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Carbon dioxide emission from urban wetland of the Haizhu Lake™
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XU Zhiwei"?, XIAO Rongbo”", DENG Yirong”, HUANG Liujing’ & CHEN Min'
'Guangdong University of Technology, Guangzhou 510006, China
*Guangdong Provincial Academy of Environmental Science, Guangzhou 510045, China

J\bstract] Among terrestrial ecosystems, the urban wetland (UW) ecosystem plays a significant role because it is estimated
to contain 11% of total carbon in global territorial ecosystems. Most of existing researches focus on the influences of soils and
plants on emissions of the greenhouse gases, only few are about the ammoniacal nitrogen of the water of the wetlands. A better
understanding of CO, exchange between urban wetlands and the atmosphere is important for quantifying the contributions
of the urban wetlands to the global carbon cycle, as well as evaluating urban climate impact and response to global climate
changes. The enclosed static chamber-gas chromatograph method was used to analyze the CO, fluxes of Canna indica (CI),
Colocasia tonoimo (CT), and Aphelandra ruellia (AR) from the typical urban wetland of the Haizhu Lake in Guangzhou
Province from December 2013 to November 2014. The main measurements included the CO, fluxes during different seasons
and the environmental factors including atmospheric temperature (AT), ammoniacal nitrogen (AN) of the water, hydraulic
condition (HC), biomass and height of the wetland plants (WP). The results showed the CO, fluxes of CI (-1 168.37 mg m” h™)
and CT (-557.68 mg m” h™) fluxes peaked between March and May, but the CO, fluxes of AR peaked (-751.02 mg m™ h™)
between September and October. The seasonal variation of the fluxes of CO, was in the order of summer > spring > autumn
> winter. The monthly average was -525.62 mg m~ h™ for CI fluxes, -373.05 mg m” h™ for CT, and-290.43 mg m” h" for AR.
The consistently negative CO, fluxes throughout the year indicated that the wetlands with plants were net sinks of CO, to the
atmosphere because of CO, uptake by plant photosynthesis during the growing season. The variation of CO, fluxes of the three
plants was in the order of CI > AR > CT. HC and AT were the main factors affecting the variation of CO, fluxes, while AN
significantly affected the monthly variation of CO, fluxes. The CO, fluxes were positively correlated to AT but negatively to
AN. Based on the results we calculated that approximately 1 474.84 t of CO, was absorbed into the wetland in a year, indicating
that the urban wetlands is an important net carbon sink in urban areas. It is suggested that the urban wetlands can absorb more
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CO, with appropriate wetland plants and high water level.
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1B (Urban wetlands) 32 £l A\ by (1958 Z1 T 40 F4E rp s B,
TETR M AE 4 (Wetland plants, WP) 7 7k 3C 4544 (Hydraulic
conditions, HC) ™ F33¢ (Soil ) "4 J7 [T 5% Wi 25 3 113 15 b 1% B
VL DIRE, T I b CO, 38 it i 5 4 v T 0 b A 25 R 405 1) i HE
FORRAE B H A3 A RS A 26 1 K R R R A AT
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TV b HE O E LA S5 i PR 28 a8 A 9 76 g A A
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B PR, 40 B 3ok ol 1 b A 40 B 7 O o 1) 2 T PR AR, 45
VHEPITEYE L KA . & A0 IR TT IR H COL & (1 5%
A5 B 1T 8 ) COL [ 2 it -5 HL A 28 G b 47 Hh 3
Ay 3 TIT Y A ARG B Fb B RIS T A R L A D R =R
PACHE B AL AR B

1 GRS

1.1 KIa LR

WF 58 B Hb AT ) T T 2R XU B SR8 b T N
(23°4'36"N, 113°19'5”E) . i ERIHINE I 1M HC 3 DXy L
Bl KR T NSRS, RN M “5
BE 7L BRI R T P LR Y T R e, N P T AL km?,
Forh 0 X 5095 km?® (/K 187 £10.53 km?, fifi Hl [fi £510.42
km?) , HABFI0.55 km®. PSR 4223 °C, TR K
1 801.5 mm, J& T30 4 ZE KU M. I BRI 19K 2B AL 43 A
TAAREC ), SR AR A 9 R B | i A A,

