+ HEAK 7 25 (SWC <
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