I3 3 BT K X RNJG K X K A 26 N B9 3E AL
FE LN TCAE B R L T 52, RAE L8N, R AT 2
AN S RS BRI AN R TR,
12 XWHFMRESLHIE

K B A A5 S 3% 5 (Enclosed static chamber -
gas chromatograph techniques) #EA7 WM. SRALEAE K F bR ifE
HA VT, MJEE (Base) | #EK 4 (Extending chamber) | T

K1 BERMEREREHE
Table 1 Characteristics of sampling plots in Haizhu Lake

urban wetland; carbon dioxide; hydraulic condition; wetland plants; ammonia nitrogen

%6 (Upper chamber) 3~#B43 (1) , REESMAE G 45584
Z B B R RSF 50 em x 50 em x 20 cm, JiS 3 7E
A0 3 [ MR AR SR AR, #2 N HB T 2410 em. AR 2 b
R0 A AR 0 2R AN [R50 8 118 i A T4 A9 00 A T
M Jo . el 4 mmA HLBE IS HI AL, BEE L 3% L AA
RS, RF 450 cm x 50 em x 50 em, T4 RAEAL .
T AR | R ARG L5 S SRR b R Y T BE T T A
T AR SRR TR, AR .

Bl gSAERER. A: JRE; B: RKA; C: TifH; D: JKlE; E: BUK;
F: $AHY); G: BUFIRETE He 100 mLRAESRE; 1. KU ; J: SRR LR
K. 12 VEE 5.

Fig. 1 The sketch of the static chamber. A: Base; B: Extending chamber; C:
Upper chamber; D: Soil; E: Water; F: Plants; G: Digital thermometer; H: 100
mL sampling bag; I: Fan; J: Sampling tube; K: 12 V battery.

XL A AN 2013412 H 3 20144 11, W0 451 % B H 1
W, A EAEE R AT RAE, LI E] 2L £ 75 9:00-11:00 2
Z 8. AT EE S, R0 minBOEE, HERAEADRES,
FH Agilent 7890ASAH (i S0 E COMRE. Pl . 1 S 25 ks
28 B4 9 BE 4354270 . 1501250 C, (i R R2 m,
H#£2 mmi160-80H Porapak QI 75442k 4325 CO,, # < (N,)
it 48 mL/min, #ATH, T 46 25 S8 it 2 437l 45 mL/min
1375 mL/min.

AL FIAR X P8 B 3 2 (o 45 20 5240 (Kestrel 4200)
AT, KR KT (4. B3R &L pH) FiHach HQ40d
A5 5 LI A, 3R R ¥ I Luge L99-TWS-1i 22,
WK A B A AR 40 e 4 (HJ 535-2009 GB 7479-
87) M 5E .

FEY 27 Plant JKAE WL (H/m)

FEY) % Density of the plants (N)

#EH W) Height of the plants (h/cm) Ffi# i 1 Planting area (4/km?)

Jt None 0-0.30 0

% NE Canna indica 0-0.36 40+5

B¥3E Colocasia tonoimo 0-0.12 364

WEHE Aphelandra ruellia 0-0.12 241418

0 0.53
33.5-132 0.21
33.7-93 0.13
31.2-117 0.084
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Fig. 2 Seasonal variations of carbon dioxide emission from the wetland
plots of Haizhu Lake. CI: Canna indica; CT: Colocasia tonoimo; AR:
Aphelandra ruellia; CG: Control group.
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Fig. 3 Seasonal variations of CO, flux from the shore plots of Haizhu
Lake. CI: Canna indica; CT: Colocasia tonoimo; AR: Aphelandra ruellia;
CG: Control group.
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R, R A R/ N T R, T EE N, Y
Az Tl /INE, T DUEE A Y CO,L [ 52 BE 1 /N T A8 5.
300
200
100+
0
-100
-200
-300
-400
-500
-600 -
-700
-800 -

d
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DZ Sz
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AR: #iAEH; CG: W DZ: Jo/KIX; SZ: Wi /KX, AN [F] S8 38 7% 7 Al e
i (¥ COIE 3K 31 1. 5 25 53 (P < 0.05) .
Fig. 4 Comparison of average CO, flux from wetlands of 3 types of plants
in different hydraulic conditions. CI: Canna indica; CT: Colocasia tonoimo;
AR: Aphelandra ruellia.; CG: Control group; DZ: Dry zone; SZ: Submerged
zone. Lowercase letters indicate significant difference between wetlands at
0.05 level.
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Fig. 5 Comparison of average CO, flux from wetlands of 3 types of
plants. CI: Canna indica; CT: Colocasia tonoimo; AR: Aphelandra ruellia;
CG: Control group; DZ: Dry zone; SZ: Submerged zone. Lowercase letters
indicate significant difference between wetlands at 0.05 level.
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Fig. 6 Relationship between CO, flux and atmospheric temperature.
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Fig. 7 Relationship between CO, flux and ammonia nitrogen of the water.
CI: Canna indica; CG: Control group.
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Table 2 Comparison of CO, flux from different wetlands
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AP IR A S RS — N EE AL R A
FRAE I, MR IE N AE | FAE | IR K R0 COLAT 8 7E 4 1
F14.52. 2,55, 2.96 kg/m®, 20144F 3% 1 15 Hb (1) CO, [&] 22
1 474.84 t, & T2 RHE DB #116.06 t ¥ K HUZHIKY
232.37 t B, eI MR 1 COL YL

e &%

T TR T M COL il HAT W B i ik 22 5%, RN
FELBPAE | AL RT3 AR ) 1Y COLE 1 Z= T AL R I
AFE>HEF>KF>L T, UIVHE R & W0 H COLiE
AR T BN T

Il T b b oK A 98 AR HE 1 COL M E T d ik, WA
ORI, B I M B 5, Ul T T R OR s A R
43 M AR ) LA SR B COL MM BE ). TEAE I B0 A K F T,
T 3t COL et 2 25 0 T AR A R Z 40, I 3l T 948 o A 9 A
KHERE, FE R AE Ty 15, AT 4 b Y, ST A
BRI

K T3 25 AL 2 5 0 08 1T 9 C O T 1) 32 BRI IR 7,
e A T T IR ) e S R A LA K R A ) ) C O, [ iE
01, VABSUD 15 B AR B COE R e db, K & Rk AR 0-2.5
mg/LIA BE 1 3 {18 I CO,.

T 308 T 90 3 1 A1 Atk A L R ot R B G R v, T R
Fofv AL T B R B A ) b K A R AR, AR AR A R

JE M3 5 Site TP oP CDF (F/mgm~h") £ ik References
A (AL)
Salty marsh beach (AL) -24.80
WHE (SM)
T2 I 7R Intertidal beach (SM) 2004-2005 -794.00 [43]
Chongming Dongtan, Shanghai, China e (N)
Bare beach (N) -79.80
WEVR I (AS)
Intertidal wetland (AS) 2012.03-2012.12 -101.93 [12]
AL R HEVRIEHL (CCL HA)
Swan Islet, Hubei Province, China Intertidal wetland (CC, HA) 2005.05-2006.04 ~388.80 [46]
e R Z A M 2 8 BT (N)
Olentangy River Wetland, Ohio, USA. Seasonal created riverine wetland (N) 2009.09-2010.09 105 [47]
[ 74 J s 2 Yol 225 b W e (N)
Negro River Basin, Brazil Interfluvial wetland (N) 2005.02-2006.01 335.06 [48]
1 2% Horstermeer Je i (HL, EA)
Horstermeer, Holand Peaty meadow 2004-2006 666-887 [49]
WV M (CT)
Lakeside wetland (CI) -315.90
IEEE L (AR) _338.41
T ARG T M T T R Lakeside wetland (AR) 2013.12-2014.11 ’ PN
Haizhu Lake, Guangzhou, China WEIEH (CT) ' ’ 20074 This research
Lakeside wetland (CT) -2907
R 3 (N)
Lakeside wetland (N) —46.75

AL: #i28; SM: M =HB s N: JOAE B AS: 9355 CC: JKALH s HA: FHE®; HL: 90F 555 EA: KIH; CL: 32 A M, CT: MF3E; AR: @AE7H;

TP: {R#b IS OP: W52 i) Br; CDF: CO,il .

AL: Algae; SM: Scirpus mariqueter; N: Without plants; AS: Acrocephalus scirpaceus; CC: Carex cinerascens Kiikenth; HA: Hemarthria altissima; HL: Holcus
lanatus; EA: Equisetum arvense; CI: Canna indica; CT: Colocasia tonoimo; AR: Aphelandra Ruellia; TP: Type of wetland (plant); OP: Observation period;

CDF: CO, flux.
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